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PE3IOME

AKTyanbHicTb. HeMpoeHOOKPWHHI MyXNWHU — Le rpyrna HOBOYTBOPEHb, WO BUHMKAKOTb
i3 HEeMpOEeHOOKPUHHUX KNITUH | MatoTb 6ionoriyHo akTuBHI  BnacTueocTi. [osiBa
HENPOEHAOKPUHHUX MYXIUH MoXe OyTu MoB’si3aHa i3 HasiBHICTIO CUHAPOMIB MHOXUHHUX
HeNpOeHAOKPUHHUX Heonnasin 1 Tiny.

3a pgaHMMK CBITOBOI CTATUCTUKM KiNbKiCTb HEMPOEHOOKPUHHMX MyXnuH 36inbLumnacs
BMN'siTepo 3a ocTtaHHi 30 pokiB. Lle dakT, ckopille 3a Bce, NOB’A3aHUI i3 MOKPALLEHHSAM X
BUSIBIIEHHS, Y TOMY YNACHi 3aBASIKM NPOrpecy B pO3BUTKY riOpMaHMX METOAIB Bidyanisawi.
Hanbinbwmnii  iHTepec BUKNMKaOTb MO3UTPOHHO-eMICIiHa Ta OAHO(OTOHHO-EMICIHA
Tomorpadisi, nMoegHaHa 3 KOMM'IOTEPHOK Tomorpadieto, i3 3acTOCyBaHHAM aHarnoris
comatoctatuHy (DOTA-koH'loraT), MideHux 58Ga, ®*Cu-SARTATE Ta cumHTUrpadis
399MTc-TEeKTPOTUAOM.

KombiHaujis aHaToMiyHuX Ta yHKLiOHanbHUX MeTOAiB AiarHOCTUKM [03BOMSE AiarHoc-
TyBaTW MauieHTiB Ha paHHi CTafii 3aXBOPIOBaHHS Ta BNVMHYTW Ha MofanbLlUniA NPOrHo3
Ta pesynbraT 3aXBOPIOBaHHS.

AKTyanbHiCTb NpobrnemMn HepoeHOOKPUHHMX MyXNWH 3yMOBMEHa MynbTUAUCLMMNIHap-
HICTIO maTonorii Ta BiACYTHICTIO MPOrpam CKPUHiHrYy.

Meta po6oTu — npoBecTM OMSA CyvacHuX TribpuaHMX MeTogiB Bidyanisauii, Lo
BVIKOPWUCTOBYIOTbCSI ANS AiarHOCTWKMW, BU3HAYEHHS CTagii Ta NoAanbLLoro CrocTepeXeHHs
3a HEPOEHAOKPUHHUMU NMYXIUHAMWU.

Marepianu Ta metoau. [poBefeHO aHania MOBHOTEKCTOBWMX Mybnikaui, sk Oynu
BiAibpaHi LNAXoM miTepaTypHOro MoOLWyKy B 3akopdoHHuX 6asax paHux (PubMed,
Scopus, ScienceDirect-Elsevier) 3a nepiog 2003-2020 pp.

Pe3synbraTy Ta ix obroBopeHHsA. [pu aHaniTM4HOMy ormsadi nitepatypu npoaHaniso-
BaHO [JOCBiA 3aCTOCYBaHHSA Cy4acCHMX METOAIB AiarHOCTUKN HEWPOEHAOKPUHHUX MyXIVH
B YKpaiHi Ta 3a kopaoHoM. PosrnsHyto BWGip pagiodapmaueBTUYHUX MiKapCbKuUX
3acobiB Ta Tpencepis. BcTaHOBNEHO, WO NO3UTPOHHO-EMICIiHA KOMM'IOTepHa Tomorpadis
3 DOTA-koH'toraTamm — Lie HOBUIA «3010TWI CTaHAAPT» Y Bidyanisauii HepoeHAOKPUHHUX
HOBOYTBOPEHb 3 YYTNUBICTIO Ta cneundiyHicTio Habarato Buwe 90 %. OaHui meton
30aTHUIA BUSIBUTU paHHi ypaXkeHHs KiCTOK, WO He MOXnuBo 3a gonomoroto KT abo MPT,
Ta Mae No3WTMBHUIA BNIVB Ha BM3HAYeHHS CTafii i noganblue nikyBaHHs. [peacraeneHo
OLjiHKY peLenTopHOro cTaTycy HeMpOeHAOKPUHHUX NyXNWH Ans Bigbopy kaHAupatie ans
nenTna-peLenTopHoi pagioHyknigHoT Tepanii.

BucHoBku. lbpyaHa Bidyanisauis Bigirpae Kr4voBy ponb y AiarHOCTULI, BM3HAYeEHHI
cTagii, Bubopi nikyBaHHA Ta noAanbLIOMY CMOCTEPEXEHHI 3a HeNpOeHOOKPUHHUMMU
nyxnvHamu. |HHOBaUii B TEXHOMOriAX Ha OCHOBI peLenTopiB COMAaToCTaTMHY TaKoX
npocyBalTb Brepes MONeKynspHy AiarHOCTWKy i Tepanito HEMPOEHOOKPUHHUX MyXIWH,
IO MOKpaLLye SiKICTb XUTTS GaraTbox nauieHTiB. [MoiHOpMOBaHICTb MPO Le 3axBopto-
BaHHA MOXe 3MeHLWMTW 3aTpUMKy B AiarHOCTUUi Ta MonerwvT MiKAUCLMMMiHapHY
[OMOMOry eKCnepTiB.

Koporb TM.0., IBax M.O. CyuacHa ribpmaHa Bidyanisaujis HEMPOEeHAOKPUHHUX NyXNWH (KMiHiYHa nekuis). YkpaiHcbkul
padionoziyHuli ma oHKonoaiqHul xypHan. 2021. T. 29. Ne 4. C. 108-118. DOI https://doi.org/10.46879/ukroj.4.2021.108-118
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ABSTRACT

Background. Neuroendocrine tumors are a group of tumors arising from neuroendo-
crine cells that have biologically active properties. The onset of neuroendocrine
tumors may be associated with the presence of multiple neuroendocrine neoplasia
syndromes type 1.

According to world statistics, the number of neuroendocrine tumors has increased
fivefold in the last 30 years. This is likely to be due to improved detection, including
advances in hybrid imaging techniques.

Positron emission and single photon emission tomography, combined with computed
tomography using somatostatin analogues (DOTA conjugate) labeled with ®Ga,
84Cu-SARTATE and scintigraphy with ®*™Tc-tectrotide are of most interest.

The combination of anatomical and functional diagnostic methods allows to diagnose
patients at an early stage of the disease and to influence the further prognosis and
outcome of the disease.

The urgency of the problem of neuroendocrine tumors is caused by the multidisciplinary
nature of the pathology and the lack of screening programs.

Purpose — to conduct the review of modern hybrid imaging techniques used for diagnosis,
staging, and monitoring neuroendocrine tumors.

Materials and methods. The analysis of full-text publications, which were selected
by literature search in foreign databases (PubMed, Scopus, ScienceDirect-Elsevier)
for the period 2003-2020, was performed.

Results and discussion. During the analytical review of the literature the experience
of application of modern methods of diagnostics of neuroendocrine tumors in Ukraine
and abroad is analyzed. The choice of radiopharmaceutical drugs and tracers is
considered. Positron emission computed tomography with DOTA conjugates has been
shown to be the new «gold standard» in the imaging of neuroendocrine tumors with
sensitivity and specificity well above 90 %. This method is able to detect early bone
lesions not visible on CT or MRI and has a positive effect on stage determination and
subsequent treatment. An assessment of the receptor status of neuroendocrine tumors
for the selection of candidates for peptide-receptor radionuclide therapy is presented.
Conclusions. Hybrid imaging plays a key role in diagnosis, determination of stages,
choice of treatment and further monitoring of neuroendocrine effects. Innovative
technologies based on somatostatin receptors also advance molecular diagnostics
and therapy of neuroendocrine tumors, which improve the quality of life of lots of
patients. Awareness of this disease can reduce the delay in diagnosis and facilitate
expert multidisciplinary care.

Korol PO, Ivakh MO. Modern hybrid imaging of neuroendocrine tumors (clinical lecture). Ukrainian journal of radiology
and oncology. 2021;29(4):108-118. DOI: https://doi.org/10.46879/ukroj.4.2021.108-118
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noLykoBoi poboTn HauioHanbHOro YyHiBEpCUTETY OXO-
poHn 3gopos’s Ykpainu im. T.J1. Wynuka MinicTepcTBa
OXOpOHW 3a0poB’s YkpaiHn «OnTumisauis pagioHyknigHo-
MeaMKaMeHTO3HOi Tepanii MHOXWHHUX BigdaneHux merta-
CTasiB y XBOPUX Ha FOPMOHO3aNEXHi NyXnuHW», HOMep
AepxasHoi peectpauii: 0118U003567, wudp: 14.01.23 —
npomeHeBa pJiarHOCTWKa, MpoMeHeBa Tepanis, TepMiH
BukoHaHHa HOP - 2018-2022 pp. KepiBHuk Temn
npodpecop O.B. LWepbiHa.

BCTYN

HenpoeHnpgokpuHHi nyxnuumn (HEM) — ue HoBoyTBO-
PEHHSI, AKi BUMHWKAIOTbL i3 KNiTUH EHOOKPUHHOI (ropmo-
HanbHOi) Ta HepBoBOi cuctem. LLlopiyHe ypaxeHHsa HEI
cknagae 7 oci6 Ha 100 TucC. »XuTeniB, BKNOYalO4M BCi
NigTMNK Ta cTagil 3axsoptoBaHHs [5].

BiacyTHiCTb MOiHGOPMOBAHOCTI fikapiB NPO HasBHICTb
Takoi xBopobu sk HEM, Hepigko npu3BoauTb OO TOrO,
O 3axBOPIOBaHHA IiKYETLCS racTpoeHTeponoramu abo
NynbMOHOMOraMu, K CXOXi 3 HUMW CUMMNTOMATUYHO iHLUi

of Shupyk National Healthcare University of Ukraine of the
Ministry of Health of Ukraine «Optimization of radionuclide-
drug therapy of multiple distant metastases in patients
with hormone-dependent tumors», state registration
number: 0118U003567, code: 14.01.23 — radiation
diagnostics, radiation therapy period for performance:
2018 — 2022, headed by Professor O.V. Shcherbina.

INTRODUCTION

Neuroendocrine tumors (NETs) are neoplasms
that arise from cells of the endocrine (hormonal) and
nervous systems. According to SEER (Surveillance,
Epidemiology, and End Results), the annual incidence
of NETs is 7 people per 100,000 inhabitants, including
all subtypes and stages of the disease [5].

Lack of awareness of physicians about the presence
of diseases such as neuroendocrine tumors often leads
to the fact that the disease is treated by gastroentero-
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xBopobu. Tomy Oyxe 4acTo B TaKkuMx Bunagkax TOYHO
BepudikyBaTM [aHe 3axBOpHOBaHHA BAAETbCA NULIE Ha
nisHix ctagisx [6]. Tak, 3a gaHumun SEER (Surveillance,
Epidemiology, and End Results) no 50 % nauieHTiB Ha
MOMEHT MOCTaHOBKW AiarHo3y BXe MaloTb FOKOpErioHapHi
abo BigaganeHi metactasu [21].

Hawnuacrtiwa nokanizauia HEIN — WnAyHKOBO-KMULIKOBMI
TpakT, 30kpema ToBcTa kuwka (20 %), TOHKa Kuika
(19 %) i uepsonogibHui BigpocTok (4 %). [Opyrum
MicLeM 3a nowmpeHicTio postawyBaHHa HEI € nerei,
6nnsbko 30 % 3ycTpivaloTbesa B GpOHXONereHeBili cUcTeMi.
MpubnusHo 7 % HEN moxyTb po3smBatUCA B MifLIMyH-
KOBi 3anosi Ta XoB4YHOMY Mixypi. IHogi HEMN MoxyTb
po3BMBaTUCA B HagHMPKOBUX 3ano3ax abo Ha Hux.
Lli pigkicHi Tunn HEI HasuBalTbCa (heoxpomMoLMTOMOKO
Ta naparaHriiomMoro. IHWI TUAM NYXUH, 9K NOYMHaKTLCA
3 TOPMOHOMPOAYKYKUUX KNITMH — pak LMUTOonogiGHoI
3anosu, MNyxNMHW HaJHUPKOBMX 3arno3 Ta MyxmuH
rinogiza [17]. Xoy Ui NyXAMHW NpeacTaBnAlTb pPi3HO-
MaHiTHy rpyny HOBOYTBOPEHb, BOHM MalOTb 3aranbHi
MOMEKYNSAPHI  MilLleHi, SKi MOXHa BWKOPWUCTOBYBaTU 3a
[OMOMOro MeToAiB A4epHOl MeauumMHu aK Ansa Bisya-
nisavuii, Tak i anga tepanii [9].

MATEPIAAU TA METOAU AOCAIAXXEHHA

PeuenTtopHa (doyHKLiOHAABHA)

PAAiOHYKAIAHA Bi3yaAisauis

MepLie gocnigXeHHS MiYeHOro pagioHyKnigoM nenTuay
y nmoguHn 6yno ony6nikoaHo B 1989 poui E.P. Krenning
i cnisasTopn [13]. Lle 6y mivyeHnn nogom-123 aHanor
comarocTaTtuHy. | 0o Tenep OOCMIMKEHHS 3 MiYEHUM aHa-
fioramMmum coMaToCTaTMHy Hambinbl akTyanbHi. Take [o-
CnifKeHHs OO3BONSE [aTy BiAMOBiOb MPO pPeLenTopHUN
CTaTyC NyXINMHW i PO3NOBCIOMKEHICTb NpoLecy. Y BUnagky
HaKonMu4yeHHs (NMO3UTMBHOMO pe3ynbTaTy) MOXIVBE Npu-
3HayeHHs GioTepanii (OKTPEOTMAOM) i BMPILLEHHS MUTaHHS
npo nentua-peuentopHy pagioHyknigHy Tepanito (MPPT).
TpuBanui 4ac «30M0TUM CTaHZapTOM» Oyno AOCHiAXKEHHS
3 "In-okTpeoTnaom [3].

3 PpO3BWTKOM TEXHOMOTiN, TakMX HK MO3UTPOHHO-
emicivina Tomorpadis/komm’'totepHa Tomorpadis (MET/KT),
i nosBol0 HOBUX papiodapmnpenaparis (PPI1) — aHanoris
comatoctatuHy (DOTA-koHtoratn), MiveHux ®Ga i
84Cu-SARTATE, 3'aBMnacb MOXNUBICTb Ginbll  YiTKOT
giarHoctuku. Lle ctano MoxnmemuM 3aBasikv GinbLUy BUCOKIN
po3ginbHin 3gatHocTi MET/KT y NopiBHAHHI 3 cTaHO4APTHO
cumHTurpadieto [11]. 306paxeHHs MalTb BUCOKY MiTKiCTb
Ta YyTNMBICTb 3aBASKA PaHHbOMY BUMWMBAHHIO HaanWL-
KiB nenTuaiB 3 opraHiamy, IO [03BONSE oTpumaTtun 306pa-
XKEHHS 3a KOPOTKUWA Yac — 6nmabko 25 xBunuH. HEM, axi
nerko nponyctTut abo 3gatTbCs ABO3HAYHUMUK Ha "'In-ok-
TpeoTudi, 4iTko BusiBNsATbCA Ha ®Ga-DOTATATE [1].
Yytnueicte metoga MET/KT 3 DOTA-koH'toratamu ans
petekdii HEM 3a paHummn nitepatypu Moxe Oocs-
ratm 90 % [7]. JaHni meTon 3acTOCOBYETbCA ANS AETEK-
uii HET (pwuc. 1) [10] Ta ix cTtagitoBaHHS (puc. 2).

Naji Ta AL-Nahhas po3rmsgaloTb BUKOPUCTaHHSA
%Ga-nentuagy npu HEM, Bkntovatoum deoxpomouuTomu
Ta naparadrniomu. Lli nyxnuHm 3asBuyan BidyanisytoTbes
3a ponomoro '#|-MIBG, akui mae obmexeHuii [03Bin
Ta cnopigHeHictb. Joceig aBtopiB 3 8Ga-DOTA-TATE Ta
HLWMMW  KIIHIYHAMW  T@  eKCNepuMEeHTanbHUMKU  Jocnia-
XeHHamn 3 ¥Ga-DOTA-TOC Ta ¥Ga-DOTA-NOC nokasye
[iarHOCTUYHY Cumy uUMX IHAMKAaTOpIB Yy BUSABMNEHHI godart-
KOBUX MOLUKOOAXEHb, OCOOMMBO Yy CKENeTHIn cuctemi,

logists or pulmonologists, as they are symptomatically
similar to other diseases. Therefore, in such cases it is
very often possible to accurately verify the disease only
at later stages [6]. Thus, according to SEER (Surveillance,
Epidemiology, and End Results) up to 50 % of patients
at the time of diagnosis already have locoregional or
distant metastases [21].

The most common localization of NETs is the gastro-
intestinal tract, in particular in the colon (20 %), small
intestine (19 %) and appendix (4 %). The second most
common location of NETs is the lungs, about 30% are
found in the bronchopulmonary system. Approximately
7 % of NETs can develop in the pancreas and gallbladder.
Sometimes NETs can develop in or on the adrenal glands.
These rare types of NETs are called pheochromocytoma
and paraganglioma. Other types of tumors that start with
hormone-producing cells are thyroid cancer, adrenal
tumors and pituitary tumors [17]. Although these tumors
fall under the various group of neoplasms, all of them
have similar molecular targets, which can be used with
the help of additional methods in nuclear medicine, both
for visualization and for therapy [9].

MATERIALS AND METHODS

Receptor (functional)
radionuclide visualization.

The first examination of a radionuclide-labeled
peptide in human was published in 1989 by E.P. Krenning
and co-author [13]. It was an iodine-123 analogue of
somatostatin. To this day, examinations with the other
analogs of somatostatin are the most relevant. Also, such
procedure allows information about the receptor status
of the tumor and the development of the whole process to
be obtained. In the case of accumulation (positive result)
biotherapy (with octreotide) can be assigned, and the
matter of peptide-receptor radionuclide therapy (PRRT)
can be solved. For a long while examinations with "'In-oc-
treotide were considered to be the «gold standard» [3].

With the development of technologies such as positron
emission tomography/computed tomography (PET/CT)
and the advent of new radiopharmaceuticals (RFLs) —
somatostatin analogues (DOTA conjugates) labeled with
®Ga and %Cu-SARTATE, the possibility of clearer diagno-
sis has emerged. This has become possible due to the
higher resolution of PET/CT compared to standard
scintigraphy [11]. Images have high sharpness and sen-
sitivity because of early washout of excessive peptides
from the body, which allows images to be obtained in
a short time — about 25 minutes. NETs that are easy to
miss or seem ambiguous on the "'In-octreotide are clearly
detected on the ®Ga-DOTATATE [1]. The sensitivity of
the PET/CT method with DOTA conjugates for the detec-
tion of NETs according to the literature can reach 90 % [7].
This method is used for the detection of NETs (Fig. 1) [10]
and their staging (Fig. 2).

Naji and AL-Nahhas consider the use of #Ga-peptide
in the cases of NETs, including pheochromocytomas
and paragangliomas. These tumors are usually visualized
using '2I-MIBG, which has limited resolution and affinity.
The experience of the authors with %#Ga-DOTA-TATE
and other clinical and experimental studies with
%Ga-DOTA-TOC and ®Ga-DOTA-NOC shows the diag-
nostic power of these indicators in detecting additional
damage, especially in the skeletal system, not visible
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sKi He nomiTHi 3a gonomoroto KT abo MPT. PaHHs Bisya-
nizauia 3 ®Ga-nentvgaMu MoXe, TakMM YMHOM, MaTu
3HAYHUM MNO3UTMBHWUIM BMIMB Ha BU3HaveHHs cTagii HEN
Ta noganbLue nikysaHHs [1, 15].

on CT or MRI. Early imaging with ®Ga-peptides can
thus have a significant positive effect on the determination
of the NET’s stage and subsequent treatment [1, 15].

Puc. 1. CuHgpom KywumHra. NET/KT 3 8Ga-DOTATATE.
CraH nicnsa xipypriyHoro BuganeHHs rinogisa (MyxnuHa He 3HangeHa).
A — Ha MNET-pekoHCTpyKLUii BCbOro Tina y (opoHTanbHi NpoekLii BigMiYaTbCs BOrHMLLA MiABULLEHOTO HAKoMM4eHHs POT
B NpoekLjii niBoi nereHi; B — Ha KT-306paxxeHHi B akcianbHin npoekuii i D — y dopoHTanbHi NpoeKLii BigMiYaloTbCA NaTonorivyHi BOrHuwa
y BepxHin yactui nisoi nerexi; C, E — Ha MET/KT 306paxeHHsIX B akcianbHiii i poHTanbHii PEKOHCTPYKLiSX BUSBIEHI MyXnnHa
B JIErEHi 3 EKCNpecielo COMaToCTaTUHOBKX PELIENTOpIB i MeTacTas B fiMdaTtuyHoOMy By3ni (MiCTOMNOrYHMI pe3ynbTaT: kapumHoig) [10]
Fig. 1. Cushing's syndrome. PET/CT with 8Ga-DOTATATE.
Condition after surgical removal of the pituitary gland (tumor not found).

A - on the PET radiopharmaceutical reconstruction of the whole body in the frontal projection there are foci of increased accumulation
of the radiopharmaceutical in the projection of the left lung; B — on the CT image in the axial projection and D — in the frontal projection
there are pathological foci in the upper lobe of the left lung; C, E — on PET/CT images in axial and frontal reconstructions a tumor
in the lung with the expression of somatostatin receptors and lymph node metastasis was detected (histological result: carcinoid) [10]

MosiBa We ogHOro aHanora comaTocTaTuHy, Mive-
Horo ®™Tc (TekTtpotua) (puc. 3.) [10], no3Bonsie B MicusXx,
ne obmexeHo 3actocyBaHHsa [1ET/KT, nposoguTtn ue
XKUTTEBO Baxknuee gocnigpkeHHs. Ha coorogHi MET/KT i
0OHOOTOHHA eMiCiliHa KoMmM'loTepHa Tomorpadis/kommn’io-
TepHa Tomorpadisa (OPEKT/KT) 3 mMiyeHumn aHanoramu
COMaTOCTaTVHY MPaKTUYHO BWTICHUNW paHille 3acTo-
coByBaHuii Metop MET 3 ®F-OOIMA [20].

lMepeBaroo MeToaiB pagioHyknigHoI Bidyanisauii i3
3aCcToCyBaHHAM MapKepiB COMaTOCTaTUHOBUX peLenTopiB
€ To chakT, WO ouiHka peuenTtopHoro ctatycy HEM Bax-
nuBa Ans BU3HAYEHHS NOKa3HWKIB 40 NenTua-peLenTopHoi
pagioHyknigHoi  Tepanii. [lpn uUbOMYy 3anponoHoBaHa
E.P. Krenning [22] wkana ansa BidyanbHOI OUiHKM peuen-
TopHoro ctatycy HEI (I-1V) gossonse nposoguntn BiaGip
kanguparie Ansa tepanii (Tabn. 1)

The emergence of another analogue of somatostatin
labeled with *mTc (tectrotide) (Fig. 3) [10], allows to con-
duct PET/CT in areas where the use of this vital exami-
nation is limited. To this date, PET/CT and single-photon
emission computed tomography/computed tomography
(SPECT/CT) with labeled somatostatin analogues have
almost supplanted the previously used PET method
with 8F-DOPA [20].

An advantage of radionuclide imaging techniques
using somatostatin receptor markers is the fact that the
assessment of NEP receptor status is important for deter-
mining peptide-receptor radionuclide therapy. The propo-
sed E.P. Krenning [22] score for visual assessment of
the receptor status of NEP (I-1V) allows the selection of
candidates for therapy to be performed (Table 1).
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Puc. 2. MET/KT 3 8Ga-DOTA-NOC. MetacTaau B neviHui HEIN cTtagis |l i3 HEBUSIBNEHOT NEPBUHHOT MyXIIMHW.
A — Ha MET/KT-peKoHCTpyKLUii y dpOHTanbHI NPOEeKLii BUSBNAOTLCA MHOXUHHI BOrHMLLA NaToNoriyHoOro HakonmyeHHs POT1
y NeviHui (4epBOHi CTPINKK) i MyXMUHHUM YTBOPEHHSAM Yy NpaBiii 30yXBUHHIN AiNsHLi (By30n y Opuxi TOHKOT KULLKW (3eneHi CTpinku)) —
iMOBIpHO MEPBMHHE BOTHULLIE, Me3eHTepianbHUX niMdaTtuyHunx By3nis; B, C — MET/KT B akcianbHili npoekuii
Ha piBHi neviHky i Bipypkauii aopTn. CnoctepexeHHst nogaHe «PoCiiCbKMM HayKOBUM LIEHTPOM pagionorii Ta XipypriYHux TeXHOMOTIM
imeHi akagemika A.M. IpaHoBa» MiHicTepcTBa oxopoHu 3a0poB’s Pocilicbkoi ®epepalii (npodecop A.A. CTaHXeBCKuiA)
Fig. 2. PET/CT with ®Ga-DOTA-NOC.

Liver metastases NET of stage |l from undetected primary tumor. A— on PET/CT reconstruction in the frontal projection multiple foci
of pathological accumulation of radiopharmaceutical in the liver (red arrows) and tumors in the right iliac region (node in the mesentery
of the small intestine (green arrows)) - presumably primary focus, mesenteric lymph nodes; B, C — PET/CT in axial projection
at the level of the liver and aortic bifurcation. The observation was presented by «Granov Russian Research Center for Radiology
and Surgical Technologies» of the Ministry of Health of Russian Federation (Professor A.A. Stanzhevsky)

Ta6nuus 1. WWkana KpeHHiHra (Krenning score) ons BisyanbHoi ouiHku peuentopHoro ctatycy HEI (1-1V)
Table 1. Krenning score for visual assessment of the receptor status of NEP (I-1V)

CryniHb/ Grade HakonuueHHs/ accumulation BigHocHWI nokasHuk nornvHaHHs/ Relative uptake score
. < HOpMarbHOI TKAHWMHW NEYiHKN
Grade | HakonuuyeHHs* / accumulation® P . .
< normal liver tissue
. = HOpPMarbHill TKAHUHI NEYiHKK
Grade Il HakonunyeHHsi / accumulation p . .
= normal liver tissue
. > HOpPMarbHOI TKAHWHW NEYiHKK
Grade lll HakonuyeHHs1 / accumulation P - .
> normal liver tissue
. > HOpPMarbHOI TKAHWHW NEYiHKN
Grade IV HakonunuyeHHs / accumulation p . .
> normal liver tissue
MpumiTtka:
*HakonunyeHHst miveHoro *mTc (TekTpoTtuay) B HEI.
Note:

*Accumulation of labeled *mTc (tectrotide) in NETs.
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Puc. 3. CuuHturpadis 3 ®mTc-tektpotngom. Metactasu HEN i3 HeBUABNEHOI NePBUHHOT NyXMUHA.

A — cumMHTUrpama B pexumi «Bce Tino» poHTanbHa pekoHCTpyKuis; B — OPEKT/KT rpyaHoi kniTkv B akcianbHivi npoexuii;
C, D — OPEKT/KT 4epeBHOi NOPOXHUHK, akcianbHi 3pi3n. MNMyxnnHHe HOBOYTBOPEHHS B rPYAHIV KNITL (3eneHi CcTpinku).
Mertactasu HEI B neviHui (4epBoHi cTpinkn). Metactasu B nimdaTuyHi By3nm 6punxi (CUHi CTPInkn). YTBOPEHHs B QiNsAHLI
XBOCTa MiALLUMNYHKOBOI 3aM03u (CKopille 3a Bce, MepBMHHE BOrHULLE) (dioneTosi cTpinku) [4]

Fig. 3. Scintigraphy with ®mTc-tectrotide. Metastases of NETs from undetected primary tumor.

A — scintigram in the «whole body» mode, frontal reconstruction; B — SPECT/CT of the chest in axial projection;

C, D — SPECT/CT of the abdominal cavity, axial sections. Tumor neoplasm in the chest (green arrows). Metastases of NET
in the liver (red arrows). Metastases to the lymph nodes of the mesentery (blue arrows). Formation in the tail of the pancreas
(most likely, the primary focus) (purple arrows) [4]

PaaioHykAiAHQ Bisyaaisauis

3 AHAAOramu HopeniHedpuHy

Cnig 3a3HaunTy, Wo B YKpaiHi He 3apeectpoBaHi PPl
ans  cneumdivHoi  Bidyanisauii 3a pgonomoroto TMET/KT
("®F-FDA (6-['®F]-cpntoopogonamin) i "C-5HTP (rigpokcu-
TpunTodaH, nonepenHuK CepoToHiHy)) (puc. 4). €anHuUm
npenapatoMm pAansi cneumdiyHoi Bisyanizauii € '#I-MIBG
(BUKOPUCTOBYETBLCA ANsi cUMHTUrpadii) i loro TepaHoCTUYHa
napa "*'I-MIBG [22].

Radionuclide imaging

with norepinephrine analogues
It should be mentioned that in Ukraine there are
no registered radiopharmaceuticals for specific imaging
by the means of PET/CT ("®F-FDA (6-['®F] fluorodopa-
mine) and '"C-5HTP (hydroxytryptophan, serotonin
precursor)) (Fig. 4). The only drug for specific imaging is
23-MIBG (used for scintigraphy) and its theranostic

pair *'I-MIBG [22].
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Puc. 4. TET/KT 3 "®F-FDA i "C-5HTP. MaparaHnrnioma 3 myTauieto SDHB. A — MNET-peKkoHCTPYKLUis Y (OpOHTarnbHil Npoekuii,
BiAMIYAETLCA MHOXWHHE MeTacTaTU4He YPaXKeHHs nepeBaxHo nimdatnyHmx By3nis (Timmers H.J. et al., 2009 [18]). MET/KT 3
"C-5HTP. HENM ocTpiBuiB nigLwnyHkoBoi 3ano3u (iHcyniHoma); B — MET-pekoHCTPYKList Y (OpOHTanbHil NpoekLii, BUSHa4aeTbCs

MHOXWHHE MeTacTaTU4He ypaXKeHHs niMdaTu4HnX By3niB, neviHku i kictok (Koopmans K.P. et al., 2008 [14]
Fig. 4. PET/CT with "®F-FDA and ""C-5HTP. Paraganglioma with SDHB mutation. A — PET reconstruction in the frontal projection,
multiple metastatic lesions of predominantly lymph nodes are determined (Timmers H.J. et al., 2009 [19]).
PET/CT with "C-5HTP. NETs of the islets of the pancreas (insulinoma); B — PET reconstruction in the frontal projection,
multiple metastatic lesions of lymph nodes, liver and bone are determined (Koopmans K.P. et al., 2008 [14])

PaaioHyKkAiAHa Bi3yaaisauis

3 Mapkepamu meTaboaizmy

Ona HecneumdiyHoi/MeTaboniyHoi  Bidyanisauii  Haw-
Oinbll WMPOKOrO 3acToCyBaHHs oTpuManu gea POl —
ue "F-o0r i 8F-OONA. ®F-L-OOMNA (gurigpokcudeHina-
naHiH) — ue MiyeHnn nonepegHNK AodamiHa, | BiH
O[HAKOBO ePeKTMBHUA ONnA AiarHOCTUKM  MedynsapHOro
paky wuTonogioHoi 3ano3un, HEI, naparanrniomu i deo-
XPOMOLMTOMM, ane MeHLWw ePeKTUBHUI NPU METACTaTUYHIN
naparaHrmiomi 3 mytauieto SDHB [15, 22]. POl npoHukae
B KMiTUHY 3a AOMOMOrOK TpaHcrnopTepa amiHOKUCAOT i
OekapboKCunieTbCsl, a MoTiM BiH 30epiraeTbca BCepe-
OVHI KniTuHKW. Hanbinbwy uiHHicte ®F-AOMNA mae ans
JiarHoCTVKN (PeoXpoMOLMTOM | naparaHriiomM, CnagkoBuX
MEH-cuHgpomiB i napacumnaTMyHUX — MaparaHriiom
(pc. 5) [12]. Takok peKkoMeHAYETbCS MPOBEAEHHS
MET/KT 3 "®F-OOMA npu HeraTMBHUX pesyrnbraTtax CLH-
Turpacpii HEIM 3 MiyeHnMn aHanoramm comMaTocTaTuHy.

BE-POI (dbTopaesokcurniokosa) Bigobpaxkae rnikoni-
TUYHY aKTWMBHICTb MyxnuHW. OaHun POl HeedekTnBHMN
y pasi BucokogndepeHuinosaHux HEMM, ane gosoni edek-
TUBHUWA Yy BuUNagky HuabkoaudepeHuinosanux HEM i
HEMPOEHOOKPVHHMX pakiB Ta YCMilLHO 3aCTOCOBYETbCH
ONa  [iarHOCTUKM  PO3MNOBCIOAKEHOI  Henpobrnactomu i
heoxpomoumnToMK, 3MOSAKICHOI naparaHrniomm (ocobnueo
3 myTauieto SDHB). "®F-®OI notTpannse B KNiTUHY Yepes
TpaHcnopTtep rmoko3n (GLUT) i Bigobpaxae piBeHb
MeTaboniamy [rKO3M  KITITUHOK. TakoX OOCHigXKeHHS
3 BF-OO moxe OyTM BUKOPUCTAHO $IK MPOrHOCTUYHWUIA
dakTop Anga nauieHTiB 3 BUCOKMM piBHeM Ki-67 i moxe

Radionuclide imaging
with markers of metabolism

For non-specific/metabolic imaging, there are two
most widely used radiopharmaceuticals — ®*F-FDG and
8F-DOPA. '®F-L-DOPA (dihydroxyphenylalanine) is
a labeled precursor of dopamine and is equally effec-
tive for diagnostics of medullary thyroid cancer, NETs,
paraganglioma, and pheochromocytoma, but is less
effective when diagnosing metastatic paraganglioma
with the SDHB mutation [15, 22]. Radiopharmaceutical
enters the cell via an amino acid transporter and is de-
carboxylated and then stored inside the cell. The greatest
value of ®F-DOPA is in the diagnosis of pheochromocytes
and paragangliomas, hereditary MEN-syndromes and
parasympathetic paragangliomas (Fig. 5) [12]. It is also
recommended to perform PET/CT with "®F-DOPA in
the cases of negative scintigraphy results of NETs with
labeled somatostatin analogues.

BF-FDG (fluorodeoxyglucose) reflects the glycolytic
activity of the tumor. This radiopharmaceutical is ineffec-
tive in the cases of highly differentiated NEPs but is
quite effective in the cases of low-differentiated NEPs
and neuroendocrine cancers and is successfully used
to diagnose advanced neuroblastoma and pheochromo-
cytoma, malignant paraganglioma (especially with
SDHB mutation). "®F-FDG enters the cell through the
glucose transporter (GLUT) and reflects the level of
glucose metabolism in the cell. Also, the "F-FDG
examination can be used as a prognostic factor for
patients with high Ki-67 level and may be approxi-
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Puc. 5. MET 3 "®F-Q0MA. MauieHTka 25 pokiB 3 pigkiCHUM reHeTUYHUM OEDEKTOM
(cvHapom naparaHrniomal/deoxpomoumTtoma, MyTauii B reHax SDHB, SDHC i SDHD).
A — TNET-peKoHCTPYKLiSA y (ppoHTanbHI NpoeKLii, BiAMIYaETbCA HEBEMMKE aKTMBHE BOTHULLE NaTOMNOrN4YHOro HakonuyeHHs POr1
Ha piBHi WwWwi 3niBa; B — Ha KT-306paxeHHi NnepekoHNMBMX AaHWX NPO HASBHICTb NATOMNOrYHOrO BOTHULLA HE BUSIBIIEHO;
C —HaMET- i D — MET/KT-pekoHCTPYKLiAX Yy poHTanbHi Npoekuii BiAMiYaeTbCA BOrHULLE NiABULLEHOMO HaKonnyeHHs PO
MegianbHilwe Gidpypkauii 3aranbHoi cOHHOI apTepii. [locnimkeHHs 6yno BUKOHAHO ANSA CKPUHIHTY NyXINVHA
i nokazano metaboniyHo-aKTMBHE BOTHULLE B AiNsHUI Wni (MaparaHrnioma, Tak 3BaHa rmobycHa nyxnuHa).
MyxnuHa, sika He BusiBunacs nig yac KT (B), 6yna BuaaneHa; giarHo3 nigTBepAMBCS 3a 4aHWMMM ricTonorii
Fig. 5. PET with '8F -DOPA. A 25-year-old patient with a rare genetic defect
(paraganglioma/pheochromocytoma syndrome, mutations in the SDHB, SDHC and SDHD genes).
A — PET reconstruction in the frontal projection, there is a small active focus of pathological accumulation of radiopharmaceutical
at the level of the neck to the left; B — on the CT image convincing data on the presence of the focus is not detected;
C —on PET and D — PET/CT reconstructions in the frontal projection there is a focus of increased accumulation
of radiopharmaceutical medial to the bifurcation of the common carotid artery. The examination was performed in order to screen
the tumor, and it showed a metabolically active focus in the neck (paraganglioma, the so-called globular tumor).
The tumor, which was not detected on CT (B), was removed; the diagnosis was confirmed according to histology
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6yTV Npubnn3HO B pamMkax ABOXiHAMKATOPHUX OOCHIMKEHb
(Hanpuknag, %Ga-DOTA-TATE i "®F-®O6). Takum YmMHOM,
nikap oTpuMmye iHopmaLilo Npo peuenTopHU CcTaTyc
nyxnuHu/mMeTacTasiB Ta ix MMiKOMiTUYHOI akTUBHOCTI, Npu-
YOMY BUCOKUI piBeHb MeTaboriamMy rmoKo3n € MPOrHOCTUY-
HUM HecnpusTNMBUM dakTopom (puc. 6) [2, 15].

mately in two-indicator studies (eg, ®Ga-DOTA-TATE
and '"F-FDG). Thus, a physician receives information
about the receptor status of the tumor / metastases
and their glycolytic activity, and high levels of glucose
metabolism are a prognostic adverse factor (Fig. 6) [2, 15].

Puc. 6. MET/KT 3 ®Ga-DOTA-TATE i 3 8F-®AI. HEM (Grade Il, Ki-67=3 %).
[NepBuHHE BOrHWMLLE — NyXNWHa MiALLMTYHKOBOI 3aro3u, CTaH Micns Tepanii caH4oCTaTMHOM, MOsiBA HOBUX BOTHULL, Y KiCTKax.

A, D — Ha MET-pekoHCTpyKLii Bcboro Tina y dpoHTanbHin npoekuii i MET/KT 3 $Ga-DOTA-TATE BiamiyaeTbcs 6aratoBy3nose
MeTacTaTUyHe ypaXeHHS NMeYiHK1, MHOXWHHI BOTHULLA B KICTKax 3 BUCOKUM PiBHEM eKCrpecii CoMaToCTaTUHOBUX PeLenTopiB;
B, E — Ha MET-pekoHCTpyKLUii y hpoHTanbHil npoekuii Bcboro Tina i MET/KT 3 ¥ F-GI BusiBnseTbca cnabke HakonuyeHHs PO
y ABOX HaWBinbLL BENUKUX MeTacTa3dax NeviHky, iHwi metactasum ®F-OAI He HakonuuytoTb; C — Ha KT-306paxeHHi YepeBHOT MOPOXHUHM
3 KOHTPaCTHUM NiACUNEHHAM BiAMIYaOTLCA MHOXWHHI MeTacTasu B MeviHLi 3 03HaKkamu rinepBackynspusadii
Fig. 6. PET / CT with %Ga -DOTA-TATE and with '®F -FDG. NET (Grade I, Ki-67 = 3%).

Primary focus — the tumor of the pancreas, the condition after sandostatin therapy, the emergence of new foci in the bones.
A, D — on PET reconstruction of the whole body in the frontal projection and PET/CT with %Ga-DOTA-TATE there is multinodular
metastatic liver disease, multiple foci in bones with high levels of expression of somatostatin receptors;

B, E — on PET reconstruction in the frontal projection of the whole body and PET/CT with "®F-FDG a low accumulation
of radiopharmaceutical in the two largest liver metastases is observed, other metastases of '®F-FDG do not accumulate;

C —on the CT image of abdominal cavity with contrast strengthening multiple metastases
in a liver with signs of hypervascularization are observed

IHWi PPN AAq AiarHocTukM i AikyBaHHs HEN

AKTMBHO pO3BUBAETLCH | JOCMIAXYETLCHA TakMN Hanps-
MOK, sIK MenTuaun-aHTaroHicT. BoHu 3paTHi KOHKypyBaTu
3a BXe 3alHATI Ta HeakTUMBOBAHI peuenTopu, TUM caMuMm
nigsuLLylodn  eeKTUBHICTbL  OiarHOCTUKU | NiKyBaHHS.
Binbwicte POl we 3HaxoaaTbcA Ha crtafil KniHiYHMX
eKCnepuMeHTIB. Are Ha HMX MOKMagawTb Benuki Hagii.
Bxxe iCHylOTb TepaHOCTMYHi Mapu nenTuaiB-aHTaroHicTiB,
Hanpuknag, ®¥Ga-NODAGA-JR11/'"7Lu-DOTA-JR11.

Lis napa Bxe ycnilwHO 3apekomeHgyBana cebe vy
6araToLeHTPOBMX KNIHIYHUX OOCMIKEHHAX AN rpynu
nauieHTie 3 HEI wnyHkoBo-kMwwkoBoro Tpakty. Kpim TOro,
JaHi npenapatu 3a paxyHOK CBO€i 30aTHOCTI BUSBMATU
BinbLUy KiNbKiCTb MiLLEHEW, MOXYTb OyTW BUKOPUCTaHi Ans

Other radiopharmaceuticals

for the diagnosis and treatment of NETs
A topic of antagonist peptides is being actively deve-
loped and studied. They are able to compete for already
occupied and unoccupied receptors, thereby increasing
the effectiveness of diagnosis and treatment. Most radio-
pharmaceuticals are still at the stage of clinical trials.
But one has high hopes for them. There are already
theranostic pairs of antagonist peptides, such as

%Ga-NODAGA-JR11/'7Lu-DOTA-JR11. T

his pair has already successfully proven itself in
multicenter clinical trials for a group of patients with NEP
of the gastrointestinal tract. In addition, these drugs due
to their superior quickness and ability to detect more
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OiarHOCTUKK | MiKyBaHHS iHLIMX MYXFWH, WO eKCnpecyTb
COMaTOCTaTVHOBI peLienTopu, ane uda Teopis 3apas TiMbKu
nepeBIipsSETLCA.

77Lu-DOTA-JR11 nokasaB Buwy MeTaboniyHy cra-
GinbHicTb nopiBHaHO 3 '"Lu-DOTA-TATE, i, BignosigHo,
MOXHa Mpunyckatu Kpawi papMakoKiHETUYHI BNacTUBOCTI
i Bignosigb Ha Tepanito [8]. lNenTuam-aHTaroHiCTU poO3-
pobnsaTbCa He TiNbKM Ha OCHOBI aHanoris comartocTa-
TUHY, ane i Ha OCHOBi racCTPWUH-PUMI3MHIOBOrO MNenTuay
(%Ga-RM2) [18].

Ak BigMmidanocs paHiwe, npu  ycniwHin peanisauii
MOXIMBOCTEN pPeuenTopHOI Bidyanisauii Moxe poarns-
Jatuca  nuTaHHa  NenTua-peuenTopHOl  pafioHyKNigHOT
Tepanii. 3aranoMm 6inbLWicTb OOCArHEHb OCTaHHIX POKIB
y AiarHocTtuui Ta nikyBaHHi HEMPOEHAOKPUHHUX MYXIWH,
SIKi BXXE LUIMPOKO 3aCTOCOBYIOTbCS Y CBiTi, HE € AOCTYMHUMM
B YKpaiHi. BpaxoBytoum 3pocTatody 4acToTy AaHol natonorii
3rigHO 3 OCTaHHIMK My6nikauisMu, NPULINbHUIA NOLWYK Mae
BECTUCA B YCiX NAUEHTIB i3 Bi4NOBIAHOK CMMNTOMATUKOLO.
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targets can be used to diagnose and treat other tumors
which express somatostatin receptors, but this theory is
now only being tested.

77Lu-DOTA-JR11 showed higher metabolic stability
compared to "’Lu-DOTA-TATE, and accordingly, better
pharmacokinetic properties and response to therapy can be
expected [8]. Antagonist peptides are developed not only
on the basis of somatostatin analogues, but also on
gastrin-releasing peptide (%8Ga-RM2) [18].

As noted earlier, the successful implementation of
receptor imaging capabilities might allow the issue
of peptide-receptor radionuclide therapy to be analyzed.
In general, most of the inventions of recent years in the
diagnosis and treatment of neuroendocrine tumors, which
are already widely used in the world, are not available
in Ukraine. However, given the increasing incidence
of this pathology, according to recent publications,
a targeted search should be conducted in all patients
with relevant symptoms.
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Prospects for further research

In the future it is necessary to continue research on the choice
of tactics of modern hybrid imaging of neuroendocrine tumors,
analysis of further monitoring and treatment, periodic monitoring
of international recommendations.
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