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EFFECTS OF BRACHYTHERAPY ON CYTOGENETIC PARAMETERS
AND OXIDATIVE STATUS IN PERIPHERAL BLOOD LYMPHOCYTES
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Background: The state-of-the-art brachytherapy technologies with high-dose sources of **Co and **Ir within contemporary treat-
ment protocols for cancer patients allow achieving maximum dose distribution in the clinical target and with minimum radiation
exposure of surrounding organs and tissues. For minimization and overcoming the early and late radiation complications, develop-
ment of respective radiobiological criteria along with perfecting of physical and technical characteristics of the ionizing radiation
sources are required. Aim: To study the effect of ’Ir radiation on the chromosomal aberrations and prooxidant/antioxidant status
of blood lymphocytes in gynecological cancer patients. Materials and Methods: The patients (n = 45) with endometrial, cervical and
secondary cancer of vagina were enrolled in the study. For brachytherapy, the irradiation of vaginal mucosa was conducted using
“GammaMed plus” device for contact radiation therapy with °*Ir source. Prior to irradiation and in 20—24 h after brachytherapy
session, the venous blood samples were obtained and peripheral blood lymphocytes (PBL) were cultured for cytogenetic analysis.
The prooxidant/antioxidant status was determined in hemolysates by the method of hydrogen peroxide-induced chemiluminescence.
Results: The average level of spontaneous chromosome aberrations in PBL of the patients was (7.8 £ 0.4) per 100 metaphases,
which is more than twice higher than the upper limit of the average population values. The frequency of chromosome aberrations
in PBL of patients after brachytherapy session was (15.3 £ 1.0) per 100 metaphases. An increased intensity of O, generation
by PBL after brachytherapy session was also noticed. Conclusion: Local irradiation at a dose of 6 Gy featuring the first dose frac-
tion of brachytherapy induces extra chromosomal aberrations in PBL of gynecological cancer patients and intensifies prooxidant
processes in the blood.
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The experience of clinical application of ionizing
radiation (IR) in oncology has convincingly proved the
need for radiotherapy (RT) in the treatment of malignant
neoplasms. Today, the advances in technology of RT ap-
plicationin cancer treatment has got to a completely new
level and allow to significantly expand its indications. Over
more than a hundred years of the use of various IR sourc-
esasatreatmenttool, the radiobiology has emerged and
developed in parallel as anew branch of science. Justthe
radiobiological studies have helped to clarify the onset
of side problems from healthy tissues of the body that
have arisen as a result of radiation exposure. Since then
the qualitative changes have taken place and nowadays
the impact of IR can be explained radiobiologically not
only onthe whole organism, its system or a single organ,
but also at the genetic level [1-3].

Adverse radiation reactions, both general and local,
are inherent in RT of cancer. Occurrence and degree
of these reactions depend onindividual radiosensitivity
of the patient, energy characteristics of the IR source,
magnitude and features of its distribution in the irradi-
ated volume, methods and quality of RT, as well as the
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period upon radiation treatment [4]. Severity of ra-
diation reactions depends on the absorbed dose, its
distribution over time, as well as a volume of irradiated
tissues and their tolerance to IR. Grade of radiation
reactions can be dramatically reduced by adhering
to the rational principles of RT [5].

Expansion of radiobiological knowledge about
genetic, biochemical and other pathways of patho-
genesis of radiation damage can contribute to the
development of more adequate tests that will reason-
ably predict the severity of radiation injury to healthy
tissues in tumor environment [1, 6].

Current treatment of gynecological cancer patients
involves a range of methods among which the brachy-
therapy or intracavitary RT using ®2Ir radiation sources
hold high positions. A relatively low average energy
of gamma radiation (0.38 MeV) is the main advantage
of these sources. In addition, the higher specific activity
of ¥2Ir (450 Ci/g) allows the use of smaller sources pro-
viding irradiation with a high dose rate (> 12 Gy/g). Given
that the half-life of '?Ir is 22 times shorter than %°Co,
it can be used in a fractional irradiation. The advantage
of brachytherapy is that a dose of radiation is applied
directly to the tumor, which is difficult to achieve with
external-beam RT [7]. The use of automated applica-
tor delivery systems under computer control allows
performing the intracavitary RT in the mode of high
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dose rate [8]. It should also be noted that experimental
studies to determine the characteristics of RT regimens
on laboratory animals are technically challenging [9].
Performing the bioindication of radiation injuries
as a model for radiobiological research, which meets
the requirements of the United Nations Scientific Com-
mittee on the Effects of Atomic Radiation, World Health
Organization and International Atomic Energy Agency,
itis most appropriate to use a culture of human periph-
eral blood lymphocytes (PBL) [10].

Under therapeutic irradiation the radiation-induced
apoptosis of ymphocytes and, as a consequence, dev-
astation of lymphoid organs and onset of lymphopenia
occur at an early stage in the body of patients [1]. Given
that the growth of tumors of different genesis is accom-
panied by the development of profound disordersinim-
mune system, the extra radiation exposure enhances
immunosuppression and may contribute to emergence
of secondary tumors of radiation origin [3]. The radio-
biological support of RT could be based on bioindication
of chromosomal radiation damage in the lymphocytes
from the circulating pool of patient’s blood as highly
radiosensitive cells from tumor environment. In addition,
the study of blood biochemical parameters, namely the
pro/antioxidant ratio distortion and intensity of super-
oxide anion radical (O,’) generation indicates the oxida-
tive stress in the patient, which precedes development
of genome instability that we discussed earlier [11]. The
analysis at the chromosomal level makes it possible
to assess the radiation-induced genome instability
in non-malignant cells that fall into the area of thera-
peutic irradiation.

Given the above, the aim of the study was to study
the effect of '°2Ir radiation on the chtromosomal ab-
errations and prooxidant/antioxidant status of PBL
in gynecological cancer patients. This could be ad-
vantageous for predicting the radiation complica-
tions based on biological effects of the '*2Ir source
of IR in further studies.

MATERIALS AND METHODS

Patients and RT. The research was conducted
at the Radiation Oncology Department of the National
Cancer Institute of the Ministry of Health of Ukraine
in accordance with provisions of the Declaration
of Helsinki developed by the World Medical Asso-
ciation (2018). The informed consent of the patients
to participate in the study was provided. The patients
with T,,NyM, stage cancer (n = 45, in particular, en-
dometrial cancer (n = 21), cervical cancer (n = 18),
and secondary cancer of vagina (n = 6)) were enrolled
in the study that included examination and radiation
treatment. Some patients (n = 28) had a burdened
radiation history due to exposure after the Chornobyl
NPP accident because of temporary or permanent
residence in radiologically contaminated areas. The
mean age of patients was (57.3 £ 5.2) years. Patients
were diagnosed with stage Il disease. According to the
morphological structure, the glandular cancer of vari-
ous differentiation grade was diagnosed in 73.6%

of patients and the squamous cell carcinoma in the
rest of cases (26.4%). The latter are considered more
sensitive to IR. Tumors in vagina represented the re-
lapses in cervical stump with a spread to vaginal walls
in the majority of patients (n = 9) with initially diagnosed
cervical cancer. Tumors on the vaginal walls of various
sizes and numbers occurred in the rest of patients
having cervical cancer or uterine corpus cancer. There
was a history of surgery and, if necessary, antitumor
therapy (chemotherapy and/or RT) in these patients.
Patients with the uterine corpus cancer (n = 21)
had undergone surgery followed by brachytherapy
of vagina. In this group, the cytogenetic study before
administration of antitumor therapy was conducted.

After determining the boundaries of the tumor, the
state of critical organs, the presence/absence of con-
comitant pathology and morphological identification
of the tumor, the correct planning of conservative
treatment of patients was initiated. GammaMed plus
device was used for contact radiation therapy with
92|r source. Single boost dose of 6.0 Gy to a depth
of 0.5 cm from the surface of the vaginal mucosa
was delivered consequently up to a total boost dose
of 24.0 Gy. Prior to irradiation and in 20—24 h upon the
brachytherapy session, the venous blood sampling for
radiobiological tests was applied. Topometric prepa-
ration before brachytherapy session included triple
contrast enhancement (bladder, vagina and rectum)
using “Eclipse” (Varian Medical Systems, USA) plan-
ning system to plan the dose delivery based on the
images obtained by X-ray apparatus equipped with
C-arc comprising a part of a complex for high-activity
source intracavitary brachytherapy.

For planning the external beam RT, the doses of the
previous RT were taken into account. The conformal
external beam RT was administered using “Clinac
2100 CD” linear electron accelerator (Varian Medi-
cal Systems, USA) with mandatory pre-radiation 3D
topometric preparation on a computer tomograph
with a function of virtual simulation using the “Eclipse”
computer planning system and generation of the
three-dimensional model of patient. For external beam
RT single boost dose of 1.8-2.0 Gy was delivered
to the tumor bed and regional metastasis zone with
a total boost dose of 42-46 Gy.

Cytogenetic studies. Peripheral blood from the
stage Il primary patients before and after first fraction
of brachytherapy (n = 21) and healthy donors (control
group, n = 15) was collected in the standard sterile Va-
cutainer tubes with Li-heparin anticoagulant. PBL culture
and metaphase analysis of chromosome aberrations
were performed according to the international standard
protocol [12] with some modifications. Phytohemagglu-
tinin (PHA) was used as a mitogen, which stimulates only
T-lymphocytes to divide. Proliferative potential of PHA-
stimulated lymphocytes was determined by calculating
the mitotic index of cells as an additional indicator.

Biochemical studies. The prooxidant/antioxidant
ratio (PAR) was determined in hemolysates by the
method of hydrogen peroxide-induced chemilumi-
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nescence [13]. The intensity of O,” generation by PBL
was estimated by CL method using lucigenin indicator,
which reacting with O, illuminates the light quanta [14].
The data were expressed in pulses per 180 s. Measure-
ments were performed on the “AutoLumat LB 953" unit
(Berthold, Germany).

Statistical analysis. Statistical analysis was
performed using Mann — Whitney test. Data are pre-
sented as M = SE, where M is the mean value; SE isthe
standard error of the mean value. Differences were
considered statistically significant when p-values were
less than 0.05.

RESULTS AND DISCUSSION

Analysis of RT toxicity was performed according
to the RTOG/EORTC classification (1995) [15]. Toxic
effects of the treatment did not exceed grade Il. Gen-
eral toxicity is manifested by a slight nausea observed
in the vast majority of patients in both groups during
treatment, which required no medical correction.
Neither significant neutropenia nor thrombocyto-
penia were observed. The condition of patients had
normalized in 3-4 weeks after treatment completion.
No manifestations of the late general toxicity were
observed in any patient at examination up to 6 months
after treatment. There were almost no local radiation
reactions of grade Il. Local mucositis grade | of the up-
per third of vagina in a form of mucosal hyperemia was
observed in the vast majority of patients. Membrane
epitheliitis of vagina (grade Il toxicity) was somewhat
more common in the patients with a burdened radiation
history. Vaginal sanitation with antibacterial drugs was
applied during treatment, which allowed continuing the
course of RT until its completion. Early grade land Il ra-
diation cystitis was observed mainly in elderly women
and in patients with chronic comorbidities. No early
radiation rectitis of grade Il in the course of combined
RT was revealed. Exacerbations of chronic hemor-
rhoids and/or enterocolitis, which rarely developed
on the background of conformal RT, were mainly noted.
Anincrease in the number and manifestations of local
rectal toxicity was observed in diabetic patients.

Late erosive cystitis was diagnosed 3 months upon
treatmentin 4.5% of patients in the group of subjects
with a burdened radiation history. Signs of erosive
radiation proctitis were detected in 6.7% of patients
from the same group who lived in radiologically con-
taminated areas. No significant differences in mani-
festations and frequency of the late radiation reactions
were revealed in the studied patients for 6 months
of the outpatient follow-up.

Value of the spontaneous level of chromosome
aberrations is a necessary characteristic to assess the
effect of "*?Ir IR source on cellular genetic instability. Low
and relatively constant spontaneous level of aberrations
in PBL of the almost healthy individuals and at the same
time high radiosensitivity of chromosomes in compari-
son with chromosomes of other cells in human body
allows to reliably registering an increase of the induced
aberrations above spontaneous level. It is known from

the literature and from our own research that the fre-
quency of spontaneous chromosome aberrations can
range within 0—-3% of aberrations with predominance
of chromatide type fragments [6]. Nevertheless, this fig-
ure may vary under the influence of external and internal
factors, including medical and biological features of the
study group. An increased level of DNA damage in PBL
is often observed in cancer patients. According to our
research, the average level of spontaneous chromo-
some aberrations in the group of primary gynecological
cancer patients was (7.8 + 0.4) per 100 metaphases
(Table), which is more than twice higher than the upper
limit of the average population values. Individual fluctua-
tions of the parameter ranged from 5 to 10 aberrations
per 100 metaphases. We calculated that one aberrant
cell contained 1.04 aberrations. Chromatid-type aber-
rations significantly prevailed in the spectrum of regis-
tered rearrangements. Deletions accounted for 66%
of the total number of chromatid aberrations (Fig. 1).
The chromatid gaps found in PBL of primary gyneco-
logical cancer patients may be considered as a predic-
tor of genome instability in these cells.
Table. Cytogenetic parameters of blood lymphocytes in primary gynecological
cancer patients prior to RT and upon the first brachytherapy fraction applied
__Mean group value £ SE

Cytogenetic parameter per 100 metaphases Prior to RT ﬁl‘r;ecrh;iﬁ :rr:t
py fraction
Aberrant metaphases,% 75+0.4 147+1.0*
Total frequency of chromosome aberrations 7804 15.3+1.0*
Total chromatide-type aberrations 5705 8.8+0.9*
Deletions 3.8+£04 55+0.7*
Isodeletions 015+£0.37 0.3%0.2
Chromatid exchanges 1.7+£0.3 3.0x0.7*
Total chromosome-type aberrations 20£04 6.40.7*
Paired fragments 1.6+0.3 3.3+0.4
Dicentric chromosomes 015+0.12 2.1+0.3*
Ring chromosomes 0.23+0.14 0101
Points and acentric rings 0.07+0.07 0.9+0.3*
Abnormal chromosomes 0 0.2+0.1*

Note: *difference is significant compared to the values prior to RT (p < 0.05).

Thus, the total frequency of chromosomal aberra-
tions in PBL of patients before RT exceeds the average
population value due to aberrations of the chromatid
type. Theincrease in the spontaneous level of structur-
al rearrangements in PBL of patients may indicate the
genome instability due to carcinogenesis as a source
of oxidative stress [11] and low efficiency of repair
processes in normal tissue cells in the tumor environ-
ment [16]. According to contemporary views, the chro-
mosomal instability of non-malignant cells in cancer
patients is associated with fragments of tumor DNA,
which circulates freely in the blood of patients, i.e.

Fig. 1. Microphotograph of metaphase plate from PBL of primary
patient before irradiation. Deletion is indicated by an arrow
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with the so-called “bystander effect” [17]. It is also
necessary to take into account the role of intoxication
of the patient’s body, which accompanies the cancer
process. This may increase the sensitivity of normal
cell genome to the action of various damaging agents.

Frequency and spectrum of chromosome aber-
rations primarily determined in patients’ PBL allowed
usto assess the effect of '*?Ir radiation on chromosomal
instability in these cells after the first fraction of thera-
peutic irradiation. A total frequency of chromosome
aberrations in the irradiated in vivo PBL of patients was
(15.3 = 1.0) per 100 metaphases (Table). Individual
values ranged from 11 to 21 aberrations per 100 meta-
phases. In contrast to the spontaneous level, an inten-
sive rate of formation of the chromosome-type aber-
rations was recorded after local irradiation of patients,
namely the radiation markers including dicentrics, rings,
paired fragments, and abnormal chromosomes, specifi-
cally (5.7 £ 0.7) aberrations per 100 metaphases. The
obtained data indicate a key role of chromosomal type
aberrations in the formation of *?Ir-induced genome
instability of non-malignant cells in the tumor environ-
ment. The distribution of aberrations per each aber-
rant cell (1.04 aberrations per 1 aberrant cell) did not
depend on the action of "*2Ir. This means the increase
of number of aberrant cells, rather than of their load
due to local irradiation of a patient at a dose of 6.0 Gy.

According to contemporary views, the cellular
radiosensitivity and radiosensitivity of the body
as a whole are largely determined by their reparative
potential, which is closely linked to the immune sys-
tem. Disorders in the genome stability and balance are
an important part of carcinogenesis and occur against
the background of immunosuppression [18].

In our study, the mitotic index of PBL decreased
by 1.84 times after the first fraction of '*2Ir-irradiation
delivered to the patients. Obtained data correspond
to the basic provisions of classical radiobiology, re-
flecting the radiation-induced immunosuppression of
“indicator” cells (Fig. 2).

The wide interindividual variability of the spontaneous
PAR level from (8.53 = 1.4) to (17.92 £ 0.39) thousand
pulses per 180 s was detected in hemolysates obtained
from gynecological cancer patients. The average PAR
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Fig. 2. Mitotic activity of PBL in healthy donors and cancer
patients before and upon irradiation: *difference is significant
compared to the values prior to RT (p < 0.05)

value (11.53 + 0.87) thousand pulses per 180 s was
by 33% lower than that obtained in the blood of healthy
donorsinour previous study [19]. Such data indicate the
activation of antioxidant defense systems in response
to the development of cancer. After the first fraction
of r-irradiation (6.0 Gy), the PAR value varied in the
range of 6.04-19.37 thousand pulses per 180 s. Aver-
age PAR value increased by 28% (p < 0.05) indicating
the intensification in prooxydative processes in the blood
of patients. Average value of the intensity of O,” genera-
tion by lymphocytes in the blood of patients was (565.4 +
33.9) pulses per 72 s corresponding to the normal val-
ues. After local "*Ir irradiation (6.0 Gy dose) there was
an increased intensity of O,” generation by lymphocytes
by 21%, specifically (685.2 + 70.5) pulses per 72 s, which
mightindicate a decrease in antioxidant activity or deple-
tion of its potential due to irradiation.

Summarizing the results, it was found that PBL
of patients prior to the beginning of '%?Ir-RT were already
characterized by abnormal PAR processes and genome
instability. Local irradiation at a dose of 6 Gy featuring
the first dose fraction has lead to the further aggravation
of genome instability due to the induction of chromo-
somal aberrations and amplified PAR processes in the
blood, which are an integral indicator of intensity of the
free radical processes. Such changes in cells of the tu-
mor environment can lead to the development of distant
radiation complications, including secondary tumors
of radiation etiology. The latter dictates a need to find
and use the radiomitigators accelerating the repair
process only in normal cells in the tumor environment.

The results of our clinical study showed a clear
trend to increased grade and number of radiation re-
actions upon irradiation with a '*2Ir source in patients
with a burdened radiation history.

The thorough examination of gynecological cancer
patients with involvement of radiobiological indicators
of highly radiosensitive blood cells provides an oppor-
tunity to predict the likelihood of radiation reactions
and prevent their developmentin a timely manner. The
development of more powerful fundamental and clini-
cal radiobiological basis should be beneficial in search
of new approaches for enhancing tumor radiosensi-
tivity with accompanying increase in radioresistance
of healthy tissues.
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BMJINB BPAXITEPANIT HA LUTOFEHETUYHI
NAPAMETPU TA OKUCHUN CTATYC
NIMDOLUTIB NEPUDEPUYHOT KPOBI XBOPUX
31 3/TO9KICHUMN HOBOYTBOPEHHAMM
FNMHEKONOrIYHOI CHEPU
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CTtaH nuTaHHs: Haicy4acHiwi TexHonorii 6paxitepanii 3 Bu-
CcoKOA03HMMK mxepenamu ©Co Ta '%?Ir y cydacHUX NpoTOKO-
nax nikyBaHHS1 OHKOJIOMYHMX XBOPUX A03BOMSIOTb AOCAITU
nigBeAeHHss MakCUMasnbHOI J03M 00 MilleHi, W0 CTaHOBUTb
KNiHIYHWI iHTEepec, 3 MiHIManbHMM ONPOMIHEHHSAM HABKONLL -
HiX OpraHiB Ta TKaHWH. Jnsa MiHimi3auii Ta nogonaHHSa paHHix
Ta Ni3Hix paaiauiiHix ycknagHeHb HeobxigHa po3pobka Bia-
noBigHUX paaiobioNoriyHMx KpUTEpPIiB pa3oM 3 YAO0CKOHaNEH-
HAM i3NKO-TEXHIYHMX XapaKTEPUCTUK AXEpPesN ioHi3yl4oro
BUMNPOMIHIOBaHHS. MeTa: BuBuMTM BNIMB ONPOMIHEHHs '92Ir
Ha XpOMOCOMHi abepaLii Ta NPOOKCUAAHTHUIA/aHTNOKCK-
OAHTHUI cTaH NiMPOUMTIB KPOBi Y XBOPUX 3i 3N09KICHUMU
HOBOYTBOPEHHAMMW T[iHEKONOriyHoi cdhepu. Marepiann ta
mMeToam: Y [OCNIOXEHHS Oynn BKIOYEHi nauieHTn (n = 45)
3 pakoM €EHOOMETPIlo, WWNIAKN MaTku Ta NOro peuugnBom
y nixsi. Kypc 6paxitepanii nepenb6ayaB OnpoMiHEHHSI Cnu-
30B0i 000/10HKM MiXBM 3a JonomMorot anaparty “GammaMed
plus” ona KOHTaAKTHOI NpoMeHeBoi Tepanii 3 axepenom '*2Ir,
3pa3ky BEHO3HOI KPOBi Ta NniMmpounTn nepndepuryHoi KpoBi
(JINK) ans uMToreHeTMYyHoro aHanisy 6ynn oTpumaHi nepeg
onpoMmiHeHHsM Ta yeped 20-24 ron nicns ceaHcy GpaxiTepa-
nii. NMPoOOKCNAAHTHNIN/aHTUOKCNAAHTHUI CTaTyC BU3HA4Yanm
B remMosiisatax MeTog0oM XEMINIIOMIHECLeHLji, iHAYKOBaHOI ne-
pekncom BogHIO. Pe3ynbtatn: CepeHili piBeHb CMOHTAHHUX
XPOMOCOMHUX abepadii y JINK naujeHTie ctaHoBuB (7,8 £ 0,4)
Ha 100 meTadas, wo Ginbl HiX yABiYi NEPEBULLYE BEPXHIO
MEeXy CepefHix 3HavyeHb nonyngauii. Yactota XpPOMOCOMHUX
abepauiin y JINK nauieHTiB nicna ceaHcy Gpaxitepanii cta-
HoBuna (15,3 = 1,0) Ha 100 meTadas. Takox 6yno NnoMiveHo
niaBULLIEHY iIHTEHCUBHICTb reHepadii O, y JIMK nicna ceaHcy
6paxiTepanii. BucHoBoOK: JlokanbHe OrnpoMiHeHHs y 003i 6 'p
AK neplua aososa dpakuis 6paxiTepanii BUKIMKAE A0AATKO-
Bi XpOMOCOMHi abepauii y JINMK Ta nocuntoe NpooOKCUAAHTHI
npouecu B KPOBi XBOPUX 3i 3N108KICHUMN HOBOYTBOPEHHSAMM
riHekonoriyHoi cepu.

Knio4oBi cnoBa: Bucokono3Ha 6paxitepanis, BACOKOO03Hi
nxepena '°2r, nimbounTn nepndepunyHoi KPoBi, LUTOreHe-
TUYHWIA aHani3, pagiauiiHo-iHAyKoBaHi XpOMOCOMHi abepa-
Lii.



