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Peslome

MoTrBauven npoBefeHNA HaCTOALLEro NCCIeA0BaHNA NOCYKIIa HEOOXOAUMOCTb Pa3BUTUA METO0OB CPOYHON MHTPaonepaLoHHON 6roncum
npw NpoBefeHNN ornepauyvin No NOBOAY YAaNeHVA BHYyTpMYepenHbix onyxonein. Ha ocHoBaHMK onbiTa npeAbiayLleli COBMecTHoN pabotbl MOD
PAH n HMUL, Helipoxmpyprum um. H.H. BypaeHKo no BHeAPEHMIO B KIIMHMYECKYIO MPaKTUKY MeTOA0B ¢GyopecLeHTHON CNeKTpocKonum 6bin pas-
paboTaH noaxop, KOMOVMHMPYIOLLMI Pa3INYHbIE ONTUKO-CNEKTPasibHble METOAMKY, TaK1e KaK CMeKTpocKonva ayTopayopecLeHumm, GryopecteH-
unm 5-AJTK nHpyumposaHHoro npoTtonopdupuHa IX, anddysHoro otTpakeHUs LWNPOKOMONOCHOTO M3/lyYeH)s, N0 KOTOPOMY MOXHO OMNpeaenaTh
KOHLIEHTpaLIo reMoriiobuHa B TKaHAX 1 UX ONTUYECKYHO MIOTHOCTb, CMEKTPOCKOMMUA KOMOVHALMOHHOIO pacceaHus, ABNAIOLWAACA METOAOM Mosle-
KyNAPHOW CNeKTPOCKOMUK, MO3BOMALWMUM AETEKTMPOBaTb PasfiyHble MONIEKYJIbl B TKaHAX 3a cyeTa KonebaHunii OTAeNbHbIX XapaKTepHbIX CBA3ei
B MOJleKy/ax. Takoe pa3Hoobpasuie ONTUKO-CNEeKTPalibHbIX XapaKTePUCTUK 3aTPyAHAET UX HEMOCPEACTBEHHDIV aHaIM3 XMPYProm BO BPeMs ore-
paumu, Kak 3To 06blYHO peannsyeTcs B cylyyae $p1yopecLieHTHbIX METOAOB - MO MPEeBbILLEHNI0 HEKOTOPOro NOPOra NHTEHCUBHOCTY (riyopecLeH-
Lyn € onpefesieHHON CTeNeHbo AOCTOBEPHOCTM MOXHO CYyAWTb O TOM, HAXOAMUTCA I B 30HE NCCIIeA0BaHNA HOPMalibHasA Un OMyXosieBas TKaHb.
B cnyuae, ecnv uncno napameTpoB npeBbllLaeT napy AeCATKOB, HEOOXOAMMO MCMONb30BaHKe anropUTMOB MALLMHHOTO 0OYYeHNA AnA MOCTPOEHNA
cucTeMbl MOAAEPXKKM NPUHATMA PeLLeHUil XMpypra Bo Bpems onepauun. Hactoswasa paboTa npeactaBndeT UCCieoBaHNA B STOM HanpaBieHUM.
MpoBeaeHHbIN HamMK paHee CTaTUCTUYECKUIA aHau3 JaHHbIX OMTUKO-CMEKTPasIbHbIX XapaKTepUCTVK MO3BOMIT BbIAEUTb CTaTUCTUYECKN 3HaUN-
Mble CrieKTpasibHble A1anasoHbl AnA aHanm3a, penpeseHTupyloLme AUarHoCTUYeCKn BaxkHble KOMIMOHEHTbI TKaHeil. MiccnefoBaHUA MeToAoB Mo-
HIPKEHNA pa3MepHOCTU BEKTOPA OMTUKO-CMNEeKTPasibHbIX MPY3HAKOB 11 METOAOB KilacTepusaumnm uccinefyembix 06pasLioB Tak»Ke No3BONUAN Npu-
61131TbCA K peanu3aummn MeToaa aBToMaTyeckon Knaccurkaumm. BaxxHo oTMeTnTb, YTO 3adaya Knaccudukaumm MoxeT ObiTb 1CMOoNb3oBaHa
B ABYX NPUNIOXKEHWAX - AnA AuddepeHuymaLmnm pasnnmyHbix onyxonei u ana anddepeHumannm pasianyHbix Yactern ogHom (LeHTp, nepudokKanbHas
30Ha, HopMma) onyxonu. B HacToAwel paboTe NpefcTaBeHbl pe3yNbTaTbl HALLKIX MCCNIEA0BaHMI B NePBOM HamnpasieHun. Mbl ncciefoBanu coyeTa-
HIe HECKOJIbKIX METOLOB U MoKa3asni BO3MOXHOCTb AnddepeHUmaLmy rmanbHbIX U MEHUHIeasbHbIX OMyXosiel Ha OCHOBaHUV NPeAJSIOKEHHOrO
MeTofja ONMTUKO-CMeKTPasibHOro aHanmsa.

KnioueBble cnoBa: onTnyeckas CneKTPOCKONusA, BHYTPUUYEPENHbIE OMyXOMu, MalMHHOE 0ByYeHNe.
KoHTakTbi: PomaHunwkmH W.[., e-mail: igor.romanishkin@nsc.gpi.ru

[Ana untnposanma: PomannwknH U.J., CaBenbesa T.A,, OcnaHos A., Jlunbkos K.I., Lyran C.B., TopainHos C.A., MNMasnosa I'B., MpoHuH U.H., JloweHos
B.b. Knaccndrkauma BHyTpUUYepenHbix onyxoseil Ha OCHOBE OMTHKO-CNeKTpaabHOro aHanmsa // Biomedical Photonics. - 2023. -T. 12, N 3. - C. 4.--
.10 doi: 10.24931/2413-9432-2023-12-3-4-10.
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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 GPI RAS 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 usu-
ally 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 direc-
tion. 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.

OPUTUHAJIBHbBIE CTATbU

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

For citations: Romanishkin I.D., Savelieva T.A., Ospanov A., Linkov K.G., Shugai S.V., Goryajnov S.A., Pavlova G.V., Pronin |.N., Losche-
nov 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.

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. Sys-
temic cancers most prone to metastasize to the CNS in-
clude 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 di-
agnosis 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]. How-
ever, 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 intraopera-
tive photodynamic therapy, which is gaining popular-
ity in neurosurgical practice [3, 4]. Optical spectroscopy
methods based on both 5-ALA induced protoporphyrin
IX fluorescence analysis [5-7] or chlorin-based photosen-
sitizers [8] and molecular spectroscopy methods [9, 10]
offer a wide range of possibilities in this field. We have
previously proposed a combined approach integrat-
ing fluorescence and diffuse reflectance spectroscopy

BIOMEDICAL PHOTONICS T. 12, Ne3/2023

[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 spe-
cial 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 accumula-
tion 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 di-
agnosis 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 Preserva-
tion of Biological Materials on tumor tissue samples ex-
tracted during neurosurgical operations, immediately af-
ter 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 speci-
mens (total 195 tissue samples) were taken with subse-
quent verification by pathomorphologic examination.
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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. Autofluo-
rescence measurements were performed for 163 sam-
ples out of 195.

Since our recent studies on cluster analysis of these
data [15] have shown that without partitioning by di-

agnosis 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 analyz-
ing spectral data

Biomedical data often have omissions because some
procedures may not have been performed on individual
patients due to individual differences or chance circum-
stances. 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 spectros-
copy 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 proto-
porphyrin IX, since it is these tumors that require addi-
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tional features to differentiate them from healthy tissues,
we included the method of recording autofluorescence
under 405 nm excitation. Thus, some of the measure-
ments 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 in-
formation about their values in those samples that have
them. There are several approaches to data recovery.
One type of interpolation algorithm is univariate inter-
polation, which interpolates the values in the i-th feature
dimension using only the non-missing values in that fea-
ture dimension. One of the simplest examples of this ap-
proach 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, multivari-
ate 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 re-
cover 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 differ-
ent 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 aver-
age 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 pro-
cedure [16]. Feature filtering removes features (wave-
lengths, wave numbers, peak positions) that may contain
noise or information that lowers the contrast between
the studied groups. This procedure reduces the dimen-
sionality 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 in-

clude principal component analysis (PCA) and linear dis-
criminant analysis (LDA). Among the nonlinear ones we
used in this paper are: spectral embedding (Laplacian Ei-
genmaps, SE), t-distributed stochastic neighbor embed-
ding (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 inde-
pendence 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 di-
mension 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 di-
mensionality 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 re-
gression is also based on dividing the data in the feature
space into groups using some threshold. In linear regres-
sion 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 inde-
pendence.

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 meth-
ods. 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 men-
ingiomas (i.e,, non-meningiomas falling into non-men-
ingioma classes), but the maximum sensitivity of their
detection does not exceed 50% when combining lin-
ear discriminant analysis as a dimensionality reduction
method and a naive Bayesian classifier.

For distinguishing between normal tissue, tumor tis-
sue, 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
with necrosis, the sensitivity of detecting necrotic tissue
couldn’t be assessed.

OPUTUHAJIBHbBIE CTATbU
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Puc. 3. Knaccuoukauma obpasuos no aovarHosam (KpacHbli — MEHUHITMOMbI, CUHUWA — FAMOMbI, 3€AeHbIW — MeTacTa3sbl) NOCAe NPUMEHEHUS
PCA: a - MmeToA ONOPHbIX BEKTOPOB; b — AOrUCTUUECKas Perpeccust; ¢ — HauBHbIM 6alecoBCKUI KaaccupuKaTop.

Fig. 3. Classification of samples by diagnosis (red — meningiomas, blue — gliomas, green — metastases) after PCA: a - support vector ma-
chine; b - logistic regression; ¢ - naive Bayesian classifier.

Puc. 4. Knaccuoukauma obpasuoB no aovarHosam (KpacHbli — MEHUHITMOMbI, CUHUWA — FAMOMbI, 3€AeHblW — MeTacTasbl) NOCAE NMPUMEHEHUS
LDA: a - MeToA OMOpHbIX BEKTOPOB; b — AOrMCTUUECKAn perpeccus; ¢ - HauBHbIM 6aecoBCKUIM KnaccudukaTop.

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

Pe3ynbTaTthl KNaccudUKauum ravom ¢ ucnonb3osaHmem LDA v HauBHoro bareca

Table 1
Results of glioma classification using LDA and naive Bayes

“ YyBcTBUTENBHOCTD CneundunyHocTb TouyHOCTD

Mo3roBasi TKaHb

0,
Brain tissue 100.00%
Onyxonb a1 95%
Tumor
Hekpo3s _
Necrosis

If we analyze the biochemical components (repre-
sented in the logarithm in Fig. 5 b) 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 oppo-
site trends for tumor tissues. For necrosis, we see a signifi-
cant 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 se-
lect the most significant features, recovery of missing
data, and automatic classification methods such as sup-
port vector machine, logistic regression, and naive Bayes
(based on the assumption of feature independence) pro-
vided glioma detection with a sensitivity of 94.55% using
linear discriminant analysis and logistic regression, but
specificity was below 50%. Using a naive Bayesian classi-

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

fier, 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 tu-
mor 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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Pe3lome
KOﬂbI‘IOCKOI‘IVIﬂ NO3BONIAET MUCC/ieqoBaTes o IOKanM30BaTb NOTEHLUMASIbHbIE nopameva, OUEHUTb TAXEeCTb I'IOpa)KeHI/Iﬂ n I'IOﬂyql/ITb KONbMOCKO-
nnyecKku Hal'lpaBJ'IeHHyIO 6I/IOI'ICI/IIO. ﬂaHHbII7I MeTo[  nmeet OrpaHVIHEHHyIO HyBCTBI/ITEﬂbHOCTb n CHeuM¢MHHOCTb, Bbi3bIlBasA Cepb€3HbIe onaceHuAa
no I'IOBOﬂy BEpOHTHOCTI/I nponyCKa auncnnasnm UJEI7IKI/I MaTKW. (DJ'IyOpECLl,EHTHbIe mMeTobl ANAarHOCTUKN ﬂpeﬂpaKOBbIX 3860ﬂeBaHI/II7I LUeI7IKVI MaTKKn
1 paHHKX GopM paka obnapatoT KpaliHe BbICOKOW YyBCTBUTENIbHOCTbIO, fJocTuraowwen 90%. MpeactaBneHHble pe3ynbTaTbl MCCIEA0BaHMUS MO3BO-
NIAKT B FIOI'IHOI7I Mepe 3aABUTb O BblCOKOI;I I/IHCI)OpMaTVIBHOCTI/I ¢nyopecueHTH0|7| KOJIbMOCKOMUK B BblABNEHUN ONCTMTAaCTUYECKUX OYaroB Ha LUeI7IK€
MaTKW.
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POSSIBILITIES OF FLUORESCENCE DIAGNOSTICS IN
DETECTING MULTICENTRIC FOCIES OF CERVICAL
DYSPLASIA
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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 diagnosing 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.

Keywords: cervical dysplasia, fluorescent diagnostics, cervical biopsy, photodynamic therapy.
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nostics in detecting multicentric focies of cervical dysplasia, Biomedical Photonics, 2023, vol. 12, no. 3, pp. 11-14. doi: 10.24931/2413-9432-
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BBepeHune

B 2020 r. BO BCcem mupe 6bino 3aperncTpupoBaHoO
604 127 cnyyaeB 3ab0neBaHNA Pakom ek matku (PLLM)
1 341 831 cmepTen BCneacTsMe JAaHHOIO 3/I0KaYeCTBEH-
Horo HoBoobpa3soBaHuA [1]. PLLUM 3aHuMaeT yeTBepToe
MECTO Cpeaun Haubornee 4acTo ANArHOCTUPYEMbIX BULOB
|paka 1 YeTBepTOe MeCTO Cpean OCHOBHbIX MPUYMH CMEPTU
OT paKa Yy XeHLuH Bo Bcem mupe [2]. B Poccunckon Qe-
pepaunuv B 2021 r. 6onee yem y 15 TbiCAY XeHLWMH Obiia
BrepBble BblsIB/IeHA AaHHAA NaToNOrns, CMepPTHOCTb OT
PLLUM coctaBmna 6onee 6 Tbicay cnyyaes [3].

CKpVIHVHI Ha npeapakoBble 3aboneBaHua u PLUM
y ueneBblx rpynn nauuneHtoB B Pecny6nuke KasaxcrtaH
(PK) npoBoaAT ¢ MOMOLLbIO PYTUHHOTO LIMTONOMMYECKO-
ro nccnegoBaHnA maska no lNanaHukonay. Mpu BbiABNE-
HUN aHOMaNbHOrO pe3ysnbTaTta Mo aAropuTMy NpPoBOAAT
KOJIbMOCKOMWIO 1 TeCTMPOBaHMeE Ha obHapyxeHne [JHK
BbICOKOOHKOI€HHbIX TUMOB BMpYycCa NanuiiioMbl Yenose-
Ka (BMY).

O6a3aTeflbHOMY OHKOCKPUHUHIY B PK nopgnexat
»KEHLWKMHbI B Bo3pacTe ot 30 go 70 net 1 pas B 4 roga.
Mo pe3ynbratam LMTONOMMYECKOro MeTofa CKPUHMHIa
Ha PLLUM B 2021 r. Bcero o6cnenoBaHo 757 454 eHWwuH
B Bo3pacTte 30-70 neT, n3 31oro uncnay 0,99% (7 498) Bbli-
ABJIeHbl NpefpakoBble 3aboneBanns, y 0,04% (319) Bbi-
aneH PLLUM. 3a6onesaemoctb PLUM (gonsa BnepBsble Bbl-
ABNIeHHbIX) cocTaBuna — 1804 »eHwwuH (18,3 Ha 100 Tbic.
MEeHCKoro HaceneHus npotme 17,2 B 2020 r.). YpoBeHb
cvmepTHOCTM OT PLUM B 2021 . He M3MeHeH No CpaBHe-
HUto ¢ agaHHbIMK 2020 . n coctaBun 6,0 Ha 100 TbIC. XKeH-
CKOro HaceneHus [4].

HecmoTpAa Ha cyllecTBOBaHMe B HacTosllee Bpems
YeTKMX NOJSIOKEHNIN O NpefpakoBbix npoueccax 1 PLUM,
Hannune HageXHoOro TeCTOBOro KOHTpons (uutonormye-
CKoro, konbnockonuyeckoro) PLLUM go HacToswero Bpe-
MeHW OCTaéTCA akTyanbHOW NPO6IEMON OHKOFMHEKONO-
rmu [5].

PLLIM oTHocuTCA K BM3yasbHO AOCTynHOW dopme
3/10KaYeCTBEHHOW OMyXOMn, MO3TOMY BO3MOXHOCTU AJ1A
[PaHHero BbIIBNIEHMA NPAKTUYECKN He OrpaHunYyeHbl. Ona
3TOro JOCTaTOYHO CBOEBPEMEHHOIO M NPABUAbHOMO UC-
MoONb30BaHUs JOCTYMHbIX Y MHOOPMATUBHBIX METOAOB
AnarHoctukn. Kpome Toro, CBOeBpeMeHHO HauyaToe Je-
yeHune NpefpakoBblX NPOLIECCOB LWENKM MaTKK NO3BONA-
0T NpegynpeaunTb passutme PLIM [6].

[okasaHo, uyTo npnunHon passutua PLLUM moxet aB-
NATbCA NepcmcTrpyowas nHoekumsa BMY B TKaHM Wwenku
MaTKu. Bupyc nanunnombl yenoseka (BIMY) — caman pac-
NpoCTpaHeHHasa uHbeKUus, nepegaBaeMasi MONOBbIM
nyTem [7]. MNpwn gnutenbHOM NEPCUCTEHL MM B OpraHm3me
XeHwwHbl BMY nHbekummn peanusyrotca gucnnactmye-
CKMe NpoLecchbl Ha LWerKe MaTKK, NPy OTCYTCTBUW NleYeHns
KOTOpOW criegytoLlen ctagunen passutma asnsetca PLUM.

Masok [NanaHukonay ABAAETCA CKPUHUHIOBbIM Tec-
TOM, 1 B 3aBUCMMOCTM OT OTKJIOHEHWSA OT HOPMbI Cleayto-

LWMM LIAaroM B OLIEHKe MpoLecca CTaHOBUTCA NpoBefe-
Hue Konbnockonuu. MeToanka npoueaypbl 3aKnoyaeTca
B 06paboTKe LWelKu MaTKu 5% pacTBOPOM YKCYCHOM KUC-
NOTbI C NOCNEAYLWMM OCMOTPOM MOKPOBHOMO SNUTeNnA
noa yeenunuyeHvem. Natonornyeckn N3mMeHeHHble yyacT-
KW CIIM3UCTON LIEeNKW MATKN XapaKTepusyTcA CTONKUM
nobeneHnem snutenus. MpuuenbHaa 6uoncusa, B3ATas
C OaHHbIX YYaCTKOB, HaNpaBfAeTCA Ha rMCTONOrmyeckoe
nccnefoBaHe Ona onpefeneHus xapakrtepa M3MeHe-
HUI. Konbnockonus, KOTopas B HacTosALee Bpems BKII0-
yeHa B peKOMeHZaLuuM BCEMUPHOWN opraHmnsauumn 3gpa-
BooxpaHeHus (BO3) ans >KeHWWH, MHOMLMPOBAHHbIX
BMPYCOM Nanunnombl yenosekKa (BIMY), octaetca sTanox-
HbIM CTaHZAPTOM MPOBeAEHNA BUONCUN ONA NOATBEPXK-
neHuA npeppaka u PLLUM [8].

OOHUM 13 MPUOPUTETHDBIX HaNPABAEHN B COBPEMEH-
HOW MeZMLMHe ABAETCA NPUMEHEeHrEe GprlyopecLeHTHON
anarHoctiku (O1) ¢ nomoublo BBEAEHUA SK30TMeHHbIX
¢doToceHcnbunmsatopos (OC). Mpy nonagaHum B Kpo-
BoToK OC yvalle BCcero CBA3bIBAOTCA C CbIBOPOTOYHbBIMU
6enkamu, obpasys KommnnekcHble coeauHeHus [9]. O6-
pa3oBaBLlumecs komnnekcbl OC ¢ 6enkamm nornoLaTca
SHAOTENMANbHBIMU KNETKaMWN B Kanuisapax KPoBeHOC-
HOro pycna, nocsie Yero MPOWCXOAMUT CBA3bIBAHME MX
C agBeHTMUMen cocynoB v noctynneHne OC B sKcTpaLen-
JIIONAPHbBIA MAaTPUKC C NOC/IeAYOLM HAaKOMIEHNEM U 3a-
OepPXKKOM B NaTONOrMYecKn U3IMEHEHHbIX KneTkax. Mpu
BO30OYXXJEHNM CVMHMM CBETOM TFEHEpPUpPYeTCca KpacHas
dnyopecueHLMs, B pe3ynbTaTe BO3HMKAET OTYET/IUBDIN
bnyopecueHTHbIVI KOHTPACT Mexay omnyxoneBoi/npea-
OMNyXxO0NeBOW 1 310POBON OKpY»KatoLLen TKaHbto [10].

MpnmeHeHne metonoB O] B KOMMNIEKCHOW AnarHo-
CTUKE MpPefpakoBblX U3MEHEHWI LWENKM MaTKM MOBbI-
WaeT AMarHoOCTUYeCKyl 3G EKTMBHOCTb B BbISIBIEHUU
NIOKanM3aumMm 1 pasmMepoB ouvara NopakeHui, crnocoo-
CTBYs 6onee MOMHOW BM3yanu3auuu Ans nocnegyolle-
ro neyeHusa. OCHOBHbIM MapaMeTPOM AOCTOBEPHOCTU
JaHHOro MeTofa ANArHOCTUKM CITYXKUT MMCTONOrMYyeckoe
NMoATBEp)KAEHUE AWNCMIACTUYECKOro CTaTyca dnyopec-
LieHTHbIX o4yaroB. BmecTe ¢ Tem cylecTByeT Koppenayus
MeXAy CTeneHbio ANCMNIIa3nNmM TKaHeN N MHTEHCUBHOCTbIO
dnyopecueHuymmn. OnyopecueHTHas BU3yanusauua Mo-
XKeT 0651erunTb O6HaPYKEHME BHEKINHNYECKUX NMOpPaxe-
Hun [11].

DnyopecLeHTHasA AMArHOCTMKa NpeacTaBnseT cobonm
MHOrO06€lLLaloLLy0 BOSMOXHOCTb B AUArHOCTUKe 3a60-
NIeBaHWUI B LUMPOKOM CMEeKTPe MeANLIMHCKUX AUCLNMIINH,
TaKNX KaK FMHEKONOrna, 4epMaTosiorns, racTposHTepPO-
NOTnA, XMPYPIrna, HENPOXMPYPrua n yponorua. B ruHexo-
norun 6biNo NPOBEAEHO MHOIO WUCC/IeAOBaHWI, OLEeHU-
BAOLWWMUX MONE3HOCTb GIIyopecLeHTHOro OOHapyXeHus
OMCMa3nn WEKM MaTKK, Paka MOJIOUHOW »ese3bl, 3abone-
BaHWI SHAOMETPMA, paka ANYHUKOB 1 SHAOMETpKro3a [12].

Pap nccnepgoBaHMin NoKasblBaeT, YTO M3-3a BbICOKOM
CeNeKTUBHOCTM B OTHOLIEHWN OMNyXonen N HU3KOW TOK-
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CUYHOCTM ANA 300POBbIX TKaHe ANarHOCTKa Ha OCHOBE
coBpemeHHbIx OC ABNAETCA MHOrOO0ELAWM UHCTPY-
MEHTOM /11 HEMHBA3VBHOW UAEHTUGUKALMM LiepBUKasb-
HOW MHTpasnuTenvanbHon Heonnasun [13]. Ucnonb3osa-
Hue GnyopecUeHTHOW KONbMOCKOMNMY MO3BOJAET Bpady
afleKBATHO OLEHUTb pa3mepbl, FPaHULbl MOPaXKeHW And
Bblbopa napametpos OAT [14]. B HacToAweM uccnego-
BaHMM Mbl OLleHUBany MHPOPMATUBHOCTb GyopecLieHT-
HOWM KONbMNOCKOMUU B BbIABAEHUM AMCMIA3UN LIENKN
MaTK/ MyTeM MMCTONIOrMYECKOro UccnefoBaHms buonTa-
TOB C 04aroB GpJlyopPeCLEHTHOIO KPAaCHOTO CBEYEHNs.

MaTepmanbl n metoabl

Pabota npoBefeHa B pamKax HAyYHOTEXHUYECKOW
nporpammbl BR18574160 «Pa3paboTka MHHOBALMIOHHbIX
TEXHOMOMNI, MOBbIWAKLWKX 3PPEKTUBHOCTb AMArHoO-
CTVKM 1 neyeHnsa GOHOBLIX U MpPedonyxonieBbix 3abo-
NIeBaHUN LWEeNKN MaTKW, acCOLMMPOBAHHbIX C BMPYCOM
nanuaomMbl YenoBeKa», NpoBognmon B bonbHuue Me-
OULMHCKOrO ueHTpa Ynpasnenua Oenamu [MpesngeHTa
Pecny6nukmn KasaxctaH. B nccnegosaHmve 6binm Bkiove-
Hbl 40 naumeHTOK B Bo3pacTe oT 18 go 49 net. CpeaHun
BO3pacT coctaBun 37,3+4,9 roga, NonoOKUTENbHbIN pe-
3yfbTaT Ha BbICOKOOHKOreHHble Tunbl MNLP Ha BMY n ycTa-
HOBJIEHHbIN LMUTONOrMyecknin amarHos: LSIL n=38 (95%)
n HSIL n=2 (5%), y 7 (17,5%) »eHLinH paHee NpOBOAU-
NIOCb XMPYPruyeckoe fieyeHune wenkm matkn. Konbnocko-
nuyeckoe MccnefoBaHme BbIMOMHAM Ha COBPEMEHHOM
annapate —Bugeokonbnockone SLV-101 HD ¢ undposon
FullHD Buaeokamepoii, ¢ LED ocBelleHnem, onTuYecknm
yBenuyeHuem o 23 pa3 n dukcaumen nctopuin u3obpa-
MEHNI Ha NepCOHanbHbIN KOMMbIOTEP C YCTAHOBIEHHOM
NPOrpaMmmMmon, C BCTPANBAEMbIM XKeNTbiM GUNBTPOM AN
HUBENNPOBaHUA yNbTpadroneToBoro ceeTa. B kauectee
boToceHCMbUNM3aTopa NPUMEHANM NpenapaTt XJ0PYHO-
BOroO pAfa.

Cpeau 40 y4aCTHUKOB BbICOKOOHKOreHHbIe Tunbl BMNY
ObIIM pacnpepeneHbl cnegyowym obpasom: 16 Tvn —
y 12 (24,5%) naumeHnTok, 31 Tun -y 7 (14,3%) naumneHToK,
58 Tn -y 7 (14,3%) nauneHTok, 18 Tmn —y 5 (10,2%) na-
UMeHTOK, 33 Tnn -y 3 (6%) naumeHToK, 35 Tnn —y 3 (6%)
nauuneHTok, 45 Tun -y 3 (6%) naumeHToK, 56 Tn —y 3
(6%) naumeHToK, 59 TN -y 3 (6%) NayneHToK, 52 Tnn —
y 2 (4,1%) naumeHToK, 51 Tn —y 1 (2%) naumeHTOK.

Puc. 1. Konbnockonuyeckas KapTuHa Luew-
KW MaTKM naumeHtku ¢ HSIL u 4 tunamu
BMY: a - B BUAMMOM cBeTe nocae o6pabot-
KU LEeNKU MaTku 5% pacTBOpoOM YKCYCHOM
KUCAOTOM; b,C — B peXxxume GpAyopeCcLEHTHOrO
obcnepoBaHUA.

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

BusyanbHoe HabnogeHne dpnyopecLieHTHbIX n3o6pa-
XEHUN OblfIo BO3MOXKHO HEBOOPYMEHHbIM rnasom. [na
[OKYMEHTVPOBaHUA Kamepa Buaeokonbrnockona 6bina
OCHalLleHa JONOSIHUTENbHBIMU GYHKLMAMUN — BCTPO HHbIN
B OKYNAp Xentbli GunbTp Ans ynydlweHus dukcauum
dnyopecueHLMN 1 HenTpanu3aumm GroNeToBoro cBeTa
ynbTpaduonetoBoro ¢oHapuka. 3To NO3BOAUIIO Jyulle
OPMEHTNPOBATLCA B HEraTMBHbIX 0bnacTax GpnyopecLeH-
uMmn 1 obecrneyrBaTb OTYET/IMIBOE pasrpaHUyYeHne nosu-
TUBHbIX GJIYOPECLEHTHBIX M300PaXXeHNI MO CPABHEHMIO
C HeraTMBHbIMM 06NIACTAMM 3a CUET YBENNYEHNA KOHTPa-
CTa MeXay KpacHbIM 1 CUHVIM CBETOM.

Pe3yanaTb| nccnepgoBaHna

B pesynbraTe nccnefoBaHWA NonyyeHbl ciegyolime
JaHHble: 13 40 NaUMEeHTOK MMCTONOMMYECKN BepuduLu-
poBaHbI, KaK Aucnnasms, pnyopecuupyowye ovarn y 39
(97,5%) »eHwwH. B 1 cnyuyae y naumeHTKu npu pnyopec-
LIEHTHOW KOMbMOCKOMMM BbISIBNIEHA COYETaHHAA MNATONOMNA
reHUTaNIbHOro TPaKTa B BrAe MOPQONOrMyeck MoaTBepK-
OeHHOW yMepeHHOW CTeneHn ANCnnasnm CIn3ncTon Bnara-
nvwa (ona noobcnenoBaHNs XKeHLLHa CHATA C MPOeKTa).

Bbicoknn npoueHT peungrBa [UCMIA3UN  LLENKN
MaTKU NOC/Ie XNPYPrmyeckoro BMeLlaTenbCcTBa, B Uccne-
foBaHun y 17,5% y4yacTHMKOB, MOXHO OObACHUTb Hefo-
OLIEHKOM pPacnpOCTPaHEHHOCTM Mpouecca U Kak cnea-
CTBVE — HepaAnKabHOe fieyeHue.

KnuHuveckoe Hab1ro0eHuUe

MauwnenTKe, 34 ropa, ¢ HSIL n 4 Tmnamu BMY Bbinon-
HEHa KOJNbMOCKOMMA LWENKN MaTKK B peXxrnme BUAMMO-
ro ceeTa u GprnyopecueHTHON AnarHocTrky. Ha puc. 1a
BMAHA KOJIbMOCKOMMYECKasi KapTuHa nocsie o6paboTKu
WenKn MaTkm 5%-biIM PacTBOPOM YKCYCHOW KWUCNOTOMN,
rae 4eTko onpepfensetcsa rpybas Mo3auKa, OTKPbITble
Xenesbl ¢ rpybbiM ob6oakom oporoseHus. Mpu dpnyopec-
LeHTHOW Konbnockonuu (puc. 1 b,c) yyactkm KpacHoro
CBEYEHMA COOTBETCTBYIOT yYacTKaM aLleTobesioro anuTe-
A 1 JOMNONHUTENBHO OMpPefenaeTcsa ApKoe CBeyeHune
3a[HEro ceofda 1 MpaBoli GOKOBOW CTEHKWU Braranumiia.
C paHHOro yvacTKa B3fATa 6uoncus. PesynbraT ructono-
rMn — ymepeHHas anutenvanbHaa AUCMnasna anuTenns
Bnaranuwa (VAIN 2). [laHHasa natonornsa obbluHO coveTa-
eTCA C AnCnnasven Wenkn MaTkum, Kak CaMoCToATeNbHasA
HO30J10r1A BCTPEYaeTCA peako.

OPUTUHAJIBHbBIE CTATbU
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3aknueHue

Taknum o6pa3om, dnyopecueHTHas KOoJNbMocKonus

no3BoJiIAeT AnarHoCTMpoBaTb M)/J'IbTI/Id)OKaJ'IbeIe nopa-
JKEHMA Ha WenKe MaTKKU, B YaCTHOCTWU MAToNOrnmn Noka-

NM30BaHHble BHe LWWenKM MaTKh 1 NPaBUbHO OLEHUTb
rpaHuLbl MOPa)KeHWA, He YyCTynasa Konbnockonum ¢ npu-
MeHeHneM TecTa C YKCYCHOW KMCI0TOM.

J'II/ITEPATVPA

Bray F,, Ferlay J., Soerjomataram ., Siegel R.L., Torre L.A., Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries // CA
Cancer J Clin. — 2018. - Vol. 68(6). — P. 394-424.

Small W., Bacon M.A,, Bajaj A., Chuang L.T., Fisher B.J., Harkenrider
M.M., et al. Cervical cancer: A global health crisis: Cervical Cancer:
A Global Health Crisis // Cancer. — 2017. - Vol. 123(13). - P. 2404-
2412.

The Institute of Leadership and Health Care Management of the
Federal State Autonomous Educational Institution of Higher
Education “The I. M. Sechenov First Moscow State Medical Uni-
versity” (Sechenov University). The condition and tendencies of
cervical carcinoma diagnostic in the Russian Federation // Probl
Soc Hyg Public Health Hist Med. - 2021. - Vol. 29(6).

Kaidarova D., Shatkovskaya O., Ongarbayev B., Seisenbayeva G.,
Azhmagambetova A., Zhylkaidarova A, et al. Indicators of the
oncology service of the Republic of Kazakhstan, 2021 (statistical
and analytical materials). JSC «kazakh institute of oncology and
radiology» at the ministry of the healthcare of the Republic of
Kazakhstan. — 2022.

Holcakova J., Bartosik M., Anton M., Minar L., Hausnerova J., Bed-
narikova M., et al. New Trends in the Detection of Gynecological
Precancerous Lesions and EarlyStage Cancers // Cancers. — 2021.
-Vol. 13(24). - P.6339.

World Health Organization. WHO technical guidance and speci-
fications of medical devices for screening and treatment of pre-
cancerous lesions in the prevention of cervical cancer // Geneva:
World Health Organization. - 2020.

Graham S.V. The human papillomavirus replication cycle, and its
links to cancer progression: a comprehensive review // Clin Sci. -
2017.-Vol. 131(17). - P.2201-2221.

Valls J., Baena A., Venegas G., Celis M., Gonzélez M., Sosa C., et
al. Performance of standardised colposcopy to detect cervical
precancer and cancer for triage of women testing positive for
human papillomavirus: results from the ESTAMPA multicentric
screening study // Lancet Glob Health. - 2023. - Vol. 11(3). - P.
e350-360.

Sabban F,, Collinet P,, Cosson M., Mordon S. Technique d'imagerie
par fluorescence: intérét diagnostique et thérapeutique en gy-
nécologie // J Gynécologie Obstétrique Biol Reprod. - 2004. -
Vol. 33(8). - P. 734-38.

. He Z,, Wang P, Liang Y., Fu Z., Ye X. Clinically Available Optical

Imaging Technologies in Endoscopic Lesion Detection: Current
Status and Future Perspective // J Healthc Eng. - 2021. - Vol.
2021.-P.1-27.

. Collinet P, Delemer M., Jouve E., Regis C., Farine M.O., Vinatier D.,

et al. Fluorescence diagnosis of cervical squamous intraepithelial
lesions: A clinical feasability study // Photodiagnosis Photodyn
Ther.-2007.-Vol. 4(2). - P. 112-116.

. Léning M., Diddens H., Friedrich M., Altgassen C., Diedrich K.,

Huttmann G. Fluoreszenzdiagnostik und photodynamische
Therapie mit 5-Aminolavulinsdure induziertem Protoporphyrin
IX in der Gynikologie: eine Ubersicht // Zentralblatt Fiir Gynakol.
-2006. - Vol. 128(6). - P. 311-317.

. Vanseviciaté R., Venius J., Letautiené S. 5-Aminolevulinic acid-

based fluorescence diagnostics of cervical preinvasive changes
// Medicina (Mex). - 2014. - Vol. 50(3). - P. 137-143.

. Hillemanns P, Weingandt H., Baumgartner R., Diebold J., Xiang

W., Stepp H. Photodetection of cervical intraepithelial neoplasia
using 5-aminolevulinic acidinduced porphyrin fluorescence //
Cancer. - 2000. - Vol. 88(10) - P. 2275-2282.

REFERENCES

Bray F,, Ferlay J., Soerjomataram ., Siegel R.L., Torre L.A., Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries, CA Can-
cerJ Clin, 2018, vol. 68(6), pp. 394-424.

Small W., Bacon M.A,, Bajaj A., Chuang L.T., Fisher B.J., Harkenrider
M.M., et al. Cervical cancer: A global health crisis: Cervical Cancer:
A Global Health Crisis, Cancer, 2017, vol. 123(13), pp. 2404-2412.
The Institute of Leadership and Health Care Management of the
Federal State Autonomous Educational Institution of Higher
Education “The I. M. Sechenov First Moscow State Medical Uni-
versity” (Sechenov University). The condition and tendencies of
cervical carcinoma diagnostic in the Russian Federation, Probl/
Soc Hyg Public Health Hist Med, 2021, vol. 29(6).

Kaidarova D., Shatkovskaya O., Ongarbayev B., Seisenbayeva G.,
Azhmagambetova A., Zhylkaidarova A., et al. Indicators of the
oncology service of the Republic of Kazakhstan, 2021 (statistical
and analytical materials). JSC «kazakh institute of oncology and
radiology» at the ministry of the healthcare of the Republic of
Kazakhstan, 2022.

Holcakova J., Bartosik M., Anton M., Minar L., Hausnerova J., Bed-
narikova M., et al. New Trends in the Detection of Gynecological
Precancerous Lesions and EarlyStage Cancers, Cancers, 2021, vol.
13(24), p. 6339.

World Health Organization. WHO technical guidance and speci-
fications of medical devices for screening and treatment of pre-
cancerous lesions in the prevention of cervical cancer, Geneva:
World Health Organization, 2020.

Graham S.V. The human papillomavirus replication cycle, and
its links to cancer progression: a comprehensive review, Clin Sci,
2017,vol. 131(17), pp. 2201-2221.

Valls J., Baena A., Venegas G., Celis M., Gonzdlez M., Sosa C,, et
al. Performance of standardised colposcopy to detect cervical
precancer and cancer for triage of women testing positive for
human papillomavirus: results from the ESTAMPA multicentric
screening study, Lancet Glob Health, 2023, vol. 11(3), pp. e350-
360.

Sabban F,, Collinet P,, Cosson M., Mordon S. Technique d'imagerie
par fluorescence: intérét diagnostique et thérapeutique en gy-
nécologie, J Gynécologie Obstétrique Biol Reprod, 2004, vol. 33(8),
pp. 734-38.

. He Z,, Wang P, Liang Y., Fu Z.,, Ye X. Clinically Available Optical

Imaging Technologies in Endoscopic Lesion Detection: Current
Status and Future Perspective, J Healthc Eng, 2021, vol. 2021, pp.
1-27.

. Collinet P, Delemer M., Jouve E., Regis C., Farine M.O., Vinatier D.,

et al. Fluorescence diagnosis of cervical squamous intraepithelial
lesions: A clinical feasability study, Photodiagnosis Photodyn Ther,
2007, vol. 4(2), pp. 112-116.

. Loning M., Diddens H., Friedrich M., Altgassen C., Diedrich K.,

Hittmann G. Fluoreszenzdiagnostik und photodynamische
Therapie mit 5-Aminolavulinsdure induziertem Protoporphyrin
IX in der Gynékologie: eine Ubersicht, Zentralblatt Fiir Gyndkol,
2006, vol. 128(6), pp. 311-317.

. Vanseviciaté R., Venius J., Letautiené S. 5-Aminolevulinic acid-

based fluorescence diagnostics of cervical preinvasive changes,
Medicina (Mex), 2014, vol. 50(3), pp. 137-143.

. Hillemanns P, Weingandt H., Baumgartner R., Diebold J., Xiang

W., Stepp H. Photodetection of cervical intraepithelial neopla-
sia using 5-aminolevulinic acidinduced porphyrin fluorescence,
Cancer, 2000, vol. 88(10), pp. 2275-2282.

BIOMEDICAL PHOTONICS T. 12, Ne3/2023

14



A.M. Ynenees, H.A. Kansruna, B.®. Penc, B.B. Koanoga, J1.A. lMuryxnosa, [.W. Mo3gHskos, A.C. CkobenbuyH, B.b. JoweHos
@070 M cnekTpanbHbIi (yopecLeHTHbIH aHanu3 06nacTH TpaBMbl CMUHHOIO MO3ra Ha XUBOTHbIX MOAENSAX

dOTO U CNEKTPAJIbHbIMA ©NTYOPECLLEEHTHBIM AHAITN3
OBJIACTU TPABMbl CTMHHOTO MO3TA HA XKUBOTHbIX
MOOENIX

A.M. Yoereee', H.A. Kansaruna'?, B.®. Penc®#, B.B. Kosnoea®*, JI.A. MuryHosa?®,

.M. Nospnskos®4, A.C. Ckobenbumnu'?, B.b. JloweHos'?2

"HaupoHanbHbi nccnenosatenbckmit saepHblit yHnsepcnter MU®U, Mocksa, Poccus
UnctutyT obuwen duamkm um. A.M. Mpoxoposa Poceurickoit akagemmn nayk, Mocksa, Poccus
*Maruropckmin locynapcreenHbin Hayuno-Uecneposatensckuin Mucturyt Kypoptonormu
dunman PenepansHOro rocyaapcTBeHHOro GroaxeTHoro yupexaeHms «PegepansbHsiii HayYHO-
KIMHUYECKMI LEHTP MEAMUMHCKOM peabunutaumu u kypoptonorumn PegepansHoro meamko-
6uonormyeckoro arentctsay (Maturopckoro THMNK ODTBY GHKLL MPuK ®MBA Poccuu),
[Matmuropck, Poccus

‘Maturopckmit meauko-dapmauestnueckuin MHCTUTYT — dununan PTEOY BO «Bonrorpaackmit
roCyAQpCTBEHHbIM MeamumHckuil yuusepcutet M3 PO, Maturopck, Poccus

Pesiome

Llenb paboTbl - npocnegutb AVHaMIKY N3MeHeHVA GpyopecLeHTHbIX CUTHAIOB B MPUMOBEPXHOCTHBIX CIIOAX TKaHEN TPaBMMPOBaHHbIX YYacTKOB
CMWHbI TA6OPATOPHbIX XKUBOTHBIX, YTO MO3BOJINT, MO KOCBEHHbIM MPU3HaKaM, OLLEHUTb MHGOPMATUBHOCTb (GiyopecLeHTHO ANarHOCTUKN ANA MNo-
CrleAyoLLero BO3MOXHOTO IMarHOCTUYECKOro MOHUTOPUHIa GOTOAUHAMNYECKOI Tepanumn CHHOTO Mo3ra. MoAenbHbIMY KMBOTHBIMU Obln Kpbi-
cbl Buctap. MogenupoBsanoch AABa Tvina KOHTY3WIA: MTHEBMOKOHTY3A 1 KOHTY31A Nagatowum rpysom. OnyopecLeHTHble n3MepeHus NpoBOANINCL
doTorpapruecKkmm 1 CNeKTPOMeTPMYECKMM METOAOM C Mpenapatamui METUSIEHOBbIV CUHWI U MHAOLMAHVH 3eneHblin. ina dotopernctpaumm ¢pnyo-
pecLeHTHOro oTBeTa UCMOJb30BaNCA CTPOOOCKOMUYECKUIA (rlyOPECLEHTHBIN UMUAXKEDP C AJIMHON BONHbI BO30YxAeHMA 630 HM. CneKkTpanbHble
M3MepeHns NPOBOAMNNCH C MoMoLLblo cnekTpomeTtpa JIECA-01-BUOCTIEK, ¢ Bo3byxaeHnem He-Ne nazepom (632,8 Hm). [okasaHo, uto 06a meToga
MO3BOJIAIOT OLIEHVBaTb BENMUMHY driyopecLeHLM METUIEHOBOTO CUHErO 1 MHAOLMaHVHa 3eN1EHOT0 B UCC/ielyeMblX TKaHsAX, a poTorpaduyeckuin
MeTo/] MO3BONIAET TaKXKe MOJyYnTb MPOCTPaHCTBEHHOE pacnpefeneHie payopecueHummn. Obluas TeHAeHUMA, O6HapyeHHasA B MOMyYeHHbIX AaH-
HbIX — bOnee MHTEHCUBHAA 1 paBHOMepHas driyopecLieHLM AopcanbHON 0651acTy KPbIC METUIEHOBbBIM CYHMM, 1 MEHEee MHTEHCUMBHOE, HO 6onee
KOHTpacTHOe pacrnpefeneHne NHAoLnaHrHa 3enéHoro. NpeactaBneHHble MeToAbl HEMHBA3MBHbI, YTO [ieNaeT UX NprBeKaTeNbHbIMY ANA fUarHo-
CTUYeCKOro ucrnosb3oBaHua. OfHaKo 13-3a Manow ry6riHb MpremMa CrrHana CoCTosAHMe NO3BOHOYHMKA MOXHO OMPeAeUTb JIULib KOCBEHHO, MO
COCTOAHMIO MPUMOBEPXHOCTHBIX C/I0EB TKaHel, HakanvBatoLwmx ¢oToceHcmbunmnsaTop.
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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 diagnostic monitoring of photodynamic therapy of the spinal cord. The model animals were Wistar rats. Two types of
contusions were modeled: pneumocontusion and contusion by a falling load. Methylene blue and indocyanine green were used as pho-
tosensitizers. 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
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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.
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For citations: Udeneev A.M., Kalyagina N.A., Reps V.F., Kozlova V.V., Pigunova L.A., Pozdnyakov D.I.,, Skobeltsin A.S., Loschenov V.B. Photo
and spectral fluorescence analysis of the spinal cord injury area in animal models, Biomedical Photonics, 2023, vol. 12, no. 3, pp. 16-20. doi:

10.24931/2413-9432-2023-12-3-16-20.

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 prob-
lem cannot be overstated [1]. Healthcare studies in devel-
oped 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 bio-
logical tissues and registration of the fluorescent signal
from the tissue under study, followed by analysis. Classi-
cally, this procedure is used to identify foci of neoplasms
of various localizations and their boundaries [2, 3]. In
addition, the method is often used intraoperatively for
navigation during surgery [4, 5]. Moreover, fluorescence
diagnosis can be used, for example, to assess the effec-
tiveness of photodynamic therapy (PDT) (measurements
before/during/after a PDT session) [6, 7]. This possibility is
considered in this work to analyze the prospects of fluo-
rescence diagnosis when performing PDT for spinal cord
injuries. Previously, fluorescence 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 invasive studies of a different nature
[12-14].

The purpose of the present work is to follow the dy-
namics of changes in fluorescent signals in the near-sur-
face layers of tissue of injured areas of the back of labo-
ratory 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 IZH-53M spring pneumatic pistol. 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 diameter, mounted
on a tripod, dropping a cylindrical load weighing 350 g
from a height of 50 cm, which is equivalent 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 immedi-
ate decapitation under chloral hydrate anesthesia. Imag-
ing and spectral measurements of fluorescence were car-
ried 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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Ta6nuuya 1

Pexxum BBeaeHUA GpoToceHCUbUAM3aTopoB
Table 1

Modes of administration of photosensitizers

mw

BHYTPVIOPIOLWNHHO 20 mr/kr
MB intraperitoneally 20 mg/kg
n3 BHYTPVIOPIOLNHHO 10 mr/kr
ICG intraperitoneally 10 mg/kg

* MC - meTuneHoBbIn cnHUii, ICG — MHAOLMAHUHOBBIN 3€M1IEHDIN.
* 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 (SFl) 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 illumination
of the surgical field, as well as one violet LED (not used in
this study) (Fig 1a). The spectrum of the red LED was cor-
rected by a bandpass filter with a central wavelength of
636 nm. A long pass filter (LPF) with a cut-on frequency
of 660 nm was installed in front of the camera lens. SFl al-
lowed to obtain pairs of frames: one frame with the fluo-
rescence excitation LEDs and backlight LEDs turned on
(respectively, with fluorescence) and the other with only
backlight LEDs turned on (background frame). Subtract-
ing the background frame helped to reduce the impact
of background light.

Spectral measurements of fluorescence of tissues of
laboratory animals were carried out using a LESA-01-BIO-
SPEC spectrometer Fig. 1b (BIOSPEC, Moscow, Russia)
connected to a He-Ne laser with a radiation wavelength
of 632.8 nm.

Caetoauog 405 Hm I‘.

epa ¢ hunsTpom

%&&?

wan 630 Hv © unsTpoM
LED with a fifter

Pa3 B geHb, nepen ¢pnyopecLeHTHOM
10 OWNArHOCTUKNOWN, B TeueHne 4 oHeln
once a day before FD for 4 days
Pa3 B geHb, nepep GpnyopecLeHTHON
5 ONArHOCTUKNOW, B TeueHne 4 OHeln
once a day before FD for 4 days

Fluorescence index

The fluorescence index (Fl) 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 ob-
tained with SFI (Fig. 3).

Spectra

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

Fig. 4a shows spectra and diagrams of fluorescence
signals obtained in an area away from the injury (healthy
area). Fig. 4b shows spectra and diagrams of fluores-
cence signals taken in the area of injury (trauma area).
Histograms express fluorescence indices (Fl) (see descrip-
tion in the “Materials and Methods” section) for the cor-
responding rat on different days in chronological order
(day 1 - day 4) and characterize the accumulation of the

Puc. 1. AnarHoctuyeckoe obopy-
AOBaHUe: a - CTPO6OCKONUYECKUN
dayopecueHTHbIN umupkep (CON);

Fig. 1. Diagnostic equipment: a -
stroboscopic fluorescence imager
(SFI); b - spectrometer LESA-01
BIOSPEC.

b - cnektpomeTp AECA-01 BUOCIEK.
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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.
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Puc. 2. CnekTp pAyopecLeHLMU CIMHHOU 0ONAACTU MHTAKTHOIO XXMBOT-
Horo.
Fig. 2. Fluorescence spectrum of an intact animal dorsal area.

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

Discussion

The study showed that both methods under consid-
eration 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 im-
ages) fluorescence of the dorsal region of rats with meth-
ylene blue than with indocyanine green. The relatively
weak signal from indocyanine green is explained by the
suboptimal wavelength of the exciting radiation (636
nm at SFl and 632.8 at spectral measurements), which
in the wavelength range is located closer to the absorp-
tion band of methylene blue. However, it is worth noting
that in the case of indocyanine green, a more contrast-
ing 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.

1 geHb nocne
Tpaembl
1 day after trauma

AeHb TpaBmbl

Day of trauma Tpaembl

Bospeiicteue
Influence

2 gHA nocne
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3 gHA nocne
TpaBMmbl
3 days after trauma

Impact
contusion, MB

KoHty3ua
rpysom, MC

NHeBmoKoHTY3MA, U3
Pneumatic contusion, ICG

Puc. 3. Mpumepbl COU usobpaxeHui
dryopecueHUUU METUAEHOBOTO CUHETO
(MB) u MHAOUMaHUHOBOTO 3eneHoro (U3),
MOAYUYEHHbIX Ha AabopPaTOPHBIX XXMBOTHBLIX
B XOA€ UCCAEAO0BAHUN Ha 1-4 CyTKU Nochae
MOAEAUPYEMOMN TPaBMbl CIIMHHOTO MO3ra
(BKAOUAA AeHb TpaBMbl).

Fig. 3. Examples of SFI fluorescence im-
ages of methylene blue (MB) and indocy-
anine green (ICG) obtained on laboratory
animals during studies on days 1-4 after
simulated spinal cord injury (including
the day of injury.
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LEeHLUMU UHAOLMAaHUHA 3eneHoro (U3), nonyyeHHbIX B 06AacTU HOpMbI
W TpaBMbl.
Fig. 5. Examples of indocyanine green (ICG) fluorescence indexes
and fluorescence spectra obtained from normal area and the area
of trauma.

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 oc-
cur gradually, therefore, there were fewer obstacles to
detecting the signal in the injured area than in the follow-
ing days. In subsequent days, the intensity of the fluores-
cence signal in the area of injury decreases. In the normal
area, the signal decreases more slowly and almost imper-
ceptibly, and the fluorescence intensity is lower than in
the injured area. The results obtained in the form of im-
ages show a similar picture: the injury attenuation func-

tion is ahead of the normal attenuation function, due to
which the contrast of the injury against the normal back-
ground in frames obtained with SFl is reduced.

Also, intense fluorescence of both drugs was ob-
served both in hematomas and in areas of skin damage
after shaving, which may be caused by the accumulation
of the drug circulating in the bloodstream in hyperemia.
Therefore, in future experiments, the rats should be de-
pilated instead of shaving to avoid adding damage to the
skin and thus introducing uncertainty into the experi-
ment.

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 pos-
sible to detect and evaluate the degree of hematoma
healing and reduction of hyperemia, which are often in-
distinguishable to the naked eye. This suggests that the
method can be potentially used to control PDT in spinal
cord injuries.
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KIMMHUYECKMM CITYHAM YCMELLHOTO
NPUMEHEHMI ®OTOAMHAMMUYECKOM TEPAMMMU
MPU PACNPOCTPAHEHHOM PAKE BYJ1bBbl
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Peslome
MokasaH 3HauMMbI NneyebHbIV 3pdeKT doTognHammueckoi Tepanuu (OAT) y NaLMEHTKN C OBLIMPHBIM PaKoM BY/bBbI MOC/e Mano3$peKTUBHO
orepaTuBHOW, XMMUOJTy4eBOW Tepanuu. B TeueHre roga nposeaeHo 3 Kypca nokanbHo OT ¢ poToceHCMbunmn3aTtopom Ha OCHOBE XJIOprHa e6.
DoToceHcMbKNM3aTop BBOAWIN BHYTPMBEHHO 3a 3 U A0 NpoBeAeHnA obnyyeHns B gose 1,2 Mr/kr. [ina nasepHoro obnyyeHuns (662 HM) onyxonm

BYJIbBbI ICMOJIb30BaIN CBETOBOZ AJ1A HAPY>KHOTO 06yYeHNA: NIOTHOCTb MOLLHOCTU cocTasnsAna 0,2 Bt/cv?, cBeToBas fo3a ot 100 go 250 [x/cm?.
B pe3synbTaTe neyeHuns HabnogaeTca perpeccus Onyxonm 1 cTolikas pemuccus. NMayueHTka ocTaeTcs nog HabnogeHmem.

KnioueBble cnoBa: pak By/nbBbl, IOKanbHaa GOTOANHaAMUYECKasA Tepanua, KNMHUYeCKNiA clyyaii, GOTOMOH.
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Onsa yntupoBaHus: Lanasapos H.A,, lpuwayesa T.I[,, Anga6epreH IC., Cmaunosa C.b., CanbmaraH6eToBa K. K. KnuHnyeckuin cnyyan ycnewHoro
npumeHeHna GoTogMHaAMUYECKON Tepannmn npu pacnpocTpaHeHHOM pake BynbBbl // Biomedical Photonics. — 2023. - T. 12, Ne 3. - C. 21-24. doi:
10.24931/2413-9432-2023-12-3-21-24.

CLINICAL CASE OF SUCCESSFUL APPLICATION
OF PHOTODYNAMIC THERAPY IN ADVANCED
VULVAR CANCER
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Abstract

A significant therapeutic effect of photodynamic therapy (PDT) is shown in a patient with extensive vulvar cancer after ineffective surgi-
cal 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
aresult of treatment, tumor regression and stable remission are observed. The patient remains under observation.

Key words: vulvar cancer, local photodynamic therapy, clinical case, photolon.
Contacts: Aldabergen G.S., e-mail: gulmira.aldabergen@mail.ru
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BBepeHune

Ha cerogHsWHWI AeHb YacToTa NpeapakoBbix 3a60-
NeBaHWI XEHCKNX HapY>KHbIX NOJIOBbIX OPraHOB ABNAET-
CA OHOW U3 OCTPbIX NPOOIeM XeHCKoro HaceneHus. Mo
OaHHbIM BO3 B Mupe 46% »eHLWWH B NpeKnMaKkTepuye-
CKOM nepuofe UMelT auctpoduyeckme 3aboneBaHus

BIOMEDICAL PHOTONICS T. 12, Ne3/2023

BY/IbBbl, KOTOPble Ha doHe nonoxutenbHoro BIMNY moryT
nepexoguTb B AUCMNAA3NI0 N Janee B NPenHBA3UBHbIN
W VIHBa3MBHbIN pakK ByNbBbI [1, 2].

JunarHoctuka npenpakoBbiX 3ab00NEBaHNA XKEHCKIX
HapY>KHbIX MOJIOBbIX OPraHOB (pOPMUPYETCA Ha OCHO-
BaHUM aHaMHeCTUYEeCKMX AAHHbIX Y OCMOTPa KOJbMo-

KITMHNYECKWME HABJTIOLEH Y
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CKOMOM — BYJIbBOCKOMNUK, MO3BOMAIOLWEN ONpeaenunTb
rPaHULbl NATONOMMYECKN U3MEHEHHDbIX TKaHel [3]. OKOH-
yaTenbHOe NOATBEP)KAEHVE AMarHo3a BO3MOXHO nocne
LUTONIOTMYECKOTO U MMCTOMOTMYEeCKOro 3akitoyenus [4].
[locToBEPHOCTb LMTONOIrMYECKOro Metoaa B onpeaene-
HUN CTEMEHUN TAXKECTU BYNbBAPHOW WHTPasnuTenunanb-
HOW HeoMna3nn HeBbICOKa BCNEACTBME COMYTCTBYIOLEro
BblpaXKEHHOro BOCMAsieHUs], runepkepaTosa 1 atpooun.
[ucTonornyeckoe nccnegoBaHve BbIMOHAETCA NPU Ha-
nnyrm xanob 1 Bn3yanbHO onpeaensemMblx Natoaornye-
CKUX n3meHeHun [5-71.

YacToTa paKa By/fibBbl B O6LLeEN CTPYKTYype OHKOTMMHe-
KoJlormyecknx 3aboneBaHuin coctaBnseT 4-6% OT BCex
CnyyaeB paka U BbiABAAeTCA y 2-4 XeHwuH Ha 100 000
HaceneHusa. MprMepHO 4 XeHwuHbl 13 10 3aboneBLumnx
pakom ByNbBbl ymupaioT. O6wasn 5-neTHsA BbbKUBae-
MOCTb [J1A1 BCEX OOMbHbIX PAKOM BYJIbBbl COCTaBAsAET 72%
[6].

OCHOBHOW TaKTMKOW BeAEeHUs MaLMEHTOK C pPakoMm
BY/IbBbl ABNAETCA XMpypruyeckoe neyeue. [8-11]. Mpu-
MEHeHne XMMMONy4YeBOl Tepanuny NoKasaHo B Hepesek-
TabenbHbIX CNyyasx paka ByNbBbl. JleueHne B 3TOM CIly-
yae HamnpaBsJieHO Ha 3aMefJIeHre pa3BUTUA 3aboneBaHNA
1 YMeHbLLEHME MacCbl onyxonu. B page cnyyaes nyyeBas
N XMM1OTepanusa MoryT npeawecTBoBaTh onepauuu, no-
3BOJIAIA YMEHBLUUTb Pa3mepbl OMyX0siu, YTo co3daeT GpoH
ONA NpoBefeHNsa paguKkanbHOro XUPYpPruyeckoro Bme-
waTenbcTBa. C 3TOW e uenblo BO3MOXKHO MpoBefeHne
dotogrHamuuyeckorn Tepanuu (PAOT), KoTOpasa 3apeko-
MeHAoBana cebs 3GpPeKTVBHbIA METOA NEeUYEHUs OMyXO-
nesbix 3abonesaHni [9, 10].

MpuBOAMM KNMHMYECKMA cnyyan npumeHernna OOT
npu pacnpoCcTpaHeHHOM paKe BYJIbBbl.

MaumneHTKa I, 65 net, obpatnnack B LleHTp OAT bonb-
Huubl MegnuunHckoro LleHTpa Ynpasnenua Jenamu npe-
3upeHTa Pecnybnukn KasaxcTtaH, . ACTaHa B CeHTsOpe
2022 r. c %anobamu Ha obpa3zoBaHMe B 061acTy BY/bBbl
M Bnaranvia, Ha 6onyn BO BRaranuiie, 3NM30AnYecKu
«cTpensiowye» 6onv B 06nactu nobka, AUCKoMbopT npu
xojbbe.

MauneHTKy Habn[anM 1 NeYnsIv No MecTy XuUTesb-
CTBa C AMarHO30M: 3/10KauyeCTBEHHOE HOBOOOPa3oBaHue
BYJIbBbl HeyTOuHeHHow YacTu (TIbNOMO), 3 knuHnueckasn
rpynna. ConyTcTByioWaA MaToNIOrnA: MHCYNMHO3aBUCU-
MbIl CaxapHblli AMA6ET, BapMKO3HOE paclIMpPeHUe BeH
HUXKHUX KOHEYHOCTEN, XpOHMYeCKan BEHO3HasA HeloCTa-
TOYHOCTb 2 Knacc.

M3 aHamHe3a n3BecTtHo, uto B 2018 r. npoBeaeHa one-
pauua — BynbBaKTOMMSA; B 2020 I. BBUAY HECTabMNIbHOCTU
OHKOMpoLecca BbinosiHeHa onepauua [llokeHa cnpasa
1 CNeBa, pagnkanbHasa ByibBIKTOMUSA; B 2021 T. BbiABNEH
JIOKOPErnoHapHbIA peunans, 1 NPOBeAeHa NyyeBas Te-
panva No pagukanbHOW Nporpamme, Ha annapate TEPA-
AM B CTaTUCTMYECKOM peXxnme BCTPEYHbIMM NOAMM Ha
OnyXoJb BYJIbBbl U 30HbI PEMMOHAPHOIO MeTacTa3npoBa-

HVA Pa30BOW 0YaroBom foson — 2 [p, cymmapHasa ovaro-
BadA fo3a - 40 Ip.

B 2022 r. BbiABNEHbl MeTacTaTMyecKkne nopakeHus
BMaranviia 1 pervioHapHbiXx NumQoy3noB, NpoBefeHa
nannvatneHaa xumuotepanua (MXT) 4 kKypca (oHpacet-
POH, MaKNuTaKcen, UMCnnacTrH), 6e3 apdekta. C aBrycra
2022 r. 06wrpHoe 06pa3oBaHve BRaraaumLLa, no AaHHbIM
6uoncun — MophONOrMyecky NIIOCKOKIETOUHbIM OPOro-
BEBaLWMI paK, NporpeccMpoBaHme.

Mpn BarMHanbHOM OCMOTPE: HapyKHble MONOBbIe
opraHbl pybLOBO M3MEHEHbI, aTPOdUYUHbIE; Baranuiye
KOPOTKOe, Y3KOoe; B 3epKanax: CfieBa C Kpasa Ao CBoAa
BRnaranvwia BK3yanusnpyeTca MJOTHOE [AepeBAHUCTOe
obpasoBaHne anameTpom 5,0x5,5x4,0 cm, B cepeamnHe
MMeeTCA rHOeBMAHasA A3Ba C MIOTHbIM XeNTbiM HaneToM
(pnc. 1a). BoigeneHuna cepo3Hble, C THUIOCTHBIM 3aMaxoMm;
WernKka MaTKy aTpoduryHas; Kpal WenKkn MaTKu MaoTHO
NpUKpbITa 0Opa3oBaHMEM, BU3yanusauma 3aTpydHeHa,
6VIMaHyanbHbIi OCMOTP 3aTPyAHeH u3-3a 60ne3HeHHo-
CTW, M HaIMUUSi OO BEMHOIO 06pPa3oBaHMA Blaraauuia.

KnuHunuecknin gnarHo3: Pak Bynbsbl T1TbNOMO. CocTon-
HMe nocye onepaTMBHOro neyexHua. Peuname B 2021 1.
CocToAHMe nocne AWCTaHLUMOHHOWM Ny4yeBOW Tepanuu
(ON1T). CoctosaHne nocne 4 kypcos [XT. Peumaus paka
By/nbBbl. B npouecce MXT.

TaKTuKa neyeHnsa NaLMEHTKN OOCYyKAeHA Ha MyNbTU-
ancumnnanHapHon rpynne. C yyeTom iokanmsaumy ony-
XONeBOro npouecca 1 OTCYTCTBMA OTBETa Ha XMMMUOIY-
yeBoe NievyeHue, b0 NPUHATO PeLleHne O NPOBEAEHUN
nokanbHon OAT.

Mpu noctynneHnn COCTOAHME MaUUMEHTKW YOOBNeT-
BopuTenbHoe. MauneHTKol noanucaHo AoOpoBosibHOE
MHGOpPMMpPOBaAHHOE cornacure Ha nposeaeHue OAT.

1 kypc ®OT nposBegeH 05.09.2022 .

[MpoTokon onepaunu:

1 3Tan: BHYTPUBEHHOE BBefeHVe ¢$OTOCeHCMOUIU-
3atopa (PC) Ha ocHoBe xnopuHa €6 (PpoTonoH) B gose
1,2 mr/kr. PaccumtaHHyo [o3y npenapata pacTBOpanu
B8 200 mn 0,9% ¢u3monornyeckoro pacTeopa 1 BBOAWUIN
B TeyeHve 30 MuH.

2 sTan: ¢nyopecueHTHaa auarHoctuka (OL). Yepes
3 4y nocne okoHyaHuA B/B BBeaeHuA OC nposogunu O[]
¢ nomolybto ceetoamnoaHoro oceetutensa AOC («[Monupo-
HWK», Poccna) B granasoHe anvH BonH 400+£10 Hm. Mpw
06nyyeHNV B f@HHOM CMEKTPasbHOM [Mana3oHe AJIVH
BOJIH 3aperncTpupoBaHo HakonseHne OC B onyxonu n
onpepesieHbl rpaHuULbl MaToONIOrMyeckoro oyara (puc. 16).

3 stan: OAT. MNoa MecTHOM aHecTe3nel NpoBefeHa
nokanbHaa OAT nyTem obnyyeHua Bnaranuia ¢ NOmo-
Wbto nasepHoro annapata Jlaxta MunoH (OO0 «KBanu-
Tek», Poccns) Ha anvHe BOMHbI 662 HM B HEMpPEPbIBHOM
pexrnme reHepauuu lNMapameTpbl 0bnyuyeHMs: AnameTp
nons obnyuyeHusa 2,5 cM; mowHocTb 1,9 BT; nmnotHocTh
MowHocTn — 0,38 BT/cM? 3KCMo3uuusi OogHOro nons
9 MUH; cBeTOoBaA fo3a — 200 [>x/cm2; KonnuyecTBo nonem —
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a b
Puc. 2. CocTtosiHMe ByAbBbl Yepe3 3 mec nocae 1-ro kypca OAT: a - oc-
MoTp B 6enom cBeTe; b - 0cMOTp B pexxume GpAyopecLeHLUN.
Fig. 2. Condition of the vulva 3 months after the 1st course of PDT:
a - examination in white light; b - examination in fluorescence mode.

7. Npouenypa conpoBoxfanacb yMepeHHbIM 605eBbiM
cMHgpomoMm. B ynoBnetBOpuTeIbHOM COCTOAHUN Naum-
€HTKa BbIMcaHa Ana ambynaTtopHoro HabnofgeHus Bpa-
Ya OHKOrMHeKOoNora rno MecTy XutenbcTBa. PekomeHgo-
BaHO CObMIOfEHME CBETOBOIO PEXMMA.

B nocneonepaunoHHom nepunoge otMeyanca ymepeHr-
HO BbIPa’KeHHbIN 60NEBON CUHAPOM, YTO MOTPeboBano
NPUMEHEHUS NTOKANIbHOrO HaHeCeHUsi Masn obriomenng
N CUCTEMHOMO MPUMEHEHUA HECTEPOUAHbIX MPOTUBO-
BOCMaNMTENbHbIX NMpenapaToB. MecTHO OTMeuYeH OTeK U
runepemus. Yepes 7-10 gHen npoucxoanno Gopmmnpo-
BaHVe HeKpO3a Onyxonu.

[Mpun KOHTPONbHOM OCMOTpe Yepes 1 mec nocne Npo-
BegeHua 1-ro kypca OT oTMeueHa YacTUyHaA JeCTpyK-
LuA onyxonu.

B nekabpe 2022 r., yumTbiBas YaCTUUYHOE COXPAHEHMEe
OMyXOeBOro NpoLecca, 6bifIo NPUHATO PELLIEHNE O NPOo-
BefeHum 2-ro kypca OIT. lMNpoTtokon onepauun Obin
TaKkon e, Kak 1 npu 1-om Kypce. CocTosHMe BYSbBbI U
¢dnyopecueHTHOe cBeyeHune go OAT npepcTaBrieHbl Ha
puc. 2.

B mae 2023 ropa nposegeH 3 kypc OIT. B teueHne
rofja ygaeTca cAepXrBaTb OMyXOSeBbIl POCT 3a cyet
MHOIOKYPCOBOTO JleueHusA. Ha gaHHbI MOMEHT COCTOSA-

Puc. 1. Pak ByabBbl TLDNOMO (cocTosiHWe nocae one-
patuBHOro neyeHus B 2018 u 2020 r., nocre ANT

u 4 kypcos MNXT 6e3 apdpekra): a - ocMoTp B 6enrom
cBete; b - ocMoTp B pexxume pryopecLeHUMUN.

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. CoctosHue ByAbBbl nocae 3-ro kypca OAT.
Fig. 3. Condition of the vulva after the 3rd course of
PDT.

HMe NauneHTKN cTabunbHoe. Ha puc. 3 npeacTtasneH pe-
3ynbTaT nocne 3 Kypca OAT.

Ha ceropHAwHWI feHb B Tepanuy NpeipakoBbiX CO-
CTOSIHMI EHCKUX Hapy»KHbIX MOMOBbIX OPraHOB 3Hauu-
TesIbHYI0 POJib UFPAET fleYeHUe C MOMOLLbIO JIOKANIbHOM
OOT [12-17].

B aHHOM KNMHMYEeCKOM HaboAeH NPOBEeEHA J10-
kanbHas O[T, npu neyeHnn yganocb fobuTtbca ctabunm-
3aLum onyxoneBoro npouecca. [porHo3 ana naumneHTKy,
B JAHHOM CJlyyae, 611aronpusATHBIN.

Takum ob6pa3om, npumMeHeHre metoda OAT moxeT
OblTb MCMOMb30BaHO B KOMMJIEKCE C APYrUMK MeToAa-
MW AJ1A MOBbILEHUA KIUHUYECKON 3bPeKTBHOCTA. ITO
onpepenseT akTyaJlbHOCTb Pa3paboTKu JaHHOro MeToaa
B JIeUEeHMY OHKOJIOTMYECKNX 1 AUCMIacThYecKnx 3abone-
BaHWI BY/bBbI.

3aknioyeHve

BbllenpunBeaeHHbIN KIVHUYECK Cllyyal no3Bosia-
€T yTBepPXKaTb, UTO Npu peuranse 3abonesaHus y 60sb-
HbIX PakoOM BYJIbBbl MPU HEIGDEKTUBHOCTU XUMUOyYe-
BOro fieyeHus, poTognHamMmyeckas Tepanusa no3BosseT
LOCTUTHYTb 3HAUYVMMOTO PerpeccnBHOro 3¢dekTa 1 cTa-
6UnM3aLny onyxosieBoro npotecca.
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doToanHaMUYecKas Tepanus B HeiPOOHKONOruu

OOTOANHAMMYECKAS TEPAMMS B HEMPOOHKOJTOTUM

B.E. Ontowmn', K.K. Kykaros', A.C. Heuaesa'?, C.C. Cknsp', A.2. BepwmHuH’,

M.B. Oukonenko ', A.C. Tonukoea', A.C. Mancypoe', b.1. Cadapoe', A.1O. Peivga’,

I.B. Manasw?

"«Poccmickuit HayYHO-MCCNenoBATENLCKMM HEMPOXMPYPIMUYECKMM MHCTUTYT MMEHKU NPod. A.

J1. Monerosa» - punman PIBY «HMUL, um. B. A. Anmasosa» Munsgpasa Poccumn, Carnkr-
Metepbypr, Poccua

2HayyHbiit ueHTp MMpoBoro yposHs «LleHTp nepcoHanusmposarHoin meamumnHbiy PIBY «<HMUAL,
um. B. A. Anmasosa» Munsapasa Pocemn, Carkr-INetepbypr, Poccus

S¢HMULL um. B. A. Anmasoea» Munsapaea Poccun, Cankr-letepbypr, Poccus

Pe3iome
BbinonHeH 0630p nuTepaTypbl, OTPaXkaloLwmii COBPEMEHHOE COCTOAHME U CTereHb Pa3paboTaHHOCTV METOAVKN MHTpaonepaLoHHon $oToan-
Hamunyeckon Tepanuu (OAT) B HelipooHKonoru. MpeacTaBneHbl K 06CYKAEHNIO pe3ynbTaTbl Hanbonee 3HaUNMbIX UCCIIEA0BaHNN, MOCBALLEHHbIX
OAT B HepooHKonorun. MpoBeaeH aHanM3 HayyHbIX Ny6AMKaLMI Mo AaHHON TemaTuke B 6a3ax AaHHbix Pubmed, EMBASE, Cochrane Library
n eLibrary, ony6nnkoBaHHbIX B MPOMEXYTOK BpeMeHu ¢ AHBaps 2000 r. no fekabpb 2022 r. HaigeHo 204 nybnvkauum B 3apy6exHbIX MCTOUHMKAX
1 59 ny6nvKaumii B 0Te4eCTBEHHbBIX N3AaHUAX, B KOTOPbIX paccmMaTprBaloTca Bonpochl npumMeHeHns O/IT B HeipooHKonornn. AHanvs nutepaTypbl
rokasaJi, UTo B KJIMHUYECKOI NpaKTuKe nHTpaonepaumoHHas OAT B HENPOOHKONOrMI ABIAETCA BaXKHbIM UHCTPYMEHTOM, CMOCOOCTBYIOLLVM YBe-
NINYEHUNIO PAAUKaNbHOCTU OonepaLun U ToKanbHOro KoHTpona. OyHaameHTanbHoe obocHoBaHMe 3¢pdekTnBHOCTM OAT 3aKnoyaeTca B U3yyeHun
nyTen, BegyLMX K MOIHON eBUTanM3aLnm 310Ka4eCTBEHHOW OMyXOMH, U3y4YeHU MeXaHN3MOB JIOKaIbHOTO 1 CUCTEMHOTO MMYHHOTO oTseTa. [pun
3TOoM cybKneTouHble mueHy npu OAT obycnosneHbl cBocTBamMmn poToceHcmbunmsatopos (OC). B MHOrOUMCNIEHHBIX NCCE[OBAHUAX NMOKa3aHa
npotusoonyxonesas 3ppeKTNBHOCTb ncnonb3osaHua OAT ¢ OC Ha ocHOBe XopViHa €6, 5-aMHONEBYIMHOBOW KUC/IOTbI, MPOMN3BOAHbIX MOPGUpU-
HOB. YCTaHOBJIEHbI MeXaHU3Mbl AeicTBUA 1 MuweHn 3Tnx OC. B Poccun B psge nccnefoBaHuin noaTBepxaeHa KnvMHnyeckas sddexktusHocts OOT
y rpymnmn HePOOHKOIOrMYEeCKIX NaLMEeHTOB C FMasbHbIM ONYXOAAMU 1 BTOPUYHBIMU METacTaTMYeCKMM ONYXONAMN, OfHAKO A0 CUX NOP METOA He
BKJIIOUYEH B KJIMHUYECKNE peKOMEHaLU Mo OKa3aHWio BbICOKOTEXHOMOTMYHOW HENPOXMPYpPriyeckon nomolum. besycnosHo, Heobxoauma Aanb-
Helilwan paspaboTtka metogukn OT B HEMPOOHKOOMW, OCOGEHHO Y MaLMEHTOB C BbICOKMM PUCKOM peLAvBa 1 arpeccrBHbiMy onyxonamm LIHC.

KnioueBble cnoBa: potoanHammnyeckas Tepanus, GotoceHcMbunmsaTop, GoToANTasNH, 5-aMUHONEBYSIMHOBAA KUCIOTA, HEMPOOHKOJIOTUA, MEHVH-
rmoma, rmmobnacToma, MeTacTasbl, PeLANB, arormnTos, HeKpPo3.

KonTtakTbl: Hevaesa A. C., e-mail: nechaeva_as@almazovcentre.ru

Ccbinka gna yutnposaHma: OnowuH B.E., KykaHos K.K., Heuaesa A.C.,, Cknap C.C., BepwuHuH A.3., JukoHeHko M.B., lfonnkosa A.C., MaHcypoB
A.C., Cadapos b.U., Poivga A.O., ManasH B. ®oTognuHammnyeckas Tepanus B HelpooHkosnorum // Biomedical Photonics. — 2023. - T. 12, N 3. - C.
25-35. doi: 10.24931/2413-9432-2023-12-3-25-35.

PHOTODYNAMIC THERAPY IN NEUROONCOLOGY

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.l.", Rynda A.Y.],
Papayan G.V.3

'Polenov Neurosurgical Research Institute, branch of the Almazov National Medical
Research Centre, St. Petersburg, Russia

2World-Class Research Centre for Personalized Medicine, St. Petersburg, Russia
SAlmazov National Medical Research Centre, St. Petersburg, Russia

Abstract
Literature review reflects the current status and development status of intraoperative photodynamic therapy in neurooncology and dis-
cusses the results of the most important studies on photodynamic therapy (PDT). We searched the Pubmed, EMBASE, Cochrane Library
and eLibrary databases 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
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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 clini-
cal 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,

glioblastoma, metastasis.
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BBepeHune

OpHow 13 Hambonee CNOXHbIX 3afa4 B OHKOJNOMN fAB-
NAeTCA neyeHve 3/10KayeCTBEHHbIX OMyXOoJien LeHTpasb-
Hon HepBHoW cuctembl (LIHC). CpepHaa nponomkmTenb-
HOCTb »WN3HW TaKMX NaLMEHTOB NOC/Ie onepaLunn ake Ha
¢boHe nMpoBefeHNa afblOBAaHTHOW Tepanuu COCTaBJIsiET,
B cpefHeMm, Ana MynbTrdopmMHoN rmobnactomsl 14 mec,
ANA aHanaacTnyeckom acTpoumTombl - 25 mec. HecmoTtps
Ha ycrnexu nocyiiefHUX JeCATUNETUN B NMOHUMaHUN GyH-
[aMeHTaNbHbIX OCHOB MeXaHN3MOB HEMPOOHKOreHe3a 3a
nocnegHue 30 neT cpeaHAA NPOOOIIKUTENBHOCTb XNU3HN
nauneHTOB yBenMuunacb BCero nuwb Ha 2-4 mec [1-3].
MmeHHO mosTomMy Heobxopumma pa3paboTka anbTepHa-
TUBHbIX METOJOB fleYeHNA NaLMEeHTOB HENPOOHKONOI-
yeckoro npoouns.

M3yuyaTb 1 paspabaTbiBaTb MeTOAMKM GOTOAMHAMU-
yeckon Tepanuu (OOT) ona neyeHna 310KaYeCTBEHHbIX
onyxonen ronosHoro mo3sra B Poccunckon Oepepaunn
Hayanu B POCCMNCKOM HayuYHO-MCCIefoBaTeIbCKOM Hel-
POXMpPYPrYeckom UHCTUTYTe M. npod. AJl. NoneHosa
ewé B 2001 r., rge 6bUIV 3aN10KEHbI OCHOBbI 1 MOJNTyY€EHb!
repBble MaTeHTbl, pa3paboTaH MPOTOKON MPUMEHEHNU
OOT y naumeHToB C rvanbHbiMK onyxonamu [4, 5]. 3a
pybexxom nccnenoaHus no npumMmeHexno OAT B Helpo-
OHKOJIornm Obinn HavaTbl elwé B 1990-e roabl [6]. OaHako
Ha HaCTOALLMA MOMEHT BO MHOMMX CTPaHax NpUMeHeHne
OAT pna neyeHnA 3710Ka4YE€CTBEHHbIX OMyXOJel rofIoBHO-
ro mMo3ra Tak M OCTaeTCA B paMKax MCCNefoBaTeNbCKom
aeatenbHocTn. VcknioueHue coctaBnAaeT AnoHusA, roe
C ceHTAGPA 2013 . ®AT 6bina ofobpeHa Kak HoBasA U 3¢-
bEKTUBHaA MeToAMKa YBeNMUYEeHUs CTerneHU paguvkalb-
HOCTU XMPYPruyecKkoro ieYeHms 3710KaueCTBeHHbIX ru-
anbHbIX OMNyXOJie U BKJIIOYEHA B CTaHOApPTbl OKasaHuA
MeanurHCKor nomowm [7]. Takxke nmeloTca nutepatyp-
Hble JaHHble 00 3pdEKTMBHOCTM MHTPAONEepPaLOHHON
OOT B NneueHNn 310KauyeCTBEHHbIX MEHUHIIOM (COO0O6LLIa-
€TCA, YTO MeAMraHa BbIXKVBAEMOCTU JocTuUraeTt 23 Mmec),
O[HAKO, COOOLIEHUs efVHUYHbI, @ FPyMmnbl NaLueHTOB
manbi [8].

Ha Haw B3rnsg, Ha cOBpemMeHHOM 3Tare pa3paboT-
KN TeMbl U [anbHenwero pa3suTtua TexHonorun OOT
B HEMPOOHKONOMMU aKTyaNbHbIMU HanpaBAeHUAMN AB-
NATCA: MAHUMM3AUNA BAWAHUA Ha 340POBble TKaHWU,

pa3paboTka HOBbIX MOKONEeHNI HOTOCEHCMOUTM3ATOPOB
(®Q), ontummszauma nyten goctasku OC B LieneBble TOU-
K1, pa3paboTKa HOBbIX BOJIOKOHHO-OMTUYECKUX TEXHO-
noruii. OCHOBHaA UeNb AaHHOW paboTbl — NPeacTaBUTb
COBpPEMEHHOE COCTOSHME U CTEMeHb Pa3paboTaHHOCTU
TemMbl MHTpaonepaunoHHon OAT B HENPOOHKONOrMM Ha
OCHOBE aHaNiM3a OTeYeCTBEHHOW U 3apybexHon nuTe-
paTypbl, 06CyauTb pe3ynbTaTbl HaKboee 3HAUUMBbIX UC-
cnepoBaHuiA, nocesaweHHbix OAT. B 0630pe paccmatpu-
BalOTCA MPUHLUMMbI, Npeumywectsa n Hegoctatku OAT
B CTPYKTYpe KOMIMJIEKCHOTO JlIeYeHUA 3/10KayeCTBEHHbIX
onyxosne rofioBHOro mo3ra, Bugbl OC 1 cnocobbl ux Joc-
TaBkm B LIHC, coBpemeHHble BOJSIOKOHHO-OMTMYECKUE
TexHonorun B OLT, 4eMOHCTPUPYIOTCA BO3MOKHbIE Harm-
paBneHusa pJdanbHenwero passutuA TexHonorum OOT
B HEMIPOOHKOJIOTN.

Hamu 6bin ocyliectBieH novck pabot B 6asax gaH-
Hbix Pubmed, EMBASE, Cochrane Library un elibrary,
BblleALIMX B CBET € siHBapA 2000 r. no gekabpb 2022 .,
no 3anpocy “photodynamic*[ti] AND therapy*[ti] AND
(brain tumor*[ti] OR gliom*[ti] OR glioblastoma*[ti] OR
meningiom*[ti] OR brain metast*[ti])” nns 3apy6exxHbix
paboT 1 KnuyeBbiM C/IoBaM “dpoToAMHaMUYecKan Tepa-
nua AND (rnno6nactom* OR ranom* OR meHuHrnom* OR
ronoBHoro mo3sra OR BHyTpuMO3roBbix meTactas¥)” ans
OTeyeCTBEHHbIX. Bo BpemMsa noucka Mbl UCKIOYann no-
BTOPAIOLWMNECA CTAaTbM B pa3HbiX 6a3ax AaHHbIX, BKMOYa-
NN TONBKO peLeH3npyemble M3aHWA, UCKIIYasa Te3UChI
1 nybnnKaLum no matepuranam KoHdepeHuuii.

B 6a3ax gaHHbix Pubmed, EMBASE, Cohrane Library
HangeHo 204 ny6nukaumuy, n3 HUX 26 0630PHbIX CTaTen,
1 TONbKO 2 cucTeMaTMyecKux 0630pa, COOTBETCTBYHOLLMX
TpeboBaHUAM MexXgyHapoaHou cuctembl PRISMA. B 6aze
HaHHbIx elibrary Bonpocbl O[T B HellpOOHKoNOrMn pac-
CMOTpeHbl B 59 nybnukaumax. B Haweln paboTte npous-
BeZEH aHanu3 JaHHbIX INTepaTypbl KaK 3apyOexXHbIX, Tak
M OTEYECTBEHHbIX aBTOPOB.

®otoceHcnbUnunsaTopbl
®oTtoceHcnbunmsatopbl (OC) ABAAIOTCA OAHUMU U3
Tpex OCHOBHbIX KoMnoHeHToB OIT. MNpaBunbHO noaob-
paHHble OC fOMKHBbI OTBEYaTb psAAY TPeOOBAHMN, BKIIO-
Yyas OTCYTCTBUE CUCTEMHOWN TOKCMYHOCTU, CENEKTUBHOE
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HaKoM/eHne B OMYXOJIeBON TKaHW 1 akTMBaLMW Ha Ann-
Hax BOJIH CBEeTa, JOCTAaTOYHOroO A ry6oKOro NpPOoHmK-
HOBEHUS B MO3rOBYIO TKaHb, MMHUMaJIbHOE BO3eNCTBME
Ha OKpPY»aloLLyl0 MO3rOBYIO TKaHb, y10OCTBO BBefeHN
npenapata B OpraHv3m MaLyveHTa, OTYETIMBAA BUANMAsA
dnyopecueHLMA Npu BU3yasbHOW OLEHKE CTEMEeHU Ha-
kornenusa OC [9].

Mo fAaHHbIM NITepaTypbl, CyLLECTBYET TPY NMOKONEHNA
doToceHcMbunmsnpyowmx coeguHennii [10, 11]. Mone-
Kynbl nepsoro nokonexusa OC (doTodpuH, TemonopoduH,
BepTenopdrH) COCTOAT U3 eCcTeCTBEHHO 0OPA30BaAHHbIX
nop¢ouprHoB, BKouvasa rematonopoéupuH (HpD), aTn
CoeAuMHEeHNA aKTMBUPYITCA Ha [JMHAX BOJIH OKOJIO
400 Hm [12]. Mpenapatbl nepsoro nokosneHna OC nme-
0T pAS CYLLEeCTBEHHbIX HEJOCTAaTKOB: BO-MEPBbIX, MMEIT
HEeBbICOKMI KBAHTOBbBIW BbIXOL CUHINIETHOTO KUC/I0POAa,
1 KaK CJieiCTBUE - MeHbLUY0 3PPeKTVBHOCTb; BO-BTOPbIX,
peanusyloT CBOE fencTBrE NPY ANMHAX BOJTH, B/TM3KNX MO
CMeKTPY K eCTeCTBEHHOMY CBETY, OKa3blBas BblpakeHHOe
doToTOKCMYecKoe BO3fencTBUE Ha Koxy. OC nepBoro
MOKONEeHUsi UMetoT 6oiee ANIMTENbHbBIN Nepuos NnosyBbl-
BedeHuA npenapata B cpaBHeHun ¢ OC cnepyowmx no-
Konenun [13].

B HelipooHKkonorun Havnbonee Y4acTto MCMONb3YOTCA
®OC BTOPOro NoKoneHus, Takme Kak xJiopuvHbl (GoToauTa-
3UH, $OTOPaH) 1 NPOV3BOAHbIE AMUHOJIEBYIHOBOW KNC-
NOTbI (anaceHc). 3Tn npenapaTbl aKTUBUPYIOTCA ANIMHON
BOJIHbI > 600 HM U ABNAIOTCA Hanbornee 3GPeKTUBHBIMY B
reHepauunu CUHIETHbIX popm Kucnopoga [14, 15]. B no-
cnefHee Bpemsi 60pUpPOBaHHble MPOU3BOAHbIE NOpPHU-
PVHOB 1 XJIOPVHOB aKTMBHO M3Yy4aloT B CBA3M C MepCrek-
TBOW UX ncnonb3oBaHua B OAT. M3yueHa cnocobHOCTb
60pMPOBaHHBIX NMPOV3BOAHBIX XJIOPVHa €6 1 nopdupu-
Ha (ABNAOWMXCA MOHO-, AN- U TeTPaaHMOHaMM), NPo-
HUKaTb Yyepe3 MiocKre brcnonHble NnuaHble Mmembpa-
Hbl [16]. MpeumywecTBO 3TUX NpenapaToB 3aKnoyaeTca
B akkymynauum OC npenmMyLLecTBEHHO B MUTOXOHAPU-
AX OMYXONEBbIX KNETOK, BBUAY Yero TpebyeTcs MeHblue
SHEprny CBeTa U HUBENMPYIOTCA MPAKTUYECKU L0 Hyns
nobouHble 3¢deKTbl, OAHAKO, 3TU Npenapatbl UMeT
GONbLUYI0 CTOMMOCTb 1 MPUMEHSAIOTCA MOKa B JKCNepu-
MeHTax [15-17].

B HacTosee Bpems naeT akTnBHas pa3pabotka OC
TPETbero NoKosneHus. BbigensioT OCHOBHbIE TPU TPYMMbl
OC TpeTbero NOKONIEHWA: HAHOTEXHOOMMYHbIe (HaHOYa-
CTWLbI, ME30MOPUCTbIE CTPYKTYPbI 1 Mp.), FTEHHO-UHXe-
HepHble U KOHBIOTMPOBAHHblE C HOCUTENEeM (aHTUTena
MPOTUB OMYXOJNEBbLIX AaHTUIEHOB, INMOCOMbI, BE3MKYJIbI).
Pap nccnegosaHmin nokasanu, yto OC TpeTbero nokone-
HUA, KOHBIOTMPOBAHHbIE CO CrieUndUUEeCcKMM HoCuTe-
NAMK, XapaKTepusyoTcs Hanbosee BbipaXXeHHON creuu-
GUYHOCTBIO Y TPOMHOCTBIO K TKaHAM 3/10KauyeCTBEHHbIX
onyxonen. Tak, Hanpumep, a HenponunuH-1 (peuenTop
[Nl SHOAOTeNManbHOro GpakTopa pPocTa) CBEpPXIKCNpeccu-
pOBaH B rMMOGACTOME 1 YYaCTBYET B OMYXOJIEBOM HEO-

aHrunornoreHese. Konbtorayua OC ¢ aHTUTENOM K HENpo-
nNUnnHy-1 obecneumBaeT TapreTMpoBaHHOE BO3AENCTBIE
Ha OMyxosib, a TakXe MO3BOJNIAET CHU3UTb KPOBOTOK
B OMyXONEBOW TKaHM NpuMepHO Ha 50% [18]. KoHbtora-
umna OC c aHTUTENOM K HEMPOMUANHY-T MOXET NOBbICUTb
3axsaT OC onyxonesbiMy Knetkamu. B 2020 r. B pabote
A. K. Rajora ncrnonb3oBanu HaHOYaCTULbl anoanMnonpo-
TenHa E3 (E3-wanepoH TpaH3nTa XxonectepuHa B Mo3re
OCYyLLeCTBAAET CBA3b C peuenTopamy AMMNOMNPOTEMHOB
HU3KOW MIIOTHOCTU KNETOK rnmobnactomel) ans obner-
yeHus poctaBku OC B TKaHb onyxonu [19]. M.A. LWeBuoB
1 coaBT. (2022) NPOAEMOHCTPMPOBAU, YTO MEMOPAHO-
CBA3aHHbIN 6enok mHsp70 npucyTcTByeT B ONyXOneBbixX
KneTKax rno6iacTombl, HO He B 3l0POBbIX KieTKax. AB-
Topamu 6bl1 pa3paboTaH npenapaT Ha OCHOBE aHTUTeNa
K mHsp70 - nentug RAS70 KoHblornpoBaHHbin ¢ OC, uto
NO3BOJIUT B fla/ibHENLIEM MCNONb30BaTb €ro Ajs NHTpa-
onepalnoHHO GpryopecLeHTHON ANArHOCTUKKU, a BO3-
moxkHo 1 ans OMT [20, 21].

MeToabl fOCTaBKN
$poToceHcMbNNN3aTopPOB K rOJIOBHOMY
mos3ry

OnTManbHbIN CNOCO6 [OCTaBKU NEKAPCTB OOMKEH
6bITb 6€30MacHbIM, MaNOMHBA3VIBHBIM, JIETKUM B OCBOE-
HUW 1 NprMeHeHn. OCHOBHbIE U anbTEPHATUBHbIE MYTU
[OCTaBKU MpenapaToB B roJIOBHON MO3T, MPUMeHsieMble
B HacTosIlLee BPEMSA: HEMOCPEACTBEHHOE BBELEHME aK-
TUBHOTO BELLECTBA B OMYX0JIEBYIO TKaHb, YCTAaHOBKA UMII-
NAaHTMPYeMOW MNOMMOBOW CUCTEMbI, WCNONb30BaHMe
YCTPOWCTB /151 JOCTaBKM NpernapaToB ¢ BPEMEHHbIM Ha-
pYLUEHNEM LIENIOCTHOCTU remMaToaHLedannyeckoro bapbe-
pa (F'3b), a TakXe TpaHCHa3anbHOe, BHYTPUBEHHOE 1 Me-
popanbHOe BBefeHWe feKapCTBEHHbIX cpencts [18,
22]. BHyTpuBEHHbIN cnocob BBeaeHUs obnafgaet pagom
OYEeBUAHbIX NMPEVMYLLECTB, HO CTaJIKNBAETCA C Npobie-
MOW NMPEOAONEHNSA MONIEKYNIaMU aKTUBHbIX BELLECTB re-
MaTo3HUedannueckoro bapbepa (I3b) [18]. MocnegHne
HayuHble [OCTVXXEHWA OTKPbIBAOT BO3MOXXHOCTU ANA
NpPeooneHNs TakNX OrpaHNUYeHNUin C pa3Hon 3pdeKTrB-
HOCTblo. OfHMM M3 BO3MOXHbIX BapVAHTOB peELUeHNA
[aHHOrO BOMpOCa BUAMTCA MnpuMeHeHne ¢doHodopesa.
YnbTpa3ByK NPOAEMOHCTPUPOBAN MOTEHLUMANbHYO BO3-
MOXHOCTb [OCTaBKM NIEKapCTB HEMHBA3MBHO yepes 96
TOYHO B Heobxofumyio 30Hy [22]. Micnonb3oBaHue Tap-
reTHbIX HAaHOYaCTUL, NMO3BOJISIET CO3AaTb HEOOXOAUMYIO
KOHLIEHTpaLuio npenapara, COKPaTUTb BpeMs JOCTaBKU
3a CYeT ynyylleHnA PacTBOPUMOCTY 1 OMOJOCTYNMHOCTH
rmapocdobHbIx NpenapaTtos [23].

Momwumo MIb npenATcTBYem AnA JOCTaBKM npenapa-
TOB K OMyXONy ABNIAIETCS €€ FeTepOreHHoe U AVHaMUy-
HO M3MeHsoLeeca MUKPOOKpYXeHue. M3BecTHO, uTo
MUKPOLMPKYIATOPHOE PYCNO B OMYyXOJAX FNafbHOrO
pAga nmeeT NPOHULAeMOCTb OT 7 0 100 HM, YTO 3Hauu-
TeSIbHO MeHbLUE, YeM Y OMyxoneln Apyrux nokKanv3sauum
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(380-780 HM). YuéHbiMK npepnaraeTca gnsa pelleHus
3Toll Mpo6nemMbl MPUMEHATb BUPYChl, BbICTyMaLlne
B KauecCTBe BEKTOPOB, AOCTaBAAOWMUX MHTEPeCYLWni
nccnegoBaTenen, areHT [24]. B nocnegHee Bpems B Mone-
KYNAPHOW MeanLMHe BO3POC UHTEPEC K MCMONb30BaHNIO
KBaAHTOBbIX TOYEK (HaHOMaTepuan co crneundpuyecku-
MU CMEKTPaNbHbIMK XapaKTepucTnKamu), obnagaowmx
YHVKaNbHbIMU OMTUYECKUMM CBOWCTBaMM, obecneyrBa-
IOWMUMN BbICOKYK YYBCTBUTENBbHOCTb M CENEKTUBHOCTb
nencteua [25]. TakKe BO3MOXHbIM NePCNeKTUBHBIM pe-
LUEHVIEM MOXET ObITb MPUMEHEHME MAarHUTHbIX HaHOYa-
¢ty [26]. HaHoYacTMuUbl 30/10Ta, MOKPbITblE C MOMOLLbIO
KOBAJIEHTHbIX CBA3EN TNMKaHamu, KOMMJIeMeHTapHble
K JHOOTENMIO COCYyAOB TOJIOBHOrO MO3ra nokasanu
6onblUOV MOTeHUMan ONsa LOCTaBKM TepaneBTUYECKUX
cpencte B LUHC [27, 28].

BonokoHHO-ONTNYECKMe TeXxHoNnornm

Mpu npoeepeHun OOT HeobxoayM CBET onpeaenex-
HOWM ASIHbI BOJHbI N BbICOKOW WHTEHCMBHOCTU, MOFMO-
weHne monekynamu OC KBaHTOB CBeTa B MPUCYTCTBUNU
Kucnopoga npuBOAnUT K (GOTOXMMUYECKMM peakuusm
(peakuumm no Tuny | u ll). Ha puc. 1 npeactaBneHa cxema
peaKkuuin, NPonNCxXoaALmx Bo BpemMa npoeeaeHma OAT.

N306paxkEHHble CXeMaTUYHO Ha pucC. 1 CUHIMETHbIe
dopMbl Krcnopopa Bbi3biBaloT rMbenib KNeToK Nno mexa-
HU3My HEKpo3a M anonTo3a [29-32]. Oba Tvna peakuum
NPonCXoaAT OAHOBPEMEHHO, a X BO3AENCTBYOLLee COo-
OTHOLLEHME 3aBUCUT OT KOHLIeHTPaLun Kuciopoaa B TKa-
HAX, pH cpefbl 1 cocTaBa Mcnonb3yembix BewecTs [33].
MposepeHve OAT Ha noxe yaaneHHOW OMyXonn MoBbl-
LWaeT paguKanbHOCTb onepauun, Tak Kak rnybrHa npo-
HUKHOBEHMe CBeTa MO pa3HblM UCCNELOBAHUAM NEXUT
B npegenax ot 5 go 12 mm [34-36]. Ha 3¢ dpekTBHOCTD
OAT, a TakXKe Ha ee UMUTOTOKCUYHOCTb BJIMAIOT MHOrme
dakTopbl, B Tom uncne Tun OC, BBeaeHHasa gosza OC v cee-
Ta, @ TaKXe HanMuume KNCIopoAa U BPEeMEHHOMW Npome-

s and apoptosis)

PasNYLIEHIUE ONYXONERLIX
kneTok (Hekpos w anonmos) /
destruction of tumor cells

o

Puc. 1. CxemaTtuueckoe usobpaxeHue peakuum,
NPOUCXOAALLUX NPU NPOBEAEHUU POTOAMHAMUYE-
ckov Tepanuu (PC - poTtoceHcubuansarop).

Fig. 1. Scheme of the course of the reaction in
photodynamic therapy (PS - photosensitizer).

BYEHWE MMMYHHBIX
/ recruitment of
immune cells

XKyToK Mex gy BeefeHnem OC n Bo3genicTBuem ceeta [37,
38]. 13BeCTHO, UTO KNETKM OMYXOJI YACTO «TUMOKCUYHbI»,
a OCHOBHOW NMyTb MeTaboNM3Ma — aHa3POOHbIN MMKONN3,
yTo MpepncTaBnseT npobnemy, nockonbky ana OOT He-
obxoaum Tpunnet O2 B OCHOBHOM cocTtosAHun. C uenbto
pelweHnsa gaHHon npobnembl B PHXW npod. A. J1. NMone-
HOBa ObIO MpeanoXeHo co3faBaTb YNpPaBAsSEMYO -
NepoKCMI0 MyTeM MOBbILEHWA NapLManbHOro AaBneHus
Knucrnopoga B KUCIOPOAHO-BO3AYyLWHON cMmecn o 60%,
YyTO YyBenMuYMBaEeT 00pPa30BaHME CUHINIETHOTO KKCHO-
popa (nateHT N2 2318542 ot 10.03.2008r) [5]. B pabote
D. Bartusik-Aebisher et al. (2022) npegnoeH reHepaTop
CUHTNIETHOTO KUC/IOPOAA Ha OCHOBE BOJIOKOHHO-OMTU-
Yyeckoro mMetofa AnA LefieHanpaB/ieHHOW ero fOCTaBKY
B0 Bpema OAT. Llenb naeun — pazpaboTtka reTeporeHHoro
yctponcTea ana OT, kKoTopoe ncnonb3yeT onTuyeckoe
B036yxzaeHne monekyn ®C, BbicBOGOXKAaeMbIX C MOpUC-
TbIX KOHLIOB MOJIOF0 MUKPOCTPYKTYPUPOBAHHOIO ONTU-
UECKOro BOJIOKHA, Mo KoTopbiM nogaetca O, [39]. CyTb
paboTbl 3aKnouaeTcs B pa3paboTke MeTofoNornm CBf-
3bIBaHUA NOPUCTOr0 KPEMHMA C UMEILLMMCA Ha PbIHKE
NOJIbIM MUKPO CTPYKTYPUPOBaHHbIM ONTUYECKM BOJIOK-
HOM, ONTUMM3ALNN ONTUYECKON CBA3N MEXKAY BOJIOKHOM
n ceasaHHbIM OC, nogaepaHnA NOPUCTOCTU MO BCEMY
CBA3AHHOMY KPeMHIIo 1 BbicBoboXaeHus OC n3 matpu-
Libl KpEMHMSA MyTemM 06/yYeHNa BUAUMbBIM CBETOM.

CoBpemeHHbIM npuHuunom OAT AsnaetTca ncnosnb-
30BaHMe OJHOr0 UCTOYHMKA J1a3epHOro M3NnyyeHus, Ko-
TOPbI OAHOBPEMEHHO KCNosb3yeTca ana GoToamnarHo-
ctukn 1 QAT (NpuHUMN GOTOTEPAHOCTUNKM), TEM CaMbIM
obecrneurBaeTcsi NpPOBedeHUe CrNEKTPOCKOMMYECKOro
KOHTPOJIA M3MEHEHUS VHTEHCUBHOCTM riyopecLeHLun
®C B npouecce nasepHoro obnyyeHus. Tak JoCTUraeTcs
KOHTponb Ao3bl QAT B pexkume peanbHOro BpemMeHu, 4to
NPUBOAMUT K MONYyYEHUI0 TepaneBTUYECKON A03bl CBeTa
B HEOOXOAUMOW 0651aCTU N YMeHbLIaeTcss GOTOLUTOTOK-
CMYHOCTb Ha 340poBble TKaHu [40].
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KnuHunuyeckas s¢pPpeKTnBHoCTH

Bo MHOrmx uccnepoBaHuMAX NoKasaHa KMHMYecKas
3GDEKTUBHOCTD  XMPYPrUYECKor pe3eKumm OMyxonu
B couetaHun ¢ O[T [41]. B ctatbe W. Stummer et al. (2008)
onucaH C/lyyai neyeHUA naumeHTa C MynbTUPOPMHON
rnuobnactomori neeBoi nobHoOW [onu, npouweawero
XYpypruyeckoe fieyeHme C paguoTepanven u XMmmo-
Tepanuen. Yepes 12 mec nocne pesekumm onyxonu Bbi-
ABneH peuuans onyxonu, ®AT Obina npoefeHa npwu
NOBTOPHOW pe3eKuunun. Nocne nepopanbHOro BBedeHnn
5-AJIK B go3mpoBke 20 Mr/Kr obnyuyeHne NpPOn3BOAUIM
C UCNOJIb30BaHUEM ANOAHOrO nasepa C AJIMHHOW BOJHbI
633 HM (MoLwHOCTb 200 MBT/CM) B HENpepbIBHOM pexxmme
(cBeToBas go3a coctaBuna 1200 Ox/cm?) Bnocneacteum
nauueHT NpoXxwun 5 net 6e3 peunansa onyxonu [42, 43].
C. Schwartz et al. (2015) B cBOEM MCCNeQOBaHUN OMUCaN
rpynny 3 15 nayneHToB, Kotopble npownu OAT ¢ 5-AJIK
B fo3e 20 nnu 30 mr/kr. O6nyyeHne NpoBOAMIN AUOLHBIM
nasepoMm C AJINHOW BOMHbI 633 HM, CpefHAA CBeToBasA
no3a coctaBuia 12,960 . BbikrBaemMoCTb NauneHToB
CPaBHWIIN C BbIXKMBAEMOCTbIO MaLMEHTOB, KOTOPbIM Oblna
BbIMOSIHEHA TOMbKO XUPYpPruyeckasa pesekuma onyxonu.
MaumneHTbl, KOTOopbIM Obina nposegeHa OAT, nokasanu
6onbLUY0 MeanaHy 6e3peLuarBHON BbIXKMBAEMOCTH, KO-
Topas gocturana 16 mec, B TO BPeEMs Kak BO BTOPOU rpyn-
ne AaHHbIX Mokasatenb coctasun 10,2 mec (p <0,001).

Ta6nuya

Y 6 naumeHToB B rpynne ¢ OAT NpogonknTenbHOCTb be3-
peunavBHOWN BbIXKMBAEMOCTM cocTaBuna 6onee 30 mec.
Y 7 n3 15 nauymeHToB ObINN AMArHOCTUPOBAHbBI OCIOX-
HeHVA B NocsieonepaurioHHOM Nepuroae: TPaH3UTOpPHasA
adasua 1 smbonus neroyHom aptepun [44].

B nccnepnosanume A.KO. PbiHabl ¢ coaBT. (2023) 6bin BKIO-
YyeH 161 MauMeHT CO 3/10KaYeCTBEHHOW MManbHOM OMNyXo-
Nbl0 CynpaTeHTOpranbHON fNoKanusaumm, n3 Hux 80 naum-
eHTam 6bina nposegeHa O[T ¢ ncnonb3oBaHnem ¢oTo-
anTasumHa (1 mr/kr). Npenapat BBOAWAN BHYTPUBEHHO Ha
3Tane VHAYKUUM HapKo3a. [ina obnyyeHrs noxa ynaneH-
HOM ONyXONN MCNOJb30Bann na3epHyto yCTaHOBKY «Jla-
Tyc» (000 «ATKYC», CMM6) MmowHOCTbIO 2,5 BT 1 gnuHHOM
BOJIHbI 662 HM. ObnyyYeHne NPOBOAUIUN B HEMPEPbLIBHOM
pexrnmMe, ONUTENIbHOCTb Tepanuy 3aBucena OT MoLa-
O NoXa M3 pacyeTa TepaneBTUYECKON CBETOBOW [O3bl
180 [x/cm?. ABTopamm paboTbl 66110 foKasaHo, uto OAT
B CTPYKTYpE KOMIMJIEKCHOW Tepanuu 3710KauyeCTBEHHbIX
rIOM FOJ/IOBHOMO MO3ra JOCTOBEPHO YBeNMuMBaeT Meau-
aHy obLLeli BbIXKMBAaeMOCTY Y NaLMeHTOB ¢ grade 4 rivoma-
MU — 8o 20,7+4,7 mec (rpynna cpaBHeHua — 13,5+2,3 mec;
p=0,0002); a Tak>ke yBeNnMuMBaeT MeavaHy NpoJoKMUTENb-
HOCTV X13HU 6e3 peuuamnBa 4N naumeHToB ¢ grade 3 rvo-
Mamu — o 21,743,4 mec (ocHoBHasA rpynna — 15,8+3,1 mec;
p=0,0002), a c grade 4 rnnomamu — o 11,1+2,1 mec (rpyn-
na cpaBHeHuA — 8,0+2,3 mec; p=0,0001) [45].

CBOAHbIEe CBeAEHUA 0 KAMHUUYECKON adpdeKTUBHOCTU OTA B HEMPOOHKOAOTMU

Table
Summary of clinical effectiveness of FTD in neurooncology

Yucno
nayneHToB

ABTOp
rog

®C, posnpoBKa
(mr/Kr)

Jo3a cBeTa,
(Ax/cm?)

HexenatenbHble
peakuuu npu n nocne
OAT (pa/Her)

MepwaHa o6uen
BbDKMBaemMocTu (mec)

XnopuHbl
Chlorins
S. Stylli, 2005 [48] 78 ®oTtodpuH | 70-240 Het 14,3
5 mr/kr; No
Photofrin |
5 mg/kg
H. Kostron, 2006 26 QockaH 20 Het 8,5
[49] 0,15 mr/kr; No
Foscan
0,15 mg/kg
P.J. Muller, 2006 43 ®otodpuH Il 120 Het 11
[50] 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
40 mr/m? No
Talaporfin sodium
40 mg/m?
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A.1O. PbiHga, 2023 80 QoToanTasnH 180 Het
[45] 1 mr/kr No
Fotoditazin
1 mg/kg
K. Shimizu, 2018 17 TananopduH HaTpus 27 Het
[53] 40 mr/m? No
Talaporfin sodium
40 mg/m?
M. Nitta, 2018 [54] 30 TananopduH HaTpus 27 Het
40 mr/m? No
Talaporfin sodium
40 mg/m?
Tatsuya Kobayashi, 70 TananopduH HaTpus 27 Het
2022 [55] 40 mr/m? No
Talaporfin sodium
40 mg/m?
C.WTeng, 2020 78 (Kpbicbl)  HaHoOKnacTtepsbl LmaHuW- 30 Het
[56] Ha 1 XJIop1Ha No
1 mr/Kr

Cyanine and chlorin
nanocluster

1 mg/kg
T. Maruyama, 2016 27 TananopduH HaTpus 27 Het
[57] 40 mr/m? No
Talaporfin sodium
40 mg/m?
E.l. Kozlikina, 2020 1 TananopduH HaTpus 27 Het
[58] 40, mr/m? No
Talaporfin sodium
40 mg/m?
A.H.Sara, 2015 30 ®oTonoH 30 Het
[59] 4 mr/kr No
Fotolon
4 mg/kg
J. Akimoto, 2016 27 TananopduH HaTpua 27 Het
[60] 2 mr/Kr No
Talaporfin sodium
2 mg/kg
MopdupunHbl
Porphyrins
W. Stummer, 2006 122 5-AJIK 100 Het
611 20 mr/kr No
5-ALA
20 mg/kg
S.W. Cramer, 2020 350 5-AJIK 80-120 Het
[62] 20 mr/kr No
5-ALA
20 mg/kg
S. Schipmann, 30 5-AJIK, 20 mr/kr 100 Het
2020 [63] 5-ALA, 20 mg/kg No
W. Stummer, 2008 1 5-AJIK 100 Het
[64] 20 mr/kr No
5-ALA
20 mg/kg
C. Schwartz, 2015 15 5-ANK 12,9 Het
[65] 30 mr/kr No
5-ALA
30 mg/kg
K. Mahmoudi, 10 5-ANK 80 Het
2019 [66] 20 mr/kr No
5-ALA
20 mg/kg

29,9

He yka3aHa

No data

17,5

16,0

14,3

24,8

14,5

15

24,8

15,2

16,1

12,1

56

32,4

18,9

Mpumeuarmne: OC - poToceHcnbunmsatop; ®AT - oToguHammueckas Tepanus; 5-AJTK — 5-amrHoNEBYNMHOBas KUCNIOTa.

Note: PS - photosensitizer; PDT — photodynamic therapy; 5-ALA - 5-aminolevulinic acid.
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Konnektns Koponesckon MenbbypHckon bonbHULbI
MMeeT caMblil 6OMbLIOW KIMHUYECKMIA OMbIT MO NpuMe-
HeHuto O[T B HEMPOOHKONOrMK, N3y4rB OONbLUE, YeM
350 naymeHToB ¢ rMnomamu. B kauectse OC aBTOpbI UC-
NnoJib30Ba NPOV3BOAHbIE reMaToNopPUpPUHa B L03U-
pOBKe 5 Mr/Kr (BHyTpMBEHHOe BBefeHue). A cBeTOBas
no3a coctaBuna ot 70 oo 240 [1x/cm2. Y nalmeHToB, B cxe-
My JleuyeHus KoTopbix Obina BknoueHa OAT, 2-neTHas
BbI>KMIBAaEMOCTb C BNepBble ANarHOCTUPOBAHHbBIMY U pe-
LMAMBUPYIOWMI rAnomMmamn coctasmna 28% n 40%, co-
OTBETCTBEHHO, a 5-neTHAA BblXKMBAEMOCTb — 22% 1 34%
COOTBETCTBEHHO [46]. YTO KacaeTcsi No6OYUHbIX 3$deKTOB
OQAT, To Kak coobwaet S. Eljamel (2010), n3 150 nayuen-
T0B, npoweawnx QAT ¢ npumeHeHrem 5-AJIK 1 doTo-
bPUHOM, OCNIOXKHEHUS ObINN BbIAIBAEHbI Y 7 MaLMEHTOB:
y 3 (2%) nauneHTOB pa3Buiacb TPomMb603 rnyboKrX BeH
npu neyeHun ¢otodpuHom, H1 ogHoro npu OAT, ono-
cpepoBaHHom 5-AJIK, y 2 (1,3%) nauueHTOB pa3Bunacb
$OTOUYBCTBUTENBHOCTb KOXMU 113-3a HECOONoAeHNA CBe-
TO3alWuTbl B neTHUe mecaubl (0,6% npw OAT, onocpepo-
BaHHoON ¢poTodppurHom). Mocne ®AT y 2 (1,3%) naumeHToB
[pa3BUCA OTEK FONIOBHOIO MO3ra, NoTpeboBaBLWNIA leye-
HuA, ay ogHoro (0,1%) naureHTa pa3BuICA HEKPO3 KOXI
N paHeBas JIMKBOPes 13 paHee O6JlyYEeHHOrO KOXHOro
nockyTa [47]. JononHuTenbHble cBeieHNs 06 UCMosb30-
BaHUN pa3finyHbiXx OC 1 KnuHnYeckon 3dGeKTUBHOCTY
OT[] B HEMPOOHKONOT MM NPefCTaBsieHbl B Tabs.

O6cyxpeHne

B HelpooHKonormm BbICOKaA 4acToTa peungusoB
3/10KQUeCTBEHHbIX OMyxosiell 0bycnoBfieHa Kak WHBa-
3MBHbIM TUMOM POCTa OMYXOMW, Tak U €ee KIIeTOYHOW
YCTONYMBOCTbIO K TPaAULMOHHBIM METOJaM afbloBaHT-
Hon Tepanuu [67, 68]. Bo3HuKatowue B pesynbtate OAT
KackafiHble MexaHu3Mbl OOYCNaBNMBAOT aNbTepaunio
MeMOpPaH KJIETOYHbIX MemMOpaH, NPUBOAAT K HeobpaTu-
MOMY MOBPEXAEHUIO 1 pa3pyLlleHnto GoToceHCMounm-
3MPOBAHHbIX OMyxosneBbiX Knetok. OAT He TONbKO He-
NocpeaCcTBEHHO BO3OENCTBYET Ha KJETKM OMyXosv, HO
TaKXKe YMeHbLUaeT BacKynsipr3aunio (KpoBOCHabXeHME)
OMNyXO0nw, BbI3biBaeT BOCMaNNTENIbHYIO peaKkLuio, KoTopas
CTUMYNMPYET NOKasbHbIN 1 flaXke CUCTEMHbIN MMMYHHbI
otBeT. O[IT He BAUAET Ha BHEKNETOYHbIN MaTPUKC, Crle-
[0BaTe/IbHO, MPOLIECC 3aXKMBJIEHUA TKaHEeW COonpsMeH
C MUHVMAJbHBbIM PUCKOM 06pa3oBaHusi py6LOB 1 cna-
€YHOrO MPOoLIeCca, CHMXKAETCA PUCK MHOEKLMOHHBIX OC-
noxHeHun [66]. OAT aBnsaeTca NnpegMeToM NHTEHCUBHbBIX
NccnefoBaHni, XOTA B HEMPOOHKOOTMN NMOKa He Nony-
ynna NOBCEMECTHOMO PacnpPOCTPaHEHNA, U NINLLb HEMHO-
rme nabopatopum B Poccuinckorn Qepepaunmn nepewnu
K KNMHMYECKOMY MCMONb30BaHMio [69-76].

OIT ycnewHo npumMeHaeTca yxke 6onee ABYX AeCATI-
NeTUN, OAHAKO, Ha HaL B3rnAA, 4O CUX MOpP OCTalTCA He-
peLwéHHbIMU cnefyoLue npobnembi:

« Heobxopguma panbHerwas paspabotka OC ¢ 6onb-

Wen CeNneKTMBHOCTbIO aKKyMyNALUM B OMyXONeBbIX
KNeTKax 1 TKaHAX;

«  TNpobnema GOTOUYBCTBUTENBHOCTM KOXK;

« [pobnema rmnoKCMYHOCTY 3710KaUeCTBEHHDIX OMyXOseln;

be3ycnoBHO uMeTCA pAf MpeumyLlects, KOTopble
006yCnaBnMBalOT aKTyasbHOCTb U AAlOT CTUMYN K Aalb-

Henwemy pa3BuTumio TexHonorum OAT:

« Manasa KoHueHTpauus “ceobogHoro” ®C B opraHus-
Me, 6bICTPas ANMMUHALNS;

+ Bospgencteme Ha onyxonesble KNeTKW, NpunerawLme
K »KU3HEHHO BaXHbIM (YHKLMOHANIbHbIM 30HaM ro-
JIOBHOTO MO3ra, HeJOCTYMHbIM 415 XUPYPru;

+  Bo3mMOXHOCTb aganTMpoBaTb CyLWEeCTBYOLWME SHIO-
CKOMMYyecKkne N MUKPOONTUYECKNE METOAbI C HOBbIM
OMNTOBOJIOKOHHbIM OO0PYZOBaAHKEM.

MepcnekTrBOW AanbHenwen paspabotkm Tembl OOT
B HEMPOOHKONOrMn sBRsieTcAa paspaboTka rmbprgHo-
ro BOJIOKOHHO-OMTUYECKOTro MpPOrpaMMHO-annapaTHo-
ro KOMMjeKkca Ha OCHOBE TEXHOJIOTWI, WCMOJb3yeMblX
B Pa3fIMyHbIX 0011acTAX COBPEMEHHOW HayKu: OpraHuye-
CKUI CMHTE3, pU3KKa, GOTOXMMUSA, HAHOTEXHONOTUS U UC-
KYCCTBEHHbI VHTE/IEKT.

3aKknoyeHune

Bbrnarogaps BbICOKON W36UpaTENbHOCTM [ENCTBUA
OOT Tepanus ABNSETCS OYeHb MHOroobellatollen me-
TOAVKOWM MO CPABHEHMWIO C KacCUyeckKuMyu MeTOoAamm
NeYeHUs], NCMNOJb3yeMbIMI B 001aCTU HENPOOHKOOMUN.
HecmoTps Ha orpaHuuyeHnsa pa3mepa BbIOGOPKM U Mano-
ro KonmMyecTBa PaHAOMU3INPOBAHHBIX KOHTPONMPYEMbIX
NccnefoBaHNn MMerLWmMeca AaHHble CBUAETeNbCTBYIOT
o nonoxutenbHom BnvAHUM QAT Ha BbIKMBaeMOCTb Na-
LMEHTOB C rrMo671aCcTOMO MO CPAaBHEHMIO CO CTaHAApPT-
HOW Tepanuven.

[maBHbIM npenmywectBom metoga QAT Asnaetca
€ero BblcOKaa 3pPEKTMBHOCTb I MUHUMANIbHO WHBa3UB-
HbI XapakTep. BbicOKaa cenekTMBHOCTb BO3AeNCTBUA
Ha KNeTKy onyxonu ronosHoro mo3sra npu O[T, BO3MOX-
HOCTb CMEKTPOCKOMNYECKOrO KOHTPOJIA 1 0ObeKTUBMU3A-
unn grHamukn HakonneHus ®C B npouecce obnyyeHns
nossonset roeoputb o AT, Kak 0 3pPpeKTBHOM MeTo-
e NOKaNbHOro KOHTPOJA HeonnacTnyecknx npoLeccos
B FOJIOBHOM MO3re, YTO B CBOI oYepeb MPUBOANT K AN-
TeflbHOMY 6e3peurMBHOIO Neproaa 1 ynyylleHno Ka-
YyecCTBa XKMN3HU HENPOOHKOIOMMYECKMX NaLeHTOB. Takon
nogxon B COBPEMEHHOW HEeMPOOHKONOrNN, MOXeT pac-
CMaTPUBATbCA KaK BapUaHT TEPAHOCTMKN U MEET NpaBo
Ha3bIBaTbCA «HOTOANHAMMYECKAS TePAaHOCTUKaY.

Paboma 8binosiHeHa 8 pamkax 20Cy0apcmeeHHo20 3d-
O0aHusa N° 123021000128-4 «Pazpabomka Ho80U mexHos10-
2uu sie4eHuUs 60J1bHbIX BMOPUYHBIMU HOB006PA308aHUAMU
20J108H020 M0320d U peyuousupyowuMu MEHUH2UOMAMU»
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lMpasuna gna aBTopos

MPABUIA OJ14 ABTOPOB

O6wume TpeboBaHUA
K npeAcTaBneHHbIM MaTepuanam

OTBeTCTBEHHOCTb ABTOpa

MpepctaBneHHble B paboTe faHHble [OMKHbI ObITb OPUrMHaNb-
HbIMW. He fonyckaeTca HanpaBneHvie B pefakuuio paboT, KoTopbie
6blnV HaneyvaTaHbl B 1PYryX 3AaHUAX AW NOCNaHbl Ana nyénmkaymm
B Apyrue pepakuum. OTBETCTBEHHOCTb 3a NPeAoCcTaB/IeHe maTepua-
OB, MOIHOCTBIO MJIN YAaCTUYHO OMYOIMKOBAHHbBIX B IPYrOM NeYaTHOM
n3gaHum, Hecet ABTOp.

ABTOp rapaHTUpyeT Hanunyme y Hero NCKIIoUNTENbHbIX NpaB Ha
ncrnonb3oBaHWe nepefaHHoro Pepakuum matepuana. B cnyuvae Ha-
pyLIeHVA AaHHOW rapaHTu 1 NpeabABNeHNA B CBA3M C 3STUM NpeTeH-
3ui K Pepakumu, ABTOp CaMOCTOATENbHO 1 3a CBOW CYeT 06A3yeTcA
yperynupoBaTb Bce npeTeH3nun. PefakLma He HeceT OTBETCTBEHHOCTU
nepepn TPETbVMM NNLAMV 3a HapyLUeHne AaHHbIX ABTOPOM rapaHTUil.
3a OCTOBEPHOCTb U MOIHOTY CBEAEHWI, N3NIOXKEHHbIX B My6nnkauu-
AX, @ TakXKe 3a TOYHOCTb MHPOPMaLMK MO LUTUPYEMON 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 Pefakuueil, Heobxognmo
NPONTN Ha CalTe XypHana npoueaypy permcrpauuu, nocsie yero rno-
ABNAETCA TEXHNYECKaa BO3MOXHOCTb HaMpaBUTb CTaTbio B pPeaaKkLmio
yepes cneumanbHyio dopmy.

O6wue Tpe6oBaHNA

ABTOP, OTBETCTBEHHbIN 3a KOHTaKTbl C Peflakymen, 3arpyaeT cTa-
TbiO Ha CaliT XypHana oTaenbHbIM dainom B dopmate doc. nnm docx.

MeTagaHHble HEO6XOAMMO AOMOSIHUTENIbHO BHECTU B OTAESbHYIO
3M1eKTPOHHY0 Gopmy.

TeKcT cTaTb B npuKpenneHHoOM ¢aiine fomkeH ObiTb HabpaH B
TEKCTOBOM pefaKkTope Kernem 12 nyHKTOB yepes 1,5 nHTepBana, xe-
natenbHo wpnudTtom Times New Roman Cyr, nepeHoc cloB He fenaet-
¢, ab3ayHbIii oTcTyn — 10 Mm. Pa3mepbl noneit: BepxHee 1 HUXKHee —
20 mm, neBoe — 30 MM, npaBoe - 20 MM. PekomeHyemblii 06bem cTaTby,
BKJIlOYas TabnuLbl U nuTepaTypy — B npegenax 12-15 ctpaHuy dopma-
Ta A4. Bce cTpaHuLbl JOMKHBI 6bITb MPOHYMEPOBaHbI.

TutynbHasa cTpaHnua

TutynbHas cTpaHuLa JO/KHa CofepKaTb:

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

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

+ Ha3BaHWA OpraHM3auuii, B KOTOPbIX paboTaloT aBTOpbl (ecnn
aBTOp paboTaeT 1 BbIMOHAN NCCNEeA0BaHNA B HECKOMbKIMX Op-
raHu3aLuAXx, >KenaTefbHO yKa3biBaTb Ha3BaHVA BCeEX OpraHn3a-
Lwni1), ropofa 1 CTpaHbl (BblpaBHVBaHME MO LEHTPY, Ha3BaHWA
opraHn3aLuin JOMKHbI ObITb AaHbl B COOTBETCTBUN C [JaHHbIMU
noptana e-library, B cnyyae HeckonbKvx opraHusauuin nepep
Ha3BaHMEM Ka)[OoW yKa3blBaeTCs MopAfKoBbIli Homep B dop-
MaTe BepxHero uHAekca v nocsie GpamMunnm Kaxgaoro asTopa
TaKXXe BEPXHVM MHAEKCOM 0603HayaeTcs ero NpuHaAnexHoCTb
K onpefeneHHoN opraH13aLmm 1m opraHusayuam);

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

« KioyueBble cfioBa (5-10 cnos);

+ KOHTaKTHylo MHbopMauuio Ana oblieHna uuTaTenein C oTeeT-
CTBEHHbIM aBTOPOM AJf1A Mybnukaumn B CBOOOJHOM AOCTyre
(e-mail);

+  CCbIIKY Ha CTaTbio 1 LUTUPOBaHUA.

Bce BbllenepeyuncnenHble pasgesnbl JyOnnpyoTca Ha aHMUACKOM

A3blKe.

Pasgenbl ctaTtbm

OpI/II’VIHaanbIe CTaTbM AOMKHbI cofep»kaTb cnefytoume pasaenbl:
BBeieHNe, maTtepuan 1 MeTofbl, pe3ynbraTbl, o6cy>KneH|/|e (nocne,qm/le
ABa pasfena moryTt 6bITb 06‘be,ql/IHeHbI), 3akKnoyeHne. HazsaHua pasge-
OB O0JTXKHbI 6bITb BblAesIeHbl NONYXXUPHbIM mpM¢TOM.

0630pbl IMTEPaTypPbl MOFYT ObITb HE CTPYKTYPUPOBAHbI.

A66peBuaTypbl

B TeKcTe cnepyeT 1Cnonb3oBaTb TONbKO OOLENpPUHATbIE COKpaLLe-
HuA (abbpeBunaTypbl). He cnegyet npyMeHATb COKpaLLeHVsA B Ha3BaHUN
cTaTbu. [MoMHbIV TEPMIH, BMECTO KOTOPOTO BBOAWTCA COKpALUEHNe, Cre-
[yeT paclurppoBbIBaTb NPY NEPBOM YNOMVHAHNN €ro B TEKCTE (He Tpe-
Oy10T pacwdPOBKM CTaHAAPTHBIE €AVIHNLBI 3MEPEHUS U CUMBOJIbI).

Tabnuubl

TabnuLbl v TEKCT [OMKHbI AOMOMHATL APYT APYra, a He Ay6AnpoBaTb.

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

HasBaHua Tabnuu 1 BcAa nHpopmaLys B Tabnumuax gybnupyerca Ha
AHITINIACKOM fA3bIKe.

PucyHkn

PVCYHKIM OMKHDBI AOMONHATL VIMEIoLMECA B CTaTbe TabNuLbl Y TEKCT,
a He ny6nMpoBaTh UX.

QoTorpaduv JOMKHbI ObITb KOHTPACTHBIMMK, PUCYHKN — YETKUMMU.
Mmetowmecs B ctatbe rpaduKkim AOMKHbI ObiTb NPEACTaBNEHbI (BO3MOX-
HO, OTAeNbHbIM daiiniom) B Bae TabnuL, ¢ UCXOLHBIMU faHHBIMU.

Ha mukpodoTtorpadumsax Heo6xoaMMO yKasaTb MeTof OKpacKy, yBe-
nnyeHne.

PucyHKM HymepyoTCA B COOTBETCTBIM C MOPALKOM UX LIUTUPOBaHUA
B TeKcTe. KaXabl PUCYHOK [OMKEH VMETb KpaTKoe Ha3BaHue 1 UMeTb
CCbIIKM B TeKCTe (Hanpumep: puc. 1). EQUHCTBEHHbIN PUCYHOK B CTaTbe
He HymepyeTCA.

He cnepyeT ncnonb3oBathb Ha PYCyHKax, B TOM UYKCie Ha rpadukax,
KpaTKne 0603HaueHus, Aaxe paclurdpoBaHHble B TekcTe (t, S ap.).

Bce noanucy K pucyHkam Ay6nmpytoTcs Ha aHIIACKOM S3blKe.

Bce TeKcTOBble HaANMCK Ha PUCYHKax Takxe AybnupytoTca Ha aH-
TMIACKOM f3blKe Yepes CLu.

Bce cTaTby, nocTynatowme B pefakLuio, MPOXOAAT MHOTOCTYNeHYa-
TOe peLieH3MPOoBaHe, 3aMeYaHNsa PELEH3EHTOB HaMpPaBATCA aBTopY
6€e3 yKa3aHUA MMEeH PeLIeH3eHTOB Yepes NINYHbIN KabUHET Ha caiiTe Xyp-
Hana. Mocsnie NonyyeHVs peLeH3unii 1 OTBETOB aBTOPa peaKosNervis npu-
HVIMaeT peLleHne O MybanKauuy (Uv OTKIIOHEHUK) CTaTby.

Pepakuua octaBnsAeT 3a coboli NPaBo OTKIOHUTb CTaTbio C Hanpas-
NeHNeM aBTOPY MOTMBMPOBAHHOMO OTKa3a B NCbMeHHO popme. Oue-
penHOCTb Ny6nMKaLmmn cTaTeil ycTaHaBIMBAETCA B COOTBETCTBUM C pe-
[AKLVOHHDBIM NIAHOM M3[aHunA XXypHana.

Pepakuua >ypHana ocTaBnifieT 3a coboii MpaBo COKpallaTtb U pe-
[aKTMpOBaTb MaTepuanbl cTaTbn. HebGonblume ncnpaBneHus CTUANCTA-
YeCKOro, HOMeHKJIaTypHOro Uy GOpPMasbHOro XapakTepa BHOCATCA B
CTaTblo 6€3 COrnacoBaHms C aBTOPOM.

Pefakuua nmeeT nNpaBo YaCTUYHO UM MOMHOCTbIO MPEAOCTaBIATb
MaTepuiasbl Hay4YHbIX CTaTell B POCCUNCKUE U 3apy6ekHble OpraHnsaLlmm,
obecneurBaroLme NHAEKCALMIO HayYHbIX Ny6nMKaLmi, a Takke pasme-
LLaTb JaHHble MaTepurarbl Ha MHTEPHET-CalTe XypHarna.

MpeacTaBneHvie cTaTby ANA Ny6NMKaLMK B XKypHane nogpasyme-
BaeT cornacue aBTopa(os) C ony6IMKOBaHHbIMY NPaBMIaMu.

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