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PATIOPAPMIIPEITAPATU HA OCHOBI AHTAI'OHICTIB
XEMOKIHOBOI'O PEIIEIITOPA CXCR4 B IIATHOCTUIII
TA JIIKYBAHHI OHKOJIOTTYHHHUX 3AXBOPIOBAHD

Ornsg NpUCBAYEHUN MUTAHHAM 3aCTOCYBAHHSA B OHKOMOTYHUI MpaKTULi HOBOFO Knacy TYMOPOTPOMHMX pagiodap-
mnpenapartiB (P®I) - niraHaiB o xemoKiHOBMX peLenTopiB. XemokiHoBMit peuentop CXCR4 npeacTaBnse 0co6auBMmit
iHTepec K MofeKynspHa MilleHb NPM AiarHOCTULI Ta NiKyBaHHi 310AKiCHUX NYXJWUH, OCKiNIbKW Biflirpa€e BaXinBy posib
y KaHueporeHe3i. B3aemogitoum 3 xemokiHom CCXL12, BiH aKTUBYE KNiTUHHI CUTHaNbHi WASAXM, WO BMIMBAIOTL Ha
nponicepawito NyxXNAMHHUX KNiTUH, aHTiOreHes, picT MeTacTasis i npurHivyeHHs anonto3y. Peuentop CXCR4 nigBuweHo
€KCNPecoBaHMit Ha MOBEPXHAX KNITUH Npu 6araTbOx reMo6i1acTo3ax i CONiAHUX MyXAKUH; IHTEHCUBHICTb eKcnpecii Ko-
pentoe 3 noripweHnMM NporHo3oM. Po3pobneHi yncnenHi iHri6itopm oci CXCR4/CXCL12 Ta ixHi miyeHi pagioHyknigamu
aHanoru, siki go3BonstoTb Bisyanizyeatu CXCR4 i npoBoguTy pagioniranfgHy Tepanito. MokasaHi MOXAMBOCTI 3aCTOCY-
BaHHsA papiodapmnpenapary *®Ga-Pentixafor gns giarHocTuku remo6nactosiB i conigHMx nyxnauH. TepaneBTUYHMIA
pagiodapmnpenapar ’Lu/*°Y-Pentixather anpo6oBaHuil y KOMNIEKCHOMY NiKYBaHHi PO3noBCIOAKEHUX remobnac-
TO3iB i NOKa3aB 6e3nocepefHio NPOTUNYXANHHY aKTUBHICTb Ta GaxkaHuit MienoabnaTusHmit ecdekT. Bpaxosytoun Bxe
OTPUMAHi pe3yibTaTi Ta BaXKAMUBICTb HOBUX TePaneBTUYHUX MiAXOAIB, 0C06MBO B 06/1aCTi pedpaKTepHUX PO3NOBCIOA-
KEHUX 3N105KICHUX NPOLECiB, 0YEBULHO, i AOCNIIKEHHSA OTPUMAIOTb NOAANbLINIA PO3BUTOK.
KniouoBi cnoBa: xemokiHosuit peuentop CXCR4; *Ga-Pentixafor; 7Lu/*°Y-Pentixather; CXCR4-cnpsimoBaHa pagio-
HYKNifiHAa fiarHocTUKa; pafgioniraHaHa Tepanisa remo6nacTosis.
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RADIOPHARMACEUTICALS BASED ON ANTAGONISTS
OF CHEMOCINE RECEPTOR CXCR4 IN DIAGNOSTICS
AND TREATMENT OF ONCOLOGICAL DISEASES

The review is devoted to the use of a new class of radiopharmaceuticals (RPs) — chemokine receptor ligands - in
oncological practice. The chemokine receptor CXCR4 is of particular interest as a molecular target in the diagnosis
and treatment of malignant tumors, as it plays an important role in carcinogenesis. By interacting with the
chemokine CCXL12, it activates cell signaling pathways that affect tumor cell proliferation, angiogenesis, metasta-
sis growth, and apoptosis inhibition. The CXCR4 receptor is overexpressed on the cell surfaces of many hematologi-
cal malignancies and solid tumors; the expression is correlated with poor prognosis. Numerous inhibitors of the
CXCR4/CXCL12 axis and their radionuclide-labeled analogues have been developed, which allow visualization of
CXCR4 and radioligand therapy. The possibilities of using RP ®®Ga-Pentixafor for the diagnosis of hemoblastosis and
solid tumors are shown. The therapeutic RP "’Lu/*°Y-Pentixather was tested in the complex treatment of spread
hemoblastoses and showed the direct antitumor activity and the desired myeloablative effect. Taking into account
the results already obtained and the importance of new therapeutic approaches, especially in the field of refracto-
ry spread malignancies, it is obvious that these studies will be further developed.
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tics; radioligand therapy of hematological malignances.
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BCTVYII

OmHMM 3 OCHOBHUX MEPCIIEKTUBHUX HAIIPSIMKIB Yy pO3-
poOI1li HOBUX TYMOPOTPOITHUX pamiodapMIiperapaTtiB
(P®IT) B octaHHE necSITUPIUYSI € CTBOPEHHSI MiYeHUX
areHTiB, 110 3a0e3IeYyI0Th TEPAHOCTUKY 3JIOSIKiCHUX
HEOIJIACTUYHUX IIPOLIECiB Ha OCHOBiI aHTaroHiICTiB Xe-
MokiHoBoro peuentopa CXCR4.

XeMOKiHU1 (XeMOTaKCUYHi LIUTOKiHU) € TPYIOI0 HEBE-
JIMKKX MPOTEIHIB, 10 cKiIagaloThed 3 60—90 amiHOKMC-
JIOT 1 Ma1oTh Ha N-KiHIi HUCTEIHOBI 3aJIUIIKU, 3a YHC-
JIOM i po3TallryBaHHSIM SIKMX BOHU 00’ €IHYIOTHCS Y Y0-
tupu rpynu (CC, CXC, CX3C, XC xemokinm). IcHye
0113bKO 50 XeMOKiHiB, iX mepBMHHA QYHKIIiST — iHAYKY-
BaHHSI KJITMHHOI Mirpauii [1].

EnporeHHMMHN TIapTHEpaMHM XEMOKIiHIB € XeMOKiHOBI
peLIenTOPH, IXHS B3aEMOIiSl TO3BOJISIE aKTUBYBATH XEMO-
TaKCUC KIITMH B HampsIMKy IO Tpaai€HTY XEeMOKIiHiB.
OcobnuBuit iHTEpEC TPEACTaBIsIE XeMOKIHOBUI pelier-
top CXCR4, gxkuit 6epe ydactb y OaraTbox iziono-
rivnux i matonoriyHux npouecax. CXCR4 nmoegHaHuii ¢
G-1npoTeiHOM i pO3TAllIOBYETHCS HA MOBEPXHi KIIITHH.
CTpyKTYpHO BiH CKJIaJAEThCA 3 352 aMiHOKMCIIOTHUX 3a-
JIMIIKIB, 11O CTBOPIOIOTH CiM TpaHCMeMOpPaHHUX CTPYK-
Typ 3i cHipaJbHUMHU eKCTpaMeMOpPaHHUMM IiITHKAMM,

PeJd Dmytro O. Dzhuzha, e-mail: dadzhukrn@ukr.net

INTRODUCTION

In last decade the one of perspective stream in
development of new tumor radiopharmaceuticals
(RP) is the creation of targeted agents, which allow
theranostics of malignant neoplasms on the base of
antagonists of chemokine receptor CXCR4.

Chemokines (chemokine cytokines) are the
group of the little proteins, consisting from 60—90
amine acids and having on the N-terminals cys-
teine residues, according its number and arrange-
ment they are united into four groups (CC, CXC,
CX3C, XC chemokines). There are about 50
chemokines; their primary function is inducting
cell migration [1].

Endogenous partners of chemokines are the
chemokine receptors, interacting with which they
can activate cell chemotaxis towards the
chemokine gradient. Of particular interest is the
chemokine receptor CXCR4, which take parts in
many physiological and pathological processes.
CXCRA4 is coupled with G-protein and located on
the cell surface. Structurally it consists of 352
amino acid residuals, which forming seven trans-
membrane structures with helical extramembrane
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MNoeAHAHUMM IicTbMa TeTasIMU. [ToeqHyIOUNCH 3 €U~
HuM npupoaHuM JiraHaom CXCLI12 (ctpoManbHUA
KkiniTuHHui ¢pakrop-lo, SDF-10), peuenrop CXCR4
aktTuBye MAPK curHanbHuii 1UISIX, 11O TIPU3BOAUTH
JI0 3MiH T€HHOI eKCIIpecii, MmojliMepu3allii akTUHY, Te-
peOya0B KJIITUHHOTO CKEeJIeTy Ta Mirpauii KiaiTuH [2, 3].

VY Tini moauHU BUCOKI piBHI eKcmpecii peuernropa
CXCR4 BinmivaoTbcsl B KIIITMHAX I'€MOIIOETUYHOI
cuctemu. XeMokiH CXCLI12 roioBHUM YMHOM €KC-
npecoBaHuil y KicTkoBoMy Mo3ky (KM), nimdaruy-
HUX By3JIaX, JIETEHSX, Ceplli, TAMYCi Ta TediHi [4].

Bice CXCR4-CXCL12 Bimirpae BaxiauBy pojb B
eMOpioHAIbHOMY PO3BUTKY T'€MOIOETUYHOI, HEPBOBOL
Ta cepleBo-cyauMHHOI cucteM. Ilim yac emOpioreHesy
CXCR4, gxuit eKCIpecoBaHMII Ha KIIITMHaX-IIOIIe-
penHuKax, 3abe3reuye ix Mirpaiito 3 MicCllb BUHUK-
HEHH$ OO0 KiHLIEBOI JloKaji3allii, 1e BOHU AudepeH-
LHIOIOTBCS B TKAHWHM i opranu [5, 6].

¥ moctHaTaneHOMY TIepioni peuenTop CXC4 Gepe
y4acTh B IIpoliecax reMoIroe3y, HEOaHTioreHe3y, iIMyHHO1
Binmosini [2]. Bucoka excrnpecis CXCR4 Ha KiiTMHax
iMyHHOI CUCTEeMU, TaKKX SIK Makpodaru, T-1iMmpouunTu
i HEUTpOdinU, € OTHUM i3 KITIOUOBMX MOMEHTIB, IO
BM3HAUAIOTh X Mirpalilo 10 ocepeaKiB 3amajaeHHs [7].

Peuentop CXCR4 Takox 3adyyeHMiI B MaTOTEHE3
Pi3HMX 3aXBOPIOBaHb i HacamIepea MyXJIUHHUX MPO-
meciB. AKTUBYIOUM pi3HiI curHambHi muisxu (RAS-
MARK, PI3K-AKT-mTOR, JAK-STAT, PLC), Bich
CXCR4-CXCL12 ctumymtoe mnpoJidepaliito myxJInH-
HUX KJIITUH, TIPUTHIYYE amoITo3 i CIIpUSIE MeTacTa3y-
BaHHIO [8]. Xoua GaraTo MexaHi3MiB OHKOT€HE3y, 1110
3a/isTHi, Ta TOUKM IX aKTUBAllii 1IIe HE BUBYEHi, ITPOT-
HO3 OLTBIIOCTI MyXJIMH MOTipIIYETHCS 3i 30iIbIIEHHIM
ekcripecii CXCR4 [2, 7]. EkcnepuMeHTalIbHI MoaelTi
paKy MiALLIYHKOBOI 3a/03U, LIUTOIOAIOHOI 3a/103U,
MPOCTaTU, KOJOPEKTAIbHOIO paKy MmokKasajiu, 110 Me-
TactadyBaHHs orocepeakoByeTbcsi CXCR4 wiissxom
aKTMBAllil i Mirpalii paKkoBUX KJIiTUH y HAIPSIMKY Op-
raHiB, mo ekcrpecyiotb CXCLI12 [2].

PiBai CXCR4 0co011BO mifBUILEHI TP reMo0J1acTo-
3aX, TAKUX IK MHOXXWHHa MiesioMa (MM), HEXOIKKiHCh-
Ka jgimgoma (HXIT), xpoHiuHUi giMboLMTapHUA eit-
ko3 (XJIJI), roctpuit mienobmactamit neiiko3 (I'MJI),
OYEeBHUAHO, SIK Hacaimok Bucokoi ekcripecii CXCR4 Ha
TTOBEPXHiI HOPMAJTbHIX TeMOITOETUYHMX KIIITHH [6].

[ligBumena excrpecis CXCR4 Oyma TakoxX BUSIB-
JIEHa B Pi3HUX COJIAHUX MyXJIMHAX: HEAPIOHOKIITUH-
HOMY paky JereHb [9, 10], paky nmepeamixypoBoi 3a-
Jo3u [11], konopekTaabHOMY paky [12], paky rpyaHoi
3aio3u [13, 14], rmiobmacroMax [15], HelipoeHIOKPUH-
HUX MyXJiMHax [16].

parts united with six loops. Connecting with single
natural ligand CXCLI12 (stromal cell factor-la,
SDF-1a) receptor CXCR4 activates signaling path-
way MAPK, that leads to gene expression modifica-
tion, actine polymerization, remodeling cell skele-
ton, and cell migration [2, 3].

In human body the overexpression of receptor
CXCRA4 is observed in cells of the haemopoietic sys-
tem. Chemokine CXCLI12 is mainly overexpressed
in bone marrow, lymph nodes, lungs, heart, thymus,
and liver [4].

Axis CXCR4-CXCL12 plays an important role in
embryonic development of haemopoietic, nervous,
and cardiovascular systems. During embryogenesis
CXCR4 is expressed on progenitor cells promoting
its migration from place of origin to their destination,
where they differentiate into tissues and organs [5, 6].

Postnatally receptor CXCR4 participates in the
processes of haemopoiesis, neoangiogenesis, and
immune response [2]. High expression of CXCR4
on the cells of immune system such as macro-
phages, T-lymphocytes, and neurophils is one of
the pivotal moments, which determined its migra-
tion to the inflammation foci [7].

Receptor CXCR4 is involved in the pathogenesis
of various diseases and primarily tumor processes.
By activating different signaling pathways (RAS-
MAPK, PI3K-AKT-mTOR, PLC, JAK-STAT)
axis CXCR4-CXCL12 stimulates proliferation of
tumor cells, inhibits apoptosis, and promotes
metastasis [8]. Although many of involved mecha-
nisms of oncogenesis and their application points
have not yet been studied, the prognosis mostly of
tumors became worse with increasing of expression
of CXCR4 |2, 7]. Experimental models of cancer of
pancreas, thyroid gland, prostate, colorectal carci-
noma showed, that metastasis is mediated by
CXCR4 through activation and migration of the
cancer cells towards the organs, which expressed
CXCLI12 [2].

CXCR4 is overexpressed in hematological malig-
nances such as multiply myeloma (MM), non-
Hodgkin lymphoma (NHL), chronic lymphocyte leu-
kemia (CLL), acute myeloblastic leukemia (AML),
obviously as results of the high CXCR4 expression on
the surface of normal haemopoietic cells [6].

High expression of CXCR4 has also been found
in various solid neoplasms: non-small cell lung
cancer [9, 10], prostate cancer [11], colorectal can-
cer [12], breast cancer [13, 14], glioblastomas [15],
and neuroendocrine tumors [16].
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Excnpecis CXCR4 Ha pi3HUX IMYHHUX KJIiTHHAaX,
0co0auBo Ha Makpodarax u T-nimMdolurTax, BKa3ye Ha
MOXJIMUBICTh MOro BUKOPUCTAHHS JIs1 Bizyaizauii
XPOHIYHUX 3aTaJIbHUX 3aXBOPIOBaHb [7].

ITinumena excnpeciss CXCR4 B ainsgHI iHhapKTy
MioKapja, 110 BUHUKAE B Pe3y/bTaTi iH(iIbTpallii Jeii-
KOLMTaMM AIJISTHOK YpaKeHHSI, MOXe OYyTU BUKOPHUC-
TaHa IS OLIiIHKY 00’ eMy ypakeHHS MioKapaa i moTeH-
Ilialy BiTHOBJICHHS B IIpolieci MOHiTopuHry [17—21].
VYcranosneHa cyrreBa pojib CXCR4 B pemopeoBaHHi
CyIVH MIiCJIsl ypaxXeHb, JecTabiiizallii aTepocKiepo-
TUYHUX OJSIIIOK i (opMmyBaHHiI aHeBpu3M [22].
CXCR4-cripsiMoBaHa MMO3UTPOHHA eMiciliHa ToMorpa-
¢ig (ITET) ycmiliHO BMKOPMUCTOBYBaJIach ISl ileH-
TH(iKaIii aTepOCKIEPOTUUYHNX YpakeHb [23, 24].

Hapsny 3 uuMm, BCTaHOBIIEHO, IO ITiABUINEHA
ekcripecis CXCR4 cyTTeBO BIUIMBAE Ha PO3BUTOK
HelponereHepaTUBHUX 3aXBOPIOBaHb [25].

PapiodpapmnpenapaTtu Ha OCHOBI aHTaroHicTiB
CXCR4

Bpaxosytouun poar CXCR4 B kaHueporeHesi, B oc-
TaHHE AecITUupiuusi OyJo po3pobieHO Oarato aHTa-
TOHICTIB IO LILOTO pelenTopa, sIKi pO3IMOIiIIIOThCA Ha
4 ocHOBHi rpynu: HenentuaHi aHTaroHictu CXCR4,
Taki gK moxigHi 6iumkiaama AMD3100, Hu3bpKonen-
tuaHi antarodict (T140), antutina o CXCR4 i mo-
nudikoBaHi aroHictu Ta aHTaronictu o CXCLI12 [6].
B excneprMeHTaIbHUX MOJENSIX Ha MUIIAX Teparlis,
cnpssmoBaHa Ha CXCR4 i3 3acToCyBaHHSIM HU3bKOMO-
JIEKYJISIDHUX AaQHTAroHiCTiB, MNENTUIHUX MNOXiIHUX
CXCL12, iuriditopiB CXCLI12, antutin no CXCR4,
npuBOAWIA 10 30iMbLIEHHS 3arajlbHOI BUXKMBAHOCTI,
Mnepul 3a Bce, 3aBAsKU 3arobiraHHIO pO3BUTKY Biaaa-
JIEHUX MeTacTasiB [26].

VY 3B’43Ky 3 HEOOXiJHICTIO IJIs1 KJIIHIYHOTO 3aCTOCy-
BaHHs Bizyarmizanii CXCR4 i KibKiCHOI OLIIHKM HOTO
ekchpecii Oy NpoOBeAeHI MOCTIIKEHHS, CIIPSIMOBaHi
Ha po3po0bseHHs BimmosBigHux cneuudiynux POII.
OuiHBaINCh 3 TPYMNU CIOJYK: MiYeHi pagioHyKJliZaMu
anasorn AMD3100 i AMD3465, MiueHi nmenTuau Ha
ocHoBi T-140 Ta MiyeHi UMKIIiYHi TTeNTUAA HA OCHOBI
FC-131. Cepen cnionyk, 1110 pO3IISIIAINCH, ONITHMAITb-
M POIT sugasusca anamor FC-131 ®Ga-Pentixafor,
SIKU Ma€e BUCOKY adiHHICTb Ta CEJIEKTUBHICTH MO
CXCR4 nronvHM, WBUIKY PEHaAIbHY €KCKpelilo i
HU3bKEe (DOHOBE HAKOIIMYEHHS, 1110 3a0e3Ieuye BUCO-
kokoHTpacTHy I1ET-Bi3yanizalito in vivo TKaHUH, SKi
excrpecyiorb CXCR4. Harernep *Ga-Pentixafor € equ-
HUM giarHocTHIHUM P®II, 1110 3HANIIOB IIMPOKeE 3ac-
TOCYBaHHS Yy KIiHIUHIN mpakTudi. [Ipore, criemmdiv-

CXCR4 overexpression on different immune
cells, especially macrophages and T-lymphocytes,
indicates the possibility of its use for imaging chron-
ic inflammatory diseases [7].

High CXCR4 expression in the region of infracted
myocardium, which appears as result of leukocyte
infiltration, may be used to assess the extent of
infracted myocardium and the recovery potential
during the monitoring [17—21]. The essential role
of CXCR4 in the remodeling of blood vessels after a
lesion, destabilization of atherosclerotic plaques
and the formation of aneurysms has been deter-
mined [22]. CXCR4-directed positron emission
tomography (PET) was successfully used for identi-
fication of atherosclerotic lesions [23, 24].

It has also been established that high CXCR4
expression significantly affects the development of
neurodegenerative diseases [25].

Radiopharmaceuticals based

on antagonists of CXCR4

Considering the role of CXCR4 in carcinogenesis,
in last decade multiply antagonists to this receptor
were developed, which divided on four main groups:
nonpeptide antagonists CXCR4, such as bicyclam
derivate AMD3100, small peptide CXCR4 antago-
nists (T140), antibodies to CXCR4, and modified
CXCLI12 agonists and antagonists [6]. In experi-
mental mice models CXCR4-directed therapy with
low-molecular CXCR4 antagonists, peptide deri-
vates of CXCL12, CXCL12 inhibitors, antibodies to
CXCR4 leads to prolonged overall survival, prima-
rily by preventing distant metastasis [26].

In connection with the need for clinical use of
visualization of CXCR4 expression and its quantita-
tive assessment, studies were conducted aimed at
developing appropriate specific RP. Three groups of
compounds were evaluated: radiolabeled bicyclam
AMD3100 and AMD3465 analogs, radiolabeled
peptides based T-140, and radiolabeled cyclic pep-
tides based FC-131. Among the compounds that
were considered, the optimal one turned out to be
the analogue FC-131 ®Ga-Pentixafor, which has a
high affinity and selectivity for human CXCR4, fast
renal excretion and low background accumulation,
which provides high-contrast PET imaging of tis-
sues expressing CXCR4 in vivo. Currently, ®*Ga-
Pentixafor is the only diagnostic RP that is widely
used in clinical practice. However, the specificity of
Pentixafor changes significantly even with minimal
structural changes, which leads to a decrease in
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HicTh Pentixafor 3Ha4HO 3MiHIOETHCS HaBITH MPU MiHi-
MaJIbHUX CTPYKTYPHUX 3MiHax, 110 Bele 0 3MCHILICHHS
adinnocti 1o CXCR4 i pobuTs iioro Bepcii, miveHi '""Lu i
Y, Hee(DeKTUBHUMU IIPM BUKOPUCTAHHI SIK TeparieBTHY-
Hux POIT [27]. Tomy B IKOCTi TepanieBTUMHOTO TTpernapa-
Ty OyB 0OpaHUIl aHATOTIYHUIA MENTUI, 110 OTPUMAaB Ha3-
By Pentixather. E(peKTUBHICTh T€PAaHOCTUUHOIO MiAXOMy
$Ga-Pentixafor/"’Lu-Pentixather Oyia mokasaHa Ha pi3-
HUX eKCIIepUMEHTaIbHUX MOJIEJISIX TOCTPOro JiMcpooaacT-
Horo naeiikosy (I'JLUJT) i I'MJI [28].

BripongoB:k ocTaHHIX POKiB BEIUMCh JOCTIIKEHHS, CITPsI-
MOBaHi Ha BaocKoHajieHHs icHyrounx CXCR4-crnpsimo-
BaHux POII [1]. Moaudikarliist JiHKEpHUX CTPYKTYp B
Pentixafor u Pentixather no3Bosmia orpumaru HoBi PDI1
3 nogainmeHuMu xapakrepuctukamu (7’Lu-DOTA-r-a-
ARA-CPCR4), 1110 1a€ 3MOTy TOBOPUTU TTPO CTBOPEHHS
JIPYroro MOKOJiHHS MpenapatiB sl pamiofliraHIHOl Te-
pamii (PJIT), cnpsimoBanoi Ha CXCR4 [29].

Bisyanizauia remo6nacrosis

IMepnii i HAAOIMBIIMI KIIHIYHWIA JOCBIJ 3aCTOCYBaH-
Ha ®Ga-Pentixafor mrg Bisyarizarii reMo061acTo3iB OyB
oTpuMmanuit y xsopux Ha MM [30, 31]. I[1pn riepBuHHI
niarHoctuii MM ®Ga-Pentixafor-IIET BusiBuiace
oinbm yymmBoto, HiX TTET 3 "F-dropae3okcuritoko-
3010 (UF-®AT) (93,3 % npotu 53,3 %); KinbKicHi IO-
Ka3HUKM HakoruueHHs ®Ga-Pentixafor Oinbiioo Mi-
pOIO KOpeIoBaiu 3i CTami€ro i 0ioJoriYyHMMU MapKepa-
mu [31, 32].

ITokazaHa epeKTUBHICTb [1iarHOCTMYHOTIO i TepaHOC-
TUYHOTO 3acTocyBaHHs *Ga-Pentaxifor i '""Lu-Pentaxi-
ther y xBopux Ha pedpakrepuuii MJI [26, 33]. Mox-
JIMBICTh TEPaHOCTMUYHOTO BUKOpHcTaHHs *Ga-Pentixa-
for mpu PJIT mudysnoi B-BenmmkoximiTuHHOI ITiMdomu
nponemoHcTpoBaHa C. Lapa 3i cmiBaBT. [34].

VY 3B’3Ky 3 HEOOXigHICTIO 3aCTOCYBAaHHS PO3LIMpPE-
HOTr0 KOMILIEKCY JOCIiIXEHb MPU AiaTHOCTUL JTiMo-
MU MapriHaiabHol 30HM (JIM3), 110 BKJIIOYAE €HI0C-
KOTIiI0 OpraHiB IUIYHKOBO-KHAIITKOBOro TpakTty (LLIKT),
oioncito KM Tta xkomm’totepny Tomorpadito (KT), pos-
rsgpanucs moxiuBocTi ®Ga-Pentixafor-ITET, ockijb-
KM TIpu it Ho3ouorii epektuBHicTE ®AI-TIET oOMe-
xkeHa [35, 36]. HJani ®Ga-Pentixafor-ITET npussenn 1o
3MIiHM KOHCTaTallii cTaii 3aXxBopioBaHHs y 27 % XBOpUX,
npu upoMmy y 85,2 % 3 HUX BigMmidasoch ITiABUILEHHS
cTafii, i OyJaM MpoBeaeHi BiAMOBiAHI 3MiHU JiKyBaJabHOI
TakKTUKH. [iarHOCTMYHA TOYHICTH METOMy CKJajmana 94
% 3a nannmu eqpockorii KT i 76,8 % — 6ioncii KM.
3acrocyBanns *®Ga-Pentixafor-TTET mae 3mory mokpa-
LIUTH iCHYIOUI AiarHOCTUYHI anroputMu [36, 37]. Mox-
JIMBICTD MiABUILIEHHS €(DEKTUBHOCTI AiaTHOCTUKM 3a J0-

affinity for CXCR4 and makes its version radiola-
beled with ’Lu and *°Y ineffective when used as
therapeutic RP [27]. In this regards, a similar
peptide was chosen as a therapeutic RP, which
was named Pentixather. The efficacy of theranos-
tics approach *Ga-Pentixafor/'”’Lu-Pentixather
has been shown in various experimental models
of the acute lymphoblastic leukemia (ALL) and
AML [28].

In recent years, the studies have been conduct-
ed aimed at improving existing CXCR4-directed
RP [1]. Modification of linker structures in
Pentixafor and Pentixather made it possible to
obtain new RP with improved characteristics
(""Lu-DOTA-r-a-ARA-CPCR4), which allows
us to talk about creation of a second generation of
RP for CXCR4-directed radioligand therapy
(RLT) [29].

Visualization of hematological malignancies
The first and most large clinical experience of
using ®*Ga-Pentixafor for imaging in hematologi-
cal malignancies has been getting in patients with
MM [30, 31]. At primary diagnostics of MM %Ga-
Pentixafor-PET was more sensitivity than PET
with ®F-fluordeoxiglucose ("*F-FDG) (93.3 % vs.
53.3 %), quantitative indices of accumulation of
$8Ga-Pentixafor more correlated with the stage
and biological markers [31, 32].

The effectiveness of diagnostic and theranostics
using of ®Ga-Pentixafor and ""Lu-Pentixather was
showed in patients with refractory AML [26, 33].
The possibility of using ®*Ga-Pentixafor at RLT of
diffuse large B-cell lymphoma was demonstrated
C. Lapa et al. [34].

In connection with the necessity to apply the
extended complex of investigations in the diagno-
sis of marginal zone lymphoma (MZL), which
includes the endoscopies of gastrointestinal tract
(GIT), bone marrow biopsy, and computed to-
mography (CT), the possibilities of ®*Ga-Pentixa-
for-PET were considered, since the effectiveness
of ®F-FDG in this nosology is limited [35, 36].
Data of ®*Ga-Pentixafor-PET led to a change of a
disease stage in 27% of patients, of whom 85.2 %
had an elevated stage and the appropriate changes
in treatment strategy were made. Diagnostic
accuracy of the method with regard GIT endo-
scopy was 94 %, with regard to bone marrow bio-
psy was 76.8 %. The application of ®*Ga-Penti-
xafor-PET allows to improve existing diagnostic
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nmomoroto “Ga-Pentixafor-ITET/KT y xBopux Ha
JIM3, BKIIOUYHO 3 JiM(POMOI0 MYKO30acolilioBaHOL
nmimMpoinaoi TkannmHan (JIMAJIT), BigmiueHa i R. Wer-
ner 3i criBaBrT. [38].

VYV xBopux Ha JIMAJIT HUTYyHKY MO3UTPOHHA €Mi-
ciifHa ToMorpadist / MarHiTHO-pe30HAHCHA TOMOTpa-
dis (ITET/MPT) 3 %Ga-Pentixafor 3actocoByBaiach
JJIsl OLIIHKY €(PeKTUBHOCTI JIIKyBaHHS TIiC/IsT epaau-
Kartii Helicobacter pylori. TouHiCTb, 4yTJIMBICTb, CIIE-
HU(pIYHICTb, TO3UTUBHUIA Ta HEraTUBHUI MpeauKa-
TUBHI MOKAa3HUKU Yy BU3HAYE€HHI 3aJIMILIKOBOI
JIMAIJIT cknaganu BigmosigHo 97,0; 95,0; 100,0;
100,0 i 92,9 %, mo poOduTh METON IePCHEKTUBHUM
TECTOM JIJIs1 OLIIHKM pe3uayaabHoro mnpoiecy [39].

BuBueHHS MOXIIMBOCTE 3acTocyBaHHs *Ga-Penti-
xafor-INET/MPT y xBopux Ha MaHTiMHOKJIITUHHY
niMmpomy (MKIJII) mokazano BHUCOKY KOHTPACTHiCTb
300paxeHb i uyrnuBicte MeTony (100 %), sika Oyna
ngoctoBipHo Bumna, Hix npu “F-OIAT-TTET/MPT
(75,2 %). Meton Moxke OyTH e(heKTUBHOIO aJbTepHa-
tuBoio “F-OAT-TTET y giarnoctuii MKJT [40].

Y xBopux Ha MienonpoidgepaTuBHI MyxJuHU (TIep-
BUHHUU MienodiOpo3, iCTMHHA TOJIILUTEMIsl, eCeH-
miajibHa TpoMboLuTeMist) 3acTocyBaHHs ®Ga-Penti-
xator 3a0e3meunsio eceKTUBHICTh aiarHocTrku 100 %.
3minu kinbKicHux ganux [TET/KT B xoni nikyBaHHS
BiAIMOBiIaAM TeparieBTUMHOMY pe3YJIbTaTy, BKa3ylouu
Ha MOXJIMBICTh 1X 3aCTOCYBaHHS JJisI OLIIHKM edeK-
TUBHOCTI JlikyBaHHS [41].

ITpu pinkicHiit ¢popmi HXJI MakporioOyniHemil
BanpaeHncTpema / nmimdoriazMouuTapHiin TimM@omi
3actocyBaHHsa *Ga-Pentixafor BUABUIOCH OiJbII
gymBuM, HixX BF-®O/I" gk y miarHocTuLi mpolecy
(100 % npotu 73,3 %), Tak i B OLiHLI e(PEeKTUBHOCTI
xiMmioTeparrii [42—44].

Y xBopux 3 jiMpoMaMu 1IEHTPaJIbHOI HEPBOBOI
cuctemu (HHC) npu nepBUHHIN AiarHOCTULII, OLiH-
i e(eKTUBHOCTI JIiKyBaHHSI i MOHITOPUHIY pPELM-
nuBiB *Ga-Pentixafor-TIET/KT moka3ana BHCOKY
KOHTPACTHIiCTb 300paxkeHb i AiarHOCTUYHY TOUHICThb
100 %. B ominui pesysibraTiB Teparii “Ga-Pentixafor
BUSIBUBCS Oiibil TouHuM, Hix “F-OI-TTET/KT i
Moxke OyTy Ginbir repcrieKTuBHUM P®IT B miarHoc-
tuni ypaxens LHHHC [45].

Bizyanisauisa conigHux nyxavH

Iepure 3actocyBanusa ITET 3 ®Ga-Pentixafor y xBo-
pUX Ha COMiIHI MyXJIUHM (paK IMiaIUIyHKOBOI 3271031,
MpOCTaTH, IPYAHOI 3aJ103U, MEYiHKU, HEBiIOMOI JI0-
Kauizauii, ApiOHOKJIITUHHUIA paK JiereHb, MeJIaHOMa,
rriobsactoMa) MoKaszajlyd IIOMipHE Ta TeTeporeHHe

algorithms [36, 37]. The possibility of increasing
diagnostic efficiency with ®*Ga-Pentixafor-PET in
MZL patients, including the lymphoma of mucosa-
associated lymphoid tissue (MALT), was also noted
by R. Werner et al. [38].

In patients with MALT lymphoma of the stomach,
positron emission tomography/magnetic resonance
imaging (PET/MRI) with ®Ga-Pentixafor was used
to evaluate the treatment efficacy after Helicobacter
pylori eradication. The accuracy, sensitivity, speci-
ficity, positive and negative predicative values in
determination residual MALT lymphoma were 97.0,
95.0, 100.0, 100.0, and 92.9 %, respectively, that
makes this method a promising test for the assess-
ments of the residual process [39].

The study of possibilities of ®Ga-Pentixafor-
PET/MRI application in patients with mantle cell
lymphoma (MCL) showed high contrast of images
and sensitivity of the method 100%, which was sig-
nificantly higher than in PET/MRI with "F-FDG
(75,2 %). This method can be the effective alternative
to "F-FDG-PET in diagnosis of MCL [40].

In patients with myeloproliferative tumors (pri-
mary myelofibrosis, true polycythemia, essential
thrombocythemia), the use of ®Ga-Pentixator
ensured a diagnostic efficiency of 100%. Changes in
quantitative PET/CT data during treatment corre-
sponded to the therapeutic outcome, indicating that
they can be used to assess the effectiveness of treat-
ment [41].

In a rare form of NHL, Waldenstrom macroglobu-
linemia/lymphoplasmacytic lymphoma, ®“Ga-
Pentixafor was more sensitive than *F-FDG in both
diagnosing the process (100% vs. 73.3%) and assess-
ing the effectiveness of chemotherapy [42—44].

In patients with central nervous system (CNS)
lymphoma, *“Ga-Pentixafor-PET/CT showed high
image contrast and diagnostic accuracy (100%) in
the initial diagnosis, evaluation of treatment efficacy
and monitoring of relapse. In assessing the results of
therapy, ®*Ga-Pentixafor proved to be more accurate
than "F-FDG-PET/CT and may be a more promis-
ing radiopharmaceutical in the diagnosis of CNS
lesions [45].

Visualization of solid tumors

The first use of ®Ga-Pentixafor PET in patients with
solid tumors (pancreatic, prostate, breast, liver, un-
known localization, small cell lung cancer, mela-
noma, glioblastoma) showed moderate and heteroge-
neous accumulation of radiopharmaceuticals, and in
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HakonmyeHHs1 PDII, a B eskux BUNaaKax BiICyTHICTb
Oyab-sKO1 eKCIIpecii, 110 He BiAnoBigaao Mnpodiito
ekcrpecii CXCR4 nipu pociimkeHHsIX in vitro [46]. B Toit
JKe yac BUSBJIEHO BUpaxkeHe HakonnueHHsT PDI] 3 Bu-
COKUM CIiBBiHOIIeHHIM TyxianHa / ¢oH (CI1D) mpu
JIpiOHOKIITUHHOMY paky JereHb (IIKPJI), mo Oyno
TiATBEepIKEHO iHITMMHA JTOCTiIKeHHIMHA |9, 47, 48].

IIponemoHCcTpOBaHa J0OBOJI BHUCOKA €(PEKTUBHICTH
IMET 3 ®Ga-Pentixafor y XBopux Ha pO3IOBCIOIKE-
Hult anpeHokopTukaabHuit pak (AKP). I1pu Bizyaib-
Hill 1 KibKIiCHI! OLIIHILII CYTTEBUX BiIMiHHOCTEI Bif
pesynsratiB *F-OAT-TIET He BuszHavanoch, v 70 %
o0cTexxeHux Oyna BusgBieHa ekcrnpecis CXCR4
nocratHs g nposeaeHHs PJIT 3 '"Lu/*°Y-Penti-
xather [49].

Cepen rpylnu XBOpMX Ha XOJIAHTIOKapLMHOMY, pak
SIEUHUKIB, HUPKOBO-KJIITUHHUI paK IOKa3aHa CyT-
Te€Ba Kopesisiisg Mix KoHeHTpalieto CXCR4, 1110 BU-
3HaYayiacs iMyHOJIOTIYHO, i Hakonmrm4yeHHIM “Ga-Pen-
tixafor B myXxJIMHHUX ocepeakax, MpU LIbOMY XOJaH-
riokapumHOMa Majia Halibiabplle HakonuueHHs POII,
siKe B 7 pa3iB nepeBuliyBajio ¢oH [50].

BicraBnenns pesyabraris [NIET/KT 3 “"F-OOI i
88Ga-Pentixafor mokasaao omHaKOBY a00 OUIbLI HU3b-
Ky edpekTuBHicTb Bizyanizalii CXCR4 npu 3105KicHUX
HEeMpOeHIOKPUHHUX ITyxJMHax. OOHAaK, OCKIJIbKU
301TBIIIEeHHS TIPOJTihepaTUBHOTO iHAEKCY TTOB’I3aHO 3i
3MEHIIEHHSIM €KCIpecii COMaTOCTaTUHOBUX pelel-
TopiB i poctroMm ekcrpecii CXCR4, nochmimkeHHS 3
$Ga-Pentixafor Mmoxe 3a0e3reunTy Bigdip KaHIUIATIB
Ha jikyBaHHs '"Lu/*Y-Pentixather [51—53].

ITokazana MoxknauBicTh 3actocyBaHHsI CXCR4-
crpssmoBaHux P®I1 mng miarHocTMKM i JIiKyBaHHS
r1io6gacToM, B SIKMX 32 JaHUMM iMYHOTICTOXiMiYHUX
JOCITiI;KeHb BUsIBIIeHa Brcoka ekcrpecid CXCR4, gk i
BeJIMKa MiX- i BHYTPIITHBOITYXJIMHHA BapiaTUBHICTb.
Lli pe3ynsraTy MOBUHHI 3 00EPEXHICTIO MEPEHOCUTH -
cs Ha ekcnpecito, sska Bu3HauaeTbes Ha CXCR4-cnpsi-
mosadil I1ET in vivo. Tum He MeHII, NalliEHTU C BU-
cokMM HakonuyeHHsAM *Ga-Pentaxifor MoxyTb OyTu
kanaugatamu Ha PJIT 3 7Lu-Pentaxither [54].

HenaBHe nociigkeHHs 1iarHOCTUYHOI e(DeKTUBHOC-
ti ®Ga-Pentixafor-ITET y xBopux Ha 23 coiinHi myx-
JIMHU TI0KAa3aJIo MiABUILEeHEe HakonuyeHHsa y 67,8 %
ckaniB. Cepenne CII® cxmagano 4,4 (1,05—4,98).
Haiibinblia BenyrHa MaKCUMaJlbHOTO CTaHIapTU30-
BaHoro HakonmueHHSI (BCHwakc) BM3Hayamach Tpu
paky sgeunuka, JIKPJI, necmormacTuuHiil Kpyriokii-
tuHHii myxauHi Ta AKP. Y 40,8 % ckaHiB peecTpyBa-
JIoch Oiblre 5 ocepenkiB HakormmueHHsT PDII, 3 skux
y 28,6 % BCHyaxc Oyina 6Ginbme 10, 1mo poOHUTb

some cases the absence of any expression, which did
not correspond to the expression profile of CXCR4
in studies in vitro [46]. At the same time, a pro-
nounced accumulation of radiopharmaceuticals
with a high tumor/background ratio (TBR) was
found in small cell lung cancer (SCLC), which was
confirmed by other studies |9, 47, 48].

A fairly high efficiency of ®*Ga-Pentixafor PET in
patients with advanced adrenocortical cancer
(ACC) has been demonstrated. Visual and quantita-
tive evaluation did not reveal any significant differ-
ences from the results of ®F-FDG-PET, and 70% of
the subjects showed CXCR4 expression sufficient
for RLT with ""Lu/*Y-Pentixather [49].

Among the group of patients with cholangiocarci-
noma, ovarian cancer, and renal cell carcinoma, a
significant correlation was shown between the con-
centration of CXCR4, determined immunological-
ly, and the accumulation of ®Ga-Pentixafor in tu-
mor foci, with cholangiocarcinoma having the
highest accumulation of radiopharmaceuticals,
which was 7 times higher than the background [50].

Comparison of the results of PET/CT with "*F-
FDG and “Ga-Pentixafor showed the same or
lower efficiency of CXCR4 visualization in malig-
nant neuroendocrine tumors. However, since the
increase in the proliferative index is associated with
a decrease in the expression of somatostatin recep-
tors and an increase in the expression of CXCR4,
the study with ®Ga-Pentixafor can provide a selec-
tion of candidates for ""Lu/”"Y-Pentixather treat-
ment [51-53].

The possibility of using CXCR4-directed radio-
pharmaceuticals for the diagnosis and treatment of
glioblastomas, in which high CXCR4 expression
was detected by immunohistochemical studies, as
well as greater inter- and intratumoral variability,
has been shown. These findings should be cautious-
ly translated to the expression detected on CXCR4-
directed PET in vivo. Nevertheless, patients with
high ®Ga-Pentaxifor accumulation may be candi-
dates for RLT with '""Lu-Pentaxither [54].

A recent study of the diagnostic performance of
%Ga-Pentixafor-PET in patients with 23 solid
tumors showed increased accumulation in 67.8% of
scans; the mean TBR was 4.4 (1.05—4.98). The
highest maximum standardized uptake value
(SUVmax) was determined in ovarian cancer,
SCLC, desmoplastic round cell tumor and ACR. In
40.8% of scans, more than 5 foci of RP accumula-
tion were recorded, of which 28.6% had a SUVmax
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CXCR4-cnpsamoBany PJIT B wiii rpymni moTeHLiAHO
MOXKJIMBOIO [55].

Takum unnowm, JIKPJI, AKP, xonaHriokapiuHoMa, pak
SIEYHUKIB Ta AeaudepeHliiioBaHi HelpoeHIOKPUHHI
MYyXJIMHUA MOXYTb OyTH HaWOiIbII MEPCIEKTUBHUMU TH -
namu cofigHux nyxJvH a1 CXCR4-cnpsmoBanoi ITET.

Haxommuenns *Ga-Pentixafor i KoHTpacTHICTb 300pa-
keHb nipu npoBeaeHHi CXCR4-cnpsmoBanoi IIET
nochimkeHi y 690 XxBopux Ha pi3Hi COJTiIHI MMyXJIMHH i Te-
mobnacto3u. Haiibinpme HakonmuyeHHs1 P®II 3a-
peectpoBaHo pu MM (BCHwyakc 6inmbme 12). dpyre 3a
BEJIMYMHOIO HaKOTMYeHHs Oyyno BusiBieHo npu AKP,
MaHTIMHOKJIITUHHIN JTiM(poMi, aleHOKOPTUKAJIbHIN ane-
Howmi i IKPJI. Octeocapkoma, pak ce40BOTIO ITyXupsl, pak
rosoBM Ta mwui i capkoma HOiHra mokaszanu HalHWKYIY
cepeaHio BCHuake (MeHIIe 6). AHaJIOTiYHI pe3yJibTaTh
oyiu orpuMai st CITD, HaiOIbII BeTMYMHA BU3HA-
YaJIuCh MPU PO3IMOBCIOMXKEHUX remMoodiacto3ax — MM,
MKJ1 i IJLT [56].

CXCR4-cnpgamoBaHa pagioniraHgHa tTepania
OTpuMaHHSI TOCTaTHHO BUCOKHUX ITOIJIMHYTUX H03 IIPHU
3acrocyBanHi "Lu/”"Y-Pentixather B eKcrieprMeHTaIb-
Hux moxensx IJIJT i TMJI npuBeau mo 3acToCyBaHHS
P®II y tprox naiientiB 3 pedpakrepuum ['MJI. Iicas
yerimHoi PJIT yci nanieHTH migasiraau aloreHHin TpaH-
CIJTaHTAllil TEeMOIOETUYHUX CTOBOYPOBUX KIIITUH
(TT'CK). V¥ ogHoro matiieHTa, 1110 OTPMMaB J0JATKOBO
antu-CD66 pamioiMyHOTepalrifo, BiiMideHa JTOBrOCTpO-
KOBa ITOBHa Bifnosiab [57].

Iepmmit Boammii nqocsin 3actocyBaHHsT CXCR4-crips-
moBaHoi PJIT cripusiB BUKOPHMCTAHHIO 1ILOTO METOAY MPHU
iHIIMX remMo0acTo3ax. HailbimbImii TOCBiA 3aCTOCYBaHHS
"Lu/*Y-Pentixather 6yB oTpuMaHMii Y XBOPUX HA TOLLIK-
peHi cranii MM. PiBHi 11oYaTKOBOI BifIOBiAi Oy/I1 BUCOKU-
MU, OHAK CYTTEBOTO 30iIbIIEHHS 3arajlbHOI BUXKMBAHOCTI
He crioctepiranoch [58]. ¥V rpymi 3 8 xBopux Ha MM npu
npoBeneHHi PJIT nmormvHyTi 1031 B MiEJIOMHMX OCepeaKax
nocsramu 70 Ip. Y omHoro narjieHTa OyJia orprMaHa IoBHA
BiIMmoBinb, y m’atu — 4vactkoBa. OOuH XBOpUii ToMep
BHACJIiIOK CETCUCY IMiJ yac aruiacTu4yHoi dasu [59].

OxpeMi TO3UTUBHI pe3yJibTaTU NPU BUKOPUCTAHHI
PJIT '""Lu/*Y-Pentixather crocrepirainch y XBOpHUX 3
PeLUINBHOIO IU(PY3HOI BEIMKOKIITUHHOIO B-KITiTWMH-
HOI0 JIiM(oMo10. Y 4OTUPHOX MAlliEHTIB Oya OTpMMaHa
yacTKoBa abo 3MilllaHa BiAMOBiAb, JBOE XBOPUX [IOMEPIIU
yepe3 PO3BUTOK aCHEpPrujibo3y LIEHTPaIbHOI HEPBOBOI
cucTeMu i cericucy [34].

Haii6inbir nepcnektuBHo0 CXCR4-cnipssmoBana PJIT
Moxe OyTH y XBOpUX Ha T-KIITUHHY JiM(POMY, OCKITbKHI
y Uil BaxKiii 1JIs1 JTiKyBaHHSI KaTeropil MauieHTiB J0CsI-

of more than 10, making CXCR4-directed RLT
in this group potentially possible [55].

Thus, SCLC, ACC, cholangiocarcinoma, ovar-
ian cancer, and dedifferentiated neuroendocrine
tumors may be the most promising solid tumor
types for CXCR4-directed PET.

The accumulations of ®Ga-Pentixafor and image
contrast during CXCR4-directed PET were studied
in 690 patients with various solid tumors and hema-
tological malignancies. The highest accumulation
of radiopharmaceuticals was recorded in MM
(SUVmax > 12). The second highest accumulation
was detected in ACC, mantle cell lymphoma, ad-
renocortical adenoma and SCLC. Osteosarcoma,
bladder cancer, head and neck cancer, and Ewing’s
sarcoma showed the lowest mean SUVmax (less
than 6). Similar results were obtained for the TBR,
with the highest values determined in advanced
hemoblastoses — MM, MCL and ALL [56].

CXCR4-directed radioligand therapy
Obtaining sufficiently high absorbed doses with
""Lu/*Y-Pentixather in experimental models of
ALL and AML led to the use of RT in three pa-
tients with refractory AML. After successful RLT,
all patients underwent allogeneic hematopoietic
stem cell transplantation (HSCT). In one patient
who received additional anti-CD66 radioim-
munotherapy, a long-term complete response was
noted [57].

The first successful experience with CXCR4-
directed RLT led to the use of this method in
other hematological malignancies. The most
extensive experience with Lu/*Y-Pentixather
was obtained in patients with advanced MM. The
initial response rates were high, but no significant
increase in overall survival was observed [58]. In a
group of 8 patients with MM, the absorbed doses
in myeloma foci reached 70 Gy during RLT. One
patient had a complete response, and five had a
partial response. One patient died as a result of
sepsis during the aplastic phase [59].

Some positive results with ’Lu/*"Y-Pentixather
RLT were observed in patients with relapsed dif-
fuse large B-cell lymphoma. Four patients had a
partial or mixed response, two patients died due
to aspergillosis of CNS and sepsis [34].

The most promising CXCR4-directed radio-
therapy may be in patients with T-cell lym-
phoma, since in this difficult-to-treat category of
patients, control of the tumor process was
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raBcsi KOHTPOJIb HaJ MyXJIMHHUM TpouecoM. Y 4 mati-
€HTIB 3 PEUMIVMBHUM 3aXBOPIOBAHHSM IIPU 3aCTOCY-
BaHHi 'Lu-Pentixather morMHyTi 1031 B eKCTpaMeIy-
JISPHUX ocepenKax KoJuBanucs B Mexax 17,4—33.2 Ip, y
BCiX XBOpHMX OYB OTpUMaHWIi TMEBHUI e(heKT, SKUi
OlIiHIOBAaBCsl piBHEM JakTataeriaporeHasu. OauH XBO-
puii nomep micas PJIT BHacinigok centuileMii, y peiuTu
peeCTpyBaBcs MOBHUI a00 4YaCTKOBUM perpec 3 rojaaib-
IIMM BiZHOBJEHHSM PiBHS JeMKOUUTIB. XBOpUM 3
ycrimHuM pesyisratoMm PJIT moaatkoBo mpu3Havaacs
panioimyHoteparisa "*Re-antu-CD66. 3acTtocyBaHHSI
PJIT y xBopux 3 T-KIITUHHOIO JTiM(MOMOIO YSIBIISIETHCS
HaMOibII MePCIEeKTUBHUM, 1110 BKa3y€ Ha HEOOXiAHICTb
MPOCIIEKTUBHUX JOCIKEHD B LIbOMY HAnpsIMKYy [60].

3aBngku Bucokiit cienndignocti POIT PJIT B minomy
BiTHOCHO Oe3meyHa i MalieHTaMu TepeHOCHUTHCS 3a-
JIOBiTBbHO [61]. 3a3BMyail BHACTIAOK TeparieBTUYHUX aK-
tuBHOCcTelr '"Lu/*Y-Pentixather po3BMBA€ThCS ITMTO-
neHiss 6e3 03HaK rocTpol TOKCUYHOCTI, OAHAK Y JIOBOJi
3HAYHOI YaCTUHM XBOPHX MOXKE BUHUKATU CUHAPOM JIi3H-
Cy IyXJIMHU 3 PO3BUTKOM HUPKOBOI HEJTOCTATHOCTI abo
HeuTporneHiuHuii cercuc ao npopeaeHHs TT'CK [55, 57].
st 3amob6iraHHsI cMepTeJibHUM Haciaiakam nepen PJIT
HeoOXiJHO BXMBATU 3aXOIiB BiIOBiIHO A0 MPOTOKOJIIB
i3 3aMo0iraHHs CUHAPOMY JIi3UCY MyXJWHU. [HIINUM cI1o-
coOOM 3amolbiraHHs Moxe OyTu 3aMiHa JiroTelito-177
(Ty»=6,7 ni6) iTpiem-90 (Ti,»=2,7 mib), 110 MO3BOJSIE
3MeHIMTH iHTepBan Mixk PJIT i TT'CK Ta TpuBaicTs ar-
JIACTUYHOI (ha3u i, TAKUM YMHOM, 3HU3UTU BipOTiAHICTh
PO3BUTKY iH(PEeKIIHHNX YCKITagHEHb [61].

B tenepimmniit yac '""Lu/*Y-Pentixather 3acTOCOBY€ETh-
¢Sl TIpY Pi3HUX reMo0J1acTo3ax He TIIbKU JJISI JOCSITHEHHS
MPOTUITYXJIMHHOTO e(deKTy, a i SK ChocidO CTBOpeHHS
YMOB IS TIpOBeeHHS agoreHHoi abo aproreHHoi1 TT'CK.
AOGs1IisSI TeMOITOETUYHMX CTOBOYPOBUX KJIITUH B KiCTKO-
BOMO3KOBHX Hilllax, 1m0 cTtBoproeTbess CXCR4-cripsimo-
BaHoto PJIT, Moxe OyTw BHMKOpHUCTaHa IS ITiATOTOBKU
xBopux 10 TT'CK gk 1onmoBHEHHS 10 aHTUKJIACTEPHOI 200
paaioiMyHHOI TpaHCILIAHTALIIMHOT KJIITUHHOI Tepaltii.

B Toi1 ke yac, Ipu CoOTiAHUX 3JTOSIKICHUX MyXJIMHAX, Y
KOMIIJIEKCHOMY JIiKyBaHHi sikux ajjoreHHa TT'CK He me-
pendayeHa, Mienoabisinist, 1o cTBOproeThest CXCR4-
canpsimoBaHoto PJIT, He momycTruMa i € rOJI0BHOIO MPO0-
Jnemoto. bes pusuky nis ctoBoypoBux KiituH PJIT Moxe
OyTM TEXHIYHO 3aCTOCOBaHa MpU IyXJIMHAX 3 BUpaxkKe-
HOIO pPELEeNTOpHOI0 ekchpecielo, Takux sk AKP a6o
JKPJI, ogHak, HeoOXigHi mogasblli PO3pOOKM i Mpoc-
NeKTUBHI gociimkeHHsa [7]. Takuit migxion mMoxe OyTu
BUKOPUCTAHUIA Y XBOPUX 3 pepakKTepHOIO MYXJIUHOIO B
TepMiHaJbHil CTafdii, KOJu BUOip JIiKyBaHHSI oOMexke-
HUI 1 MOXJIMBOCTI BUYepnaHi. B Libomy BUIaAKy JiKy-

achieved. In 4 patients with relapsed disease,
when using "Lu-Pentixather, the absorbed doses
in the extramedullary foci ranged from 17.4 to
33.2 Gy, and all patients had a certain effect,
which was assessed by the level of lactate dehydro-
genase. One patient died after RLT as a result of
septicemia, the rest had complete or partial regres-
sion with subsequent recovery of leukocyte count.
Patients with a successful result of RLT were addi-
tionally prescribed ' Re-anti-CD66 radioim-
munotherapy. The use of RLT in patients with T-
cell lymphoma seems to be the most promising,
which indicates the need for prospective studies in
this direction [60].

Due to the high specificity of RP, RLT is gener-
ally relatively safe and well tolerated [61]. Usually,
cytopenia without signs of acute toxicity develops
as a result of the therapeutic activities of '"Lu/”"Y-
Pentixather, but a significant proportion of
patients may develop tumor lysis syndrome with
the development of renal failure or neutropenic
sepsis before HSCT [55, 57]. To prevent fatal out-
comes, measures should be taken before RLT in
accordance with protocols to prevent tumor lysis
syndrome. Another way of prevention may be the
replacement of lutetium-177 (T,,,=6.7 days) with
yttrium-90 (T»=2.7 days), which reduces the
interval between RLT and HSCT and the duration
of the aplastic phase and thus reduces the likeli-
hood of infectious complications [61].

At present, "Lu/*Y-Pentixather is used in vari-
ous hematological malignancies not only to
achieve an antitumor effect, but also as a way to
create conditions for allogeneic or autologous
HSCT. The ablation of hematopoietic stem cells
in bone marrow niches created by CXCR4-direct-
ed RLT can be used to prepare patients for HSCT
as an adjunct to anti-cluster or radioimmune
transplant cell therapy.

At the same time, in solid malignancies, in the
complex treatment of which allogeneic HSCT is
not provided, myeloablative effect created by
CXCR4-directed RLT is not acceptable and is a
main problem. Without risk to stem cells, RLT
can be technically applied in tumors with pro-
nounced receptor expression, such as ACC or
SCLC, however, further development and
prospective studies are needed [7]. This approach
can be used in patients with refractory tumors in
the terminal stage, when the choice of treatment
is limited and the possibilities are exhausted. In

27 ®



ornsaosl CTATTI

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

BaHHs '"Lu/*Y-Pentixather moxe OyTu nipoBeneHo sik  this case, treatment with ’Lu/*Y-Pentixather can
caJlbBaXHUII METOI IIpM HASIBHOCTI CTOBOypoBHMX  be performed as a salvage method in the presence of
KJIITWH, 3i0paHuX Tiepes rmomnepeaHiMu ximiotepaneB-  stem cells collected before previous chemotherapy
TUYHUMMU MIpoTOKoIamu [53]. protocols [53].

BUCHOBKU CONCLUSIONS

Taxkum ymHOM, MPUUETHICTh XeMOKiHOBOTO perieritopa  Thus, the involvement of the chemokine receptor
CXCR4 10 mnpoueciB mnporidepauii nyxauHHux  CXCR4 in the processes of tumor cell proliferation,
KJIITWH, aHTiOT€He3y, pOCTy MeTacTa3iB i MPUTHIYEHHsI — angiogenesis, metastasis growth and inhibition of
amnoriTo3y Npu B3aeMojii 3 xeMokiHoM CCXL12 no3Bo-  apoptosis in interaction with the chemokine
JISIE BUKOPHUCTOBYBATH ioro gk MojekynsapHy mimenb  CXCL12 allows it to be used as a molecular target for
JJIsl NiarHOCTUKU Ta JIIKYBaHHS 3/0SKicHMX myxJMH. the diagnosis and treatment of malignant tumors.
Peuentop CXCR4 nigsuiieHo excripecoBanuii Hamo-  The CXCR4 receptor is overexpressed on the cell
BEPXHSIX KJITWUH 0aratbox reMo01acTosiB i comimHmx  surfaces of many s hematological malignancies and
NyXJWH; 1HTEHCUBHICTh eKcIpecii Kopenmoe 3  solid tumors; the intensity of expression correlates
MOTipIIeHUM TpOrHo3oM. Po3pobieHi uuciaeHHi  with a poor prognosis. Numerous inhibitors of the
inrioitopu oci CXCR4/CXCLI12 Ta ixni mideni CXCR4/CXCRLI2 axis and their radiolabeled
pagioHYKJIiJaMy aHaJory, 110 J03BOJISIIOTh Bidyanidy-  analogs have been developed to visualize CXCR4
Batu CXCR4 i mpoBogutn pamioHyKmimHy Tepamito. and to perform radionuclide therapy. Among the
Cepen P®IT mna Bisyanmizawii nmpaktuuHe kiiniuHe  RPsforimaging, ®*Ga-Pentixafor, which can be used
3acTocyBaHHs1 oTpuMaB *Ga-Pentixafor, skuit moxe for the diagnosis of hemoblastoses and a certain
BUKOPHCTOBYBAThCS JJISI IiaTHOCTUKY reMobmacTo3iBi  range of solid tumors, as well as diseases of the car-
TIEBHOTO KOJIa CONIIMHMX ITyXJIWH, a TaKoX 3axBopio-  diovascular system and inflammatory processes, has
BaHb CEepLEBO-CYIMHHOI cUCTeMM i 3amajibHMX mpo-  found application in clinical practice. The efficacy
meciB. EdektuBHicte ®Ga-Pentixafor B miarHoctuii  of ®Ga-Pentixafor in the diagnosis of a number of
Hu3ku remobmacrosiB nepesepinye SF-DJI. [Tokaza-  hemoblastoses is superior to ®*F-FDG. The expedi-
Ha JOLIJIBHICT, MOTO BKIIIOYEHHS B OiaTHOCTMYHMI  ency of its inclusion in the diagnostic support of
CYTIPOBi OHKOTEeMaToJOTiuHuX XBopux. TepareBTnd-  oncohematological patients has been shown. The
Huit POIT ""Lu/*Y-Pentixather anmpo6oBanuii mias  therapeutic RP ""Lu/*Y-Pentixather has been ap-
3aCTOCYBaHHS y KOMITJIEKCHOMY JIiKyBaHHI penmauB-  proved for use in the complex treatment of recurrent
HUX TemMobOmacTo3iB. BpaxoByroun BXe oTpmMaHi pe-  hematological malignancies. Taking into account
3yJbTaTH i BaXJIMBICTh HOBUX TepamneBTUYHUX Migxo-  the results already obtained and the importance of
JIiB, 0cOOJMBO B 00JIacTi pedpakTepHUX po3MoBcioA-  new therapeutic approaches, especially in the field
JKeHUX MPOIIeciB, OYeBUIHO, IO IIi JOCTilKeHHST oT-  of refractory advanced processes, it is obvious that
PUMAaIOTh TOAAJIBIINIA PO3BUTOK. these studies will be further developed.
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