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CYYACHI IIIAXOAN 10 ITPOTHO3YBAHHA TA JIIKYBAHHA
ITPOMEHEBHUX YIIKO/2XKEHDb OPTAHIB MAJIOI'O TA3Y ITICJIA
PAJIIOTEPAIIII XBOPUX OHKOTTHEKOJIOTTYHOI'O ITPO®LIIO

CTpimMKuWii po3BUTOK pafioTepaneBTUYHOT TEXHIKW, BMPOBAAXEHHS B NPAKTUKY HAHOTEXHONOri NnpomMeHeBoi Tepanii
(NT), ypaxyBaHHa npuHuuniB papiobionorii 3abe3neyye nigBefeHHs 3annaHoBaHOT [03M A0 06CAry MiweHi npw
MiHiMafbHOMY ONPOMiHEHHT 3[OPOBKX TKAHWUH 3i 36epexeHHAM rapaHTii akocti MNT. OTxe, noganbwuit possutok MT
NONATAE HE TiNbKMW Y BTiINIEHHT HOBUX TEXHONOTIN B NPOMEHEBY NPAKTUKY, ane 1y iHTEHCUBHOMY PO3BUTKY pafialinHoi
MeIULMHN Ta KNiHiYHOT paaioGionorii.
MeTa: nowyk ontumanbHux mogeneit Bucokoenepretuyroi (HDR, high dose rate) 6paxitepanii (bT) 3 BUKOpUCTAHHAM
pxepena *’Ir y nopiBHAHHI 3 echeKkTaMu €TaNOHHOrO raMma-BunpomiHoBaHHs *°Co, TUM caMuM, 3 METOI0 NiABULLEHHSA
etekTnBHOCTI XimionpomeHeBoi Tepanii (XMT) xBopux oHKoriHekonoriyHoro npodinto (OrM) 3 MiHiManbHUMM Npome-
HEBMMW HABAHTAXEHHAMM HA KPUTWYHI OpraHM i TKAHWHW B OTOYEHHi MyXAMHHOro BorHuwa. PagiobionoriyHe
JOCNI[XEHHs MA€E Ha MeTi BU3HaYeHHs AOLiNbHOCTI BUKOPUCTAHHSA TPAHCMeMOpaHHOTo noTeHLiany Ta iHTEHCUBHOCTI
HanpawloBaHHA aKTUBHUX GopM KKUCHIO y niMbouuTax nepudepuyHoi kposi (JIMK) xsopux OFT B skoCTi npeanKTOpiB
pafioyyTIMBOCTI HEMANirHi30BaHWX KTiTUH 3 OTOYEHHA NyXAUHK abo iT Noxa 3 MeTOw MiHiMi3auii ycknagHeHs npu MT.
Matepianu Ta metogu. [poBeaeHO KoMnaeKcHe KoHcepBaTuBHE NikyBaHHA 115 xsopum II-IIT ctapii, T.-sNo-1Mo. 3a-
nexHo Big metogy HDR BT Ha tni ximioceHcnbinisyounx 3acobis 6ynu cchopmoBaHi 3 rpynu. [ns pagiobionoriynmx
AOCNifKeHb BUKOPUCTOBYBaNM 3pa3ku Kposi 24 xBopux OFM go noyatky nposegeHHs MT Ta 18 yMOBHO 3[,0poBHX 0Ci6
(rpyna KoHTponio).
Pe3ynbraTtu. AHani3 6e3nocepeaHix pe3ynbtatiB eheKTUBHOCTI BUKOpUCTaHHsA mxepen ©Co abo *’Ir npu HDR BT no-
Ka3aB, L0 NO3MTUBHA BifNOBiAb NYXNMHM Y XBOPUX AOCAimKYBaHMX rpyn nicas kypcy XMT 36inbwmnach Ha 16,6 % Ta
20,1 % nopiBHsH i3 3actocyBaHHAM **Co HDR npw BT. Mpu aHani3i micueBux peakuiit y XBOPMX OCHOBHUX rpyn npome-
HeBi peakuii II ctyneHs 6ynu BigcyTHi. 3a pe3ynbTaTamu paaiobionoriyHMx AOCnigXKeHb BCTAHOBNEHO, WO PiBeHb
TpaHcmemb6paHHoro noteHuiany y JINK xsopux OM B 1,36 pa3a nepeBuuyyBas Lei nokasHuk y rpyni ¥Y30.
BuUCHOBKM. TakMM YMHOM, BUHMKHEHHA Mi3HIX NPOMEHEBUX YLWKOAXEHb 3aNeXWTb Bif TOYHOCTI iHAMBIAYanbHOMO
KOMN'loTEPHOTO MNaHyBaHHA Ta KOPEKTHOro BifTBOpPeHHs 3annaHoBaHoro kypcy [T, Big cBoeyacHoi Kopekuii niky-
BaJlbHUX NPOrpam, 3aCTOCYBaHHsA KOMMJIEKCY paLioHanbHOT MeAMKaMeHTO3HOT NpodinakTUKK, TAXKKOCTI NaToaorivyHo-
ro npouecy i cynyTHbOi NaTonorii, a Takox Big BuKopuctaHHs suay HDR mxepen BunpomiHtoBaHHs (*Ir i *°Co). 3miHu
3HayeHb TPAaHCMeMOpPaHHOTo NOTeHLiany Ta iIHTEHCUBHOCTI HanpaloBaHHs akTuBHUX hopm KucHio B JIMK xsopux O
y NOPiBHAHHI 3 YMOBHO 3[,0pOBMMU 0COGAMM Ta BUCOKi 3HAUEHHs Lux nokasHukis y JIMK okpemux xBopux € nifcra-
BOI A5 iX BU3HAYEHHS nepef nnaHyBaHHAM T B AKOCTi [OAATKOBMX MOKA3HUKIB, WO XapaKTEPU3YIOTb MOXIINBICTb
BUHUKHEHHS NMPOMEHEBUX YCKNAAHEHb.
KniouvoBi cnoea: HDR 6paxiTepanis, mxepena Bucokoi noTyxHocti go3m **Ir ta ©Co.
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CONTEMPORARY APPROACHES TO PROGNOSTICATION
AND MANAGEMENT OF PELVIC RADIATION INJURIES IN
GYNECOLOGICAL CANCER PATIENTS

Background. Rapid development of radiotherapeutic techniques and implementation of radiation therapy (RT) nan-
otechnologies in practice, taking into account principles of radiobiology, ensures that the planned dose will be
delivered to the target volume with minimal irradiation of healthy tissues while maintaining the guaranteed RT
quality. Therefore, further advance of RT involves not only implementation of the new technologies in radiation
practice, but also the intensive developments in fields of radiation medicine and clinical radiobiology.
Objective: search for optimal models of the high-energy (HDR - high dose rate) brachytherapy (BT) using the “Ir
source in comparison with effects of the reference gamma radiation from ®*Co, thereby, to increase the effectiveness
of chemoradiation therapy (CRT) of gynecological cancer patients (GCPs) with minimal radiation loads on critical
organs and tissues in the tumor environment. The radiobiological study was aimed to determine the feasibility of
using the transmembrane potential (TMP) and intensity of reactive oxygen species (ROS) production in peripheral
blood lymphocytes (PBL) as predictors of radiosensitivity of non-malignant cells from the tumor environment or its
bed in order to minimize the RT complications in GCPs.
Materials and methods. Patients (n = 115) with cancer stages II-III, T,.;No-:M, were managed with comprehensive
conservative treatment. Three groups of patients were selected depending on the applied HDR BT method against a
background of the administered chemosensitizing agents. Blood samples of GCPs (n = 24) before the RT initiation
and of apparently healthy individuals (AHIs, i.e. the control group, n = 18) were taken for the radiobiological
research.
Results. Review of the direct results of ®Co or Ir sources use in HDR BT and of the follow-up data showed the
increased tumor positive response in the main study groups after CRT course by respectively 16.6 % and 20.1 % in
comparison with ®Co HDR BT administration. Concerning local reactions it was noted that grade II radiation reac-
tions were almost absent in the main groups. According to the results of radiobiological studies, it was established
that TMP level in PBL of GCPs was 1.36 times higher than in AHIs.
Conclusions. Thus, the emerging of late radiation injuries depended on the accuracy of of individual computer plan-
ning and correct reproduction of the planned RT course, timely correction of treatment programs, use of a complex
of rational medical prophylaxis, severity of tumor process and concomitant disorders, as well as on the used type of
HDR radiation sources (*’Ir and *°Co). Changes in TMP values and intensity of ROS production in PBL of GCPs in com-
parison with AHIs, and the high values of these parameters in PBL of individual patients are a rationale to specify
them as additional indicators characterizing the possibility of radiation complications before the RT planning.
Key words: HDR brachytherapy, **?Ir and *°Co high dose-rate sources.
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BCTYII INTRODUCTION

ITpomenena Teparisg (I1T) € ognuM 3 ocHoBHMX MeTomiB  Radiation therapy (RT) is one of the essentially
JIIKyBaHHSI OHKOJIOTIYHMX HOBOYTBOPEHbL, MpUYoOMYy ii BU-  required tools in cancer management, and its
KOpHUCTaHHSI TTOKa3aHO MPAaKTUYHO MpU Oyab-sKiil cramii  administration is indicated at almost any stage of
3aXBOPIOBaHHS (B OIIEpOBAHMX — SIK KOMITOHEHT KOMOiHO-  the disease, namely as a component of combined
BAHOTO JIIKyBaHHS, y HEOIIEpOBaHMX — K CAMOCTIMHWI  treatment upon surgery, as independent method
MeToJ a0 KOMITOHEHT KOMILIEKCHOI Teparlii, a TakoxX sk or a component of complex therapy when surgery
naniaTMBHUI 3aci0 y TUX BUMaAKaX, KOJM iHILI crieuiajibHi  is not feasible, as well as palliative approach when
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METOAM JIIKYBaHHS BUSIBIISIIOTHCS HENPUMHSATHUMU 49U
HeedpekTuBHUMM). Kpim Toro, IIT mpu mneBHuUX jo-
Kautizallisix i CTafisX 3aXBOPIOBAHHSI MOXe OyTU aJibTep-
HaATUBOIO XipypriyHOMY JIiIKyBaHHIO. ¥ 3B’SI3KY 3i 3poc-
TaHHSM YaCTOTY OHKOJIOTIYHUX 3aXBOPIOBaHb, 3HAYHOIO
MOIIMPEHICTIO MYXJIMHHOTO TIpoliecy MpU MOro BUSIB-
JIEHHI1, arpeCUBHICTIO IepeOiry, a Takox 3 opraHo30epira-
IOYMM HaIpsIMKOM KOMOIHOBAHOTO JIIKyBaHHSI 3aCTOCY-
BaHHs IIT Ha cborogHi 3Ha4HO 30iMBLIMIOCKL. 3apa3 y
PO3BUHYTUX iHAycTpiaabHUX KpaiHax ITT mopoky oaep-
XKy10Th 0113bK0 70—80 % BCiX OHKOJIOTIUHMX XBOPHUX Y
BUIJISIAI OCHOBHOTO UM KOMOiHOBaHOTO JTiKyBaHHS |1, 2].

bBypxsimBuii pO3BUTOK MEAWYHOI TEXHIKW, CTBOPEHHS
i BTiJIEGHHSI B NMPaKTUKY MPUHIMIIOBO HOBOTO OOJamI-
HaHHS JJ1s1 AUCTAHUIAHOTO i KOHTAKTHOTO OIPOMiHEH-
Hsl, OsIBA LIIJIOTO CMEKTPY anapariB 11 BUCOKOTOUHOIL
Bi3yasizallii opraHiB i TKAHWH Ta Cy4aCHUX KOMIT 10Tep-
HUX TEXHOJIOTiM misi 0OpoOKM AaHUX OOYMOBIIIOIOTH
TEXHIYHY MOXJIMBICTb HOCSITHEHHSI CTiAKOIo BUIIIKY-
BaHHS i TIOBHOLIIHHOI peabimiTallii OHKOJIOTiUHMX XBO-
pux. 3aBAsIKM 1IbOMY 3aCTOCYBaHHS paaioTepartii B OH-
KOJIOTii BUXOAUTH Ha SIKiCHO HOBUI piBeHb, 11O JO3BO-
JIsIE 3HAYHOIO MipOIO PO3IIMPUTH IMOKA3aHHs, 30Kpema,
JI0 opraHo3oepirarounx omnepaitiii mig «3axuctom» I1T.
ITpote, pi3HUIISA B TEXHIYHOMY OCHAIEHHI i TEXHOJIO-
rivHoMy 3abe3neyeHHi, IepearnpoMeHeBUX eTarax,
npobyieMun yHidikalii JiKyBaJbHOTO TMpoIecy i Bim-
TBOPEHHSI METOAUK CYTTEBO BIUIMBAIOTh Ha pPe3yJbTa-
™™ [3—5]. IIpu TakoMy CTpiMKOMY PO3BUTKY pamioTe-
paneBTUYHOI TEXHiKM, BIPOBAIKEHHI y MPaKTUKY Ha-
aorexHosoriin 1T [5] Bmaerhcsg mocdarti KOH@OPM-
HOCTi OTNIpOMiHEHHST ocepeaky. MaKCUMalbHUI YCIIiX
MpU ONPOMiHEHHI MOXJIMBUI JIMIIE TOMi, KOJIU B MyX-
JIMHI TTepeBaXaoTh IIPOLESCH YIIKOIKEHHS, a B OTOUY-
I0YMX 11 TKAHWHAX — BiAHOBJIEHHS. BioJIOTIYHOI0 OCHO-
Boto BukopuctaHHs 1T B oHKoJorii € Tak 3BaHUII Te-
paneBTUYHMIA iHTepBal, TOOTO Pi3HUIIS Y CTYIEHSX
YIIKOJKE€HHS i BITHOBJIEHHS ITyXJMHHOI i1 HOpMaJIbHOT
TKaHWHM TIPA OJHAKOBMX PiBHSX IMOMIMHEHUX 103. To-
MY OCHOBHa BMMOTa KJIiHiYHOI pajioJiorii moJjsrae y
KOHILIEHTpallii MaKCUMaJbHOI 103U B TMaTOJOTiYHOMY
ocepenKy Npu MiHiMaJIbLHOMY OINPOMiHEHHI HOpMaJsb-
HUX TKaHuH [1, 5, 6].

3acTocyBaHHS HOBMX TEXHOJIOTiM i KOMIT IOTepHOi
TEXHIKW, BpaxXyBaHHSI MPUHIUIIB pamiodiosorii 3a0e3-
MevyyloTh MiABEIEeHHS 3aIllIaHOBAaHOI J03U 10 00Csry
MillleHI OpU MiHiMaJlbHOMY OIIPOMiHEHHI 340pOBUX
TKaHWH 3i 30epexxeHHsIM rapanTii skocti [1T. OTxke mo-
nanpiit po3Butok 1T mosnsirae He TiTbKU Y BTiIIEHHI
HOBHUX TEXHOJIOTIll y HpPOMEHEBY MpaKTUKYy, ajie i y
IHTEHCUBHOMY PO3BUTKY palialliiHOI MEAMLIMHU Ta

other specific treatment methods are unacceptable
or ineffective. Additionally, in certain localization
and stage of cancer the RT can be an alternative to
the surgical treatment. Use of RT has increased sig-
nificantly nowadays given the rising incidence of
cancer, often seen significant spread of tumor
process when detected, cancer aggressiveness, as
well as the organ-preserving trend in combined
treatment. Currently about 70—80 % of all cancer
patients in the developed industrialized countries
receive RT yearly as primary or combined treat-
ment [1, 2].

Rapid development of healthcare technology, cre-
ation and implementation into practice of funda-
mentally new equipment for remote and contact
irradiation, emerging of a whole range of devices for
the high-precision visualization of organs and tissues
and modern computer technologies for data pro-
cessing warrant the technical possibility of achieving
the sustainable cure and complete rehabilitation of
cancer patients. Thanks to this, the use of RT in can-
cer reaches a whole new level, which allows to
expand significantly the indications, in particular, to
organ-preserving operations under the «protection»
of RT. However, the difference in technical equip-
ment and technological support of pre-radiation
stages of management, issues of unification of the
treatment process and reproduction of methods sig-
nificantly affect the outcome [3—5]. With such an
intense development of radiotherapeutic techniques
and implementation of RT nanotechnologies in
practice [5] it is possible to achieve the conformity of
focal exposure. The maximum success of therapeu-
tic irradiation is possible only when damage events
prevails in the tumor, while recovery occurs in the
surrounding tissues. The so-called therapeutic inter-
val, i.e. difference in the degree of tumor damage
and restoration of normal tissue at the same
absorbed radiation doses is the biological basis of RT
use in oncology practice. Therefore, delivery of
maximum doses to the focus of cancer process with
minimal irradiation of normal tissues is the key
requirement in clinical radiology [1, 5, 6].

Application of the new technologies and comput-
er equipment with taking into account the princi-
ples of radiobiology ensure the delivery of planned
dose to the target volume with minimal irradiation
of healthy tissues while maintaining the guarantee
of RT quality. Therefore, further development of
RT involves not only implementation of new tech-
nologies in radiation practice, but also intensive
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KJIiHiYHO1 panioGionorii. [IpoTe, HaBiTh 3 BUKOPUCTAH-
HSM HalCydacHILIMX MOXKJIMBOCTEH paaioTepareBTUY-
HOI anapaTypH i JO3UMETPUUHOIO MJaHyBaHHS HEMOX-
JIUBO YHUKHYTM IIPOMEHEBMX peakxlliii, 0co0JMBO,
MiclieBUX, 3 OOKY MpsIMOi KMIIKM i ce4oBOro Mixypa (
20,0—80,0 %) [5, 6].

IIpu IIT xBOopuX OHKOTIHEKOJOTIYHOTO IIPOdiIt0
(OT'IT) y 30HY MOJIiB OIIPOMIiHEHHST MOXYTh MOTPATLISITU
pi3HI aHATOMiUHiI CTPYKTYpHU: CEYOBUI MiXyp, mpsiMa
KMIIKa, BariHa, BHYTPillHbOTa30Ba KJIITKOBMHA, CYIMH-
HO-HEPBOBI IMy4YKH i KiCTKM Ta3y. [30JIbOBaHI yIIKOIKEH-
HSI OJHOTO OpraHy 3yCTPiuyaroThCs PiKo, Y OiTbIIOCTI BU-
MaJKiB BOHU MaloTh MTOeAHAaHUI xapakTep [3, 7, 8]. [1pu-
YUHU PO3BUTKY MPOMEHEBUX YIIKOMXKEHb — IOMWIKHU
npu I1aHyBaHHi i mpoBeneHHi I1T, Kojin 3aCTOCOBYIOThCS
BHMCOKI pa3oBi i cyMapHi 103U, SIKi TIepeBUILYIOTH TOJIe-
PAHTHICTh 3J0POBUX TKAHWUH [0 iOHI3yIOUOro BHII-
poMiHIoBaHH. TpyaHOI JO3UMMETPUYHOIO IIaHyBaHHS
00YMOBJIeHI OJIM3bKUM PO3TalllyBaHHSIM OPTaHiB y Majo-
My Tazi. YacTo He BpaXOBYIOTLCS OCOOJUBOCTI PO3MOILTY
JI031 Y CYMIXKHUX 3i 3JI0SIKICHUM HOBOYTBOPEHHSIM Opra-
Hax, KpiM TOro, Y XBOPUX iCHYE iHAMBiIyabHA YyTIUBICTh
tkaHuH po IIT [6, 7—19]. Toxcuunicts 1T moripiiyioTh
paHillle nepeHeceHi 3aXBOPIOBaHHS OpraHiB YepeBHOI IO~
POXHUHU, CEUOBUBITHUX LIUISIXiB, a TAKOX XPOHIYHI 3ax-
BOPIOBaHHS (LIYKpPOBUiA HiabeT, TinmepToHiYHa XBOpoOa)
[10, 17]. ¥ Taknx XBOPUX IMTPOMEHEBI YIITKOIKEHHS BUHI-
KaloTh YacTillle, HiXX y xBopux 6e3 narosiorii (70 % nipotu
18,1 %) [9, 12, 13]. Tak, mpu 3aXBOPIOBAHHSIX KUIIEUHU-
Ka 3pOCTa€ 4yacToTa MPOMEHEBMX KOJIiTiB. XpOHiuHa Ia-
TOJIOTiSI CEYOBOTO MiXypa IIBUIIYE pU3NK (hOPMYBAHHS
npomeHeBuX HUCTUTIB [20]. KpiM Toro, HecmpusaTINBU-
MU (aKTopaMu MOXYTh OyTU TOMNEpeIHE OrepaTUBHE
JIIKyBaHHSI, a TAKOXK ITOBTOPHE OIPOMiHEHHSI.

o crocyerbest maTodizioynorii IpoOMeHeBUX YIIKO/-
KE€Hb, TO MPU LILOMY YTBOPIOIOTHCS BiIbHi TepeKHCHi
pagMKaiu, sKi MOpyIIYIOTh pereHepalilo YIIKOIXKEHUX
KJIiTHH. TTopyllyeTbcs MiKpOLMPKYJSLisg y CyauHaXx
CJIM30BOI OpraHy, YTBOPIOIOTbCS TPOMOU B IPiOHUX Cy-
JUHAX, 110 MPU3BOIUTH OO OCEPEIKiB illeMii, epo3iii,
s13B, a4 B TMOAAJIbIIOMY MOXJIUBE (DOPMYBaHHSI HOPUIII.
Po3BuBaeThcsl pagiauiiiHo-iHaykoBaHuii ¢Giopo3. Lle
MPU3BOAUTH JO TOTO, 110 CTIHKU CYAWH, HiOM 3aTUCHEHI
B «Kapkac» piopo3y, cTaroTh HeeTaCTUMHUMMU, IIPU TPaB-
MaTu3allii He ciafaoTbesd. KTiHiuHO 11e MpOsIBISIETHCS Y
BUIJISIII KPOBOTEY, aX 10 MPOoy3HUX, SIKi BaxKKO Miaaa-
I0ThCS JIiIKyBaHHIO [5—7].

3a xapaKTepoM TIpOSsIBiB MPOMEHEeBi YIIKOMIXKEHHS
MNOJINSIIOTh HA 3arajibHi Ta MicleBi. JIo MOKa3HUKIB 3a-
rajJbHOI TOKCMYHOCTI HaJleXKaTb: CTYIiHb Mi€JOCyTIpecii,
BMICT TI€UiHKOBHMX (DEPMEHTIB i MOKA3HUKIB 3rOpTaHHS

progress in the fields of radiation medicine and
clinical radiobiology. However, even with the use of
the most modern capabilities of radiotherapeutic
equipment and dosimetry planning, it is impossible
to avoid radiation reactions, especially local ones
from rectum and bladder (20.0—80.0 %) [5, 6].

Providing RT to the gynecological cancer
patients (GCPs), various anatomical structures
may fall into the radiation field zone, e.g. bladder,
rectum, vagina, intrapelvic tissue, neurovascular
bundles, and pelvic bones. Isolated injuries of a
single organ are rare, while in most cases they are
combined [5, 7, 8]. Errors in RT planning and
providing, when the delivered single and total
doses exceed the tolerance of healthy tissues to
ionizing radiation are the reasons for development
of radiation injuries. Difficulties in dosimetry
planning occur due to the close location of organs
in pelvis. Peculiarities of dose distribution in
organs adjacent to the malignant neoplasm are
often not taken into account, and there is also indi-
vidual tissue sensitivity to RT in GCPs [6, 7—19].
RT toxicity is worsened by the past diseases of
abdominal organs, urinary tract, as well as con-
comitant chronic diseases (diabetes mellitus, arte-
rial hypertension) [10, 17]. In such patients the
radiation damage occurs more often than in
patients with no other diseases (70 % vs. 18.1 %)
[9, 12, 13]. This way, the incidence of radiation
colitis increases with intestinal diseases. Chronic
bladder disorders increase the risk of radiation cys-
titis [20]. In addition, any previous surgical treat-
ment, as well as repeated irradiation can be the
unfavorable factors here.

As for pathophysiology of radiation damage, in
this case free peroxide radicals are formed disrupt-
ing the regeneration of the damaged cells. Vascular
microcirculation in mucous membrane becomes
disturbed with small vessel thrombosis, which
leads to occurrence of ischemic foci, erosions,
ulcers, and possible formation of fistula in future.
The radiation-induced fibrosis develops. All that
leads to the pattern when walls of blood vessels, as
if squeezed into the «carcass» of fibrosis, become
inelastic and do not collapse when traumatized.
Clinically it manifests as a bleeding up to the pro-
fuse one, which is difficult to treat [5—7].

According to the nature of manifestations the
radiation damages can be general and local.
Markers of general toxicity include the degree of
myelosuppression, content of liver enzymes and
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KpOBi, IMHaMiKa piBHs OiTipyOiHY, KpeaTUHiHY Ta ce-
YOBUHHU y CUPOBATILIi KPOBIi, a TAKOX BUPA3HICTh TAKUX
CUMIITOMIB, SIK HE3AYy>KaHHS, Hya0Ta, O1toBaHHS. JIo-
KaJlbHa TOKCHYHICTh XapaKTEepPU3YEThCS YaCTOTOM i
nposiBaMu JEepMaTUTIB, LIUCTUTIB, PEKTUTIB, CIiTeNi-
itiB [5, 9, 10, 13].

3a TepMiHOM BUHUKHEHHS MiCIIeBi TOKCUYHI TTPOSI-
BU TMOIiJISIIOTh HAa paHHI i TMi3Hi TIpOMEHEeBi peaklii Ta
YIIKOMXE€HHS. PaHHI TpoMeHeBi MyKO3UTH PO3BHBA-
1oThea y mpoueci I1T ta/a6o B Haitomkai 90—100 miod
miciist 1i 3aKiHYeHHsI, TOMY 110, SIK CBig4aTh pe3yJjbTa-
TH PamioOioNOTiYHUX NOCHIIXKEeHb, 16 € MaKCUMaJlb-
HUI TepMiH BiTHOBJIEHHS CyOJ€TaIbHO YIIKOIKEHUX
KJIiTUH. BOoHM HOCITh (PyHKIIOHAJAbHUI XapakTep i
yacTo 0yBaOTh 000POTHUMMU. BiJIbIIICTh i3 HUX ITPOXO-
JIS9Th MPOTAroM Hanommkunx 4 mic. YactoTa paHHIX
MPOMEHEBUX VIIKOMIXKEHb cKiiagae 69—84 % [5, 6, 13].
IToxin MmicleBUX MpoMeHEeBUX YIIKOIKEHb Ha paHHI i
Mi3HI Ma€ KJIiHIYHE 3HA4YeHHsI, 3BaxKalouu Ha pi3HUM
naToreHe3 iX BUHMKHEHHS Ta IiAXOAM 10 JiKyBaHHSI.
PaHHi mpoMeHeBi peakilii € HACiIKOM BILIUBY iOHi3y-
FOYOro BUIIPOMIHIOBaHHSI Ha TeHETUYHUM arlapar He-
VIIKOIKEHUX IIyXJIMHHUM IIPOLIECOM  KJIiTHH,
VIIOBiTbLHEHHSI perapaTUBHUX TIPoLEeciB i (PyHKIIiO-
HaJbHUX PO3JIaJliB, HacCaMIlepe, MOPYIIEHHSI KPOBO-
o06iry. IToniOHi peakilii MalOTh, 3a3BHUYAll, TUMUYACOBUIA
i 000poTHMI xapakTep. Biibll Bpa3nuBUMU € padio-
YYTJIMBI aKTUBHO pereHepyioui TKaHWHU |5, 7, 16—18].

ITi3Hi mpoMeHeBi YIIKOMXKEeHHS (DOPMYIOThCS He
panimie 3 Mic. micis 3aKiHYeHHS JiKyBaHHS i 4acTo
HabyBalOTh XPOHIYHOIO Iepediry. BUHUKHEHHS Takoi
MaTOJIOTi1 AeIIO MPOrHO30BaHe i MOB’s13aHe 3 BUKOPHC-
TaHHSM BUCOKMX CyMapHMX A03 OINpPOMiHEHHS, He-
00XiIHUMX ISl epaguKauii nyxauHu [5, 9]. Baxiuso,
1100 YacToTa PO3BUTKY TaKMX MATOJOTIYHUX 3MiH HeE
repeBUllyBajia JOImycTUMOro piBHs (5 %), BUBHa4YeHO-
ro pekoMeHaauismMu BOO3. I1pu 11boMy He TOBUHHO
OYTU TSLKKMX YIIKOIKEHbB, SIKi MOXYTb IIPU3BECTH IO
iHBajigHOCTI M cMmepTi nauieHTa. Ili3Hi mpomMeHeBi
VIIKOJKEHHSI KUIIKK 3ycTpivaiotbesa v 1—15 %, yui-
KOIIKeHHS ypeTpHr, ce4oBoro Mixypa —y 15—27 % Bu-
naakiB. Tomi HEOOXiTHE KOMILJIEKCHE JIiKyBaHHS JJIs
MOKpAaILLlEHHST IKOCTi XKUTTS nmauieHTa [5—7, 9, 19].

Y MexaHi3Mi pO3BUTKY MMi3HiX MMPOMEHEBUX YIIKOI-
JKeHb JieXaTh MOPYLIEHHSI KPOBOHOCHUX i JliMmpaTny-
HUX cyauH. BHacnigok riamOoKMX TiCTOXiMiYHUX i
FiCTOJIOTIYHMX 3MiH Mi3HI MiCLIEBi TIPOMEHEBI yCKIal-
HEHHS MalOTh TEHJEHIIiI0 A0 TTpOorpecyBaHHs. 3 yacoM
3pOCTa€E UMOBIPHICTh PO3BUTKY MPOMEHEBUX YIIKOJ-
JKeHb, IIJIS SIKMX XapaKTepHUM € TPUBAIMI TOPITiIHUIA
KJIiHIYHUI TIepeoir [5—7, 21-23].

blood coagulation parameters, time pattern of serum
bilirubin, creatinine, and urea levels, as well as sever-
ity of such symptoms as malaise, nausea, and vomit-
ing. Local toxicity is characterized by the incidence
and manifestations of dermatitis, cystitis, proctitis,
and epitheliitis [5, 9, 10, 13].

According to the time of occurrence, local toxic
manifestations are selected into early and late radia-
tion reactions and injuries. Early radiation mucositis
develops during the RT and/or in the next 90—100
days upon its completion, because it is the maximum
period of recovery of sublethally damaged cells as
evidenced by the results of radiobiological studies.
Local toxic manifestations are functional in nature
being often reversed. Most of them take place with-
in next 4 months. Incidence of early radiation
injuries is 69—84 % [5, 6, 13]. Separation of local
radiation injuries into early and late ones is of clini-
cal importance, given the different pathogenesis of
their occurrence and approaches in management.
Early radiation reactions are a consequence of the
impact of ionizing radiation on genetic apparatus of
cells not damaged by the tumor process, slowing
down of reparative processes, and functional disor-
ders, primarily blood circulation abnormalities.
Such reactions are usually temporary and reversible.
Actively regenerating radiosensitive tissues are more
vulnerable here [5, 7, 16—18].

Late radiation damages manifest no earlier than 3
months after the completed treatment and often are
of a chronic course. Occurrence of such disorders is
somewhat predicted and is associated with the use of
high total radiation doses required for tumor eradi-
cation [3, 9]. It is important to provide the incidence
of such reactions not exceeding the permissible level
of 5 % according to the WHO recommendations. At
the same time, there should be no serious injuries
that could lead to disability or death of the patient.
Late radiation damage to the intestine occurs in
1—15 %, damage to the urethra and bladder — in
15—27 % of patients. In such cases a complex treat-
ment is required to improve the patient’s quality of
life [5—7, 9, 19].

There are disorders of blood and Iymphatic vessels
in pathogenesis of the late radiation damage. Late
local radiation complications tend to progress as a
result of deep histochemical and histological
changes. Over time, the probability of radiation
damage, which is characterized by a long torpid
clinical course, increases [5—7, 21—23].
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BaxuBumM akTopoM, 1110 MPU3BOAUTH IO TOIIKO/I-
JKEHHSI KJIITUH 1 TKAHWH 3a [1i1 i0Hi3yI040Tr0 BUIIPOMiHIO-
BaHHS € HAUIMIIIKOBE YTBOPEHHS aKTUBHUX (hOPM KHC-
HI0O (ADK), s1IKe crocTepira€rbcsl SIK BHACIZOK MOTo
MpsIMOI 1Iii, TaK i B pe3yJbTaTi HacCTyITHOI Moaudikarlii
Mpo- Ta aHTUOKMCHMX TpoleciB. JloBeaeHo, 1110 10303a-
JIeXKHE TIOITKOJKEHHS JiM@OINTIB TepudepnIHoi
kpoBi (JITIK) moguHu (rmosia AULIEHTPUUYHUX XPOMO-
COM Ta MIiKposiZiep) Mic/isl ONMPOMiHEHHS 3pa3KiB KpPOBi
KOpEJIIOE 3 PO3BUTKOM OKMCHOTO cTpecy [24]. HaiiBax-
JIMBILLIMMU MillIEHSIMU, 1110 3a3HAIOTh padialliiHUX MO~
KOJKeHb B IIUTOIIa3Mi, € MITOXOHAPii. 3 MeTOI0 3HU-
>KeHHSI TIPOMEHEBMX HaBaHTaXXeHb Ha HOPMaJIbHi TKa-
HMHU HeoOXimHO 3a0e3MeUYUMTM YHMKHEHHSI MiTO-
XOHIpiaIbHUX OUCHYHKIIIHN, IKi TOPSI 3 ITiIBUIIECHOIO
reHepauielo AOK mopymyioTh eHepreTuyHi, CHUHTE-
TUYHIi Ta CUTHAJIbHI MPOLECU B MiTOXOHAPISIX, MTOCUITIO-
IOTh PO3BUTOK OKHUCHOTO cTpecy [25—27]. 3a aii pamgiauii
CIIOCTEPIra€ThbCsl TUMYACOBE 3POCTAaHHSI YaCTKU MiTO-
XOHIpPi 3 BUCOKHUM TpaHCMEMOpaHHUM MOTEHIiaJIoM
(TMII), a mamiHHS HOTO KOPEJIOE 3i 3POCTAaHHSIM aIloMN-
TOTUYHOI 3arubeni KiaituH [28, 29]. Ciig BinMiTUTH, 110
3HayeHHs: TMII MoXyTb KOpeJtoBaTu 3i 3MiHaMU BJlac-
tuBocTeli KiiTuH. [Tokazano, mo CD8" T-niMmdbountu 3
Hu3bkuM TMII xapakTepu3yOThCs MOJIMIIEHUM MeTa-
001i3MOM, OLIBIIOI0 TPUBAIICTIO KUTTS Ta MiABUILLIEHOIO
MPOTUNYXJIMHHOIO akTuBHicTIO [30], a 3a pe3ynbraTaMu
MOJIEJIBHOTO MOCJiIXKEHHsI BUSIBJICHO, 110 3HMWXKEHHS
TMII € MOKa3HUKOM paliope3MCTEHTHOCTI pPaKOBUX
KkJtituH [31].

Otxe, 3HAYHUN iHTepec TPEACTaBIIsSIE MOKIITNBICTL BUA-
KopucTtaHHsa noka3HukiB TMII Ta iHTeHCUBHOCTI Harl-
pamtoBaHHss ADPK 11 oliHKK pagiouyTJIMBOCTI He-
MaJlirHi30BaHUX KJIiTUH 3 OTOYEHHS MyXJIMHU 3 METOIO
OpPOrHo3y po3BUTKY yckiaaagHeHb npu I1T oHkooriyHmMX
xBopux. BpaxoByioum BMCOKY paliouyTJMBICTH KPOBI,
caMe TakKuil 00’€KT TOCIiI)KeHHsI Hala€ 3MOTY MOJIEJIO-
BaTU YyTJIMBICTh 3M0POBUX KIIITHH, IIIO ITONAAaI0OTh B 30-
HY TepaIlleBTUYHOTO OIIPOMIiHEHHSI.

PanioGiosioriyHe 1OCiIKeHHS Ma€ Ha MeTi BUSHAYEH-
Hs1 AoliTbHOCTI BUKoprcTaHHsS TMII Ta iHTeHCUBHOCTI
HarpamoBanHsI ADK y JITIK oHKOTiHEeKOJI0TiYHMX XBO-
pUX B SKOCTI MOpPeAUKTOpPIB pPaaiouyTJIMBOCTI He-
MaJIirHi30BaHUX KJIITUH 3 OTOUEHHS ITyXJIMHU a0o0 ii JIoxka
3 MeTOol0 MiHiMi3zallil ycknamHeHb Tpu IIT. A ockinbku
MOIIYK 3ac00iB MPOTHO3YBAaHHS i JIiKyBaHHSI ITpOMEHe-
BUX YCKJIaTHEHb TIpM XiMmiompoMeHesiii temnarii (XIIT)
xBopux OI'Tl € Han3BUYATHO aKTyaJIbHOIO i, Ha XaJlb, 10
CbOTO/IHI He BUPILLIEHOIO MPOOJIEeMOI0, Hallle JOCiIKEeH-
Hsl MPUCBSIYEHE YIOCKOHAJIEHHIO Tepallil Mali€HTiB 3
Li€I0 TTIATOJIOTIEIO 32 PaXyHOK MYJBTH(AKTOPHOTO ITiIX0-

The excessive formation of reactive oxygen
species (ROS) is an important factor leading to the
damage of cells and tissues under the action of ion-
izing radiation. It is observed both as a result of
direct radiation impact and subsequent modifica-
tion of pro- and antioxidant processes. It has been
proven that dose-dependent damage to human
peripheral blood lymphocytes (PBL) through the
appearance of dicentric chromosomes and micro-
nuclei after irradiation of blood samples correlates
with the development of oxidative stress [24]. Mito-
chondria are the most important targets of radiation
damage in cytoplasm. In order to reduce the radia-
tion load on normal tissues it is necessary to ensure
the avoidance of mitochondrial dysfunction, which,
along with the increased generation of ROS, disrupt
mitochondrial energy, synthetic, and signaling
processes and exacerbate the development of oxida-
tive stress [25—27]. Under the influence of radiation
a temporary increase in the proportion of mito-
chondria with high transmembrane potential
(TMP) is observed, while the TMP drop correlates
with increased apoptotic cell death [28, 29]. It
should be noted that TMP values may correlate with
changes in cell properties. It has been shown that
CD8* T-lymphocytes with low TMP are character-
ized by the improved metabolism, longer life span
and increased antitumor activity [30]. A decrease in
TMP is indicative of radioresistance of cancer cells
according to the results of a model study [31].

Therefore, it is of great interest to use the TMP
values and intensity level of ROS production to
assess the radiosensitivity of non-malignant cells
from tumor environment in order to predict the
development of RT complications in cancer
patients. Given the high radiosensitivity of blood,
use of this type of research object makes it possible
to model the sensitivity of healthy cells that fall
into the therapeutic radiation (TR) zone.

The radiobiological study was aimed at deter-
mining the expediency to use the values of TMP
and intensity of ROS production in PBL of GCPs
as predictors of radiosensitivity of non-malignant
cells in tumor environment or its bed in order to
minimize the RT complications. And since the
search for tools of predicting and treating the radi-
ation complications during chemoradiation thera-
py (CRT) of GCPs is extremely urgent and, unfor-
tunately, still unsolved problem, our research was
devoted to improving the therapy of such patients
through multifactorial approach to the treatment
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JIy 70 JIiKyBaJIbHOTO TPOLIeCY Ta BU3HAYECHHIO MPEANK-
TOPiB BUHUKHEHHSI MPOMEHEBUX YCKJIaAHEHb [32—34].

META

ITowmyk onTUMallbHUX MoOJelieli BUCOKOEHEepPTreTUYHO1
(HDR — high dose rate, Bume 12 Ip/rom) OpaxiTeparrii
(BT) 3 Bukopucrta"HHaM mkepena "’Ir y mopiBHAHHI 3
epexTaMu eTaJIOHHOIo ramMma-BuIpoMiHioBaHHsa *Co,
TUM CaMMM, 3 METOI IIiABUIIEHHS €(hEeKTUBHOCTI
ximionpoMeHeBoi Teparii (XIIT) xBopuX OHKOIiHEKO-
norigroro npodinto (OI'Tl) 3 MiHiMaTbHUMM TIPOMEHE-
BUMM HaBaHTaKCHHSIMU Ha KPUTUYHI OpraHU i TKAHWHU
B OTOYEHHi MyXJWHHOIo BoTHHUINA. Pamiobioyioriune
JTOCJiI>KeHHSI MA€ Ha METi BU3HAYEHHS JOLLIBHOCTI BU-
KOpUCTaHHSA TpaHcMeMOpaHHoro noteHmiany (TMIT) Ta
IHTEHCUBHOCTI HaIllpallloBaHHS aKTUBHUX OKMCHIO
(ADK) y nimporurtax nepudepuuroi Kposi (JITIK) xBo-
pux OI'Tl B gKOCTi MpeAMKTOPiB PagiovyTJMBOCTI He-
MaJlirHi30BaHUX KJIITUH 3 OTOUE€HHS IyXJIUHU a0o 11 J10-
»Ka 3 MeTOIo MiHiMi3auii ycknagHeHb ripu 1T,

MATEPIAJIN TA METOJIHN
[MigBuineHHsT e(EeKTUBHOCTI JiKYBaHHS, PO3IIUPEHHS
MEX KypaOeabHOCTI, MOKPAIEHHS ITOKA3HUKIB BUXXUBa-
HOCTi i SIKOCTi XUTTSI OHKOJIOTIYHUX XBOPMX OUTBIIICTH
JTOCJiIAHUKIB OB’ I3YI0Th 3 PO3LIUPEHHSIM MOKa3aHb J10
0araTOKOMIIOHEHTHOTO JIiKyBaHHS, 3 BKJIIOYEHHSM 10
mporpamMu XxiMioTepariii Ta XipypriyHUX BTpy4YaHb pamavi-
KaJIbHOro i HaapaaukajibHoro oocsry. IIpore Hemoc-
TaTHil 00JIiK TOKCMYHOCTI LIMTOCTATUKIB, 1110 3aCTOCOBY-
I0TbCs, (popMaibHI NMPUHLUNK IJIAHYBaHHS Ta pe-
amizauig 1T B pexxumax, po3po0dsieHUX IJ1s1 IPUHIIMIIOBO
IHIIMX KJIiHIYHUX CUTYyalliid, MOXYTb CIIPUSITHA 3HWXKEH-
HIO e(PeKTUBHOCTI IIPOBEAEHOIO 0AaraTOKOMIIOHEHTHOTO
JIIKyBaHHS. 3 METOIO TTOIIYKY HOBMX ITiIXO/iB IO TUTAHY-
BaHHSI IIPOMEHEBOIO JIIKYBaHHSI IJIsI 3HMDKEHHSI Moro
TOKCUYHOCTI, MiABUIIEHHSI €(EeKTUBHOCTI pamioTeparii
xBopux OI'TI, BUGipKOBOIro 3aXucTy OTOUYIOUMX MyXJIUH-
HEe BOTHUIE 3J0POBUX OpraHiB i TKaHWH, 3HMWXXEHHS
iXHBOI pamiouyTinBocTi, B HaltioHasibHOMY iHCTUTYTI pa-
Ky po3pobistotecsd Metoguku (HDR — high dose rate,
Bunie 12 Ip/ron) Opaxitepamnii (bT) 3 BukopucraHHAIM
JKepesl i0Hi3yl04oro BHMITPOMIHIOBAaHHS ipuaifo-192
("*Ir) mopiBHsIHO 3 mKepeiaoM KobansT-60 (“’Co). [Toen-
HaHa npomeHeBa Teparisg (ITIIT) Oyma mposenena 115
XBOPUM 3 BTOPUHHUMHU IyXJIMHAMHU y MajoMmy Ta3i Ta
BariHi, B aHaMHe3i SIKUX OYJIO JIiKyBaHHSI 3 IPUBOAY PaKy
itk Matku (PLIIM) — 63 xBopux, a00 3aXBOpIOBAHHSI
Ha pak Tia Mmatku (PTM) — 52 naiieHTKu.

IlepeBaxkHa KiJIbKiCTb XBOPMX Maju MiCLIEBOMNOILIMPE-
Huli nyxiamHHMI npouec y mamomy Taszi (II-III cramii,

process with determining predictors of occurrence
of radiation complications [32—34].

OBJECTIVE

Search for optimal models of the high-energy
(HDR — high dose rate over 12 Gy/h) brachyther-
apy (BT) using the "*Ir source in comparison with
effects of the reference gamma radiation from
%Co, thereby, to increase the effectiveness of
chemoradiation therapy (CRT) of gynecological
cancer patients (GCPs) with minimal radiation
loads on critical organs and tissues in the tumor
environment. The radiobiological study was aimed
to determine the feasibility of using the transmem-
brane potential (TMP) and intensity of reactive
oxygen species (ROS) production in peripheral
blood lymphocytes (PBL) as predictors of
radiosensitivity of non-malignant cells from the
tumor environment or its bed in order to minimize
the RT complications in GCPs.

MATERIALS AND METHODS
The majority of researchers associate increase in
effectiveness of treatment, widening extent of cur-
ability, and improvement of survival rates and quali-
ty of life of cancer patients with the broadening of
indications for multicomponent treatment with in-
clusion of surgical interventions of radical and ultra-
radical extent and chemotherapy into the protocol.
However the incomplete consideration of toxicity of
the administered cytostatic agents, formal principles
of RT planning and implementation of regimens
developed for the almost different clinical situations
can contribute to reduced effectiveness of the con-
ducted multicomponent treatment. Procedures of
the high dose rate (above 12 Gy/hour) brachythera-
py (HDR BT) using the ionizing radiation sources of
iridium-192 ("*’Ir) compared to the cobalt-60 (*°Co)
sources were developed at the National Cancer
Institute in order to find the new approaches in radi-
ation treatment planning to reduce its toxicity and
increase radiotherapy effectiveness in GCPs, selec-
tively protect healthy organs and tissues surrounding
the tumor focus, and decrease their radiosensitivity.
The combined radiation therapy (comboRT) was
administered to the patients with secondary tumors
in pelvis and vagina (n = 115) with a history of either
cervical cancer (CC, n =63) or uterine corpus can-
cer (UCC, n = 52) treatment among them.

The majority of patients had locally advanced
pelvic cancer (stages II-I1I, T,_;N,_;M"). Clinical

461 &



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

T,-3Ny1M). KniHiuHMit aiarHo3 y BCiX XBOPUX MiATBEPI-
JKeHWI pe3ybraTaMM TiCTOJIOTIYHOIO JOCHTiIKEHHS. Y
OLIBIIOCTI BUMAAKIB Y MAlliEHTIB, BTOPUHHUM paK y SIKUX
BuHUK Mmicasa PLIIM, OyB BUsiBIeHMI TNIOCKOKITITUHHUM,
a'y xsopux miciist PTM — aneHokapiimHoMa.

3aJjlexXHOo Bim akepesia i pexXuMy OMpPOMiHEHHS Mpu
koHTtakTHii I1T Bci xBopi OyJin po3roijieHi Ha ABi Oc-
HOBHI TPYIM Ta TpyIy MOpiBHAHHS. Takuii po3momin
XBOPHMX 3IiMCHIOBAIN IIJISXOM BMITaJIKOBUX YHMCEIL.
ITepma (I) ocHoBHa rpyna — 38 xBopux OI'TI, axkum
npoBoauin KoHgopmHy I1T 3a craHmapTHOIO METOIU -
KOO [Ha IUITHKY MaJjioro Ta3y pa30BOI0 OCEPEaKOBOIO
no3oro (PO) 2,0 Ip 1o cymapHOi ocepeakoBoi 103U
(COHO) 30—40 Ip, 3 ypaxyBaHHSIM A03M OIPOMiHEH-
HS$l TIOIIEpeaHbOTO MMpOMeHeBOoro JikyBaHHs] i HDR
BT mxepenamu *Ir 3a pexxuMoMm orpoMineHHs: POJI
3 Ip x 2 pa3u Ha TuxkneHb, 10 COJI 24 Ip 3a 8 ppakiriit
Ha TJi BUKOPUCTAHHS XiMiopamgioMoaudikyrouux 3a-
c00iB — ¢ropadyp nepopanbHo 400 MT x 2 pa3u Ha 10-
oy npotsarom Bckoro Kypey IIIIT ta mucrmarund 50 mr
1 pa3 Ha THZKIIEHb BHYTPIIITHLOBEHHO KparebHO N 4—6,
Jpo CJI 200—300 mr.

I ocHoBHa Tpyma — 34 OHKOTIHEKOJIOTIYHUX XBO-
pux, akuM nposoauan KoHdopmuy I1T 3a cranpapT-
HOIO METOAMKOIO, 3 YpaXyBaHHSIM ITONEePEIHHOTO
npomeHeBoro JikyBanHsg i HDR BT mxkepenamu "?Ir
3a pexxumoM orpomiHeHHs: PO 6 Ip x 1 pa3 Ha THXK-
neHb, 1o COJl 24 Ip 3a 4 ppaxuii Ha TJ1i BUKOPUCTaH-
Hs XiMmiopamioMmoaugikyouux 3acobiB — ¢Topadyp
nepopaibHo 400 Mr x 2 pa3u Ha 100y MPOTITOM BChO-
ro xkypcey I1IT i mucruratna 50 Mr 1 pa3 Ha TUKIEHD
BHYTPilIHBOBEHHO KpareibHo Ne 4—6 no CJ]
200—300 mr.

III rpyna nopiBHSIHHS — 43 Mali€HTKU, IKMM MpPO-
Bonuau KoHdopmHy [1T 3a ctTaHmapTHOIO METOINKOIO
(3 ypaxyBaHHSIM TIONEPEIHLOIO TTPOMEHEBOIO JIiKy-
BanHs1) i HDR BT mxkepenamu “Co 3a peXXuMOM OIpo-
mineHHs: 6 Ip x 1 pas Ha Trxkaens, 1o COJI 30—36 Ip
3a 5—6 ¢paxuiii Ha TIi BUKOPUMCTAHHSI TaKMX CaMUX
xXiMiopagiomoandikyouunx 3aco0iB.

Kypc moenHaHOTrO MpOMEHEBOIo JiKyBaHHS YCiM
xBopuM OT'TI mpoBoaMIM 3a ABA €Tany, METOAOM KOH-
(opMHOro OmpoOMiHEHHSI IEPBUHHOIO ITyXJIMHHOTO
ocepelKy i 30H HMOro perioHapHOro IIOIIMPEHHS Ta
KoHTakTHOI I1T, MimmeHHIO sIKOi OyJ10 Ge3rocepeasHbO
nyxJinHHe BorHulle. [TpoMeHeBe NiKyBaHHS 3iliCHIO-
BaJIX T1iCJI MOTIEPEAHBOTO MPOBEACHHST TOIIOMETPUI-
HOI IMiITOTOBKM XBOPHUX JI0 OIIPOMiHEHHSI.

ITpu mianyBanHi kypcey ITTT BpaxoByBaiu moka3aH-
Hs i npotunokazaHHsg 1o HDR BT, a Takox migBeneHy
JI03y OIIPOMiIHEHHSI IIpU TIOTIepeIHii pagioTepartii.

diagnosis of all patients was confirmed by the results
of histopathological studies. In most cases the squa-
mous cell carcinoma was detected in the cases of
secondary cancer after CC and adenocarcinoma was
found in the cases with UCC in a history.

Depending on the source and mode of irradiation
during the contact RT, all patients were selected in the
two main groups and a comparison group. Patients we-
re distributed per groups through the random numbers
approach. Main group I included the GCPs (n = 38)
receiving a conformal RT according to the standard
methodology i.e. on the area of lower pelvis with a
single focal dose (SFD) of 2.0 Gy to a total focal dose
(TFD) of 30—40 Gy, taking into account the radiation
dose of previous radiation treatment, and a HDR BT
from "’Ir sources according to the irradiation regime
of a SFD 3 Gy twice a week up to a TFD 24 Gy in 8
fractions together with administration of chemora-
diomodifying agents, namely Ftorafur® orally 400 mg
BID during the entire course of comboRT and cis-
platin 50 mg once a week via intravenous fluid drip
(4—6 infusions up to the 200—300 mg total dose).

Main group Il included the GCPs (n = 34) receiv-
ing a conformal RT according to the standard
methodology, taking into account previous radiation
treatment, and a HDR BT from '’Ir sources accord-
ing to irradiation regimen with a SFD 6 Gy once a
week up to a TFD 24 Gy in 4 fractions together with
administration of chemoradiomodifying agents,
such as Ftorafur® orally 400 mg BID during the
entire course of comboRT and cisplatin 50 mg once
a week via intravenous fluid drip (4—6 infusions up
to the 200—300 mg total dose).

Comparison group (group III) included patients (n
= 43) receiving a conformal RT according to the stan-
dard methodology (taking into account previous radi-
ation treatment) and a HDR BT from ®Co sources via
the irradiation regimen of 6 Gy once a week up to SFD
30—36 Gy in 5—6 fractions together with administra-
tion of the same chemoradiomodifying agents.

The course of combined radiation treatment for
GCPs was provided in two stages by the method of a
conformal irradiation of the primary tumor center
and zones of its regional distribution, and the method
of a contact RT with tumor focus as its direct target.
Radiation treatment was administered after the pre-
liminary topometric preparation of patients.

When planning comboRT course the indications
and contraindications for HDR BT were reviewed,
as well as the radiation dose delivered during previ-
ous radiotherapy.
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st pamio6ioNoriyHUX J0CTiIKEHb BUKOPUCTOBYBATU
3pa3Ku KpoBi 24 OHKOTiHEKOJOTiYHMX XBOpUX (Cepe-
Hill Bik 61,4 poky) Ta 18 ymoBHO 310poBHX 0ci6 ((Y30),
rpyIia KOHTPOJIIO, CepeiHiii Bik 46,6 poky). Y GiIbIIOCTI
obcrexxeHnx xBopux BusHaueHo G2 (75,0 %) i G3
(20,8 %) ctyneni nudepenuiroBanHs myxauHu. Y 97,7 %
BUMNAJKIB KpOB oTpuMyBanu a0 nposeaeHHs1 1T, s
YaCTUHM 3pa3KiB KpOBi TPOBOAUIN PEHTTEeHiBChbKE
TecT-onpoMiHeHHs B go3ax 0,5; 1,0; 2,0 ta 3,0 Ip.

JlimpouuT KpoBi BUAIASAM 3 BUKOPUCTAHHSIM
I'ICTOITIAK-1077 HYBRI-MAX (BioReagent) 3rimHO
3 peKoMeHaallissMu BUpoOHUKa [35] Ta migpaxoByBaiu
KiJIbKIiCTh KJITUH 3a CTaHAAPTHOI METOAUKOIO [36].
dinanpHa KoHLEeHTpawist KinitnH y PBS (docdarHo-
coipoBuit 0ydep pH 7,4) ckinangana 1,0 MaH/MII.

Busnauenns TMII y nimdouuTax mpoBoaWIn 3 BU-
KopucTaHHsIM OapBHMKa JC-1 3rigHO 3 iHCTPYKIIi€IO
[37,38] 3 meskumu Mmomudikamismu [39]. dmroopec-
HEHLHIO (Aex = 485 HM, Aem = 528 HM Ta 590 HM) BUMi-
proBanu Ha pinepi Sinergy HT (CIIA) Ta minpaxoByBa-
Jqu TMII 3a chiBBigHOWIEHHAM (payopecueHIlii Ha
JoBXrHax XBUIb 590 HM Ta 528 HM.

Busnauennda renepyBanasg ADK y JITIK mpoBonnnm
3 BUKOPUCTaHHSAM (PIyOPECILIEHTHOIO 30HIY AUXJI0PO-
dayopecuein-giaueraty (DCFH DA) 3a MeToaukoro
[40] 3 mesaxumu moaudikauismu [39]. dDaoopec-
HEeHLII0 (Aex = 485 HM, Aem = 528 HM) BUMipIoBajIu Ha
pimepi Sinergy HT. Pesynbratu mnepepaxoByBaiu y
mimimonsix H202 na 1000 xmituH 3a rox (MM /Tuc.
KJ1./TOM) 3TiIHO 3 KajIiopyBaJIbHOIO KPUBOIO.

CratucTnaHy 0OpOOKYy pe3yJbTaTiB MPOBOIWIN 3
BUKOpUCTaHHSIM TiporpaM «MS Excel» Tta «OriginPro
2019». JInsg OLiHKM HasBHOCTiI AOCTOBIpHOI Pi3HUII
MiXX OKpeMHMMHM TpyIlaMUd BHMKOPWCTOBYBaJlM t-KpH-
tepiit Student i kpurepiii Mann-Whitney. BimminHocTi
BBaXKanu goctoBipHuMu 3a p < 0,05 [41].

PE3VYJIBTATU TA OBI'OBOPEHHS
ITicnst xypcy IIIIT npoBeneHo aHamiz 6e3mocepenHix
pe3yabrartiB gociimkyBaHux xsopux OI'TI 3a cTynenem
perpecii IEpBUHHOIO MyXJIMHHOTO BOTHMINA Ta HasIB-
HOCTI/BiICYTHOCTi TOKCMIYHUX IIPOSIBIB JTiKyBaHHSI. Per-
pecito MyxJIMHU BU3HAYaJIU, 3TiJHO 3 peKOMeHIALliIMU
BOO3, 3a nnHaMikoI0 KIIIHIYHUX IMOKA3HUKIB ITyXJIMH-
HOTO MpoLIecy y 3iCTaB/IeHHi 3 TaHUMU, OTPUMaHUMMU 3a
JIOITOMOTOI0 CYYaCHMX 3ac00iB Bizyaltizallil (KOMILIEKC-
He coHorpadiuHe oOCTeKeHHSI, KOMIT I0OTepHa TOMOT-
padisi, MaTHITHO-SIIEPHO-PE30HAHCHA ToMOorpadis).
3rifHo 3 OTpMMaHUMU pe3yjbTaTaMM, BilTYK Ha
MpPOBEICHY aHTHMHEOIUIAaCTUYHY Tepallilo Oe3Ioce-
PEIHBO ITiCIS 3aBepIIeHHS Kypcy JiKyBaHHS (cyMap-

Blood samples from the GCPs (n = 24, average age
61.4 years) and apparently healthy individuals in the
control group (AHIs, n = 18, average age 46.6 years)
were taken for radiobiological assay. In most of pa-
tients the grades of tumor differentiation G2 (75.0 %)
and G3 (20.8 %) were identified. In 97.7 % of cases
the blood samples were taken before RT. The X-ray
test irradiation (TT) in doses of 0.5, 1.0, 2.0, and 3.0 Gy
was performed for some blood samples.

Blood lymphocytes were isolated using the
HISTOPAK-1077 HYBRI-MAX (BioReagent) ac-
cording to the manufacturer’s recommendations [35].
Cell count was achieved according to the standard
method [36]. Final concentration of cells in PBS
(phosphate-buffered saline, pH 7.4) was 106 in 1 ml.

The TMP in lymphocytes was assayed using JC-1
dye according to the instructions [37, 38] with some
modification [39]. Fluorescence (Aex = 485 nm,
Aem = 528 nm and 590 nm) was measured on the
Sinergy NT reader (USA). The TMP was calculated
by the fluorescence at wavelengths of 590 nm and
528 nm.

Generation of ROS in PBL was measured using
the dichlorofluorescein diacetate (DCFH DA) fluo-
rescent probe according to the method [40] with
some modification [39]. Fluorescence (Aex = 485
nm, Aem = 528 nm) was measured on the Sinergy NT
reader. Results were calculated in mM H202 per
1000 cells per hour (mM/thousand cells/h) follow-
ing the calibration curve.

Statistical analysis of results was carried out using
the «MS Excel» and «OriginPro 2019» software. The
Student t test and the Mann-Whitney U test were
applied to assess the significant difference between
individual groups. Difference was considered signif-
icant at the p < 0.05 values [41].

RESULTS AND DISCUSSION
After the accomplished comboRT course the imme-
diate results in GCPs were analyzed in respect of
regression of primary tumor focus and presence or
absence of toxic effects of the treatment. Tumor
regression was determined in accordance with WHO
recommendations judging from the time pattern of
clinical parameters of tumor process aligned with
the advanced imaging data (complex sonographic
examination, computer tomography, magnetic reso-
nance imaging).

According to obtained results the response to anti-
neoplastic therapy immediately after the completed
course of treatment (integral positive effect) was
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HUI TTO3UTUBHUM e(eKT) OyB OiIbII BUPaXeHUI Y XBO-
pUX NOCHiIXyBaHMX TpyIr. Tak, MO3UTHMBHA BiAMOBiAb
nyxJIMHU (TTOBHA + YacTKOBa perpecis) y OHKOTiHEKO-
JIOTIYHUX XBOPUX IIiCJIsI TOBHOTO KYypCy 30iIbIIMIach Ha
13,9 % B | nocnimxkyBaHniit rpyri ta Ha 16,3 % B 11 rpymi
3 BUKOPUCTaHHAM mxepes ?Ir y mopiBHSIHHI i3 3acTocy-
BanHaM mxepen “Co mpu BT Ilicaa TpumicsdHOro
CIIOCTEpPEXKEHHsI B AWHAMIlLli — TIO3UTHMBHA BiAIOBIIb
IyXJIMHM 3apeecTpoBaHa y 66,3 % mallieHTOK, 10 BXO-
v go I rpymm ta y 69,8 % 3 11 rpynu i B Tpymi
nopiBHsAHHS — 49,7 %, 1o Ha 16,6 % 1 20,1 % OyJ10 Oijib-
11Ie, HixK B KOHTPOIBHIl rpyti. [1pu nmHaMidyHOMY cIioc-
TepeKeHHI YIPOIOBXK 6 MiCsIIiB 03HAK IMPOTpecyBaHHS
MYyXJIMHHOTO MPOLIeCY Y KOIHOI XBOPO1 HE BUSIBJICHO.

IIpu pagiorepamnii opraHiB Majioro Ta3da B 30HY OII-
POMiHEHHS MOMAanalTh «KPUTUYHI» OpraHu i TKAaHUHU
(ceyoBuil Mixyp, MpsiMa KUIIIKa, BariHa, BHYTPilIHbOTA-
30Ba KJIITKOBMHA), SIKi MalOTb OOMEKEHY TOJIEPAHTHICTb,
y 3B’SI3KY 3 UMM MOXYTh BUHUKATU IIPOMEHEBI peaKkilii i
yikomkeHHs. Tomy HamMu OyJia olliHeHa MOXKJIMBA TOK-
CUYHICTh PO3pO0JIEHUX METOAMK.

1t aHamizy Ta OLiHKM IMTPOMEHEBUX YIIKOIKEHb Hali-
OLTBII KITIHIYHO TIPUHAHATHOIO i TOITNPEHOIO Kacudika-
i€ro € Kinacudikaliist pagiorepaneBTUYHOT OHKOJIOTIYHOL
Tpynu pa3oM 3 €BponeichbKO OpraHi3alli€lo 3 JOCTi-
keHHs Ta JikyBaHHS paky (RTOG/EORTC, 1995), no-
noBHeHa KputepisiMmu KoomnepaTuBHOI Tpynu AOCHi-
HukKiB. Ha BigMiHy Bin iHIIMX, 119 Kiacudikailis nepei-
0ayvae peecTpallilo BCiX paHHIX i Mi3HiX MPOsIBIB TOKCHUY-
HOCTI JikyBaHHS [5—8, 32—34].

4K 3a3HayYaIOCh, 3riAHO 3 peKoMeHaalisiMu MixkHapo-
HOI KOMicii 3 pamialliiHOTo 3aXMCTy YacToTa MPOMEHEBUX
YCKJIaTHEHb He Ma€ TiepeBulIiyBaTh 5 %. Hemomyctummmm
€ TOKCUYHI NposiBu JikyBaHHs IV—V ctynens [5, 42—45].

XapakTepUCTUKa MPOSIBiB MiCLIEBOT TOKCUUYHOCTI KOH-
cepBaTUBHOI Tepamii Yy OHKOTiHEKOJOTiYHUX XBOPHUX
npencrapieHa B Tabn. 1. IIpodinakTuka mpomeHeBUX
YIIKOIIKEHB TIOJIATala B pallioHAIbBHOMY MPOCTOPOBO-
JO3UMETPUYHOMY ILJIaHYBaHHi, BUOOpPi 0OrpyHTOBAaHUX
JI030BOYACOBUX CITiBBiTHOIIEHb, OCOOJIUBO TIPU 3aCTO-
CYBaHHI BUCOKHMX Pa30BUX i CyMapHUX 103, SIKi TIEpPeBU-
IIYIOTH TOJIEPAHTHICTh 3MOPOBUX TKAHWH 10 i0Hi3yI04O0-
ro BHUIIPOMiHIOBAaHHSI 3 METOK YHUKHEHHS ITOMUJIOK
npu riaHyBaHHi i mpoBeneHHi [1T.

3Baxalouy Ha BEJMKY WMOBIpHICTb 30i/IbILIEHHS MicC-
LIEBO1 Ta 3arajibHOI TOKCUYHOCTI JIiKyBaHHSI OHKOTiHE-
KOJIOTIYHMX XBOPUX 3a PO3POOJEHUMHU TEXHOJOTISIMMU,
HaMu OyJIM BU3HAUYEHi KOMILJIEKCH MEIUKaMEHTO3HOI
NpoiTaKTUKK Ta JIIKyBaHHS MOOIYHUX €(PEKTIB IIUTOC-
tatuyHo1 Tepamii. IIpodisakTuka NpOMEHEBUX YIIKO/-
JKEHb MoJjisirajga TakoX y MiCLIeBilt i CUCTeMHill TeparneB-
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more pronounced in patients of the main study
groups. Thus, positive response of tumor (full +
partial regression) in cancer patients after the full
course increased by 13.9 % in group I and by 16.3 %
in group II where the 'Ir sources were used in
comparison with the use of ®Co sources in BT.
After a three-month follow-up a positive tumor
response was registered in 66.3 % of patients in
group I and in 69.8 % in group 11, which was for
16.6 % and 20.1% more than in control group
(49.7 %). No signs of progression of the tumor
process were found in any patient during the fol-
low-up for 6 months.

In radiotherapy of pelvic organs the «critical»
organs and tissues with limited tolerance (bladder,
rectum, vagina, intrapelvic cellular tissue) fall into
irradiation zone, which may cause the radiation
reactions and damage. Therefore, we assessed pos-
sible toxicity of the developed methods.

Classification of the Radiotherapy Oncology
Group together with the European Organization
for Research and Treatment of Cancer (RTOG/
EORTC, 1995), supplemented by criteria of the
Cooperative Group of Researchers is the most com-
monly used and clinically acceptable for the analy-
sis and assessment of radiation injuries. Unlike
others, this classification involves registration of all
early and late manifestations of the treatment tox-
icity [5—8, 32—34].

As has been mentioned the incidence of radia-
tion complications should not exceed 5 % accord-
ing to the recommendations of the International
Commission on Radiation Protection. Toxic man-
ifestations of treatment grade IV—V are unaccept-
able [5, 42—45].

Characterization of manifestations of local toxi-
city of conservative therapy in GCPs is presented
in Table 1. Prevention of radiation damage con-
sisted in rational spatial and dosimetric planning,
choice of justified dose-time ratios, especially
when applying high single and total doses that
exceed the tolerance of healthy tissues to ionizing
radiation in order to avoid errors in planning and
conducting the RT.

Given high probability of the increased local and
general toxicity of GCPs treatment using the
developed technologies, we have identified the
complexes of drug prevention and treatment of
side effects of cytostatic therapy. Prevention of
radiation damage also included local and systemic
therapeutic prophylaxis. For prevention and treat-
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Ta6nuusa 1

XapaKTepucTUKa paHHixX MicLeBUX NpoMeHeBMUX peaKuii nif 4Yac KOHCePBAaTUBHOMO NiKYBAHHA XBOPUX 3aJI€XKHO

BiA 3acTocOBaHoOro metopy 6paxirepanii
Table 1

Characterization of early local radiation reactions on conservative treatment of patients depending on the

administered brachitherapy metod

Fpynu xBopux 3anexHo Big metoauk BT / Groups of patients depending on BT methodology

Peakuii Ta
YCKNaAHEeHHs

| octoeHa rpyna ('*2Ir HDR BT)
PO, = 3 I'p x 2 pa3u /TnxA,
Main group | ("°2Ir HDR BT)

Reactions and SFD = 3 Gy twice a week

Il ocHoeHa rpyna ('2Ir HDR BT)
POJ = 6 I'p x 1 pa3 /Tnxa.
Main group Il ('°2Ir HDR BT)

SFD = 6 Gy once a week

Il rpyna nopieHsHHS (°Co HDR BT)
PO = 6 I'p x 1 pa3 /Tuxa.
Comparison group (lll) (5°Co HDR BT)
SFD = 6 Gy once a week

complications N =38

N=34

N=43

KinbkicTb xBOpUMX, n Ta (%)
Number of patients, n (%)

KinbkicTb xBOpMX, N Ta (%)
Number of patients, n (%)

KinbkicTb xBOpUX, n Ta (%)
Number of patients, n (%)

Enipepmith / eniteniitn nanpukinui kypcy MMT + Epidermitis / epitheliitis at the end of comboRT

| crynens / Grade |

Il ctynens / Grade Il
Il ctynens / Grade Il
IV ctynens / Grade IV -

14 (36,8 = 6,7) / 14 (36,8 £ 6,7)
3(79+84)/3(79+84)

13(38,2+7,5) /14 (41,2 £ 8,6)
3(88+6,2)/3(8,8=6,2)

23 (53,5 +7,6) / 24 (55,8 +6,7)
6(13,9+5,8)/9(20,9 +8,1)

Enipepmitn / Epidermitis: p1_= 0,052; po—x= 0,010
Enitenii / Epitheliitis: pi_= 0,052; po—«= 0,0003

Pextutn / entepokonitn 4+ Proctitis / enterocolitis

| ctynens / Grade | 7(184£57)/3(79=84)
Il crynens / Grade Il 3(79+84)/3(79=84)
Il ctynens / Grade Il -

IV ctynens / Grade IV -

7(206+73)/3(8,8=*6,2)
3(88+6,2)/3(88=6,2)

12(27,9+7,9)/6 (13,9 +5,8)
9(20,9+8,1)/6(13,9+5,8)

Pektutut / Proctitis: pi—x= 0,028; pr—x = 0,021
Extepokonitvt / Enterocolitis: pi—x = 0,014; po—x = 0,0003

Lnctutu + Cystitis

| cTynens 7(184+5]7) 7(20,6 £7,3) 16 (37,2 £ 5,7)
Il cTynens 3(7,9+84) 3(8,8+6,2) 9(20,9 +8,1)
Il cTrynens - - -
IV cTyneHs - - -

pi—«= 0,0001; p,x= 0,01

TUYHIN MpodigakTUlli. 3 METOIO MPOMIiTaKTUKU Ta JiKy-
BaHHS MU 3aCTOCOBYBAJIM TEPAIIil0 CYMIPOBOMY, SIKa BKITIO-
yajia: aHTUEMETUKU, 1e3IHTOKCUKALIIIAHY, TEMOCTUMYJIIO-
04y i CHMIITOMaTUYHY Teparlilo B IMPo1ieci XiMiompoMeHe-
BOTO Ta MPOMEHEBOTO JIIKyBaHHS. Y HalllMX CIIOCTEpe-
JKEHHSIX HE Bil3HAYe€HO TOKCUYHUX MPOSIBIB JIiIKyBaHHSI,
1o nepeBuInan I1 cTyniHb TOKCUYHOCTI.

CyTTeBUX 3MiH TemorpamMu TepudepruyHoi KpoBi, ITO-
Ka3HMKIiB 0i0OXiMiYHOTO aHaJli3y KpoBi, aHaJi3y cedi, a Ta-
KOX i IPpU PEHTIEeHOJIOTIYHMX, COHOTpaiYHMX Ta €HI0C-
KOIIIYHUX JOCJIIXEHHSX, 110 BimoOpaxkawTb (QYHKIIiO-
HaJbHUI CTaH MeYiHKU, HUPOK, KiCTKOBOTO MO3KY, He 0y-
JIO BiI3Ha4Y€HO. 3HAYHOI HEUTPOIIeHii Ta TPOMOOILIUTOIIE-
Hii He Bil3HAaYeHO. AJle He3HaYHa Hy10Ta i MOOAMHOKI eTli-
3041 OJIOBAHHSI, €HTEPOKOIITH, JeiikoreHist I—II crymne-
H$1, iIHTOKCUKALIMHUIT CUHIPOM, BUITaJK1 CYKPOBUYHUX,
KPOB’SIHUX BUJIiJIEHb, OB’ SI3aHUX 3 BiATOPITHEHHSIM BEJIM-
KMX AiUISIHOK KapLMHOMATO3HO 3MiHEHO1 TKaHWHU, IpO-
TsiroM ycboro Kypey XITT, cnocrepiranucst y 3Ha4HO1 Oijib-

ment we used an accompanying therapy, which
included antiemetics, detoxification, hemostim-
ulating and symptomatic therapy in the course of
chemoradiation and radiation treatment. There
were no toxic manifestations of treatment that
exceeded grade 11 of toxicity in our observations.

There were no significant changes in hemo-
gram of peripheral blood, blood biochemistry
tests, urinalysis, as well as in X-ray, sonographic
and endoscopic data reflecting the liver, kidney,
and bone marrow functions. No significant neu-
tropenia and thrombocytopenia were noted.
However, minor nausea and isolated episodes of
vomiting, enterocolitis, grade I—II leukopenia,
intoxication syndrome, cases of sanioserous
and/or blood-tinged secretions associated with
rejection of large areas of carcinomatously
changed tissue during the entire course of CRT
were observed in the vast majority (up to 44.1 %)
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mocTi (mo 44,1 %) xBopMX yCiX AOCiIKYBaHUX TIPYII.
ITics 3aBepleHHS JiKyBaHHS MPOTITroM 3—4 THXHIB
CTaH XBOpUX HopwmajisyBaBcs. IIposiBiB Mi3HbOI 3a-
raJIbHOI TOKCMYHOCTI IPU OOCTEXKEHHI 10 6 MicsIiB
MiCJIs JTIKyBaHHS HE CITOCTEPiraju y KOIHOI XBOPOI.

IIIo cTocyeThcs MicLIeBUX MPOMEHEBUX peakliiii, TO
YyacTillle IpU OMPOMiHEHHi Majloro Ta3y BMHMKAIOTb
MPOMEHEBI LIMCTUTHU. TaKM XBOPUM PEKOMEHIOBaHa
npoTu3anajabHa, reMocTaTUYHa, Ba30aKTUBHA, 3HE0O-
JIIoBaJibHA, MIPOTUHAOPSKOBA, iIMyHOMOAYJIIOI0UYA, aH-
THOKCHUIAHTHA i (pibpo3omiTnuHa Teparrist (iHCTUISIIL
B CEUOBHI MiXyp 3 aHTMOIOTUKAMM, JeKCAaMETa30HOM,
JIiToKaiHOM, TpeHTaa abo aKTOBEriH, CUCTEMHA aHTU-
GakTtepianabHa Tepamist) [46—48].

B ocTaHHi poku npu IpoOMeHEBUX LIUCTUTAX iHTEH-
CUBHO BMBYA€ETLCS HOBA IpyIia PO3YMHIB IS iHCTH-
JISIUil, 3JaTHUX 3MillHIOBAaTM TKaAHWMHHUIA KapkKac
CTIHKM CEUOBOTO MiXypa, TUM CaMHM CTBOPIOIOYN
YMOBH JJIST CAMOCTIITHOTO BiZHOBIEHHS (Di3ionoTivyHNX
Oap’epHMX BIacTUBOCTel yporenilo. OmHUMU 3
HaWOiNbII YacTO BXMBAHUX MPEACTaBHUKIB 1IbOTO
KJI1acy JIiKapCchbKUX 3ac00iB € MperapaTy riaaypoHOBOL
KHMCJIOTU, sIKa BXOOUTbL 10 CKJaay ypoTenlito, Oepe
y4acTh Yy Tpolieci TpoJicepallii KJIiTUH i € OCHOBOIO
CMOJYYHOI TKAHWHU, 3a0e3MeUyloun LiJiCHICTh Ta OC-
HOBHI (Pi3MKO-XiMiUHi BJaCTUBOCTI BJIACHOI IJIaCTUH-
KU CJIM30BOI O0OJIOHKH i ITi/ICJIM30BOI OCHOBU, TUM Ca-
MHM 3ario0irae ToIIKOMKEHHIO i 3a0e3reuye BiTHOB-
JIEHHS BCiX KOMITOHEHTiB CJIM30B0O1 000JJOHKU CEYOBO-
ro mixypa [46—49]. Kpim iHCTHIISALIT ce40BOro Mixypa
npenapaTtamMy TiaaypoHaTy HaTpilo Mali€HTKaM Mpo-
BOIWJIU JIiKyBaJIbHi XXUPOBi MiKpOKJIi3MH 3 BiTaMiHHU-
MU CyMilllaMH,

ITpu aHani3i MicleBUX peakiliil Ha LHUTOTOKCUYHY
Tepallilo JOCHiIXYBaHUX XBOPUX 3 OOKY KPUTUYHUX
opraHiB, OyJO BiIMi4yeHO, IIIO y XBOPUX OCHOBHUX
rpy1, sikuM bT npoBoaniack 3 BUKOPUCTAHHSIM JIKe-
pen “’Ir B mopiBHsHHI i3 3acTocyBanHsaM “’Co, mpo-
MeHeBi peakiii I ctyneHst mpakTU4HO OyJIM BiACYTHI,
0C0o0JIMBO B rpymi nauieHTok, bT akuM nmpoBoauaach
3a pexxumoM POJI 3 Ip x 2 pa3u Ha TukaeHb. MiclieBi
MYKO3UTU BEPXHbOI TPETUHU IiXBU | CTyIeHs y BUT-
JIs1i TirepeMmii cIM30BO1 CIIOCTEpiraauch y rnepeBaxk-
Hoi Oinbmiocti xBopux ycix rpyn. IliiBuacti emite-
Jiity mixBu (II cTyIiHb TOKCUYHOCTI) AEII0 YacTillle
BiAMivyaaM y XBOPHUX 3 OOTSKEHUM aHAMHE30M MpU
BT mxepemamu “Co. ITix yac jgiKyBaHHs ITallieHTKaM
MPOBOAMJIM CaHAllilO MiXBU 3a JOMOMOIOI0 aHTHMOAK-
TepiaIbHUX MperaparTiB, 10 IaBajo 3MOTY IPOJIOB-
JKUTU KypC MPOMEHEBOTO JIiKyBaHHS 10 MOro 3aBep-
IIeHHS.

of patients in all study groups. The condition of
patients normalized within 3—4 weeks upon treat-
ment completion. No manifestations of late general
toxicity were observed in any patient at the check-
ups within up to 6 months after treatment.

As for local radiation reactions the radiation cysti-
tis occurs more often upon pelvic irradiation. Such
patients were recommended the anti-inflammatory,
hemostatic, vasoactive, analgesic, anti-edematous,
immunomodulatory, antioxidant, and fibrolytic
therapy, i.e. instillations with antibiotics, dexam-
ethasone, lidocaine, trental or actovegin into the uri-
nary bladder and systemic antibacterial therapy
[46—48].

In recent years, a new group of drugs administering
via instillation and capable of strengthening the tissue
carcass of the bladder wall have been intensively test-
ed in radiation cystitis acting through the independ-
ent restoration of physiological barrier properties of
urothelium. Preparations of hyaluronic acid are
among the most frequently used representatives of
this class. Hyaluronic acid being in the content of
urothelial tissue is involved in cellular proliferation
and is an essential component of connective tissue,
ensuring integrity and basic physicochemical proper-
ties of the mucous membrane and submucosal coat.
Accordingly the administration of hyaluronic acid
preparations prevents damage and ensures restora-
tion of all components of the mucous membrane of
urinary bladder [46—49]. In addition to instillation in
urinary bladder with sodium hyaluronate prepara-
tions the therapeutic fat microenemas with vitamin
mixtures were administered to the patients.

In the analysis of local reactions to cytotoxic ther-
apy in study subjects from the side of critical organs
it was noted that in the patients of main groups
whom a BT was administered using "’Ir sources the
grade II radiation reactions were practically absent
in comparison with the use of ®Co sources. It was
especially evident in the group of patients whom a
BT was administered according to the regimen of 3
Gy twice a week. The grade I local mucositis of the
upper third of vagina of in a form of mucosal hyper-
emia was observed in the vast majority of patients in
all groups. Membranous epitheliitis of vagina (grade
II toxicity) was noted somewhat more often in
patients with a burdened history of BT with “Co
sources. During treatment the vaginal sanitation was
administered to the patients using antibacterial
drugs, which made it possible to continue the radia-
tion treatment until its completion.

(1) 466
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ITpomenesi uuctutu I Ta II cTyneHs crioctepiraiuch
nepeBaXKHO y KiHOK IMOXMWJIOTro BiKy Ta y MaliEHTOK 3
XPOHIYHOIO CYNMYyTHBLOI MaTtosoriero. PaHHIX mpoMeHe-
Bux pektutiB Il ctynens y npoueci II1T He BusiBneHo.
30ibIIEHHS KiJTBKOCTi Ta TMPOSBIiB MiCIIEBOI TOKCHY-
HOCTi 3 OOKY IMpSIMO1 KUIIKKA BiAMi4€HO Y XBOPHX, SIKi
CTpaxkJaju Ha LIyKpPOBHUM 1iabeT, 0COOIMBO MpPU 3aCTO-
cyBanHi ®“Co. 3arocTpeHHsI XpOHIYHOIO I'eéMOpOIO Ta
SIBUIIIA €HTEPOKOJITY 3yCTpiYaJMCh PiIKO i po3BUBa-
JINCh, B OCHOBHOMY, Ha TJ1i KoH(popmHoi ITT. Yepes 3
Micsli micst JIiKyBaHHS y 4,5 % XBOpPUX TPYIIU 3 OOTSI-
JKEHUM aHaMHe30M OyJI0 JiarHOCTOBAHO ITi3Hiil epo-
3UBHMI LUCTUT. ¥ 6,7 % XBOPUX 3 Ti€i X TPy BUSIB-
JICHI O3HAaKMW TIPOMEHEBOTO €PO3UBHOTO MPOKTUTY.
KoaHoro Bunanky TokcudHocTi III—V cryrneHst He OyJio
BinmiueHo. IlposiBM MiclieBUX TpPOMEHEBUX peakliil 3
0OKY «KPUTUYHUX» OPraHiB i TKAHWUH KOMITEHCYBAJIUCS
MPOBEACHHSIM JIIKyBaJIbHUX 3aXOAiB MPOMiIaKTUKU MTPO-
MEHEBHUX MICLIEBUX MYKO3UTIB, BKJIIOUAIOUM MpernapaTtu
rialypoHOBOi KMCJIOTH, i He MPU3BEIU OO0 TOPYLICHHS
pexuMy JiKyBaHHs. BciM mallieHTKam Tpu3HavyaIu
aZieKBaTHY Teparlilo cyrnpoBoay npu nposeacHHi ITITT.

3a mepion cmocTepeXXeHHsS 3a XBOPUMMU, SIKMI CKJIa-
JaB Bim 12 1o 36 MicdliB, He CIIOCTEPIraaocst KOIHOIO
BUIIAIKy NpoMeHeBMX peakiiiii Buine II ctymeHs abo
MPOMEHEBUX YCKJIAOHEHb, TaKMX SIK PEKTOBariHaJIbHI
ab0 Be3MKOBariHaJibHi HOpUIli, IIPOMEHEBI BUpPa3KWu,
Jepmatodiopos.

3a pesyjabraTaMyUu paaio0ioJOTiYHUX JOCHiAXEHb
BcTaHoBeHO, 1o piBeHb TMII y JITTIK xBopux OI'TI
ckianas (19,54 + 3,23) ym. ox., mo B 1,36 pasa nepeBu-
LIyBaJIo 1ei moka3HuK y rpymi Y30 — (14,33 £ 3,44) ym.
on. PizHuIg MiX 00CTeXKeHUMHU IpynaMy XBOPUX i 3/10-
POBUX XXiHOK OyJia HEAOCTOBIPHOIO Yepe3 BUCOKY Bapia-
OCBHICTh TTOKAa3HMKA — KOedilliEHT Bapialil Iy 1Inx
rpyn BianosinHo ckianas 0,793 ta 0,831. s 060ox rpyn
y 16—18 % Bumnankis crioctepiraBscs migsuinenuii TMIT,
1110 ITIepEBUIIYBaB 3HAYCHHSI CEPEIHBOTO ITOKA3HUKA TPy~
TV TIOPiBHSHHS OinblI HiX y 2 pasu. [linumenns TMIT
y JiMdorTax XBOpUX HE IPU3BOIMIO 0 3POCTaHHS
nponykuii AOK, HaBmaku, BoHa OyJjia 3HWXKEHOI B 1,5
paza (p <0,05; (13,51 £ 1,64) MM/TH1C. KJ1./TOA TTOPiBHSI-
Ho 3 (20,36 £ 3,04) MM/Tuc. xi./ron B ¥Y30. Ingusiny-
aJibHa BapiabeIbHICTb 1IHOTO MOKAa3HMKA TAKOXK Oyia BU-
COKOI0 — Koe(illieHT Bapiallii JIs KOHTPOJIbHOI Ta
JOCJIiIHOIL TpyI cKjanaB BignosigHo 0,616 ta 0,581.

J11st BUBHAYEHHSI IOLUILHOCTI BUKOPUCTAHHS 3HAYEHb
noka3zHukiB TMII ta HanpamtoBanHs APK y JITIK B
SIKOCTi TIPEAUKTOPiB PadiovyTIMBOCTI HEeMaslirHizoBa-
HUX KJIITUH Tipy TwianyBaHHi ITT nocniakeHo ixHi 3MiHU
Y BiITIOBib Ha PEHTIE€HIBChKE TECT-OIMPOMiHEHHS 3pa3-

Radiation cystitis grade I and II was observed
mainly in elderly women and in cases of chronic
comorbidities. Early radiation proctitis grade 11 was
not detected along the comboRT. Increase in the
number and manifestations of local toxicity from
the side of rectum was noted in patients suffering
diabetes mellitus, especially when using the “Co
sources. Exacerbation of chronic hemorrhoids and
phenomena of enterocolitis were rare and devel-
oped mainly against the background of conformal
RT. Late erosive cystitis was diagnosed in 4.5 % of
patients 3 months after treatment in the subgroup
with a compromised medical history. Signs of radi-
ation erosive proctitis were evident in 6.7 % of
patients from the same subgroup. No single case of
grade III-V toxicity was noted. Manifestations of
local radiation reactions on the side of «critical»
organs and tissues were compensated by the imple-
mentation of preventive measures against local
radiation mucositis, namely the hyaluronic acid
preparations were administered. Therefore no vio-
lation of treatment regimen took place. Adequate
supporting therapy was prescribed to all patients
during the comboRT.

There were no cases of radiation reactions higher
than grade II or radiation complications, such as rec-
tovaginal or vesicovaginal fistulas, radiation ulcers, or
dermatofibrosis during 12 to 36 months of survey.

According to the results of radiobiological studies
it was established that the PBL TMP values in
GCPs were (19.54 = 3.23) U, being 1.36 times
higher than in AHIs group — (14.33 = 3.44) U.
Difference between the examined groups of
patients and healthy women was unreliable due to
the high variability of parameter as the coefficient
of variation for these groups was 0.793 and 0.831
respectively. For both groups the elevated TMP val-
ues were observed in 16—18 % of cases, which
exceeded the average value in comparison group by
more than 2 times. Increase in PBL TMP values
did not lead to increased ROS production. On the
contrary, it was reduced by 1.5 times (p < 0.05) fea-
turing (13.51 = 1.64) mM/thousand cells/h vs.
(20.36 = 3.04) mM/thousand cells/hour in AHIs.
The individual variability of this parameter was also
high, as the coefficient of variation for the control
and main groups was 0.616 and 0.581 respectively.

To estimate the expediency of using the values of
PBL TMP and ROS production as predictors of
non-malignant cell radiosensitivity in the RT plan-
ning, their change in response to the blood samples’
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Figure 1. PBL TMP in GCPs and AHIs
upon TI of blood samples
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Figure 2. PBL ROS production in GCPs
and AHIs upon TI of blood samples

KiB KpoBi. PeHTreHiBchbKe OIpOMiHEHHs B Aiana3oHi 403
0,5—3,0 Ip e mpusBoamio 1o 3HauyHux 3MiH TMIT (puc.1)
Ta iHTeHcHBHOCTI HampamoBaHHsg ADK (puc. 2) y JIIK
K Y BUITAJIKy OHKOTiHEKOJIOTIYHUX XBOPHUX, TaK i >KiHOK
rpyny INopiBHSIHHS. MoOXHa JIMIle BiIMiTUTU TeHIEHLIiI0
Jo 3poctaHHs1 HampauoBaHHgd ADK B 1,17 pa3za 3a or-
pOMiHEHHS KpoBi XxBopux y 103i 3,0 Ip.

BUCHOBKU

1. BUHMKHEHHS TTi3HiX TIPOMEHEBUX YIIKOIKEHb 3aJIEKUTh
BiZl TOYHOCTI IMEPEeIITPOMEHEBOI TOITOMETPUYHOI ITiATOTOB-
KM, KOPEKTHOCTI iHAMBiAyaJbHOI0 KOMI IOTEPHOTO IUIaHY-
BaHHSI Ta KOPEKTHOTO BiITBOPEHHS 3aIJIaHOBAHOIO KypCy
MPOMEHEBOI Teparlii, TSKKOCTI TaTOJOTIYHOTO MPOoLeCy i
CYITyTHBOI MATOJIOTii, a TAKOX BiJl BAKOPUCTaHHS BUIY BU-
COKOEHEepreTMYHMX mIkepen BunpominoBanus (2Ir i ©°Co).
2. KoMmIuiekc MicCIIeBUX i CHUCTEMHMX TeparleBTUYHUX
npodiIaKTUYHUX 3aX0JliB, CBOE€YAaCHA KOPEKIIisd JiKy-
BaJbHUX MpOTpaM, MeAuMKaMeHTO3Ha MpodilakTukKa,
BKJIIOYAIOYU TMpernapaTy TialypOHOBOI KUCIOTH, a TAKOX
JUHAMIYHUIA MOHITOPMHI SIK IIii 4ac XiMiOIpOMEHEBOI

TI was studied. The X-ray irradiation in the dose
range of 0.5—3.0 Gy resulted in neither significant
changes in TMP (Fig. 1) nor in ROS production
intensity (Fig. 2) in PBL both in GCPs and women
of the comparison group. One can only note a ten-
dency towards a 1.17-fold increase in the ROS pro-
duction after blood irradiation at a dose of 3.0 Gy.

CONCLUSIONS

1. Onset of the late radiation injuries depends on
accuracy of pre-radiation topometric preparation,
correctness of individual computer planning, cor-
rect implementation of the planned course of
radiation therapy, severity of cancer disease
process, comorbidities, as well as the type of used
high-energy radiation sources ("**Ir and “Co).

2. The complex of local and systemic therapeutic
preventive measures, timely correction of treat-
ment programs, drug prophylaxis, including
hyaluronic acid preparations, as well as the fol-
low-up both during chemoradiotherapy and after
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Tepartii, Tax i MicJisg 3aKiHYeHHS JTiKyBaHHSI OHKOTiHEKO-
JIOTIYHUX XBOpUX, 3a0€3MeuyIoTh e(heKTUBHE MTPOBEACH-
HsI MMOEJHAHOI ITPOMEHEeBOl Tepamnii i He TIPU3BOISITh 10
MOpYLIeHHsT pexXxuMy JdikyBaHHs. KoHcepBaTuBHaA Te-
pamisi TIpOMEHEBUX YIIKOMXXEHb OpPraHiB Majioro Ta3y
CIIPUSIE TTOKPAILIEHHIO SIKOCTI 3KUATTSI TALliEHTOK.

3. OTpumaHi pamioyoriuHi JaHi CBigYaTh PO HEMOXK-
JIUBICTh BUKOPUCTAHHSI 3HAUY€Hb TPaHCMEMOPaAHHOTO
MOTeHLially Ta iHTEHCUBHOCTI HampalLlOBaHHSI aKTUB-
HUX (POPM KUCHIO Y JiMpounTax neprudepruyHoi KpoBi y
KOPOTKOYaCHOMY TE€CTi 3 BUKOPHUCTAHHSM TECT-OII-
POMiHEHHSI KpPOBi B SIKOCTi IPEAUKTOPIB pamiouyTiuv-
BOCTi HEMaJslirHi30BaHUX KJITUH 3 OTOYEHHS MyXJIMHU
npy NPOMEHEBIil Teparlii OHKOTiHEKOJOTiYHMX XBOPUX.
4. 3miHM 3HAaYeHb TPAHCMEMOPAHHOTO TTOTEHITiaTy Ta iH-
TEHCHMBHOCTI HampalloBaHHS aKTMBHUX (DOPM KHUCHIO Y
JiMdouurTax mepu@epuyHoi KpoBi XBOPUX OHKOTIHEKO-
JIOTIYHOTo Mpo@ijito y NOPiBHSIHHI 3 YMOBHO 3I0POBUMU
ocobaM1 Ta BUCOKI 3HAYEHHS IUX ITOKA3HUKIB Y JIiM(O-
UTax nepu@epruIHoi KpoBi OKPEMUX XBOPUX € iICTABOIO
JI0 iX BU3HAUYEHHS Mepel IIaHyBaHHSM IIPOMEHEBOI Te-
pariii B IKOCTi JOAAaTKOBUX ITOKA3HUKIB, 1110 XapaKTepu3y-
IOTh MOXJIMBICTh BAUHUKHEHHSI IIPOMEHEBUX YCKIIATHEHb.
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21294/1814-4861-2018-17-3-64-71.
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MU HOBOODOPA30BaHMSIMI XEHCKUX MONOBbIX 0praHoB / A. B. Boiiko,
E. A. lynaesa, J1. B. lemunosa u ap. Oxkonorug. 2016. T. 5, Ne 6.
C. 5-11. https://doi:10.17116/onkolog2016565-11.

the end of treatment of cancer patients, ensure the
effective implementation of the combined radia-
tion therapy with no violation of treatment regi-
men. Conservative therapy of radiation damage to
the pelvic organs improves the quality of life of
patients.

3. The obtained radiological data indicate inexpe-
diency of using the transmembrane potential val-
ues and intensity of production of reactive oxygen
species in peripheral blood lymphocytes in a short-
term test of blood irradiation as predictors of non-
malignant cell radiosensitivity in tumor environ-
ment during radiation therapy of gynecological
cancer patients.

4. Changes of transmembrane potential and inten-
sity of production of reactive oxygen species in
peripheral blood lymphocytes of the cancer
patients compared to the apparently healthy indi-
viduals, and high values of these parameters in
peripheral blood lymphocytes of some patients are
the rationale for their assay before planning the
radiation therapy as additional parameters reflect-
ing the possibility of radiation complications.
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