
131

REVIEWS AND LECTURES

УДК 616.831-006-073.916
https://doi.org/10.20538/1682-0363-2021-4-131-142

Modern methods for radionuclide diagnosis of tumors and non-tumor 
pathologies of the brain

Zelchan R.V.1, 2, Medvedeva A.A.1, Bragina O.D.1, 2, Ribina A.N.1, Ryabova A.I.1,  
Chernov V.I.1, 2, Choynzonov E.L.1 
1 Cancer Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences 
5, Kooperativny Str., Tomsk, 634009, Russian Federation
2 National Research Tomsk Polytechnic University  
30, Lenina Аv., 634050, Tomsk, Russian Federation

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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РЕЗЮМЕ

В обзоре обсуждается мировой опыт применения методов ядерной медицины в диагностике опухолей го-
ловного мозга и его неопухолевых изменений. Рассматриваются основные группы применяемых сегодня 
радиофармацевтических препаратов (РФП) для визуализации злокачественных опухолей головного мозга, 
диагностики когнитивных нарушений и нарушений системы нейротрансмиссии методом однофотонной 
эмиссионной компьютерной томографии и позитронно-эмиссионной томографии.

В сравнительном аспекте освещаются современные подходы к применению методов радионуклидной ди-
агностики в нейроонкологии и неврологии, отражаются основные тенденции в производстве новых, более 
специфичных РФП для визуализации опухолей головного мозга различной степени злокачественности и 
диагностики неопухолевых заболеваний мозга. Обсуждаются преимущества и недостатки применяемых 
сегодня методик и РФП для визуализации заболеваний центральной нервной системы в зависимости от 
клинической ситуации и конкретных диагностических задач. 

Представлены консолидированные рекомендации ведущих научных школ нейроонкологии по применению 
методов ядерной медицины у пациентов с опухолями головного мозга на этапах лечения и динамического 
наблюдения. Рассмотрен опыт отечественных научных школ в разработке РФП для нейроонкологии. Осве-
щены особенности разработки и применения новых РФП у пациентов с опухолями головного мозга и ней-
родегенеративных заболеваний. Обзор выполнен на анализе литературы, входящей в базы данных Scopus, 
Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health и РИНЦ.

Ключевые слова: ядерная медицина, опухоль головного мозга, деменция, радионуклидная диагностика, 
радиофармацевтичекий препарат.
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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 99mTc-MIBI, Tl-201 chloride, and 123 
I-labeled amino acids are most commonly used for the 
diagnosis of brain tumors by single-photon emission 
computed tomography (SPECT). As a rule, 99mTc-MI-
BI SPECT makes it possible to visualize primary ma-
lignant brain tumors and hypervascular benign neo-
plasms [7]. The major limiting factor of 99mTc-MIBI 
SPECT in imaging of brain tumors is the intensity of 
blood flow in the tumor. The degree of 99mTc-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 99mTc-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 99mTc-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 
99mTc-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 
(123I) 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: α-methyl-L-tyrosine and L-phenylalanine 
[16–18]. It was shown that the level of accumulation 
of 123I-α-methyl-L-tyrosine in the tumor is slightly 
higher than that of 123I-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–IV), 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 123I-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 (201Tl) for the diagnosis of brain 
tumors by SPECT was actively studied. Numerous 
clinical trials demonstrated the effectiveness of 201Tl 
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 
201Tl 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]. It should be noted that 201Tl is currently not 
used, and large-scale studies on investigating the pos-
sibility of using SPECT with another thallium isotope, 
199Tl, 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 18F-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 18F-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 18F-FDG accumulation in grade I–IV 
brain tumors. Thus, the level of 18F-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 
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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 18F-FDG 
PET remains low. For example, the level of SUVmax 
in primary cerebral lymphoma is significantly higher 
than that in glioblastoma [35, 36]. 

The results of 18F-FDG PET remain ambiguous in 
the differential diagnosis of grade III–IV gliomas and 
brain metastases, because the SUVmax values in these 
formations are often the same. According to many  
authors, 18F-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, 18F-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 18F-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 18F-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 18F-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 
(11C-MET) was the first amino acid-based radiophar-
maceutical. Since that time, 11C-MET has become the 
most commonly used radiopharmaceutical in oncolo-
gy after 18F-FDG [47, 48]. 

In most cases, 11C-MET PET makes it possible to 
visualize brain tumors of various degrees of malig-
nancy (grade I–IV 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 11C-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 11C-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 11C-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 11C-MET 
PET in the differential diagnosis between low-grade 
(grade I–II) and high-grade (grade III–IV) gliomas 
according to the classification of the WHO, the rese- 
archers also focused on the level of 11C-MET accu-
mulation in the tumor. It turned out that the degree 
of 11C-MET accumulation in grade III–IV gliomas is 
significantly higher than in low-grade tumors.

Another important aspect in the use of 11C-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 11C-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 11C-MET uptake in the course 
of conservative therapy reliably reflects the effective-
ness of treatment [56–58].

According to literature, 11C-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 11C-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 11C-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, 11C-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 (18F-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 11C-MET, is characterized by 
low-intensity background accumulation in unchanged 
structures and parts of the brain. In addition, 18F-FET 
is less accumulated in macrophages and granulocytes 
than 11C-MET, which, in turn, leads to an increase in 
the specificity of 18F-FET PET in detecting brain tu-
mors [64]. 

The main diagnostic difference in the use of 
18F-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 18F-FET PET 
allows for differential diagnosis between grade I–II 
and grade III–IV 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 18F-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 18F-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 18F-FET PET. A 
number of studies highlight the role of 18F-FET PET 
in planning radiation therapy in patients with brain 
tumors. The authors argue that the use of 18F-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- [18F] fluoro-3,4-dioxy-
phenylalanine (18F-DOPA), for the diagnosis of brain 
tumors has been studied [71]. Studies have shown that 
the sensitivity of 18F-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 18F-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- [18F] -fluorothymidine (18F-FLT), 
was proposed. Studies have shown that the degree of 
18F-FLT accumulation in the tumor correlates with 
the level of Ki-67 expression [73]. 18F-FLT PET can 
be used to assess the malignancy grade of gliomas, 
predict the course of the disease, and plan radiation 
therapy. 18F-FLT PET is of particular importance in 
determining the prognosis in patients with malignant 
brain gliomas [74]. The main disadvantage of 18F-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, [18F] -fluoro-
misonidazole (18 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 18F-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 [64Cu]-DOTA-VEGF (DEE), [89Zr] 
-ranibizumab, as well as [11C]-gefitinib ([11C]-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 αVβ3integrin class. RPs with 
high tropism for αVβ3integrins include, in particular, 
[18F]-galacto-arginylglycylaspartic acid, 64Cu-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).

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 
99mTc 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 99mTc-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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Figure 1. EANO General Guidelines for the Clinical Use of PET with Labeled Amino Acids in Brain 

Gliomas, 2016.
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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 – “99mTc-1-
thio-D-glucose” [86–88]. During phase I clinical tri-
als, both safety and efficacy of 99mTc-1-thio-D-glucose 
for imaging of brain tumors by SPECT was demon-
strated [89].

In neurology, 18F-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 18F-FDG PET in 
the diagnosis of Alzheimer’s disease (AD) reach 94% 
and 73%, respectively. The role of 18F-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 18F-FDG 
in the association cortex. 

 AD is characterized by a decrease in 18F-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 18F-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 18F-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 18F-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 18F-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 

18F-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]. 18F-DOPA PET is also 
used to assess the effectiveness of PD treatment; in ad-
dition, the level of 18F-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 β-amyloid peptide (Aβ), the increased deposition of 
which is the main component in the pathogenesis of 
AD. The carbon-11-labeled RP substance B-[11C] PiB, 
proposed by the Pittsburgh scientists, became the first 
Aβ-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 [11C] PiB in the association 
cortex, which, in turn, further confirmed the predictive 
role of [11C] 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 Aβ has been developed – benzofuran, 
benzoxazole, imidazobenzothiazole derivatives, etc. 
Some compounds have been labeled with 18F, 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. 



138 Bulletin of Siberian Medicine. 2021; 20 (4): 131–142

REFERENCES
1.	 Katsanos A.H., Alexiou G.A., Fotopoulos A.D., Jabbour P., 

Kyritsis A.P., Sioka C. Performance of 18F-FDG, 11C-Methi-
onine, and 18F-FET PET for Glioma Grading: A Meta-analy-
sis. Clin. Nucl. Med. 2019; 44 (11): 864–869. DOI: 10.1097/
RLU.0000000000002654.

2.	 Horky L.L., Treves S.T. PET and SPECT in brain tumors and 
epilepsy.  Neurosurg. Clin. N. Am. 2011; 22 (2): 169–1884. 
DOI: 10.1016/j.nec.2010.12.003.

3.	 Roelcke U. Imaging brain tumors with PET, SPECT, and ultra-
sonography. Handb. Clin. Neurol. 2012; 104: 135–142. DOI: 
10.1016/B978-0-444-52138-5.00010-4.

4.	 Inubushi M., Tatsumi M., Yamamoto Y.  et al. European re-
search trends in nuclear medicine. Ann.  Nucl. Med. 2018; 32 
(9): 579–582. DOI: 10.1007/S12149-018-1303-7.

5.	 Lotan E., Friedman K.P., Davidson T., Shepherd T.M. Brain 
18F-FDG-PET: Utility in the Diagnosis of Dementia and Epi-
lepsy. Isr. Med. Assoc. J. 2020; 22 (3): 178–184. 

6.	 Karpuz M., Silindir-Gunay M., Ozer A.Y.  Current and future 
approaches for effective   cancer   imaging   and   treatment.  
Cancer Biother. Radiopharm. 2018; 33 (2): 39–51. DOI: 
10.1089/CBR.2017.2378.

7.	 Terada H., Kamata N.  Contribution of the combination of 
(201)Tl SPECT and (99m)T(c)O(4)(–) SPECT to the differen-
tial diagnosis of brain tumors and tumor-like lesions. A prelim-
inary report. J. Neuroradiol. 2003; 30 (2): 91–94.

8.	 Le Jeune F.P., Dubois F., Blond S., Steinling M. Sestamibi 
technetium-99m brain single-photon emission computed to-
mography to identify recurrent glioma in adults: 201 studies. 
J. Neurooncol. 2006; 77 (2): 177–183. DOI: 10.1007/s11060-
005-9018-8.

9.	 Cecchin D., Chondrogiannis S., Della Puppa A. et al. Presurgi-
cal 99mTc-sestamibi brain SPET/CT versus SPET: a compar-
ison with MRI and histological data in 33 patients with brain 
tumours. Nucl. Med. Commun. 2009; 30 (9): 660–668. DOI: 
10.1097/MNM.0b013e32832ea9b7.

10.	Shibata Y., Yamamoto T., Takano S.  et al.  Direct comparison 
of thallium-201 and technetium-99m MIBI SPECT of a glioma 
by receiver operating characteristic analysis. J. Clin. Neurosci. 
2009; 16 (2): 264–269. DOI: 10.1016/J.JOCN.2008.04.010. 

11.	Choi J.Y., Kim S.E., Shin H.J., Kim B.T., Kim J.H. Brain tu-
mor imaging with 99mTc-tetrofosmin: comparison with 201Tl, 
99mTc-MIBI, and 18F-fluorodeoxyglucose. J. Neurooncol. 
2000; 46 (1): 63–70. DOI: 10.1023/a:1006391701818.

12.	Alexiou G.A., Fotopoulos A.D., Tsiouris S., Voulgaris S., 
Kyritsis A.P. 99mTc-tetrofosmin SPECT for the evaluation of 
cerebral lesions. Eur. J. Nucl. Med. Mol. Imaging. 2010; 37 
(12): 2403–2004. DOI: 10.1007/s00259-010-1602-2.

13.	Fan Y.X., Luo R.C., Li G.P., Huang K. Di Yi Jun Yi Da Xue 
Xue Diagnostic value of 99mTc-MIBI brain SPECT for brain 
glioma. Bao.  2004; 24 (10): 1184–1185.

14.	Bleichner-Perez S., Le Jeune F., Dubois F., Steinling M. 
99mTc-MIBI brain SPECT as an indicator of the chemo-
therapy response of recurrent, primary brain tumors. Nucl. 
Med. Commun. 2007; 28 (12): 888–894. DOI: 10.1097/
MNM.0b013e3282f1646c.

15.	Palumbo B., Lupattelli M., Pelliccioli G.P., Chiarini P., Moschi-
ni T.O., Palumbo I., Siepi D., Buoncristiani P., Nardi M., 

Giovenali P., Palumbo R.Q. Association of 99mTc-MIBI 
brain SPECT and proton magnetic resonance spectroscopy 
(1H-MRS) to assess glioma recurrence after radiotherapy J. 
Nucl. Med. Mol. Imaging. 2006; 50 (1): 88–93.

16.	Langen K.J., Coenen H.H., Roosen N., Kling P., Muzik O., 
Herzog H., Kuwert T., Stöcklin G., Feinendegen L.E. SPECT 
studies of brain tumors with L-3-[123I] iodo-alpha-methyl 
tyrosine: comparison with PET, 124IMT and first clinical re-
sults. J. Nucl. Med. 1990; 31 (3): 281–286.

17.	Hellwig D., Ketter R., Romeike B.F., Sell N., Schaefer A., 
Moringlane J.R., Kirsch C.M., Samnick S. Validation of 
brain tumour imaging with p-[123I]iodo-L-phenylalanine and 
SPECT. Eur. J. Nucl. Med. Mol. Imaging. 2005; 32 (9): 1041–
1049. DOI: 10.1007/s00259-005-1807-y.

18.	Pauleit D., Floeth F., Tellmann L., Hamacher K., Hautzel H., 
Müller H.W., Coenen H.H., Langen K.J. Comparison of 
O-(2-18F-fluoroethyl)-L-tyrosine PET and 3-123I-iodo-al-
pha-methyl-L-tyrosine SPECT in brain tumors. J. Nucl. Med. 
2004; 45 (3): 374–381.

19.	Langen K.J., Roosen N., Coenen H.H., Kuikka J.T.,  
Kuwert T., Herzog H., Stöcklin G., Feinendegen L.E. Brain 
and brain tumor uptake of L-3-[123I]iodo-alpha-methyl  
tyrosine: competition with natural L-amino acids. J. Nucl. 
Med. 1991; 32 (6): 1225–1229.

20.	Rainer E., Wang H., Traub-Weidinger T., Widhalm G.,  
Fueger B., Chang J., Zhu Z., Marosi C., Haug A., Hacker M., 
Li S. The prognostic value of [123I]-vascular endothelial 
growth factor ([123I]-VEGF) in glioma. Eur. J. Nucl. Med. 
Mol. Imaging. 2018; 45 (13): 2396–2403. DOI: 10.1007/
s00259-018-4088-y.

21.	Hellwig D., Ketter R., Romeike B.F., Schaefer A., Farmakis G., 
Grgic A., Moringlane J.R., Steudel W.I., Kirsch C.M., Sam-
nick S. Prospective study of p-[123I]-iodo-L-phenylalanine 
and SPECT for the evaluation of newly diagnosed cerebral 
lesions: specific confirmation of glioma. Eur. J. Nucl. Med. 
Mol. Imaging. 2010; 37 (12): 2344–53. DOI: 10.1007/s00259-
010-1572-4.

22.	Sun D., Liu Q., Liu W., Hu W. Clinical application of 201Tl 
SPECT imaging of brain tumors. J. Nucl. Med. 2000; 41 (1): 
5–10.

23.	Kahn D., Follett K.A., Bushnell D.L., Nathan M.A., Piper J.G., 
Madsen M., Kirchner P.T. Diagnosis of recurrent brain tu-
mor: value of 201Tl SPECT vs 18F-fluorodeoxyglucose PET.  
Am. J. Roentgenol. 1994; 163 (6): 1459–1465. DOI: 10.2214/
ajr.163.6.7992747.

24.	Sugo N., Yokota K., Kondo K., Harada N., Aoki Y., Miyaza- 
ki C., Nemoto M., Kano T., Ohishi H., Seiki Y. Early dynam-
ic 201Tl SPECT in the evaluation of brain tumours. Nucl. 
Med. Commun. 2006; 27 (2): 143–149. DOI: 10.1097/01.
mnm.0000191853.34574.3f. PMID: 16404227.

25.	 Otsuka H., Shinbata H., Hieda M., Yamashita K., Kitamura H., 
Senba T., Kashihara K., Tagashira H. The retention indices of 
201Tl-SPECT in brain tumors. Ann. Nucl. Med. 2002; 16 (7): 
455–459. DOI: 10.1007/BF02988641.

26.	Choi J.Y., Kim S.E., Shin H.J., Kim B.T., Kim J.H. Brain tu-
mor imaging with 99mTc-tetrofosmin: comparison with 201Tl, 
99mTc-MIBI, and 18F-fluorodeoxyglucose. J. Neurooncol. 
2000; 46 (1): 63–70. DOI: 10.1023/a:1006391701818.

Zelchan R.V., Medvedeva A.A., Bragina O.D., Ribina A.N. et al. Modern methods for radionuclide diagnosis of tumors



139

Reviews and lectures

Бюллетень сибирской медицины. 2021; 20 (4): 131–142

27.	Nose A., Otsuka H., Nose H., Otomi Y., Terazawa K., Hara- 
da M. Visual and semi-quantitative assessment of brain tu-
mors using (201)Tl-SPECT. J. Med. Invest. 2013; 60 (1-2): 
121–126. DOI: 10.2152/jmi.60.121.

28.	Suchorska B., Tonn J.C., Jansen N.L. PET imaging for brain 
tumor diagnostics. Curr. Opin. Neurol. 2014; 27 (6): 683–688. 
DOI: 10.1097/WCO.0000000000000143.

29.	How Does It Work? Positron emission tomography. BMJ. 
2003; 28: 326 (7404): 1449. DOI: 10.1136/bmj.326.7404.1449.

30.	Inubushi M., Tatsumi M., Yamamoto Y.  et al. European re-
search trends in nuclear medicine. Ann. Nucl. Med. 2018; 32 
(9): 579–582. DOI: 10.1007/S12149-018-1303-7.

31.	Karpuz M., Silindir-Gunay M., Ozer A.Y. Current and future 
approaches for effective cancer imaging and treatment. Can-
cer Biother. Radiopharm. 2018; 33 (2): 39–51.

32.	Di Chiro G., Brooks R.A., Patronas N.J. Issues in the in vivo 
measurement of glucose metabolism of human central ner-
vous system tumor. Ann. Neurol. 1984; 15: 138–146. DOI: 
10.1002/ana.410150727.

33.	La Fougere C., Suchorska B., Bartenstein P. et al. Molecular 
imaging of gliomas with PET: opportunities and limitations. 
Neuro Oncol. 2011; 13 (8): 806–819. DOI: 10.1093/neuonc/
nor054.

34.	Chen W., Silverman D.H., Delaloye S. et al. 18F-FDOPA PET 
imaging of brain tumours: comparison study with 18F-FDG 
PET and evaluation of diagnostic accuracy. J. Nucl. Med. 
2006; 47 (6): 904–911.

35.	Kosaka N., Tsuchida T., Uematsu H. et al. 18F-FDG PET of 
common enhancing malignant brain tumors. Am. J. Roentge-
nol. 2008; 190 (6): 365–369. DOI: 10.2214/AJR.07.2660.

36.	Yamashita K., Yoshiura T., Hiwatashi A. et al. Differentiat-
ing primary CNS lymphoma from glioblastoma multiforme: 
assessment using arterial spin labeling, diffusion-weighted 
imaging, and (18)F-fluorodeoxyglucose positron emission 
tomography. Neuroradiology. 2013; 55 (2): 135–143. DOI: 
10.1007/s00234-012-1089-6.

37.	Omuro A.M., Leite C.C., Mokhtari K. et al. Pitfalls in the di-
agnosis of brain tumours. Lancet Neurol. 2006; 5 (11): 937–
948. DOI: 10.1016/S1474-4422(06)70597-X.

38.	Prieto E., Marti-Climent J.M., Dominguez-Prado I. et al.  
Voxel-based analysis of dual-time-point 18F-FDG PET  
images for brain tumor identification and delineation. J. Nucl. 
Med. 2011; 52 (6): 865–872.

39.	Lee J.W., Kang K.W., Park S.H., Lee S.M., Paeng J.C.,  
Chung J.K., Lee M.C., Lee D.S. 18F-FDG PET in the 
assessment of tumor grade and prediction of tumor recurrence 
in intracranial meningioma. European Journal of Nuclear 
Medicine and Molecular Imaging. 2009; 36 (10): 1574–1582. 
dOI: 10.1007/s00259-009-1133-x.

40.	Koç Z.P., Kara P.Ö., Dağtekin A. Detection of unknown pri-
mary tumor in patients presented with brain metastasis by F-18 
fluorodeoxyglucose positron emission tomography/computed 
tomography. CNS Oncol. 2018; 7 (2): CNS12. DOI: 10.2217/
cns-2017-0018.

41.	Colavolpe C., Metellus P., Mancini J. et al. Independent prog-
nostic value of pre-treatment 18-FDG-PET in high-grade gli-
omas. J. Neurooncol. 2012; 107 (3): 527–535. DOI: 10.1007/
s11060-011-0771-6. 

42.	Colavolpe C., Chinot O., Metellus P. et al. FDG-PET predicts 
survival in recurrent high-grade gliomas treated with bevaci-
zumab and irinotecan. Neuro Oncol. 2012; 14 (5): 649–657. 
DOI: 10.1093/neuonc/nos012.

43.	Spence A.M., Muzi M., Graham M.M.  et al.  2-[(18)F]Fluo-
ro-2-deoxyglucose  and  glucose  uptake  in  malignant  glio-
mas before and after radiotherapy: correlation with outcome. 
Clin. Cancer Res. 2002; 8 (4): 971–979.

44.	Charnley N., West C.M., Barnett C.M. et al. Early change 
in glucose metabolic rate measured using FDG-PET in pa-
tients with high-grade glioma predicts response to temozolo-
mide but not temozolomide plus radiotherapy. Int. J. Radiat. 
Oncol. Biol. Phys. 2006; 66 (2): 331–338. DOI: 10.1016/J.
IJROBP.2006.04.043.

45.	Caroline I., Rosenthal M.A. Imaging modalities in high-
grade gliomas:  pseudoprogression, recurrence, or necrosis? 
J. Clin. Neurosci. 2012; 19 (5): 633–637. DOI: 10.1016/j.
jocn.2011.10.003.

46.	Nihashi T., Dahabreh I.J., Terasawa T. Diagnostic accuracy 
of PET for recurrent glioma diagnosis: a meta-analysis.  Am. 
J. Neuroradiol. 2013; 34 (5): 944–950. DOI: 10.3174/ajnr.
A3324.

47.	Basu S., Alavi A. Molecular imaging (Pet) of brain tumors? 
Nneuroimaging. Clin. N. Amer. 2009; 19 (4): 625–646. DOI: 
10.1016/j.nic.2009.08.012.

48.	Katsanos A.H., Alexiou G.A., Fotopoulos A.D., Jabbour P., 
Kyritsis A.P., Sioka C. Performance of 18F-FDG, 11C-Methi-
onine, and 18F-FET PET for Glioma Grading: A Meta-analy-
sis. Clinical Nuclear Medicine. 2019; 44 (11): 864–869. DOI: 
10.1097/RLU.0000000000002654.

49.	Glaudemans A.W., Enting R.H., Heesters M.A. et al. Value of 
11C-methionine PET in imaging brain tumours and metasta-
ses. Eur. J. Nucl. Med. Mol. Imaging. 2013; 40 (4): 615–635. 
DOI: 10.1007/s00259-012-2295-5.

50.	He Q., Zhang L., Zhang B., Shi X., Yi C., Zhang X. Diagnos-
tic accuracy of 13N-ammonia PET, 11C-methionine PET and 
18F-fluorodeoxyglucose PET: a comparative study in patients 
with suspected cerebral glioma. BMC Cancer. 2019: 19 (1): 
332. DOI: 10.1186/s12885-019-5560-1.

51.	Takenaka S., Asano Y., Shinoda J. et al. Comparison of (11)
C-methionine, (11)C-choline, and (18)F-fluorodeoxyglu-
cose-PET for distinguishing glioma recurrence from radiation 
necrosis. Neurol. Med. Chir. (Tokyo). 2014; 54 (4): 280–289. 
DOI: 10.2176/nmc.oa2013-0117.

52.	Filss C.P., Galldiks N., Stoffels G., Sabel M., Wittsack H.J., 
Turowski B., Antoch G., Zhang K., Fink G.R., Coenen H.H. 
et al. Comparison of 18F-FET PET and perfusion-weighted 
MR imaging: a PET/MR imaging hybrid study in patients 
with brain tumors. J. Nucl. Med. 2014; 55 (4): 540–545. DOI: 
10.2967/jnumed.113.129007.

53.	Kebir S., Weber M., Lazaridis L. et al. Hybrid 11C-MET 
PET/MRI combined with «machine learning» in glioma di-
agnosis according to the revised glioma WHO classification 
2016. Clin. Nucl. Med. 2019; 44 (3): 214–220. DOI: 10.1097/
RLU.0000000000002398.

54.	Jung T.Y., Jung S., Ryu H.S. et al. The application of mag-
netic resonance imaging-deformed 11c-methionine-positron 
emission tomography images in stereotactic radiosurgery. 



140 Bulletin of Siberian Medicine. 2021; 20 (4): 131–142

Stereotact. Funct. Neurosurg. 2019; 97 (4): 217–224. DOI: 
10.1159/000503732.

55.	Hotta M., Minamimoto R., Miwa K. 11C-methionine-PET for 
differentiating recurrent brain tumor from radiation necrosis: 
radiomics approach with random forest classifier. Sci. Rep. 
2019; 9 (1): 156–166. DOI: 10.1038/s41598-019-52279-2.

56.	Skvortsova T.Y., Gurchin A.F., Savintseva Z.I. C-methi-
onine PET in assessment of brain lesions in patients with 
glial tumors after combined treatment. Zh. Vopr. Neirokhir. 
im. N. N. Burdenko. 2019; 83 (2): 27–36. DOI: 10.17116/nei-
ro20198302127.

57.	Dandois V., Rommel D., Renard L. et al. Substitution of 
11C-methionine PET by perfusion MRI during the follow-up 
of treated high-grade gliomas: preliminary results in clinical 
practice. J. Neuroradiol. 2010; 37 (2): 89–97. DOI: 10.1016/J.
NEURAD.2009.04.005.

58.	Schinkelshoek M., Lopci E., Clerici E. et al. Impact of 
11C-methionine positron emission tomography/computed to-
mography on radiation therapy planning and prognosis in pa-
tients with primary brain tumors. Tumori. 2018; 104 (6): 480. 
DOI: 10.1700/1778.19268.

59.	Goldbrunner R., Ruge M., Kocher M., Lucas C.W., Galldiks N., 
Grau S. The treatment of gliomas in adulthood. Dtsch. Arz-
tebl. Int. 2018; 115 (20-21): 356–364. DOI: 10.3238/arz-
tebl.2018.0356.

60.	Borbély K., Nyáry I., Tóth M., Ericson K., Gulyás B. Optimi-
zation of semi-quantification in metabolic PET studies with 
18F-fluorodeoxyglucose and 11C-methionine in the determi-
nation of malignancy of gliomas. J. Neurol. Sci. 2006; 246 
(1-2):  85–94. DOI: 10.1016/j.jns.2006.02.015.

61.	Xu W., Gao L., Shao A., Zheng J., Zhang J. The performance 
of 11C-Methionine PET in the differential diagnosis of glio-
ma recurrence. Oncotarget. 2017; 8 (53): 91030–91039. DOI: 
10.18632/oncotarget.19024.

62.	Muoio B., Giovanella L., Treglia G. Recent Developments of 
18F-FET PET in Neurooncology. Curr. Med. Chem. 2018; 25 
(26): 3061–3073. DOI: 10.2174/0929867325666171123202644.

63.	Jansen N.L., Suchorska B., Wenter V. et al. Dynamic 18F-FET   
PET   in   newly   diagnosed   astrocytic   low-grade glioma 
identifies high-risk patients. J.  Nucl.  Med. 2014; 55 (2): 198–
203. DOI: 10.2967/JNUMED.113.122333.

64.	Jansen N.L., Suchorska B., Wenter V. et al. Prognostic signifi-
cance of dynamic 18F-FET PET in newly diagnosed astrocyt-
ic high-grade glioma. J. Nucl. Med. 2015; 56 (1): 9–15. DOI: 
10.2967/jnumed.114.144675.

65.	Jansen N.L., Graute V., Armbruster L.  et  al.  MRI-suspected 
low-grade glioma: is there a need to perform dynamic FET 
PET? Eur. J. Nucl. Med. Mol. Imaging. 2012; 39 (6): 1021–
1029. DOI: 10.1007/s00259-012-2109-9.

66.	Galldiks N., Langen K.J., Holy R. et al. Assessment of 
treatment response in patients with glioblastoma using 
O-(2-18F-fluoroethyl)-L-tyrosine PET in comparison to 
MRI. J. Nucl. Med. 2012; 53 (7): 1048–1057. DOI: 10.2967/
jnumed.111.098590.

67.	Suchorska B., Jansen N.L., Linn J. et al. Biological tumor vol-
ume in 18FET-PET before radiochemotherapy correlates with 
survival in GBM. Neurology. 2015; 84 (7): 710–719. DOI: 
10.1212/WNL.0000000000001262.

68.	Floeth F.W., Pauleit D., Sabel M. et al.  Prognostic value of 
O-(2-18F-fluoroethyl)-L-tyrosine PET and MRI in low-grade 
glioma. J. Nucl. Med. 2007; 48 (4): 519–527. DOI: 10.2967/
jnumed.106.037895.

69.	Walter F., Cloughesy T., Walter M.A. et al. Impact of 3,4-di-
hydroxy-6-18F-fluoro-L-phenylalanine PET/CT on managing 
patients with brain tumors: the referring physician’s perspec-
tive. J. Nucl. Med. 2012; 53 (3): 393–398. DOI: 10.2967/
jnumed.111.095711.

70.	Fueger B.J., Czernin J., Cloughesy T. et al. Correlation of 
6-18F-fluoro-L-dopa PET uptake with proliferation and tumor 
grade in newly diagnosed and recurrent gliomas. J. Nucl. Med. 
2010; 51 (10): 1532–1538. DOI: 10.2967/jnumed.110.078592.

71.	Shen G., Ma H., Pang F., Ren P., Kuang A. Correlations of 
18F-FDG and 18F-FLT uptake on PET with Ki-67 expression 
in patients with lung cancer: a meta-analysis. Acta Radiol. 
2018; 59 (2): 188–195. DOI: 10.1177/0284185117706609.

72.	Chen W., Delaloye S., Silverman D.H.S. et al. Predicting treat-
ment response of malignant gliomas to bevacizumaband irino-
tecan by imaging proliferation with [18F] fluoro-thymidine 
positron emission tomography: a pilot study. J.  Clin.  Oncol. 
2007; 25 (30): 4714–4721. DOI: 10.1200/JCO.2006.10.5825.

73.	Bekaert L., Valable S., Lechapt-Zalcman E. et al. [18F]-FMI-
SO PET study of hypoxia in gliomas before surgery: correla-
tion with molecular markers of hypoxia and angiogenesis. 
Eur. J. Nucl. Med. Mol. Imaging. 2017; 44 (8): 1383–1392. 
DOI: 10.1007/s00259-017-3677-5.

74.	Van Dongen G.A., Huisman M.C., Boellaard R. et al. 89Zr-im-
muno-PET for imaging of long circulating drugs and disease 
targets: why, how and when to be applied? Q. J. Nucl. Med. 
Mol. Imaging. 2015; 59 (1): 18–38.

75.	Kim H., Lee S.J., Davies-Venn C. et al. 64Cu-DOTA as a 
surrogate positron analog of Gd-DOTA for cardiac fibrosis 
detection with PET: pharmacokinetic study in a rat model 
of chronic MI. Nucl. Med. Commun. 2016; 37 (2): 188–196. 
DOI: 10.1097/MNM.0000000000000417.

76.	Siitonen R., Peuhu E., Autio A. et al. 68Ga-DOTA-E[c(RGD-
fK)]2 PET imaging of SHARPIN-regulated integrin activity in 
mice. J. Nucl. Med. 2019; 60 (10): 1380–1387. DOI: 10.2967/
jnumed.118.222026.

77.	Soldevilla-Gallardo I., Medina-Ornelas S.S., Davanzo J., Pe-
drero-Piedras R. 68Ga-DOTA-E-[c(RGDfK)]2 positron emis-
sion tomography-computed tomography in the evaluation of he-
patic hemangioendothelioma epithelioid. Rare Tumors. 2019; 
11: 2036361319831097. DOI: 10.1177/2036361319831097

78.	Leе H.-K., Moon D.-H., Ryu J.-S. et al. Radioisotope-labeled 
complexes of glucose derivatives and kits for the preparation 
thereof. Patent United States. 2003. Pub. No. 2003/0120046 
A.

79.	Cheng D., Rusckowski M., Wang Y.., Liu Y., Liu G., 
Liu X., Hnatowich D.    A brief evaluation of tumor imag-
ing in mice with 99mTc-glucarate including a comparison 
with 18F-FDG. Curr. Radiopharm. 2011; 4 (1): 5–9. DOI: 
10.2174/1874471011104010005.

80.	Chen X., Li L., Liu F., Liu B. Synthesis and biological evalu-
ation of technetium-99m-labeled deoxyglucose derivatives as 
imaging agents for tumor. Bioorg. Med. Chem. Lett. 2006; 16 
(21): 5503–5506. DOI: 10.1016/j.bmcl.2006.08.050.

Zelchan R.V., Medvedeva A.A., Bragina O.D., Ribina A.N. et al. Modern methods for radionuclide diagnosis of tumors



141

Reviews and lectures

Бюллетень сибирской медицины. 2021; 20 (4): 131–142

81.	Chen Y., Huang Z.W., He L., Zheng S.L. et al. Synthesis and 
evaluation of a technetium-99m-labeled diethylentriamine-
pentaacetate-deoxyglucose complex 99mTc-DTPA-DG as a 
potential imaging modality for tumors. Fppl. Radiat. and Isot. 
2006; 64 (3): 342–347. DOI: 10.1016/j.apradiso.2005.08.004.

82.	Seidensticker M., Ulrich G., Muehlberg F.L., Pethe A., 
Grosser O.S., Steffen I.G., Stiebler M., Goldschmidt J., Smal- 
la K.H., Seidensticker R., Ricke J., Amthauer H., Mohnike 
K. Tumor cell uptake of 99mTc-labeled 1-thio-β-D-glucose 
and 5-thio-D-glucose in comparison with 2-deoxy-2-[18F]flu-
oro-D-glucose in vitro: kinetics, dependencies, blockage and 
cell compartment of accumulation. Mol. Imaging Biol. 2014; 
16 (2): 189–198. DOI: 10.1007/s11307-013-0690-3.

83.	Dapueto R., Aguiar R.B., Moreno M., Machado C.M., 
Marques F.L., Gambini J.P., Chammas R., Cabral P., Porcal W. 
Technetium glucose complexes as potential cancer imaging 
agents. Bioorg. Med. Chem. Lett. 2015; 25 (19): 4254–4259. 
DOI: 10.1016/j.bmcl.2015.07.098. 

84.	Chernov V.I.,  Triss S.V.,  Skuridin V.S.,  Lishmanov Yu.B. 
Thallium-199: a new radiopharmaceutical for myocardial per-
fusion imaging. The International Journal of Cardiovascular 
Imaging. 1996; 12 (2): 119–126. DOI: 10.1007/bf01880743.

85.	Chernov V.I., Sinilkin I.G., Zelchan R.V., Medvedeva A.A., 
Lyapunov A.Yu., Bragina O.D., Varlamova N.V., Skuri- 
din V.S. Experimental Study of 99mTc-Aluminum Oxide Use 
for Sentinel Lymph Nodes Detection. AIP Conference Pro-
ceedings. 2016; 1760: 020012. DOI: 10.1063/1.4960231 

86.	Zeltchan R., Medvedeva А., Sinilkin I., Bragina O., Chernov V., 
Stasyuk E., Rogov A., Il’ina E., Larionova L., Skuridin V., Der-
gilev A. Experimental study of radiopharmaceuticals based on 
technetium-99m labeled derivative of glucose for tumor diag-
nosis. IOP Conf. Series: Materials Science and Engineering. 
2016; 135: 012054. DOI: 10.1088/1757-899X/135/1/012054.

87.	Zeltchan R., Chernov V., Medvedeva А., Sinilkin I., Stasyuk Е., 
Rogov А., Il›ina Е., Skuridin V., Bragina O. Study of a Glu-
cose Derivative Labeled with Technetium-99m as Potential 
Radiopharmaceutical for Cancer Diagnosis.  Congress of the 
European Association of Nuclear Medicine, Barcelona, Spain 
in October 15–19, 2016. Eur. J. Nucl. Med. Mol. Imaging. 
2016; 43 (Suppl. 1): 466.

88.	Bragina O., von Witting E., Garousi J., Zelchan R., Sandström 
M., Medvedeva A., Orlova A., Doroshenko A., Vorobyeva A., 

Lindbo S., Borin J., Tarabanovskaya N., Sorensen J., Hober S., 
Chernov V., Tolmachev V. Phase I study of 99mTc-ADAPT6, 
a scaffold protein-based probe for visualization of HER2 ex-
pression in breast cancer. Journal of Nuclear Medicine. 2020; 
DOI: 10.2967/jnumed.120.248799. URL: http://jnm.snmjour-
nals.org/content/early/2020/08/13/jnumed.120.248799.ab-
stract.

89.	Stasyuk E., Sкuridin V., Rogov A., Zelchan R., Sadkin V., Var-
lamova N., Nestеrov E. 99mTc-labeled monosaccharide kits: 
Development methods and quality control. Scientific Reports. 
2020; 10 (1): 5121 DOI: 10.1038/s41598-020-61707-7.  URL: 
https://www.nature.com/articles/s41598-020-61707-7.pdf.

90.	Shivamurthy V.K., Tahari A.K., Marcus C., Subramani-
am R.M. Brain FDG PET and the diagnosis of dementia. 
Am. J. Roentgenol. 2015; 204 (1): 76–85. DOI: 10.2214/
AJR.13.12363. 

91.	Nestor P.J., Altomare D., Festari C., Drzezga A., Rivolta J., 
Walker Z., Bouwman F., Orini S., Law I., Agosta F., Arbi-
zu J., Boccardi M., Nobili F., Frisoni G.B. EANM-EAN task 
force for the prescription of fdg-pet for dementing neurode-
generative disorders. Clinical utility of FDG-PET for the dif-
ferential diagnosis among the main forms of dementia. Eur. 
J. Nucl. Med. Mol. Imaging. 2018; 45 (9): 1509–1525. DOI: 
10.1007/s00259-018-4035-y.

92.	Wilson H., Pagano G., Politis M. Dementia spectrum disorders: 
lessons learnt from decades with PET research. Journal of 
Neural. Transmission. 2019; 126 (3): 233–251. DOI: 10.1007/
s00702-019-01975-4.

93.	Zukotynski K., Kuo P.H., Mikulis D., Rosa-Neto P., Strafel- 
la A.P., Subramaniam R.M., Black S.E. PET/CT of Dementia. 
Am. J. Roentgenol. 2018; 211 (2): 246–259. DOI: 10.2214/
AJR.18.19822.

94.	Masdeu J.C. Neuroimaging of diseases causing demen-
tia. Neurol. Clin. 2020; 38 (1): 65–94. DOI: 10.1016/j.
ncl.2019.08.003.

95.	Pagano G., Niccolini F., Politis M. Imaging in Parkinson’s 
disease. Clin. Med. (Lond.). 2016; 16 (4): 371–375. DOI: 
10.7861/clinmedicine.16-4-371.

96.	Uzuegbunam B.C., Librizzi D., Hooshyar Yousefi B. PET Ra-
diopharmaceuticals for Alzheimer’s disease and Parkinson’s 
disease diagnosis, the current and future landscape. Mole-
cules. 2020; 25 (4): 977. DOI: 10.3390/molecules25040977.

_________________________

Authors contribution
Zelchan R.V., Chernov V.I. – conception and design, analysis and interpretation of data, substantiation of the manuscript and critical 

revision of the manuscript for important intellectual content, final approval of the manuscript for publication. Medvedeva A.A., Bragina 
O.D., Rybina A.N., Ryabova A.I., Choinzonov E.L. – substantiation of the manuscript and critical revision of the manuscript for important 
intellectual content.

_________________________

Authors information
Zelchan Roman V., Cand. Sci. (Med.), Senior Researcher, Department of Radionuclide Diagnostics, Cancer Research Institute, 

Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0002-4568-1781.



142 Bulletin of Siberian Medicine. 2021; 20 (4): 131–142

Medvedeva Anna A., Cand. Sci. (Med.), Senior Researcher, Department of Radionuclide Diagnostics, Cancer Research Institute, 
Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0002-5840-3625.

Rybina Anastasia N., Cand. Sci. (Med.), Radiologist, Department of Radionuclide Diagnostics, Cancer Research Institute, Tomsk 
NRMC, Tomsk, Russian Federation. ORCID 0000-0002-6488-0647.

Bragina Olga D., Cand. Sci. (Med.), Senior Researcher, Department of Radionuclide Diagnostics, Cancer Research Institute, Tomsk 
NRMC, Tomsk, Russian Federation. ORCID 0000-0001-5281-7758.

Ryabova Anastasia I., Cand. Sci. (Med.), Researcher, Head and Neck Cancer Unit, Cancer Research Institute, Tomsk NRMC, Tomsk, 
Russian Federation. ORCID 0000-0002-7171-8728.

Chernov Vladimir I., Dr. Sci. (Med.), Professor, Deputy Director for Research and Innovation of the Tomsk NRMC; Head of the 
Department of Radionuclide Diagnostics, Cancer Research Institute, Tomsk NRMC, Tomsk, Russian Federation. ORCID 0000-0001-
8753-7916.

Choynzonov Evgeny L., Dr. Sci. (Med.), Professor, Academician of RAS, Director of the Cancer Research Institute, Tomsk NRMC, 
Tomsk, Russian Federation. ORCID 0000-0002-3651-0665.

(*)  Zelchan Roman V., e-mail: r.zelchan@yandex.ru

Received 26.01.2021
Accepted 25.05.2021

Zelchan R.V., Medvedeva A.A., Bragina O.D., Ribina A.N. et al. Modern methods for radionuclide diagnosis of tumors


