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PE3IOME

LMPKYMIOOYi  MyXAWHHI KNiITUHW, MeTacTa-  AKTyanbHicTb. MetacTtasdyBaHHA € MPOBIQHOI MPUYMHOK CMEPTi MOB’A3aHOI i3 pakom,
3yBaHHA, TEXHONOriI BMAINEHHA UMPKYMio- @ 34aTHICTb MYXAMHHUX KNITUH MirpyBaTu Yyepes3 HaBKOMULLHI TKaHWHWU Ta iHTpaBasyBaTh

HYUX NYXIMTUHHUX KIiTUH.

AAS KOpECNOHAEHLi:

Yy KPOBOHOCHI 4M mMiMpaTW4Hi CyOMHN — Le BaXIMBUI MPOMIKHWA eTan y nepexogi
BiJ, OKani3oBaHOro 3axBOPIOBaHHA [0 cucTemHoro. Big 5 po 10% ycix Bunagkis
PO3MOBCIOKEHOIO paKy MeTacTaTU4yHe YPaXeHHS BUSABMAETbCH PaHille MepBUHHOT
nyxnvHu. B ocHOBi MeTacTa3dyBaHHSA € 30aTHICTb NYXIMHHUX KITITUH 3anuwati NepBUHHUN
ocepefoKk Ta MOTpanisTV Yy CUCTEMHUIA KPOBOOOIN, Lie Tak 3BaHi LIMPKYIOOYI MyXIMHHI

nadkux ®edip Bornodumuposuy KMITUHW. PaHHE BUABMNEHHS BKas3aHWX KMITUH MaE BMCOKY [iarHOCTUYHY LiHHICTL Ta
[epxaBHa ycTaHoBa «IHCTUTYT MeaudHoi ~ MOXE CNyryBaTi BCMEeLMIYHAM MPOTHOCTUYHAM MapKepoM eeKTUBHOCTI NiKyBaHHS,
pagionorii Ta oHkonorii im. C.MN. Mpurop’esa WO O6lyMOBJ'I.}0€ .,qouianicn? aHanisy Ta ysaranbHeHHS Cy4acHux Bi,E.I,OMOCTeIZ oao
HaLjoHanbHOi akafeMii MeauuHux Hayk — NIAXOAIB 4O KiNbKICHOTO Ta AKICHOTO aHanisy LMPKYTMIOUMX MYXIMHHAX KNITUH.

YkpaiHu», Biggin pagionorii, rpyna npome- ~ MeTa po6oTn — oxapakTepusyBaTu CydacHi AiarHOCTUYHI Ta nNiKyBamnbHi MOXINBOCTI

HeBoI Tepanii;

BUAINEHHA LMPKYNOKRYNX MYXITUHHUX KIiTUH.

Byn. MyLukiHcbka, 6ya. 82, Xapkis, Ykpaina, Martepianu Ta metoau. llowyk niTepaTypHUX [PKEPEN MPOBOAUNM 32 KIIHOHOBUMM

61024: CroBamu: LMPKYIOIOYi MyXIMHHI KNITUHW, MeTacTasyBaHHS, Mirpauis Ta iHBasis, TeXHomnorii
e-mail: fedir.hladkykh@gmail.com BUAINEHHA LMPKYMIOYMX MYXIIMHHUX KNITUH, peuenTop-niraHaHi B3aeMopii LIMPKYniow-
4MX MNYXNWHHUX KNiTMH. Ha pgpyromy etani BuBY4anucb pestome cTaterd Ta BUKIIO-
yanucb nybnikauii, siki He BignoBiganu KpuTepisM OocnimkeHHs. Ha TpeTboMy eTani
© KpacHocenbebkuti M.B., Madkux ®.B., BMBYanu MOBHi TEKCTW BiAibpaHnx cTaTeil Ha BIANOBIAHICTL KPUTEPIAM BKIIOYEHHS

Py6nboea T.B., KyniHiy I"'B.,
Komoposcekuti PP, 2023

[0 CMUCKY MiTepaTypu Ta peneBaHTHICTb AOCHIIKEHb.

Pe3ynbraTt Ta ix O6GroBOopeHHs. Y MOpPIBHAHHI 3i 3BUYaniHO Oioncieln, JOCNioKEHHS
LMPKYMIOYNX MYXIIMHHUX KITITUH € BiGHOCHO HeAOpOrMM Ta HeiHBasuBHUM METOAOM,
TOMY MOro MOXHa noBToptoBaTh Barato pasiB nig yac Tepanii, Wo pobuTb L0 MeToANKY
NOTYXHUM iHCTPYMEHTOM MOHITOPUHIY PO3BUTKY paky. 3 Ormsdy Ha HWU3bKY KinbKiCTb
LMPKYMIOYMX MYXIMHHWX KITITUH Yy LiNbHIN NepudepuyHii KpoBi, iX BUOKPEMIIEHHS
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AAS LUTYBAHHS:

€ BUpiWanbHUM KPOKOM AN noganblioro aHanidy. MOHITOPUHr BMICTY LIMPKYMIORYNX
NyXNMHHUX KNiITUH Nig Yac Tepanii — ue iHCTPYMEeHT, SKuiA [03BOMsE OUiHUTW PO3BUTOK
3aXBOPIOBAHHA B pEeXWMi peanbHOrO 4acy, HaBiTb [0 MOSBM SIBHUX KHMiHIYHUX
03HaK peumauBy. 3MEHLLEHHS KiNbKOCTi LMPKYMIOYMX NYXIIMHHMX KMITUH Micns onepauii
Ta/abo ximioTepanii, MMOBIpHO, € O3HaKow pemicii. HaBnaku, 3GiNblIEHHSA KiNbKOCTI
LMPKYMIOYUX MYXIIMHHMX KIMTITUH BKa3ye Ha peakTuBaLlilo 3aXBOPIOBAHHS.

BucHoBKku. ByacHe BWSIBNEHHS Ta XapakTepucTuvKa LMPKYMIOYMX MYXAUHHKUX KIITUH
€ HOBOW CTpaTericlo MpOorHo3yBaHHA Ta igeHTudiKauii peunauBy OHKOMOriYHOI naTo-
norii. Lupkyntotodi  NyxnuHHIi  KNiTUHW, BUSIBMEHi OO Ta Nicns ap’toBaHTHOI Teparnii,
npomeHeBoi Tepanii abo XipypriyHoi pesekuii MepBWMHHOI NyxnuHKW, Oynu onwucaHi
SK He3anexHi akTopu puanky peumamnBy Ta CMepTi.

KpacHocenbcbknii M.B., Magkux @.B, Pybneosa T.B., KyniHiy B., Komoposcbkuin P.P. HapatueHuii ornsa giarHoc-
TUYHMX Ta NiKyBanbHUX MOXIMBOCTEN BUAINEHHS LMPKYMIOIOYMX NYyXIMHHUX KNITUHW. YKpaiHcbkul padionoeiqyHuli
ma oHkonoeiqHutl xypHan. 2023. T. 31. Ne 1. C. 110-123. DOI: https://doi.org/10.46879/ukroj.1.2023.110-123
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ABSTRACT

Background. The spread of metastasis (metastasizing) is the leading cause of cancer-
related death, and the ability of tumor cells to migrate through surrounding tissue and
to intravasate into blood or lymphatic vessels is an important interim step in the transition
from localized to systemic disease. In 5% to 10% of all cases of advanced cancer,
metastatic lesions are detected before the primary tumor. The cellular basis of metastasis
is the ability of tumor cells to leave the primary focus and to enter systemic circu-
lation, i.e., the so-called circulating tumor cells. Early detection of these cells is of high
diagnostic value and may serve as a specific prognostic marker of treatment effective-
ness. Therefore, it is a rationale for review and analysis of state-of-the-art information
on approaches to quantitative and qualitative analysis of circulating tumor cells.

Aim - to characterize current diagnostic and therapeutic potential of isolation of circu-
lating tumor cells.

Materials and methods. Literature search was performed with the following keywords:
circulating tumor cells, metastases, migration and invasion, technologies of circulating
tumor cells isolation, receptor-ligand interactions of circulating tumor cells. On the second
stage, article abstracts were screened and non-relevant publications were excluded.
On the third stage, full-text articles were assessed for meeting the inclusion criteria for
the list of references and for the relevance of studies.

Results and discussion. As compared with conventional biopsy, the study of circulating
tumor cells is a relatively inexpensive and non-invasive method, so it can be repeated
many times during therapy, which makes this technique a powerful tool for monitoring
the development of cancer. Given the low number of circulating tumor cells in whole
peripheral blood, their isolation is a decisive step for further analysis. Monitoring the
content of circulating tumor cells during therapy is a tool that allows you to evaluate
the development of the disease in real time, even before the appearance of obvious
clinical signs of relapse. A decrease in the number of circulating tumor cells after surgery
and/or chemotherapy is likely to be a sign of remission. In contrast, an increase in
the number of circulating tumor cells indicates a reactivation of the disease, which
should lead to a re-examination of therapy.

Conclusions. Early detection and characterization of circulating tumor cells is a new
strategy for predicting and identifying the recurrence of cancer pathology. Circulating
tumor cells detected before and after adjuvant therapy, radiotherapy, or surgical resec-
tion of the primary tumor have been described as independent risk factors for tumor
recurrence and death.

Krasnoselskyi MV, Hladkykh FV, Rubleva TV, Kulinich HV, Komorovsky RR. A narrative review of diagnostic and
therapeutic potential of isolation of circulating tumor cells. Ukrainian journal of radiology and oncology. 2023;31(1):110-123.
DOI: https://doi.org/10.46879/ukroj.1.2023.110-123
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BUKOHaHHA 2022—-2024 pp., HayKOBi KEPiBHUKN — Oupek-

Top |HCTUTYTY, [OKTOp MeguuyHMX Hayk, npodecop
M.B. KpacHocenbCbkui, [OKTOP MEeOUYHUX HayK, npo-
decop B.M. CtapeHbkuiA.
BCTYN
MeTtacTasyBaHHs BWCTynae npOBIOHOK  NPUYMHOKD
CMepTi MOB'A3aHOi i3 pakoM — Ha HbOro mnpunagae

6nmnsbko 90% cmepTen, a 34aTHICTb MYXIMHHWUX KNiTWH
MirpyBatu 4epes HaBKOMNULLUHI TKaHWHW Ta iHTpaBasyBaTu
Y KPOBOHOCHI 4M niMaTUYHi CyaMHU € BaXIUBUM
NMPOMDKHMM €TanoMm, Yy nepexody BiA nokanisaoBaHOro
3axBOPIOBaHHSA Ao cuctemHoro [1, 2, 3]. Big 5 o 10% ycix
BMMNagKiB PO3MOBCIOAXKEHOrO paky MeTacTtatudHe ypa-
XXEHHS BUABMSETLCA PaHille NepBUHHOI NyxnuHu [4].

B ocHOBi MeTacTasyBaHHs € 30aTHICTb MYXIMHHKX
KNiTUH 3anuwaTty NepBUMHHUIA ocepedok Ta MnoTpannsTtu
Yy CUCTEMHWIA KPOBOODGIr, A€ BOHW Ha3nBalTbCA LUPKY-
noYMMK  NyxXnuHHUMK  knitudHamm  (UNK). YactuHa
LMK spatHa npoHvkatu y BigdaneHi micua ta 36epira-
TUCS Y BUMSsAi AUCEMIHOBAHMX MNYXJIMHHUX KIiTUH.
OKpeMi MyXMWHHI  KNiTUHW MOXYTb 3YMUHATW MpoLecu
noginy nicns MOLWMPEHHst Ta 30epiratuca y CTaHi CMoKO
6inbwe 10 pokiB, JOKM YMOBWM HaBKOMULLHBLOIO cepeno-
BMWA He [agyTb BIiOMOBIAHMX CUrHamiB Aans novaTky
nponidepadii [3]. Jwe yacTnHa 3 HUX 3gatHa Nporpecy-
BaTM [o MertactasiB [4]. AganTauia OO HOBOrO MiKpo-
OTOMeHHA Ta nponidepauis OAHIEI NYyXNMMHHOI  KNITUHK
y BigAaneHin ginaHui notpebye nnacTuYHOCTI, Ky KNniTuHa
noBuHHa matu abo npugbatv, wob po3BUHYTUCH A0
metactasy [3]. MoxnueicTe BuaineHHa LMK y naudieHTiB
0O BUSIBMEHHS TMEPBUMHHOI MNyXNMHM Ta ix 30epexeHHs
Yy KpOBOOOIry Aeskux nauieHTiB nicns 1i BUMOANEHHs,
cnyryBanum OCHoBOK KoHuenuii  LIMNMK-onocepeakoBaHoi
OLHKM NYyXIMHHOTO THAraps Ha BCiX CTajiax nporpecy-
BaHHS MyxnuHu [5].

Monpwu Te, WO BMCOKOArpeCuBHI MyXMUHW LLOAHS BUKK-
[alTb TUCAYI pakoBMX KMiTMH y kpooobir, LMK cknapa-
I0Tb OOCWUTb PigKICHY nonynsuito B KpoBi [4]. BugineHHs
xuTTespatHux LINK po3sonsie oxapaktepusyBaT ix mone-
KynsapHy Ta dyHKUiOHanNbHy XxapakTepucTuky. Xpomo-
COMHi nepebynoBM MOXHA BUBYATU 32 JOMOMOIOK HU3KU
MeToAIB, 30Kkpema iHTepdasHo ryopecLUeHTHO ribpu-
ausadieto in situ. Kpim Toro, cekseHyBaHHs [OHK HacTyn-
HOro MOKOMiHHS [03BOMSE BMBYATW CMEKTp MyTauin
y reHomi B LMK [4]. [JocnimxeHHs OCTaHHIX pOKiB
BKa3yloTb Ha TeHOEHUilo [0 nepexogy napagvurmu
nepcoHichikoBaHOro nikyBaHHSA Big [[OCHIAXKEHHA MeTa-
CTasiB 40 BUBYEHHHA ANCEMIHOBAHMX MYXJIMHHMX KITiITWH
Ta UMK, wo mae Ha meTi 3milleHHs OOKYyCy 3 FiKyBaHHS
MeTacTasiB Ha 3anobiraHHs meTacTasam [4].

MeTta po6oTn — oxapakTepudyBaTu Cy4yacHi AiarHoc-
TWYHI Ta NiKyBanbHi MOXIMBOCTI BUAINEHHS LMPKYIHOH-
YUX MYXTMHHUX KNiTWH.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mig6ip ny6nikauin BMKOHaHO 3a 6GasamMuM [OaHuX
PubMed (https://pubmed.ncbi.nim.nih.gov/), eBook Busi-
ness Collection (https://www.ebsco.com/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/) Ta Google Scholar
(https://scholar.google.com/) ony6nikoBaHux y nepiog
2003-2023 pp., Yy SKMX BUCBITNIOBANUCb BiJOMOCTI Npo

led by Director of Institute, Doctor of Medical Sciences,
Professor M.V. Krasnoselskyi; Doctor of Medical Sciences,
Professor V.P. Starenkyi.

INTRODUCTION

Metastasizing is the leading cause of cancer-related
death, accounting for about 90% of deaths, and the ability
of tumor cells to migrate through surrounding tissues
and to intravasate into hematogenous or lymphatic
vessels is an important intermediate step in the transition
from localized to systemic disease [1, 2, 3]. In 5% to 10%
of all cases of advanced cancer, the metastatic lesions
are detected before the primary focus [4].

The principle of metastasizing is the ability of tumor
cells to leave the primary focus and enter the systemic
circulation, where they are known as circulating tumor
cells (CPC). Some of these CPC are able to penetrate
into distant places and to persist there in the form of
disseminated tumor cells. Some tumor cells which
have spread, can stop the division processes afterwards
and can persist in this resting («frozen») state even
for more than 10 years, until environmental conditions
give appropriate signals to start proliferation [3].
Only some of them are capable of progressing to
metastases [4]. Adaptation to a new microenvironment
and proliferation of a single tumor cell in a remote area
requires plasticity, which the cell must have or acquire
in order to develop to a metastasis [3]. The possibility
of isolating CPC in patients before the detection of
the primary tumor and their preservation in the circulation
of some patients after the tumor removal serves as the
basis for the concept of CPC-indirect assessment of
tumor burden at all stages of tumor progression [5].

Despite the fact that highly aggressive tumors release
thousands of cancer cells into the bloodstream every day,
CPC constitute a fairly rare population in the blood [4].
Isolation of viable CPC enables their molecular and
functional characterization. Chromosomal rearrangements
can be studied using a number of methods, including
interphase fluorescence in situ hybridization. Besides,
next-generation DNA sequencing allows studying the
spectrum of mutations in CPC genome [4]. Recent studies
reveal a tendency to a shift within the paradigm of
personalized treatment from the study of metastases
to the study of disseminated tumor cells and CPC.
This, actually, transfers the focus from treatment of
metastases to prevention of metastases [4].

Aim — to characterize current diagnostic and thera-
peutic potential of isolation of circulating tumor cells.

MATERIALS AND METHODS

Literature search of studies published within
2003-2023 and containing information on circulating
tumor cells was performed utilizing the online databases

PubMed (https://pubmed.ncbi.nim.nih.gov/), eBook
Business Collection (https://www.ebsco.com/), Clinical
Key Elsevier (https://www.clinicalkey.com), Cochrane

Library (https://www.cochranelibrary.com/) and Google
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LUMPKYMIOOMi - NYXNWHHI - KNiTUHW.  Ha nepwomy eTani
NpoBOAWMM MOLUYK NiTepaTypHUX [HKEpen 3a KI4YoBUMMU
CMOBaMU: LIMPKYITHOKOMI MYXMWHHI KNITUHW, MeTacTasyBaHHS,
Mirpauisa Ta iHBasis, TexHonorii BUAINEHHS LMPKYNoYnX
NYXAWUHHUX KNITUH, peuenTop-nirangHi B3aemogil LMpKynto-
IOYNX MYXIMHHKUX KNiTMH. Ha gpyromy eTani BvBYanucb
pestoMe cTaTern Ta BUKMKYanNMCb nyonikauii, sk He
BignoBiganu Kkputepiam gocnigkeHHs. Ha Tpetbomy eTani
BMBYanNM MOBHi TEKCTM BigibpaHuMx cTaTen Ha BigNOBIA-
HICTb KpUTEPISM BKIOYEHHA [0 CMUCKY niTepatypu Ta
peneBaHTHICTb AOCNIAXEHb.

PE3YABTATU TA iX OBrOBOPEHHS

CyyJdacHe ySBA€HHS KaCKaAy (iHBasifs-meTacTasn

MeTacTasyBaHHs € CKNaZHUM NPOLECOM, SKWUIA BKIOYaE
Kinbka nocnigoBHMX Ta B3aeMOMNOB'A3aHMX eTaniB Ta
Garato GioximiuHux nogin [1]. OucemiHauilo NyXNMMHHUX
KNiTUH MOXHa BMKNACTW Yy HACTYMHIN NOCMiAOBHOCTI:
1) nokanizoBaHa iHBa3is 4epe3 6asanbHy MemOpaHy
nig vac 3nosikicHoi nporpecii [6, 8]; 2) iHTpaBasauis
B CUCTEMW reMaToreHHoi uu nimdaTnyHol umMpKynsauii, wo
3abe3neyye TpaHCMOPT Yepe3 LMPKYMsUito Ta B3aemopito
3 KOMMNoHeHTamu KpoBi [9]; 3) BWxXMBaHHA B KpOBOOOLIry
3a paxyHOK KOHKypeHLUil 3 LMPKYyNIoYMMU  iIMyHHUMUA
KniTUHaMu, BTpaTU KNITUHHO-KNITUHHUX 3'€QHaHb | Hanpyrm
3cyBy [10]; 4) 3ynuHka B KaninspHOMy pycni pi3HUX
opraHiB [4]; 5) ekcTpaBa3alisi Ta Mmirpauis B 4yxe Mikpo-
cepefoBMLLE 3 HACTYMHOHK KOJMOHI3auield 3 YyTBOPEHHSAM
MmikpomeTacTasis [7]; i 6) cTumynsuis adrioreHesy, LWO
npu3BoAMTb [0 3pOCTaHHSA  METaCTaTUYHUX  MyXIUWH.
OpHak uer npouec € ayxe HeedeKTUBHUM, i MeHLue
0,01% UMK patotb meTactasm [11].

MirpauinHa Ta iHBa3uBHa 3pgaTHicTe LMK € gBoma
KPUTUYHUMKU NapameTpamMu MeTacTaTuyHoro kackagy [1].
3a HopManbHUX YMOB, MNPV BiOOKPEMIMEHHI MYyXIUHHI
KNMiTUHKW, NogibHO OO0 HEe3MiHeHUX eniTenianbHUX Ta eHao-
TenianbHWX KMiTWH, 3a3HatoTb 0COBMMBOro BMAYy anonTosy —
SIBMLLE aHOiKiCy, IO MpU3HA4YeHUn anst 3axucTty OGararto-
KNITUHHMX OpraHi3miB Big TOro, WO KMITUHW 3aKpinmoTbCs
3a Mexamy CBOrO MpaBUIIbHOrO aHaTOMIYHOro posTaluy-
BaHHA [6]. EkcTpaBasauis nounHaeTtbcs, konm LMK
JocsaralnTb Manux Kaninspis, NPUKPINOITLCA 00 €HOo-
Tenito Ta nigoalTbCa TpaHceHgoTenianbHin Mmirpadii [6].
IHWK1M mexaHisMoM BucTynae 3gatHicTb LMK yTBOoptoBaTn
emMbonu y MIKpOLMPKYNSTOPHOMY pYCri ki  3peLuToro
pospuBatoTb cyauHy [12]. EHpoTenianbHi KNITWUHW, SKi
YTBOPKOKTbL BHYTPILUHLOCYAUHHY OOOMNOHKY KPOBOHOCHMUX
Ta niMaTMyHUX CyauH, BUSBMSOTb BUCOKY reTeporeH-
HiICTb Y CTPYKTYpi Ta yHKUiAX Ta Bigpi3HATLCA
y pi3HMX opraHax i, TakuM YMHOM, BMMUBaOTb Ha Micue
ekcTpasasauii LIMK. Kaningpu B nediHui Ta KicTKOBOMY
MO3KY, SIKi Ha3MBalTbCA CUHYCOiJaMu, BUCTENeHi deHe-
CTPOBaHUMW eHAOTeNianbHUMK  KniTMHaMn Ta nepepuB-
yactolo 06asanbHOK NNACTMHKOW, LWO ChpUsie  KpaLwin
ekctpaBasauii LMK [13]. Came TOMYy ogHUM i3 HaW-
nowmpeHiwnx Micub xoymiHry LMK BucTynatoTb KicTku
Ta MeviHka, B TOMYy 4uCni Ans NEepBUHHUX 3MOSIKICHUX
HOBOYTBOPEHb, TaKWX $IK KONMOpEKTanbHUA pak i pak
nerexiB [1]. B ToM xe 4ac, eHOOTenNin nereHeBmx Kaninsapis,
HaBMaku, Mae LWinbHi 3'egHaHHs Ta 6a3anbHy MembpaHy,
a CTiHKM Kaninsapis rorioBHOr0 MO3Ky A0OATKOBO YKPinneHi
nepuuMTaMm Ta BiApOCTKaMM acTpouUMTIB, pa3om YyTBOpIO-
toun rematoeHuedaniyHuin G6ap’ep [14]. Mpote ocobnu-
BOCTi €HAOTEenNit0 CyauMH MIKpPOLUMUPKYNSTOPHOrO pycrna €

Scholar (https://scholar.google.com/). On the first stage,
literature search was performed with the following key-
words: circulating tumor cells, metastases, migration and
invasion, technologies of circulating tumor cells isolation,
receptor-ligand interactions of circulating tumor cells.
On the second stage, article abstracts were screened and
non-relevant publications were excluded. On the third
stage, full-text articles were assessed for meeting the
inclusion criteria for the list of references and for the
relevance of studies.

RESULTS AND DISCUSSION

Current views on the cascade

winvasion-metastasisn
Metastasizing is a complex process involving several
sequential and interrelated stages and many biochemical
events [1]. Dissemination of tumor cells can be described
in the following sequence: 1) localized basement
membrane invasion during malignant progression [6, 8];
2) intravasation into blood or lymphatic vessels, providing
transport through circulation and interaction with blood
components [9]; 3) survival in the blood circulation due to
competition with circulating immune cells, loss of cell-cell
connections and shear stress [10]; 4) deposition in the
capillary bed of various organs [4]; 5) extravasation and
migration to alien microenvironment with subsequent
colonization with the formation of micrometastases [7];
and 6) stimulation of angiogenesis, leading to the growth
of metastatic tumors. However, this process is very

inefficient, and less than 0.01% of CPC metastasize [11].
The migration and invasive capacity of CPC are
the two critical parameters of the metastatic cascade [1].
Under normal conditions, when separated, tumor cells,
similar to unchanged epithelial and endothelial cells,
undergo a special kind of apoptosis, anoikis phenomenon,
which is designed to protect multicellular organisms
from cells being anchored outside their proper anatomical
location [6]. Extravasation begins when CPC reache
small capillaries, attach to the endothelium, and undergo
transendothelial migration [6]. Another mechanism is the
ability of CPC to form emboli in the microvasculature,
which eventually rupture the vessel [12]. Endothelial cells
forming the intravascular layer of blood and lymphatic
vessels, exhibit extremely high heterogeneity in structure
and function and differ in various organs and this has
an impact on the site of CPC extravasation. Liver and bone
marrow capillaries, also known as sinusoids, are lined
with fenestrated endothelial cells and an intermittent
basement membrane, which contribute to better extra-
vasation of CPC [13]. That is why bones and liver
represent one of the most common sites of CPC homing,
for, e.g., primary malignancies such as colorectal and
lung cancer [1]. the endothelium of the pulmonary
capillaries, on the contrary, has tight connections and
a basement membrane, while brain capillaries are
additionally strengthened by pericytes and astrocytic pro-
cesses, forming together a hematoencephalic barrier [14].
However, the features of the endothelium of micro-
vasculature vessels are far from the only factor in the
process of metastasizing. The metaphorical «self-
seeding» hypothesis is based on observations that diffe-
rent types of cancer show a tendency to metastasize to
different organs, and suggests that certain organs are
conditionally more «hospitable» to CPC than the others [15].
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[aneko He €OUHMM YMHHMKOM Yy MPOLEeCi MeTacTadyBaHHS.
MeTadpopuyHa rinotesa «HaciHHA Ta r'pyHTy» GasyBanacs
Ha CrOCTEPEXEHHSIX, WO Pi3Hi BUAW paky BUSABMSOTb
CXWMBHICTb A0 MeTacTasyBaHHSA B Pi3Hi opraHu, i nepea-
f6ayae, WO neBHi opraHn € YMOBHO Oinbll «FOCTUHHI»
ansa UMK, Hix iHwi [15].

Ha cborogHi po3yMiHHA MexaHi3My MPOHUKHEHHS MyX-
NIMHHUX KNITUH B NiMdaTuyHy cucteMmy Ta/abo KpoBOOOir
yepes npouec akTMBHOI Mirpauii, nacmeHo abo oboma
cnocobamu, 3anuwaeTbCa KMiHIYHO Ta HayKoBO HEBUPI-
LWEHUM NuUTaHHAM [16]. Joosse S.A. Ta chiBaB. BUAINAOTb
KPYXMMBI» Ta «MOBINbHI» MyXMUHHI KNiTUHK [3]. «PyxnuBi»
NYXNWHHI KMNITUHA — Le KNiTMHW, ski Habynu 3pgaTtHocTi
pyxaTucst Kpi3b MO3aKMNiTUHHWIA MaTpPUKC Ta MpOHMKaTH
y 06asanbHi MeMOpaHu Ta eHpoTenianbHi  CTiHKM npu
iHTpaBasauil Ta ekcTpaBasauil. Lli akTuBHi MexaHiamu
Mirpauii nepegb6avatoTb MoauQikauito KniTMHHOT Mopdo-
norii, MNOMOXEHHA Ta HaBKOMULWIHBLOI TKaHuMHK [17].
«MOoGinbHI» NyXMUHHI KMITUHM NEPEMILLYIOTLCS  30BHILLI-
HiMW cunamu, TakMMU K PICT MNYXMWHK, MEXaHiyHi cunm
abo TepTs, AKi 3MYLLYIOTb iX 3MiLyBaTMCh 3 Micus [18].

Mepwi npunyweHHs woao poni UMK y npoueci meta-
CTasyBaHHs CcOpMynbOBaHO MoHa4 niBTOpa CTOMITTA
Tomy [19]. Ashworth T.R. y 1869 p. onucaB HasiBHiCTb
NYXAUHHUX KNITUH, CXOXMUX Ha KIiTUHW NEePBUHHOI NyX-
NUHW, B KPOBi NOOAUHW 3 MeTacTatuyHum pakom [20].
Y cuctemi kpoBoobiry LK cTukawTbca 3 HK3KOWO
disionoriyHnx nepewkoa, SKi NpPoTUAilTb MeTacTaTuy-
HoMy npouecy. [Mo-neplie, uUe BenWYesHi cunu 3cyBy
Ta 3ITKHEHHSA 3 KNiTMHaMW KPOBI, LLO BUHWKaKOTb Nig 4vac
KpoBoToky. Mo-apyre, LMK noBuHHI BMXMBATWM B KPOBO-
Toui ©e3 B3aemopii MK KNITMHOK Ta MaTPUKCOM,
O 3a3BuMyan BUKMAMKAE anonTo3 4epes3 aHoikic. Pesuc-
TEHTHICTb [0 aHOoiKiCy CTae MOXNMBOK 3aBOSKM aKTUBO-
BaHii TpPOMOMiO3MHOMOAIOHIA kiHa3i B, ska npurHivyye
MoB’A3aHM 3 Kacnasol anonTo3 i [A03BOMsE KiTMHam
BMXMBATU B pigkin cycnensii [21]. TpeTs nepewkoaa,
3 fAKow cTukarTbes LMK B KpoBi, — Ue aKTUBHICTb
iMyHHOI cuctemu. | B pewTi-pewT, LINMK NOBUHHI NOKUHYTH
KpOBOOOIr, L0 BUMarae 3B’A3yBaHHS 3 €HAOTENIEM CyaVHM.
TpomMOOUNTM KOMMEHCYHOTb L NepeLuKoaun, CTBOPHHYM
3aXUCHY OBOMOHKY, SIKa CMpPUSAE YTBOPEHHIO MYyXIMHHUX
MikpoemboniB i 3ynuHLi Ha CTOPOHI MPOCBITY Kaninspis
i BeHyn [4]. Came TOMmy iHribyBaHHA arperadii Tpombo-
uuTiB, Hanpuknag, aueTuncaniuuroBol  KMCMOTOH,
MOXe 3MeHWnTU cTtabinbHe 3B’A3yBaHHs LMK 3 akTuBo-
BaHMMM TpombouuTamu, TMM CaMVMM MEepPELUKOAXarun
mMeTacTasyBaHHIo [3, 22, 23].

Okpemoi yBary 3acnyroBye 3B'30K MK CTyrneHem
andepeHuiauii HOBOYTBOPEHHS Ta 0COBNMBOCTSIMUM MeTa-
cTactaTuyHoro npouecy. Tak, 3a gaHnmu Lin H.C. Ta cnisas.
y nauieHTiB 3 naningpHol KapuMHOMOK LUMTONOAIGHOT
3anosu abcontoTtHa kinbkicte LMK, wo ekcnpecytots mone-
Kyny agresii enitenianbHux knitnH (EpCAM) crtaHoBuna
6, 12, Ta 91 kniTnH BignoeiaHo y xBopux 3 G1, G2, Ta G3
crtagiamu andpepeHuiadii BignosigHo. Kinbkicte LMK, wo
eKcrpecyoTb peuenTop TupeoTponHoro ropmoHy (TSHR),
B CBOO 4Yepry ctaHoBunun 9, 16 ta 100 kniTwH BigNOBIAHO
y xBopux 3 G1, G2, Ta G3 cragiamu andepeHuiauii [16].
AHanoriyHi  pesynstaTM  NpoAeMOHCTpyBana  Aocnii-
Huubka rpyna, ovontoBaHa Padillo-Ruiz J. BoHu BcTa-
HOBUMW, WO Yy XBOPUX HaA paK nigLmnyHKOBOI 3anosu
kinekicTe LMK ©yna BuWwWoO y nauieHTiB i3 nyxnuHamm
TPETbOro CTyneHs abo HusbkogudepeHuiioBaHnmm (G3),

To date, understanding the mechanism of penetration
of tumor cells into the lymphatic system or blood circu-
lation through the process of active migration and/or
passively, remains a clinically and scientifically unresolved
issue [16]. Joosse S.A. et al. describe «motile» and
«mobile» tumor cells [3]. «Motile» tumor cells are the
cells that have acquired the ability to move through the
extracellular matrix and penetrate the basement membra-
nes and endothelial walls during intravasation and extra-
vasation. These active migration mechanisms involve
modification of cellular morphology, position, and surroun-
ding tissue [17]. «Mobile» tumor cells are moved by
external forces, such as tumor growth, mechanical forces,
or friction that cause them to move out of place [18].

The first assumptions about the role of AntAC in the
process of metastasis were formulated more than
a century and a half ago [19]. Ashworth T.R. in 1869
described the presence of tumor cells, similar to those
of a primary tumor, in the blood of a patient with meta-
static cancer [20]. In the blood circulation, CPC face
a number of physiological obstacles that counteract
the metastatic process. First, there are the significant
shear forces and collisions with blood cells that occur
during blood flow. Second, CPC must survive in the
bloodstream without the interaction between the cell
and the matrix, which usually causes apoptosis due
to anoikis. Resistance to anoikis is made possible by
activated tropomyosin-like kinase B, which inhibits
caspase-related apoptosis and allows cells to survive
in liquid suspension [21]. The third obstacle faced by CPC
in the bloodstream, is the activity of the immune system.
And finally, CPC must leave the circulation, which
requires binding to the endothelium of the vessel.
Platelets compensate for these obstacles by creating
a protective sheath that promotes the formation of
tumor microemboli and stops on the lumen side of the
capillaries and venules [4]. That is why inhibition of
platelet aggregation, for example, by acetylsalicylic
acid, can reduce the stable binding of CPC to activated
platelets, thereby preventing metastases [3, 22, 23].

The relationship between the degree of differentiation
of the neoplasm and the features of the metastatic
process deserves special attention. According to
Lin H. C. et al., in patients with papillary thyroid carcinoma,
the absolute number of CPC expressing the epithelial cell
adhesion molecule (EpCAM) was 6, 12, and 91 cells
in patients with G 1, G 2, and G 3 stages of differentiation,
respectively. The number of CPC expressing the thyroid
stimulating hormone receptor (TSHR) was 9, 16 and
100 cells, respectively, in patients with G 1, G 2, and
G3 stages of differentiation [16]. Similar results were
demonstrated by a research team led by Padillo-Ruiz J.
who found that in patients with pancreatic cancer,
the number of CPC was higher in patients with third-
degree tumors or low-differentiated (G3) than in patients
with good (G1) or moderately (G2) differentiated
tumors (p = 0,018) [24].

HX y nauieHTiB i3 pobpe (G1) abo nomipHo (G2)
andepeHuinoBaHnmu nyxnuHamum (p = 0,018) [24].
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CyyacHi niaxoau Ao BusBAaeHHs LMK

PaHHe BuaBneHHa Ta xapaktepuctuka LMK € Bax-
NVBAM ernemMeHTOM 3aranbHOi CTpaTerii MOHITOPUHry Ta
3anobiraHHs po3BUTKY MeTactaTtuyHoro npouecy. Kpim To-
ro, nocnigosHun anania LMK moxe Hagatu KhiHiYHO
3HauyLy iHpopmaLilo Npo eeKTUBHICTb | NporpecyBaHHs
CUCTEMHOI Tepanii (Hanpwuknag, Ximio-, ropMoHarnbHoi abo
LinbOBOI Tepanii 3 aHTuTInamu Ta iH.). HesBaxarouum Ha Te,
wo 6yno pocsarHyto Garato ycnixiB LIOAO BUSABMIEHHS Ta
MonekynsipHoi xapaktepuctukm LMK, Bce wWe icHye Hu3ka
npobrem, ski 0OMEXylTb MOTOYHE BMKOPUCTaHHS LIbOTO
BaXKNMBOro AiarHoctuyHoro niaxogy [3, 9, 10, 11].

3a ocTaHHi ABa AecaTuniTTa Oyno JOCArHYTO 3HAYHUX
3pylWweHb y BuSBMNEHHi Ta xapaktepuctudi LMK, npote
OOCi € Hu3ka HeBupieHnx npobnem. MMo-nepwe, LMK
3yCTpivaloTbCa PIigKo Ta 3'ABMNSATLCA HA PiBHI OAMHUUI
Ha MinbioHn (10—-6—10-7) OTOYYUMX HOPManbHUX Nepu-
hepuyHNX MOHOHYKMNeapHUX KIiTUH KpoBi [25, 26, 27, 28].
Mo-apyre, ockinbkn LMK € HeogHopigHumu, pisHi rpynu
KNiTMH MalTb 3HA4YHi Bapiauii B eKcrnpecii MoBepXHeBuMX
6iomapkepis [29, 30, 31]. Tomy poanizHaTtu pisHi TN LMK
3a yHicbikoBaHuMU kpuTepiamMm € Hemoxnueum  [30].
Ha cborogHi metoam BugineHHa UMK knacudikoBaHi
3anexHo Big TOrO, YM BUKOPWUCTOBYHOTb BOHU  (Di3NYHI
yn BionoriyHi BNacTMBOCTI KNiTuH [12].

BugineHns xuttesgatHux LMK gossonsie aHanisyBatu
iX MOMeKkynspHy Ta (yHKUIOHaNbHY XapaKTepUCTUKY,
OCKiNlbkKM BOHM  BiOXiMIYHO  BIOPI3HAOTBCS  Bid  KMiTUH
KpoBi. OfHi€0 3 HANMOLUMPEHILIMX NOBEPXHEBUX MOMEKYn
Ha UMK € wmonekyna apgresii enitenianbHUX KNiTUH
(Epithelial cell adhesion molecule — EpCAM), sika noxo-
ot 3 enitenito [26, 29]. EpCAM € TpaHCcMeMOGpaHHUM
rmikonpoTeiHoM, sk npucyTHin y 80% Bunagkis conia-
HOro paky (TakuMx sk pak MOO4YHOI 3ano3u, KonopekTanb-
HAA pak Ta pak npoctaTu), ane BiACYTHIN y KNiTUHaxX
nepudepnyHoi kposi [29, 32, 33]. Takox nosigomnsnocs
npo Taki ansTepHaTvBK, SK kepaTtuH-19, nyxnmmHocneuu-
GQiyHMIA  aHTUreH-9 Ta nenTuau, WO  BMBIMbHSAIOTb
nporactpuH [34]. Kpim Toro, sk aHTuTina gns cneuudiy-
Horo poanisHaBaHHA LMK mMoxHa BMKOpPUCTOBYBaTW HU3KY
NYXNMHHUX IMYHHUX MapKepiB, Takmx SK npocTaTocneuu-
divHni aHTureH (PSA), peuenTtop enigepmanbHOro dak-
Topa pocty noguHn-2 (HER2), peuenTtop eHpoTtenianb-
Horo ¢pakTopa pocty (EGFR) Ta iH. [26, 35].

Ha popatok go 6GioxiMiyHMX BiOMIHHOCTEW, iCHYHOTb
YiTKi i3nyHi BigmiHHOCTI mixk LMK i knituHamu kposi [36].
3aranbHOBU3HAHO, WO KNIiTWUHHI  MiHil, WO noxoasTb
i3 CONigHUX MNyXJIWH, MawTb Oinblii PO3MIPU KITITUH, HiK
KNiTUHM KpoBi. Tak 3a gaHnmu Qian B.Z. Ta cniBaB nnowa
MONepeyHoro nepepisy MSaTW MiHIN  NyXAMHHUX  KTiTUH
(MCF-7, Hep3B, HepG2, LNCaP i Hela) nig wmikpocko-
nom crtaHosuna 396-796 MKM?, LIO 3HA4YHO Ginblue, HiX
y nenKkouuTiB, siki B cepeaHbOMYy MaTb Moy nonepey-
Horo nepepisy 140 mkm? [37].

Kpim TOro, nyxnuHHi KNiTMHU MICTATb Pi3HOMaHITHI
nonapu3ytodi YacTUHKK, BKIKYaK4uM nentuan, Oinkv Ta
HykneiHoBi kucnotu. [ienektpodopetTnyHe dpakuioHy-
BaHHS MOTOKOM MOMS NYyXNMHHUX KNITUH MOKa3ano, Lo
EMHOCTi PakoBUX KNiTMH 3HA4HO Oinbli, HK y KNiTWH
KpoBi [26, 38]. 3a paHmmm Mazel M. Ta cnigaB., LK
Pi3HATBLCA 3@ XOPCTKICTIO Bif HOPManbHUX KNiTUH — MeTa-
CTaTWYHI pPaKoBi KMiTUHU Binbl HiK Ha 70% € M'aKLWi, HiX
[06pOosKiCHI KNiTMHM 3a Benu4mHo moaynto KOHra [39].

MeToaAM BuaireHHs LMK 3 nepudoepuyHoi KpoBi
3 ornagy Ha HM3bKy KinbkicTb LMK y binbHin nepndepuny-
Hil KpOBIi, iX BWOKPEMIIEHHS € BUpIWanbHUM KPOKOM

Modern approaches to detection of CPC

Early detection and characterization of CPC is an impor-
tant element of the overall strategy for monitoring and
prevention of the metastatic process development.
In addition, sequential analysis of CPC can provide clini-
cally relevant information on the efficacy and progression
of systemic therapies (for example, chemotherapy, hormo-
nal or targeted therapy with antibodies, etc.). While many
advances have been made in the detection and molecular
characterization of CPC, there are still a number of
challenges that limit the current use of this important
diagnostic approach [3, 9, 10, 11].

Over the past two decades, significant progress
has been made in detection and characterization of CPC,
but there are still a number of unresolved issues. First,
CPC are rare and appear as one per million (10-6—10-7)
of surrounding normal peripheral mononuclear blood
cells [25, 26, 27, 28]. Second, because CPC are hetero-
geneous, different groups of cells have significant varia-
tions in the expression of surface biomarkers [29, 30, 31].
Therefore, it is impossible to recognize different types
of CPC using the unified criteria [30]. Currently, CPC
isolation methods are classified depending on whether
they are based on the physical or biological cell
properties [12].

Isolation of viable CPC allows analyzing their mole-
cular and functional characteristics, since they are bio-
chemically different from blood cells. One of the most
common surface molecules on CPC is the epithelial
cell adhesion molecule (EpCAM), originating from
epithelium [26, 29]. EpCAM is a transmembrane glyco-
protein present in 80% of cases of substantial cancer
(such as breast cancer, colorectal cancer, and prostate
cancer), but absent in peripheral blood cells [29, 32, 33].
Besides, alternatives such as keratin-19, tumor-specific
antigen-9, and progastrin-releasing peptides have also
been reported [34]. In addition, a number of tumor immune
markers can be used as antibodies for specific reco-
gnition of CPC, such as prostate-specific antigen (PSA),
human epidermal growth factor receptor (HER2), endo-
thelial growth factor receptor (EGFR), etc. [26, 35].

Along with biochemical differences, there are clear
physical differences between CPC and blood cells [36].
It is generally accepted that the cell lines originating
from solid tumors have larger cell sizes than the blood
cells. Thus, according to Qian B.Z. et al., the cross-
sectional area of five lines of tumor cells (MCF-7, Hep3B,
HepG2, LNCaP and Hela) under a microscope was
396-796 um?, which is significantly larger than that
of leukocytes, which on average have a cross-sectional
area of 140 ym? [37].

Also, tumor cells contain a variety of polarizing par-
ticles, including peptides, proteins, and nucleic acids.
Dielectrophoretic field fractionation of tumor cells showed
that the capacities of cancer cells are much larger
than those of blood cells [26, 38]. According to Mazel M.
and sang. CPC differ in stiffness from normal cells:
metastatic cancer cells are more than 70% softer than
the benign cells as compared by the Young’s modulus
values [39].

Methods of isolation of CPC from peripheral blood
Given the low amount of CPC in whole peripheral blood,
their isolation is a decisive step for further analysis [26].
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ONs noganbluoro aHanisy [26]. 3BaxatounM Ha HaBegeHi
Buwe isnyni ocobnueocti LMK, Metogn ix BuAineHHs
6asyloTbcsl Ha iX YHiKanbHWX BNAcTUBOCTSX, TaKUX
SK X po3mip [26, 40], emHicTb membpanu [41] Ta wWinb-
HiCTb [26, 42].

Y MeTogax po3fifieHHA 3a pO3MipOM BWUKOPUCTOBY-
I0TbCA cneuianbHi Nopucti MembpaHu 3 po3mMipoM nop
npubnmaHo 8 mkm (Hamyactiwe Big 6,5 0o 8 MKm).
3axonneHi Ha wmembpadi LMK moxHa KynsTvByBaTw,
3abapBnioBaTi Ta OLHIOBATU 3a LOMOMOrOH CBITMOMNOMb-
Hoi Ta/abo cnyopecueHTHOI mikpockonii. Ak MPHK, Tak
i AHK mMoxHa BMainuTM 3 oTpuMaHux Takum vmHom LK.
[o aBTOMaTn3oBaHUX METOAIB PO3AiNEeHHss Ha OCHOBI
po3mipy Hamexatb cuctemum ISET®  (Rarecells),
Screencell® (Screencell) MetaCell® (MetaCell Ltd.),
CellSieve® (Creatv MicroTech Inc.), Microcavity Array
(MCA) T1a in. [43].

Tak, y cucmemi Screencell® (Cyto) 3 mn 3paska nepu-
cdbepuyHoi KpoBi po3BoaATb Yy 4 mn Oydepa ans Qinet-
pauii, Lo CKNnagaeTbCs NepeBaXKHO 3 canoHiHy Ta napadop-
mManbgerigy npotarom 8 XB. Npu KiMHaTHIN TemnepaTypi.
7 Mn po3BeAEHOro 3paska NoTiM QiNbTPYTb B YHiKanbHin
QinbTpauinHin - KONOHUi  LWNASXOM acnipauii, CTBOPEHOI
KOINEKTOPOM 3 BaKyyMHOLO Tpy6Koto [44].

Y npucmpoi ISET® (Rarecell) nepudepunyHa KpoB
possognTbes 1:10 y 6ydepi ans dinsrpauii (0,175% cano-
HiHy, 0,2% napacdopmanbgerigy, 0,0372% EDTA i 0,1% 6u-
Yyayoro cmpoBaTkoBOro anbbymiHy) npotdarom 10 xBUNWH
npy KiMHaTHIM TemnepaTypi. Moaynb inbTpauii mae
12 nyHok, wo [o3eonsie GinbTpyBatM 12 npod no 10 mn
po3BegeHoro po3unHy. Pinbrpauis iHiLitoeTbCA acnipadieto,
CTBOPEHOI0 BaKyyMHUM Hacocom [45].

LieHTpudyryBaHHs, sike BUKOPUCTOBYE MUTOMY LUifb-
HICTb NENKOUUTIB, YEPBOHUX KPOB'SIHMX Tineub Ta nyx-
NVHHMX KNITWUH, € OOHMM 3 MEpPLUMX OMUCaHUX MEeTOogiB,
Lo BUKOpUCTOBYIOTLCA ANns noginy LMK [46].

YeniwHa isonsauia LMK Ha ocHoBI noBepxHeBOro 3apsay
noB’A3aHa 3 YHiKanbHUMW XapaKTEPUCTUKaMU MyXIMHHUX
KNiTUH, @ came BUCOKOK LUBUAKICTIO MiKOMi3y Ta CUNbHO
CeKpeLied MOMOYHOI KMcnoTu. [ocnigpkeHHA nokasanw,
LLIO KMCre pakoBe MiKpDOOTOYEHHS!, MOB’si3aHe 3 «e(DEKTOM
Bapbypra», 0OyMOBME iX HeraTMBHWA 3apsd, WO no-
B'13aHO 3 B1COKOIO LLIBUAKICTHO aepoBHoro rmikonisy [47].

Memod CellSearch® (Menarini Silicon Biosystems)
BBaXaETbCA «30MOTMM CTaHOapTOM» cepen  MeTofis
BUAINeHHA Ta BusABneHHs LMK 3a mitkamu (Monekynwu
agresii enitenianbHux knituH  (Ep-CAM), cneuudivnmi
Mapkep eniTenianbHOI TKaHWHK, peuenTop enigepmarb-
Horo cpakTopa pocTty nmoamHn 2 (HER2), myuun-1 (MUC1),
unTokepatuHu Ta iH). MeTon 3acHoBaHMM Ha iMyHO-
MarHiTHOMy 30aradeHHi MiTkamu 3pas3ka KpoBi Ta
nopganbliomy BuaBMeHHI Ta ouiHui LMK 3a gonomoroto
imyHodbntoopecueHuii. Lle eguHa cuctema izonsauii LMK,
cxBaneHa YnpasniHHAM 3 Xap4oBWX MPOAYKTIB i Meauka-
meHTiB CLUA (FDA) ons KniHiYHOrO BMKOPUCTaHHA Y
nauieHTiB 3 MeTacTaTU4HMM pPakoM MOSOYHOI 3ano3u,
KonopekTanbHUM pakoM i npocTatoto [48].

AdnaTest (Qiagen) — wmeTtod, WO noedHye B cobi
cneuncpiyHe posgineHHa UMK i BigHOCHO npoctumn
crnoci® ouiHkn ix TpaHckpunToma. LMK imyHomarHiTHO
BiJOKPEMMIOIOTLCA Big IHWMX KOMMOHEHTIB KPOBi 3a
[0MOMOrOK MarHiTHUX KyNbOK, KOH IOrOBaHUX 3 aHTUTinamm
npotu EpCAM i MUC1. OTtpumaHi KniTUHM ni3ytoThb,
MPHK BMAainsatoTh i 40AaTKOBO OLiHIOITL. [43, 49].

MagSweeper — meTof i3 3acTocyBaHHAM iMyHOMar-
HiTHOro po3gineHHs npotu EpCAM. 3pasok KpoBi pos-
6aBnsoTb  OyhepHMM pO3YMHOM Ta [oJalTb  MideHi

In view of the above physical features of CPC, methods
for their selection are based on their unique properties,
such as their size [26, 40], membrane capacity [41]
and density [26, 42].

In size separation methods, special porous membra-
nes with a pore size of approximately +8 microns
(most often from 6.5 to 8 microns) are used. Membrane-
captured CPCs can be cultivated, stained and evalu-
ated using lightfield and/or fluorescence microscopy.
Both mRNA and DNA can be isolated from CPC thus
obtained. Automated size-based separation methods
include ISET® (Rarecells), Screencell® (Screencell),
MetaCell (MetaCell® Ltd.), CellSieve® (Creatv
MicroTech Inc.), Microcavity Array (MCA), etc. [43].

Thus, in the Screencell® System (Cyto), 3 ml of
peripheral blood sample is diluted in 4 ml of filtration
buffer, consisting mainly of saponin and paraformaldehyde
for 8 min. at room temperature. 7 ml of diluted sample
is then filtered in a unique filtration column by aspiration
created by a vacuum tube collector [44].

In an ISET® (Rarecell) device, peripheral blood is
diluted 1:10 in a filtration buffer (0.175% saponin, 0.2% pa-
raformaldehyde, 0.0372% EDTA, and 0.1% bovine
serum albumin) for 10 minutes at room temperature.
The filtration module has 12 wells, which allows you to
filter 12 samples of 10 ml of diluted solution. Filtration is
initiated by aspiration created by a vacuum pump [45].

Centrifugation, which uses the specific gravity of
leukocytes, red blood cells and tumor cells, is one of
the first described methods used to divide CPC [46].

Successful isolation of CPC based on surface charge
is associated with unique characteristics of tumor cells,
namely high glycolysis rate and strong lactic acid secretion.
Studies have shown that acidic cancerous microenvi-
ronments associated with the «Warburg effect» cause
their negative charge, which is associated with a high rate
of aerobic glycolysis [47].

The CellSearch® method (Menarini Silicon
Biosystems) is considered the «gold standard» among
methods for isolating and detecting CPC by labeling
epithelial cell adhesion molecules (Ep-CAM), specific
epithelial tissue marker, human epidermal growth factor
receptor 2 (HER2), mucin-1 (MUC1), cytokeratins, etc.
The method is based on immunomagnetic enrichment
with blood sample tags and subsequent detection and
evaluation of CPC using immunofluorescence. This is the
only CPC isolation system, approved by the US Food
and Drug Administration (FDA) for clinical use in patients
with metastatic breast, colorectal cancer and prostate
cancer [48].

AdnaTest (Qiagen) is a method that combines the
specific separation of CPCs and a relatively simple way to
evaluate their transcriptome. CPC is immunomagnetically
separated from other blood components using mag-
netic beads conjugated with antibodies against EpCAM
and MUCH1. The resulting cells are lysed, mRNA isolated
and further evaluated [43, 49].

MagSweeper is a method using immunomagnetic
separation against EpCAM. The blood sample is diluted
with a buffer solution and ferrofluid-labeled anti-EpCAM
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depopianHoo aHTU-EpCAM aHTuTina. KnituHm 3bupatotb
3a [JOrnoMorol 00epTOBMX MarHiTHUX CTPWXKHIB,  SIKi
nomiwarTb y 3pa3ok. BrkoHylTbCA eTanu npomMuBaHHS,
a noTiM OTpuMMaHi KIiTUHW 3BINbHAKTLCA Bif CTPWXKHIB
3a [OMNOMOrol 30BHILLHIX MarHiTiB. OTpumadi LMK moxHa
KynbTvBYBaTu Ta/abo gogatkoBo aHanizysatu. [50].

MaeHimHo-akmueoeaHe  copmyeaHHs1  KIimuH
MACS (Miltenyi Biotec) — mogndikaLisi iMyHOMarHiTHoro
po3aineHHs aHTU-EpCAM. UMK 3axonnoTbCss  Ha
iIMyHOMarHiTHUX KynbKax, i 3pa3ok NpOnycKaeTbCsH 4Yepes
KOINOHKY, §ika MOMILLAETBCA B CWUMbHE MarHiTHe norne.
HesaxonneHi KMiTMHW NpoxogaTb KOMOHKY, Todi Ak LMK
Ha MarHiTHUX Kyrbkax 3anualoTbCA BCEPeauHi KONMOHKMU.
MoTim marHiTHe none npubupatoTs [43].

Memodu mikpoghnroidHux qunie. TexHonorii Mikpo-
bnoigHMX YiniB BUKOPUCTOBYIOTE po3AineHHst aHTu-EpCAM
3a YMOBW perynboBaHOrO MOTOKY BCEepeauHi NpUCTPOlo
po3aineHHs. AHTUTING KOH'IOTYOTbCS 3 MarHiTHUMmM
KyrnbKamu, a KniTWHW, 3ax0mnmeHi Kyrnbkamu, 3anualTbes
BCEpeanHi yuna 3aBAsdkM MarHiTHoMmy nosnt. Kpim TOro,
aHTuTina 6e3nocepefHbO MPUKPINMAKTLCA A0  CTiHKM
MikpodontoigHoro vmna [43, 51].

AHaniz EPISPOT npeacTtaBnsie MeTO4 BUOKPEM-
neHHs knituH CD45+ knituH. LMK 36aravyoTbecs LWINSXOM
BMCHaXXEHHA TEWKOUWTIB | KyNbTUMBYIOTbCA B MyHKaXx,
ne npuegHaHi antutina npotm MUC-1 abo iHwwux 6Ginkis
BignosigHO AOo Tuny paky. Bigibpani 6inkv notim nosHa-
YalTb BIONOBIOHUMM aHTUTINAMK, MideHUMK dryopo-
XpOMOM, i Bi3yani3yloTb 3a A0NOMOrol nyopecueHTHOI
Mikpockonii [43, 49].

CellCollector® (GILUPI) € wmoaudikauieto metony
BuaineHHs aHtM-EpCAM pgns BUKOpUCTaHHA in  vivo.
CellCollector BMKOPUCTOBYE CTPiYKy i3 NPUKPINIEHUMM
Ha 1oro nosepxHi aHTuTinamu npotm EpCAM. Crpiuka
BCTaBNSAETLCS Yepe3 kaHwomo 6e3nocepedHbO B KPOBOTIK
nauieHTa i niggaeTbCs BNNUBY BENUKOI KifbKOCTi KPOBI
nauieHTa (oguvHuUi niTpiB nopiBHAHO 3 7,5 mn, ki
BMKOPUCTOBYIOTbCS B iHLWINX cuctemax) [3].

KAiHiYHe nporHocTu4yHe 3Ha4YeHHs LMK

Y nopiBHSAHHI 3i 3BMYanHO 6Gioncielo, LoChigKEHHS
LMK e BigHOCHO Hegoporum Ta HeiHBasMBHUM, TOMY MOrO
MOXHa MoBTOpOBaTM GaraTo pasiB nig 4vac Tepanii, WO
pobuTb L0 METOAMKY MOTYXXHUM iHCTPYMEHTOM MOHITO-
puHry pos3sBuTky paky [43, 52, 53]. MOHITOpUHr BMICTY
LMK nig 4yac Tepanii € iHCTpyMEHTOM, SIKMA [O03BOSSE
OUiHUTU PO3BUTOK 3aXBOPIOBAHHA B PEXUMI peanbHoro
yacy, HaBiTb [0 MOSBM SIBHMX KITiHIYHMX O3HAaK peuuauBy.

3meHweHHa  kinbkocTi UMK nicna  onepauii  Ta/abo
ximioTepanii, MMOBIPHO, € O03HaKok pemicii. Hasnaku,
30inblweHHa  kinbkocTi LMK Bkasye Ha peakTuBauilo

3axBoptoBaHHs [54, 55, 56].

Y pocnigxenHi llie M. Ta cniBaB. 6yno npoBegeHo
ouiHky Bmicty LMK y nauieHTiB 3 XpOHiYHUM OBCTPYKTMB-
H/M 3aXBOPIOBAHHSIM fereHb. Y BKasaHOMY [OCHIIXEHHI
LMK BusBunu y 5 3i 168 (3%) nauieHTiB. LlikaBo, o y Bcix
UMX M'ATU NauieHTiB NpoTAroM 4 pokiB PO3BMHYBCS pak
nereHb. Kpim Toro, y xogHoro 3 LIMNK-HeraTuBHMX nauieHTiB
He PO3BMHYBCA pak MPOTAroM nepiogy MOHITOpUHrY [57].

[ocnigHMkaMy  BCTaHOBMEHO, WO OinblW  BUCOKI
nokasHuku LMK y nepudpepuyHin kpoBi nauieHTiB noB’si-
3aHi 3 MoraHMM MpPOrHO30M MpWU Pi3HMX TWUnax paky,
BKITHOYAKYM KOMOpEKTanbHUIA pak, pak MOSIOYHOI 3anosu,
pak nereHis, pak MigWyHKOBOI 3ano3n Towo [26, 58].
Byno posegeHo, wo HaseHicTb = 3 UMK wHa 7,5 mn

antibodies are added. The cells are collected using
rotating magnetic rods that are placed in a sample.
Washing steps are performed, and then the resulting
cells are released from the rods by means of external
magnets. The resulting AntAC can be cultivated and/or
further analyzed [50].

Magnetically activated cell sorting, MACS,
(Miltenyi Biotec) is a modification of the immunomag-
netic separation of anti-EpCAM. CPC is captured on
immunomagnetic beads, and the sample is passed
through a column, which is placed in a strong magnetic
field. The uncaptured cells pass the column, while the
CPC on the magnetic beads remain inside the column.
Then the magnetic field is removed [43].

Methods of microfluidic chips. Microfluidic chip
technologies use anti-EpCAM separation provided there
is an adjustable flow inside the separation device.
Antibodies are conjugated to magnetic beads, and cells
trapped by the balls remain inside the chip due to the
magnetic field. In addition, antibodies are directly attached
to the wall of the microfluidic chip [43, 51].

The EPISPOT assay presents a method for isolating
CD cells from 45+ cells. CPC is enriched by white blood
cell depletion and cultured in wells where antibodies
against MUC-1 or other proteins are attached according
to the type of cancer. The selected proteins are then
labeled with appropriate fluorochrome-labeled antibodies
and visualized by fluorescence microscopy [43, 49].

The Cell Collector® (GILUPI) is a modification of
the anti-EpCAM isolation method for in vivo use. The Cell
Collector uses tape with antibodies against EpCAM
attached to its surface. The tape is inserted through
a cannula directly into the patient's bloodstream and is
exposed to large amounts of the patient’s blood (units
of liters compared to 7.5 ml used in other systems) [3].

Clinical and prognostic significance of CPC

Compared to conventional biopsy, CPC testing is
relatively inexpensive and non-invasive, so it can be
repeated many times during therapy, which makes this
technique a powerful tool for monitoring cancer deve-
lopment [43, 52, 53]. Monitoring CPC content during
therapy is a tool that allows assessing the development
of the disease in real time, even before the appearance
of obvious clinical signs of relapse. Reducing the
number of CPC after surgery and/or chemotherapy may be
a sign of remission. In contrast, an increase in the number
of CPC indicates reactivation of the disease [54, 55, 56].

In the study, lie M. and sang. CPC content was
assessed in patients with chronic obstructive pulmonary
disease. In this study, CPC was found in 5 of 168 (3%)
patients. Interestingly, all these five patients developed
lung cancer within 4 years. In addition, none of the
CPC-negative patients developed cancer during the
monitoring period [57].

The researchers found that higher rates of CPC in
the peripheral blood of patients are associated with poor
prognosis in various types of cancer, including colorectal
cancer, breast cancer, Ilung cancer, pancreatic
cancer, etc. [26, 58]. The presence of = 3 CPC per 7.5 mL
of peripheral blood has been shown to be a strong
predictor of reduced progression-free survival, while
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nepueprnyHoOT KpoBi € CUNBHUM NMPEOUKTOPOM 3HUXKEHHS
BW>XMBAHOCTI 6€3 nporpecyBaHHsA, ToAi SK BUABMEHHSA < 3
UMK Ha 7,5 mMn BKasye Ha Kpally 3aranbHy BMXUBa-
HicTb [59]. MouaTkoBi nokasHukn LMK, a TakoX paHHi
3MiHW Micnst no4aTKy fikyBaHHS TICHO NOB’A3aHi 3 pO3MipoM
NEePBUHHOT NYXMMHK, KINbKICTIO MeTacTasiB i 3HWKEHHSAM
BWXXMBAHOCTI 6e3 nporpecyBaHHs y MaUiEHTIB 3 pakoMm
MOJTOYHOT 3ano3u [26, 60].

BuasnenHs UMK € noTeHUinHUM HOBMM nigxo4om
00 OUiHKM edeKTMBHOCTI Heoad'loBaHTHOI XiMioTepanii.
MokasaHo, wo nokasHukun LMK go Tta nicna Heoan toBaHT-
HOT Tepanii y nauieHTiB 3 KapLMHOMOW LWSyHKa € npor-
HOCTUYHMM (paKTOPOM PU3NKY peunavBy 3axBOPHBAHHS:
nauieHTn 3 = 4 UMK vacrtiwe 6ynu cTilikumun go ximiotepanii,
HbX Ti, y koro BusiBneHo <4 LMK, wo Bkasye Ha Te,
wo kinbkicte LMK € nepcnekTMBHMM MNOKa3HWMKOM Ans
OUiHKM OionoriyHoi akTMBHOCTI Ta BignoBigi Ha XiMmio-
Tepanito [26, 61].

MocnigoBHi B3ATTA NnepudgepunyHoi KpoBi, 3oKkpema, Ans
MOHITOPVHIY MiHIMarnbHOrO 3anMLLKOBOIO 3axBOPHBAHHS
B PEXWUMi peanbHOro Yacy y OHKOMOrYHUX MauieHTiB, SKi
NpoXoasTb CUCTEMHY Tepanito, 04eBUAHO, BinbLU NPUAHATHI,
Hi>X MOBTOpHI acnipauii kicTkoBoro mMo3ky. [incHo, Garato
OOCNiAHMLUBKUX TPyn 3apa3 OUiHIOTb KMiHIYHY LiHHICTb
aHanisiB LMK, ski, sk 6yno goBegoeHo, HagawTb 3HAYHY
NPOrHOCTUYHY iHdOpMaLilo NpM MeTacTaTUYHOMY paky
rPyAHOT 3ano3sun Ta iHWKWX COoniaHMX NyXmnHax, Takux sk pak
npocTaTtu, KonopekTanbHpak Ta pak fnereHis [3].

AKTyanbHUM 3aBOaHHAM TexHomnorin BuseneHHsa LMK
€ MOHITOPWHI OHKOMOriYHOI NaTonoril nicns nikyBaHHA Y
nauieHTiB 6e3 03HaK SBHOrO MeTacTasyBaHHs, OCKINbKu
kinekicTe LMK y umx nauieHTiB ayxe Hu3bka. OGHagiinmei
pesynbTaTi, SKi BKasylTb Ha Te, WO HaBiTb Taki HU3bKI
nokasHuku LMK MOXyTb MaTv NPOrHOCTUYHY 3HaYyLUiCThb,
6yno onybnikoBaHi AnS KiNbKOX MYXIMHHUX YTBOPEHb,
TakMX 9K paKk rpygHoi 3anosu, pak Ce4yoBOro Mixypa Tta
KonopekTtanbHun pak [3, 62, 63, 64]

Baxnueoto ana igeHtudikauil TepaneBTUYHMX Linen
Ta cnpusHHA Ginbl nNepcoHanizoBaHWM aHTUMeTacTa-
TUYHUM METOAAM IliKyBaHHS MOXe BBaXKaTUCb W Morne-
KynspHa xapaktepuctuka LMK, Y cyyacHin KniHidHin
npakTuui pilleHHsa Woao TapreTHol Tepanii rpyHTyeTbcA
BUKITIOYHO Ha aHanisi NepBUHHOI MyXNNMHW, Xo4a Tepanis
crnpsiMoBaHa MpoTM MeTacTaTUyYHMX KniTuH [65]. OpgHak
MeTacTaTU4YHUI peunanMB MOXEe BUHWKHYTUM 4epes Gararto
POKiB Micrns NEepBUHHOI AiarHOCTUKU NyXMMHW Ta 11 Xipyp-
rivHoi pesekuii. 3a BKazaHUX yMOB caMe BusiBneHHst LMK
y nepudepuyHin KpoBi CTae OnNTUManbHUM METOAOM
KOHTPOIO PEMICIT.

BUCHOBKMU

BuyacHe BMSBMEHHA Ta XapakTepucTuKa LIMPKYIHOYMX
NYXNVHHUX KNITUH € HOBOK CTparerielo NporHo3yBaHHSA
Ta igeHTudikauii  peunamMBy  OHKOMOTIYHOI  MATOMOrii.
LIMpKyntowodi  NyXNWHHI - KNITUHW, BUABNEHi Ao Ta nicns
ap’toBaHTHOI Tepanii, npomeHesoi Tepanii abo Xipypriy-
HOro BWAANEHHS MEePBUHHOI MNyxXnNuHW, Oynu onucaHi
AK HesanexHi ¢akTopu pusuKy peunavBy Ta CMepTi.
Hanbinbll 4acTto BMKOPUCTOBYIKOTHCA METOAWN BUSBIEHHS
LUMPKYMIOIOYMX  MYXAMHHUX  KNiTUH, gk 6asyloTbea  Ha
HasiBHOCTI crneundiyHnX MNOBEPXHEBMX aHTUreHiB, isny-
HUX Ta YHKUIOHaNbHWX BNAcTUBOCTAX KMiTMH. OgHuMm 3
HaNepCcrnekTUBHILLMX METOAIB BUAINEHHS LIMPKYMOUNX
NYXMUHHUX KNITUH Ha CbOrodHi € cuctemm Mikpodprto-

detection of < 3 CPC per 7.5 ml indicates better overall
survival [59]. Initial CPC scores, as well as early
changes after treatment initiation, are closely related
to primary tumor size, number of metastases, and
reduced progression-free survival in breast cancer
patients [26, 60].

The detection of CPC is a potential novel approach
to evaluating the efficacy of neoadjuvant chemotherapy.
CPC scores before and after neoadjuvant therapy in
patients with gastric carcinoma have been shown to be
a prognostic risk factor for disease recurrence: patients
with 24 CPC were more likely to be resistant to chemo-
therapy than those with < 4 CPC, indicating that CPC
count is a promising indicator for assessing biological
activity and response to chemotherapy [26, 61].

Sequential peripheral blood sampling, particularly to
monitor minimal real-time residual disease in cancer
patients receiving systemic therapy, is apparently more
acceptable than repeated bone marrow aspirations.
Indeed, many research groups are now evaluating the
clinical value of CPC analyses, which have been proven
to provide significant predictive information in metastatic
breast cancer and other solid tumors such as prostate
cancer, colorectal cancer, and lung cancer [3].

An important task of CPC detection technologies is
monitoring of oncological pathology after treatment in
patients without signs of obvious metastases, since the
number of CPC in these patients is very low. Encourag-
ing results, indicating that even such low CPC scores may
have prognostic significance, have been published for
several tumor formations such as breast cancer, bladder
cancer, and colorectal cancer [3, 62, 63, 64].

Molecular characterization of CPC may also be impor-
tant for identifying therapeutic targets and promoting
more personalized antimetastatic therapies. In modern
clinical practice, the decision on targeted therapy is based
solely on the analysis of the primary tumor, although
therapy is directed against metastatic cells [65]. However,
metastatic relapse may occur many years after the
initial diagnosis of the tumor and its surgical resection.
Under these conditions, the detection of CPC in peripheral
blood becomes the optimal method of controlling remission.

CONCLUSIONS

Timely detection and characterization of circulating
tumor cells is a new strategy for predicting and identi-
fying the recurrence of cancer pathology. Circulating
tumor cells detected before and after adjuvant therapy,
radiotherapy, or surgical removal of the primary tumor
have been described as independent risk factors for tumor
recurrence and death. The most commonly used methods
for detecting circulating tumor cells are based on the
presence of specific surface antigens, physical and
functional properties of cells. One of the most promising
methods of isolation of circulating tumor cells today are
microfluidic chip systems and hybrid systems that
combine isolation of tumor cells according to their
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iOHMX YnniB Ta ribpuaHi cuctemu, sKi NOEQHYIOTL BUAINEHHS
NYXAWUHHUX KNITUH 3a 1X isn4HMMKM BNacTMBOCTAMU Ta
noganbLUy AETEKLi0 33 NOBEPXHEBNMU aHTUTEHAMM.
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MepcnekTMBU NOAAABLUMX AOCAIAXEHD

[MpoBegeHuy aHania niTepaTypHUX OXepen MokasaB nepcnek-
TUBHICTb BUAINEHHS Ta BUBYEHHS LIMPKYMIOKOYNX MYXIIMHHUX KMITUH,
SIK HOBOI cTpaTerii NporHo3yBaHHsA Ta igeHTudikauii peuvausy
OHKOMoriYHoi nartonorii. Y noganblunx AOCHIMKEHHAX OO0UiNbHO
oxapakTepusyBaTh NPOrHOCTUYHY 3HAYYLLICTb Ta cneumdivHicTb
BUAINEHHS  LIMPKYMIOIUYNX  MYXIMHHUX  KITUH  3anexHo  Big
nokanisauii 3nosikiCHoro npowecy.

KoHdAIKT iHTepecis

ABTOpU pyKONMUCy CBIOMO 3acBiaYylOTb BiACYTHICTb (DAKTUYHOIO
abo mnoTeHUiNHOro KOHMNIKTY iHTepeciB LWoAO0 pesynbraTtiB
uiei pobotn 3 hapmaueBTUYHMMKM KOMMaHIAMK, BUPOGHMKamMu
6ioMeanyYHUX NPUCTPOIB, HLWIMMK OpraHisauisiMu, Yni NpPOAYKTH,
nocnyru, iHaHcoBa MiATPMMKa MOXYTb OyTM MOB’A3aHi
3 npegMeToM HajaHux MmatepianiB abo sk crmoHcopysanu
npoBeaeHi AOCMiaXEHHS.

IHdbopmaLis Npo chiHAHCYBAHHS

Pobota ciHaHCcyeTbcst BugaTkamu [lepxaBHoro GiogxeTty YkpaiHu.

BIAOMOCTI NPO ABTOPIB

KpacHocenbcbkuit Mukona BinneHoBuY — 4OKTOP MeQUYHNX
Hayk, npodpecop, AvpekTop [epxaBHOi yCTaHOBU «lIHCTUTYT
MeaunyHoi pagionorii Ta oHkonorii im. C.IM. Ipurop’eBa HauioHanb-
HOI akagemii MeguuyHuMx Hayk YkpaiHuw»; 3aBigyBad kadhegpu
OHKororii, pagionorii Ta pagiauiiHoi MeauMuuHM XapKiBCbKOro
HauioHanbHoro yHiBepcutety iM. B.H. KapasiHa MinicTepctBa
OCBITU | Hayku Ykpainu; Byn. [lywkiHcbka, 6ya. 82, Xapkis,
Ykpaina, 61024;

e-mail: medrad20@ukr.net

mo6.: +38(050) 300-56-97

BHecok aemopa: ides oz2nsdy, 0brpyHmysaHHss mMemu
docnidxeHHs1, aHasi3 ompuMaHux pesyibmamis.

Mapknx ®Pepip BonogumupoBuY — KaHAMOAT MeOUYHUX
Hayk (gokTop dinocodii B ranysi OXOpOHW 340POB’'A  3a
cneuianbHicTio «MeguumHa»), MONOALUMNIA HAYKOBUIA CMiBPOBITHWK
rpynu nNpoMeHeBOi natororii i naniatmeBHoi mMeauunHu Bipainy
pagionorii [lepxaBHOi ycTaHOBWU «IHCTUTYT mMeaudHOi pagionorii
Ta oHkonorii im. C.IN. Tlpurop’eBa HauioHanbHOI akagemii
MeanyHuUX Hayk YkpaiHuy; Byn. [lywkiHcbka, 6ya. 82, Xapkis,
Ykpaina, 61024;

e-mail: fedir.hladkykh@gmail.com

Mo6.: +38 (099) 782-78-72

BHecok aemopa: nidbip nimepamypHux Oxeper,
y3azalnbHEeHHs1 ma HarnucaHHs mekcmy cmammi.

Kynidiu ManuHa BacuniBHa — kaHOuaat MeguyHuX Hayk,
3aBigyBayka BigdineHHs NpoOMeHEeBOI NaTomnorii Ta naniaTMBHOI
MeaunumHn [epxaBHOi yCTaHOBU «IHCTUTYT MeauyHOI pagionorii
Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanbHOI akagemii Megny-
HUX Hayk YkpaiHuw»; OoueHT kadedpu pagionorii Ta pagiauinHoi
MeanuUMHN XapKiBCbKOro HaLiOHanbHOro MEAUYHOro YHiBEpCUTETY
MiHicTepcTBa OxOpoHM 3a0poB’'s Ykpainu; Byn. [ywkiHCbKa,
bya. 82, Xapkis, YkpaiHa, 61024;

e-mail: imr_omo@ukr.net

Mo6.: +38 (067)799-08-36

BHecok aemopa: aHaniz simepamypHux Oxeper,
HanucaHHs mekcmy cmammi.

Prospects for further research

The performed literature review demonstrated the prospects
of isolation and study of circulating tumor cells as a new strategy
for prediction and diagnosis of cancer recurrence. In further
studies, it is advisable to characterize the prognostic significance
and specificity of the isolation of circulating tumor cells depending
on the location of the malignant process.
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