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CLASSIFICATION OF INTRACRANIAL TUMORS BASED
ON OPTICAL-SPECTRAL ANALYSIS

Romanishkin I.D.!, Savelieva T.A."?, Ospanov A.?, Linkov K.G.!, Shugai S.V.3, Goryajnov S.A3,
Pavlova G.V.34, Pronin I.N.3, Loschenov V.B.':2

'Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia

3N.N. Burdenko National Medical Research Center of Neurosurgery, Moscow, Russia

“Institute of Higher Nervous Activity and Neurophysiology of the Russian Academy of Sciences,
Moscow, Russia

Abstract

The motivation for the present study was the need to develop methods of urgent intraoperative biopsy during surgery for removal of intracranial
tumors. Based on the experience of previous joint work of GPIRAS and N.N. Burdenko National Medical Research Center of Neurosurgery to introduce
fluorescence spectroscopy methods into clinical practice, an approach combining various optical-spectral techniques, such as autofluorescence
spectroscopy, fluorescence of 5-ALA induced protoporphyrin IX, diffuse reflection of broadband light, which can be used to determine hemoglobin
concentration in tissues and their optical density, Raman spectroscopy, which is a spectroscopic method that allows detection of various molecules
in tissues by vibrations of individual characteristic molecular bonds. Such a variety of optical and spectral characteristics makes it difficult for the
surgeon to analyze them directly during surgery, as it is usually realized in the case of fluorescence methods — tumor tissue can be distinguished
from normal with a certain degree of certainty by fluorescence intensity exceeding a threshold value. In case the number of parameters exceeds
a couple of dozens, it is necessary to use machine learning algorithms to build a intraoperative decision support system for the surgeon. This
paper presents research in this direction. Our earlier statistical analysis of the optical-spectral features allowed identifying statistically significant
spectral ranges for analysis of diagnostically important tissue components. Studies of dimensionality reduction techniques of the optical-spectral
feature vector and methods of clustering of the studied samples also allowed us to approach the implementation of the automatic classification
method. Importantly, the classification task can be used in two applications - to differentiate between different tumors and to differentiate
between different parts of the same (center, perifocal zone, normal) tumor. This paper presents the results of our research in the first direction. We
investigated the combination of several methods and showed the possibility of differentiating glial and meningeal tumors based on the proposed
optical-spectral analysis method.

Keywords: optical spectroscopy, intracranial tumors, machine learning.
Contacts: Romanishkin I.D., e-mail: igor.romanishkin@nsc.gpi.ru

For citations: Romanishkin 1.D., Savelieva T.A., Ospanov A., Linkov K.G., Shugai S.V., Goryajnov S.A., Pavlova G.V.,, Pronin L.N., Loschenov V.B.
Classification of intracranial tumors based on optical-spectral analysis, Biomedical Photonics, 2023, vol. 12, no. 3, pp. 4-10. doi: 10.24931/2413-
9432-2023-12-3-4-10.
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Peslome
MoTuBaLeii NpoBeeHNA HACTOALLETO NCCe0BaHUA NMOCY»KM1a HEOOXOAVIMOCTb Pa3BUTUA METOAO0B CPOUHON MHTPaonepaLioHHON 6ron-
CUV NMPpU NPOBEAEHUY OMepaLuii Mo NMoBoAY yAasieHVA BHYTPUYepenHbIX ornyxoneil. Ha ocHoBaHMM onbiTa npeablayLueil COBMECTHON paboTbl
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NO® PAH n HMWL| Helpoxupypruv um. H.H. BypaeHKo no BHeAPEHNIO B KIMHNYECKYI0 NMPakTUKY METOA0B $JlyopecLieHTHON CNeKTPOCKoNnumn
6bin pa3paboTaH NOAX0A, KOMOVHMPYIOLLWI Pa3INYHble ONTUKO-CMeKTPasbHble METOAMKM, Takmne Kak CNeKTpOCKoNuaA ayTodgyopecLeHLuy,
dnyopecueHumun 5-AJTK nHpgyumpoBaHHoro npotornopdupuHa IX, anddysHOro oTpakeHUs LNMPOKOMONOCHOTO U3NyYeHUs, MO KOTOPOMY
MOXHO OnpefesNiATb KOHLEHTPaLMIO reMoriobuHa B TKaHAX 1 MX ONTUYECKYIO MIOTHOCTb, CMEKTPOCKOMUA KOMOVHALMOHHOIO pacceaHus,
ABNAIOLAACA METOAOM MOJNEKYNAPHON CNEKTPOCKOMMUY, MO3BONALMM AETEKTMPOBATb Pa3fNyHble MONEKYIIbl B TKAHAX 3a cYeTa KonebaHui
OTAENbHbIX XapakTepPHbIX CBA3ell B MoneKynax. Takoe pasHoobpasue OnTUKO-CNeKTPasbHbIX XapaKTePUCTUK 3aTPYAHAET X HEeMOCPeACTBEH-
HbI aHanM3 XMPYProm BO BPEeMsA onepaLmi, Kak 3To 06bIYHO peannsyeTca B ciyyae $pyiyopecLieHTHbIX METOAOB — MO NMPEBbILIEHNI0 HEKOTO-
pOro nopora HTEHCMBHOCTY GpyopecLieHLMN C ONpeAeneHHO CTEMEeHbIO JOCTOBEPHOCTI MOXHO CYAUTb O TOM, HAXOAUTCA N B 30HE 1ccre-
[OBaHNA HOpMaslbHasA U OnyxoneBas TKaHb. B ciyyae, ecny Uncno napameTpoB NpeBblIAET Napy AeCATKOB, HEOO6XOAUMO UCMONb30BaHNe
aJIrOpPUTMOB MaLLUVMHHOIO 0BOyYeHWA 418 NOCTPOEHNA CUCTEMbI MOAAEPXKKM NMPUHATUA PELLEeHUiA Xpypra Bo Bpemsa onepaumn. HactoAwas
paboTa npeAcTaBAAeT UCCefoBaHNA B 3TOM HanpasieHnu. [poBefjeHHbIi HaMW paHee CTaTUCTUYECKUIA aHaNn3 AaHHbIX OMTUKO-CNeKTpab-
HbIX XapaKTePUCTUK NO3BOJIUN BbIAENNTb CTAaTUCTUYECKM 3HAUMMble CMEKTPasibHbIE JUanasoHbl ANA aHann3a, PenpeseHTUpyoLiMe anarHo-
CTUYECKW BaXkHble KOMMOHEHTbI TKaHel. iccnenoBaHna MeTOf0B MOHMMKEHNA Pa3MePHOCTU BEKTOPa OMTUKO-CNEeKTPasibHbIX MPU3HAKOB 1
MeTOZI0B KnacTepu3aLunm nccieayemMblix 06pasLioB Tak»Ke NO3BONUAN NPUOAN3UTLCA K peann3aLmnmn MeTofja aBTOMaTUYeCKon Knaccudukauum.
BaXHO OTMETUTb, UTO 3afjaya KaccprKaLmm MOXKET ObITb NCMONb30BaHa B ABYX MPUIOXKEHUAX — A1A AnddepeHLaLmmn pasnmyHbIX onyxo-
nen v ans guddepeHumalny pasnmnyHbIX Yactein ogHow (LeHTp, nepudokanbHas 30Ha, HopMa) onyxonu. B HacToswel paboTe NpeacTaBieHbl
pesynbTaThl HALWWX UCCIeA0BaHUIA B NePBOM HanpasneHun. Mbl nccnefoBann coyeTaHne HEeCKONbKMX METOAOB 1 MOKasanu BO3MOXHOCTb
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,qmclxbepeHumaumm rMnanbHbIX N MEHNHIE€aJIbHbIX OI'IyXOHGVI Ha OCHOBaHMN NpeasioXKeHHOro MmeToAa ONnTUKO-CNEKTPaZIbHOIro aHasin3a.

KnioueBble cnoBa: ontrnyeckas CNnekTpoCckonus, BHYTpu4yepenHbie onyxonaun, MallmHHoe 06yqu|/|e.

KoHTakTbi: PomaHuwkuH W.[., e-mail: igor.romanishkin@nsc.gpi.ru

Ana yntnposaHua: PomaHnwkuH W.J., CaBenbeBa T.A., OcnaHos A., Jlunbkos K.I,, Lyrain C.B., TopanHos C.A., MNMasnosa I.B., MpoxuH U.H.,
JNoweHos B.B. Knaccudukauma BHyTpuyepenHbix onyxosiein Ha OCHOBe OMTUKO-CNeKTpanbHoro aHanusa // Biomedical Photonics. — 2023. —

T.12,N2 3. - C. 4-10. doi: 10.24931/2413-9432-2023-12-3-4-10.

Introduction

Brain tumors are a group of neoplasms arising from
various cells of the central nervous system (CNS) or
from systemic cancers that have metastasized to the
CNS. Systemic cancers most prone to metastasize to the
CNS include lung cancer, melanoma, and breast cancer.
Primary brain tumors include a number of histologic
types with notably different rates of tumor growth.
Brain tumors can cause symptoms associated with
local invasion of the brain, compression of neighboring
structures, and increased intracranial pressure.

Determination of tumor type is required at all stages
of treatment for treatment planning and prognosis.
One of the most common methods for automating the
diagnosis of intracranial tumors is classification based
on proton magnetic resonance spectroscopy data
[1]. The approach based on MRI image analysis is also
widely used to build automatic classification systems
[2]. However, the capabilities of this method are limited
and there is still a high demand for intraoperative
techniques for rapid determination of tissue type in the
resection area, especially such techniques are relevant
for intraoperative photodynamic therapy, which is
gaining popularity in neurosurgical practice [3, 4l.
Optical spectroscopy methods based on both 5-ALA
induced protoporphyrin IX fluorescence analysis [5-7]
or chlorin-based photosensitizers [8] and molecular
spectroscopy methods [9, 10] offer a wide range of
possibilities in this field. We have previously proposed
a combined approach integrating fluorescence and
diffuse reflectance spectroscopy [11], and have further

developed it by adding analysis of spontaneous Raman
spectra [12, 13].

One of the important advantages of using Raman
spectroscopy is that there is no need to introduce special
markers into the body, since this method is based on
the analysis of changes in the vibrational energy of the
molecules that make up biological tissues. Therefore,
the very molecular composition of the studied sample
serves as a spectral signature, rather than the level
of accumulation of some marker in it. This approach
becomes most diagnostically relevant when performing
tissue spectral analysis of benign tumors, which
accumulate 5-ALA in less than 40% of cases [14], chlorin
e6 in less than half of cases [8]. Thus, proposed approach
can be used in the diagnosis of nonfluorescent gliomas
and other tumors that are difficult to contrast.

Materials and methods

Experimental design

The experimental design is described in detail in one
of our previous papers [13]. Studies were performed
in the Laboratory of Neurosurgical Anatomy and
Preservation of Biological Materials on tumor tissue
samples extracted during neurosurgical operations,
immediately after removal. Samples from 150 patients
with diagnoses of glioblastoma (n = 60), meningioma
(n = 38), astrocytoma (n = 19), oligodendroglioma
(n = 19), and metastases (n = 14) were examined. From
each patient, 1 to 4 biopsy specimens (total 195 tissue
samples) were taken with subsequent verification by
pathomorphologic examination.

BIOMEDICAL PHOTONICS T.12, N2 3/2023
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The summarized measurement procedure consisted
of the following steps (Fig. 1):

1. registration of endogenous fluorescence spectra
of the sample with a 405 nm laser excitation by
LESA-01-BIOSPEC spectrometer;

2. registration of spectra of diffuse reflection of white
light from the sample and fluorescence spectra
of 5-ALA induced protoporphyrin IX in a sample
with a 632.8 nm excitation by LESA-01-BIOSPEC
spectrometer;

3. registration of the spontaneous spectra of the
sample at 785 nm laser excitation with a Raman-
HR-TEC-785 spectrometer.

Raman scattering, 5-ALA induced protoporphyrin

IX fluorescence, and diffuse reflectance spectra in the
500-600 nm region were measured for all samples.
Autofluorescence measurements were performed for
163 samples out of 195.

Since our recent studies on cluster analysis of these

data [15] have shown that without partitioning by

Stage 2 /2 3Tan:
Fluorescence / ®riyopecueHuuns

8
8

650 700 750 80(

Wavelength, nm / lnnna BonHbl, HM

&
®
3

520 560

Intensity / MHTEeHCMBHOCTL

3 —

VinTencUBKOCTS, OTH €.

Inlensity, rel.u./

2]
1

Decomposition to Hb,
HbO2, scattering /
I mAHa
cnekpsl Hb, HbO2
cBeTopaccesite.

Wideband diffuse
reflectance /

‘Smoothing, absorbance
spectrum processing /

Gi

T y
AuddysHoe oTpaxeHne CreKTpa MornoLeH1s

405nm laser
backscattering /
[McbdysHoe oTpaxeHite
Dasepa 405 Hu

Smoothing, peak area
calculation/
Cr
632.8 nm laser BbIUMCTIEHNE NMoWaan
backscattering / nvka
[DuchbysHoe oTpaxeHme
Nasepa 632.8 W

Fluorescence from 405

1
1
2
2 1
-2 1
2K I
Z5
c E |
S 1
o8
T < 1
]
=0 1
Q J
O g |
£
o 1
1
I

" .
/\ Tissue sample / w
O6pasel, TKaHK -
e T w w @ W f
Wavelength. nm / [Inusa sont, Hm

nm / ®nyopecuexuns
0T 405 HM

Smoothing, spectrum
decomposition/
Cr

Fluorescence from632.8
nm / ®nyopecueHuus oT
632.8 Hm

/AEKOMMO3NLMA NO
3TaNoHHLIM CreKTpam

Fluorescence index
calculation/
BblumcieHme NHAEKCOB
nyopecueHyun

diagnosis into separate clusters it is possible to separate
tumors of meningeal and glial nature, but not different
gliomas, all glial tumors were combined into one class
in this paper. Fig. 2 shows the scheme of feature vector
formation based on the analysis of diffuse reflectance,
fluorescence and Raman spectra.

Machine learning methods for processing and analyzing
spectral data

Biomedical data often have omissions because some
procedures may not have been performed on individual
patients due to individual differences or chance
circumstances. Other scenarios for the occurrence of
these omissions are also possible. Thus, in our case,
the feature vector was initially generated from Raman
spectroscopy, white light diffuse reflectance and
fluorescence spectroscopy data under excitation at 632.8
nm. However, since in this study we were more interested
in tumors that did not show contrast by accumulation
of 5-ALA induced protoporphyrin IX, since it is these
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tumors that require additional features to differentiate
them from healthy tissues, we included the method of
recording autofluorescence under 405 nm excitation.
Thus, some of the measurements we have do not contain
the full range of features. To ensure that all samples can
be used for classification, in such cases, the missing
features are recovered using information about their
values in those samples that have them.There are several
approaches to data recovery. One type of interpolation
algorithm is univariate interpolation, which interpolates
the values in the i-th feature dimension using only the
non-missing values in that feature dimension. One
of the simplest examples of this approach is filling in
missing values with the sample mean of that attribute.
This approach does not improve for these vectors the
quality of classification on this feature, but does not
degrade it either, while still allowing these samples to
be used in the analysis. In contrast, multivariate missing
data interpolation algorithms use the entire set of
available features to estimate missing values. This is
done by modeling each feature with missing values as
a function of other features and using this estimate for
imputing values. Cluster analysis can also be used to
recover missing data. In the present work, we have used
the k-Nearest Neighbors imputer. Each missing feature
is reconstructed using values from n nearest neighbors
that have a value for that feature. Neighbor feature values
are averaged uniformly or weighted by the distance to
each neighbor. If more than one feature is missing from
a sample, the neighbors for that sample may be different
depending on the specific feature being recovered. If
the number of available neighbors is less than n and the
distances to the training set are not defined, the average
value of the training set for a given feature is used in
the imputation. If there is at least one neighbor with a
certain distance, the weighted or unweighted average of
the remaining neighbors will be used in the calculation.
If a feature is persistently absent from the training, it is
removed during the transformation.

Since we analyze data obtained by different optical-
spectral methods, they require unification and selection
of significant features in the feature vector. To this end,
we performed a two-step dimensionality reduction
procedure [16]. Feature filtering removes features
(wavelengths, wave numbers, peak positions) that may
contain noise or information that lowers the contrast
between the studied groups. This procedure reduces
the dimensionality of the data and focuses on useful
information. The second approach to dimensionality
reduction is to project features onto the new space and
discard less relevant features. We have demonstrated
that a feature pre-filtering step before applying
feature projection techniques for dimensionality
reduction significantly improves classification results.
Dimensionality reduction methods due to feature

projection can be categorized into linear and nonlinear
methods. Linear methods include principal component
analysis (PCA) and linear discriminant analysis (LDA).
Among the nonlinear ones we used in this paper
are: spectral embedding (Laplacian Eigenmaps, SE),
t-distributed stochastic neighbor embedding (t-SNE).

Among the methods used in this paper to classify
the labeled data, support vector machine, logistic
regression and Bayesian approach with the assumption
of independence of features in the vector, referred to as
naive Bayes, were used.

The support vector machine amounts to finding
the hyperplane boundary between classes, that is one
dimension lower than the number of features. In general,
two groups of objects in the plane can be separated
by a straight line. However, if the boundary between
them has a complex shape, we can artificially increase
the dimensionality by introducing an additional axis
obtained as a function of one of the features, and in the
new space find a more appropriate separator between
classes. This feature is called the kernel function and its
choice can significantly change the classification results.
Logistic regression is also based on dividing the data in
the feature space into groups using some threshold. In
linear regression terms, the class of data is the dependent
variable. The probability of falling into each class is
described by a sigmoid function with a threshold for
classification. A naive Bayesian classifier is based on the
application of Bayes’ theorem (which allows us to refine
the conditional probability of an event, e.g., whether
an object belongs to a class based on both a priori
probability and new data) with strict (naive) assumptions
about feature independence.

Results and discussion

Figs. 3, 4 show the variants of defining tumors
by their type — each illustration shows all the results
of different classifiers for one of the dimensionality
reduction methods. A training sample (50% in each
class) was used to train the classifier, and the sensitivity
and specificity of the classifier were evaluated on the
remaining data.

The results show high specificity in detecting
meningiomas (i.e.,, non-meningiomas falling into non-
meningioma classes), but the maximum sensitivity of
their detection does not exceed 50% when combining
linear discriminant analysis as a dimensionality reduction
method and a naive Bayesian classifier.

For distinguishing between normal tissue, tumor
tissue, and necrosis, 50% of the samples in each class
were used as a training set. For glial tumors, the sensitivity
varied between 81% and 94%, with the combination of
linear discriminant analysis as a dimensionality reduction
method and naive Bayesian classifier showing the best
results (Fig. 5, Table 1). Due to low number of samples
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Puc. 3. KnaccudumKaums o6pasLoB nNo guarHo3am (KpacHblii — MEHUHIMOMbI, CUHWUI — ITIMOMbI, 3€/1€HbI — MeTacTa3bl) nocsie NpUuMeHe-
Hus PCA: a — meTo OMOpHbIX BEKTOPOB; b — normctuyeckas perpeccusi; ¢ — HamBHbI 6aiecoBCKUI KnaccudukaTop.

Fig. 3. Classification of samples by diagnosis (red — meningiomas, blue - gliomas, green — metastases) after PCA: a - support vector
machine; b — logistic regression; ¢ — naive Bayesian classifier.
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Puc. 4. Knaccudukauus o6pa3LoB No AgUarHo3am (KpacHblil — MEHUHITMOMbI, CUHUI — ITIMOMbI, 3eJieHbl — MeTacTa3bl) nocsie NPUMeHe-
Husa LDA: a — meTo onopHbIX BEKTOPOB; b — floructuyecKas perpeccus; ¢ — HaMBHbI 6aecoBCKUI KnaccudukaTop.

Fig. 4. Classification of samples by diagnosis (red - meningiomas, blue — gliomas, green — metastases) after LDA: a — support vector
machine; b — logistic regression; ¢ — naive Bayesian classifier.
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Ta6nuuya 1

PesynbraTthl Knaccubukaumm rmmom ¢ ucnonb3osaHnem LDA n HansHoro baieca

Table 1

Results of glioma classification using LDA and naive Bayes

m qYBCTB“TeanOCTb cneu“d)“qHOCTb

Mo3roBas TkaHb

Brain tissue 100.00%
Onyxonb

Tumor 81.25%
Hekpo3s _
Necrosis

with necrosis, the sensitivity of detecting necrotic tissue
couldn’t be assessed.

If we analyze the biochemical components
(representedinthelogarithminFig.5b) most pronounced
in the classes obtained for gliomas, we see among the
characteristics determined by Raman spectroscopy that
norma corresponds to a higher content of carotenoids,
which are part of the antioxidant defense in healthy
brains, and oxygenated hemoglobin with a much
lower value of total hemoglobin, while we observe the
opposite trends for tumor tissues. For necrosis, we see
a significant excess of phenylalanine over other classes,
which is practically absent in normal tissue.

Conclusion

This study proposes an approach to the construction
of a decision support system based on the formation of a
vector of tissue sample features from diffuse reflectance,
fluorescence and Raman spectroscopy data. Successive
application of dimensionality reduction methods to select
the most significant features, recovery of missing data,
and automatic classification methods such as support
vector machine, logistic regression, and naive Bayes
(based on the assumption of feature independence)
provided glioma detection with a sensitivity of 94.55%
using linear discriminant analysis and logistic regression,

93.75% 94.74%
100.00% 84.21%
89.47% 89.47%

but specificity was below 50%. Using a naive Bayesian
classifier, however, showed an increase in sensitivity to
81%. As a further line of research, it seems necessary
to provide more detailed partitioning of baseline data
by tissue type within each diagnosis according to
pathomorphologic findings.

Summarizing the results of the work on the search
for an alternative and/or burst fluorescence method of
tumor tissue differentiation:

1) For non-fluorescent tumors, the most significant
indicators are the intensity of elastic light scattering
(optical density of tissues decreases due to destructuring
of healthy nervous tissue), carotenoid content (decreases
in tumors), and changes in the ratio of lipid and protein
content.

2) Analysis of the results of classification by
biochemical components allowed us to single out
phospholipids, carotenoids, phenylalanine, hemoglobin
(total and oxygenated) as the most expressed.

3) A classifier on the labeled data can distinguish
between normal and glioma tissues with a sensitivity of
81.25% and 100% specificity.

This work was financially supported by the Ministry of
Science and Higher Education of the Russian Federation
(Agreement No. 075-15-2021-1343 dated October 4, 2021).
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Abstract

Colposcopy allows the examiner to localize potential lesions, assess the severity of the lesion, and obtain a colposcopic guided biopsy. This method
has limited sensitivity and specificity, raising serious concerns about the possibility of missing cervical dysplasia. Fluorescent methods for diagnos-
ing precancerous diseases of the cervix and early forms of cancer have an extremely high sensitivity, reaching 90%. The presented results of the
study allow us to fully declare the high information content of fluorescent colposcopy in identifying dysplastic lesions on the cervix.
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BO3MOXXHOCTU DIKOOPECLUEHTHOM OUATHOCTUKM
B BbISBJIEHMM MYJIbTLLEHTPMYHbBIX OYATOB
OUCMJTA3MU LLEMKU MATKU

C.b. Cmaunoea', H.A. Waxasapoe', T.I. lpuwauesa?, C.K. Cansmarambertosa’,

I.C. AnpabepreH’

'PITT Bonbruua Meamumnckoro Lentpa Ynpasnenma Jenamm npesuaenta Ha [XB, Actana,
Pecnybnuka KaszaxcraH

2Mepsbiit CankT-TNeTepbyprckmii rocyaapCTBEHHbIM MEAMLMHCKMIA YHUBEPCUTET UMEHM
akagemuka M. . Maenosa, Cankt-MNetepbypr, Poccus

Pe3lome
Konbnockonua nossonaet nccnenoBaTtesto 1oKann3oBaTb NOTEHUMAbHbIE MOPaKeHUA, OLUEHUTb TAXKECTb NOPa*KeHUA U NoNYyYnTb KOJIbMNo-
CKOMnYyeckn HanpaeieHHYo 6VIOI'ICVIIO. ﬂaHHblﬁ MeTo4 MMeeT OrpaHNYeHHY 4yBCTBUTENIbHOCTb U CI'IELWId)VIHHOCTb, BbI3blBaA Cepbe3Hble
onaceHuda no I'IOBOLly BepOHTHOCTI/I nponyCKa ancnnasnm UJEI7IKI/I MaTKWn. (DnyopecueHTHble mMeToAbl ANarHOCTUKN I'IpEﬂpaKOBbIX 3a60neBa—
HUI LWENKN MaTKM 1 paHHUX $OPM paka 0651a1aloT KpaiHe BbICOKOI YyBCTBUTENIbHOCTbIO, AocTuratowein 90%. MpeactaBneHHble pesynbTaTbl
nccnenoBaHMA NO3BONAKOT B MNoJsIHON mMepe 3aABUTb O BbICOKOW MH(I)OpMaTVIBHOCTVI ¢ﬂy0p(—.‘CLl,eHTHOVI KOJIbMOoCKOoMNnunn B BblABNEHNU aucnia-
CTNYECKMX O4YaroB Ha me|7|Ke MaTKW.

KntoueBble cnoBa: Aycnnasvis Weku MaTky, GnyopecLieHTHasA AnarHocTrKa, buoncus Wwenky maTku, GoToAamHamnyeckas Tepanus.
KonTaktbi: Cmavnosa C.b., e-mail: Sandugash.smailova@bk.ru
Ccbinka ans yutupoBaHua: Cvaunosa C.b., LaHazapos H.A., Ipuwauesa T.I., Canbmaramb6etoBa C.K., Anfabepren I.C. BoamoxkHOCTU dntoo-

PEeCLeHTHON ANarHOCTUKM B BbISBAIEHUI MYJIbTLEHTPUYHbBIX OYaroB AUCnIas3nm Wwenky maTku // Biomedical Photonics. - 2023. - T. 12, N° 3. -
C.11-14.doi: 10.24931/2413-9432-2023-12-3-11-14.
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Introduction

In 2020, 604127 cases of cervical cancer (CC) and
341831 deaths due to this malignant neoplasm were
reported worldwide [1]. CC is the fourth most commonly
diagnosed cancer and the fourth leading cause of cancer
death in women worldwide [2]. In the Russian Federation
in 2021, more than 15 thousand women were diagnosed
with this pathology for the first time. Mortality from cervi-
cal cancer amounted to more than 6 thousand cases [3].

Screening for precancerous diseases and cervical can-
cer in target groups of patients in the Republic of Kazakh-
stan (RK) is carried out using routine cytological exami-
nation of the Papanicolaou smear. If an abnormal result
is detected, by an algorithm, colposcopy and testing to
detect DNA of highly oncogenic types of human papil-
lomavirus (HPV) is performed.

Women aged 30 to 70 years are subject to manda-
tory cancer screening in the Republic of Kazakhstan
once every 4 years. According to the results of the
cytological screening method for CC, in 2021, a total of
757454 women aged 30-70 years were examined. Of
this number, precancerous diseases were identified in
0.99% (7498), and CC was detected in 0.04% (319). The
incidence of cervical cancer (the proportion of newly
diagnosed cases) was 1804 women (18.3 per 100 thou-
sand female population versus 17.2 in 2020). The mor-
tality rate from cervical cancer in 2021 has not changed
compared to 2020 and amounted to 6.0 per 100 thou-
sand female population [4].

Despite the current existence of clear provisions
on precancerous processes and CC, the availability of
reliable test control (cytological, colposcopic) of CC
remains an urgent problem in gynecological oncology
to this day [5].

CCis a visually accessible form of a malignant tumor,
so the possibilities for early detection are practically
unlimited. For this, timely and correct use of accessible
and informative diagnostic methods is sufficient. In
addition, timely treatment of precancerous processes
of the cervix can prevent the development of cervical
cancer [6].

It has been proven that the cause of the development
of cervical cancer may be persistent HPV infection in the
cervical tissue. Human papillomavirus (HPV) is the most
common sexually transmitted infection [7]. With long-
term persistence of HPV infection in a woman’s body,
dysplastic processes occur on the cervix, in the absence
of treatment of which the next stage of development will
be cervical cancer.

The Pap smear is a screening test, and depending on
the abnormality, the next step in evaluating the process
is a colposcopy. The procedure involves treating the cer-
vix with a 5% acetic acid solution, followed by examin-
ing the integumentary epithelium under magnification.
Pathologically altered areas of the cervical mucosa are

characterized by persistent whitening of the epithe-
lium. A targeted biopsy taken from these areas is sent
for histological examination to determine the nature of
the changes. Colposcopy, which is currently included in
World Health Organization (WHO) guidelines for women
infected with HPV, remains the reference standard for
biopsy to confirm precancer and CC [8].

One of the priority areas in modern medicine is the
use of fluorescence diagnostics (FD) through the intro-
duction of exogenous photosensitizers (PS). When they
enter the bloodstream, PSs most often bind to serum
proteins, forming complex compounds [9]. The resulting
complexes of PS with proteins are absorbed by endothe-
lial cells in the capillaries of the bloodstream. Then they
bind to the adventitia of blood vessels and PS enters the
extracellular matrix with subsequent accumulation and
retention in pathologically altered cells. When excited
by blue light, red fluorescence is generated, resulting in
a distinct fluorescent contrast between tumor/pretumor
and healthy surrounding tissue [10].

The use of PD methods in the complex diagnosis of
precancerous changes in the cervix increases diagnostic
efficiency in identifying the location and size of lesions,
thus facilitating more complete visualization for subse-
quent treatment. The main parameter of the reliability
of this diagnostic method is histological confirmation of
the dysplastic status of fluorescent lesions. At the same
time there is a correlation between the degree of tis-
sue dysplasia and fluorescence intensity. Fluorescence
imaging can facilitate the detection of extraclinical
lesions [11].

Fluorescence diagnosis represents a promising
opportunity in the diagnosis of diseases in a wide range
of medical disciplines, such as gynecology, dermatology,
gastroenterology, surgery, neurosurgery and urology. In
gynecology, many studies have been conducted evaluat-
ing the utility of fluorescent detection of cervical dyspla-
sia, breast cancer, endometrial diseases, ovarian cancer
and endometriosis [12].

A number of studies show that, due to high selectivity
for tumors and low toxicity to healthy tissues, diagnostics
based on modern PSs are a promising tool for the non-
invasive identification of cervical intraepithelial neoplasia
[13]. The use of fluorescent colposcopy allows the doctor
to adequately assess the size and boundaries of lesions
to select PDT parameters [14]. In the present study, we
assessed the informativeness of fluorescent colposcopy
in identifying cervical dysplasia by histological examina-
tion of biopsy specimens from foci of red fluorescence.

Materials and Methods

The study was performed as part of the project for the
implementation of the scientific and technical program
BR18574160 “Development of innovative technologies
that increase the efficiency of diagnosis and treatment
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of background and precancerous diseases of the cervix
associated with the human papillomavirus’, agreement No.
39-PTsF-23-24 dated January 25, 2023, carried out at the
Medical Hospital Center for Administration of Presidential
Affairs of the Republic of Kazakhstan, aged 18 to 49 years.
The average age was 37.3+4.9 years. A positive result for
highly oncogenic types of PCR for HPV and an established
cytological diagnosis distributed as follows: LSIL n=38
(95%) and HSIL n=2 (5%), 7 (17.5% ) women had previously
undergone surgical treatment of the cervix.

The colposcopic examination was performed on a
modern device - video colposcope SLV-101 HD with a
digital FullHD video camera, with LED lighting, optical
zoom up to 23 times and recording of images on a per-
sonal computer with an installed program, with a built-in
yellow filter for leveling ultraviolet light. A chlorine-type
drug was used as a photosensitizer.

Among 40 participants, highly oncogenic HPV types
were distributed as follows: type 16 - in 12 (24.5%)
patients, type 31 — in 7 (14.3%) patients, type 58 — in 7
(14.3%) patients, type 18 - in 5 (10.2%) patients, type 33
- in 3 (6%) patients, type 35 - in 3 (6%) patients, type 45
- in 3 (6%) patients, type 56 - in 3 (6%) patients, type 59
- in 3 (6%) patients, type 52 —in 2 (4.1%) patients, type
51 -in 1 (2%) patients.

Visual observation of the fluorescence images was
possible with the naked eye. For documentation, the
video colposcope camera was equipped with additional
functions: a yellow filter was built into the eyepiece to
improve fluorescence detection and neutralize the vio-
let light of an ultraviolet flashlight. This allowed better
targeting of negative fluorescence regions and a clear
delineation of positive fluorescence images compared to
negative regions by increasing the contrast between red
and blue light.

Puc. 1. Konbnockonuyeckas KapTuHa
LWEeWKN MaTKu nauumeHTku ¢ HSIL u 4
Tunamu BMY: a - B BUAMMOM cBeTe nocne
06pa6oTKM LWEeKU maTkn 5% pacTtBopom
YKCYCHOWM KUCNOTOW; b,c — B pexxume ¢ny-
OpecLEeHTHOro o6¢cnefoBaHus.

Fig. 1. Colposcopic image of the cervix of
a patient with HSIL and 4 types of HPV:
a - invisible light after treating the cervix
with a 5% solution of acetic acid; b,c —
fluorescent examination mode.

Results

As a result of the study, the following data were
obtained: out of 40 patients, fluorescent lesions were his-
tologically verified as dysplasia in 39 (97.5%) women. In
one case, fluorescence colposcopy revealed a combined
pathology of the genital tract in the patient in the form
of morphologically confirmed moderate dysplasia of the
vaginal mucosa (the woman was removed from the proj-
ect for further examination).

The high percentage of recurrence of cervical dyspla-
sia after surgery, in the study in 17.5% of participants, can
be explained by underestimation of the prevalence of the
process and, as a consequence, non-radical treatment.

Clinical observation

A 34-year-old patient with HSIL and 4 types of HPV
underwent colposcopy of the cervix in visible light and
fluorescence diagnosis. In Fig. 1a a colposcopic picture
after treatment of the cervix with a 5% solution of ace-
tic acid can be seen, where a rough mosaic, open glands
with a rough rim of keratinization are clearly visible. At
fluorescence colposcopy (Fig. 1 b, c), areas of red fluo-
rescence correspond to areas of aceto-white epithelium,
and a bright glow is additionally detected in the pos-
terior fornix and the right lateral wall of the vagina. A
biopsy was taken from this area. The histological result is
moderate epithelial dysplasia of the vaginal epithelium
(VAIN 2). This pathology is usually combined with cervi-
cal dysplasia, while it is rare as an independent nosology,.

Conclusion

Fluorescence colposcopy makes it possible to diag-
nose multifocal lesions on the cervix, in particular pathol-
ogies localized outside the cervix, and to correctly assess
the boundaries of the lesion, not inferior to colposcopy
using the acetic acid test.
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PHOTO AND SPECTRAL FLUORESCENCE ANALYSIS OF THE
SPINAL CORD INJURY AREA IN ANIMAL MODELS
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Abstract

The purpose of the work is to follow the dynamics of changes in fluorescent signals in the near-surface layers of tissue of injured areas of the back of
laboratory animals, which will allow, by indirect evidence, to evaluate the information content of fluorescence diagnosis for subsequent possible diag-
nostic monitoring of photodynamic therapy of the spinal cord. The model animals were Wistar rats. Two types of contusions were modeled: pneumo-
contusion and contusion by a falling load. Methylene blue and indocyanine green were used as photosensitizers. Fluorescence measurements were
carried out by imaging and spectrometric methods. A stroboscopic fluorescence imager with an excitation wavelength of 630 nm was used to acquire
fluorescence images. The LESA-01-BIOSPEC spectrometer with a He-Ne laser excitation allowed to obtain spectra. It was shown that both methods
make it possible to estimate the fluorescence value of methylene blue and indocyanine green in the tissues under study. Moreover, the photographic
method also allows to obtain the spatial distribution of fluorescence. The general trend found in the data is a more intense and uniform fluorescence
of the dorsal region of rats with methylene blue and a less intense, but more contrasting distribution of indocyanine green. The presented methods
are non-invasive, which makes them attractive for diagnostic use. However, due to the shallow depth of signal reception, the condition of the spine
can be determined only indirectly, by the condition of the near-surface layers of tissue that accumulate the photosensitizer.

Key words: Fluorescence diagnosis, spectral analysis, methylene blue, indocyanine green, paravertebral area, spinal trauma.
Contacts: Udeneev A.M., e-mail: Andrey.udeneew@mail.ru
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Pesiome
Llenb pabotbl — npocneanTb ANHAMUKY M3MEHeHUA (ITyOpecLieHTHbIX CUrHaNoB B MPUMOBEPXHOCTHbIX CJIOAX TKaHel TPaBMUPOBaHHbIX
YUaCTKOB CMUHbI J1aGOPATOPHbIX >KMBOTHbIX, YTO MO3BOJINT, MO KOCBEHHbIM MpK3HaKaM, OLEHUTb MHGOPMATUBHOCTb GIyOpeCcLieHTHOM
[NarHoCTUKM 518 NOC/IeAyIoLLEero BO3MOXXHOMO AVarHOCTUYECKOrO MOHUTOPMHIa GOTOANHAMUYECKON Tepanum CMHHOro Mo3ra. MoaenbHbiMM
XKUBOTHbIMY 6bIIN KpbIChl BUcTap. MofenupoBanoch ABa TiNa KOHTY3MiA: MTHEBMOKOHTY3UA 1 KOHTY31A NajatoLym rpy3om. GnyopecueHTHble
V3MEePEHVA NMPOBOANINCL GOTOrPadUUECKM U CMEKTPOMETPUYECKM METOAOM C MpernapatamMmiu METWIEHOBBIN CUHUA W UHAOLMAHUH
3eneHblin. na doToperncTpaumm GpayopecLeHTHOro oTBeTa MCMosb30Baica CTPOOOCKONUYECKN GpayopecLeHTHbI UMUEXEP C ANHOW
BOJHbI BO36YXAeHWsA 630 HM. CneKkTpanbHble U3MEPEHWA NMPOBOANINCL C MOMOoLbio criekTpomeTpa JIECA-01-BUOCTIEK, ¢ Bo36yxaeHnem
He-Ne nasepom (632,8 Hm). MokasaHo, YTo 0ba MeToAa MO3BONIAIT OLEHMBATb BENUUMHY GIIyOpecLeHLn METUIEHOBOTO CUHETO U
VNHAOLUMaHNHA 3eN1EHOTO B CCNeyeMblX TKaHAX, a poTorpaduyeckunii MeTos no3BosiaeT Tak»Ke NoslyuYnTb NPOCTPaHCTBEHHOE pacnpefeneHvie
dnyopecueHumy. O6Wan TeHAEHUMsA, OBHapPYXeHHaA B MOJSyYEHHbIX faHHbIX — 6osiee WHTEHCMBHAA W PaBHOMepHaA $nyopecLeHumnn
[lopcanbHO 0611acTN KPbIC METUIIEHOBbIM CUHUM, I MEHEE UHTEHCHBHOE, HO 60Jiee KOHTPACcTHOE pacnpefeneHne NHAOLMAHNHA 3eNEHOTO.
MpepcTaBneHHble MeTOAbl HEMHBA3MBHbI, YTO AeNaeT X NpuBneKaTeNbHbIMU ANA ANArHOCTUYECKOro MCnosib3oBaHMA. OaHaKo 13-3a Manomn
rny6VHbI NpreMa CrHasa CoCTOAHME NO3BOHOUYHMKA MOXKHO OMPEAENUTD JINLLb KOCBEHHO, MO COCTOAHMIO MPUMOBEPXHOCTHBIX C/IOEB TKAaHEN,
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Introduction

Despite the significant efforts of clinicians around
the world, spinal cord injury (SCI) remains one of the
most pressing problems in modern neurosurgery. Thus,
the social and economic consequences of this medical
problem cannot be overstated [1]. Healthcare studies in
developed countries indicate an incidence of SCI of 4-6
cases per 100,000 inhabitants per year, with severe long-
term consequences for patients and, as a result, a huge
impact on society.

Fluorescence diagnosis is based on the excitation
of fluorescence of a photosensitizer accumulated in
biological tissues and registration of the fluorescent
signal from the tissue under study, followed by analy-
sis. Classically, this procedure is used to identify foci of
neoplasms of various localizations and their boundar-
ies [2, 3]. In addition, the method is often used intra-
operatively for navigation during surgery [4, 5]. More-
over, fluorescence diagnosis can be used, for example,
to assess the effectiveness of photodynamic therapy
(PDT) (measurements before/during/after a PDT ses-
sion) [6, 7]. This possibility is considered in this work to
analyze the prospects of fluorescence diagnosis when
performing PDT for spinal cord injuries. Previously, fluo-
rescence studies have already been used for the spinal
cord to identify and influence tumor neoplasms [8-10]
using various photosensitizers [11], as well as for inva-
sive studies of a different nature [12-14].

The purpose of the present work is to follow the
dynamics of changes in fluorescent signals in the near-
surface layers of tissue of injured areas of the back of lab-
oratory animals, which will allow, by indirect evidence, to

evaluate the information content of fluorescence diag-
nosis for subsequent possible diagnostic monitoring of
PDT of the spinal cord.

Materials and Methods

Model animals

The experimental animals were Wistar rats, 2.5-3
months old, females weighing 150-200 g, and males
weighing up to 240 g. Modeling of contusion injury
was carried out in 2 modifications - pneumo contusion
and moderate contusion by a falling weight. Pneumo
contusion was simulated by a blank shot at point-
blank range from an 1ZH-53M spring pneumatic pis-
tol. When modeling a moderate contusive spinal cord
injury, a custom-made setup was used. The setup was
in the form of a pipe 50 cm high and 20 mm in diam-
eter, mounted on a tripod, dropping a cylindrical load
weighing 350 g from a height of 50 cm, which is equiva-
lent to 1.96 N/cm? in terms of force on the vertebrae.
The animal’s behavior was recorded using a Samsung
A9 smartphone camera. Animals were removed from
the experiment by immediate decapitation under chlo-
ral hydrate anesthesia. Imaging and spectral measure-
ments of fluorescence were carried out once a day for
4 days, starting from the day of the simulated injury (1
hour after injury).

Photosensitizers

Fluorescence diagnosis was carried out using two
photosensitizers — methylene blue (MB) and indocyanine
green (ICG). Drug administration regimens are presented
in Table 1.
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Ta6nuya 1

Pexxum BBegeHusa ¢poToceHcM6muan3aTopos
Table 1

Modes of administration of photosensitizers

®dotoceHcmbunusatop

Cnoco6 BBegeHusa

Pexxumbl BBegeHNsA

Pa3 B geHb, nepep dnyopecueHTHOM

MC BHYTPUOPIOLLNHHO 20 mr/kr . -
B - 10 MarHOCTUKOW, B Te4eHne 4 fHen
MB intraperitoneally 20 mg/kg 'qonce a day before FD for 4 dnays
Pa3 B peHb, nepep dnyopecueHTHON
n3 BHYTPUOPIOLWHHO 10 mr/kr 2 =
ICG intraperitoneally 10 mg/kg 5 OVIAarHOCTUKOW, B TeYeHune 4 gHen

MC - MeTMneHoBbIN CMHUIA, V13— MHAOLMAHNHOBBIN 3€M1EHbIN.
MB - methylene blue, ICG - indocyanine green.

For a better understanding of the working ranges of
the technique under study, see the emission spectra of
the photosensitizers used in the work [15] and the fluo-
rescence spectra of endogenous fluorophores [16, 17].

Equipment

For photographic registration of the fluorescence
response of photosensitizers and endogenous fluoro-
phores, a stroboscopic fluorescence imager (SFI) was
used. The SFI consisted of a red LED with a central wave-
length of 630 nm and an optical power of 1 W to excite
the fluorescence of light-sensitive components accumu-
lated in biological tissues, two white LEDs (with an opti-
cal power of 200 mW each) to create uniform illumina-
tion of the surgical field, as well as one violet LED (not
used in this study) (Fig 1a). The spectrum of the red LED
was corrected by a bandpass filter with a central wave-
length of 636 nm. A long pass filter (LPF) with a cut-on
frequency of 660 nm was installed in front of the cam-
era lens. SFl allowed to obtain pairs of frames: one frame
with the fluorescence excitation LEDs and backlight LEDs
turned on (respectively, with fluorescence) and the other
with only backlight LEDs turned on (background frame).
Subtracting the background frame helped to reduce the
impact of background light.

Ceetoavop 405 Hm
2405 nm LED

i
LB Kamepa ¢ dounstpom e

E::%Zwonu X Camera with a filter

White LEDs N e

BE’ - mo[ 630 HM ¢ chunsTpom
=630 pr LED with a filter

once a day before FD for 4 days

Fluorescence index

The fluorescence index (FI) was used to quantify fluo-
rescence intensity when processing spectral data. It was
calculated by dividing the area under the fluorescence
spectrum curve by the area under the scattering spec-
trum curve of the excitation He-Ne laser.

Results

To distinguish the spectra of photosensitizers from
the spectrum of endogenous fluorophores in Fig. 2 a
spectrum taken on an intact animal is shown.

Fluorescence images

Below are examples of fluorescence images obtained
in the area of spinal cord injury in laboratory animals
obtained with SFI (Fig. 3).

Spectra

Below are the examples of obtained spectra from
the region of spinal cord injury in laboratory animals,
obtained using a spectrometer for the methylene blue
(MB) (Fig. 4) and indocyanine green (ICG) (Fig. 5).

Fig. 4a shows spectra and diagrams of fluores-
cence signals obtained in an area away from the injury
(healthy area). Fig. 4b shows spectra and diagrams of

Puc. 1. luarHoctuyeckoe
o6opyaoBaHue: a — CTPo60OCKO-
NnUYecKUn pnyopecLeHTHbIN
nmuakep (CPU); b — cnekrpo-
meTp JIECA-01 BUOCTIEK.

Fig. 1. Diagnostic equipment:
a - stroboscopic fluorescence
imager (SFI); b — spectrometer
LESA-01 BIOSPEC.
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fluorescence signals taken in the area of injury (trauma
area). Histograms express fluorescence indices (FI) (see
description in the “Materials and Methods” section) for
the corresponding rat on different days in chronological
order (day 1 — day 4) and characterize the accumulation

0.8 T T

' MO ad4
07 I 3

0.6 3

0.5 4

04 ]

0.3 3

Intensity, AU.

0.2 3

WHTEHCUBHOCTL, OTH.eA,

0.1 3

DD | ] | ]

T T T T
600 700 800 Q00 1000
[NWHa BONHbLI, HM

Wavelength, nm
Puc. 2. CnekTp ¢pnyopecueHLMn CNMHHOW 061aCTU MHTAaKTHOroO

JKMBOTHOTO.
Fig. 2. Fluorescence spectrum of an intact animal dorsal area.

of the photosensitizer in the study area. The histogram
columns correspond in color to the presented spectra.

The “norm” was considered to be the area of the back
located at a distance from the area of the animal’s injury.
The “trauma” was considered to be the directly injured
area of the back.

The distinctive fluorescence peak of indocyanine
green was recorded around 880 nm (Fig. 5). In some
spectra, this peak was nearly indistinguishable from the
tissue autofluorescence spectral signal, which did not
allow reliable analysis.

Discussion

The study showed that both methods under con-
sideration can reliably detect the fluorescence signal
from methylene blue, both in the area of injury and in
normal conditions. The general trend, noticeable both in
the spectra and in the images, is a more intense (in the
case of spectra) and brighter and uniform (in the case
of images) fluorescence of the dorsal region of rats with
methylene blue than with indocyanine green. The rela-
tively weak signal from indocyanine green is explained
by the suboptimal wavelength of the exciting radiation

1 aeHb nocne
TpaBmbl
1 day after trauma

AOeHb TpaBmMbl
Day of trauma

Bospeiicteue
Influence

2 aHA nocne
TPasmbl
2 days after trauma

3 aHA nocne
Tpasmbl
3 days after trauma

Komtyaun
rpysom, MC
Impact
contusion, MB

MuesMoKoHTy3u1A, U3
Pneumatic contusion, ICG

Puc. 3. NMpumepbl COU nsobpaxke-
HUW pnyopecueHUUn MeTUNeHo-
Boro cuHero (Mb) n uHagouMaHuHa
3eneHoro (U3), nony4yeHHbIX Ha
NlabopaToOPHbIX JXUBOTHbIX B X0A€
uccnegoBaHui Ha 1-4 cyTku nocne
MoAaenvpyemon TpaBMbl CIMHHOIO
Mo3ra (BK/ato4Yas AeHb TpaBMbl).

Fig. 3. Examples of SFI fluorescence
images of methylene blue (MB) and
indocyanine green (ICG) obtained on
laboratory animals during studies on
days 1-4 after simulated spinal cord
injury (including the day of injury).

D obnactk
TPABME!
FI of the trauma
area

D 3gopoeoi
obnactu
Fl of the healthy
area.

CnekTpel 3n0poBo# obnactu

BO3]
influence.

Spectra of healthy area

CnexTpel 0BnacTi Tpaemel

Puc. 4. Npumepbl cnekTpoB ¢pnyo-
pecueHUUn MeTUNEeHOBOro CUHEro
(MB), nony4yeHHbIX Ha 1abopaToOPHbIX
JXKMBOTHbIX B X0[i€ UCC/ie0BaHuUM1

Spectra of trauma area
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Wavelength, nm

Impact contusion, MB
a
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Intensity, A U., 4TEHCHMEHOCTE, V.8,
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Fig. 4. Examples of methylene blue

H (MB) fluorescence spectra obtained
i i on laboratory animals during studies
on days 1-4 after modeling spinal
cord injury (FI — fluorescence index):

600 630 TO0 TS0 800 830 @00
Wavelength, nm
OnvHa BonHeE, HM

a — area outside the injury; b — area
of the spinal cord injury.
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Fig. 5. Examples of indocyanine green (ICG) fluorescence
indexes and fluorescence spectra obtained from normal area
and the area of trauma.

(636 nm at SFI and 632.8 at spectral measurements),
which in the wavelength range is located closer to the
absorption band of methylene blue. However, it is worth
noting that in the case of indocyanine green, a more con-
trasting fluorescence pattern is observed in the images.
This stronger contrast in measurements can be explained
by its accumulation in the main vessels and lymph flows.

Analysis of the averaged data results shows that on
the first day of measurements (immediately after injury)
the strongest MB and ICG fluorescence signal is visible in
the injured area, which is explained by the fact that the
increase in edema and the formation of hematomas occur
gradually, therefore, there were fewer obstacles to detect-
ing the signal in the injured area than in the following
days. In subsequent days, the intensity of the fluorescence
signal in the area of injury decreases. In the normal area,
the signal decreases more slowly and almost impercep-

tibly, and the fluorescence intensity is lower than in the
injured area. The results obtained in the form of images
show a similar picture: the injury attenuation function is
ahead of the normal attenuation function, due to which
the contrast of the injury against the normal background
in frames obtained with SFl is reduced.

Also, intense fluorescence of both drugs was
observed both in hematomas and in areas of skin dam-
age after shaving, which may be caused by the accu-
mulation of the drug circulating in the bloodstream in
hyperemia. Therefore, in future experiments, the rats
should be depilated instead of shaving to avoid adding
damage to the skin and thus introducing uncertainty
into the experiment.

Conclusion

The presented methods are non-invasive, which
makes them attractive and promising for diagnostic use.
However, due to the shallow depth of signal reception,
the condition of the injured spine can be determined
only indirectly, by the fluorescence signals from the near-
surface layers of the back accumulating photosensitizers.
However, detecting the difference in the fluorescence
signals from the “normal” area and the area of injury,
as well as in the dynamics of the signal by day, makes
it possible to detect and evaluate the degree of hema-
toma healing and reduction of hyperemia, which are
often indistinguishable to the naked eye. This suggests
that the method can be potentially used to control PDT
in spinal cord injuries.
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Abstract

A significant therapeutic effect of photodynamic therapy (PDT) is shown in a patient with extensive vulvar cancer after ineffective surgical and
chemoradiotherapy. During the year, three courses of local PDT with a photosensitizer based on chlorin e6 were carried out. The photosensitizer
was administered intravenously three hours before irradiation at a dose of 1.2 mg/kg. For laser irradiation (662 nm) of the vulvar tumor, a light
guide for external irradiation was used: the power density was 0.2 W/cm?, the light dose was from 100 to 250 J/cm?. As a result of treatment, tumor
regression and stable remission are observed. The patient remains under observation.

Key words: vulvar cancer, local photodynamic therapy, clinical case, photolon.
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Pesiome
lMoka3aH 3HauMMbIi nevebHbIn 3dPeKT doToanHammuyeckor Tepanum (OAT) y naLMeHTKM C 06LIMPHBIM PaKOM BY/bBbl MOC/e Mano3$pdpeKTns-
HOI ONepaTUBHOW, XMMUOJTy4YeBOW Tepanuu. B TeueHmne roga nposefeHo 3 Kypca lokanbHon OT ¢ oToceHcMbUn3aTopom Ha OCHOBE XJ10-
puHa e6. DoToceHCMbUNM3aTop BBOAWIV BHYTPUBEHHO 3a 3 Y A0 NpoBeAeHNA 0bnyyeHns B go3e 1,2 mr/kr. [1na nasepHoro obnyyeHus (662
HM) OMyXOJv BY/bBbl MCMOMIb30BaNN CBETOBOA AJ1A HAPYKHOrO 061yUYeHrs: NIOTHOCTb MOLWHOCTY cocTaBnAna 0,2 Bt/cw?, cBeToBas fo3a ot
100 po 250 [x/cm?. B pe3ynbTaTe neyeHns HabnoAaeTcs perpeccus onyxonv 1 cToiikasa pemuccua. MaumeHTKa ocTaeTca nog HabnogeHneMm.

KnioueBble cnoBa: pak BY/ibBbl, JIOKa/lbHasA GoTogMHaMUYeCcKasn Tepanus, KMMHUYECKI cilyyal, GOTOSOH.
KoHTakTbi: Angabepret IC., e-mail: gulmira.aldabergen@mail.ru
Ansa untuposaHusa: LLlaHasapos H.A., puwayvesa T.I., AnpabepreH I.C., Cmaunosa C.b., CanbmaraH6etoBa X.XK. KnuHnyecknin cnyyan ycneww-

HOro MpUMeHeHNA GpOTOAMHAMMYECKOWN Tepanun Mpu pacnpocTpaHeHHOM pake BynbBbl // Biomedical Photonics. — 2023. - T. 12, N2 3. -
C. 21-24. doi: 10.24931/2413-9432-2023-12-3-21-24.
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Introduction

Today, the frequency of precancerous diseases of
the female external genitalia is one of the most pressing
problems of the female population. According to WHO,
46% of premenopausal women worldwide have dys-
trophic diseases of the vulva, which, against the back-
ground of positive HPV, can develop into dysplasia and
then into pre-invasive and invasive vulvar cancer [1, 2].

Diagnosis of precancerous diseases of the female
external genitalia is based on anamnestic data and
examination with a colposcope - vulvoscopy - which
allows one to determine the boundaries of pathologically
altered tissues [3]. Final confirmation of the diagnosis is
possible after cytological and histological conclusions
[4]. The reliability of the cytological method in determin-
ing the severity of vulvar intraepithelial neoplasia is low
due to concomitant severe inflammation, hyperkeratosis
and atrophy. Histological examination is performed in
the presence of complaints and visually detectable path-
ological changes [5-7].

The frequency of vulvar cancer in the general struc-
ture of gynecological oncological diseases is 4-6% of all
cancer cases and is detected in 2-4 women per 100,000
population. About 4 out of 10 women who develop
vulvar cancer die. The overall 5-year survival rate for all
patients with vulvar cancer is 72% [6].

The main management strategy for patients
with vulvar cancer is surgical treatment. [8-11].
Chemoradiotherapy is indicated in unresectable cases of
vulvar cancer. Treatment in this case is aimed at slowing
the progression of the disease and reducing the tumor
mass. In some cases, radiation and chemotherapy may
precede surgery, allowing to reduce the tumor size,
which creates the background for radical surgery. For
the same purpose, it is possible to carry out photody-
namic therapy (PDT), which has proven to be an effective
method for treating tumor diseases [9, 10].

We present a clinical case of PDT application for
advanced vulvar cancer.

Patient G., 65 years old, applied to the PDT Center
of the Hospital of the Medical Center of the Presidential
Administration of the Republic of Kazakhstan, Astana in
September 2022 with complaints of a formation in the
vulva and vagina, pain in the vagina, occasional “shoot-
ing”pain in the area pubis, and discomfort when walking.

The patient was observed and treated at the place of
residence with a diagnosis of malignant neoplasm of the
vulva of an unspecified part (TIbNOMO), clinical group
3. Concomitant pathology: insulin-dependent diabetes
mellitus, varicose veins of the lower extremities, chronic
venous insufficiency class 2.

From the anamnesis it is known that in 2018 vul-
vectomy was performed; in 2020, due to the instability
of the oncological process, a Ducuing operation on the
right and left and a radical vulvectomy were performed;

in 2021, a locoregional recurrence was detected, and
radiation therapy was carried out according to a radical
program, using the TERAGAM device in statistical mode
with counter-propagating fields on the tumor of the
vulva and areas of regional metastasis with a single focal
dose of 2 Gy and a total focal dose of 40 Gy.

In 2022, metastatic lesions of the vagina and regional
lymph nodes were identified, four courses of palliative
chemotherapy (PCT) (ondasetron, paclitaxel, cisplastin)
were performed without effect. Since August 2022 there
has been an extensive vaginal formation, according to
biopsy it is a morphologically squamous cell keratinizing
carcinoma, progression.

On vaginal examination revealed that the external
genitalia are scarred and atrophic; vagina is short and
narrow; in the mirror a dense woody formation with a
diameter of 5.0x5.5x4.0 cm is visualized on the left from
the edge to the vaginal vault; in the middle there is a
purulent ulcer with a dense yellow coating (Fig. 1a). The
secretion is serous, with a putrid odor; the cervix is atro-
phic; the edge of the cervix is tightly covered by the for-
mation, visualization is difficult, and bimanual examina-
tion is difficult due to pain and the presence of a volume
vaginal formation.

Clinical diagnosis: vulvar cancer TTbNOMO; condition
after surgical treatment; recurrence in 2021; condition
after external beam radiation therapy (EBRT); condition
after 4 courses of chemotherapy; recurrence of vulvar
cancer; local chemotherapy in the process.

The patient’s treatment tactics were discussed by a
multidisciplinary group. Taking into account the localiza-
tion of the tumor and the lack of response to chemora-
diotherapy, a decision was made to perform local PDT.

Upon admission, the patient’s condition was satisfac-
tory.The patient signed a voluntary informed consent for
PDT.

The first course of PDT was conducted on September
5,2022.

Operation protocol:

Stage 1: intravenous administration of a photosensi-
tizer (PS) based on chlorin e6 (Photolon) at a dose of 1.2
mg/kg. The calculated dose of the drug was dissolved in
200 ml of 0.9% physiological solution and administered
over 30 minutes.

Stage 2: fluorescence diagnostics (FD). Three hours
after the end of intravenous administration of PS, FD
was performed using a LED illuminator “LED physiother-
apy device” (Polironic, Russia) in the wavelength range
400+10 nm. When irradiated in this spectral wavelength
range, the accumulation of PS in the tumor was recorded
and the boundaries of the pathological focus were deter-
mined (Fig. 1b).

Stage 3: PDT. Under local anesthesia, local PDT was
performed by irradiating the vagina using a Lakhta Milon
laser device (Kvalitek LLC, Russia) at a wavelength of 662
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a b
Puc. 2. CocTtosiHMe BynbBbI 4epe3 3 mec nocne 1-ro Kypca ®AT: a —
ocMoTp B 6enloM cBeTe; b — 0cMOTp B pexxume diyopecLeHUnn.
Fig. 2. Condition of the vulva 3 months after the 1st course of PDT: a —
examination in white light; b — examination in fluorescence mode.

nm in a continuous mode of generation. Irradiation
parameters: diameter of the irradiation field - 2.5 cm;
power 1.9 W; power density — 0.38 W/cm?; exposure of
one field - 9 min; light dose — 200 J/cm? number of fields
- 7.The procedure was accompanied by moderate pain.
In satisfactory condition, the patient was discharged for
ambulatory observation by a gynecological oncologist
at the place of residence. The observance of light condi-
tions is recommended to the patient.

In the postoperative period, moderate pain was
observed, which required the use of local application of
oflomelid ointment and systemic use of non-steroidal
anti-inflammatory drugs. Local swelling and hyperemia
were noted. After 7-10 days, tumor necrosis formed.

During a follow-up examination one month after the
1st course of PDT, partial destruction of the tumor was
noted.

In December 2022, taking into account the partial
preservation of the tumor process, it was decided to con-
duct the second course of PDT. The operation protocol
was the same as during the first course. The condition of
the vulva and fluorescent glow before PDT are shown in
Fig. 2.

Puc. 1. Pak BynbBbl TLbNOMO (cocTtosiHue nocne
onepaTtuBHOro nevyenus B 2018 n 2020 r., nocne
ANT u 4 kypcoB MNXT 6e3 adpdeKrTa): a — ocMoTp B
6enom cBeTe; b — ocmMoOTp B pexxume dpayopecueH-
LK.

Fig. 1. Cancer of the vulva TLbNOMO (status

after surgical treatment in 2018 and 2020, after
radiotherapy and 4 courses of chemotherapy
without effect): a — examination in white light; b —
examination in fluorescence mode.

Puc. 3. CocTosiHMe BynbBbI nocne 3-ro
Kypca ®AT.

Fig. 3. Condition of the vulva after the
3rd course of PDT.

In May 2023, the third course of PDT was performed.
During a year, it was possible to restrain tumor growth
through multi-course treatment. At the moment, the
patient’s condition is stable. Figure 3 shows the result
after the third course of PDT.

Today, in the treatment of precancerous conditions of
the female external genitalia, treatment with local PDT
plays a significant role [12-17].

In the presented clinical case, local PDT was per-
formed and stabilization of the tumor process was
achieved during the treatment. The prognosis for the
patient is favorable.

Thus, the use of the PDT method can be used in com-
bination with other methods to increase clinical effec-
tiveness. This determines the relevance of the develop-
ment of this method in the treatment of oncological and
dysplastic diseases of the vulva.

Conclusion

The above clinical case suggests that for patients with
the recurrence of the vulvar cancer and ineffectiveness
of chemoradiotherapys, PDT allows to achieve a signifi-
cant regressive effect and stabilize the tumor process.
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Abstract

Literature review reflects the current status and development status of intraoperative photodynamic therapy in neurooncology and discusses the
results of the most important studies on photodynamic therapy (PDT). We searched the Pubmed, EMBASE, Cochrane Library and eLibrary data-
bases for publications published between January 2000 and December 2022. Found 204 publications in foreign sources and 59 publications in
domestic editions, dealing with the issues of photodynamic therapy in neurooncology. An analysis of the literature has shown that intraoperative
PDT in neurooncology is an important tool that contributes to increasing the radicality of the operation and local control. The basic rationale for the
effectiveness of PDT lies in the study of the pathways leading to the complete devitalization of a malignant tumor, the study of the mechanisms of
the local and systemic immune response. In addition, subcellular targets in PDT are determined by the properties of photosensitizers (PS). Second
generation PSs have already been introduced into clinical practice. The effectiveness of PDT using photoditazine, 5-aminolevulinic acid has been
demonstrated. The mechanisms of action and targets of these PS have been established. In Russia, a number of studies have repeatedly shown
and proved the clinical effectiveness of PDT in groups of neurooncological patients with glial tumors and secondary metastatic tumors, but so far,
the method has not been included in the clinical guidelines for the provision of high-tech neurosurgical care. There is certainly a need for further
development of PTD techniques in neurooncology, especially in patients at high risk of recurrence and aggressive CNS tumors.

Key words: photodynamic therapy, photosensitizer, photoditazine, 5-ALA, neurooncology, apoptosis, necrosis, meningioma, recurrence, glioblas-
toma, metastasis.

Contacts: Nechaeva A.S., e-mail: nechaeva_as@almazovcentre.ru

For citation: Olyushin V.E., Kukanov K.K., Nechaeva A.S., Sklyar S.S., Vershinin A.E., Dikonenko M.V., Golikova A.S., Mansurov A.S., Safarov B.Il, Rynda
A.Y,, Papayan G.V. Photodynamic therapy in neurooncology, Biomedical Photonics, 2023, vol. 12, no. 3, pp. 25-35. doi: 10.24931/2413-9432-2023-12-
3-25-35.

P OTOOAMHAMMYECKAS TEPAMNS B HEMPOOHKOJIOTUU

B.E. Onowwmn', K.K. KykaHos', A.C. Heuaesa'?, C.C. Cknsp', A.D. BepwmuuH',

M.B. Oukonenko', A.C. lonukosd', A.C. Mancypos!, b.1. Cadapos’,

A.lO. Puinad', IB. Manasn®

1«Poccnitckuin HaYYHO-UCCNENOBATENBCKUIA HEMPOXMPYPIUUYECKMM MHCTUTYT MMEHM

npod. AJl. Monenosa» — dunman GIEY «HMULL um. B. A. Anmasosa» Munsapasa Poccuu,
Cankr-lNeTepbypr, Poccua

2HayuHbll LeHTp MMpoBoro yposHa «LleHTp nepcoHanuanpoBaHHOM MeamLMHbI»

DIBY «HMULL um. B. A. Anmasoea» Munsapasa Poceun, Cankt-IMNetepbypr, Poccus
S«HMUL, um. B. A. Anmasosa» Munsapasa Poccnn, Carnkr-lNMetepbypr, Poccus

Pesiome
BbinonHeH 0630p nuTEpaTypbl, OTPaXKaloLMii COBPEMEHHOE COCTOAHNME 1 CTeMEHb Pa3paboTaHHOCT METOAVKU NHTPaonepaLMoHHO GoTo-
AnHamuyeckon Tepanuu (OAT) B HelipooHKonoru. MNpeacTaBieHbl K 06cyxaeHMI0 pe3ynbTaTbl Hanbonee 3HaYMMbIX MCCNe0BaHNIA, MOCBA-
weHHbIXx OAT B HelpooHKonoruu. [poBeAeH aHanm3 Hay4HbIX My6nvKaLuii No faHHON TemaTuke B 6a3ax faHHbIx Pubmed, EMBASE, Cochrane
Library un eLibrary, ony6nnkoBaHHbIX B MPOMeXXyTOK BpemeHH ¢ AHBapsA 2000 r. no aekabpb 2022 r. HangeHo 204 ny6nvkauum B 3apy6exHbix
NCTOYHUKaxX 1 59 ny6nmnkaLmin B oTe4ecTBeHHbIX N3AaHUAX, B KOTOPbIX PacCMaTpKBaloTCA BOMPOCh! NpuMeHeHna OT B HENPOOHKONOrN.
AHanus nuTepaTtypbl MOKasas, YTo B KIIMHUYECKOW MpaKTrKe nHTpaonepauynoHHaa OIT B HePOOHKONOTM ABNAETCA BaXHbIM NHCTPYMEH-
TOM, CMIOCOOCTBYIOLUM YBEIMYEHUIO PaAVKaIbHOCTY OnepaLni 1 JIoKanbHOro KoHTponsa. OyHaaMeHTanbHoe 060cHOBaHMe SGPEKTVBHOCTH
O[T 3aknoyaeTca B U3yyeHU NyTen, BeAyLwmx K MONHOW AeBUTaNM3aLMmn 3710Ka4eCTBEHHON OMyXOMu, U3yYeHNN MEXaHU3MOB SI0KalbHOTO
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1 CUCTEMHOTO MMMYHHOrO oTgeTa. [1pn 3Tom cybkneTouHble muweHn npu OAT obycnosneHbl cBocTBaMU poToceHcnbrnmsatopos (OC).
B MHOroumcneHHbIx nccnefoBaHuAX NokasaHa npoTuBoomnyxonesasa 3GdekTMBHOCTL ucnonb3oBaHua OAT ¢ ®C Ha ocHoBe xnopuHa €6,
5-aMVHONEBYIMHOBOW KUCIIOTbI, MPOV3BOAHbIX MOPGMPUHOB. YCTaHOBIEHBI MEXaHU3Mbl AeicTBUA 1 MuwweHn 3tnx OC. B Poccun B page
NCCefOBaHN NOATBEPXKAEHA KNMHMYecKan addekTmBHocTs OAT y rpynn HENPOOHKONOMMUYECKMX NMAaLMEHTOB C MnanbHbIM OMYyXONAMU U
BTOPVYHbIMW MeTacTaTUYECKUMM OMYXONAMM, OfHAKO A0 CUX MOP METOA He BKIIOYEH B KIVHUYECKME PEKOMEHAALMN MO OKa3aHWIO BbICO-
KOTEXHONOTNYHON HENPOXMPYPrYecKoii momoLyn. besycnosHo, HeobxoanMma AanbHenwan pa3paboTka metoavku OAT B HENPOOHKONOrN,
0CO6EHHO y MaLMEeHTOB C BbICOKUM PUCKOM peLmanBa 1 arpeccusHbiMu onyxonamu LIHC.
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Introduction

One of the most challenging tasks in oncology is
the treatment of malignant tumors of the central ner-
vous system (CNS). The average life expectancy of such
patients after surgery, even with adjuvant therapy, is,
on average, 14 months for glioblastoma multiforme and
25 months for anaplastic astrocytoma. Despite the suc-
cesses of recent decades in understanding the funda-
mental principles of the mechanisms of neurooncogen-
esis, over the past 30 years the average life expectancy
of patients has increased by only 2-4 months [1-3]. That
is why it is necessary to develop alternative methods of
treating neuro-oncology patients.

The study and development of photodynamic ther-
apy (PDT) techniques for the treatment of malignant
brain tumors in the Russian Federation began at the Rus-
sian Neurosurgical Research Institute (RNSI) named after.
prof. A.L. Polenov back in 2001, where the foundations
were laid and the first patents were obtained, and a pro-
tocol for the use of PDT in patients with glial tumors was
developed [4, 5].

Outside the Russian Federation, research on the use
of PDT in neuro-oncology began back in the 1990s [6].
However, at the moment, in many countries, the use of
PDT for the treatment of malignant brain tumors remains
within the framework of research activities. An exception
is Japan, where since September 2013, PDT has been
approved as a new and effective technique for increas-
ing the degree of radicalization of surgical treatment
of malignant glial tumors and has been included in the
standards of medical care [7]. There are also literature
data on the effectiveness of intraoperative PDT in the
treatment of malignant meningiomas (median survival is
reported to reach 23 months), however, reports are rare
and patient groups are small [8].

In our opinion, at the present stage of development
of the subject and further progress in PDT technology in
neuro-oncology, the relevant directions are: minimizing
the effect on healthy tissue, developing new generations

of photosensitizers (PS), optimizing routes for delivering
PS to target points, and developing new fiber-optic tech-
nologies. The main goal of this work is to present the cur-
rent state and degree of development of intraoperative
PDT in neuro-oncology based on the analysis of domes-
tic and foreign literature, and to discuss the results of the
most significant studies on PDT. The review examines
the principles, advantages and disadvantages of PDT in
the structure of complex treatment of malignant brain
tumors, types of PS and methods of its delivery to the
central nervous system, modern fiber-optic technologies
in PDT, and demonstrates possible directions for further
development of PDT technology in neuro-oncology.

The search of the studies published from January
2000 to December 2022 was performed in the Pubmed,
EMBASE, Cochrane Library and eLibrary databases, using
the query “photodynamic*[ti] AND therapy*[ti] AND
(brain tumor* [ti] OR gliom*[ti] OR glioblastoma*[ti] OR
meningiom*[ti] OR brain metast*[ti])” for foreign works
and the keywords “photodynamic therapy AND (glio-
blastoma* OR gliomas* OR meningiomas* OR brain OR
intracerebral metastases*)” for domestic ones. During
the search, duplicate articles in different databases have
been excluded, only peer-reviewed publications, exclud-
ing abstracts and publications based on conference pro-
ceedings, have been included.

204 publications were found in the Pubmed, EMBASE,
and Cohrane Library databases, of which 26 were review
articles, and only 2 systematic reviews that met the
requirements of the international PRISMA system. In the
elibrary database, issues of PDT in neuro-oncology are
discussed in 59 publications. This work analyzes litera-
ture data from both foreign and domestic authors.

Photosensitizers

Photosensitizers (PS) are one of the three main com-
ponents of PDT. Properly selected PSs must meet a num-
ber of requirements, including the absence of systemic
toxicity, selective accumulation in tumor tissue and acti-
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vation at light wavelengths sufficient for deep penetra-
tion into brain tissue, minimal exposure to surrounding
brain tissue, ease of administration of the drug into the
patient’s body, and clear visible fluorescence when visu-
ally assessing the degree of PS accumulation [9].

According to the publications, there are three gener-
ations of photosensitizing compounds [10, 11]. The mol-
ecules of the first generation of PS (photofrin, temopor-
fin, verteporfin) consist of naturally formed porphyrins,
including hematoporphyrin (HpD). These compounds
are activated at wavelengths of about 400 nm [12]. First
generation PS drugs have a number of significant disad-
vantages: first, they have a low quantum yield of singlet
oxygen, and as a result, lower efficiency; second, they
realize their effect at wavelengths close in spectrum to
natural light, having a pronounced phototoxic effect on
the skin. First-generation PSs have a longer half-life of
the drug compared to next-generation PSs [13].

In neuro-oncology, second-generation PSs are most
often used, such as chlorins (photoditazin, photoran) and
aminolevulinic acid derivatives (alasens). These drugs are
activated by wavelengths of more than 600 nm and are
most effective in generating singlet oxygen species [14,
15]. Recently, borated derivatives of porphyrins and chlo-
rins have been actively studied in connection with the
prospect of their use in PDT. The ability of borated deriva-
tives of chlorin e6 and porphyrin (which are mono-, di- or
tetraanions) to penetrate flat bilayer lipid membranes has
been studied [16]. The advantage of these drugs is the
accumulation of PS mainly in the mitochondria of tumor
cells, which requires less light energy and minimizes side
effects to almost zero. However, these drugs are more
expensive and are yet used in experiments [15-17].

Today, active development of the third generation FS
is underway. There are three main groups of third-gen-
eration PSs, namely, nanotechnological (nanoparticles,
mesoporous structures, etc.), genetically engineered and
carrier-conjugated (antibodies against tumor antigens,
liposomes, vesicles). A number of studies have shown
that third-generation PSs conjugated to specific carriers
are characterized by the most pronounced specificity
and tropism for malignant tumor tissues. For example,
neuropilin-1 (receptor for endothelial growth factor) is
overexpressed in glioblastoma and is involved in tumor
neoangiogenesis. Conjugation of PSs with an antibody
to neuropilin-1 provides a targeted effect on the tumor
and also reduces blood flow in the tumor by approxi-
mately 50% [18].

Conjugation of PSs with an antibody to neuropilin-1
can increase the uptake of PS by tumor cells. In 2020, A.
K. Rajora’s et al. used apolipoprotein E3 nanoparticles
(the E3 chaperone for cholesterol transit in the brain
communicates with low-density lipoprotein receptors
in glioblastoma cells) to facilitate the delivery of PS to
tumor tissue [19].

M.A. Shevtsov et al. (2022) demonstrated that the
membrane-bound protein mHsp70 is present in glio-
blastoma tumor cells but not in healthy cells. The authors
have developed a drug based on an antibody to mHsp70
—the RAS70 peptide conjugated with PS, which will allow
it to be used in the future for intraoperative fluorescence
diagnostics, and possibly for PDT [20, 21].

Methods for delivering
photosensitizers to the brain

The optimal method of drug delivery should be safe,
minimally invasive, easy to learn and use. The main and
alternative routes of drug delivery to the brain currently
used are direct introduction of the active substance into
tumor tissue, installation of an implantable pump sys-
tem, use of devices for drug delivery with temporary dis-
ruption of the integrity of the blood-brain barrier (BBB),
as well as transnasal, intravenous and oral administration
of drugs [18, 22]. The intravenous route of administra-
tion has a number of obvious advantages, but faces the
problem of molecules of active substances crossing the
BBB [18]. Recent scientific advances offer opportunities
to overcome such limitations with varying degrees of
effectiveness. One of the possible solutions to this issue
seems to be the use of phonophoresis. Ultrasound has
demonstrated the potential to deliver drugs non-inva-
sively across the BBB precisely to the desired area [22].
The use of targeted nanoparticles makes it possible to
create the required drug concentration and reduce deliv-
ery time by improving the solubility and bioavailability
of hydrophobic drugs [23].

In addition to the BBB, an obstacle to the delivery of
drugs to the tumor is its heterogeneous and dynamically
changing microenvironment. It is known that the micro-
vasculature in glial tumors has a permeability of 7 to 100
nm, which is significantly less than that of tumors of other
localizations (380-780 nm). To solve this problem, scien-
tists propose using viruses that act as vectors that deliver
the agent of interest [24]. Recently, in molecular medicine
there has been increased interest in the use of quantum
dots (nanomaterial with specific spectral characteristics),
which have unique optical properties that provide high
sensitivity and selectivity [25]. Another possible promis-
ing solution may be the use of magnetic nanoparticles
[26]. Gold nanoparticles coated with covalent glycans,
complementary to the cerebral vascular endothelium,
have shown great potential for the delivery of therapeutic
agents to the central nervous system [27, 28].

Fiber-Optic Technologies

When performing PDT, light of a certain wavelength
and high intensity is required. Absorption of light quanta
by PS molecules in the presence of oxygen leads to pho-
tochemical reactions (reactions of types | and Il). Figure 1
shows a diagram of the reactions that occur during PDT.
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Shown schematically in Fig. 1 singlet forms of oxygen
cause cell death through the mechanisms of necrosis and
apoptosis [29-32]. Both types of reactions occur simulta-
neously, and their effect ratio depends on the oxygen
concentration in tissues, the pH of the environment and
the composition of the substances used [33]. Carrying
out PDT on the bed of a removed tumor increases the
radicality of the operation, since the depth of light pene-
tration, according to various studies, ranges from 5 to 12
mm [34-36]. The effectiveness of PDT, as well as its cyto-
toxicity, is influenced by many factors, including the type
of PS, the administered dose of PS and light dose, as well
as the presence of oxygen and the time interval between
the administration of PS and exposure to light [37, 38].
It is known that tumor cells are often “hypoxic’, and the
main metabolic pathway is anaerobic glycolysis, which is
problematic since PDT requires triplet O, in the ground
state. In order to solve this problem at A.L. Polenov RNSI
proposed creating controlled hyperoxia by increasing
the partial pressure of oxygen in the oxygen-air mixture
to 60%, which increases the formation of singlet oxygen
(patent No. 2318542 dated March 10, 2008) [5].

In the work of D. Bartusik-Aebisher et al. (2022) the
authors proposed a singlet oxygen generator based on
the fiber-optic method for its targeted delivery during
PDT. The goal of the idea is to develop a heterogeneous
device for PDT that uses optical excitation of PS mole-
cules released from the porous ends of a hollow micro-
structured optical fiber through which O, is supplied
[39]. The essence of the work is to develop a methodol-
ogy for bonding porous silicon to a commercially avail-
able hollow microstructured optical fiber, optimizing
the optical coupling between the fiber and the bound
PS, maintaining porosity throughout the bound silicon,
and releasing the PS from the silicon matrix by irradiation
with visible light.
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Fig. 1. Scheme of the course of the
reaction in photodynamic therapy (PS -
photosensitizer).

The modern principle of PDT is the use of a single
source of laser radiation, which is simultaneously used
for photodiagnosis and PDT (the principle of photother-
anostics), thereby ensuring spectroscopic monitoring
of changes in the fluorescence intensity of the PS dur-
ing laser irradiation. This achieves real-time PDT dose
control, which leads to a therapeutic dose of light in the
desired area and reduces photocytotoxicity to healthy
tissues [40].

Clinical effectiveness

Many studies have shown the clinical effectiveness
of surgical tumor resection in combination with PDT
[41]. The article by W. Stummer et al. (2008) described
a case of treatment of a patient with glioblastoma mul-
tiforme of the left frontal lobe who underwent surgical
treatment with radiotherapy and chemotherapy. Twelve
months after tumor resection, tumor recurrence was
detected, and PDT was performed during re-resection.
After oral administration of 5-ALA at a dosage of 20 mg/
kg, irradiation was performed using a diode laser with
a wavelength of 633 nm (with a power of 200 mW/cm?)
in continuous mode (light dose was 1200 J/cm?). Sub-
sequently, the patient lived for 5 years without tumor
recurrence [42, 43]. C. Schwartz et al. (2015) in their
study described a group of 15 patients who underwent
PDT with 5-ALA at a dose of 20 or 30 mg/kg. Irradiation
was carried out with a diode laser with a wavelength
of 633 nm, the average light dose was 12.960 J. Patient
survival was compared with the survival of patients
who underwent only surgical resection of the tumor.
Patients who underwent PDT showed a longer median
disease-free survival, which reached 16 months, while
in the second group this indicator was 10.2 months (p
<0.001). In 6 patients in the PDT group, the duration
of recurrence-free survival was more than 30 months.
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Seven out of fifteen patients were diagnosed with com-
plications in the postoperative period, namely, tran-
sient aphasia and pulmonary embolism [44].

In the study by A.Yu. Ryndy et al. (2023) included
161 patients with a malignant glial tumor of supraten-
torial localization, of which 80 patients underwent PDT
using photoditazine (1 mg/kg). The drug was adminis-
tered intravenously during the induction of anesthe-
sia. To irradiate the removed tumor bed, a Latus laser
unit (ATKUS LLC, St. Petersburg) with a power of 2.5 W
and a wavelength of 662 nm was used. Irradiation was
carried out in a continuous mode, the duration of ther-
apy depended on the area of the bed at the rate of a
therapeutic light dose of 180 J/cm?. The authors of the
work proved that PDT as part of complex therapy for
malignant gliomas of the brain significantly increases
the median overall survival in patients with grade 4
gliomas - up to 20.7 + 4.7 months (comparison group
- 13.5 £ 2.3 months; p =0.0002); and also increases the
median life expectancy without recurrence for patients
with grade 3 gliomas - up to 21.7 £+ 3.4 months (main
group - 15.8 £ 3.1 months; p = 0.0002), and with grade
4 gliomas - up to 11.1£2.1 months (comparison group
- 8.0£2.3 months; p=0.0001) [45].

Ta6nuua

The team at the Royal Melbourne Hospital has the
largest clinical experience in the use of PDT in neuro-
oncology, having studied more than 350 patients with
gliomas. The authors used hematoporphyrin deriva-
tives as PS at a dosage of 5 mg/kg (intravenous admin-
istration). The light dose ranged from 70 to 240 J/cm?. In
patients whose treatment regimen included PDT, 2-year
survival rates for newly diagnosed and recurrent glio-
mas were 28% and 40%, respectively, and 5-year survival
rates were 22% and 34%, respectively [46]. Regarding
the side effects of PDT, as reported by S. Eljamel (2010),
out of 150 patients who underwent PDT using 5-ALA and
Photofrin, complications were identified in 7 patients: 3
(2%) patients developed deep vein thrombosis during
treatment with Photofrin, none with 5-ALA-mediated
PDT; 2 (1.3%) patients developed skin photosensitiv-
ity due to poor light protection in the summer months
(0.6% with Photofrin-mediated PDT). After PDT, 2 (1.3%)
patients developed cerebral edema requiring treatment,
and one (0.1%) patient developed skin necrosis and
wound liquorrhea from a previously irradiated skin flap
[47]. Additional information about the use of various PSs
and the clinical effectiveness of PDT in neuro-oncology is
presented in Table.

CBoJHble cBeleHUs 0 KIMHUYecKoi appeKTUBHOCTU DT/, B HEMPOOHKONOTUU

Table

Summary of clinical effectiveness of FTD in neurooncology

Yucno
nayvieHToB

ABTOp,
rog

®C, posnpoBkKa
(mr/kr)

HeXxenartenbHble
peaxkuuu npu v nocne
AT (na/Her)

MepguaHa o6wen
BbDKMBaeMoCTH
(mec)

Jo3acBera,
(Ax/cm?)

XnopuHbi
Chlorins
S. Stylli, 2005 [48] 78 QoTodpuH | 70-240 Het 14,3
5 Mr/kr No
Photofrin |
5 mg/kg
H. Kostron, 2006 [49] 26 ®ockaH 20 Het 8,5
0,15 mr/kr No
Foscan
0,15 mg/kg
P.J. Muller, 2006 [50] 43 QotodpuH Il 120 Het 1
2 mr/Kr No
Photofrin Il
2 mg/kg
Y. Muragaki, 2013 13 Tananop$uH HaTpua 27 Het 24,8
[51] 40 mr/m? No
Talaporfin sodium
40 mg/m?
J. Akimoto, 2019 74 TananopduH HaTpus 27 Het 25
[52] 40 mMr/m? No
Talaporfin sodium
40 mg/m?
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K. Shimizu, 2018 [53] Tananop¢uH HaTpuA Het He yka3aHa
40 mr/m? No No data
Talaporfin sodium
40 mg/m?

Tatsuya Kobayashi, 70 TananopduH HaTpus 27 Het 16,0
2022 [55] 40 mr/m? No
Talaporfin sodium
40 mg/m?

T. Maruyama, 2016 27 Tananop¢wuH HaTpua 27 Het 24,8
[57] 40 mr/m? No
Talaporfin sodium
40 mg/m?

A.H.Sara, 2015 [59] 30 ®oTonoH 30 Het 15,0
4 mr/kr No
Fotolon
4 mg/kg
MopdupuHbl
Porphyrins
S.W. Cramer, 2020 5-ANK 80-120 Het
[62] 20 mr/kr No
5-ALA
20 mg/kg
W. Stummer, 2008 5-AJIK Het
[64] 20 mr/kr No
5-ALA
20 mg/kg
K. Mahmoudi, 2019 5-ANK Het 18,9
[66] 20 mr/kr No
5-ALA
20 mg/kg

OC - potoceHcmbunumsatop; OAT — poToanHammnyeckasn Tepanus; 5-AJIK - 5-amnHoneBynMHOBasA KucnoTa.
PS - photosensitizer; PDT - photodynamic therapy; 5-ALA - 5-aminolevulinic acid.
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Discussion

In neuro-oncology, the high rate of recurrence of
malignant tumors is due to both the invasive type of
tumor growth and its cellular resistance to traditional
methods of adjuvant therapy [67, 68]. The cascade
mechanisms that arise as a result of PDT cause alteration
of cell membranes and lead to irreversible damage and
destruction of photosensitized tumor cells. PDT not only
directly affects tumor cells, but also reduces the vascular-
ization (blood supply) of the tumor, causing an inflamma-
tory response that stimulates a local and even systemic
immune response. PDT does not affect the extracellular
matrix, therefore, the tissue healing process is associated
with a minimal risk of scar formation and adhesions, and
the risk of infectious complications is reduced [66]. PDT is
the subject of intensive research, although it has not yet
become widespread in neuro-oncology, and only a few
laboratories in the Russian Federation have transitioned
it to clinical use [69-76].

PDT has been successfully used for more than two
decades, however, in our opinion, the following prob-
lems still remain unresolved:

e Further development of PSs with greater selectivity
of accumulation in tumor cells and tissues is neces-
sary;

e Problem of skin photosensitivity;

e Problem of hypoxicity of malignant tumors;

There are certainly a number of advantages that
determine the relevance and provide incentive for the
further development of PDT technology:

e Low concentration of “free”PS in the body and rapid

elimination;

e Impact on tumor cells adjacent to vital functional
areas of the brain that are inaccessible to surgery;

o Ability to adapt existing endoscopic and micro-
optical techniques with new fiber optic equipment.
The prospect for further development of the topic of
PDT in neuro-oncology is the development of a hybrid
fiber-optic software and hardware complex based on
technologies used in various fields of modern science:
organic synthesis, physics, photochemistry, nanotech-
nology and artificial intelligence.

Conclusion

Due to the high selectivity of action, PDT therapy is
a very promising technique compared to classical treat-
ment methods used in neuro-oncology. Despite sample
size limitations and the small number of randomized
controlled trials, available evidence suggests a positive
effect of PDT on the survival of patients with glioblas-
toma compared with standard therapy.

The main advantage of the PDT method is its high
efficiency and minimally invasive nature. The high selec-
tivity of the effect on brain tumor cells during PDT, the
possibility of spectroscopic control and objectification
of the dynamics of PS accumulation during irradiation
allows to speak of PDT as an effective method for local
control of neoplastic processes in the brain, which in
turn leads to a long recurrence-free period and improve-
ment quality of life of neuro-oncological patients. This
approach in modern neuro-oncology can be considered
as an option of theranostics and has the right to be called
“photodynamic theranostics”.

The work was carried out within the framework of state
assignment No. 123021000128-4 “Development of a new
technology for the treatment of patients with secondary
brain tumors and recurrent meningiomas’.
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lMpaBuna gna aBTopos

MPABUNA OJ14 ABTOPOB

O6wume TpeboBaHUA
K npeAcTaBNneHHbIM MaTepuanam

OTBeTCTBEHHOCTb ABTOpa

MpepctaBneHHble B paboTe faHHble [OMKHbI ObITb OPUrMHanb-
HbIMW. He fonyckaeTca HanpaBneHvie B pefakuuio paboT, KoTopbie
6blnV HaneyvaTaHbl B 1PYryX U3AaHUAX AW NOCNaHbl AnA nybnmkaymm
B Apyrue pepakumm. OTBETCTBEHHOCTb 3a NPeAoCcTaB/IeHe maTepua-
OB, MOIHOCTBIO MJIN YAaCTUYHO OMYBIMKOBAHHbBIX B IPYrOM NeYaTHOM
n3gaHum, Hecet ABTOp.

ABTOp rapaHTUpyeT Hannyme y Hero NCKIIoUNTENbHbIX NpaB Ha
ncrnonb3oBaHWe nepefaHHoro Pepakuum matepuana. B cnyuvae Ha-
pyLIeHVA AaHHOW rapaHTu 1 NpeabABNeHNA B CBA3W C 3STUM NpeTeH-
3ui K Pepakumu, ABTOp CaMOCTOATENbHO 1 3@ CBOW CYeT 06A3yeTcA
yperynuposaTb Bce npeTeH3nun. Pefakuna He HeceT OTBETCTBEHHOCTU
nepepn TPETbVMM NNLAMV 3a HapyLleHne AaHHbIX ABTOPOM rapaHTUil.
3a OCTOBEPHOCTb U MOMIHOTY CBEAEHWI, N3NIOXKEHHbIX B My6nnkauu-
AX, @ TakXKe 3a TOYHOCTb MHPOPMaLMK MO LMTUPYEMON iuTepaType,
HeceT OTBETCTBEHHOCTb ABTOp CTaTeil.

Mpouepypa npenocraBneHna
ctatbu B Pegakuuio

CraTbu B pefjakLiio XypHana nogatot Yepes Gopmy Ha caiiTe xyp-
Hana www.pdt-journal.com.

ABTOpY, OTBETCTBEHHOMY 3a KOHTaKTbl C Pefakuuei, Heobxognmo
NPONTN Ha CanTe XypHana npoueaypy peructpauuu, nocsie yero rno-
ABNAETCA TEXHNYECKaa BO3MOXHOCTb HaMpaBUTb CTaTbio B PeaakLmio
yepes cneumanbHyio dopmy.

O6wue Tpe6oBaHNA

ABTOP, OTBETCTBEHHbIN 3a KOHTaKTbl C Peflakumen, 3arpyaeT cTa-
TbiO Ha CaliT XKypHana oTaenbHbIM dainom B dopmate doc. nnu docx.

MeTagaHHble HEO6XOAMMO AOMONIHUTENIbHO BHECTU B OTAESbHYIO
3M1eKTPOHHY0 Gopmy.

TeKcT cTaTb B npuKpenneHHoM ¢aiine fomKkeH ObiTb HabpaH B
TEKCTOBOM pefaKkTope Kernem 12 nyHKTOB yepes 1,5 nHTepBana, xe-
natenbHo wpndTtom Times New Roman Cyr, nepeHoc cnoB He fenaet-
¢, ab3auHbIii oTcTyn — 10 Mm. Pa3mepbl noneit: BepxHee 1 HUXKHee —
20 mm, neBoe — 30 MM, npasoe — 20 MM. PekomeHlyemblii 06bem cTaTby,
BKJIlOYas TabNuLbl U nuTepaTypy — B npegenax 12-15 ctpaHuy dopma-
Ta A4. Bce cTpaHuLbl JOMKHBI 6bITb MPOHYMEPOBaHbI.

TutynbHasa cTpaHnua

TuTtynbHas cTpaHuLa JO/KHa CofepKaTb:

+ Ha3BaHue CTaTbyi (BblpaBHMBaHMe MO LiIeHTPY, 3arnaBHble 6yKBbl);

« MHUUManbl U GaMUIMIo KaXxAoro aBTopa (BblpaBHVBaHME Mo
LeHTpY);

+ Ha3BaHWA OpraHM3auuii, B KOTOPbIX paboTaloT aBTOpbl (ecnn
aBTOp paboTaeT 1 BbIMOHAN NCCNEA0BaHNA B HECKOMbKIMX Op-
raHu3aLmAXx, >kenaTefbHO yKa3biBaTb Ha3BaHVA BCeEX OpraHm3a-
L), ropofa 1 CTpaHbl (BblpaBHVBaHME MO LEEHTPY, Ha3BaHWA
opraHn3aLuin JOMKHbI ObITb AaHbl B COOTBETCTBUN C aHHbIMU
noptana e-library, B cnyyae HeckonbKvx opraHusauuin nepep
Ha3BaHMEM KaX[OoW yKa3blBaeTCs MopAfKoBbIli HoMmep B dop-
MaTe BepxXHero mHAekca v nocsie GpamMunnm Kaxaoro astopa
TaKXXe BEPXHVM MHAEKCOM 0603HayaeTcs ero NpuHaAnexHoCTb
K onpefeneHHo opraH13aLmm 1m opraHusayuam);

+ pesiome CTaTbll B HECTPYKTYpMPOBaHHOM Bufe (6e3 BblgeneHus
oTAeNbHbIX pasgenos) o6bemom 150-200 cnos;

« KJoyeBble cfioBa (5-10 cnos);

+ KOHTaKTHylo MHbopMauuio Ana oblieHnA uuTaTenein C oTeeT-
CTBEHHbIM aBTOPOM AJfiA Mybnukaumn B CBOOOJHOM AOCTyre
(e-mail);

+  CCbIIKY Ha CTaTbio [ LUTUPOBaHUA.

Bce BbllenepeyuncnenHble pasgenbl AyOnnpyoTca Ha aHMUACKOM

A3blKe.

Pasgenbl ctaTtbm

OpI/II’VIHaanbIe CTaTbW AOKHbI cofep»KaTb cnefytoume pasaenbl:
BBeeHNEe, maTepuan 1 MeTofbl, pe3ynbraTbl, o6cy>KneH|/|e (nocne,qm/le
ABa pasfena moryTt 6bITb 06‘be,ql/IHeHbI), 3aKnoyeHne. HazgaHusa pasge-
OB [0JTXKHbI 6bITb BblAesIeHbl MONYXXUPHbIM mpM¢TOM.

0630pbl IMTEPaTYpPbl MOFYT ObITb HE CTPYKTYPUPOBAHDI.

A66peBuaTypbl

B TeKcTe cnepyeT 1Cnonb3oBaTb TONbKO OOLENPUHATBIE COKpaLLe-
HuA (abbpeBunaTypbl). He cnefyet npyMeHATb COKpaLLeHVsA B Ha3BaHUN
cTaTbu. MOMHbIV TEPMVH, BMECTO KOTOPOTO BBOAWTCA COKpALUEHNe, Cre-
[yeT paclumppoBbIBaTb NPY NEPBOM YNOMVHAHNN €ro B TEKCTE (He Tpe-
6y10T pacwdPOBKM CTaHAAPTHBIE EAVIHNLbI 3MEPEHUS U CUMBOJIbI).

Tabnuubl

TabnuLbl ¥ TEKCT [OMKHbI AOMONHATL APYT APYra, a He Ay6nnpoBaTb.

TabnuiLbl HyMepYIOTCA B COOTBETCTBUV C MOPALKOM UX LIUTUPOBaHNA
B TekcTe. Kaxgan Tabnuua fomkHa MMeTb KpaTkoe Ha3BaHue 1 MMeTb
CCbUIKM B TeKCTe (Hanpumep: Tabn. 1). EAMHCTBEHHas Tabnvua B cTaTbe
He HyMepyeTcs. 3arofoBkn rpad AOMKHbI TOUHO COOTBETCTBOBATH WX
copiepxaHuto. /icnonb3oBaHHble B TabnuLie COKpaLLeHWsA MOAexar pac-
LWNGPOBKE B KOHLE TabNMLbI.

HasBaHua Tabnuu 1 BcA nHpopmaLys B Tabnmuax gybnupyerca Ha
AHITINIACKOM fA3bIKe.

PucyHkn

PVCYHKIM LOMKHBI AOTMONHATL VIMEIoLMECA B CTaTbe TabNuLbl Y TEKCT,
a He ny6nMpoBaTh UX.

QoTorpaduv JOMKHbI ObITb KOHTPACTHBIMUK, PUCYHKN — YETKUMM.
Mmetowmecs B ctatbe rpaduKkim AOMKHbI ObiTb NPEACTaBNEHbI (BO3MOX-
HO, OTAeNbHbIM daiiniom) B Bae TabnuL, ¢ UCXOLHbIMU AaHHBIMU.

Ha mukpodoTtorpadumsax Heo6xoAMMO yKasaTb MeTof OKpacKy, yBe-
nnyeHne.

PucyHKM HymepyoTCA B COOTBETCTBIM C MOPALKOM UX LIUTUPOBAHUA
B TeKcTe. KaXabl PUCYHOK AOMKEH VIMETb KpaTKoe Ha3BaHue 1 UMeTb
CCbIIKM B TeKCTe (Hanpumep: puc. 1). EQUHCTBEHHbIN PUCYHOK B CTaTbe
He HymepyeTCA.

He cnepyeT rcnonb3oBathb Ha PYCyHKax, B TOM UYKCie Ha rpadukax,
KpaTKne 0603HaueHus, Aaxe paclurdpoBaHHble B TekcTe (t, S v ap.).

Bce noanucy K pucyHkam Ay6nmpytoTcs Ha aHIINCKOM S3blKe.

Bce TeKcTOBble HAaANMCK Ha PUCYHKax Takxke AybnupyoTca Ha aH-
TMIVACKOM f3blKe Yepes CaLu.

Bce cTaTby, nocTynatowme B pefakLmio, MPOXOAAT MHOTOCTYNeHYa-
TOe peLieH3MPOoBaHIe, 3aMeYaHNsa PELEeH3EHTOB HaMpPaBATCA aBTopy
6€3 yKa3aHUA MMEeH PeLIeH3eHTOB Yepes NINYHDIN KabUHET Ha caiiTe Xyp-
Hana. Mocsie nonyyeHVs peLeH3uii 1 OTBETOB aBTOPa PeaKoNervis npu-
HVMaeT peLleHue O My6anKauuy (Uv OTKIIOHEHUK) CTaTby.

Pepakuus octaBnser 3a co6oi NPaBo OTKIIOHUTb CTATbiO C HaMNpae-
NeHNeM aBTOPY MOTMBMPOBAHHOMO OTKa3a B NCbMeHHO Gpopme. Oue-
peaHoOCTb Ny6AMKaLmmn CTaTel YyCTaHaBIMBAETCA B COOTBETCTBUM C pe-
[AKLVOHHDBIM NIAHOM M3[aHuUsA XXypHana.

Pepakuus >ypHana OCTaBfifieT 3a co6oi MPaBoO COKpaLaTb U pe-
[aKTMpOBaTb MaTepuanbl cTaTbu. HebGonblume ncnpaBneHus CTUANCTA-
YECKOro, HOMEHKJIATYPHOTO Wy GOPMAsIbHOrO XapakTepa BHOCATCS B
CTaTblo 6e3 CornacoBaHms C aBTOPOM.

Pefakuus MMeeT NpaBo YaCTUYHO UKW MOSIHOCTBIO MPEAOCTABIIATD
MaTepuiasbl Hay4YHbIX CTaTell B POCCUNCKUE U 3apy6eskHble opraHnsaumm,
obecrneyrBaioLme NHAEKCALMIO HaYUHbIX Ny6AMKaLMi, a TakKe pasme-
LLaTh JaHHble MaTepurarbl Ha MHTEPHET-CalTe XypHarna.

MpeacTaBneHvie ctatby Ans NyGAVKaumMmM B KypHase nogpasyme-
BaeT cornacue aBTopa(os) C ony6IMKOBaHHbIMY NPaBMIaMu.

MNMonHble npaBuna ¢ npumepamu oGOPMNIEHUA TUTYNIbHOMN
CTpaHuLbl, PUCYHKOB, TabnuL, U CNMCKa NINTEPaTypbl, NPUBEAEHDI
Ha caiiTe XypHana B pa3pene «[paBuna gna aBTopoB» https://
www.pdt-journal.com/jour/about/submissions#authorGuidelines.
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