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IIATOTEHETUYHI MOIITKO/KEHHSA Y XBOPUX HA PAK JIETEHI
I[MTPU TUCTAHIUIMHIN ITIPOMEHEBIN TEPAIIIT

MerTa: ouiHKa piBHs abepaliil XpoMOCOMHOrO TUMY Y XBOPUX HA PaK NiereHi nij Yac NpoMeHeBOro NikyBaHHA 3aN€XHO
Bif eHepriii oNpOMiHeHHs.
Marepianu i metoau. XpoMocomHi abepallii 6yno gocnigxeHo y 16 XxBopux Ha pak NereHi 4o NoyaTKy NPpoOMeHeBOoro
NiKYBaHHS#A, B CEpPeaMHi Kypcy i B KiHUi gncTaHuiiiHoi ramma-Tepanii ®Co Ha anapati POKYC-AM Ta meraBosibTHOT Te-
panii Ha niHitHomy npuckoptosayi Clinac 600C.
Pesynbratn. BuByeHo xapakTep AMHaMiku pagiauiiiHo-iHAYKOBaHMX abepaliii XxpOMOCOM y XBOPUX Ha paK JereHi
BNPOAOBX ANCTAHLINHOT NpOMeHeBOT Tepanii Bif, pi3HWX [yKkepen onpoMiHeHHs. [Toka3aHo nepeBuLWEeHHA LONPOMeHe-
BOTO piBHA abepaliii XpOMOCOMHOrO TUMY Y OHKOJNOMYHUX XBOPUX HAL CNOHTAHHUM. byno BusBNeHO nogibHi Ta
BiIMiHHi 0COB/IMBOCTi HAKOMUYEHHS LIUTOTEHETUYHUX MOLKOAMXKEHb 3a1€XHO BiJj BUKOPUCTAHUX AXKEepes OnpoMiHeH-
HA. YacToTa UMTOreHeTUYHUX YWKOAXKEHb Y AOCAILKYBAHMUX rpynax 3pocTana NpoTAaroM BCbOro Kypcy TepaneBTUYHO-
ro ONPOMiHEeHHs, NPUYOMY LWBMAKICTb 3pOCTaHHA 3anexana Bifi CXeMW NiKyBaHHSA i Gyna BULWOIO Y NALIEHTIB, O AKUX
byna 3acTtocoBaHa ramma-Tepanii ©Co. Po3WwmupeHHs cneKkTpy KNiTUH 3 HeCTabiNbHUMU XPOMOCOMHIUMM abepaLisMu Big
NoYaTKy A0 3aKiHYeHHs Kypcy NPOMEHEBOro NiKyBaHHA TaKOX BiabyBanock 3 pi3Hoto iHTeHCUBHiCTIO. B cepeaunHi kyp-
cy BigMivyanu noAibHy KinbKicTb abepauiil Ha abepaHTHY KNiTUHY — 1-5 NOWKOMKEHb AN raMMa-Tepanii, 1-4 nowkoa-
KEHHA [N MeraBonbTHOT Tepanii. Micns 3akiHYeHHs nikyBaHHA Ha anapati POKYC-AM makcumym ctaHoBuB 10 abe-
palin Ha abepaHTHY KNiTUHY, Ha NiHikHOMY NpuUcKoptoBayi — 5 abepadiit. Mig Yac npomeHeBoi Tepanii B 060x rpynax
pO3MNOAiNM YacToT pagialifiHo-iHAYKoBaHMX abepaliii XxpoMocoM Oynu HaaaMcnepcHUMM BifHOCHO cTatucTukm Myac-
COHa.
BUCHOBKMU. [lOCNiAXKEHHS LMTOTEHETUYHUX MOLWKOAXKEHb XPOMOCOMHOTO TUMY BUABMIO OCOOAMBOCTI AUHAMIKM LUX
MOKa3HWKiB BNPOAOBX NPOMEHeBOiT Tepanii 3aeXHo Bif AXepena onpoMiHeHHA. Pe3ynstatu JOCNifKeHHs BKa3yioTh
Ha GiNbLIMIA reHOTOKCUYHUI edeKT y NiMdOoLMUTaX KPOBi XBOPUX HA paK NereHi 3a fii raMMa-onpoMiHEHHs Ha anapari
POKYC-AM, nonpu BuLly eHepritlo onpoMiHeHHs Ha NiHiNHOMY npuckoptoBayi. Tomy npu ouiHLi edeKTiB NnpomMeHeBoOT
Tepanii HeobxifHO BpaxoByBaTW He TifibKM AKICTb Ta eHEPrilo BUNPOMiHIOBAHHS, ane i [XKepeno, peXxum Ta nepeanpo-
MeHeBi npouenypu. OTpuMaHi faHi € HEOOXiIAHUMM AN PO3WMPEHHS YABNEHb NPO HACNiLKM IOKanbHOro (paKLioHo-
BaHOro ONPOMiHEHHs Ta BOAHOYAC CNPUATUMYTb po3pobiieHHI0 pedepeHTHOT cucTemn Giogo3nmeTpii y NpoMeHeBiit
Tepanii.
KniouoBi cnoBa: abepallii XpoMOCOMHOTO TUMY, XBOPi Ha pak /iereHi, fucTaHuiitHa npomeHeBa Tepanis, 6ionoriyHa
LO3UMeTpis.
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CYTOGENETIC DAMAGES IN LUNG CANCER PATIENTS TREATED
BY EXTERNAL RADIATION THERAPY

Objective: to estimate the chromosome type aberrations outcome in lung cancer patients during radiation therapy
course depending on radiation energy.
Materials and methods. Chromosome aberrations were studied in 16 lung cancer patients examined before treat-
ment in the middle and at the end of external gamma-radiotherapy *Co on ROCUS-AM and megavolt therapy on lin-
ear accelerator Clinac 600C.
Results. The radiation-induced chromosome aberrations outcome in lung cancer patients during radiotherapy with
different irradiation sources was studied. The over-spontaneous excess of chromosome type aberrations in cancer
patients before treatment was shown. The similar and different features of cytogenetic damage accumulation dur-
ing radiation therapy regarding to radiation type was displayed. The cytogenetic damage frequency raised during
the course of therapeutic exposure in both studied groups. At the same time, the growth rate depended on the irra-
diation regimen and was higher for patients undergoing ®°Co gamma-therapy. The different range of cells with unsta-
ble chromosome aberrations from the beginning to the end of the radiation therapy course was displayed. In the
middle of the course the number of aberrations per aberrant cell was similar — 1-5 damages for gamma therapy, 1-4
damages for megavoltage therapy. At the end of treatment the maximum of 10 aberrations per aberrant cell for
ROCUS-AM and in 5 aberrations per aberrant cell for linear accelerator was observed. During radiotherapy the distri-
butions of radiation-induced chromosome aberrations was found to be over-dispersed according to Poisson statis-
tic in both patients’ groups.
Conclusions. The study of chromosome type aberration revealed the particularities of cytogenetic damages out-
come during radiotherapy course depending on the irradiation source used. The more pronounced genotoxic
effect in blood lymphocytes of lung cancer patients due to gamma-irradiation with ROCUS-AM was demonstra-
ted despite the higher radiation energy used on a linear accelerator. Therefore, in radiation treatment effects
estimation it is necessary to take into account not only the radiation quality and energy, but also the source,
regimen and pre-radiotherapy procedures. The data obtained can contribute to the assessment of the conse-
quences of local fractionated irradiation and to the development of a reference biodosimetry system in radia-
tion therapy.
Key words: chromosome type aberrations, lung cancer patients, external radiation therapy, biological dosimetry.
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BCTYII INTRODUCTION

CyuacHa meaulMHa BoJiojie OaratbMa MeTofgamu Jiiky-  There are general methods in modern medicine
BaHHST OHKOITaTOJIOTiH, cepell IKUX ITpoMeHeBa Teparist  for oncology treatments, and among them radia-
ChOTOJIHI € ayxKe 3aTpedyBaHolo [1]. OnHuM 3 ToloBHUX  tion therapy is very in demand today [1]. One of
HaIpsIMKiB BIOCKOHAJIEHHs MIPOMEHEBOrO JIiKyBaHHS €  the main ways to improve radiation treatment is
3MEHILICHHSI BIJIUBY OIPOMIHEHHS Ha HEITyXJIMHHI TKa-  to reduce the effect of radiation on non-tumor
HWHM, 3aIy4eHi 10 TTos aii pamiatii [2, 3]. 3axomu, mo  tissues involved in the radiation field [2, 3]. The
3aCTOCOBYIOTBCSI, CIIPSIMOBAHi Ha 3HMKEHHsS Biporia-  measures used are aimed to reduce the probabili-
HOCTi BAHMKHEHHS Ta 3MEHIIIEHHS iHTeHCUBHOCTI Ipo-  ty of occurrence and the intensity of radiation
MEHEBUX YCKJaJHEeHb Yy MalieHTiB, A1 MiHiMizalii adbo  complications in patients, in order to minimize
3amo0iranHsg TiepepBaM y IIPpOMEHEeBill Teparii, mo or prevent interruptions in radiation therapy.
JacTb MOXJIMBICTH TpOBOAUTH TIpoMeHeBY Teparmito B They will allow to carry out the full radiation
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MOBHOMY 0OCsI3i i MOKpalIuTh 3arajbHi pe3yJbTaTh
MPOMEHEBOTO JIiKyBaHHS [4]. PO3BUTOK MPOMEHEBO1 Te-
pamii MPUBOAUTD A0 IOLIYKY Ta BUKOPUCTAHHS HOBMX
JxKepes onmpoMiHeHHs. Tak, pa3oM 3 TpaguIliiiHOIO raM-
Ma-Teparli€lo, JOCUTbh aKTUBHO BIPOBAIXKYETHCS 3aCTO-
CyBaHH$ Teparii 3a JTOMOMOTOI0 JiHiAHOro MPUCKOPIO-
Baua. Lli Buay nmpoMeHeBOro JIiKyBaHHS IIPOBOASITHCS 3
BUKOPUCTAHHSIM OIMPOMiHEHHSI 3 HM3bKOIO JiHiTHOIO
nepegauveto eHeprii. OgHak iHIIi BIACTUBOCTI, TaKi SIK
MOTY>XHIiCTh A03M i MPOHMKHA 3JaTHICTb BUIIPOMIiHIO-
BaHHSI, MOXYTb OOYMOBJIIOBAaTU Pi3HULIO B paaio-
Oionoriynux edekrax. ToMy, oKpiM BUBUYEHHS 3arajb-
HUX BiIMiHHOCTE MiX BUIPOMiHIOBAaHHSM 3 HU3bKOIO
Ta BUCOKOIO JIiHIHOO TIepeaaueto eHeprii, BKpaii Baxk-
JIMBUM € BU3HAUE€HHSI OCOOJIMBOCTEM Ail pi3HUX AKepes
OIMPOMiHEHHS 3 HU3bKOIO JIiHITHOIO Mepeaaueto eHepril.
He3sBakarouu Ha HEOOXiIHICTb MOAIOHUX MOCTiAXEHb,
poOIT 3 BUBUEHHS IMHAMiKU LIUTOT€HETUYHUX €(PeKTiB
3a [JIi1 pi3HMX JIXKEepes ONMPOMiIHEHHS 3yCTpIUa€EThCSl He-
barato. /leski aBTopu 0OUpPaIOTh JOCIIIXKEHHS MOKa3-
HUKIB JI0 Ta IicJs JiKyBaHHS, ajie y rpynax nali€HTiB 3
pi3HMMU JoKamizalissMu IyxJiuH [5]. Bce 1e He nae
MOXJIMBOCTI B MOBHOMY 00CsI3i OLIIHUTHU Mepeodir 4acTo-
TH i CIEKTPY LUTOTeHETUYHUX TopylleHb. Bubip me-
TOMIB JOCTIIKEHHSI TaKOX BILUIMBA€ Ha OTpPUMMAaHi pe-
3yabTaTh. Y po0OoTi [6] mpu 3icTaBieHHI LUTOT€HETUY -
HUX e(EKTiB y OHKOTiHEKOJIOTIiYHUX XBOPHUX CITO-
cTepirajim 3MeHILEHHS PiBHSI MiKpOosiAep B KiHIII Kypcy
MpPOMEHEBOI Tepallii, OJHaK 3a PiBHEM XPOMOCOMHMUX
abepallill iHIIi aBTOPU CHOCTEpirajiv 3BOPOTHIO KapTH-
Hy [7]. Ule MeHI11Ia KiAbKicTh pOOIT NPUCBsIUEHA BU3HA-
YEeHHIO OCOOJMBOCTEN pealizalii IUTOreHeTUUYHUX
MOLIKOMXEHb 0e3MocepeHbO il Yac TeparneBTUYHOTO
onpoMiHeHHs. Tak, aBTopu [8] 3 METOIO MOCTIAKEHHS
JI030BO1 3aJI€XKHOCTi padialiiiHO-iHAYKOBAaHUX XPOMO-
COMHUX abepalliii MPOBOIUIN aHaNi3 cepel XBOPUX Ha
pak JIeTeHi 10 MoYaTKy JiKyBaHHS, IMiCJs MepIioi 1001
i Mo 3aBepllIEHHIO KypCy NPOMEHEBOi ramma-Teparii.
Psin nocnigkeHb MPUCBSIYEHO TOPIBHSIHHIO LIUTOIEHE-
TUYHUX e(PeKTiB MPOMeHEeBOI1 Teparlii 3a Iii OrpoMiHEeH-
HS 3 BUCOKOIO Ta HM3bKOIO JIiHiliHOIO Mepeaavyero
eHeprii [9, 10]. HoBoJi 4yacTo aHali3 pe3yJbTaTiB YCK-
JIAAHIOETHCSI MEBHOO HEOIHOPIAHICTIO HOCiIXKYBaHUX
IpyM, MOB’SI3aHOI0 3 JIOKaTi3alli€lo MyXJIMH, YMOBaMU
MPOMEHEBOI Teparii, monepeaHiM abo CymyTHIM JIiKy-
BaHHSM, Ta iHIIMMU TTapaMmeTpamiu [11]. Takum yuHOM,
CbOrOJIHI iCHYy€e Opak BigOMOCTeil mpo XapakTep 3MiH
PiBHIB IMTOreHETUYHUX YIIKOMXKEHb ITi/I Yac TpoMeHe-
BOTO JIIKyBaHHSI B OHKOJIOTIYHUX XBOPHMX 3 IIEBHUMM
JIOKaji3allisIsMA Ta 3 ypaXyBaHHSM IXepejla OIpo-
MiHEHHSI.

therapy course and to improve the overall results
of radiation treatment [4]. The radiation therapy
development leads to the search and medical use
of new sources of radiation. So, along with con-
ventional gamma-therapy, the use of a linear
accelerator has been actively implemented. Both
treatments used ionizing radiation with low linear
energy transfer. However, other factors, such as
the dose rate and penetrating energy of radiation,
can cause the difference in the radiobiological
effects. Therefore, in addition to studies of the
differences between radiation with low and high
linear energy transfer, it is extremely important to
determine the specific features of various radia-
tion sources with low linear energy transfer.
Nevertheless, despite the need for such investiga-
tions, there are not many studies of the cytoge-
netic effects outcome under the various radiation
sources action. Some authors have chosen the
researches before and after treatment, but for the
groups comprised the patients with different
tumor localizations [5]. All this does not allow to
fully assess the yield and range of cytogenectic
lesions outcome. The choice of research methods
also affected the results obtained. In a compari-
son of cytogenetic effects in oncogynecological
cancer patients a decrease in the micronucleus
level at the end of a radiation therapy course was
observed [6], but for the chromosome aberration
level quite opposite picture was reported [7].
There are even fewer works, which focused on
cytogenetic damage realization features directly
during therapeutic irradiation. For example, the
authors [8], in order to study the dose depen-
dence for radiation-induced chromosome aber-
rations, carried out an analysis in lung cancer
patients before the treatment start, after the first
day and after finishing of the radiation gamma-
therapy course. Some studies are devoted to com-
paring the cytogenetic effects of radiotherapy
using irradiation with high and low linear energy
transfer |9, 10]. Quite often the analysis of the
results is complicated by a certain heterogeneity
of the studied groups, associated with the tumor
localization, radiotherapy conditions, previous or
concomitant treatment, and other parameters
[11]. Thus, there is a deficiency of information
about the character of changes in the cytogenetic
damage levels during radiation treatment in can-
cer patients with certain tumor localizations in
regard to the radiation source used.
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META JOCJIIJIZKEHHA
MeTtoto gaHoi podoTu Oyja olLiHKa piBHS adepalliil Xpo-
MOCOMHOTIO TUIY Y XBOPUX Ha pak JIETeHi MifJ yac mpoMe-
HEBOTO JIiIKyBaHHSI 3aJIe3KHO Bill eHepriii OmpoOMiHEeHHS.
Hns peanizauii MeTu OyJa0 BU3HAYEHO OCOOJIMBOCTI
BUXOY i CIIEKTPY LIMTOTeHETUYHMX MMOIIKOIKEHb 3 ypa-
XYBaHHSAM JXKepeJia OIPOMiHEHHS Ta MOAaJbIINM
MOPiBHSIHHSIM pe3yJIbTaTiB aHaIi3y adepalliii XpoMOCoOM-
HOTO THUITY i IX OKpEMUX BHUIiB Y OHKOJIOTIYHUX XBOPUX B
xomi mucraHuiiiHoi ramma-teparmii “Co Ha amapari
POKYC-AM Ta MeraBoJIBTHOI Tepamii Ha JIiHiTHOMY
npuckopiobayi Clinac 600C.

MATEPIAJIN I METOJIN

LlutoreHeTuuyHe O0OCTeXeHHSI OyJO MOPOBEAEHO Ha
JeKinbKox eTarnax npomeHesoi Tepamnii (I17T) msa 16 xBo-
pUX Ha HEAPiIOHOKIITUHHMI pak JiereHi BikoM Bix 53 no
79 pokiB (cepenHiit Bik ckiiagas 69,9 poky). [IpomeHeBe
JIIKyBaHHSI MPOBOAWIM i3 3aCTOCYBAaHHSIM KJIaCHUUYHOTO
(¢pakiioHyBaHHS Ha OiJITHKY CepelOCTiHHS (PppaKiLiaMu
3 pa3oBolo ocepeakoBoto go3or0 (POI) 1,8—2 Ip mo 5
dpakiuiii Ha TUXKISHb A0 CYMapHOi OCepelKOBOI 403U
(COM) ommsbko 60—66 Ip 3a mBa eTanu JIIKyBaHHS i3
3aruiaHoBaHol0 nepepnolo npu gocsaraeHHi COJl 40 Ip.

Ipyma mamieHTiB, sSIKMM OyJi0 HaJgaHO IWUCTAHIIIAHY
ramma-tepariio “Co (I'T) na amapari POKYC-AM (ce-
penHs eHepris 1,25 MeB), ckiramanace 3 8 XBOprX BiKOM
53—76 poxiB (B cepeaHboMy 69,1 poky).

o rpynu XBopux, sKi Iic/Is TTepearpoOMeHeBol MiAro-
TOBKM 3 BUKOpUCTaHHIM 3D-miaHyloyoi cucTteMu
Eclipse i cumyngropa Acuity oTpuMyBaii MeTaBOJILTHY
teparniio (MT) Ha niHifiHOMY IpHUCKOpPIOBaYi €JIEKTPOHIB
Clinac 600C 3 eHeprieo ¢OTOHHOTO BUITPOMiHIOBaHHS
6 MeB, Bxomwu 8 nauieHTiB. Bik XBopuX BapiloBaB Bif
Mexax 60—79 pokiB, cepeqHE 3HAYCHHS JOPIiBHIOBAJIO
70,9 poky. Bindip nmpoBoauBCsI TaKUM YMHOM, 11100 Ipy-
nu OyayM MakKCUMaJbHO MOMiOHI i PO3PI3HSIIUCH TUTBKU
3a JIKepesioM IMTPOMEHEBOTO JIiKyBaHHSI.

Bci nauienTn HagaBanm iHOpMOBaHy 3rofly Ha yJ4acThb
y JgochimkeHHi. 3abip KpoBi IJIsI LIUTOTeHETUYHOTrO
aHaJTi3y y MaLieHTiB IMPOBOIMIM 10 OTPUMAaHHS IIepIIO-
ro ceaHcy MPOMEHEeBOI Tepallii, B cepeluHi Ta B KiHIIi
nepioro etarry orpomineHHs (CO/I 20 I'p ra CO/L 40 Ip,
BiATIOBITHO).

KynbsruByBaHHS JTiM(POLUTIB MeprdhepUIHOI KPOBi 3ili-
CHIOBAJIY 3a CTaHAAPTHOIO MeToAMKOIO [12] BiipomoBxk 50—
52 rox ipu Temmeparypi 37,5 °C. KyasrypanbHy CyMillI TO-
TyBaJIM Ha OCcHOBI cepenopuilia Irma Ta RPMI 1640 y criB-
BigHoweHHi 1 : 1 3 nomaBaHHaM 20 % cUPOBATKU BEJIMKOI
poraroi xynoou, 2 % 6pomae3oKcrnypuanHy Ta 2 % dirtore-
MaTTIOTUHIHY. 3yMTMHKY KJIITUHHOTO TOIiTY TIPOBOAMIIM 32

OBJECTIVE

The objective of this work was to estimate the
chromosome type aberrations outcome in lung
cancer patients during radiation therapy course
depending on radiation energy.

For that end the features of cytogenetic damages
yield and range were determined regarding to the
radiation source used. Subsequent comparison of
whole chromosome aberrations frequencies and their
particular kinds in cancer patients during external
v-therapy “Co on ROCUS-AM and megavolt thera-
py on linear accelerator Clinac 600C was carried out.

MATERIALS AND METHODS

A cytogenetic examination was provided at sever-
al stages of radiation therapy (RT) for 16 patients
with non-small cell lung cancer ages between 53
and 79 years (mean age was 69.9 years).
Radiation treatment was performed using classi-
cal fractionation for the mediastinum area with
1.8—2 Gy per fraction daily 5 times a week to a
cumulative dose (CD) about 60—66 Gy in two
stages with scheduled break when reaching a CD
of approximately 40 Gy.

The group of patients treated with external
gamma-therapy “Co (GT) on the ROCUS-AM
(average energy 1.25 MeV) consisted of 8 patients
aged 53—76 years, an average of 69.1 years.

Pre-radiation preparation with the 3D-planning
system Eclipse and the Acuity simulator followed
by the megavolt therapy (MT) on a linear electron
accelerator Clinac 600C (average photon energy
6.0 MeV) was performed for the group of 8
patients. The age of the patients ranged from 60 to
79 years, the average was 70.9 years. The selection
of patients was provided to make the groups as
similar as possible and the difference was only the
source of radiation therapy.

All patients gave informed consent to partici-
pate in the study. The blood samples for cytoge-
netic analysis were taken just before the RT starts,
in the middle and at the end of the first stage
radiotherapy course (CD 20 Gy and CD 40 Gy,
respectively).

Peripheral blood lymphocytes cultivation was
performed according to the standard protocol
[12] for 50—52 hours at the temperature 37.5 °C.
Cultural mixture contained Eagle’s and RPMI
1640 medium in the ratio of 1 : 1 with adding 20 %
foetal calf serum, 2 % bromodeoxyuridine and
2 % phytohemagglutinin. The cell division was
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JIOTIOMOTOI0 KOJIXiLIMHY a00 KoJeMiay 3a 4 TOOWHU 10
dikcauii. ITicnsg rimoToHiuHOI 0OpPOOKM 3a JOIOMOIOIO0
posunnHy KCI 3nificHioBamm (ikcallito KJIiTHH CYMIIIIIITIO
MEeTaHOJTy i KpyxKaHoi ouToBoi kucjioTu (3 : 1). CycneHsito
MeTada3HUX KIITMH, HaHECEHUX Ha MpeaMeTHE CKJIO,
dapoyBanin 3a TexHikorw [im3a abo iryopeclieHTHOro-
mmoc-T'im3a (FPG) 3abapsinenns. Komosani mpemapaTti
aHaji3yBajy, BUKOPHUCTOBYIOUM CBITJIOBi MiKpOCKOIIN
JOCJTITHUIIBKOTO KJIacy 3 MacCJSTHOIO iMEepCI€l0 Ta CUCTEMY
MOILIYKY 300paxkeHb. Po3mizHaBaHHSI LIMTOTeHETUYHUX T10-
pYLIEHb i KOHTPOJIb KJIITUHHOTO LIUKJTY IPOBOAMIIM i3 3ac-
TOCYBaHHSIM 3araJbHONIPUMHATUX KpuTepiis [12, 13].

V pesyabratax AOCTiIXKEHHS AaHOI POOOTH HaBeAECHO
MOKa3HUKM I abepalliii xpomocomHoro tuny (A Xc),
cepel IKUX PeECTPYBaAIM AULICHTPUYHI XPOMOCOMMU 3 CY-
nyTHiMu dparmeHTamu (Juir), HEHTPUYHI KiTbLS 3 Cy-
nytHiMu ¢parmeHTamMu (LK), BiTbHI alleHTpUYHI Xpo-
MocoMHi ¢pparmenT (A Pp) i cradinbHiI abepallii Xpo-
MOCOM, TOOTO aTUMOBI MOHOLEHTPUKU, 11O PO3Mi3Ha-
10Thcs 6e3 KapioturtyBaHHs (Ctabd AO).

PiBeHb LIUTOreHETUUHUX MOWKOAKEeHb HA 100 KIiTUH
aHaJji3yBajiy B KJIiTMHAX MEpIIOro MiTo3y Ta y MO€EIHA-
HUX TpynHax KJIITWUH He3aJeXXHO Bilg HOMepY MiTo3y (Tak
3BaHMii ['iM3a-ekBiBasieHT). CriMpaloynch Ha TonepeaHi
TMOCTiIKeHHSI, B SIKMX ITOKa3aHO OJHAKOBY iH(opMa-
tuBHicTh FPG- Ta T'im3a-meroniB 3abapBieHHS A
TPYN OHKOJIOTIYHUX XBOpUX [14, 15], mas ImiaBUAIIEHHS
BUXOIY TIpoaHalli3oBaHUX MeTada3 B poOOTi MpeacTaB-
JieHo pe3yabTaTtu ['iM3a-eKkBiBajeHTY.

ITpu cratucTuyHit 06poOLi BU3HAYAIM CepPelHi PiBHI
(Y) abepaHTHMX KJIITWMH, KOXHOTO BHUIy abeparliii Xpo-
MOCOM 4M iX KoMOiHalliii y po3paxyHKy Ha 100 mpoa-
HaJli30BaHUX HOPMOIUTOIAHUX KIiTUH. CTaHmapTHIi Io-
XUOKM cepelHiX PiBHIB LIMTOTEHETUYHUX MOILIKOIKEHb
(SE) obGumcmioBany, BUXOASYMN 3 JUCIIEPCii TMOKITITHUH-
HUX pO3MOIiiB abepalliil (62) B 00’efHaHUX BUOipKax
MeTadas. BiamoBigHiCTh po3Modily CTPyKTYpHUX abe-
pauiii xpoMocoM 110 KiituHax cratuctuui IlTyaccoHna i
PaHI0Mi30BaHIiCTh PO3MOAiAY YaCTOT LIUTOreHETUYHUX
MOIIKOJXEHb Yy TpyIi 3 NeKiJIbKOX eKCIIepUMEHTIiB
OLIiHIOBAJIM 3a BiJHOILEHHSIM OMCIEpCcii 10 cepeIHbOro
(6%/Y) ta 3a u-tecrom IlanBoprta (u) [16]. BiporigHicTb
Pi3HMLI MIX cepelHiMM 3HAUYEHHSIMU LIUTOreHETUYHUX
MOKAa3HUKIiB BU3HA4YaJIM 3a r-KputepieM CthiogeHTa [17].

PE3VYJIBTATU TA IX OBTOBOPEHHS

Jlo moyaTKy mpoMeHeBOiI Teparlil piBeHb XpOMOCOMHUX T10-

LIKOJKEHB CITIBCTaBJISUIN 3 BiITIOBITHUMU MTOKa3HUKAMHU Y

rpymi mopiBHsAHHSA (30 JOHOPIB 0€3 OHKO3aXBOPIOBAHb).
PiBeHb LIMTOTeHETUUYHUX IIepPeOYyIOB XPOMOCOMHOTO

TUNY B Yy3araJjbHEHUX BUOIpKaX KJIITUH HaBEIEHO ¥y

stopped using colchicine or colcemid 4 hours
before the fixation. After hypotonical treatment
with KCI solution cells were fixed in methanol
and glacial acetic acid mixture (3:1). Metaphase
cell suspension were dropped onto slides and
stained with Giemsa or fluorescence-plus-
Giemsa (FPG) technique. The coded prepara-
tions were analyzed with oil-immersion light
microscopes and the image capturing system.
Registration of cytogenetic damages and cell
cycle control were performed using common cri-
teria [12, 13].

The results of this study included chromosome
type aberrations (A Cs), namely dicentric chromo-
somes with accompanying fragment (Dic), centric
rings with accompanying fragment (CR), excess
acentric chromosome fragments (Ac Fr) and sta-
ble chromosome aberrations, so called atypical
monocentrics recognized without karyotyping
(Stab Ab).

The cytogenetic damage level per 100 cells was
analyzed in cells of the first mitosis and in the
combined cell groups not considering the number
of mitosis (Giemsa-equivalent). Based on previous
studies where the similar informative cue was dis-
played for FPG and Giemsa-staining in cancer
patients [14, 15] the results of Giemsa-equivalent
are presented in order to increase the number of
cells analyzed.

For the data treatment the average yields (Y) of
aberrant cells, each type of chromosomal aberra-
tions or their combinations were calculated per
100 analyzed normoploid cells. The standard
errors of the mean levels of cytogenetic damage
(SE) were calculated based on the variance of the
aberration cell distributions (¢?) in the combined
metaphase samples. The aberration-per-cell dis-
tributions were tested for consistency with the
Poisson statistics and incidence distribution of
cytogenetic damage in several experimental groups
was tested for randomness using the dispersion to
mean ratio (6%/Y) and Papworth’s u-test () [16].
The significance of differences was determined by
a Student’s 7-test [17].

RESULTS AND DISCUSSION
The chromosome damage level before the radio-
therapy start was compared with control group (30
donors with no cancer).

The chromosome type cytogenetic rearrange-
ment level in the combined cell samples were
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Ta6nuusa 1

Ab6epauii XxpoMOCOMHOro TUNY Y XBOPMX HA PaK JiereHi 0 NPOMEHEeBOro JIiKyBaHHSA

Table 1

Chromosome type aberrations in lung cancer patients before radiation therapy

Fpyna n MpoananisoBaHo KNiTUH Y = SE Ha 100 knitun / Y = SE per 100 cells
Group n Scored cells A XCunst / A CSunst Ouy / Dic Au ®p / Ac Fr
[T+MT / GT+MT 16 3212 1,90 £ 0,24 0,44 0,12 1,46 £ 0,21
Kowtponb / Control 30 8000 0,88 £0,15 0,08 £ 0,02 0,80 £0,15

TMpumiTky. N — KinbkicTb 00CTEXEHUX; A XCynst — HecTabinbHI abepaLlii xpOMOCOMHOrO Tuny.
Notes. n — the number of surveyed; A Csynst — unstable chromosome type aberrations.

Taba. 1. byno BcTaHOB/IEHO, IO PiBEHb OKPEMUX BUIIiB
abepalliif XxpOMOCOMHOIO TUITy A0 MPOMEHEBOI Teparii
HEe MaB BipOrigHOI pPi3HULI MiX rpynamMu CIIOCTEepEeXKeH-
Hga I'T Ta MT (p > 0,05), mo mo3Bojawio 00’exHaTH
IHIMBIAYadbHi JaHi, OTPUMaHI BiJl yCiX 0OCTEKEHUX XBO-
pux. Hamani y pochigKyBaHUX Ipyrax LIMTOT€HETUYHi
MOKAa3HUKM B XOJIi MPOMEHEBOI Teparlii MOpiBHIOBaIN 3i
3HAUYEHHSIMU B 00’ €IHAHIi1 BUOipLIi MallieHTiB A0 TTOYaT-
Ky MPOMEHEBOTO JIiKyBaHHS.

ITokazaHo, 110 piBeHb JIull B rpymi Maii€eHTiB OyB BU-
MM 3a CIIOHTaHHi 3HaueHHs (7 = 3,99; p < 0,001). Lle Bin-
Miuanau i ;1S piBHS BiIBHUX alIGHTPUYHUX (DparMeHTiB —
cepenHiii piBeHb Al Pp y XBOpUX Maiike BIBIYi TepeBy-
1LlyBaB KOHTPOJIbHi Moka3Huku (f = 3,19; p < 0,01). V Bu-
Oipui KIITMH BiA MaLi€HTIB OO MOPOMEHEeBOI Teparlii
3yCTpivyaiy TaKoX TMOOAMHOKI CTabiIbHI XPOMOCOMHI Tie-
pedynoBM, sIKi BKITIOYAIM JO CYMapHOI YacTOTH abepalliid.
TakuM 4MHOM, IO TIOYATKy IIPOMEHEBOTO JIKYBaHHS B
00’eTHaHII BUOipIIi XBOPUX Ha paK JIETeHi cepeIHill piBeHb
SIK OKpeMHUX BUIIB abepalliii XxpOMOCOMHOTO THITY, TaK i iX
cyMapHe 3HaYeHHS, TIepeBUIIYBaId CIOHTAHHUIA PiBEHb.

HaHi aHamizy mo mpoMeHeBOi Teparii CBimyaTb MpoO
JOULUIbHICTh MePEeBIPKU LUMTOTEHETUYHUX MMOKA3HUKIB Y
3aJIy4eHUX B JIOCTiIXKEHHS MaLi€HTIB Ha TOMTPOMEHEBO-
My etamni. [IpoTe cepen DOCHiIHUKIB J0CI 3aJIMIIAETHCS
HEeBUpPILIEHUM TMHUTAaHHS CTOCOBHO HAasIBHOCTI abo
BiACYTHOCTI MiABUILEHOIO PiBHS LIMTOTeHETUYHUX IO -
KOIXXEHb IO MOYaTKy IIPOMEHEBOro JikyBaHH: [18, 19].
[TpnurHa MOAIOHUX PO30IKHOCTEN MOXE IOJSATaTh y
Pi3HUX MiaXoaax A0 AU3aiiHy caMOoro JOCTiIKEeHHS i BU-
Oopy INOKa3HUKIB Mis1 aHaizy. Ha Hainy QyMKy, BKJIO-
YEeHHS LILOTO eTaIly OOCTEeXEHHS CIIpUsSE KOPEKTHIllii
iHTeprpeTalii Mp¥ BUBYEHHI 3MiH piBHS abepalliil xpo-
MOCOM ITiJT 9ac IIPOMEHEBOTO JIIKyBaHHSI.

BcraHoBieHO, 1110 y XBOpUX Ha pak JiereHi 3 rpynu I'T
JIO CepeIMHU KypCy CEpeaHiil piBeHb KJIITUH 3 HeCTa0iJIb-
HUMU abepalisiMd XPOMOCOMHOIO THUIy 3poctaB y 10
pasiB, a cyMapHUii piBeHb HecTaOiIbHUX abdepalliii Xpo-
MOCOMHOTO TUIY — y 13 pazis. [1o KiHIIg Kypcy ITIpoMeHe -

(1) 416

shown in Table 1. As chromosome type aberrations
before radiotherapy did not have a significant dif-
ference between the GT and MT groups (p > 0.05),
it was possible to combine the individual data
obtained from all the examined patients. Sub-
sequently cytogenetic indices in the patient groups
during radiotherapy course were compared with
the values for the combined group before the
radiotherapy course.

The Dic level in the patients group was higher
than spontaneous (¢ = 3.99; p < 0.001). It was
also noted for the excess acentric fragments
where the average level of Ac Fr in patients group
almost doubled the control yield (= 3.19; p <0.01).
In the patients’ samples before radiotherapy a
few stable chromosome rearrangements were
notified and included in total aberration fre-
quency. Thus, before the radiotherapy start in the
group of lung cancer patient the average yield of
chromosome type aberrations exceeded the
spontaneous level.

The data analysis before radiation course indi-
cates the necessity of checking the cytogenetic
parameters in studied patients at the pre-radio-
therapy stage. However, the question about pres-
ence or absence of elevated cytogenetic damage
levels before radiation therapy still remains unclear
[18, 19]. The reasons can lay in different
approaches to the investigation design and the
choice of cytogenetic indices analyzed. In our
opinion, the including of this time point to the sur-
vey contributes to a more correct interpretation of
chromosome aberrations level changes during
radiation treatment.

It was found that in lung cancer patients under-
going GT in the middle of the course the average
level of cells with unstable chromosome type aber-
rations increased 10-fold, and the total level of
unstable chromosome type aberrations — 13-fold
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BOI Tepartii BiZ0yBagoCh MOAAJIbIIE BiTUyTHE 3pOCTaHHS
piBHSI aOepaHTHUX KJIITUH i abepaliii xpomocoM. Tak,
piBeHb KJIITUH 3 HeCcTablIbHUMU abepaLissMu XpOMOCOM-
HOTo TUMY Y JiMpoLuTax Mali€eHTiB 3pocTaB y 14 pa3iB, a
piBeHb HeCTabLTbHUX abepalliif XpOMOCOMHOTO TUITY — Y
21 pa3 BiAIOBIAHO A0 PiBHS LIMTOT€HETUYHMX TTOLLIKO/I-
JKeHb B 00’ €qHaHii1 BUOIPIIi 1O TTOYATKY JiKyBaHHS.

¥ xBopux Ha pak JiereHi 3 rpynmu MT 1o cepennHu Kyp-
Cy TIPOMEHEBOro JiKyBaHHSI CepelHili piBeHb KJTUH 3
HecTabiIbHUMM abepalisiMM XpOMOCOMHOTO THUITY 3pOC-
TaB OB HIX y 6,5 pa3a, a cyMapHUii piBeHb HeCcTa01J1b-
HUX abepalliii XxpoMocOMHOro TUMny — y 8 pasiB. B KiHIIi
Kypcy Tepallii cnocTepiraiy rnogaiblie 3pOCTaHHS PiBHS
abepaHTHUX KJITHH i abepaLiil xpoMocoM. PiBeHb KITiTUH
3 HecTaOiIbHUMU abepalisiMU XPOMOCOMHOIO THUILY Y
JliMpoLIMTax mauieHTiB 3pocTaB y 10 pasiB, a piBeHb HeC-
TaOiTbHUX abepalliii XxpOMOCOMHOTO TUITy — Malike y 15
pasiB MOPIiBHSIHO 3 piBHEM IUTOI€HETHMYHUX ITOIIKOI-
JKeHb B 00’€THaHilt BUOIpIIi 10 TTOYATKY JTiKyBaHHSI.

[ BU3HAYEHHST BKJIAMy MEBHUX CTPYKTYPHUX Tepe-
OyZ0B XPOMOCOMHOIO THWUITy Yy 3arajbHe 30iJbLIeHHS
piBHSI abepalliii XxpoMocoM OyJI0 MpoaHali30BaHO PiBEHb
OKpeMUX BMUAIB abepalliii XpOMOCOMHOIO TUMY B IPO-
neci I'T (taba. 2) ta MT (ta6n. 3).

CepenHs yacToTa HecTabiIbHUX abepalliii XpoMOCOM-
HOIo THUMy 30WIbIIyBajach Bill MTOYATKy A0 3aKiHYEHHS
Kypcy IIPOMEHEBOI Teparllii, Ipu LbOMY BipOrigHICTb
30epirajach i mpy MOPiBHSIHHI JaHOTO MOKa3HUKA B Ce-

Ta6nuusa 2

in compare with those of before treatment. At the
end of the radiotherapy a further marked increase
of aberrant cell and chromosome aberration levels
was shown. So the level of cells with unstable chro-
mosome type aberrations in patients’ lymphocytes
increased 14-fold, and the level of unstable chro-
mosome type aberrations 21-fold respectively.

In lung cancer patients undergoing MT in the
middle of the course the average level of cells with
unstable chromosome type aberrations increased
more than 6.5-fold, and the total level of unstable
chromosome type aberrations — 8-fold. At the end
of the radiotherapy session the level of cells with
unstable chromosome type aberrations in patient
lymphocytes increased 10-fold, and the level of
unstable chromosome type aberrations was almost
15-fold compared with the level of cytogenetic
lesions in the pooled sample before treatment ini-
tiation.

Each kind of chromosome type aberrations was
analyzed separately in order to determine their
contribution to the overall increase of the whole
chromosome aberrations level during GT (Table 2)
and MT (Table 3).

The average frequency of unstable chromosome
type aberrations increased from the beginning to
the end of the course of radiotherapy, and the sig-
nificant difference existed between the middle

AGepauii xpOMOCOMHOr0 TUMY Y XBOPUX HA PaK NereHi Ha pi3HMx eTanax npomeHeBoi Tepanii Ha anapari POKYC-AM

Table 2

Chromosome type aberrations in lung cancer patients during radiation therapy on ROCUS-AM

Etan o6ctexxeHHss  MpoaHanisoBaHo KIITUH

Y = SE Ha 100 knitun / Y = SE per 100 cells

Stage of the survey Scored cells A XcCunst / A CSunst Auy, / Dic Ay ®p /Ac Fr  Ctab A6 / Stab Ab
[o NT / Before RT 3212 1,90 = 0,24 0,44 0,12 1,46 0,21 0,09 = 0,05
Cepenyna T / Middle of GT 889 24,63 = 1,67 13,72 £ 1,24 9,22 +1,02 1,12 £ 0,36
Kineup T / The end of GT 1139 40,47 = 1,89 25,72 = 1,50 10,97 = 0,98 1,14+ 0,32
Ta6nuusa 3

A6epauii XxpoMOCOMHOro TUNY Y XBOPMX Ha PaK nereHi Ha pi3HMX eTanax MeraBoJIbTHOT NpoMeHeBoi Tepanii Ha

nininHomy npuckopioaui Clinac 600C
Table 3

Chromosome type aberrations in lung cancer patients during megavolt radiation therapy on linear accelerator

Clinac 600C

Etan o6ctexxeHHs  lpoaHanizoBaHo KniTuH

Y + SE Ha 100 knitun / Y + SE per 100 cells

Stage of the survey Scored cells A XCunst / A CSunst Auy, / Dic Ay ®p /Ac Fr  Ctab AG / Stab Ab
[o MT / Before RT 3212 1,90 £ 0,24 0,44 + 0,12 1,46 £ 0,21 0,09 + 0,05
Cepenyna T / Middle of GT 1029 15,26 £ 1,22 7,29 + 0,84 7,19+0,84 0,87 0,29
KiHeup T / The end of GT 870 28,16 £ 1,80 18,16 + 1,45 7,93 + 0,96 0,69 + 0,28
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penuHi Ta B KiHLi Kypey (1= 32,30tatr=6,11; p <0,001).
Posnonisiu yactor cymMu HecTabOuIbHUX abepaliiii Mo
KJIiITUHAaX OyJIM HaJAUCHOEPCHUMU BiTHOCHO CTaTUCTUKU
Ilyaccona (mns cepenunu I'T: 62/Y = 1,53, u = 11,22;
st kinug I'T 6%/Y = 1,92, u = 22,08).

Big moyaTky A0 cepeaMHM Kypcy MPOMEHEBOI Teparii
nigBuieHHsT A Xcunst BigOyBanoch 3aBASIKU 30ibIIEH-
HIO piBHSI OOMiHHMX Ta (parMeHTHUX abOepairiii. Ce-
penHiit piBeHb Uil BiporimHo 3pocTaB Okl HixX y 31
pa3 10 cepeIrMHU Ta Malixke y 58,5 pa3a micJisl 3aKiHYeH-
Hsl KypCcy NpOMEHeBOI Teparlil Ipu 3icTaBJeHHi 3i 3Ha-
YEeHHSIM JIO TTOYaTKy JiKyBaHH: (f = 19,26 ta t = 27,61; p
< 0,001, BinmoBinHo). ITpu 1IbOMY IIBUAKICTH 3pPOCTaH-
Hs cepeaHboi yactotu duil OyJa Takoto, 1110 3abe3nedyn-
Jla BipOTiHY Pi3HMLIIO JAHOTO MOKAa3HUKA B KiHIIi Mpo-
MEHEBOI Teparlii y MOpiBHSIHHI 3 TOYKOIO CITOCTePEXKEH-
Hs B cepenuHi Kypey (£ = 5,93; p <0,001).

Posnoninu iHauBigyasbHUX 4acToT JuIl 1Mo KIIiTMHAX
OyJIM HagAuCIepCHUMU BigHOCHO ctaTucTuku Ilyacco-
Ha B CepeJrHi i B KiHIli Kypcy IMIPOMEHEBOTO JIiKyBaHHS
(6%/Y = 1,39, u = 8,23 nnga cepennuu I'T Ta 62/Y = 1,55,
u = 13,13 nna 3akinuenus I'T).

Cepenns yactora Air @p Texx 3pocTaja 10 cepeIruHu
Kypcy OiIbII HiXK ¥ 6 pa3iB Ta Mo 3aKiHYEHHIO ITPOMEHe-
BOI Tepartii — y 7,5 pa3a BiITHOCHO JOIIPOMEHEBOTO PiBHS
(r=11,55Tar=13,87; p <0,001, BinnosigHo). ITpoTe Ha
BiAMiHY BiJl JULIEHTPUKIiB, He OYJI0 BUSIBJIEHO BipOTiIHO-
ro 30ibLIeHHd piBHS A1l @p B KiHIIi MpOMeHEeBOI Teparii
y TMOpPIiBHSIHHI 3 cepeauHolo Kypey (¢ = 1,22; p > 0,05).
LIBuaxicte 3poctaHHs piBHSI Al ®p Oyia HUXKYA, HiK
gist piBHs1 Jun. Tak, BigHOILIEHHSI CepeIHbOIO PiBHS
Hu no Au @p ckiiamaiio A0 oYaTKy IpoMeHeBOI Tepartii
1:3,32; Bcepeauni — 1:0,67; B Kinui kypcy — 1 : 0,43.

CrnekTp KJITUH 3 A Xcunst po3IIMpIOBaBCs B MpoLieci
NpPOMEHEeBOI Tepallii: B cepelrHi Kypcy CIiocTepiraaucs
MmeTadasu 3 1—5 XpOMOCOMHUMU MOIIKOIKEHHSIMU, B
KiHILi JikyBaHHS — 3 1—10 aGepattissmMu.

CrabifbHi adepallii XxpOMOCOM, SIKi MOXHa OYyJ10 BUSI-
BUTU 3a JOIIOMOTIOI0 3aCTOCOBAHOTO 3a0apBiICHHS,
CYTTEBO HE BIUIMBAJIM Ha 3arajibHe 30iJbIIeHHS PiBHS
A Xc. BogHouac ciig 3a3Ha4YMTH, 1110 PiBEHb LIOIO MO-
Ka3HMKa BIipOrigHO 3pOCTaB Bil ITOYATKYy JiKyBaHHS
BITPOJIOBK BCHOTO KypCy MpoMeHeBoi1 Tepamii (1 = 4,84 i
t =5,01; p < 0,01, B cepenuHi Ta B KiHIli Kypcy, Bil-
noBigHo). OgHaK, 5K i y BUNAAKY BUTbHUX allEHTPUIHUX
¢dparMeHTiB, pi3HUILII TTOKa3HMKA MiX CEpeIMHOIO i KiH-
eM TIpOMEeHeBOI Tepalrii He Oyia BiporigHoio (£ = 0,03;
p > 0,05).

CepenHs yacToTa HeCcTabIbHUX abepalliii XpOMOCOM-
HOro THUMy 30WIbIIyBajach Bill MTOYATKy A0 3aKiHYEHHS
KYpCy MeraBOJIETHOI MpPOMEHEeBOI Teparllii, BoJHO4Yac

and the end of the course (= 32.30 and r = 6.11;
p <0.001). The unstable aberration per-cell-dis-
tribution of frequencies was over-dispersed con-
sistently with Poisson statistics (for the middle of
GT: 62/Y = 1.53, u=11.22; and for the end of GT:
o2/Y =1.92, u = 22.08).

From the beginning to the middle of the radio-
therapy course the A Csunst increase was caused
by the raise both of the exchange and of fragment
aberrations. The Dic average yield significantly
increased more than 31-fold by the middle and
almost 58.5-fold after the radiotherapy course
comparing with the value before treatment (¢ =
19.26 and r=27.61; p <0.001, respectively). At the
same time, the pace of Dic growth provided a sig-
nificant difference between the middle and the end
of radiotherapy course ( = 5.93; p < 0.001).

The Dic per cells distribution was over-dispersed
consistently with Poisson statistics in the middle and
at the end of the radiation treatment (c?/Y = 1.39,
u = 8.23 for the middle of GT and ¢2/Y = 1.55,
u = 13.13 for the end of GT).

The Ac Fr average frequency also rose more than
6-fold in the middle and 7.5-fold at the end of the
radiotherapy course compare with pre-radiation
level (r=11.55and t= 13.87; p < 0.001, respective-
ly). However unlike dicentricts, there was no signi-
ficant Ac Fr level increase at the end of the radio-
therapy compared with the middle of the course
(t=1.22; p > 0.05). The Ac Fr level rise was lower
than for the Dic level, and the Dic to Ac Fr ratio
before the radiotherapy start was 1 : 3,32; in the
middle — 1: 0.67; at the end of the course — 1 : 0.43.

The range of cells with A Csunst expanded during
radiotherapy: in the middle of the course metaphas-
es with 1—5 chromosome lesions were observed, and
at the end of treatment — with 1—10 aberrations.

Stable chromosome aberrations, which could be
detected using applied staining, did not signifi-
cantly affect the overall A Cs level increase. How-
ever, it should be noted that their level significant-
ly increased from the treatment start to the end of
radiotherapy (¢ = 4.84 and ¢ = 5.01, p < 0.01, in
the middle and at the end of the course, respec-
tively). Nevertheless, as for excess acentric frag-
ments, the difference between the middle and the
end of the radiotherapy was not significant (= 0.03;
p > 0.05).

The average frequency of unstable chromosome
type aberrations increased from the beginning to the
end of the course of megavolt radiotherapy, and the

(1) 418
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BipOTiAHICTB 30epirajach i MpU MOPiBHSHHI JAHOTO ITOKa3-
HUMKa B CepeauHi Ta B KiHLi Kypcy (¢ = 25,10 Ta r = 6,09;
p <0,001). Posnominu yacToT cyMu HecTaOiIbHMUX abe-
pauiii mo KiiTMHAxX OyJIM HaIAUCIIEPCHUMHU BiIHOCHO
cratuctuku [lyaccona (mist cepenunu MT: 62/Y = 1,42,
u =9,60; g xinug MT: 62/Y = 1,79, u = 16,50).

IMigBueHHsT A XCunst Bill OYATKY 0 CEPEIMHU KypCy
METaBOJILTHOI ITPOMEHEBOI Tepartii BifOyBaloch 3a paXyHOK
301IbIIIEHHS PiBHS OOMiHHMX i (hparMEHTHUX abepalliit.
Cepeniit piBeHb JIui BiporiIHO 3pocTaB OUIBLI HIX Y 16,5
pasa 0 cepeAMHM Ta Maitke OLTbII HiXX y 41 pa3 110 3aKiH-
YeHHIO KypCy MeraBoJIBTHOI IIPOMEHEBOI Teparlii y MopiB-
HSTHHI 31 3HAYEHHSIMU JI0 TTOYaTKy JiKyBaHHS (= 13,21 Ta
t=122,60; p < 0,001, BinmosinHo). [Ipu LILOMY TeMIT 3poC-
TaHHS cepeHbO1 YacToTh luil OyB JOCTATHBO CTA0LIbHUM,
110 TIPU3BEJIO A0 BipOTigHOrO 30iMbIIeHHs piBHS duil B
KiHIIi MEraBoJIETHOI IMTPOMEHEBOI Teparil BiTHOCHO TOYKHU
CITOCTEPEXXEHHS B cepeirHi Kypey (t = 6,74; p < 0,001).

Posnoainu iHauBigyajlbHUX 4acToT duil 1Mo KiIiTUHaAX
OyJM HagAMCIIepCHUMU BiZHOCHO cTaTucTuku Ilyacco-
Ha B CEpelMHi i B KiHIIi KypCy MeraBOJbTHOI ITpOMeHe-
Boi teparmii (6%/Y = 1,36, u = 8,10 s cepenvnu MT Ta
o¥/Y = 1,64, u = 13,45 — nna ki MT).

CepenHs1 yacToTa BiJIbHUX alleHTPUYHUX (PparMeHTiB
3pocTajia 10 CepeAHU Kypcy Maiftke y 5 pasiB Ta 1o
3aKiHYE€HHIO MEraBOJIETHOI MPOMEHEBOI Teparlii — Mari-
XKe 'y 5,5 pa3a NOpiBHSHO 3 PiBHEM [JI0 TTOYATKY JIiIKYBaH-
Ho (t=9,47 tat = 10,04; p < 0,001, BinnmosigHO). B ce-
peavHi Ta B KiHII KypCy HE€ CIOCTEpirajiv BipOTigHOI
pizHu1Ii piBHS A1l @p 3a paXyHOK BUXOAY YaCTOTU JaHO-
ro NMOKa3HUWKa Ha IUIaToO BiJl CEPEeAWHM 10 3aKiHUECHHS
MEeraBoJIBTHOI TIpoMeHeBoi Teparii (7 = 0,59; p > 0,05).
SIK HacIgoK, i TeMIu 3pocTaHHs piBHS Au @p Oynmm
HYDKYUMU, HiXK 1011 piBHA JIuil. BimHOIIEHHS cepeaHbOro
piBHst dui 1o A Dp ckitagano g0 moyaTky MeraBoJIbTHOI
npomeHeBoi Teparii 1 : 3,32; B cepenuni — 1 : 0,99; B KiH1Ii
Kypey — 1:0,44.

CnekTp KJiTUH 3 A Xcunst gelio po3IIMpOBaBCsl B
npoleci MeraBoJIbTHOI MPOMEHEBOI Teparii, xoua i B
MeHIIoMy o0cs3i, Hixk ripu I'T: B cepeanHi Kypcy croc-
Tepiranvcgd Metadasu 3 1—4 XpOMOCOMHUMU MOIIKOI-
JKEHHSIMM, a B KiHLIi JliKyBaHHS — 3 1—5 abepauisimu.

CrabinbHi abepallii XpoMOCOM BaroMoO He BIUIMBAJIA
Ha 3arajbHe 30inblIeHHsT piBHA A Xc, Xoya ixX piBeHb
BipOTiHO 3pOCTaB Ha MPOTsI3i BChOTO KYPCYy MEraBOJIbT-
HOI IIPOMEHEBOI Teparii y MOpiBHSIHHI 3 LIMM MOKa3HU-
KOM J10 ToJaTKy JikyBaHH: (1 = 4,10; p < 0,001i7=3,32;
p < 0,01 png cepenunu Ta KiHug MT, BigmoBigHO) i
3HAYeHHS MOKa3HMKA B CEpeIMHi Ta B KiHIli MEraBOJIbT-
HOI NMIPOMEHEBOI Teparlii He MaJu BipoTigAHOI Pi3HMIII
(r=0,45;p > 0,05).

significant difference existed between the middle
and the end of the course (= 25.10 and ¢ = 6.09;
p <0.001). The unstable aberration per-cell-distribu-
tion was over-dispersed consistently with Poisson sta-
tistics (for the middle of MT: o¥/Y = 1.42, u = 9.60;
and for the end of MT: 62/Y = 1.79, u = 16.50).

The A Csungt raise to the middle of the megavolt
radiotherapy was caused by the increase both of
the exchange and of fragment aberrations. The Dic
average yield significantly increased more than
16,5-fold by the middle and more than 41-fold
after the end of megavolt radiotherapy course com-
paring with the value before treatment (f = 13.21
and r=22.60; p < 0.001, respectively). At the same
time, the pace of Dic growth was constant and
provided a significant difference between the mid-
dle and the end of radiotherapy course (r = 6.74;
p <0.001).

The Dic per cells distribution was over-dispersed
consistently with Poisson statistics in the middle
and at the end of the megavolt radiation treatment
(02/Y = 1.36, u = 8.10 for the middle of MT and
6%/Y = 1.64, u = 13.45 for the end of MT).

The excess fragment average frequency rose
almost 5-fold in the middle and almost 5.5-fold at
the end of the megavolt radiotherapy course com-
pare with pre-radiation level (r=9.47 and = 10.04;
p <0.001, respectively). There was no difference
between Ac Fr level in the middle and at the end
of the course observed so that this frequency
looked as the plateau from the middle to the
end of the megavolt radiation therapy (¢ = 0.59;
p > 0.05). Consequently Ac Fr level growth was
lower than that of for Dic yield. The Dic to Ac Fr
ratio before megavolt radiation therapy start was
1:3.32; in the middle — 1 : 0.99; at the end of the
course — 1 :0.44.

The range of cells with A Csunst expanded
though not so much during megavolt radiotherapy:
in the middle of the course metaphases with 1—4
chromosome lesions were observed, and at the end
of treatment — with 1—5 aberrations.

As in GT group stable chromosome aberrations
did not significantly affect the overall A Cs level
increase. However, their level significantly increased
during the whole course of megavolt radiotherapy
compared with this parameter before treatment
(r = 4.10; p < 0.001 and r = 3.32; p<0.01, in the
middle and at the end of MT, respectively). The dif-
ference between the middle and the end of the
radiotherapy was not significant (¢ = 0.45; p > 0.05).

419 ‘&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

TakuM YMHOM, Ha BiIMiHY BiJl paHIOMi30BaHOTO PO3-
noainy abepaliifi XpOMOCOMHOIO THUIy Yy BHUOipii
MNali€eHTIB 10 MIPOMEHeBOol Tepamnii, B 000X J0CJIiIXKyBa-
HUX IpyIax XBOPUX B CEpeAMHi Ta B KiHIIi IPOMEHEBOTO
JIIKyBaHHSI MaB MicClle HaJAUCIEPCHUI PO3MOILT pamia-
HilfHO-1HAYKOBaHUX abepalliii XxpOMOCOM BiIHOCHO CTa-
tuctuku Ilyaccona. e xapakTepHo 1151 HEpiBHOMipHO-
IO OIPOMiHEHHS i 3yMOBJIEHO IMOSIBOIO Ta ITOAAJbIINM
3pOCTaHHSIM YaCTKU KJTITUH 3 IBOMA i OiJIbIlIe MTOpYIIeH-
HIMU xpomocoM. TlomibHe sBuUIlle 3HAKILIO Bimobpa-
JKEHHSI TaKoX y poboTax iHmmMX mocmimHukis [20, 21].
MoXNnuBIiCTb BUSIBICHHSI 3a pPiBHEM IUILEHTPUKIB He
TITbBKUA (DaKTy pamialliiitHOro BILIMBY, a i JIOKAJBbHOCTI
OINPOMiHEHHSI, BKa3y€ Ha BUCOKY iHPOPMATUBHICTb LI1-
TOT€HETUYHOIrO aHai3zy A1 Lijieid 6iomo3umMeTpii.

I1pu ananizi pe3yabTaTiB JOCHIIIKEHHS 3MiH PiBHIB LI~
TOr€HeTMYHUX ITepeOyI0B BIIPOAOBXK IMTPOMEHEBOI Tepartii
3 BUKOPHMCTAHHSIM Pi3HUX JKEepesa OMpPOMiHEHHs, OyJio
BUSIBJEHO IMOMIOHI Ta BiIMiHHI OCOOJMBOCTI AMHAMIKHU
LIMX TIOIIKOMXKeHb. XapakTep 3MiH 3arajibHOi 4acTOTHU
abepalliii XxpOMOCOMHOTO THUITy Ta CEpEIHbOI CyMapHOI
YacTOTU NUIEHTPUYHUX 1 KiJIBLIEBUX XPOMOCOM 3 Cy-
nytHiMu pparmenTamu y rpynax I'T Ta MT 3anexHo Bin
eTaIry MpoOMEeHEeBOT0 JIiKyBaHHSI MPUBEISHO Ha puc. 1 ta 2.

IIpoTsirom NmpoMeHeBOro JiiKyBaHHS JMHaMika abe-
paiiii xpomocoMHoro tuiry, a came A Xc i Inu+I1K, ma-
Jla NoAiOHMIA XapaKTep y Halli€HTIB 3 000X JOCHiIXyBa-
Hux rpym. Tak, 3pocTaHHS YaCTOTH BKa3aHMUX IIUTOI€He-
TUYHUX MOPYIIEHb BiTOyBaI0Cs 3 BipOTiTHOIO Pi3HULICIO
K OO0 CepearHM KypcCy, TaK i 40 KiHLS IMPOMEHEBOI Te-
parii (p < 0,001). OgHaK 3a CXOXKOi CITIPSIMOBAHOCTI ITPO-
Hecy (opMyBaHHS pafialliliHO-iHAYKOBaHUX abepallii,
IIBUIKICTb X HAKOMMMYEHHS 3a J1il raMMa-OIpOMiHEHHS
9Co Oysa BUILOIO, HIX IIPY METAaBOJIBTHII ITPOMEHEBI
Teparii, 1110 00yMOBWJIO BipOTrigHY Pi3HULIIO B CEpeaUnHi

Thus, in contrast to the randomized distribution
of chromosome type aberrations in a group of
patients before radiotherapy, in both studied patient
groups in the middle and at the end of radiotherapy
course there was over-dispersed distribution of radi-
ation-induced chromosome aberrations according
to Poisson statistics. This is quite typical for local
irradiation due to the appearance and subsequent
growth of the cell proportion with two or more
chromosome abnormalities. A similar effect was
also marked in some other publications [20, 21].
The ability to detect with dicentrict level not only
the fact of radiation exposure, but also its partial
body character, indicates the high usefulness of the
cytogenetic assay for the biodosimetry purposes.

Our study data analysis of cytogenetic changes
due to radiation therapy with different sources of
irradiation displayed similar and different features
of those changes. The character of changes of the
total frequency of chromosome type aberrations
and the average frequency of dicentric and ring
chromosomes with accompanying fragments in
the GT and MT groups depending on the stage of
radiation treatment was shown in Fig. 1 and 2.

During the radiotherapy the dynamics of chromo-
some type aberrations, namely A Cs and Dic+CR,
had a similar character in both groups. So, the
increase of these cytogenetic lesions frequency with
the significant difference between the middle and
the end of radiotherapy course (p < 0.001) was
shown. Howeyver, along with the similar trend in the
formation of radiation-induced aberrations, under
the Co gamma-irradiation their accumulation rate
was higher than under megavolt radiation therapy. It
caused a significant difference in the middle and at
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Figure 1. The frequency of chromosome
type aberrations in GT and MT groups depend-
ing on the stage of radiotherapy
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Ta IO 3aKiHYEHHIO IPOMEHEBOTO JIiKyBaHHS (a1 A Xc:
t = 463 tat = 4,72; p < 0,001, BignoBigHO; I
Huu+1IK: r= 4,82 ta t = 4,05; p < 0,001, BinmosigHO).
IIpencraBieHi pe3ynsraTu 100Ope Y3roIKyIOThCS 3 BUC-
HOBKaMH iHIIMX JOCJiIHUKIB CTOCOBHO 3pOCTaHHS PiB-
Hs pafialiiHo-crieuudiyHuX abepaliil y OHKOJIOTiYHUX
XBOpHUX Bifl TTOYATKY IO KiHI IMpoMeHeBoi Teparrii. On-
HaK aBTOPM CIIOCTEPiraoTh Pi3Hi 3HAUEHHST 3POCTaHHS
YaCTOTU LMX LIMTOT€HETUYHMX TMOIIKOIXEHb BIIPOAOBIK
JIIKyBaHHS1, HaBiTh KOJIM MOBA i1/ie PO Mali€HTiB 3 OAHA-
KOBUMM JIOKaji3alisaMu MyxjiauH. Taki po30ixKHOCTI riepe-
JIyCiM MOXYTb OyTH 0OYMOBJIEHI OOpaHHSIM Pi3HUX METO-
JOJOTiYHUX MiAXOdiB 10 MPOBeAeHHS JocTimKeHHs. Tak,
JociimkeHHsT [22] TpoBOAWIIM IO TI0YATKY JIIKYBaHHS i
BITPOAOBK TaMMa-Teparii y 20 XBOpHUX Ha pak JiereHi. AB-
TOPW BimMivanu BipoTimHe 30iJbIIEHHS abepaHTHUX
KJIITUH Ta abepalliil XpoMOCOM y MOPiBHSIHHI 3 JOIpoMe-
HEBUMM 3HaYeHHSIMMU. [Tpu bOMY MakcMMaJlbHa YacTO-
Ta abepalliii XpOMOCOM CIIOCTepirajach HalpUKiHLI IPo-
MEHEBOI Tepaltii, 110 30ira€TbCcs 3 pe3yabraTaMy HallIuxX
JociimkeHb. OnHaK UUTOTeHETUUHWM aHasi3 3aiiCcHIO-
Bain y 70-romIMHHUX KyJIBTYpax JiM(pOLIMTIB 6€3 KOHTPO-
JIIO KJIITUHHOTO LUKJIY, TOMY BpaXyBaHHSI ITOIIKOMXEHD
nepeBakHO y Meraasax APYroro i HaCTYIHUX MITO3iB
MOTIJIO, Ha Hally AYMKY, TIPU3BECTU A0 3HMKEHUX 3Ha-
YeHb YaCTOTHU HecTabiibHUX abepaliil xpomocoMm. Haie
JOCHiIXKEHHSI IPOAEMOHCTPYBAJIO, 110 Ha TJIi MOAIOHO1
TeHACHIil 3pOoCTaHHS pPiBHS abepalliii XpoMOCOM TIif,
BIUIMBOM Pi3HUX JIKepeJsl ONPOMiHEeHHSI, YTBOPEHHS LU~
TOT€HETUYHMX IOIIKOMXEHb BiZOYyBaaoCh 3 Pi3HOIO
IIBUAKICTIO HA OKPEMMX eTariax MpoMeHeBOro JiKyBaH-
Hs. HesBaxalouum Ha HaJleXXHICTb 000X BHUIIB OII-
POMiHEHHSI 10 ONIPOMiHEHb 3 HU3bKOIO JIiHIiTHOIO Tepe-
Jlayero eHeprii, icHye 6arato CynyTHiX (pakTopiB, 1110 MO-
KYTb BIUIMBATW Ha 3araJlbHUM IUTOTEHETUYHUNA e(peKT

the end of the radiotherapy (for A Cs: t = 4.63
and 1 =4.72; p < 0.001, respectively, for Dic+CR:
t=4.82 and r = 4.05; p < 0.001, respectively).

The presented results are in good agreement with
the conclusions of other researchers regarding the
increase of the radiation-specific aberration level
in cancer patients from the beginning to the end of
radiotherapy. However, authors observed the dif-
ferent growth value of these cytogenetic lesions
due to the treatment, even when it comes to
patients with the same tumor localization. Such
discrepancies may appear first of all due to the
choice of different methodological approaches.
So, the study [22] was performed before treatment
and during gamma-therapy in 20 lung cancer
patients. The authors noted a significant increase
of aberrant cells and chromosome aberrations
when compared to value before radiation treat-
ment. At the same time, the maximum chromo-
some aberrations frequency was observed at the
end of radiation therapy. However, cytogenetic
analysis was carried out in 70-hour cultures of
lymphocytes without cell cycle control, so taking
into account damage in metaphases mostly of the
second and subsequent mitoses could, in our opin-
ion, lead to a decrease in the yield of unstable
chromosome type aberrations. Our research
demonstrated that in spite of a similar trend for the
chromosome aberration increase under the influ-
ence of different irradiation sources the pace of
this raise differed at several stages of radiation
treatment. Though both irradiation types belonged
to low linear energy transfer radiation, but there
were some accompanying factors that can affect
the overall cytogenetic radiotherapy effect. So
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Figure 2. The frequency of dicentrics and
centric rings in GT and MT groups depending
on the stage of radiotherapy
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MPOMEHEBOrO JiKyBaHHs. Tak, ompoMiHEHHS MpU MeTa-
BOJIBTHilA MpOMEHEBIili Tepallil Ma€e BUILLY €HEPTilo, IIpoTe
CIIPUYMHUIJIO MEHILE 3pOCTaHHS pPiBHSI MapKepiB
panialiiiHoOro BIUIMBY y TOPIiBHSIHHI 3 TaMMa-Teparti€lo.
Ile Moxe OyTv MOB’A3aHO 3 MPOBeAcHHAM 3D-TIaHy-
BaHHS 10 MOYaTKy MPOMEHEeBOl Tepamii Ha JiHiliHOMY
MPUCKOPIOBaYi, 110 3MEHIITYE 00’€M HEMyXJTIMHHUX TKa-
HUH, SIKi IIOTPAILISIOTh Y 30HY T€ParieBTUYHOIO ypaXKeH-
Hs iOHI3yBaJIbHUM BUITpOMiHIOBaHHSIM. PamioGiosoriuHi
eeKTH HEMOXJIMBO Mepen0aynuTH, BPAaXOBYIOUM JIWIIIE
eHeprito BUMIPOMiHIOBaHHS1. ToMy ayxKe BaxKJIMBO ITijl 4ac
OLIIHKM HaCJIiAKIB il MpOMEHEBOIO JiKyBaHHS Ha HEITyX-
JIMHHI KJIITUHW BPaXOBYBaTH HE TUTbKU SKiCTh Ta EHEPTilo
OINPOMIHEHHS, a ¥ IKepeso, PexXuM i mepeanpoMeHeBi
OpoLeaypHU, sIKi 3aCTOCOBYIOThCS TIPU MPOBEACHHI KypCy
MPOMEHEBOI Tepallii, a TAaKOX iHIIIi (paKTOPHU, SIKi I1Ie ITOT-
peOYIOTh MOJATBIIIOTO BUBYEHHS.

BUCHOBKU

1. CepenHiii piBeHb OKpeMUX BUIIB abepallili XpoMo-
coMHoro tuny B rpymni xBopux I'T Ta MT no nmpomeHe-
BOI Tepamii mepeBMINYBaB 3HAUY€HHSI CIIOHTAHHOIO
piBHSL.

2. B 0060x rpymax mia BIJIMBOM raMMa- Ta MeTaBOJIBTHO-
Tro ONPOMiHEHHS MiABUILEHHS PiBHS abepalliii XpoMo-
COMHOTO THIIY BiZOYBaJOCh TEPEBAXHO 3a PaXyHOK
0OMiHHUX IepedyaoB, a caMe NULEHTPUKIB i LIEHTPUY-
HUX Kijelb. 3poCTaHHS 3a3HAYeHMX MOKA3HUKIB CITO-
CTepirajiv siK Bill ITOYaTKy 0 CEpeIrHHU, TaK i Bil cepe-
JUHU OO0 KiHLS KypCy IMPOMEHEBOTO JiKyBaHHS. Biblil
BUpPaXEHUM TPUPICT BOPOJOBXK MPOMEHEBOI Teparlil
piBHs A Xc ta JIun+1K cniocrepiranu y rpymi I'T. CriB-
BiIHOIIEHHS CYMapHOI YacTOTH abepalliii XxpOMOCOMHO-
ro tuny B rpynax I'T Ta MT B cepenuHi Kypcy Ta B KiHLIi
KypCy 3ajMllajlioch MaiKe He3MiHHUM 1 CKJajgaio,
BignmosinHo, 1 : 0,63 Ta 1 : 0,69. CriBBigHOIIEHHS PiB-
HiB JJuu+IK B rpynmax I'T Ta MT B cepenunHi ckiagano
1:0,51; B kiHLi kypcy — 1:0,68.

3. IlIBuakKicTs HaKOMWYEHHS (parMeHTHUX abeparlliit
OyJ1a HM3KYOIO 3a TEMIIN 3POCTAaHHS PiBHS IULEHTPUKIB i
Bimpi3HsIach y 00cTeXXeHuX rpynax. Tak, Ha BiAMiHY Bif
rpynu I'T, ne yacToTa alleHTpUYHUX (pparMeHTiB 30iJ1b-
1lIyBajach BIIPOJOBX BChOIO KypCy IPOMEHEBOI Tepaltii,
y rpyri MT piBeHb JaHOTO MOKa3HUKA TTiC/asI CepeIuHI
JIIKyBaHHS HE 3MiHIOBaBCSI.

4. CriexTp KJITUH 3 HeCTaOlIbHUMU adepallissM1 XpOMO-
COMHOIO TUITY PO3LIMPIOBABCS B MPOLIECI TTPOMEHEBOI
Teparii B 000X OOCTEeXEHUX Ipylax, MpoTe 3 Pi3HOI0
iHTEHCUBHICTIO. B cepenunHi Kypcy crocTepiraiy mMaiixe
OIHAKOBY KiJIbKiCTh abepalliii Ha abepaHTHY KJIiITUHY, a
came y rpymi I'T 3 1—5 cTpykTypHuUX nepedyaos, y rpyii
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megavolt exposure with higher energy caused less
increase of radiation exposure markers compared
with gamma-therapy. It could be explained by the
availability of the 3D planning procedure before
the radiotherapy start on linear accelerator. This
can consequently significantly reduce the volume
of non-tumor tissues that fall into the zone of ther-
apeutic damage by ionizing radiation.
Radiobiological effects cannot be predicted con-
sidering only radiation energy. Therefore, it is very
important when estimating how the radiation
treatment effects non-tumor cells to take into
account not only the radiation quality and energy,
but also the source, regimen and pre-radiotherapy
procedures used in the radiation therapy course
and some other confounding factors those have to
be further studied.

CONCLUSION

1. The average level of several types of chromo-
some type aberrations in the patient group with
GT and MT before radiation therapy exceeded the
spontaneous level.

2. In both groups undergoing gamma and megavolt
irradiation the increase of chromosome type aber-
rations was occurred mainly due to exchange
rearrangements, i.e. dicentrics and centric rings.
The rise of indices both from the start to the middle
and from the middle to the end of radiation treat-
ment was found. A more pronounced increase of A
Cs and Dic+CR during the radiotherapy course in
the GT group was observed. The ratio of the total
chromosome aberration frequency in the GT and
MT groups in the middle of the course and at the
end of the course was almost remained, respective-
ly, 1 : 0.63 and 1 : 0.69. The ratio of the Dic+CR
levels in the GT and MT groups in the middle was
1:0.51; at the end of the course — 1 : 0.68.

3. The accumulation rate of excess acentric frag-
ments was lower than the dicentrics growth and dif-
fered in the examined groups. The excess acentric
fragments yield in GT group rose from the start to
the end of radiotherapy. Unlike to GT group no
change of excess acentric level after the middle of
radiation treatment in MT group was observed.

4. The range of cells with unstable chromosome
aberrations during radiation therapy expanded in
both study groups, but at a different rate. In the
middle of the course the number of aberrations per
aberrant cell was almost the same — 1—5 structural
rearrangements in GT group and 1—4 such struc-
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MT — 3 1-4 cTpykTypHUX TlepeOynoB. B KiHIII Kypcy
MaKCUMYM HecTabiibHUX adepalliil CTAaHOBMB IUIs1 TPYITU
I'T 10 momkomkeHb, a mjisd rpynu MT — 5 momkomkeHb
Ha abepaHTHY KJiTUHY. Po3moaiau yacTor HecTabiIbHUX
XPOMOCOMHUX OOMiHiB i HeCTaOiTbHUX abepalliil XxpoMo-
COMHOTO TMITy B JOCJIiIKyBaHUX Ipyrax OyJu Haaauc-
NepCHUMU BIZHOCHO cTaTUCTUKU IlyaccoHa B cepeauHi
Ta B KiHIIi Kypcy MPOMEHEeBOI Tepartii.

5. Ha 11i cxox0i 3arajibHOi HaIipaBJIeHOCTi Mpoliecy hop-
MYBaHH$l LIUTOI€HETUYHUX MOILIKOIXXEHb 3a [ii OMpoMi-
HEHHSI BUSIBJIEHO PO30iXKHOCTI B AMHAMIilli 3MiH LIMTOT€He-
TUYHUX MOKA3HUKIB 3aJIeXKHO Bifl IxKepesa ONpoOMiHEHHSI.
Taxk ramma-Tepartisi paky JiereHi maja Oijibll FeHOTOKCUY-
HUI BIUIMB Ha T€HOM JiM(OLMUTIB nepudepudyHoi KpoBi
OHKOXBOPMX, Hi>K MEeraBoJIbTHE TIPOMEHEBE JIiKyBaHHSI.
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tural rearrangements in MT group. At the end of
treatment the maximum of 10 unstable aberrations
per aberrant cell for GT group and of 5 damages
per aberrant cell for MT group was observed. The
distributions of radiation-specific chromosome
aberrations were over-dispersed according to
Poisson statistic in both patients groups during
radiotherapy.

5. On the similar background of cytogenetic
lesions formation induced by radiation the differ-
ence in aberrations outcome depending on the
radiation type was found. Thus, gamma-therapy
revealed a higher genotoxic effect on peripheral
blood lymphocytes genome of lung cancer patients
than megavolt radiation therapy.
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