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ABSTRACT

The review analyzes the global experience in the application of nuclear medicine techniques for diagnosis of tumors
and non-tumor pathologies of the brain. The main groups of radiopharmaceuticals currently used for imaging of
malignant brain tumors and diagnosis of cognitive impairments and neurotransmitter system disturbances by means
of single-photon emission computed tomography and positron emission tomography are described.

Modern approaches to the application of methods for radionuclide diagnosis in neuro-oncology and neurology
are compared, and the main trends in production of new, more specific radiopharmaceuticals for visualizing brain
tumors of various degrees of malignancy and diagnosing non-tumor pathologies of the brain are described. The
review discusses the advantages and disadvantages of currently used techniques and radiopharmaceuticals for
imaging of central nervous system disorders, depending on the clinical situation and specific diagnostic tasks.

In addition, the review presents consolidated recommendations of the leading scientific schools in neuro-oncology
on the use of nuclear medicine techniques in patients with brain tumors at the stages of treatment and follow-up. The
presented article examines the experience of domestic scientific schools in the development of radiopharmaceuticals
for neuro-oncology. The features of the development and use of new radiopharmaceuticals in patients with brain
tumors and neurodegenerative diseases are highlighted. The review is based on the analysis of literature included
in the Scopus, Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health, and RSCI databases.
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PE3IOME

B 0030pe 06cykmaeTcss MEPOBOM OTIBIT TPUMEHEHHSI METOJIOB SACPHON MEAUIIMHEI B TUATHOCTHKE OITyXOJIEH ro-
JIOBHOTO MO3Ta M €T0 HEOITyXOJIEBBIX M3MEHEeHUH. PaccMaTpuUBalOTCS OCHOBHBIE TPYIIIBI IPHMEHSEMBIX CETOIHS
pannodapmaneBTuaecknx npemnapatos (POII) ans Bu3yanu3anuy 3110Ka4eCTBEHHBIX OMYXOJIEH TOJOBHOTO MO3Ta,
JIMAaTHOCTHKY KOTHUTHUBHBIX HApYyMICHWH W HapyIICHWIH CHCTEMBI HEWMPOTPAHCMHICCHH METOAOM OJHO(DOTOHHOI
SMHCCHOHHOI KOMITBIOTEPHOH TOMOTpaduH U TIO3UTPOHHO-IMUCCHOHHON TOMOTpadu.

B cpaBHUTENBHOM aCHEKTE OCBEILAIOTCS COBPEMEHHBIE MOAXOABI K IPUMEHEHUIO METOJI0B PAANOHYKINAHON 1H-
arHOCTUKH B HEHPOOHKOJIOTUH U HEBPOJIOTHH, OTPAXKAIOTCSI OCHOBHBIE TEHAEHIUH B TIPOM3BOJICTBE HOBBIX, Ooiee
cneruduunpix POIT qis Bu3yanusamuu omyxoseil roI0BHOTO MO3ra pa3inyHOM CTENeHH 3I0KaYeCTBEHHOCTH U
JIMarHOCTUKU HEOIyXOJIEBBIX 3abosieBaHui Mo3ra. OOCYkJal0TCAd MPEUMYINECTBA U HEJOCTATKU MPUMEHAEMBIX
ceronHs Metoauk u POII nns Busyanusauuu 3a00eBaHUM LEHTPAIbHOM HEPBHON CHCTEMBI B 3aBUCHUMOCTH OT
KIMHUYECKON CUTYaI[MH U KOHKPETHBIX IUATHOCTHYECKHUX 3a7ad.

IMpecraBiieHbl KOHCOIUANPOBAHHBIE PEKOMEHIAIMN BEYIIINX HAYYHBIX IIKOJ HEHPOOHKOIOTHH M0 IPUMEHEHHIO
METOJIOB SIIEPHON MEIUIIMHBI Y MAIMEHTOB C OMYXOJISIMH FOJIOBHOTO MO3ra Ha 3Tarax JICYeHHUs: U JMHAMHUYECKOTO
Ha0JoieHust. PacCMOTpPEH OIBIT OTEYECTBEHHBIX HAYYHBIX MIKOJI B paspaborke POII s welipoorkonoruu. Ocse-
HIeHbI 0COOEHHOCTH Pa3paboTKU U IpuMeHeHUs HOBBIX PDII y MaueHToB ¢ OIMyXOJISIMH TOJIOBHOTO MO3Ta U HEl-
ponereHepaTHBHbIX 3a0oneBanunii. OG30p BBINOJIHEH HA aHAIM3E JINTEPATYPHI, BXOIEN B Ga3bl JaHHBIX Scopus,
Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health u PHII.

KuoueBble cjioBa: sjiepHas MEIUIMHA, OMYyXO0Jb FOJIOBHOTO MO3ra, AEMEHIUS, PAJIMOHYKIUIHAS TUAarHOCTHKA,
pannodapMarieBTHUEKHii penapar.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIECH CTaThH.

Hcrounuk punancupoBanms. PaGora BeinosiHeHa B pamkax denepanbHol 1iesieBoii nporpammel «Pa3sutue dap-
MAaIeBTUYECKON U MEAUIIMHCKOM poMbliieHHocTH Poccuiickoi deneparu Ha nepuon 10 2020 roga u fanpHen-
IIYI0 HEePCIEKTUBY» MO TeMe «JOKIMHNYEeCKHe UCCIIeOBaHMS parodapMaleBTHYECKOro pernapaTa Ha OCHOBE
MedeHHOH *™Tc MpOU3BOJHON TIIOKO3bI IS PAAMOHYKIHAHON JHATHOCTHKH OHKOJOTHYECCKHX 3a00JICBaAHHI.
Hudp «2015-14-Ne 08-0008». I'ocynapctBennslii koHTpakT 14. Ne 08.11.0033 ot 19.05.2015.

Jns uurupoBanus: 3enpuan P.B., Mensenea A.A., Peiouna A.H., bparuna O.J1., Ps6osa A.U., Yeprnos B.1.,
Yoitazonos E.JI. CoBpemeHHBIE METOIBI paIHOHYKINIHON JTHATHOCTUKH OITyXOJel W HEOITyX0JIEeBOH MaTOIOTUH
TOJIOBHOTO Mo3ra. broniemerns cubupckotl meduyunwvt. 2021; 20 (4): 131-142. https://doi.org/10.20538/1682-0363-
2021-4-131-142.

Modern methods for radionuclide diagnosis of tumors

INTRODUCTION

Currently, nuclear medicine technologies are quite
firmly entrenched in modern medical science and cli-
nical practice in the world in general and in the Rus-
sian Federation in particular. Oncology, neurology,

and cardiology remain the main areas of application
of nuclear medicine techniques. Radionuclide studies
are successfully used for primary diagnosis of brain
tumors, assessment of the effectiveness of combina-
tion treatment, and as an objective method of disease
control at the follow-up stage, as well as for early di-
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agnosis of neurotransmitter system disturbances of the
central nervous system and various types of dementia
[1-3].

These methods make it possible to study the ac-
tivity of various enzymes, synthesis and metabolism
of neurotransmitters, density of receptors, and expres-
sion of various genes [4—6]. Modern techniques of ra-
dionuclide imaging allow to conduct differential diag-
nosis of pathological changes in the brain and clarify
their biological nature.

According to numerous studies, such radiopharma-
ceuticals (RP) as a *Tc-MIBI, ™! chloride, and '*
I-labeled amino acids are most commonly used for the
diagnosis of brain tumors by single-photon emission
computed tomography (SPECT). As a rule, *™Tc-MI-
BI SPECT makes it possible to visualize primary ma-
lignant brain tumors and hypervascular benign neo-
plasms [7]. The major limiting factor of *™Tc-MIBI
SPECT in imaging of brain tumors is the intensity of
blood flow in the tumor. The degree of *™Tc-MIBI
accumulation in malignant tumors varies widely and
does not correlate with the degree of malignancy of
the tumor and its histological type [8—10]. Despite
this, some authors argue that hyperintense accumu-
lation of *™T¢c-MIBI is characteristic of glioblastoma
multiforme, and high values of the drug accumulation
index in this type of tumor make it possible to diffe-
rentiate it from other malignant neoplasms of the brain
[11,12].

Due to the nonspecific accumulation of *™Tc-MI-
BI in the zones of post-radiation changes, its use is
very limited in the follow-up of patients after radia-
tion therapy of brain tumors [13]. Although some re-
searchers testify to the opposite and admit the use of
#mTc-MIBI SPECT for assessing the effectiveness of
chemoradiotherapy of malignant brain tumors and de-
tecting relapses in this group of patients at early stages
[14,15].

Various amino acids labeled with iodine-123
("®I) are still of great interest in terms of diagno-
sing brain tumors by SPECT. Most of the studies are
devoted to the study of the diagnostic capabilities of
SPECT with the following amino acids labeled with
iodine-123: a-methyl-L-tyrosine and L-phenylalanine
[16—18]. It was shown that the level of accumulation
of '»I-o-methyl-L-tyrosine in the tumor is slightly
higher than that of '*I-L-phenylalanine, and does not
depend on the density of tumor cells. SPECT with
the indicated iodine-123-labeled amino acids can ef-
fectively visualize gliomas of various grades of ma-
lignancy (grade I-1V), while metastases to the brain,

for example, in lung cancer and non-neoplastic brain
lesions, do not accumulate these radioactive tracers.

It was noted that when imaging grade I-II glio-
mas by SPECT with '#’I-L-phenylalanine, false-nega-
tive results are more common. Thus, the sensitivity of
SPECT with iodine-123-labeled amino acids accord-
ing to various studies is 78-90%, and the specificity
reaches 100% [19- 21].

At the end of the last century, the possibility of
using thallium-201 (*'Tl) for the diagnosis of brain
tumors by SPECT was actively studied. Numerous
clinical trials demonstrated the effectiveness of 2°'Tl
SPECT for detecting intracerebral tumors with an ave-
rage sensitivity and specificity of 95% and 87-93%,
respectively. Some authors showed that the degree of
20ITT accumulation in malignant gliomas is significant-
ly higher than in low-grade gliomas and benign brain
tumors, which allows for their differential diagnosis
[22-27]. Tt should be noted that *°'T1 is currently not
used, and large-scale studies on investigating the pos-
sibility of using SPECT with another thallium isotope,
TI1, which favorably differs in low radiation expo-
sure for a patient, have not been carried out in the di-
agnosis of brain tumors.

In recent years, positron emission tomography
(PET) with various radiopharmaceuticals has been the
undisputed leader among nuclear medicine techniques
for the diagnosis of brain tumors [28—31]. The main
radiopharmaceutical for PET is 'F-FDG. The speci-
fied RP has physicochemical characteristics that are
convenient for the diagnostic process, including a rel-
atively long half-life (110 minutes), which makes it
possible to transport it to the nearest PET centers that
are not equipped with cyclotrons.

Already in the first studies on the use of 'F-FDG
PET in imaging of brain tumors, it was demonstra-
ted that an increase in glucose metabolism in a tumor
correlates with the grade of its malignancy and ag-
gressiveness of the course of the disease in general.
Based on the results of various studies, a consolidated
decision was made to consider the degree of glucose
metabolism in the intact gray and white matter of the
brain as a background level and rely on it both in visu-
al assessment of the study results and in calculation of
quantitative parameters of PET [32, 33].

Numerous studies demonstrated the differences
in the levels of ¥F-FDG accumulation in grade I-IV
brain tumors. Thus, the level of ¥F-FDG accumula-
tion in low-grade tumors is more often the same as in
the intact white matter or lower, and the level of accu-
mulation in high-grade tumors is more often equal to

bionneteHb cMbupcko meanumHbl. 2021; 20 (4): 131-142 133



Zelchan R.V., Medvedeva A.A., Bragina O.D., Ribina A.N. et al.

Modern methods for radionuclide diagnosis of tumors

or higher than that in the gray matter of the brain [34].
This feature makes it difficult to visualize low-grade
brain tumors and interpret the results of the study. It
should also be noted that the specificity of "*F-FDG
PET remains low. For example, the level of SUV__
in primary cerebral lymphoma is significantly higher
than that in glioblastoma [35, 36].

The results of 8F-FDG PET remain ambiguous in
the differential diagnosis of grade III-IV gliomas and
brain metastases, because the SUV__ values in these
formations are often the same. According to many
authors, ""F-FDG PET has significant limitations in
the differentiation of gliomas and various non-neo-
plastic brain lesions, such as brain abscesses, tu-
mor-like demyelination, inflammatory changes caused
by fungal infections, and neurosarcoidosis. All of the
above-mentioned pathological processes, as well as
tumor damage, one way or another, lead to an increase
in glucose metabolism, which complicates interpreta-
tion of the study results [37].

At a certain historical stage, *F-FDG PET of the
brain was of great importance for choosing a site of
tumor tissue for targeted stereotactic biopsy, because
most glial tumors (82%) are characterized by hetero-
geneity. It should be noted that imaging of such tumor
differentiation is absolutely impossible with traditio-
nal methods for diagnostic radiology — CT and MRI,
even with the use of contrast-enhanced techniques and
cutting-edge software algorithms [38—42].

Considering the complexity and multistage nature
of the treatment process in patients with brain tumors,
assessment of treatment effectiveness and timely de-
tection of relapses remain some of the most important
problems in modern neuro-oncology. Studies showed
that the change in the level of ¥F-FDG accumulation
in the brain tumor after radiation therapy or chemora-
diation correlates with the tumor response to therapy,
which means that a decrease in the level of ®F-FDG
metabolism indicates the effectiveness of treatment
[43- 46].

It is known that, due to increased proliferation, tu-
mor cells are characterized by increased metabolism,
including enhanced protein synthesis, for which a suf-
ficient supply of amino acids is required. It should be
noted that amino acids labeled with various isotopes
do not differ in their physicochemical properties from
natural amino acids and are their complete biological
analogs. In neuroimaging, labeled amino acids have
a significant advantage over "*F-FDG, which consists
in an extremely low level of physiological accumula-
tion in intact brain structures, including the cortex and

basal nuclei. Carbon-11-labeled  methionine
("'C-MET) was the first amino acid-based radiophar-
maceutical. Since that time, "C-MET has become the
most commonly used radiopharmaceutical in oncolo-
gy after 8F-FDG [47, 48].

In most cases, '"C-MET PET makes it possible to
visualize brain tumors of various degrees of malig-
nancy (grade -1V according to the classification of
the World Health Organization (WHO)), with a fairly
clear definition of the boundaries of the tumor lesion
and normal brain tissues, as well as to delimit the area
of edema and true tumor infiltration [49]. According
to different authors, the averaged indices of the sen-
sitivity and specificity of ""C-MET PET in imaging
of brain tumors of various grades of malignancy are
89-90% and 94-100%, respectively [50-52].

Some researchers argue that, when using purely
visual assessment of '"C-MET PET without resorting
to quantification, the sensitivity and specificity of the
method in imaging brain tumors are 94% and 56.5%,
respectively. At the same time, the accuracy of the
method with this approach is 84.4%, and the level of
positive predictive value and negative predictive value
is 86.3% and 76.5%, respectively. Determination of
semi-quantitative parameters of !C-MET PET of the
brain in most cases contributes to the differential diag-
nosis between a malignant lesion and benign changes
and allows to determine the grade of malignancy of
glial brain tumors according to the WHO [53-55].

When studying the possibility of using ""C-MET
PET in the differential diagnosis between low-grade
(grade I-II) and high-grade (grade III-1V) gliomas
according to the classification of the WHO, the rese-
archers also focused on the level of "C-MET accu-
mulation in the tumor. It turned out that the degree
of "C-MET accumulation in grade III-IV gliomas is
significantly higher than in low-grade tumors.

Another important aspect in the use of '"C-MET
PET in the diagnosis of brain tumors is the possibility
of using the level of RP accumulation in the tumor
as a prognostic factor for the course of the disease. It
was found that a high level of ""C-MET uptake in the
primary brain tumor before treatment indicates a poor
prognosis of the disease. It should also be noted that a
decrease in the level of ""C-MET uptake in the course
of conservative therapy reliably reflects the effective-
ness of treatment [56—58].

According to literature, ''C-MET PET is effective-
ly used in follow-up of patients with benign brain gli-
omas, and the index of RP accumulation in the tumor
reflects the grade of its malignancy. It is believed that
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when the threshold value of the ""C-MET accumu-
lation index in the tumor is reached, it indicates its
transition to the group of malignant gliomas, which re-
quires a change in patient management strategy from a
passive to an active radical approach [59-62].

Timely detection of recurrent malignant gliomas is
still an important aspect in the treatment of patients
with brain tumors. Most authors claim that ""C-MET
PET is capable of detecting tumor recurrence even
against the background of post-therapeutic changes
with sensitivity of 88% and specificity of 85% [63].

Therefore, '"C-MET PET is widely used today in
the oncological practice at all stages of treatment and
follow-up of patients with brain tumors. This method
is now considered routine and quite effective, and its
availability for the population is constantly growing.

18F-fluoroethyl-L-tyrosine (**F-FET) is another
RP based on labeled amino acids, which has proven
to be effective in diagnosing brain tumors. The in-
dicated RP, as well as '"C-MET, is characterized by
low-intensity background accumulation in unchanged
structures and parts of the brain. In addition, ®F-FET
is less accumulated in macrophages and granulocytes
than ""C-MET, which, in turn, leads to an increase in
the specificity of '"®F-FET PET in detecting brain tu-
mors [64].

The main diagnostic difference in the use of
F-FET PET for imaging of brain masses is the ability
to assess the dynamic characteristics of drug accumu-
lation in the tumor in addition to the usual accumu-
lation indices in the area of interest. The use of data
from a dynamic scanning protocol in *F-FET PET
allows for differential diagnosis between grade I-II
and grade III-1V gliomas and indicates the presence
of tumor relapse, reliably differentiating it from the
zones of radiation necrosis [65, 66].

This is of particular importance in clinical situa-
tions when a patient with suspected grade II glioma
does not show contrast agent accumulation on MRI.
In about 40% of these patients, an anaplastic lesion
is found on a '¥F-FET PET scan. Application of the
kinetic characteristics of the method increases its sen-
sitivity and specificity up to 95% [67]. According to
different authors, the averaged indicators of the sensi-
tivity and specificity for "*F-FET PET in the diagnosis
of brain tumors are 94% and 100%, respectively.

Many authors also suggest focusing on the index of
RP accumulation in the tumor during "*F-FET PET. A
number of studies highlight the role of *F-FET PET
in planning radiation therapy in patients with brain
tumors. The authors argue that the use of F-FET in

planning radiation therapy reduces the error in deter-
mining tumor boundaries and, thereby, increases the
effectiveness of radiation therapy [68—70].

In recent years, the possibility of using a synthetic
analog of the amino acid, L-6- ['"®F] fluoro-3,4-dioxy-
phenylalanine ("*F-DOPA), for the diagnosis of brain
tumors has been studied [71]. Studies have shown that
the sensitivity of *F-DOPA PET in detecting malig-
nant and benign brain tumors is 96%, and the specific-
ity is about 40%. At the same time, the specificity of
the method allows to significantly increase the use of
threshold values of the accumulation index — tumor /
striatum. It has also been shown that 'F-DOPA PET
can be used to differentiate the relapse of malignant
gliomas and radiation necrosis [72].

In addition to amino acids labeled with various iso-
topes that have proven their effectiveness, other syn-
thetic analogs of biological molecules are also used
for imaging of brain tumors. Thus, to assess the pro-
liferative activity of tumor cells, an RP based on thy-
midine, 3-deoxy-3- ['*F] -fluorothymidine (‘*F-FLT),
was proposed. Studies have shown that the degree of
BE-FLT accumulation in the tumor correlates with
the level of Ki-67 expression [73]. '®F-FLT PET can
be used to assess the malignancy grade of gliomas,
predict the course of the disease, and plan radiation
therapy. '"F-FLT PET is of particular importance in
determining the prognosis in patients with malignant
brain gliomas [74]. The main disadvantage of '*F-FLT
is the dependence of its accumulation on the degree of
damage to the blood — brain barrier and the intensity
of blood flow in the tumor.

In addition, there are currently RPs for imaging
brain tumors, the use of which is based on the assess-
ment of tumor cell hypoxia, for example, ['*F] -fluoro-
misonidazole ('** F-FMISO). In studies on a group of
patients with malignant gliomas before surgical and
radiation treatment, the effectiveness of this RP was
shown in determining the exact boundaries of the tu-
mor, as well as in assessing the severity of hypoxia
[75]. The disadvantages of '8F-FMISO include high
background accumulation of the RP, due to which
there is a need for a delayed study, 2—4 hours after
intravenous administration.

Currently, several RPs have been synthesized to
assess the expression level of VEGF receptors. First
of all, these are [*Cu]-DOTA-VEGF (DEE), [¥Zr]
-ranibizumab, as well as [''C]-gefitinib ([!'C]-iressa)
[76, 77]. Preliminary studies showed the effectiveness
of these RPs in the diagnosis of tumors of various
localization, including the brain, as well as in
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assessing the effectiveness of their treatment. Along
with the above-mentioned radioactive tracers, RPs are
currently being developed to assess the state of ad-
hesion receptors of the aVP3integrin class. RPs with
high tropism for aVp3integrins include, in particular,
['8F]-galacto-arginylglycylaspartic acid, *Cu-DO-
TAE {E [c (RGDfK)] 2} 2, as well as a number of ar-
ginylglycylaspartic acid derivatives [78, 79]. Current-
ly, these RPs are at different stages of development
and study, so they have not yet found widespread use
in the clinical practice.

Analyzing the above-presented information,
we can say that PET with various RPs is firmly en-
trenched in the algorithms for diagnosing brain tumors
at all stages of treatment and follow-up of patients
with such lesions. The undisputed leaders among all
RPs used in neuro-oncology today are drugs based
on labeled amino acids. This is confirmed by the rec-
ommendations of the European Association of Neu-
ro-Oncology (EANO) on the clinical use of PET in
brain gliomas at various stages of patient manage-
ment (Figure).

Fiagrd Rl ll.'i:\. ALy LRTTTITIVRC T8 e

i adeordag i ART

Briampiay

GENTE ATl TR R blnblensace
edeinmtheiepy — ey —
chiswendizlion EBwrapsy &

Follow up VET isdications

Dhagnoss of & uhical clismigiss
e g, preiOpEOgT s s A00) or redagas
Blonitoning edprenat Saompy
Peteiinnation of sy Doegwlaries 1o
PIREEIG § SUrgery

Tmdicanions e PET in ibe fral 12 werbs afer valbation (e mo) Cherapy:
Phagions ol Bl -mdoeid cEages {05, paradoprogreihions

Stadi tion (chevme) theapy measbacing

Determimaiion of the imital levei of sccmnintion of BP for pdjraot terom

Isdications ke FET alter sargeirys

SUATRTYVCRES 47 WL T

Aiesiinwnt of the radicalilr af iurgeny
Plannug o saikiboa Hiezepy
Dieteradmation ol e nlizl level of evibnilitve &f BPY D s ihe

Dhtermmmniion of (b promeoais of the discese

Ipaiearioms far PET:

Dl rmutiation of benrgn wnd sl girsad raeors

Dt inee o of inmer hoandanies Tor phemsg nomcgen
Edemtificntion of “hot™ foci for tonor bopsy planning
Ity A il o7 e g b Gl T o it

Figure. EANO General Guidelines for the Clinical Use of PET with Labeled Amino Acids in Brain Gliomas, 2016

Despite high diagnostic effectiveness of PET with
various RPs, the widespread use of this method in our
country is limited due to the high cost of the diagnostic
procedure and the complexity of the cycle of manufac-
turing RPs in cyclotron facilities. From this point of
view, it is of interest to develop new RPs based on tech-
netium-99m, which is widely used in numerous SPECT
centers. For example, the use of glucose-based RPs
labeled with technetium-99m will make it possible to
study the biochemical processes occurring in the body
at the molecular level due to inclusion of glucose deriv-
atives in normal and pathological metabolic processes,

as well as to obtain information in terms of uniqueness
and reliability that is not inferior to PET studies.

A number of studies found that the most pro-
mising glucose derivatives for being labeled with the
“mTc radioactive isotope, which retain the biochemi-
cal properties of glucose itself, are: 1-thio-D-glucose,
5-thio-D-glucose, glucosamine, as well as their salts
or hydrates [80—83]. The available literature describes
the results of the experimental use of various *"Tc-la-
beled glucose derivatives in animal models of a tumor
lesion. At the same time, the authors note high effi-
ciency of such drugs [84, 85].
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Based on global trends in the production of RPs
and our own experience in the development of drugs
for radionuclide diagnosis, a team of authors from
Cancer Research Institute of Tomsk NRMC in close
cooperation with National Research Tomsk Poly-
technic University developed a new drug based on a
technetium-99m-labeled glucose derivative for radio-
nuclide diagnosis of malignant neoplasms — “*™Tc-1-
thio-D-glucose” [86—88]. During phase I clinical tri-
als, both safety and efficacy of ®™Tc-1-thio-D-glucose
for imaging of brain tumors by SPECT was demon-
strated [89].

In neurology, "*F-FDG PET is also quite effective-
ly used to diagnose various pathological changes in
the brain. In recent years, it has been demonstrated
that the sensitivity and specificity of 'F-FDG PET in
the diagnosis of Alzheimer’s disease (AD) reach 94%
and 73%, respectively. The role of ®F-FDG PET in
predicting the development of cognitive impairments
is also great [90]. In this case, an important diagnostic
feature is a decrease in the accumulation of *F-FDG
in the association cortex.

AD is characterized by a decrease in ®F-FDG
metabolism in the cortex of the temporal and parietal
lobes, posterior cingulate gyri, while dementia with
Lewy bodies is characterized by hypometabolism in
the occipital cortex. Huntington’s disease is characte-
rized by changes in glucose metabolism in the lentic-
ular nuclei and the heads of the caudate nuclei. Post-
stroke dementia, which is characterized by multiple
foci of hypometabolism in the cerebral cortex and
cerebellum, also has specific presentation in *F-FDG
PET. An early diagnostic sign of Pick’s disease and
other frontotemporal dementias is a pronounced de-
crease in glucose metabolism in the cortex of the fron-
tal lobes of the brain [91-93].

PET is used quite successfully for the differential
diagnosis of various types of dementia. It is known
that dementia with Lewy bodies is accompanied by
the development of parkinsonism, in contrast to AD.
Therefore, when using 'SF-DOPA (dihydroxyphenyl-
alanine), in most cases it is possible to differentiate
between AD and dementia with Lewy bodies [94].

The possibility of studying the state of the pre-
synaptic dopaminergic system during “F-DOPA
PET allows to diagnose Parkinson’s disease (PD) at
the preclinical stage. The main diagnostic criterion is
a decrease in the metabolic rate of "*F-DOPA in the
striatum. This drug reflects the activity of the enzyme
dopadecarboxylase and the level of dopamine in neu-
rons of the striatum [95]. Some authors argue that

BE-DOPA PET allows not only to detect a decrease
in the number of neurons in the striatonigral system
in PD patients, but also to predict the development of
this disease. This is possible due to the fact that clini-
cal manifestations of PD occur when about 60-70% of
dopaminergic neurons die [96]. 8F-DOPA PET is also
used to assess the effectiveness of PD treatment; in ad-
dition, the level of ®F-DOPA accumulation depends
on the severity of motor impairments, but does not in
any way reflect the severity of cognitive impairments
in such patients.

Currently, the most promising RPs for diagnosing
AD and other neurodegenerative disorders are markers
of B-amyloid peptide (Ap), the increased deposition of
which is the main component in the pathogenesis of
AD. The carbon-11-labeled RP substance B-[!'C] PiB,
proposed by the Pittsburgh scientists, became the first
ApB-selective radioligand for PET imaging of amyloid
deposits in the association cortex. Additionally, it was
shown in clinical trials that patients without dementia
also had accumulation of [!!C] PiB in the association
cortex, which, in turn, further confirmed the predictive
role of [''C] PiB PET in the diagnosis of AD. Cur-
rently, the development of specific RPs for the radio-
nuclide diagnosis of neurodegenerative disorders is
being actively pursued.

It is known that the second generation of PET
markers of AP has been developed — benzofuran,
benzoxazole, imidazobenzothiazole derivatives, etc.
Some compounds have been labeled with *F, which
will simplify their clinical use. Most of the com-
pounds have shown their effectiveness in preclinical
studies and are at the stage of clinical trials. There-
fore, there is still no comprehensive information on
the effectiveness of such compounds in the available
literature.

CONCLUSION

Therefore, analyzing the information presented, it
can be stated that high-tech nuclear medicine tech-
niques have integrated into the development trends in
modern neurology and neuro-oncology. Not a single
clinic dealing with the problems of treating tumors
of the central nervous system or various types of de-
mentia can do without methods of radionuclide diag-
nosis in its clinical practice. It is also important that
the research teams of the Russian scientific schools
of physics, oncology, and nuclear medicine man-
age to keep up with the times in their scientific re-
search and in some areas are ahead of the world-class
leaders.
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