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POJIb CYYACHUX METO/IIB BI3YAJII3AIII V TIJIAHYBAHHI
[TPOMEHEBO{ TEPAITIi TA MOHITOPUHTY
OHKOTTHEKOJIOTTYHUX XBOPUX (omisia Jiteparypu)

MpomeHesa Tepania (MNT) Ta pagiauiiHa OHKONOTiA BiAirpaloTb KNKYOBY PONib Y KNiHIYHOMY NiKYBaHHI NaLi€HTiB, AKi
CTPAX[AaloTb Ha OHKOJIOTiYHi 3aXBOPIOBaAHHSA. [Ins AiarHOCTUKM Ta NNAHYBaHHSA Y KNiHIYHii NPaKTULi BUKOPUCTOBYIOTb-
CA WMPOKO JOCTYNHi MeToaM Bisyanizauii, Taki ak Y3/, KT i MPT i3 KoHTpacTyBaHHAM. KpiM Toro, Ui METOAM TaKOX BU-
KOPWUCTOBYIOTLCS 15 MOHITOPUHTY iKyBaHHA Nicis npoMeHeBoi Tepanii. OfHaK aeski 4iarHOCTUYHi MUTAHHS He Mo-
XyTb 6YTU JOCTATHbO BUPILIEHT NPOCTUM BUKOPUCTAHHAM CTaHAAPTHOT MopdonoriyHoi Bidyanisauii. Takum YynHom, no-
3UTPOHHO-eMmiciiHa Tomorpadyia (MET) Habysae Bce 6inblWoi KAiHIYHOT 3HAYYWOCTI B NiKyBaHHi OHKONOTiYHMX
nauieHTis, Aki npoxopsaTs MT, ockinbku MET no3BoNs€ BizyanizyBatu Ta KibKiCHO BU3HAYNUTW HA MONEKYNAPHOMY PiBHi
0CO6NMBOCTI MyXNMHU, TaKi AK MyXIWHHWI® MeTaboni3m abo ekcnpecis pelLenTopis, 33 MeXaMu MpocToro Mopdo-
NIOFiYHOTO CTYNEHS, NOKAa3aHOro 3BUYailHUM 306paxkeHHAM. Lleit ornsg 30cepefieHmnit Ha OCTaHHIX 1 NOTOYHUX JOCAT-
HeHHAX MeToAiB Bi3yanizauii, B Tomy yucni MET-gi3yanizauii B giarHoctuyi geskux OHKONOMiYHWMX 3aXBOPIOBAHb Ta
nnaHyBaHHi MNT, a came, Npu paKy WUAKKN MATKMK.
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ROLE OF CONTEMPORARY IMAGING METHODS IN
RADIOTHERAPY PLANNING AND MONITORING OF
GYNECOLOGICAL CANCER PATIENTS (REVIEW)

Radiotherapy (RT) and radiation oncology are of essential role in the clinical treatment of cancer patients. The
widely available imaging modalities such as diagnostic ultrasound, computer-assisted tomography, and contrast-
enhanced MRI are used in clinical practice for diagnostics and management planning. Moreover, these methods are
also used to monitor the treatment upon RT. However, some diagnostic issues cannot be sufficiently resolved by the
simple use of standard morphological imaging. Thus, positron emission tomography is gaining an increasing clini-
cal relevance in the management of cancer patients undergoing RT, as it allows to visualize and quantify the tumor
features at a molecular level, such as tumor metabolism or receptor expression, beyond simple morphological pat-
terns shown by the conventional imaging. This review focuses on the recent and current advances in imaging tech-
niques, including PET imaging, in the diagnostics and planning of RT in some cancers, namely in cervical cancer.
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BCTYII

BuzHaueHHS MOIMMPEHOCTI MYyXJIUHHOTO TIPOILECY, KOHT-
pob e(beKTUBHOCTI JTIKyBaHHS Ta BUSIBIICHHST PELININBY €
OCHOBHUMMMU 3aBJAHHSIMM PamioJIOTIYHUX METOAIB AOCIi/I-
keHb. Ll BakiuBa iHdopMallis HeoOXigHa SIK s Tep-
BUHHOTO IJIaHYBaHHS JiKyBaHHSI, TaK i JU1s1 MPOTHO3YBaH-
HsI Iepe0iry 3aXxBOpIOBaHHS. Y 0araTboX BUMagKax MOHITO-
PUHT CTaHy OHKOTIHEKOJIOTiUHUX IMalli€HTIB IPOBOISITH
IJISIXOM PETYJISIPHUX KITIHIYHUX OOCTEXXEHb i OLIIHKU MyX-
JIMHHUX MapkepiB. HeBig’ €éMHOI0 YaCTUHOK AiarHOCTUKU
Pi3HHUX 3aXBOPIOBaHb OPraHi3My JIIOAWHU, B TOMY YMCIIi U
OHKOJIOTIYHUX, € 3aCTOCYBaHHSI PEHTTEHOJIOTIYHUX METO-
JiB JociimkeHHs. Jlyxe BakKJIMBO 3aXBOPIOBAHHSI 1iarHOC-
TyBaTW Ha OiIbLI paHHIX TepMiHaX AT LIBUILIOIO MPOBe-
JIEHHSI JiIKyBaHHSI, IPOTE MIPU OHKOJIOTIYHUX 3aXBOPIOBaH-
HSIX JOCUTh YacTO ITyXJIMHY BUSBJISIIOTH 32 HAssBHOCTI Me-
TacTasiB, TOOTO, BXe y cTaHi HeomnepabenabHocTi [1]. T1pu
TaKMX TOLIMPEHUX (HOpMax OHKOJOTIYHMX 3aXBOPIOBAHb
paaMKajibHi METOAU XipypriYyHOro BTpY4YaHHSI CTalOThb He-
JOCTYITHUMM i JIJ1s JIiKyBaHHSI 3aCTOCOBYEThCSI, B OCHOBHO-
My, IpoMeHeBa abo xiMiornpoMeHesa Tepartist (XIIT).

1 KOpeKTHOro IiaHyBaHHsI mpoMeHeBoi Teparii (ITT)
HeoOXimHe ofep:KaHHS SKICHUX i MaKCUMaJTbHO iH(popMa-
TUBHUX TiaTHOCTUYHUX 300paxkeHb. BUKOpUCTaHHS YiIbT-
pazBykoBoro aochimkeHHs (Y3/1), koM’ 10TepHOI TOMOT-
padii (KT), MarHiTHO-pe3oHaHCcHOI ToMorpadii (MPT)
Ma€ OOMEXEeHY LIiHHICTb [JISI PaHHbOI JiarHOCTUMKM Ta
OLIIHKM edeKTy JiKyBaHHS, a TaKOX PELMAUBY 3aXBOPIO-
BaHHS 4Yepe3 BIIHOCHO HU3bKY UYTJIMBICTH i cCrielmdiu-
HiCTb. BijbllI YyTIMBI METOAM Bidyaizallil 31aTHi JOIIOMOT-
TU JIOKaJIi3yBaTu MyXJIMHHE 300pakeHHs 1 BUOpaTH TaKTH-
Ky JiKyBaHHS. B ocTaHHi poKu BeJTMKMIT iHTepec BUKIINKAE
METON PaAiOHYKJIiMHOI Bi3yasi3alii — MO3UTPOHHO-
eMicitina Tomorpadis (ITET). Lleit MeTom nOMOBHIOE Hmiar-
HOCTUYHMI TTpoliec iH(opMaliieio TTpo MeTaboIiuHi po3ia-
U B ocepeaKax yIukomkeHHs [2, 3]. YV KiiHiuHili mpakTuli
JIJIS1 AiarHOCTUKY TTATOMOTIUHMX SIBUILL TaKa METOAMKA Hali-
YacTille 3aCTOCOBYEThLCSI B HEBPOJIOTii Ta KapAioJIorii.

ITET € BUCOKOYYTJIMBUM PagiOHYKJIiAHUM AiarHOCTUY-
HUM METOAOM Yy peHTreHoorii. s 1Iboro JocaimKeHHS
HeoOXinHuii pagiodapmateBTuuHmii npemnapat (PPIT), no
CKJIamy SIKOTO BXOIOWUTH ITO3UTPOHHO-EMITYIOUMii i30TOII,
3MaTHUH HAKOTIMYYyBAaTHCS B YVITKOMKEHNX KIITWHAX [4].
IET nosBossie BidyanizyBaTu, sIK posrnogiisieTbest POIT
KPOBOHOCHOIO CUCTEMOIO i B OpraHi3Mi B LIiJIOMY, Ta MpoOC-
TEXUTU MOro mMeTaboJli3M y KIiTMHAX Pi3HUX TKAaHWH, a
TaKOX OIIHWUTH 0e3Jid OioXiMiYHMX Ta (Pi3ioaorigHnX
npoiieciB B oprani3Mi Joaunu [5]. Lle Meton Bizyanizarrii
B SIIEPHIN MeAULMHI, SKUit 103BoJIsIe oTpuMatu 3D-300-
paXeHHs 0i0XiMiYHMX MPOLIECIB, 1110 Bi1OYBAIOThCS y TKa-
HUHaX OpraHi3My JIOAMHU [6].

INTRODUCTION

Assaying the extent of tumor process, monitoring
of treatment effectiveness and recurrence detect-
ing are the main tasks of radiological examination
methods. These important data are required both
for the initial treatment planning and predicting
the disease course. Monitoring of the condition
of gynecological cancer patients in many cases is
conducted through the regular clinical examina-
tions and assessment of tumor markers. The use
of x-ray examination methods is an integral part
of diagnostics of various diseases, including can-
cer, in human. It is very important to diagnose the
disease at an earlier time for the prompt treat-
ment, however, in case of cancer the tumor is
often detected in the presence of metastases i.e.
already in a state of inoperability [1]. With such
widespread forms of cancer the radical surgical
intervention becomes unavailable, and radiation
therapy (RT) or chemoradiation therapy (CRT)
are mainly used for treatment.

It is necessary to obtain the high-quality and
maximally informative diagnostic images for the
correct planning of RT. Diagnostic ultrasound
(US), computed tomography (CT), or magnetic
resonance imaging (MRI) are of a limited value
for early diagnostics and assessment of treatment
effect, as well as of disease recurrence due to the
relatively low sensitivity and specificity. More
sensitive imaging methods can help localize the
tumor image and choose the treatment tactics. In
recent years the method of radionuclide imag-
ing, namely positron emission tomography
(PET), has attracted a great interest. This me-
thod supplements the diagnostic process with in-
formation about metabolic disorders in the dis-
ease site [2, 3]. In clinical practice this technique
is most often used in neurology and cardiology.

PET is a highly sensitive radionuclide diagnos-
tic method in radiology. For this study a radio-
pharmaceutical drug (RPD) is required, which
includes a positron-emitting isotope capable of
accumulation in the abnormal cells [4]. PET
allows to visualize how the RPD is distributed in
circulatory system and in the body as a whole,
and trace its metabolism in the cells of various tis-
sues, as well as evaluate a range of biochemical
and physiological processes [5]. This is a visuali-
zation method in nuclear medicine that allows
obtaining the 3D images of biochemical process-
es in the tissues [6].
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ITET 3pobuiia peBosiolLito B Ipoliecax Bidyaizailii 6a-
raTbOX IMOIIMPEHUX BUMIIB PaKy i OCKiJIbKM BOHa CTa€
IIMPOKO AOCTYIIHOIO B PO3BMHEHHMX KpaiHaX, BCE Yac-
Tillle BKJIIOYAETHCSI B PYTUHHY MPAKTUKY OHKOJIOTIYHUX
BifiJIeHb Ta KIIiHiK [7].

3azpuyaii [IET-gocaigkeHHsI BAKOPUCTOBYE 18-dTop-
ne3okcurmokosy (18F-FDG) gk P®OIT y noegnanHi 3i
CTPYKTYPHOIO Bi3yaii3alli€lo, TaKOl SIK pPEeHTreHiBCchKa
KT a6o MPT. Ha cboromHi 1ie DOCTiIKEHHSI TTOCTayae
HaKMOiIBII TOYHY Ta JIETKO iHTepIIpeTOBaHy iH(popMallito
Opo TOLIMPEHICTD 1 JoKali3alilo MyXJIMHU IS TaKuUX
MOIINPEHUX BUIIB paKy, K JiM(MOMU, eImiTeaiaabHi 3]10-
SIKICHi HOBOYTBOPEHHS JIeT€Hb, CTPaBOXOIY, IIWHKHU
MaTku, rojosu, mui Ta iH. I[TET-KT BUKOpPUCTOBYIOTH
JUJISL OLiHKY e€(peKTUBHOCTI JIiIKyBaHHS Y XBOPUX Ha KOJIO-
peKTaJbHUM pakK i pakK IUTyHKa. 3aCTOCOBYIOTh IIpU Me-
TacTazax y Me4yiHKy 3 METOI JialHOCTUKHW 3MiH ITicJIst
MpoBeIeHOI Teparlii, BCTAaHOBJIECHHSI 3aJIMILIKOBOI1 XBOPO-
O6u Tta peuuauByBaHHs. IIpu BusiBieHHi MmeTacTrasziB y
neuvinui [TET-KT nepesuiuye KT 3a uyrnusicTio (88 %
npotu 38 % BignmoBinHO) Ta cneurdivnicTo (100 % mpo-
™ 97 %) [8, 9].

Kom6inoBaHa ITET-KT — 1e TexHoJioris Bidyanizaliii,
mo noeaHye meraboniuHi mani [IET 3 anaromiyHoio
indopmaniero KT [7]. LIg MeTonuka HaiOiIblI edek-
TUBHA [IJI BUSIBIICHHS 1 ITiITBEPIKEHHSI OHKOJIOTIYHOTO
3aXBOPIOBAaHHS y JIOAWHM, OCKIJIBKY TO3BOJISIE BUSIBUTU
MeTa0OoJIiuHi TTOpYIIEeHHS y caMili TTyXJIMHI Ta TKaHWHI,
siKa ii OTOYY€E, a TaKOX OU(EepeHIIiI0BaTU 3JIOSKICHICTh
HOBOYTBOPEHHSI, BU3HAYUTHU ii CTYIiHb i MOIIUPEHICTb.
V cutyauisix, KOJM CTPYKTYpHi 3MiHU HecrielupiuHi, 41
1lle He BM3HAYAIOTHCS iHIIMMU METOAAMMU, 3a JOIIOMO-
roto ITET Bxxe MOXXHa BUSBUTHU MYXJIUHHI YIITKOIKEHHS.
3a nanumu ITET npuiimMaloTh pillieHHS 110J0 TaKTUKU
BEJEHHSI Malli€EHTAa, OLIHIOIOTh PAHHIO BiAMMOBiAb ITyXJIU-
HU Ha creuudivyHy Teparilo, MPOrHO3yIOTh pe3yabraTh
JikyBaHHs Ta Horo edexktuBHicTh [9]. TIET-KT €
OC3IiHHUM iHCTPYMEHTOM [IJII pAaHHBOT'O BUSIBIICHHS Ta
MOHITOPMHTY BilINOBii NyXJMHU Ha JiIKyBaHHSI.

Bizyanizauis Ha ocHoBi IIET-KT Hagae indopmariiiio,
sIKa MOXKe BIJIMHYTH Ha Mojajblie MIaHyBaHHS MpoMe-
HeBoi Tepamnii y pidHuii cnoci6. ITET-KT nokpariye
IJIaHYBaHHS TIEPBMHHOTO JIIKYBaHHS paKy WK MaT-
ku (PILIM) 3 migo3poto Ha BiagajaeHi By3710Bi MeTacTasu,
Bu3HaveHi 3a goromoroio MPT. Kpim ITET-KT, oc-
TaHHIMM POKAMM 1€ OJHWUM HiarHOCTUYHUM iHCTPY-
MmeHToM crama [TET-MPT [10, 11] JliarHocTnuHa moC-
TOBipHicTb Oyna 3HayHO BuUIoio i1 [TET-MPT y pasi
3J7I0SIKICHUX 1 JTOOPOSIKICHMX YTBOPEHb. 3BaXkalouW Ha
3MEHIIEHY 103y OIIPOMiHEHHS Ta YyIOBE PO3ITi3HaBaH-
Hs1 ocepenkiB ypaxkeHHsl, [IET-MPT moxe 0yTu moTyx-
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Introduction of PET has revolutionized the imag-
ing processes of many common types of cancer and
as it becomes widely available in the developed
countries it is increasingly included in the routine
practice of oncology departments and clinics [7].

Typically, the 18-fluorodeoxyglucose (18F-
FDG) is used as a RPD in PET scan in conjunc-
tion with structural imaging such as X-ray, CT or
MRI. To date, this study provides the most accu-
rate and easily interpretable information on tumor
spread and localization for such common types of
cancer as lymphoma, epithelial malignant neo-
plasms of lungs, esophagus, cervix, head, neck,
etc. PET-CT is used to evaluate the effectiveness
of treatment in colorectal cancer and stomach
cancer patients. It is also used in case of liver
metastases to survey the changes upon therapy and
establish the residual disease and recurrence.
When detecting liver metastases the PET-CT
exceeds CT in terms of sensitivity (88 % vs. 38 %,
respectively) and specificity (100 % vs. 97 %,
respectively) [8, 9].

The combined PET-CT is an imaging technology
that combines PET metabolic data with CT
anatomical information [7]. This technique is the
most effective for detecting and confirming of can-
cer in human, as it allows detecting metabolic dis-
orders both in the tumor itself and tissue surround-
ing it, as well as differentiating the malignancy grade
of neoplasm, determining its stage and extent. In
situations of non-specific structural changes or ones
not yet determined by other methods, PET is capa-
ble to detect a tumor. According to PET data, deci-
sions are made regarding the patient’s management
tactics, early response of the tumor to specific ther-
apy is evaluated, and treatment results and its effec-
tiveness are predicted [9]. PET-CT is an invaluable
tool for early detection and monitoring of tumor
response to the treatment.

The PET-CT-based imaging provides informa-
tion that can impact the subsequent RT planning
in a number of ways. PET-CT application can
improve the initial treatment planning for cervical
cancer (CC) with suspected distant nodal metas-
tases identified by MRI. In addition to PET-CT
the PET-MRI has become another diagnostic
tool in recent years [10, 11]. The diagnostic accu-
racy of PET-MRI is significantly higher in malig-
nant and benign tumors. Due to the reduced radi-
ation dose and excellent tumor detection, PET-
MRI may be a powerful alternative to PET-CT in
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Hoto anerepHatuBolo I[TET-KT y maitoytHboMy. binbinn
toro, ITET-MPT Takox BUSIBMJIA 3HAYHY Ta CUJIbHY KO-
pensuilo Mixk MeTaboJai3MOM IIYXJAMHM 1 BHUILOIO
KJIITUHHICTIO B ocepenakax PLIM [12, 13].

Hapasi mupoko BUBYAETHCS MPOTHOCTUYHA LiHHICTb
ITET-KT [1, 14]. ABTOp BKa3ye Ha 6GaraTo HeBUPIillIEHUX
npobJjieM, cepell IKUX IIPOTHO3YBaHHS PagiouyTIUBOCTI
3a poromoroio [TET-KT, Bubip HaiOiabll KOPUCHUX
napametpiB IIET-KT, metaboniyHuii 00’eM MOyxXJIMHU
(MTYV), a TakoxX ONTUMaJIbHUI Yac MOIepeaHbOro JIiKy-
BaHHs mig yac a6o micas IIT. PizHa pamiouyTiuBiCcTb
MyxJIMH, PeXWMHU Aii TTpOMEHeBOI Teparii Ta po3KJa
¢pakuiii MOXYTb YyCKJIaJHIOBAaTU MpaBUJIbLHUI BUOIp
JIiKyBaHHsI. ICHye HHM3Ka MOCHiIXEeHb IIOA0 MPOrHOC-
tuyHOoi 1iHHOCTI TTET-KT mo abo micist pagiorepartii
(PT). Ouinka mo abo mim 4yac IpoMeHeBOi Teparii €
OUIbLI KOPUCHOIO JJIs TaLli€EHTIB, 1100 3MiHUTU
iHAMBiAyadTbHUI TILJIaH JiKyBaHHS Ta BYACHO BUOpaTu
BigmoBimHMI MeTond JiikyBaHHs. KpiMm Toro, mnoToyHi
JlaHi TIPOIEMOHCTPYBaIM, 1110 OITUMAaJbHE BUSIBJICHHS
18F-FDG I1ET micns nikyBaHHSI MOXe OyTU MPOBEAESHO
nig yac PT [11, 15]. ITpoTe onTuManbHUiA yac MpoBe-
geHHs ITET-KT mig yac PT TakoxX A0OCHiIXKY€EThCS, OI-
TUMAaJIbHUI Yac € Pi3HUM Y Pi3HUX JOCTiIKEHHSIX.

HonatkoBoto cdeporo, B gkiil [IET-KT € kopucHuM —
1Ie TUIaHYBaHHSI IIPOMEHEBOI Teparlii Ta OIPOMiHEHHS ITi[I
KOHTpoJieM 300paxkeHHsI. PaniauiiiHi OHKOJIOTH OLiHIO-
JOTh, UM TOTPIOHO OMPOMiHIOBATU 3/I0SIKiCHY ITyXJIMHY Ha
JaHil cTafii, micjst 4oro po3poOJIsIOTh IJIaH JIiKyBaHHS,
BKJIIOYAIOYM MPU3HAYECHHST J03U, PO3IMOIiA 103U, TOUHE
BU3HAYEHHS LIUILOBUX O0’€MIB, IO € HAWBaXJIMBIILIMM
KpPOKOM, SIKMIi BIUIMBA€ Ha BCi MOAAIbIII €Talu Ta pe-
3yabTaT JikyBaHHg [16, 17]. s Toro, o6 npomMeHeBa
Tepamnis 0yJ1a e(DeKTUBHOIO, ITyXJIMHA MOBUHHA ITOBHICTIO
MicTuTHCd B 00’€Mi TKAHWHMU, TKa OTPUMYE 3a37aJIeTiab
BU3HAYeHY J03Y ONpoMiHeHHs. Taki MeToau o0CTeXKeH-
H4, 9k KT ta/a6o MPT e craHmapTHUMU MeToAaMU Bi3y-
ajizalii A aHATOMIYHOTO OKpPECJEHHS UiJIbOBUX
00’emiB. [1pu 1bOMY TTOTPiIOHO BUPIIIMTI OCHOBHY 3a11a-
Yy MPOMEHEBOI Tepallii — MaKCUMaJibHe YIIKOMXKEHHS
OyXJUHU TPU MiHiMaJbHOMY TPOMEHEBOMY HaBaHTa-
JKEHHi Ha KpUTUYHi opraHu. Tomy BUOpaHUii METO Bi3y-
ajizaiii o9 BU3HAYEHHS ITHOBOTO 00’€My TTOBMHEH
MaTH BUCOKY YYTJIMBICTb JIJIs BUSIBJCHHSI BCiX 3aTy4eHUX
TKaHWH B IISHII MYXJIWHU Ta BUCOKY CHEUMDIUHICTh
1151 30epeskeHHsI HAaBKOJIUIIHIX HOPMAaJbHIX TKaHWH. 3a
ponomorotro KT mMu omepxXyeMo JeTanabHi 300pakeHHS
BHYTPIIIIHBOI aHATOMii B TPhOX BUMipax, 110 JA€ MOX-
JIUBICTh OKPECIUTH 1IiJTb HA OCHOBI Bapialliil IIiTbHOCTI
MiX HEOIUIaCTUYHMMHM Ta HOPMaJIbHMUMM TKaHWHAMM
[18, 19]. 1o cTocyeTbea MPT, To 11ei1 MeTox 3a0e3neuye

the future. Moreover the PET-MRI data are in a
significant and strong correlation with tumor
metabolism parameters and higher cellularity in
CCcells [12, 13].

Currently, the prognostic value of PET-CT is
widely studied [1, 14]. Author points out many
unsolved problems, including the prediction of
radiosensitivity by PET-CT, selection of the most
useful PET-CT parameters, metabolic tumor vol-
ume (MTV), and optimal timing of pretreatment
during or upon RT. Different radiosensitivity of
tumors, modes of action of RT, and schedule of
fractions can complicate the correct selection of
treatment. There are some studies on the prognos-
tic value of PET-CT before or after RT. Evaluation
before or during RT is more useful for patients to
modify the individual treatment plan and choose
the appropriate treatment method in time. In
addition, the current data have demonstrated that
optimal detection of 18F-FDG PET after treat-
ment can be performed during RT [11,15].
However, the optimal timing of PET-CT during
RT is also being investigated, ant it is obvious that
optimal timing varies between studies.

The image-guided RT and irradiation planning
are an additional area where PET-CT is useful.
Radiation oncologists assess whether it is neces-
sary to irradiate the malignant tumor at this stage,
thereafter they develop a treatment plan, including
dose assignment, dose distribution, accurate defi-
nition of target spaces, all together being the most
critical step affecting all subsequent stages and
outcome of treatment [16, 17]. To the end that RT
was effective the tumor should be completely with-
in the space that receives a predetermined dose of
radiation. Imaging modalities such as CT and/or
MRI are the standard ones for anatomical delin-
eation of target spaces. At the same time, it is nec-
essary to solve the main problem of RT i.e. provide
maximum damage to the tumor with minimal
radiation load on critical organs. Therefore the
imaging method chosen to define the target space
should be high enough sensitive to detect all the
involved tissues in tumor area and highly specific
to preserve the surrounding normal tissues. With
CT the detailed images of internal anatomy are
obtained in 3 dimensions, which makes it possible
to delineate the target based on the density varia-
tions between neoplastic and normal tissues [18,
19]. As for MRI, this method provides an
improved visualization of the soft tissues and is
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MOKpalleHy Bi3yallizallilo M’IK1UX TKaHUH i € KpallliM,
Hixk KT, y neBHMX aHaTOMiYHUX 00JaCTIX i LIMM AOIOB-
aioe KT y mranysanHi mpomeHeBoi Teparrii [10, 11, 20].
[TpoTe BU3HAYeHHS 00’ €MY MillleHi 3aJTUIIAETHCS CKIIaI -
HUM 3aBJaHHSIM i OCHOBHUM JIXKEpPEJIOM HETOYHOCTI B
npoMeHeBiit Tepartii. TkKaHMHM NyXJIMHU Ta 310POBi MpU-
JIerJli TKaHWHU MOXYTh MaTU CXOXY ab0 OJIHAKOBY
LIIBHICTD i MArHiTHi BIACTUBOCTI, 1110 MOXKE YTPYIHUTHU
TOYHE BU3HAUEHHS MEX MyXJIWHU. Y TaKUX BUMAAKaX
3actocyBaHHs1 [TET-KT noniniinye BU3HAYE€HHS LJIbO-
BOTO 00’€My Yy TUTaHYyBaHHI IpoMeHeBoi Tepartii. KpiM To-
ro, 1iei MeToA Ja€ iHgopMallito mpo 0ioJIOTiuHiI XapaKTe-
PUCTUKM TIyXJIMH, TaKi K MeTabosai3M, Tilokcis i
npodidepallisi, 0 CBIIYUTh PO Padiope3UCTEHTHICTh
MYXJIMHU Ta CIIYTYE IJISI ONTUMAIBHOIO PO3IOALTY TO3M.
Otpumani 3a nonoMoroio ITET 1inboBi 06’eMu TIepBUH-
HUX MyXJIMH 3MEHIIEH]I MOPiBHSIHO 3 00’€MaMU, BU3Ha-
yeHumu auiie Ha KT [11, 20]. ITpu BukopuctanHi [TET-
KT moxna posmizHatu HeBusiBiieHi KT MeTtacraTuuHi
JiMdaTUUHI BY3JIM, i B pe3y/abTaTi 30IbIIYIOThCS 00CSTH
ornpoMiHeHHs1. Pa3zoM 3 TMM, BUKITIOUEHHS 3a JOMTOMO-
roto ITET 36inbiieHux JiMpaTUYHUX BY3/iB, MiI03PiInX
Ha MetactatnaHi nipu KT, 3MeHIINTL LiTHOBI 00’€MM,
oTpuMaHi 3a goriomoroio ITET.

Ouinka epeKTUBHOCTI MPOMEHEBOI Tepamil MyXJIMHU
Jla€ MOXJIMBICTh OiNbLI iHIAMBIAYaJIbHOTO IMiAXOMLYy 10
nauieHTa. Tak, SKIIO MPOTHO3YEThCS XOpOLIa peakliist
nyxauHu Ha I1T, To BapTO MPOBOAUTH ii IK METOJ, JIiKy-
BaHHs. B iHIIIOMY BUIanKy, SIKIIO MPOTHO3YETHCS, 1O
nyxJauiHa O0yne paaiope3vCTeHTHOO, Kpalle 3MiHUTH HEO-
an’toBaHTHE JIIKyBaHHS a00 MPOBECTU OIepallilo paHiIe
Ta 3HU3UTU Padiope3uCTeHTHICTb. BueHi BKa3yloTh, 110
paliouyTIMBICTh TMOB’s13aHa 3 MpoJidepalli€elo MyXJINHH,
FiMOKCi€0, aHTiOreHe30M, aromnTo30M, ayTodariero Ta
nomkomkeHHaM JIHK a6o xpomocom [21, 22]. Indop-
Mallilo PO TaKi 6ioJoriuHI 0OCOOIMBOCTI MyXJIMHHUX ypa-
JK€Hb, SIKi MOXHa iIeHTU(hIKyBaTH SIK paliope3uCTeHTHI
JISTHKY Ta BUKOPUCTATU [JIs1 ONTUMI3alii MIaHiB JiKy-
BaHHS, MOXKHa oTpumatu 3a gonomororo INTET-KT.

7151 OLliHKY BinMOBiMi Ha JIIKyBaHHSI MyXJIMHU SIK MOp-
(postoriuHi MeTOIM Bidyastizallii BAKOPUCTOBYIOThbCS Y3/1,
MPT, KT, npote 1i MeToAuM BaXXKO BUKOPMCTOBYBATH,
100 Bigpi3HUTH (iOp03 a00 paHHE 3aITaIeHHST, CIIPUIN-
HeHe MPOMEHEBOIO Tepalli€lo, Bif 3aJUIIKOBUX MyXJIWH.
ToMy BUKOPUCTOBYIOTb Pi3HI METOIU BUSIBJICHHS
pagioyyTIMBOCTI, 3aCHOBaHI Ha cepil 3MiH MOKCUYHOTO
MiKpPOOTOUYEHHSI, LIMTOKIHIB MyXJIMH, ILIUJILHOCTI MiKpoO-
CYIVH i MeTaboJIi3My TTic/Is1 mpoMeHeBoi Tepartii [21, 23].

OcTaHHIM YacoMm ISl TIpeACTaBIeHHS (PYHKIIOHATb-
HUX i MOJIEKYJISIDHMX 300paXkeHb BHKOPHCTOBYIOTHCSI
pi3HI MAarHiTHO-pe30HaHCHi MeTOau, TakKi SK AM-

superior to CT in certain anatomical areas and
thereby complements it in RT planning [10, 11,
20]. However, determining the target volume
remains a challenging task and a major source of
inaccuracy in RT. Tumor tissue and surrounding
healthy tissues may have similar or identical densi-
ty and magnetic properties that can make it diffi-
cult to accurately define the tumor boundaries. In
such cases, the use of PET-CT improves the defi-
nition of target space in RT planning. In addition,
this method provides information about the bio-
logical characteristics of tumors, such as metabo-
lism, hypoxia severity, and proliferation, which
indicates the radioresistance of tumor and serves
for optimal dose distribution. The PET-derived
target spaces of primary tumors are smaller com-
pared to the volumes determined by CT alone [11,
20]. When using PET-CT, it is possible to recog-
nize the metastatic lymph nodes not detected by
CT, which leads to the increase of irradiation
space. Meanwhile, exclusion by PET of the
enlarged lymph nodes suspected of being metasta-
tic on CT will reduce the target spaces.

Evaluation of effectiveness of the cancer RT pro-
vides an opportunity for a more individual
approach to the patient. So, if a good response of
the tumor to RT is predicted, then it should be
used as a method of treatment. Otherwise, if the
tumor is predicted to be radioresistant, it is prefer-
able to change the neoadjuvant treatment or per-
form surgery earlier and reduce radioresistance.
Experts state that radiosensitivity is associated with
tumor proliferation, hypoxia, angiogenesis, apop-
tosis, autophagy, and DNA or chromosome dam-
age [21, 22]. Information about such biological
features of tumors, which can be identified as
radioresistant areas and used to optimize the treat-
ment plans, can be obtained by means of PET-CT.

Diagnostic ultrasound, MRI, and CT are used as
morphological imaging methods to evaluate the
response of tumor to the treatment, but these
methods are hardly applicable to distinguish fibro-
sis or early inflammation caused by RT from resid-
ual tumors. Therefore, different methods of
detecting the radiosensitivity are used, based on a
series of changes in hypoxic microenvironment,
tumor cytokines, microvessel density, and metabo-
lism upon RT [21, 23].

Recently, a range of magnetic resonance tech-
niques such as the diffusion-weighted MRI (DW-
MRI) and dynamic contrast-enhanced MRI
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(dysirtHo-3BaxkeHa MPT (DW-MRI) i ntunamiuna MPT 3
KoHTpacTHUM nocwieHHsIM (DCE-MRI). Pan Y. ta iH.
[23, 24] mpoaeMOHCTpYBalIH, 10 3HAYEHHS BUINMOTO
koediuienta audysii (ADC) kopenioe 3 pagiodyT-
JquBicTio yxjuH. [TepeBaramu MPT € BincyTHicTh oI1-
POMiHEHHS Mali€eHTa, HU3bKa TOKCUYHICTh KOHTPACTHOIL
pPEYOBMHHU Ta HU3bKA BapTicTh [20, 25].

Pan BueHUX MiIKpecHioTh 3HAYYIIICTh TUHAMIYHOL
koHTpacTHOI KT, sika TaKoX BUKOPUCTOBYETHCS SIK 3aCi0
OLIIHKM pamiouyTIuBocCTi [23, 26]. ABTOpY 3a3HAYalOTh,
mwo KT 3 nuHaMiYyHUM KOHTPAcTOM MOX€ TOYHO Bigo0-
paxaTu CyaAMHHY Iepdy3ilo MyXJIUMHU, MPOHUKHICThH
KamiisipiB, TOMY BOHAa MOX€E OLIIHUTU PalioyyTIUBICTh
OyxJIMH 4Yepe3 1—2 TUXKHI Mic/isi MpOMEHEeBOi Teparii
KapUMHOMHU MepeaMixypoBoi 3ajo3u, KapLUWHOMU
OpoHXiB i paky mmiiku MaTtku [27, 28]. Xoua BapTicTb
KT 3 npHaMiuyHUM KOHTPACTYBaHHSIM HEBHUCOKa, MPOTe
PO3paxXyHOK KiJIbLKICHMX i HaIiBKiJIbKICHUX MapaMeTpiB
CKJIQAHUM 1 OLIIHIOE CTaH PaliOUyTJAUBOCTI ITyXJIMH MiCJIs
JIIKyBaHHS, Ti3HilIe, HiX iHm Metomu. Ilpm ubomy
iCHY€ TIpOMEHEeBe HaBaHTaXKEHHS Ha MalLli€HTiB.

3a panumu 6aratbox aBTopiB IIET-KT € 3BuuaiitHum
IHCTPYMEHTOM JJIsI OL[iIHKM BiAIIOBi[i MiC/sI OCTaTOYHOI
MPOMEHEeBOI Tepallil paky 3 BUCOKOIO HETaTUBHOIO MPOT-
HOCTHYHOIO LIiHHicTI0. Floro MoxKHa BUKOPUCTOBYBATH,
1106 YHUKHYTH omepallii micjist mpoMeHeBoi Teparii. o
nikyBaHHs ITET-KT mae 3HaueHHSI 1151 TIPOTHO3YyBaHHS
BiITIOBiNi Ha MpOMEHeBY Teparlilo, a ITCasa JiKyBaHHS
[NET-KT nomnomarae OLiHUTH 3aJIMIIKOBI KUTTE3IATHI
nyxyuHu [23, 29]. Mexi napametpiB IIET-KT y pizHux
nyxianHax pizHoMaHiTHi. ITET 3acTocoByoTh IJisl paH-
HBOTO MOHITOPMHIY BIiAIOBiAi Ha JiKyBaHHS MiA 4Yac
npoMmeHeBoi Teparii. BBaxkatots, 1mo INET-KT € 6inbia
e(peKTUBHOIO JJIS1 OLIIHKM BiIMOBimi Ha JiKyBaHHS Mif
yac NpOMEHEBOI Teparlii i MoXe MepeadayrTy BiAoBiab
nalieHTa Ha JiKyBaHHS paHillle.

3rigHO 3 JaHWUMU iHIIMX aBTOPiB, 3a TOIMOMOIOIO 3BHU-
yaiiHoi MopgoutoriyHoi Bizyanmizauii (KT uun MPT) He
3aBXIM1 MOXKHA BiIpi3HUTU paHHill peluauB rpoiecy abo
3aMajieHHs] Micasa JiKyBaHHS Bif 3MiH, CIIPUYMHEHUX
pamiaitieto [29]. Y TakoMy BUMaaKy OLTBIIOT LIIHHOCTI Ha-
oysae I1ET. 3a ii njonomMoroto npu BeeHHi OHKOJOTIYHUX
MAaLi€HTIB, SIKi MPOXOASATh MPOMEHEBY Teparlilo, MOXHa
Bi3yastizyBaTH Ta KiJIbKiCHO BUBHAYMTHU OCOOJIMBOCTI MyX-
JIMHU Ha MOJIEKYJISIPHOMY piBHI 3a MeXaMUu IPOCTOrO
MOPGOJIOTIYHOIO CTYIEHSs, HAMPUKJIaa, MeTa0oi3M ITyX-
JmHM abo ekcrpecito peuenTtopa ITET MoxHa BUKOpUCTO-
BYBATH i JUTS1 BUBHAYEHHSI iHIIMX XapaKTePUCTUK ITyXJIUHMU.
Hanpwuknan, npu paky npoctatu [1ET 3 niranmamMu nmpoc-
TarocreurdiyHoro mMemopaHHoro aHtureHy (PSMA)
MPeCTaBIsIE BUCOKWI KIIIHIYHUIA 1 HAyKOBUI iHTepec sl

(DCE-MRI) have been used for the functional
and molecular imaging. Pan et al. demonstrated
that the value of apparent diffusion coefficient
(ADC) correlates with tumor radiosensitivity [23,
24]. Absence of exposure to the patient, low toxic-
ity of the contrast agent, and low cost are the MRI
advantages [20, 25].

Some experts emphasize the importance of
dynamic contrast CT, which is also used as a tool
of radiosensitivity assessing [23, 26]. The authors
note that CT with dynamic contrast can accurate-
ly depict the tumor vascular perfusion, capillary
permeability, so it can help evaluate the radiosen-
sitivity of tumors 1-2 weeks after RT in prostate
carcinoma, bronchial carcinoma, and cervical
cancer cases [27, 28]. Although the cost of CT with
dynamic contrast is not high, the calculation of
quantitative and semi-quantitative parameters is
difficult thus evaluation of tumor radiosensitivity
upon treatment can be made later than in other
methods. At that there is a radiation burden on
patients.

According to many authors, PET-CT is a rou-
tine tool for assessing the response upon definitive
RT for cancer with a high negative predictive
value. It can be used to avoid surgery after RT. Pre-
treatment PET-CT is important for predicting the
response to RT, and post-treatment PET-CT helps
to assess the residual viable tumors [23, 29]. Limits
of the PET-CT parameters for different tumors are
varied. PET is used for early monitoring of
response to the treatment during RT. PET-CT is
believed to be more effective in assessing the
response to treatment during RT and can provide
data to predict the patient’s response to a treat-
ment earlier.

According to the data from other authors, with
the help of conventional morphological imaging
(CT or MRI) it is not always possible to distinguish
early relapse of the process or inflammation after
treatment from changes caused by radiation [29].
In this case, PET becomes more valuable. With its
help, it is possible to visualize and quantify the
tumor features at a molecular level beyond simple
morphological grade, e.g. tumor metabolism or
receptor expression in the management of cancer
patients undergoing RT. PET can also be used to
determine other tumor characteristics. For exam-
ple, PET with prostate-specific membrane antigen
(PSMA) ligands is of a high clinical and scientific
value for the advanced imaging in prostate cancer
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posimpeHoi Bisyarizailii maieHTiB [30, 31]. Indopmariiro
po MeTabOoJ1i3M IMyXJIMHU 200 €KCITPECit0 PeLIEIITOPiB MOXK-
Ha BUKOPUCTOBYBATH SIK IHCTPYMEHT JJIs1 Bidyaizallii CTy-
TeHs TyXJIMHY, OLLIHKY BifIIOBIiI ITid yac i Imiciis Tepartii, a
TaKOX JUISI IPOTHO3YBAaHHS i TSI BU3HAYEHHS 00’ €MY, SIKUA
notpedye 30iblIeHHsT 103u. I[loganbiie BIOCKOHAJTEHHS
IiarHOCTMYHOI TexHoJjorii, Bkiaoudaoun I[IET-MPT,
JOCTiIKeHHS] HOBUX iHAUKATOPIB i aHaJli3 JaHUX Bill pi3HUX
iXHiX KOMOiHalili, IMOBIpHO, 3pO0JISITh LIei MeTOa 0CO0JIM-
BO iH()OPMATUBHUM JIJ151 1iarHOCTUKM Ta IJIaHYBaHHSI Tepa-
MNEeBTUYHOI CTparTeril.

METOJU BI3YAII3ALIL Y JIATHOCTHUIII TA
IIJIAHYBAHHI IPOMEHEBOI TEPAITIT XBOPUX
HA PAK MK MATKH
s mpakTUYHOI OXOPOHU 3M0POB’ST B OCTaHHI POKHU BCe
OinbIoil akTyanabHocTi HaOyBae PIIIM [4]. Taka cutyauis
3yMOBJIEHA TEHIEHLIIE€I0 0 3pOCTaHHS 3aXBOPIOBAHOCTI Ha
L0 TIaTOJIOTiI0, BUCOKOK 4YacTOTOK peLMAuBIB i He-
BWJIIKOBHOCTI, 1110 BEAYTh /10 JIETAJIbHOTO PEe3yJIbTaTy y XBO-
pUX XKiHOK MITOPOTHOTO BiKYy MiC/Isl CIEliali30BaHOIO
JlikyBaHHS. He3Baxkaloum Ha ITOCSITHYTI YCITiXW B JIiarHOC-
tuwi PILIM, 61m3bko 40 % XiHOK 3BepTalOThCS 32 MEIY-
HOIO JOIIOMOIOIO 3aHanaTo 1i3Ho, 3 III—-IV cragiero 3axBo-
proBaHHs. KpiM Toro, B ocTaHHi pOKM € TEHIEHLS 10
30inbeHHs BusiBaeHHs PIIIM y XiHOK MOJOAOrO BiKy
(15—39 pokiB) [10]. 3rigHO 3 JiTepaTypHUMM IaHUMH,
I’ ITUpiYHEe BKUBAHHS Mpu MetactatudyHoMy PIIIM cra-
HOBUTH 16,5 % mopiBHsAHO 3 91,5 % TIpu JIOKaTi30BaHOMY
(MicueBonomupenHomy) PIIIM [32, 33]. Ha BiaMiHy Bin
nauieHTok 3 PIIIM Ha paHHi#l cTazgii Ta MicLieBONOLIMpPE-
HuM PIIM, skyM gOCTYITHI TpaguliiiHi paguKaibHi MeTO-
I JIiIKyBaHHS, BKJIIOYAlOYM XipypriyHe BTpYYaHHS,
ximioreparrito (XT) ta/a6o I1T, craHmapTHOTO JTiKyBaHHS
IUIs1 TTalieHToK 3 MetactaTudyHuM PIIIM Ha choromHi He
icHye [34]. Bpaxosytouu, mo PIIIM mnocigae nepiie miciie
cepell OHKOTiHEKOJOTiYHUX 3aXBOpPIOBaHb, BMHUKAE He-
OOXiAHICTb IIMPLIOrO 3aCTOCYBAaHHS CYYaCHUX METO[IB
miarHoctuku, y Tomy umciai ITET [35]. I1pm miarHoctmii
IMOYaTKOBOTO TMEPBUHHOIO MyXJIMHHOro ocepenky PIIM
BUKOPHMCTAHHS TOPOTOBAPTICHUX MPOMEHEBUX TEXHOJIOTIIA
He 3aBxau BumpaBaaHe. Came depe3 1ie Majo JITepaTyp-
HUX BiIOMOCTEM 111070 AiarHocTUYHOI ToYyHOCTI TTET mis
BU3HAYEHHS TIEPBUHHOTIO ITyXJIMHHOTO OcepenKy [36].
Mono miarHocTvku TposiBiB 3axBoptoBaHHs I[IET 3
18F-FDG mae Bucoky iHpopMaTuBHicTb. Pi3Hi mocia-
KEeHHs B oliHLi noiwrpeHocTi PIIIM 3apeectpyBanu Bu-
coky edexkrusHicTh [1ET 3 18F-FDG mnopiBHsSHO 3 Tpa-
JULIAHAMU MeTogaMu Ta TexHoJiorisMu. Yytnusicte KT
i MPT 3a manumu aBTOpiB cTaHOBUTH Jniie 50—73 %, a
yyrnusicth [TET konuBaetbes 6img 83—100 %, cne-

patients [30, 31]. Data on tumor metabolism or
receptor expression can be used as a tool to assay
the tumor grade, assess response during and after
therapy, and predict and determine the space
where dose increase is required. Further
improvements in diagnostic technology, includ-
ing PET-MRI, research in the field of new indi-
cators and analysis of data from their various
combinations are likely to make this method par-
ticularly informative for diagnostics and planning
of therapeutic strategy.

IMAGING METHODS IN DIAGNOSTICS
AND PLANNING OF RADIATION THERAPY
FOR THE CERVICAL CANCER PATIENTS
The CC in recent years has become more and
more relevant in the practical healthcare [4]. The
latter is caused by the trend of CC incidence
increase, high frequency of relapses and incur-
ability, which lead to a fatal outcomes upon the
specific treatment in female patients of child-
bearing age. Despite progress in diagnostics of
CC, about 40 % of women seek medical help too
late, having got the stage III-IV disease.
Moreover, there is a trend in recent years to
increase the CC detection in young women (15-
39 years old) [10]. According to literature data
the five-year survival rate for metastatic CC is
16.5 % vs. 91.5 % for localized (locally dissemi-
nated) CC [32, 33]. In contrast to the patients
with early-stage CC and locally advanced CC,
for whom the routine radical treatments includ-
ing surgery, chemotherapy (CT) and/or RT are
available, there is no standard treatment for
patients with metastatic CC as yet [34]. As CC
ranks first among other malignancies in oncogy-
necology practice, a wider use of contemporary
diagnostic methods, including PET, is required
there [35]. The use of expensive radiation tech-
nologies is not always justified when diagnosing
the initial primary focus of CC. That is why the
literature data on diagnostic accuracy of PET in
determining the primary tumor center are quite
limited [36].

PET with 18F-FDG is highly informative
regarding the diagnosis of disease manifestations.
Various studies on the assessment of CC preva-
lence showed a high efficiency of PET with 18F-
FDG in comparison with traditional methods and
technologies. According to available data, the sen-
sitivity of CT and MR1 is only 50-73 %, while sen-

(1) 492



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Iss. 28.

CLINICAL PRACTICE

undiyHicts — 89—100 % [37]. Meronuka ITET 3 18F-
FDG po3Bosisie BU3HAUUTU JIOKAJIi3allil0 IMyXJIUHHOTO
npolecy y XBOpux 3 HeraTUBHUMHU pesyabratamu KT
a60 MPT 3 tounictio 95 % [38]. [IporHo3 OHKOJIOTiYHO-
TO 3aXBOPIOBAaHHS CMIOYATKy BU3HAYAETHCS MOTO CTaIi€I0
Ta yyTauBicTio yxauHu a0 1T yu XT. Hecnpugatausum
(daKTOpOM € TIMOKCisI, OCKIIbKM 3MEHIITYE YYTINBIiCTh
MyXJIMHU 10 TIPOMEHEBOTO JiKyBaHHS. BueHi cTBepIKy-
10Th, 1110 18 F-FDG BUKOPUCTOBYETHCS SIK OPIEHTUP LTSI
Oioricii HOBOYTBOpPEHb, a HailyacTillle — Npuy IJIaHyBaHHi
I1T. 3Baxaroun Ha BeUKY AiarTHOCTUUYHY TouHicTh [TET
3 18F-FDG nix yac cranmitoBaHHS Ta OLIiHKY e€(heKTHUB-
HOCTI JIIKyBaHHS, JaHUW METOJ Ma€ BeJIWKEe IMPOTHOC-
TUYHE 3HAuYeHHs. Pe3yibraTu BUCOKOI 5-piyHOI BUXKHU-
BaHOCTI 3 MOBHOIO MeTaboJiuHo Bianosigao Ha I1T
a6o XT 3a manumu I1ET 3 18F-FDG npusoasts PW.
Grigsby 1a iH. [39, 40]. ITauientam i3 PIIIM Tta peuuau-
BOM JUISI TIPaBUJIBHOI TaKTUKU JIIKyBaHHSI IIPOMOHYIOTh
BUKOPUCTOBYBaTU po3pobiieHy cucteMy pusuky ITET 3
18F-FDG, sgka ¢GopMyeThca 3 TPbOX HECHPUSITIUBUX
MPOrHOCTUYHUX (PAKTOPiB — HASIBHOCTI KJIiHIYHUX
CUMNTOMiB 3axBoptoBaHHs, I1T B aHaMHe3i Ta TUTPY aH-
TUTEeHA TUIOCKOKIITUHHOI KapunHomu (SCC-aHTHUTeHA)
Bulle 4 Hr/mia [9, 37]. YucneHHi D0CiIKeHHs CBiTyaTh
npo te, mo I[NET-KT € nocuts iHpopMaTUBHUM METO-
JOM JiarHOCTUKM MicueBomnomupeHoro PIIIM B
TOKJIiHIYHIN (a3i 3aXxBOpioBaHHS, 00’€KTUBHUM METO-
JIOM JOCHiIKEHHS TIpU AUHAMIYHOMY CITOCTepeXXeHHi
Mali€HTOK ITiCJISI TTPOBEIEHOT0 0araTOKOMIIOHEHTHOTO
JIIKyBaHHSI, 103BOJISIE BYACHO [iarHOCTYBaTU TI€He-
pastizalito Mpolecy i HeOOXimHUI 411 KOHTPOJIIO JIKY-
BaHHS, SIK OOMH i3 HalWgocTOBipHimMX MetoniB. Kpim
toro, IIET-KT mokpaiilye miaHyBaHHSI TEpBUHHOTO
JikyBaHHs PIIIM 3 mimo3poro Ha BimgajieHi By3/J0Bi Me-
TacTa3u, BU3HauUeHi 3a goriomoroio MPT [41].

IIpouec miaHyBaHHS MPOMEHEBOI Teparlii, 3a3BUYaii,
MOYMHAETHCS 3 OTPUMAHHS KOMIT 1I0TepHO1 ToMorpadii 3
iMMOOiTi3allii Nali€eHTKX B ONTUMAJIbHOMY ITOJIOKEHHI
JJist ipomeHeBol Teparii. KT € craHmapTHUM criocodom
Bidyanizallii mJis1 TMiaHyBaHHS TpOMEHEBOI Teparii,
OCKiJIbKM BOHa 3abesneuye TpuBuMipHe (3D) 300pa-
JKeHHS IMyXJIMHM, a TaKoX OaHi IIOJ0 eJIeKTPOHHOI
IIJTBHOCTI, IKi HEOOXiTHI 11T po3paxyHKy A03u [42, 43].
MakpockomniyHa, paaioJIoriYHO BMMipioBaHa ITyXJIMHA
MO3HAYa€eThCS K 3arajdpHuili o0’eM nyxiauHu (GTV).
OkpecineHHd nyxJuHU 3a goromoroto KT moxe Oytu
CKJIaJHUM 3aBIaHHSIM, OCOOJMBO IJISI M’SIKUX TKAHWH.
o6 minBumMTH TOUHICTh OKpecaeHHs GTV, 6ynu pos-
pOOJIeHI AJITOPUTMHU, SIKi JO3BOJISIIOTH CITUTBHO PEECTPY-
BaTU AiarHOCTUYHi 300pa>keHHs, 30KpeMa Ti, 1110 OTpHU-
MaHni 3a gonomoroio MPT i ®AT-T1ET, i3 nepBUHHUM

sitivity of PET ranges within 83-100 %, and speci-
ficity within 89—100 % [37]. PET with 18F-FDG
allows determining the localization of tumor
process in patients with negative CT or MRI results
with accuracy of 95 % [38]. The prognosis of cancer
case is initially estimated by its stage and tumor sen-
sitivity to RT or CT. Hypoxia is an unfavorable fac-
tor, as it results in a decreased tumor sensitivity to
RT. Experts state that 18F-FDG is used as a guide
for biopsy of tumors, and most often in RT plan-
ning. Considering the great diagnostic accuracy of
PET with 18F-FDG during staging and evaluation
of treatment effectiveness, this method has a great
prognostic value. P.W. Grisby et al. [39, 40] present-
ed the high values of the 5-year survival with a com-
plete metabolic response to RT or CT according to
18F-FDG PET data. The developed risk scoring
system according to PET with 18F-FDG data is
suggested to be used for the correct treatment tac-
tics in CC patients with disease relapse. Three unfa-
vorable prognostic factors, namely presence of the
disease clinical symptoms, history of RT, and a
squamous cell carcinoma antigen (SCC-antigen)
titer above 4 ng/ml are taken into account [9, 37].
Numerous studies indicate that PET-CT is a quite
valuable method for diagnosing of a locally dissem-
inated CC in the preclinical disease phase, being an
objective diagnostic tool in the follow-up of patients
after multicomponent treatment, allowing timely
diagnosis of the process generalization. It is
required for the treatment monitoring as one of the
most reliable methods. In addition, PET-CT data
provide the improved planning of primary treat-
ment of CC with suspected distant nodal metastases
identified by MRI [41].

The RT planning process usually begins with
acquisition of a CT-scan with the patient immobi-
lized in an optimal position for RT. CT scans are
the standard imaging modality for the RT planning
because they provide a three-dimensional (3D)
image of the tumor as well as data on electron den-
sity required for dose calculation [42, 43]. The
macroscopic, radiologically measured tumor is
referred to as the gross tumor volume (GTV).
Delineating a tumor using CT can be challenging,
especially for soft tissue. To improve the accuracy
of GTV delineation the algorithms have been
developed that allow the co-registration of diag-
nostic images, particularly those obtained by MRI
and FDG-PET with primary CT simulations [44,
45]. MRI provides higher resolution and greater
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monemoBaHHIM KT [44, 45]. MPT 3a6e3neuye OiibIin
BUCOKY PO3AiUIbHY 3AaTHICTb i OiAbIIMIA KOHTpACT
M’SIKUX TKaHWH IIpU IyXJIMHAX MaJIOTO Ta3a IMOPiBHSIHO 3
KT-300paxkeHHsIM.

CyuacHa koHdopmHa IIT, gk cBimuath pe3yabTraTu
JIOCJIiIKEeHb OCTAHHIX POKIB, € paIKaIbHUM Ta BUCOKO-
e(eKTUBHUM METOIOM IIPOTUITYXJIMHHOTO JIIKyBaHHSI, a
JornoBHeHHsT 11 koHTakTHolo IIT, a came — Opaxirte-
panieto (bT), 3HauyHO MiABMIIYE 1 PE3yJbTaTUBHICThH
[46, 47]. I1pu mnaHyBaHHI LIbOTO JIOKAJIBHOTO BUIY JIIKY-
BaHHSI i3 METONiB Bi3yaiizalii 3acTocoByeTbcst Y3/I,
MPOTE HE MOXHA BUKIIFOUYUTHU CY0’EKTUBHOI OLIIHKU MEX
NyXJIMHU Ta OpraHiB PU3MKY a TaKOX HETOYHOCTEH,
CIIPUYMHEHUX HASBHICTIO €HOOCTATUYHUX IIPUCTPOIB.
Pazom 3 Tum, ripu Y3 /1 OHKOJIOTiYHOTO XBOPOTO, MU OT-
PUMYEMO JIaHi PO JOoKaji3allilo MepBUHHOI ITyXJIUHHU, il
JIiHiiHI po3Mipu, 00’eMm, rIMOMHY iHBa3ii Ta cTaH 30H
perioHapHOTO MeTacTa3yBaHHSI — IEBHUX TPy JiMda-
TUYHUX BY3JIiB, IaHi IIPO CTaH TKAHMHHOI'O KPOBOTOKY,
K OOHOro 3 (paKkTOpiB iHiLiabHOI pamgioXiMiOUyTIN-
BocTi [48, 49]. Cnig BiA3HAYMTH, 11O TpaHCPEKTaJbHE
V3]1 3Hai110 3aCTOCYBaHHS MPU MJIaHYBaHHI MiCLIEBO-
ro JIiKkyBaHHSI, a caMe, BUCIYEHHSI MaJIuX pakiB MpsMOi
KMIIIKM i OLIIHKY 3aJIydeHHS 3aTyJILHOTO arapaty. MeTton,
JIO3BOJISIE 3 BUCOKOIO JOCTOBIPHICTIO BUZHAYUTHU ITUOM-
Hy iHBasil myxauHu (T-cTamisg), oco6aMBO MpU paHHIX
(T1-2) cramisx 3axBopioBaHH [50].

PeHTreHosoriuHi miarHOCTMYHI MOCTIIKEHHS 3miii-
CHIOIOTb KOHTPOJIb CTaHY KiCTKOBOI'O Ta TKAHWHHOTIO
aHATOMIYHOro cybCcTpaTy aHajli30BaHOI 30HMU 3 BU3HAa-
YEeHHSIM SIKICHUX XapaKTepUCTUK IyXJIMHU Bif 11 po3-
MipiB 40 O03HaK TpoJiichepaTUBHOTO a00 JeCTPYKTUBHOTO
3pOCTaHHS, 110 3rOJOM Hala€ MOXJIMBICTh IHIAMBILY-
ajizyBaTu napameTpu peanizoBaHoi I1T i cymapHux te-
paneBTUYHUX 103.

MPT 3abesmneuye BHUCOKMI piBeHb KpUTEpiiB, He-
o0xigHux mis miaHyBaHHs BT, ane mae piHaHCOBI 0OMe-
JKeHHs1. BBaxkaeThcs, 1110 Halle(heKTUBHILLIMIA METO Bi3y-
aJIbHOTO 300pakeHHSI ITyXJIMHU, €HIOCTaTUYHUX TIPUCT-
poiB Ta opraHiB pusuky mis 3D-nnanyBanHsa bT — KT.
3anyyenust MPT Ta I1ET 3 KT no muanyBanust bT —
MEePCIEKTUBHUI HAIIPSIMOK, IO TTOTPeOy€e OCHAIEHOCTI
MaTeMaTUYHUM IHCTPYMEHTOM JJisl TOABIMHOTO Ta
MOTPiiTHOTO OKOHTYPIOBAHHS ITyXJIMHU Ta OPTraHiB pU3K-
Ky. 3a pesyasratamu [IET-KT y nmauieHTiB 3 0yAb-sIKUMU
3aXBOPIOBAHHSMU CJIiI peecTpyBaTh HakonmmueHHsT PDI1
3 MiIBUIIEHUM a00 TOMIpHO MiABMILEHUM piBHEM Ta
pO3MipM MATOJOTIYHOTO BOTHMIIIA B OpraHax, IO Bi3y-
afizytotecs. [Ipy 11bOMYy KOHTpPOJIb BOTHUILEBOI 03U,
JIJ1s1 3a0€e3neYeHH rapaHTil SKOCTi, MOBUHEH 3/iliCHIOBA-
THCh METOJAMU MpsIMOi no3umeTpii [37, 38, 51].

soft tissue contrast for pelvic tumors compared to
the CT imaging.

Modern conformal RT, as evidenced by the
research results of recent years, is a radical and
highly effective method of anticancer treatment,
and its addition to the contact RT, namely
brachytherapy (BT), significantly increases its
effectiveness [46, 47]. When planning this local
type of treatment, the diagnostic ultrasound is
used, however a subjectivity in assessment of tumor
boundaries and organs at risk, as well as inaccura-
cies caused by the presence of endostatic devices,
cannot be excluded. At the same time, during the
diagnostic ultrasound procedure in a cancer patient
a scope of data on the localization of primary
tumor, its linear dimensions, volume, depth of
invasion, state of regional metastatic spreading
zones i.e. certain groups of lymph nodes, and data
on the state of tissue blood flow as one of the fac-
tors of initial radiochemosensitivity are received
[48, 49]. It should be noted that transrectal ultra-
sound has become widely used in the planning of
local treatment, namely, excision of small rectal
tumors and assessment of anorectal involvement.
Method makes it possible to determine the depth of
tumor invasion (T-stage) with high reliability, espe-
cially in early (T1-2) disease stages [50].

The X-ray examination data show the condition
of bone and tissue anatomical substrate of the ana-
lyzed area with determination of qualitative tumor
characteristics ranging from its dimensions to signs
of proliferative or destructive growth, which subse-
quently provides opportunity to individualize the
parameters of implemented RT and delivered total
therapeutic doses.

MRI provides high level of criteria required for
the RT planning, but features some financial limi-
tations. It is believed being the most effective
method of visual imaging of tumor, endostatic
devices, and organs at risk for the 3D planning of
BT-CT. Involvement of MRI and PET with CT
data in the planning of BT is a promising approach
requiring a mathematical tool for the double and
triple contouring of tumor and organs at risk.
According to the results of PET-CT, the increased
or moderately increased accumulation of RPD
and size of lesion in visualized organs should be
registered in the patients with any disease. At the
same time a control of the focal dose should be
carried out by the direct dosimetry methods to
provide quality assurance [37, 38, 51].
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Ha cporonHi BcTaHOBJIEHA BHCOKA YacTOTa Miclle-
BOTIOIIMPEHUX (DOPM paKy Ta PEUUIUBIB 3aXBOPIO-
BaHHS 1 LS oOCTaBMHaA IIOTPeOy€E PO3ILIMPEHHS
KJIiHIYHUX TOKa3aHb ISl 3aCTOCYBaHHSI KOMILIEKC-
HUX TIpOrpaM MPOTUITYXJIMHHOTO JIIKYyBaHHS. Y ITUX
YMOBaX 3pOCTa€ pojb METO/IB, 1110 3a0€3MeYyI0Th Ta-
pPaHTIIO SIKOCTi BCiX KOMITOHEHTIB KOMILJIEKCHOI Te-
parmii, Bkiodarouu [T, omHuM i3 IKMX ChOTO/IHI pO3T-
JISIAA€ThCS 3anydeHHs MeTodiB Bizyanizauii (Y31, KT,
MPT ta ITIET-KT) no nuranb 3D-1mutanyBanus 1T, y
tomy uucini BT [51, 52].

I1pu orngai myOmikalifi 111010 BUKOPUCTAaHHS Me-
TOMIB Bi3yasizalii 111 riaHyBaHHg BT y xBopux Ha
pak pi3HOI JoKaii3zalii 0yJ0 BCTAaHOBJEHO MepeBa-
xanusg Y3/ (100 %), KT (80 %) ta pimmre MPT-tex-
nHosoriit. I1pu ubomy gani ITET-texHonorii Oyiu Bu-
kopuctaHi y 20 % Bunaakis [52—54].

3anponoHoBaHUM aJiropuT™ miaHyBaHHs 1T po3s-
MOYMHAETHCS 3 TIEPBMHHOI Ta YTOYHIOUO1 JiarHOC-
TUKU OHKOJIOTIYHOIO 3axBoploBaHHs. Ilpu 11boMy 3a
noriomoro Y31 BM3HAYalOTh JiHIAHI po3Mipy Mmyx-
JIMH, 1110 HiIsraloTb KOH(GOPMHIil nuctaHuiiHii ITT
i bT. Hanpuknan, mast paky IUHAKK Ta Tijla MaTKu
BU3HAYaIOTh IXHi pO3MipH Ta 00’€M, a TAKOX PO3MipH
ypaxkeHHsI i TOBIUMHY HE3MiHEHOI CTiHKM MAaTKM.
HaHi enacrorpagii Ta XapakKTepUCTUKM KPOBOTOKY
BUKOPUCTOBYIOTE st BUOOpy ymoB BT (Bum enmoc-
TaTy, Oro reoMeTpisi) Ta HEmpsAMOi OLIHKU paiio-
XiMiOUYTJIMBOCTI

ITopanbe nnanyBanHs I1T nependavae npoBeaeH-
HSI CaMOCTI{HOTO TOMOMETPUYHOTO JOCIiIKEHHS i3
BBEICHUMU €HAOCTaTaMU Ta KOHTPACTyBaHHSIM Op-
raHiB pusuky. byjio BUsIBIEHO, 1110 Bi3yaJibHa KapTU-
Ha, OTpMMaHa Ha LbOMY eTali 3a gonomMororo Y31,
BUSIBIIIETBCSI MEHIIT iH(POPMATUBHOIO 4yepe3 cy0’eK-
TUBHE CIIPUIHSITTS curHany nopisHsHo 3 KT, ska pe-
aJIbHO BigoOpaka€ He TiJIbKW 30BHIILIIHI KOHTYPH ITyX-
JINHUA Ta OpraHM PHU3MKY, ajic i KiCTKOBi CTPYKTYpH,
KOMOiHOBaHi (MeTaJl i INTACTUK) €HIOCTaTUYHI TIPUCT-
poi Ta AETEKTOPHU JIsT MPSIMOI NO3UMETpii (CTUMHTU-
JISLiiiHi abo TepmooMiHeclieHTHi) [47, 54, 55].

HaHi pizHUX HOCTiIKeHb T03BOJISIIOTh KOHCTATyBa-
™, wo KT-TexHomnoriss gocuth 3arpedyBaHa sl
Bi3yasi3allil eHZoCTaTiB, JETEKTOPIiB AO3MMETPIB, i
BJIacHe, TutaHyBaHHS BT mpu BCix BUIAx MyXJIMHHO-
ro mpollecy, a KOHTaKTHa BHCOKoeHepreTmdHa bT
30epirae CBOO BUpillaJibHY POJIb CTIMKOTO JiKyBaHHSI
MyxXJIMH Y paMKax sK KOMOiHOBaHOro, Tak i ca-
MOCTIfHOTO paflioTeparieBTUYHOrO BILIUBY. [1pH 11b-
omy KT-Ttonmomerpisi MpOBOAUTHLCS IOBTOPHO MpU
pe30pOLil MyXJIMHU BUCOKOTO cTyreHs (rmoHan 50 %)

To date, a high incidence of the locally advanced
forms of cancer and disease recurrence has been estab-
lished that requires the expansion of clinical indica-
tions for the use of complex programs of anticancer
treatment. In these circumstances the role of methods
that ensure the quality guarantee of all components of
complex therapy, including RT, is increasing. One of
the currently considered approaches in this field is the
involvement of imaging methods (diagnostic ultra-
sound, CT, MRI, and PET-CT) in the issues of 3D
planning of RT, including BT [51, 52].

When reviewing the publications on the use of imag-
ing methods for BT planning in patients with cancer of
various localization, the predominance of diagnostic
ultrasound (100 %), CT (80 %) and less often MRI
technologies was established. At the same time, PET
technology data were used in 20 % of cases [52—54].

The proposed RT planning algorithm begins with
the initial and detailed diagnosis of cancer disease. At
the same time linear dimensions of tumors subject to
conformal remote RT and BT are determined by
means of diagnostic ultrasound. For example, for CC
and carcinoma of the corpus uteri their size and vol-
ume are determined, as well as the size of the lesion
and the thickness of the unchanged uterine wall.
Elastography data and blood flow characteristics are
used to select the BT conditions (type of endostat, its
geometry) and indirect assessment of radiochemo-
sensitivity

Further planning of RT involves conducting an
independent topometric study with inserted endostats
and contrasting of organs at risk. It was found that the
visual pattern obtained at this stage with the help of
diagnostic ultrasound is less informative due to the
subjective perception of signal in comparison with
CT, which really reflects not only the external con-
tours of tumor and organs at risk, but also bone struc-
tures, combined (metal and plastic) endostatic
devices, and detectors of the direct dosimetry (scin-
tillative or thermoluminescent ones) [47, 54, 55].

The data of various studies allow to state that CT
technology is quite in demand for visualization of
endostats, dosimeter detectors, and actually the BT
planning for all types of tumor processes, while the
contact high-energy BT retains its decisive role in sus-
tainable treatment of tumors in the framework of both
combined and independent RT impact. At the same
time the CT-topometry is repeatedly performed in
case of a high-grade tumor resorption (more than 50
%) to correct the type and method of endostat place-
ment and the plan of further BT [51, 53, 56].
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JUTS KOPEKIIil BUAY i ClTOcoOy po3TallyBaHHS €HAOCTaTiB
Ta r1a”y nojaieiinoro nposeaeHHst BT [51, 53, 56]

Bukopuctanns MPT, a B octanHi poku IIET-KT Tta
INET-MPT pae ingopmaiiito, 110 CYTTEBO PO3IIMPIOE
MOXKJIMBOCTI iHIMBiTyaabHOro IianyBaHHs [1T, ae 11i Me-
TOAM Bi3yasizallil MaroThb MeBHi (hiHAHCOBI Ta METOAUYHI
OOMEXeHHST y Tpo(iIbHUX JIKYBAIbHUX 3aKiaanax,
OCKIiJIbKY TTIOTPeOYIOTh BUAIEHHST CAMOCTIIIHOTO yacy, Ha-
ssBHOCTI MPT-cyMicHMX €HAOCTaTiB i MEIUYHUX YMOB
npoBeneHHs MPT-gocniakeHHs mpy BBEIEHUX €HA0CTa-
tax. JocnimkeHHsamu nokasaHo, o ITET-KT mae nepe-
Bary niepen, KT npu manysanHi [1T. Touniine mianyBaH-
HSI ONPOMIHEHHSI JO3BOJISIE MiHIMi3yBaTW ONPOMiHEHHS
IHTAaKTHOI TKAHWHHU, 30CCPEIKYIOUM ITPOMEHEBMI1 BILIVB
Oe3rocepeIHbO Ha MyxJIMHi. JliarHOCTMYHA JOCTOBIPHICTh
€ 3HauHo Buoo ;i [TET-MPT npu 3nosikicHux i 100-
POSIKICHMX YTBOPEHHSIX. 3MEHIIIeHa J03a OIMPOMiHEHHS Ta
Kpale po3Ii3HaBaHHS BOTHUII YPAKEHHS, a TAKOX 3Ha4-
Ha Ta CUJIbHA KOpPEJIsILis MixK MeTab0J1i3MOM MyXJIMHU Ta
BHUILIOIO KITUHHICTIO y BorHumax PIIIM paioth 3mory
mmpoko BukopuctoByBaTu IIET-MPT y maiilOyTHROMY
npu IIaHyBaHHI Ta KoHTpoJi KypceiB 1T [38, 39, 57].

HactynHwuii eTan peanizaiii 4iaTHOCTUYHOTO aJlTOPUT-
My — KOHTPOJIb €(eKTUBHOCTI JiKyBaHHSI Ta MOHITO-
puHT pesynasraTiB [1T adbo KoMIIeKCHOI Tepartii, a TaKoX
nudepeHliiiHa AiarHOCTUKA MPOMEHEeBUX YCKIaAHEHb i
peuuauBiB 3aXBOproBaHH. 11 JOCTOBIPHOIO KOHTPO-
JIIO 32 CTAaHOM TI€PBUHHOI'O BOTHMIIA, BUSIBJICHHS peLly-
IUBY abo reHepatizallii OHKOJOTiYHOTO MPOIIECY 3aCTO-
COBYIOTbCS MeToau AiarHocTuku Bia Y3/I no ITET-KT-
TexHostorii [58, 59].

Ha croronni BT B oHKojoriyHux 3akiamax KpaiHu,
npeacTapieHa nepeBaXxHo aBTOMAaTU30BaHUMM 11 BapiaH-
TaMyd 3 OUCTAHUIMHUM MiABEACHHSIM MajaoradbapuTHUX
3aKpUTUX JXKEped BMCOKOI aKTHMBHOCTI Ha OCHOBI
pamioHykiniB ipuairo-192 ("*Ir) a6o kobansry-60 (“°Co)
B IOIEpeIHbO PO3MillleHUX i (pikcoBaHMX Oe3moce-
peIHbO B IyXJIMHI a0o 11 JIoXi iHTpacTaTax abo eHaoCcTa-
tax. IlmaHyBaHHSI, B OCHOBHOMY, IIPOBOIUTHCS 3 BUKO-
puUcCTaHHSIM cucteM 3D-703MMEeTPUYHOro TIJIaHYBaHHS,
1110 BUMarae rpsiMoro KOHTPOJIIO 3alIpOIIOHOBAHOI Ta pe-
aJIbHO MiNBeACHOI 103 BUIPOMiHIOBAHHSI LISIXOM J031-
MeTpil in vivo. IIpoBoauTu 1ie HEOOXiAHO 1JIs1 3abe3mne-
yeHHs TrapanTii sskocti BT Ta mpodinakTukm yckman-
HEHb, SIKi 4aCTO CYIPOBOMIKYIOTh JIiKyBaHHA [53, 60, 61].

BUCHOBKU

TakxuMm ynHOM, mWis riaHyBaHHS KoH@opmHoi 1T i BT
HEOOXiTHO BUKOPMCTOBYBATH Cy4YacHi Bi3yaJlbHi TE€XHO-
JIorii 3 ypaxyBaHHSIM iHTErpOBaHUX KOMII IOTEPHUX
nporpaM OKOHTYPIOBaHHSI MYXJIMHU-MillIeHi Ta OpraHiB

(1) 496

The use of MRI and in recent years of PET-CT
and PET-MRI provides information that signifi-
cantly expands the possibilities of individual PT
planning, but these visualization methods have
certain financial and methodological limitations in
the specialized healthcare institutions, as they
require the allocation of independent time, avail-
ability of MRI-compatible endostats and medical
conditions for MRI examination with inserted
endostats. Studies have shown that PET-CT has
an advantage over CT when planning the RT.
More precise planning of irradiation allows mini-
mizing the irradiation of intact tissues, and con-
centrating the radiation effect directly on tumors.
Diagnostic accuracy of PET-MRI is significantly
higher in malignant and benign neoplasms.
Reduced radiation dose and better detection of
lesions, as well as a significant and strong correla-
tion between tumor metabolism and higher cellu-
larity in the foci of CC allows the widespread use
of PET-MRI in future in the planning and control
of RT sessions [38, 39, 57].

Control of the effectiveness of treatment and
monitoring of the RT or complex therapy results,
as well as differential diagnosis of radiation com-
plications and disease relapses is the next stage of
implementation of diagnostic algorithm. A range
of diagnostic methods from ultrasound to PET-
CT technologies are used to reliably monitor the
state of primary focus, detect recurrence or gener-
alization of cancer process [58, 59].

Currently the BT in cancer healthcare institu-
tions countrywide is mainly represented by its
automated variants with remote delivery of the
small-sized closed sources of high activity based
on Iridium 192 ("*Ir) or Cobalt 60 (**Co) radionu-
clides in the pre-placed and directly fixed in tumor
or its bed intrastats or endostats. Planning is main-
ly carried out using the 3D-dosimetric planning
systems requiring a direct monitoring of the pro-
posed and actual delivered radiation doses by
means of in vivo dosimetry. The latter is necessary
in order to guarantee the quality of BT and prevent
complications that often accompany treatment
[53, 60, 61].

CONCLUSION

Thus, for the planning of conformal RT and BT it
is necessary to use contemporary visualization
technologies taking into account the integrated
computer software for contouring the target tumor
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pusuky 3a MPT-, KT- ta IIET-KT-texHojorismu
BiAMTOBiAHO 10 C(POPMYIbOBAHUX paaioTepaneBTaMU Ta
MeIMYHUMHA (Pi3KaMu BUMOT 11010 (POpPMYBaHHS Tepa-
MEBTUYHOIO JI030BOI0 PO3IOALTY Y TPhOX ILIOIIMHAX Ta
00’eMi, 1110 Ta€ MOXKJIMBICTh ONTUMi3YBaTHU 3aBAaHHS 3a
00CSroM OINMPOMiHEHHS Ta 3HMXKYBAaTH 1030BE HaBaHTa-
KEHHS$1 Ha opraHu pu3uky. MPT i TpaHcaHanbHe eHa0C-
KOITiYHE YJbTPa3BYKOBE AOCHIIXEHHS 3aJIMIIalOThCs
KJIIHIYHMM CTaHIAapTOM JIs1 BCTAHOBJIEHHSI CTaii 3aXBO-
proBaHHs. TexHOJIOriYHMI mporpec A03BOJUB PO3LIUPU-
TH KiJbKiCHY (PYHKIIOHAJIBLHY OIIIHKY 3a HOITOMOTOIO
MPT Ha nocitimKeHHsI BCbOIO Tijla 3 TOUHMM BU3HAYEH-
HsM cTafii paky. OcobnuBa nepeBara IIET-KT nmossirae
B 10JaTKOBOMY BUSIBJICHHI MeTacTas3iB y Malaux JiMda-
TUYHUX By3/JIaX B HeIlepeadaYeHMX Ta30BUX i MaXOBMX
JiM(aTUIHUX By3JIaX, a TAKOX BUSIBJICHHS IPUXOBAaHUX
BigmaneHnux MetacrtasiB. Kpim Toro, IIET-KT Hanmae
iHopMalio nmpo 6ioJoriyHi 0COOJMBOCTI MyXJIMHHUX
ypaxkeHb, TakKi SIK MeTa0oi3M, TiMoKcisli Ta mpoJiide-
paiisi, IKi MOXYTh iIeHTHU(IKyBaTH pamiope3MCTeHTHI
TJSTHKY Ta BAKOPYMCTOBYBATH iX [IJIs1 ONITUMI3allii IJIaHiB
JikyBaHHs . Tomy 3anyyeHHss MPT-, ITET-KT- no ma-
nyBaHHs KoHdopmHoi I1T i BT BumpaBgane, He3Baxka-
[04M Ha 30iJblIeHHS eKoHOMiuHuX BuTpaT Ha I1T, moka-
3aHHS [0 SIKOI MaloTh OYTWM pPO3IIMPEHi, OCOOJIMBO B
nepioa HaaA3BMYAMHOI CUTYaLlil.

IlincymoByrouu, ciig 3azHauutu, 1o IIET-KT-mo-
CJTiIKEeHHS € 00’ EKTUBHUM METOJIOM OOCTEXXEHHS XBOPUX
3 MicueBonompenuM PIIM sk npu repBMHHOMY ILTa-
HyBaHHi 06araTOKOMMOHEHTHOTO JIiKyBaHHsS, TakK i Mpu
JUHAMIYHOMY CITOCTEePEXEHHI XBOPUX 3 MiA03POI0 Ha Te-
Hepaizalilo 3axBoproBaHHS. 1o MiarHOCTMYHOIO ajro-
putMy mnpu obctexkeHHi xBopux Ha PHIM HeoOximHO
Bximoyatu ITET, oco611BO y BUnagkax OLiHKW mapaMeT-
paJibHOI KJIITKOBUHM, YpaXKEHHS perioHapHUX i Biggase-
HUX JiMpaTuyHuX By31iB. KpiMm Toro, Beiamke 3HaYeHHS
mae ITIET y BM3HAyeHHi MeTacTaTUYHOI AMCEMiHallil,
JiarHOCTULI peLMaAUBY MyXJIMHU, BUOOPi CTpaTerii Ta Tak-
TUKM JTIKyBaJTbHUX 3aXO/iB i OILiHII IXHBOI €(PEKTUBHOCTI.

TakuMm 4MHOM, JJI1 OHKOJIOTIUHMX TIAlli€HTIB TO3UT-
poHHo-eMiciitHa Tomorpadis ITET-KT yacto Bukopuc-
TOBYETLCS JJIS1 BA3HAYEHHS CTail, 3MiHU CTajii, TpuBa-
JIOTO CITOCTEPEKEHHSI, TUTAaHyBaHHSI JiKyBaHHSI Ta IIPOT-
HO3YBaHHS BiJITOBi/li Ha JTiKyBaHHS.
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and risk organs using MRI, CT, and PET-CT
technologies in accordance with requirements for
the formation of therapeutic dose distribution in
three planes and volume, formulated by radiother-
apists and medical physicists, which allows to opti-
mize the task by the volume of irradiation and
reduce the dose load on organs at risk. MRI and
transanal endoscopic diagnostic ultrasound
remains the clinical standard for disease staging.
Technological progress has made it possible to
expand the quantitative functional assessment
using MRI to examine the whole body with accu-
rate determination of cancer stage. The additional
detection of metastases in small lymph nodes, in
unexpected pelvic and inguinal lymph nodes, as
well as the detection of hidden distant metastases is
a specific advantage of PET-CT. In addition,
PET-CT provides information on biological fea-
tures of tumors, such as metabolism, hypoxia and
proliferation, which can help to identify the
radioresistant areas and use them to optimize the
treatment plans. Therefore, involvement of MRI
and PET-CT in the planning of conformal RT and
BT is justified, despite the increase in economic
costs of RT, the indications for which should be
expanded, especially in the period of emergency
situation.

In conclusion, it should be noted that PET-CT
is an objective method of examination of patients
with locally advanced CC both in the initial plan-
ning of multicomponent treatment and in the sur-
vey of patients with suspected disecase generaliza-
tion. PET should be included in diagnostic algo-
rithm when examining the CC patients, especially
in cases of visualization of parametrial tissue or
involvement of regional and distant lymph nodes.
In addition, PET is of a great value in the deter-
mining of metastatic dissemination, diagnosing of
tumor recurrence, choosing of strategy and tactics
of treatment arrangements, and evaluating their
effectiveness.

Thus, PET-CT is often used for staging, long-
term follow-up, treatment planning, and predict-
ing the response to treatment in cancer patients.
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