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Abstract. A broad review of literature data on the issue of diagnostics of glial tumors of
the brain is presented. Information on the epidemiology of neurooncological diseases is
provided, and modern concepts of their etiopathogenesis are outlined. Comparative
characteristics of new neuroimaging technologies and the possibilities of their
intraoperative use in order to optimize the provision of neurosurgical care are described.
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Intracerebral glial tumors are neoplasms of the central nervous system (CNS) originating
from neuroglia, characterized by infiltrative growth, varying levels of proliferative
activity, and a tendency to recur.

Classification

In the International Classification of Diseases, 10th revision (ICD-10), primary malignant
brain tumors are defined by code C71.0-9 [1, 2]. The current classification of CNS tumors,
published by the World Health Organization (WHO) in 2016, is fundamentally different
from the previously adopted one and is based on the molecular genetic aspect. Scientific
research in the field of neurooncology over the past few years has confirmed the leading
role of changes in the genetic code in the origin of neoplasms. As a result, the updated 5th
edition of the WHO classification significantly changes the usual diagnostic principles
formulated in 2007 and based exclusively on histological criteria [3, 4]. It should be noted
that the changes made allow filling some diagnostic niches. The combination of
phenotypic and genotypic features makes the approach to classification more objective and
also allows identifying prognostic factors in the treatment of patients.

The classification of CNS tumors of the 5th revision does not include previously accepted
concepts such as gliomatosis of the brain, protoplasmic astrocytoma, fibrillary
astrocytoma, primitive neuroectodermal tumor (PNET), ependymoblastoma, and cellular
variant of ependymoma [5, 6]. At the same time, new terminology has appeared (Fig. 1).

The TNM classification, widely used in oncology, is not applied to primary brain tumors
due to the absence of their metastasis to other organs, although perineural spread is typical
for some of them [2]. The approaches to treating patients with primary CNS tumors are
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based on determining the degree of their malignancy (Grade), the criteria for determining
which, in turn, are based on histological, molecular-genetic features, as well as a
retrospective analysis of the clinical course of the disease. G1 tumors are characterized, as
a rule, by expansive growth, low proliferative activity, and, depending on the localization,
can be successfully cured by surgery. G2 formations also have low proliferative potential,
but are characterized by infiltrative growth, are prone to recurrence and have a tendency to
transform into more malignant types. A combination of surgical treatment and radiation
therapy in some cases gives positive results. G3 tumors are characterized by pronounced
mitotic activity of cells and atypia of their nuclei. Complex treatment is necessary in the
treatment of such neoplasms. G4 neoplasms have an extremely unfavorable prognosis, are
characterized by a high level of mitotic activity, the presence of focal necrosis and
vascular (endothelial) proliferation. Thus, G1-2 tumors belong to low grade tumors, and
G3-4 to high grade tumors [7, 8, 9].

Epidemiology

According to various literary sources, the incidence rates of primary CNS tumors vary
from 5 to 14 cases per 100 thousand population [10]. In Russia in 2014, it was 5.55 cases
per 100 thousand population [11]. In developed industrial countries, this figure ranges
from 8.4 to 11.8 in men and from 5.8 to 9.3 in women [12]. According to the American
Central Brain Tumor Registry (CBTRUS), in 2004-2008 in the United States, the
incidence of benign and malignant CNS neoplasms was 16.1 and 19.2 per 100 thousand
male and female population, respectively; from 2005 to 2013, the number of new cases of
the disease increased by 1.4 times [13, 14]. In the Republic of Belarus, the number of
patients with malignant neoplasms is also growing. For 2007-2016, the hospital incidence
of intracranial tumors, calculated for the initial visits of patients to neurosurgical
departments, was 20.6, and

In the regions of the republic, it varies from 12.1 to 31.5 cases per 100 thousand
population. The proportion of glial tumors among all intracranial neoplasms is 30-60%,
with 80% of malignant brain tumors being gliomas [15]. Although intracranial gliomas
account for less than 2% of solid tumors in adults, they rank third in the structure of cancer
mortality among men, fourth among women aged 15 to 35 years, and are also in third
place in terms of the growth rate of incidence among all cancer neoplasms [16, 17]. There
Is a tendency for the incidence of CNS tumors to increase by 0.6-0.9% annually. The
socio-economic aspect of the problem is that there are a large number of working-age
people among patients [18, 19].

Etiopathogenesis and clinical picture

The immediate causes of neuro-oncological diseases are currently not fully understood.
About 5-10% of cases may be due to heredity, the rest probably arise as a result of the
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Impact of external environmental factors (chemical, physical and biological) on the genetic
material in cells. Many studies are conducted in support of the viral-genetic theory of
tumor occurrence, as well as the connection with the pathology of the immune system [20,
21, 22]. There is evidence that CNS tumors are formed as a result of clonal proliferation
with mutations in growth regulator genes: oncogenes that induce cell growth, suppressor
genes that suppress cell division processes, apoptosis genes and ensure the reparation of
deoxyribonucleic acid (DNA). Damage to these genes underlies the pathological changes
that provoke tumor growth [23].

Clinical manifestations of neuro-oncological diseases are very diverse and depend on the
localization and prevalence of the pathological process, which determines one or another
general cerebral and focal symptomatology. Patients usually present non-specific
complaints of headache, general weakness, memory impairment and concentration.
Epileptic seizures are a frequent manifestation of the presence of a tumor process in the
brain. Focal neurological deficit can be represented by a wide range of sensitivity and
coordination disorders, motor, speech and mental disorders, as well as a combination of
various sensory and motor disorders, depending on which pathways and nuclei of the
cranial nerves are affected.

Diagnostics

The assessment of the neurological status and instrumental methods of examination are
important. Modern neuroimaging capabilities allow us to formulate a presumptive
diagnosis, determine the tactics of further treatment, the feasibility of surgical intervention,
and plan the course of the operation.

The method of computed tomography (CT) of the brain, the diagnostic capabilities of
which are based on the different degrees of absorption of X-ray radiation by tissues, is
basic and screening in neurosurgery. When studying areas of increased and decreased
density of visualized structures of the brain, it is possible to obtain information on the
presence of a volumetric process in the cranial cavity, the prevalence of perifocal edema
and the degree of dislocation of normal structures. Additional information on the nature of
the neoplasm is provided by CT using contrast enhancement, as well as CT perfusion and
computed angiography [24]. Diagnostic capabilities have expanded significantly with the
advent of such technologies as spiral and multilayer ("multislice™) CT, CT with two
radiation sources, which allows differentiating closely located objects of different densities
in the image, which is especially important when contrasting vessels and formations
located near bones or metal structures. CT with contrast is also widely used in planning
radiation therapy and in neuronavigation.

According to the existing algorithms for diagnostics and treatment of neoplasms of the
nervous system, the standard of neuroimaging is magnetic resonance imaging (MRI)
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performed in three projections (transverse, sagittal and coronal) and in three modes (free
fluid attenuated inversion recovery (FLAIR), T1, T2) [25]. This method allows to detect
the presence of a volumetric formation, determine its boundaries and the degree of
perifocal edema, assess the features of the blood supply and the relationship with normal
brain structures. Additional diagnostic capabilities are provided by MRI with contrast,
proton magnetic resonance spectroscopy (MRS), functional MRI (fMRI), diffusion tensor
tractography (DTTG), MR perfusion (study of cerebral blood flow) [26, 27, 28].

MRS (single- and multivoxel) allows, based on the assessment of the level of metabolism
in the tumor tissue, to assume the degree of its malignancy, as well as to conduct
differential diagnostics between continued tumor growth, radiation necrosis and non-
neoplastic diseases of the central nervous system (Fig. 2). The main organic substances
taken into account in MRS are N-acetylaspartate (NAA), choline (Cho) and creatine (Cr),
lactate (Lac), lipids (lip), myo-inositol (ml), glutamine and glutamate (GIx), alanine.
Spectroscopy involves quantitative assessment (measurement of the amplitude of peaks
and the integral) of metabolites and comparison of the obtained data with normal values.
Thus, the resulting spectrogram is a graph of peaks corresponding to individual
metabolites. An increase in the Cho level is noted in G2-3 gliomas, while in glioblastoma,
in turn, due to the presence of necrosis, the choline level may be reduced. An increase in
the Lac level and a decrease in the NAA and Cr peaks correlate with an increase in the
degree of tumor malignancy [29, 30, 31].

New possibilities in diagnostics and studying the activity of the brain were opened by
fMRI, which allows determining the relative position of a volumetric formation and
functionally significant areas of the brain (motor, speech, visual), which is extremely
important when planning surgical intervention, as well as during it to exclude damage to
these areas. The method is based on the physiological phenomenon of neurovascular
interaction (the relationship between neuronal activity and cerebral blood flow). The
information obtained during the study is superimposed on anatomical data and can be
presented in the form of color maps [32, 33, 34].

MR or diffusion tensor tractography is a modern neuroimaging technique that allows
tracing the course of functionally significant pathways of the brain and the location of the
tumor process relative to them. In neurosurgical practice, this method has significantly
expanded the possibilities for determining the optimal volume of surgical intervention
while minimizing the risks of developing severe neurological deficit in the postoperative
period [35, 36].

Positron emission tomography combined with computed tomography (PET-CT) is an
additional highly effective and modern diagnostic method, widely used throughout the
world, allowing to identify the presence of a neoplasm, as well as to differentiate tumor
tissue against the background of post-radiation necrosis and postoperative changes, to
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exclude the presence of an inflammatory and demyelinating process. High accuracy of
PET examination allows to avoid surgical interventions in case of negative and
controversial results of CT and MRI (Fig. 3). PET allows to assess the degree of
malignancy of a glial tumor by identifying zones of hypo- and hypermetabolism. In
neurooncology, the most informative is PET-CT with such radiopharmaceuticals (RP) as
11C-methionine and 18F-fluorocholine, while hyperfixation of the RPP in the zone of the
pathological formation is observed [37, 38].

MRI of the brain with contrast suggests a tumor growth site in the right frontal lobe (a),
but MR perfusion (b) and PET-CT with 11C-methionine (c) data indicate post-radiation
changes.

A decisive role in establishing a diagnosis, determining prognosis and further treatment
tactics for patients with glial brain tumors is played by histological examination with the
study of preparations stained with hematoxylin and eosin under a light microscope with a
magnification of 100, 200 and 400 times. In doubtful cases, to establish the degree of
tumor malignancy, it is possible to conduct an immunohistochemical analysis with the
determination of the proliferative activity index by the expression of marker No. 67, as
well as the study of such specific tumor proteins as GFAP (glial fibrillary acidic protein)
and protein S100 for gliomas, epithelial membrane antigen (EMA) for ependymomas [39].
Material for determining morphology can be obtained during surgery to remove the tumor,
as well as during stereotactic biopsy, which is used in cases where open surgery is
inappropriate due to the localization and prevalence of the pathological focus, as well as in
cases of difficult differential diagnosis of tumor, inflammatory and degenerative processes.
The ability to perform express biopsy during surgery is of great importance in providing
care to neuro-oncological patients. Histological criteria are set out in the WHO
classification of CNS tumors, but the modern classification of 2016 is based on molecular
genetic principles. Thus, morphological examination must be supplemented with
molecular cytogenetic analysis, since some gliomas, despite common histological
characteristics, may have significant differences at the genetic level (presence/absence of
mutation in the 1gG gene, complete deletion of 1p/gD for oligodendrogliomas, etc.) [40,
41, 42].
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