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Abstract

The results obtained in this study have demonstrated a possibility

to increase the efficacy of the complex treatment of patients with
brain tumors of a high degree of malignancy with the use of factors of the magnetic-wave nature, including low-intensity PMF and
ELF MF, which can be integrated into the adjuvant therapy scope.
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Introduction

At present, observed is a higher rate of detecting
malignant brain tumors (MBT) [1,2,3,4]. Among the
primary brain tumors, the glial tumors are found in
35,5% of the cases, and glioblastomas account for 80%
of all high-grade gliomas (HGG); they both show the
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most severe malignance degree – Grade III-IV [5] and
are at the same time the most prevalent type of the
adult brain tumors [6, 7].
Despite the fact that MBT have a small share in
the total structure of malignant tumors with accounting for 2%, this sort of the cancer tumors is
associated with a high lethality rate, when a survival
median time may reach a few months only [8,9]. A
pronounced high lethality is recorded in individuals
aged under 30 (10,44%), which reaches 20% referred
to tumors of all localizations, respectively, and which
is ranked in the second place according to this indicator [8]. In general, in accordance with the data
supplied by the Association of Russian Oncologists
(2014), the 50% survival for patients with malignant
gliomas does not exceed 1 year [10]. In this case, we
should mention that quality of life of these patients in
their post-surgery period is considerably deteriorated due to the starting surgery and drops dramatically
after chemoradiotherapy.
An aggressive progression of malignant gliomas
in the brain and their resistance to treatment are due
to uncontrollable proliferation of tumor cells, disorders in the regulation of apoptosis and intense processes of angiogenesis [11,12,13]. As a consequence
of the intensive proliferation, an abnormal increase in
the number of malignant cells and in the tumor sizes takes place; appearing hypoxia is accelerated; the
endothelium is damaged; thrombosis develops [14].
In the MBT pathogenesis, edema of the far perifocal
area of the tumor bed plays a large part that causes
compression of the involved brain structures at the
stage of radiotherapy. As a result from later radiation
damages, neurocognitive disorders, dementias, and
finally post-radiation necroses develop. Considering the above, it should be stated that prevention of
the clinical symptoms and especially retardation and
avoidance of further growth of the tumor within the
far perifocal area of the tumor bed, mitigation of developing post-radiation edema syndrome, pain relief
and improvement of quality of life in this sort of cancer patients are challenging issues in treatment of the
brain malignant gliomas. Searches for new ways of
the accompanying therapy in neuro-oncology show
new candidates for adjuvant treatment methods to
be developed like neutron therapy [18,19], radiosensibilisation of the tumor [20,21,22], brain tumor

brachytherapy [23,24], and the TTF therapy involving
the use of electrical fields. However it is not always the
case with the avoidance of adverse local and systemic
disorders in CNS that results in a decline in the resistance, shortening of survival time and deterioration of
the life quality in the patients. Fresh opportunities are
opened up by a noninvasive technology of transcranial magnetotherapy (TMT) as an additional method
in treatment in the rehabilitation of patients with intramedullary tumors in the early post-surgery period
[25]. Besides, in order to increase the efficacy of magnetotherapy with extremely low frequency magnetic
field (ELF MF), designed and developed has been a
scientific basis for the activation therapy, the principles of which have been generalized and translated
into oncological clinical practice [26,27,28,29]. Therefore it seems reasonable to design a new technology
of the accompanying activation therapy which represents a combination of advanced techniques of the
transcranial local (referred to the tumor bed) pulsed
and the central (projected on the hypothalamus) ELF
MF influence at the stages of the complex therapy including radiation therapy of malignant glial tumors.
The aim of this study is to increase the efficacy
of the complex treatment of patients with the malignant brain gliomas by employing a combination of the
pulsed and extremely low frequency transcranial magnetotherapy in the early post-surgery period at the
stage of the radiotherapy, based on some experimental
developments of the modes of the applied factors and
some studies on certain mechanisms of their actions
and effects.

Materials and methods

1. Fundamental research work. Our experiments
have been conducted with the use of most advanced
high-tech equipment designed for molecular genetics
studies and with applications of actions produced by a
pulsed magnetic field with different intensities, based
on an original approach to development of certain frequency algorithms close to the endogenous rhythms
in the human brain.
In our experimental trials we have used human
glioblastoma cell culture T98G. The T98G cell culture
has been maintained in the 12-well-plate (JetBioFil,
China) at a temperature of 37 Сº under controlled atmosphere conditions with 5% CO2 and 95% humidity
in humidified cell culture incubator CB 150 (Binder,
Germany); for this purpose, used has been condi-

tioned medium RPMI-1640 (Biolot, Russia) containing 10% of the fetal calf serum (Biolot, Russia) and 50
µg/ml Gentamicin (Biolot, Russia).
Upon reaching 75-80% of confluence, the conditioned medium has been removed and replaced with
the fresh medium in all wells.
2. Gamma therapy has been provided with TheratronEquinox produced by BestTheratronics, one of
the Cobalt-60 based external beam systems. The radiation treatment area measuring 12х18 cm has been
matched the well plate dimensions, and the gamma
radiation dose for each well has reached 10 Gy.
3. A pulsed electromagnetic exposure has been
produced with therapy extended-type device Neuro-MS/D manufactured by Neurosoft using the frequency mode as follows: F= 0,3 Hz (5min.) -3,0 Hz
(1min.) - 9,0 Hz (1min.), t total= 7 min with different
induction parameters B= 300 mT and 15mT.
In this case, an important point is that the basis for
this original innovative development, representing a
technology of delivering exposure of pulsed magnetic field (IMF) and extremely low frequency magnetic
field (ELF MF) is the activation therapy designed to
induce the desired response patterns built upon the
principles of interactions of living systems with factors
of the wave nature. First and foremost we have taken
into account a high sensitivity of biological systems to
low-intensity actions and exposures, focusing on an
approximation to synchronization of the oscillatory
activity of the factors of the endogenous and exogenous nature, a construction of an algorithm of frequencies with adhering to the principle of multiplicity
and an application of the mathematical exponential
function law, when varying the dose (intensity) of the
exposure.
4. Clinical research. The basis of this research work
is data on 50 patients with malignant glial supratentorial tumors of the brain, which have received treatment
in the Neuro-oncology Department in FSHI at the
Oncology Research Center, the Ministry of Healthcare
of the Russian Federation, within the period between
2018 and 2020 inclusive. All research reports and records have been prepared in accordance with the ethical standards of The Declaration of Helsinki (1964,
Revision 2013) and approved by the Ethics Committee at the Rostov Research Institute of Oncology of
the Ministry of Healthcare of Russia (Research Ethics
Compliance Findings Record No.19 dd.06.10.2017).
All patients involved therein have given their written
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informed consent to be involved in research with processing their personal data.
According to the randomization requirement, the
patients have been divided into 2 groups: the main test
group covering 25 patients suffering from the malignant brain gliomas in functionally critical regions (the
region of central gyri, temporal lobe of the dominant
hemisphere), which have received the standard surgery treatment supplemented with 2 TMT courses:
one course at the early post-surgery stage and another at the stage of the radiotherapy (RT). The reference
group has included 25 patients with malignant glial
supratentorial tumors of the brain, who have received
the standard complex therapy that involves surgery
and radiation therapy, but without the TMT supplement. Before surgery, the patients have undergone the
following examinations: neurological examinations,
the brain MRI with the BRAVO sequence with the
intravenous injection of a contrast agent, complete
blood count (CBC) and biochemical blood test, ECG
supported by therapeutist’s consultation, examination
of external respiration function and electroencephalogram imaging. The initial levels of the neurological
deficit have been assessed with the use of the Barthel
scores, the Karnofsky Performance Status Scale, the
Montreal Cognitive Assessment (MoCA), the NIH
Stroke Scale/Score (NIHSS); we have identified disorders of cognitive functions, quality of life and functional independence in the said cohorts of the patients.
5. Scheme of complex treatment. At stage one, surgery has been performed that has been supported by
advanced high-tech approaches such as craniotomy
including a reconstructive cranioplasty, cytoreductive
removal of the tumor limited by the visible area of the
healthy tissues. 2 weeks after surgery, a post-operative
contrast-enhanced MRI scan has been produced, and
the required clinical laboratory tests have been completed. In case of repeat admissions, the patients were
subjected to the conform radiotherapy (with an energy
of 6 MEV) with Linear Accelerator Varian Novalis for
treating deep-seated tumors, according to the classical dose fractionation with delivery of a single focused
dose of 2 Gy till reaching a focused dose total of 60 Gy.
The radiotherapy sessions have been conducted one
time a day to cover 5 consecutive days a week, with the
treatment course duration of 6 weeks.
6. Design of original technology of applying transcranial magnetotherapy Course 1 of the original
TMT has involved 10 sessions, starting from after-sur24 | Cardiometry | Issue 17. November 2020

gery day 2 till day 6, to be performed every day (5
sessions) and subsequently at a day interval till the
patient’s hospital discharge. Course 2 of the accompanying TMT has consisted of 15 sessions, which
have been conducted at a day interval throughout
the entire period of radiotherapy. Each TMT session
has incorporated two actions: the first action has
been produced in the morning with magnetotherapy
equipment Gradient-4M, which has induced ELF MF
applied to the projection of the hypothalamus in an
algorithm of frequencies as follows: 0,3 Hz (t=5 min.)
– 3 Hz (t=1 min.) – 9 Hz (t=1 min) with an induction (B) from 3 to 1mT (in the mode according to the
exponential law). The second therapy exposure has
been delivered 2,5-3 hours later with the use of PMF
device Neuro-MSD (manufactured by Neurosoft, Ivanovo, Russia) for treating the perifocal area of the far
tumor bed using the frequency mode as follows: 0,3
Hz (t=5 min.) – 3 Hz (t=1 min.) -9 Hz (t=1 min.) with
B=15mT. In the RT course, the first therapy action has
been provided in the morning followed by the RT conform session conducted 1-1,5 hour later with a single
fractioned dose of 2 Gy; subsequently, upon expiration of 1-1,5 hours, the second exposure to PMF has
been delivered.

Results of research

We have conducted 3 sets of experiments with human glioblastoma cell culture T98G delivered by the
Russian National Cell Culture Collection at the Research Institute of Cytology of the Russian Academy
of Sciences.
The selection of the required parameters of the
pulsed magnetic field combined with radiotherapy
has demonstrated the advantage of the PMP with an
induction of 15 mT over 300 mT recorded 24 hours
after the exposure. It has manifested itself in a rise of
lethality of cell culture T98G practically by 3 times as
against the reference (see Table 1 herein). While the
contribution of the radiotherapy to the suppression
of the tumor growth has been expected, the independent effect produced by PMF could not be anticipated,
since it has exceeded the reference level of lethality by
2,3 – 2,8 times and reduced the values of the mythotic index by 3,7 times that is evidence of the access of
this action to the intimate mechanisms of the tumor
growth.
Our analysis of the molecular genetics data has
shown there is a considerable impact produced by

Table 1. Cell counting, lethality and mythotic index under different experiment conditions upon expiration of twenty four hours
from actions/exposures
Reference
10 Gy
15 mT
300 mT
10 Gy+15 mT
10 Gy+300
mT

Live cells
961666,7± 27556,3
510000,0 ± 35087,2*
975000 ± 40875,8
1148000 ± 31763,0
760000 ± 47128,7

Dead cells
58166,66 ± 4342,8
116833,3 ± 8887,2*
153833,3 ± 8150,3*
156400,0 ± 8920,6*
165500,0 ± 6815,6*

A total cell count
1019833,3 ± 30653,5
626833,33 ± 42369,9*
1128833,3 ± 45156,3
1087000,0 ± 95432,1
925500,0 ± 46752,4

Lethality
5,7%
18,6%
13,6%
14,4%
17,9%

Mythotic index
6,6%
4,4%
1,8%
2,8%
3,5%

813333,33 ± 21464,9

143333,3 ± 3873,9*

956666,7 ± 23988,6

15%

3,1%

Note: * - statistically significant differences from the reference, р ≤0,05

PMF on the expression of the apoptosis genes. Upon
expiration of 24 hours from the exposure to PMF with
an induction of 15 mT we have recorded the strongest
response for locus P53, which has exceeded the reference by 1,9 times, as well as for loci Bcl2 and Casp3
by 1,8 and 1,4 times, respectively (see Table 2 herein).
The completed analysis of the efficacy of the biotropic parameters of PMF has made it possible to
translate this method into clinical practice using the
designed program-assisted mode of the double transcranial action that involves ELF MF and TMT.
Change in the tumor volume. When assessing the
data on the neuro-vizualization and three-dimensional estimation of the tumor volume before surgery
(V1), no significant differences between the data in
the main test group and those in the reference cohort
have been found (р=0,7661). At the TMT stage, in the
post-surgery period, we have observed in the patients
a decrease in absolute values of the residual tumor
volume in the patients of the main test group by 2,0
times as against the reference group. A similar dynamics has been also traced when computing differences
between the groups in the V1/V2 ratios (see Figure 1
herein). At the stage of radiotherapy these differences have been anticipated due to a high efficacy of the
gamma therapy that has supported the suggestion on
indifference of an interaction of the physical factors of
the ionizing and non-ionizing nature.
Change in the edema volume. Upon completion of
the first course of TMT (before the radiotherapy), the
absolute values of the edema volume have decreased in
the average by 50% that is in agreement with the data
demonstrating a decrease by 1,9 times in the ratio between the average volume value of the perifocal edema
of the far tumor bed and its initial volume (V1/V2), as
compared with the respective ratio recorded in the reference group (p= 0,0392). Judging from the absolute
averaged values of the volume of the perifocal edema
after RT with TMT, its value has become 2,4 times less

than it is the case in the reference group. It has been
also confirmed by the V1/V3 ratio, i.e. throughout the
entire period of the dynamic observation, beginning
with the moment of surgery and ending with the RT
completion, when the difference in the edema ratio
data between the main test group and the reference
cohort has been found to be 3,6 higher (p=0,0180).
It is evident that an application of TMT in the early
post-operative period, as well as in the course of the
radiotherapy, has activated the membrane mechanisms of the K+-Na+ pump in the cells, promoting the
transport of the Na+ cations from the interstitial space
to the vascular bed. It is conceivable that due to an increase in the concentration gradient, “free” water also
streams to the vascular bed, reducing in such a manner the edema in the interstitial space and the pressure-induced strains of the tissues that provokes pain.
The dynamics of the neurologic status in the MBT
patients initially has shown practically no difference
in each group. However on post-surgery day 7, upon
completion of 5 sessions of TMT, a tendency could
be identified that the patients in the main test group
have experienced an earlier recovery without feeling
pain. At the time of hospital discharge, upon completion of course one of TMT, recorded has been the
absence of the neurological symptoms with complete
pain relief in 84±7,3% of the patients in the main test
group, while this sort of the recovering patients in
the reference group has accounted for only 48±6,5%
(p=0,0072*). Neurologic disorders of a mild to moderate degree (3-8 according to the NIHHS score) have
been revealed in 12±6,5% of the patients in the main
test group and in 40±9,8 % of the patients in the reference group (p=0,0240*). The majority of the patients
in the main test group, who have received TMT, namely 72±9,0% against 48±10,0% in the reference cohort,
even on post-surgery day seven have demonstrated
that they are “able to care for self, but unable to carry
on normal everyday activity” (Karnofsky grade 70-80).
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Table 2. Relative expression of genetic loci
Experiment conditions
Exposure
Action
Reference
3 hours
15 mT
300 mT
Reference
24 hours
15 mT
300 mT

BCL2
220,3
188,0
235,2
143,8
226,8*
201,9*

BAX
6,5
7,1
7,8
13,7
15,0
13,7

Genetic loci
P53
1,5
1,6
1,8
1,3
2,7*
2,4

MDM2
5,9
5,9
6,0
11,0
13,3
13,1

CASP3
5,6
5,4
6,3
5,5
7,6*
6,9*

Note: р˂0,05*- statistically significant differences between experiment and reference.

Figure 1. Changes in the tumor volumes at the stages of the

Figure 2. Data on the volume of the perifocal bed of the tumor

aged volume of tumor in absolute units: V1 – the volume before

Note: V1 – before surgery; V2 – before radiotherapy; V3 – after

complex treatment with an application of TMT. Notes: An aversurgery; V2 - the volume before radiotherapy; V3 - the volume
after radiotherapy. *The differences are significant for ratio V1/
V2 only, Р<0,05.
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in patients at the stages of complex treatment with use of TMT.

radiotherapy. *The differences are significant between the data
recorded in the main test group and the reference cohort for

V3 (р=0,0079) as well as for their ratios V1/ V2, V2/ V3, V1/ V3,
р<0,05.

At the time of hospital discharge, upon completion of the radiotherapy course, in the main test group,
subjected to the 2nd TMT course, we have observed
92,0±5,4% of the cases of the successful rehabilitation of
the patients versus 68,0±9,3% of those in the reference
group (p=0,0391*). In this case, the number of patients
in the main test group, who have demonstrated the absence of the cognitive disorders (MoCA scoring), have
statistically significant differences from that of the patients free of the above disorders in the reference cohort
(p=0,0099*) that supports the tendency noted before.
Upon completion of the RT course, an assessment of
the Barthel Index for Activities of Daily Living (ADL)
has shown that the number of the functionally independent patients in the reference group has decreased
to 44±9,9%, while in the main test group the functional
independence has been recorded in 88±6,5% of the cases (p=0,0019*). Upon RT in combination with TMT, the
restoration of the performance status with Karnofsky
grade 90 has been reported for 60±9,8% of the patients
in the test group. As to the reference group, on the contrary, the 90 Karnofsky index has been reached only in
28±9,0% of the cases (p=0,0271*), and the patients there
have presented their complaints of feeling worse, appearance of the feeling of compression and headaches.
The immediate results from the completed complex therapy in the HGG patients in the examined
groups bear witness to the fact that the median of
the event-free survival (EFS) in the main test group
accounts for 4,5 months that exceeds the respective
parameter of 2 months in the reference group by 2,5
times (Log-Rank test). An overall six-month survival
in the patients received TMT and RT has been recorded to be 84,2±10,8%, while the reference group has
demonstrated this indicator at a level of 40,3±10,5%
(р≤0,05) that is a confirmation of an increase in the
efficacy of the adjuvant TMT.

Conclusion

The required expert appraisal of clinical safety and
the necessity of the pathogenetic justification of the
offered new technology has supported our conceptual
idea that both a single-factor PMF and the RT-PMF
combination are characterized by a considerable rise
in the number of the dead cells of human malignant
glioma T98G, a decline in their mythotic activity, a reliable response by the respective apoptosis genes and
most pronounced expression of genetic locus Р53.
The above data have demonstrated that the intimate

mechanisms of the tumor growth are accessible to the
targeted action produced by PMF.
The algorithm of TMT designed to be translated
into clinical practice has implemented a compromise
approach: the PMF impact on the tumor bed under the
preliminary influence on the hypothalamus projection
region by ELF MF in the double action mode of the
activation therapy [30-33]. That has resulted first in
an initiation of the operation of the mechanisms responsible for an integral response, and, second, upon
expiration of a certain time, in the production of a
local response by the cells in the residual tumor and
the perifocal edema, induced by the pulsed-type field.
As is can be seen, the general and the local actions,
which are addressed to different neuronal systems of
the brain, including the malignant glial cells, due to
synergism of the major bio-parametric signals of PMF
and ELF MF have generated their general output: the
anti-tumor, anti-edematous and analgesic effects.
Considering important implications of the neuronal systems for the realization of the cortex activity
and the formation of the psychosomatic status in patients with brain tumors of a high grade of malignancy, another suggestion along similar lines is that TMT
has promoted a transition to the point of return (using
the definition proposed by V.I.Orlov – please, refer to
the previous paper) and favored the return to physiological region Smile-of-the-Life. To a certain extent,
at the same time, we may say that the pathologically
altered glial cells have reached their point of no return
that has triggered an improvement of quality of life
and contributed to the immediate beneficial treatment
outcomes in the HGG patients.
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