V9]
-
O
}_
(2’4
<
<
<
O,
&
O

Romanishkin 1.D., Bikmukhametova L.R., Savelieva T.A., Goryaynov S.A., Kosyrkova A.V.,
Okhlopkov V.A., Golbin D.A., Poletaeva I.Yu., Potapov A.A., Loschenov V.B.
Spontaneous raman spectroscopy for intracranial tumors diagnostics ex vivo

SPONTANEOUS RAMAN SPECTROSCOPY
FOR INTRACRANIAL TUMORS DIAGNOSTICS EX VIVO

Romanishkin I.D.!, Bikmukhametova L.R.2, Savelieva T.A.'®, Goryaynov S.A %,

Kosyrkova A.V.4, Okhlopkov V.A.#, Golbin D.A.# Poletaeva |.Yu.?, Potapov A.A %,

Loschenov V.B.!" %3

"Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
2000 “BIOSPEC”, Moscow, Russia

3National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow, Russia
*N.N. Burdenko National Medical Research Center of Neurosurgery, Moscow, Russia

Abstract

Neurosurgery of intracranial tumors, especially of glial origin, is a non-trivial task due to their infiltrative growth. In recent years, optical methods
of intraoperative navigation have been actively used in neurosurgery. However, one of the most widely used approaches based on the selective
accumulation of fluorescent contrast medium (5-ALA-induced protoporphyrin 1X) by the tumor cannot be applied to a significant number of
tumors due to its low accumulation. On the contrary, Raman spectroscopy, which allows analyzing the molecular composition of tissues while
preserving all the advantages of the method of fluorescence spectroscopy, does not require the use of an exogenous dye and may become a
method of choice when composing a system for intraoperative navigation or optical biopsy.

This work presents the first results of using the principal component method to classify Raman spectra of human glioblastoma with intermedi-
ate processing of spectra to minimize possible errors from the fluorescence of both endogenous fluorophores and photosensitizers used in
fluorescence navigation. As a result, differences were found in the principal component space, corresponding to tissue samples with microcystic
components, extensive areas of necrosis, and foci of fresh hemorrhages. It is shown that this approach can serve as the basis for constructing a
system for automatic intraoperative tissue classification based on the analysis of Raman spectra.
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Pesiome

Helipoxupyprua BHyTpuiepenHbIx onyxosein, 0CO6eHHO FnanbHOro NPONCXOXAEHNA, MPeACTaBIAET HETPVBUAbHYIO 3aAady B CUY X UH-
dunbTpaTMBHOrO pocTa. B nocneHve rofibl B HePOXMPYPrum akTMBHO UCMOSb3YIOTCA ONTUYECKIE METOAbI MIHTPaoNepaLVIOHHON HaBMraLuy,
OfHaKO OJVH 13 Hanbonee LWPOKO PacnpPOCTPaHEHHbIX MOAXOA0B, OCHOBAHHbI Ha CENEKTVBHOM HaKOMIEHUM OMyXOnblo GpiyopecLieHTHOro
KOHTpacTHoro Belyectsa (5-AJIK nHayLuupoBaHHoro npotonopoupurHa IX), He MOXeT 6bITb NPUMEHEH AJ1A 3HAUMMON YacTy ONyxXosieln BCep-
CTBME ero HW3KOro HaKomieHna. HanpoTue, cnekTPoCKonuA KOMOVMHALMOHHOIO pacceaHs, NO3BONALAA MPOBOAUTL aHaNn3 MoneKynap-
HOro CoCTaBa TKaHel C CoXpaHeHVeM BCex AOCTOMHCTB MeTofa $prlyopecLieHTHON CNEeKTPOCKONNY, He TpebyeT Npu 3TOM BBEAEHNA SK30reH-
HOTO KpacuTens 1 MoXeT OblTb BapraHTOM Bbi6opa NMpw MOCTPOEHMN CUCTEMbI MHTPaonepaLioHHON HaBUraLyn Uy ONTUYECKOo Gruoncuu.
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B HacTosLwwei paboTe npeacTaBfieHbl MeEPBble Pe3ysbTaThl UCMOb30BAHUA METOAA MaBHbIX KOMMOHEHT AN KnaccurKaLumm CneKTpoB KOM-
6MHALMOHHOTO paccesHnsA rMMo6aacToMbl YeNoBEKa C MPOMEXKYTOUHON 06paboTKON CMEKTPOB AJ1A MUHUMU3aLIMN BO3MOXHbIX OLUNGOK OT
dnyopecueHLMn Kak SHAOreHHbIX GpyopodopoB, Tak 1 GOTOCEHCMOUNN3ATOPOB, NCMONb3yeMbIX NPU GpIyOpPECLIEHTHOW HaBuraumn. B pe-
3ynbTate 6biin 06HAPYKEHbI Pa3NNYKsA B NPOCTPAHCTBE M1aBHbIX KOMMOHEHT, COOTBETCTBYIOWME 06pa3Lam TKaHel C MUKPOKMNCTO3HbIMY
KOMMOHEHTaMW, OBGLIMPHBIMU YYacTKamy HEKPO30B, GOKYCamMy CBEXKUX KPOBOM3NUAHWIA. [ToKa3aHO, YTO AAHHDBIN NMOAXOA MOXKET MOCYXNUTb
OCHOBOW [/1A1 MOCTPOEHUA CUCTEMbI aBTOMATUYECKOW MHTPaonepaLyioHHO KnaccuduKaLymy TKaHen Ha OCHOBE aHanun3a CNeKTPOoB KOMOUHa-

LUMNOHHOIo pacceAaHuns.
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Introduction

The main problems of intracranial tumor neuro-
surgery are related to the complexity of tumor border
demarcation due to the peculiarities of their growth.
Glial tumors are known to propagate into the healthy
white matter of the brain as tumor cells move along the
blood vessels and nerve tracts due to the friendly micro-
environment formed by the tumor-recruited immune-
competent cells. Such infiltration into healthy tissue
makes radical resection impossible without creating a
significant neurological deficit for the patient. In this re-
gard, various intraoperative navigation methods have
been actively used in neurosurgery in recent years, al-
lowing for the most accurate differentiation of tumor
and normal tissues, among which the optical technolo-
gies are particularly distinguished due to their efficiency
and non-invasiveness. It is well known that protopor-
phyrin IX induced by 5-aminolevulinic acid is used for in-
traoperative navigation in glioblastoma surgery [1, 2].
Recently, many other methods for determining tumor
borders have been investigated, including quantitative
exogenous fluorescence analysis [3, 4], endogenous flu-
orescence lifetime imaging [5-7], optical coherence to-
mography (OCT) [8], hyperspectral imaging [9], and Ra-
man scattering spectroscopy (RSS) [10, 11]. Each of these
methods has its advantages, but RSS stands out among
them as it allows for direct analysis of the molecular com-
position of the studied tissues without introducing any
dyes, which leads to additional interest in this method
as a diagnostic procedure which can determine tumor
tissues characterized by a low level of accumulation of
fluorescent markers, for example, tissues of benign glial
tumors.

The first results of an RSS-based brain tumor analy-
sis were obtained by K. Tashibu [12]. The author inves-
tigated the relative water concentration in normal and
edematous brain tissues of rats by analyzing the CH and
OH groups in the range of high wavenumbers. Cytotoxic
and vasogenic models of brain edema in rats were also

studied [13]. The works of A. Mizuno et al. [14, 15] pro-
vide the spectra of various brain tumors containing in-
tense peaks characteristic for lipids. These early studies
provided the impetus for further study of human brain
tumors.

The development of fiber-optic probes [16] was the
main factor that promoted the use of RSS for in vivo re-
search.S. Koljenovi¢ et al. [17] examined pig brain tissue
with the use of fiber-optic probes. As a result, it is shown
that the analyzed Raman spectra of gray matter are
dominated by bands associated with proteins, DNA, and
phosphatidylcholine, while the white matter spectra are
dominated by cholesterol and sphingomyelin.

Fiber-optic probes have also contributed to ex-
perimental studies of metastasis [18]. Melanoma cells
were injected into the carotid artery of mice to cause
brain metastasis. Serial sections were prepared from the
whole mouse brain for analysis by Fourier spectroscopy
and RSS methods. While metastatic melanoma cells were
not detected with Fourier-infrared spectroscopy, RSS
allowed for their detection with irradiation at a wave-
length of 785 nm.

Ex vivo tissue studies provided essential information
about the nature and composition of normal and tumor
tissues. In the above study [15], the authors used RSS and
Fourier spectroscopy to study various human brain tis-
sue samples and showed that the spectra of normal but
edematous, gray and white matter were similar to the
spectra of normal gray and white matter in rats. It was
observed that the spectra of gliomas, neurinomas, and
neurocytomas are similar to those of gray matter in rats.
In the study [19], 24 Raman maps were produced from
unstained and unfixed sections of 20 glioblastoma tissue
samples obtained from 20 patients. The necrotic tissues
were found to have increased levels of cholesterol and
cholesterol ester.

C. Krafft et al. [20, 21] performed brain tissue RSS for
qualitative and quantitative analysis of lipid content.
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Higher levels of lipids in normal tissues and higher he-
moglobin content have been reported, and a lower ratio
of lipids to proteins in intracranial tumors cases. Thus,
RSS can be used to differentiate between normal and tu-
mor tissues, as well as to determine the type and degree
of malignancy of the tumor.

Due to the new facts about the relative content of lip-
ids in brain tumors, Raman spectra of lipid extracts from
seven human tissue samples were obtained [22]. Glioma
tissues were characterized by increased water content
and reduced lipid content, the results being consistent
with the data obtained in the study of pig tissues.

Raman scattering (RS) was used to discover that the
ratio of phosphatidylcholine to cholesterol is higher in
gliomas compared to healthy tissues. The use of RSS
helped differentiate brain tumors in children from nor-
mal brain tissue and distinguish similar types of tumors
from each other [23].

Some works related to intraoperative in vivo studies
of brain tumors have been published recently. As men-
tioned earlier, surgical resection in the case of intracra-
nial tumors is challenging: any residual tumor cells can
lead to a relapse, while healthy tissue removal can lead
to cognitive impairment. Thus, early resection, as well as
maintaining the functional status of patients, are crucial
to achieving optimal results.

In a study involving 10 patients [24], the authors ob-
tained real-time Raman spectra of healthy brain tissues,
tumors, and necrotic tissues in vivo in real-time mode.
Another study [10] shows differences in the Raman spec-
tra between normal and tumor tissues in terms of the
position of peaks of phospholipids, proteins, and nucleic
acids.

The effectiveness of RSS was compared with that
of MRI, which is a standard imaging method [25]. It is
crucial to recognize that modern imaging technologies,
including standard MRI, do not allow for the detection
of distant invasive cells of glial brain tumors, since this
restriction significantly reduces the effectiveness of
surgical treatment of glioma. The authors of the paper
demonstrate that RSS can detect invasive tumor cells
far beyond the tumor detected by MRI in humans dur-
ing surgery. RSS detects an invasion at a distance of ~
3.7 cm and ~ 2.4 cm outside the borders of the MRI con-
trast zone.

To sum up the above, it is possible to conclude that
RSS is the option of choice for intraoperative naviga-
tion in neurosurgery of intracranial tumors, especially
of glial origin. RSS has a high spatial resolution, high
data collection rate, and high sensitivity to changes in
the molecular composition of tissues. It can detect in-
vasive tumor cells without slowing down the neurosur-
gical process and complement or replace MRI-guided
neuronavigation as a method for determining tumor
boundaries.

Materials and methods

A spectroscopic system consisting of a Raman-HR-
TEC-785 Raman scattering spectrometer (StellarNet,
USA), a narrow-band laser radiation source with a wave-
length of 785 nm (the width at half the amplitude of
the laser peak of 0.2 nm, power up to 500 mW) Ramu-
laser™ 785 (StellarNet, USA), and a fiber-optic confocal
probe for laser radiation and Raman scattering signal
delivery (fig. 1) was used in this study. The use of the
probe made it possible to receive a signal from an area
less than 0.5 mm in diameter on the sample surface. The
spectrometer was controlled from a computer with the
software developed by us that allows recording a series
of Raman spectra. This system allows recording spec-
tra in the range of 800-1000 nm, which corresponds to
the range of Stokes shifts of 200-2750 cm™ The spectral
resolution of the system was 4 cm™

The studied material was obtained during the remov-
al of human intracranial tumors (4 patients diagnosed
with glioblastoma multiforme) and provided by the
N.N. Burdenko National Medical Research Center of Neu-
rosurgery. The material was examined under two condi-
tions: in the operating room immediately after removal,
ex vivo (2 patients, 7 tissue samples), and in the biobank
2 hours after removal (3 patients, 6 samples). During its
transfer from the operating room to the biobank, the ma-
terial was stored in saline.

The Raman spectra of each sample were recorded in
a series of 5 measurements, with subsequent averaging.
The exposure time of each measurement was 30 seconds
(a total of 2.5 minutes per series) due to the technical
limitations of the spectrometer used. Before each series,
the background was measured (a series of 5 spectra of
30 seconds each), with the laser turned off. The back-
ground signal and Raman spectrum were measured in a
darkened room.

During preprocessing, the spectra were first averaged
within each series to reduce the contribution of random
noise to the resulting signal. The corresponding average
background spectrum was then subtracted from the
average Raman spectra to exclude errors caused by the
measurement conditions.

The obtained spectra were characterized by a high in-
tensity of fluorescence, which is a noise signal for the
RSS and worsens its decoding properties. To exclude the
fluorescence component from the recorded signal, the
algorithm presented in the paper [26] was used (Fig. 2).
The method uses a continuous wavelet transform to de-
termine the position of sharp Raman peaks and subtract
the smooth background signal. The resulting spectrum
was smoothed by a third-order Savitzky-Golay filter.

One of the difficulties in characterizing a tissue sample
from the Raman spectrum is due to the high dimension-
ality of the obtained spectra, i.e., a large number of sig-
nificant Raman peaks from various organic compounds.
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Puc. 1. Cxema pa6oyei yCTaHOBKMU:

1. NCTOYHUK Y3KONONOCHOIO 1Ta3€PHOro U3Jly4eHUs C AJIMHOM BOJIHbI 785 HM

2. BO/IOKOHHO-ONTUYECKUIN KOHGOKasbHbIV 30HA A1 LOCTABKMW Na3epHOro uanyyeHus u curHana KP
3. Uccnepyembiii o6pasel; GUMONOrM4ecKom TKaH!

4. CneKTpoMeTp KOMOMHALMOHHOIO paccesiHusa cBeTa

5. KomnbloTep co cneuunanbHbiM NPorpaMmMHbIM o6ecrneyeHuem

Fig. 1. Working setup diagram:

1. Source of 785 nm narrow-band laser radiation
2. Fiber optic confocal probe for delivery of laser radiation and Raman signal

3. Sample of biological tissue
4. Raman spectrometer
5. Computer with special software

Raman spectra, unlike, for example, fluorescence spec-
tra, are characterized by a large number of characteristic
spectral lines, and their visual interpretation becomes a
non-trivial task. To solve this problem, the principal com-
ponent analysis (PCA) method was used as a dimension-
ality reduction method. Each spectrum represents a point
on a hyperplane with a dimension corresponding to the
number of values in the measured Raman spectrum. The
PCA method rotates the coordinate system so that the
axes lie along the data in the direction of the largest dis-
persion. With this rotation, each principal component is
a linear combination of values along the original axes. At
the same time, we do not need to consider those axes on
which the data spread after such a rotation is minimal.
This provides dimensionality reduction.

Results and discussion

Raman spectra of human glioma tissue specimens
were obtained. Each of the samples was verified as glio-
blastoma multiforme WHO Grade IV.Foci of necrosis
and vascular proliferation were found in all samples.

The Raman spectra obtained from each of the sam-
ples were processed according to the above methods.
This allowed us to obtain spectra with minimized mea-
surement errors and free from the fluorescent signal. As
an example, fig. 3 shows the Raman spectra for patient
K with the selection of the main peaks that characterize
biomolecules whose content is increased in tumor tis-
sues.

Patient K had the following distribution of material by
biopsy: 1 — tumor, 20% necrosis; 2 — tumor, less than 30%
necrosis; 3 — tumor, less than 40% necrosis, pronounced
angiomatosis; 4 — tumor, up to 90% necrosis (of vascular
genesis, being a conglomerate of thick-walled vessels
and adjacent tumor tissue). The difference in the com-
position of the material is manifested in the difference in
the intensity of the Raman peaks; however, the peaks
that characterize glial tumors remain clearly visible (Fig.
3). Fig. 3 shows the significant contribution of cholester-
ol, protein, disaccharide, and nitrogenous bases into the
process. As shown in the works of [19, 22], cholesterol can
be associated with necrosis, which corresponds to the
data of tumor specimen morphological studies.

The main components were analyzed in the spectral
range of 900-1700 cm™, since it is in this region that the
peaks characteristic of glial tumors predominate [27]. The
main spectral features were observed for protein (1236,
1239 cm), nitrogenous bases (1181, 1572 cm™), disac-
charide (1461 cm™), deoxyribose (1430 cm™), and choles-
terol (1085, 1296, 1032, 1451, 1659 cm™), acyl residues of
lipids (1086 cm™) and phospholipids (1129 cm™).

The PCA result showed that the main differences
(71% of the variance) are explained by the first two prin-
cipal components (Fig. 4). If we consider the load spectra
(how strongly the Raman signal affects the value of the
principal component) of the first two components (Fig.
5), we can see a positive contribution of the Raman sig-
nal in the range of 1300-1450 cm™ to the value of PC1,
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Fig. 2. The work of the method of subtracting the fluorescent signal from the Raman
spectrum. Above are the measured Raman spectrum and the smooth fluorescence spec-
trum model constructed by the method [26]. Below is the Raman spectrum without fluo-
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Puc. 3. CnekTtpbl KP 06pa3uoB TKaHU nauueHta K. 3HayeHUss MUHTEHCMBHOCTU HOPMUPO-
BaHbl HA MAaKCUMyM U CMeLleHbl Ans yao6cTBa npeactaBieHusi. BepTukanbHbiMU nono-
camu 0603HauYeHbl NMUKKU, XapaKTepu3ylowme GUOMOJIEKY/bl, COgepKaHUe KOTOPbIX MOBbI-
LWEHO B ONyX0NeBbIX TKaHAX: 6enku (1236, 1239 cm?, KpacHblii), a30TUCTblE OCHOBAHUS
(1181, 1572 cm?, cunuin), aucaxapug (1461 cm?, kentbiit), ne3okcupubo3a (1430 cm?,
nypnypHbii), pochonunupg (1129 cm?, cepblit), xonectepu (1085, 1296, 1032, 1451,
1659 cm?, 3eneHbli)

Fig. 3. Raman spectra of patient K. tissue samples. Intensity values are normalized to
a maximum and shifted for ease of presentation. The vertical lines indicate the peaks
characterizing the biomolecules, the content of which is higher in tumor tissues: proteins
(1236, 1239 cm?, red), nitrogenous bases (1181, 1572 cm®, blue), disaccharide
(1461 cm?, yellow), deoxyribose (1430 cm?, magenta), and phospholipid (1129 cm?,
gray), cholesterol (1085, 1296, 1032, 1451, 1659 cm™*, green)
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Fig. 5. Loading score spectra for the first two principal components. Highlighted in color
are the shifts corresponding to biomolecules, the content of which is higher in tumor tis-

sues (see Fig. 3)

probably caused by high blood content. In this case, the
PC2 value decreases with the increase of the signal from
proteins, nitrogenous bases, and cholesterol (values at
shifts of 1032 and 1085 cm™).

Distributions of the measured spectra from the first
two principal components were obtained (Fig. 5, left).
The material measured in the operating room forms a
dense group in the third quarter of the PC1/PC2 co-
ordinate plane. At the same time, no groups of mea-
sured samples are formed on the PC1/PC3 plane (Fig.
5, on the right), which suggests that the use of more
than two main components when considering the

measured data set is redundant. The Raman spectra of
specimens from patient B, characterized by a massive
hemorrhage, also lie in the negative PC1 range. The
pathomorphological description of the tumor tissues
of patient B showing the highest differences from the
rest of the analysis by principal component method in-
cludes, in addition to the basic features of glioblasto-
ma, such features as gliomezodermal scar tissue, and
the presence of microcystic component, large areas of
necrosis, and foci of fresh hemorrhage in the tumor.
The pattern corresponds to glioblastoma with thera-
peutically induced changes.
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Fig. 6. PCA of the Raman spectra of tumor tissue samples from four patients, measured in the operating room ex vivo

and in the biobank

The pathomorphological description of patient C's
tissues also mentioned, against the background of the
main features of multiform glioblastoma, microcystic
structure, and foci of recent hemorrhages.

Conclusion

The paper presents the first results of the main com-
ponent method for classification of spectra of glioblas-
toma tissue samples with intermediate processing of
spectra to minimize possible errors due to fluorescence
of both endogenous fluorophores and photosensitizers

REFERENCES
StummerW., Pichlmeier U., Meinel T., Wiestler O.D., ZanellaF,
Reulen H.J. Fluorescence-guided surgery with 5-aminolevulinic
acid for resection of malignant glioma: a randomised controlled
multicentre phase lll trial, Lancet Oncol, 2006, vol. 7 (5), pp. 392-
401.

2. Potapov A.A., Goriainov S.A., Loshchenov V.B., SavelevaTA.,
GavrilovA.G.,  Okhlopkov  V.A.Intraoperative =~ combined
spectroscopy (optical biopsy) of cerebral gliomas, Zh. Vopr.
Neirokhir. Im. N. N. Burdenko, 2013, vol. 77 (2), pp. 3-10.

3. ValdesP.A., Jacobs V.L., WilsonB.C., Leblond F.,, Roberts D.W.,
Paulsen K.D. System and methods for wide-field quantitative
fluorescence imaging during neurosurgery, Opt. Lett., 2013, vol.
38 (15), pp. 2786.

4. SavelievaT. A, Loshchenov M.V, BorodkinA.V.,, LinkovK.G.,,
Kosyrkova A.V., Goryajnov S.A., et al. Combined spectroscopic
and video fluorescent instrument for intraoperative navigation
when removing a glial tumor, SPIE Photonics Europe, 2020, vol.
11363. doi: 10.1117/12.2556064

5. Marcul., JolJ.A., ButteP.V, YongW.H. PikulB.K., BlackK.L.,
Thompson R.C. Fluorescence  Lifetime  Spectroscopy  of
Glioblastoma Multiforme, Photochem. Photobiol., 2004., vol. 80
(1), pp. 98.

used in fluorescent navigation. There are differences in
the principal components corresponding to tissue sam-
ples with microcystic components, extensive areas of
necrosis, and foci of recent hemorrhages. A further set
of data from different types of brain pathologies will en-
able clustering and analysis of the spectra [28] to build
an intraoperative diagnostic system based on automatic
Raman spectra analysis.

The study was carried out with the financial support of
the Russian Foundation for Basic Research in the framework
of research project No. 18-29-01062.

HMTEPATVPA

Stummer W., Pichlmeier U., Meinel T. et al. Fluorescence-guided
surgery with 5-aminolevulinic acid for resection of malignant
glioma: a randomised controlled multicentre phase Il trial //
Lancet Oncol. - 2006. - Vol. 7(5). — P. 392-401.

2. Potapov AA, Goriainov S.A., Loshchenov V.B. Intraoperative
combined spectroscopy (optical biopsy) of cerebral gliomas //
Zh. Vopr. Neirokhir. Im. N. N. Burdenko. - 2013.- Vol. 77(2). -
P.3-10.

3. ValdesPA., Jacobs V.L., Wilson B.C. et al. System and methods for
wide-field quantitative fluorescence imaging during neurosur-
gery // Opt. Lett. - 2013. - Vol. 38(15). - P. 2786.

4. Savelieva T.A., Loshchenov M.V., Borodkin A.V. et al. Com-
bined spectroscopic and video fluorescent instrument
for intraoperative navigation when removing a glial
tumor // SPIE Photonics Europe. - 2020. - Vol. 11363. DOI:
10.1117/12.2556064

5. Marcu L, Jo J.A, Butte PV. et al. Fluorescence Lifetime Spectros-
copy of Glioblastoma Multiforme // Photochem. Photobiol. -
2004. - Vol. 80(1). - P. 98.

6. Butte PV, Mamelak A.N., Nuno M. et al. Fluorescence lifetime
spectroscopy for guided therapy of brain tumors // Neuroim-
age.—2011.-Vol. 54, Suppl. 1. - S125-5135.

BIOMEDICAL PHOTONICS T.9, N2 3/2020



Romanishkin 1.D., Bikmukhametova L.R., Savelieva T.A., Goryaynov S.A., Kosyrkova A.V.,
Okhlopkov V.A., Golbin D.A., Poletaeva I.Yu., Potapov A.A., Loschenov V.B.
Spontaneous raman spectroscopy for intracranial tumors diagnostics ex vivo

20.
21.

22.

23.

24.

BIOMEDICAL PHOTONICS T.9, N23/2020

. Brusatori M.,

. Mizuno A,,

. Koljenovic¢S.,

Butte P.V.,, Mamelak A.N., Nuno M., BannykhS.I, BlackK.L.,
Marcu L. Fluorescence lifetime spectroscopy for guided therapy
of brain tumors, Neuroimage, 2011, vol. 54, suppl. 1, s125-5135.
Kantelhardt S.R., Kalasauskas D., Koénig K., Kim E., Weinigel M.,
Uchugonova A., Giese A. In vivo multiphoton tomography and
fluorescence lifetime imaging of human brain tumor tissue,
J. Neurooncol., 2016., vol. 127 (3), pp. 473-482.

Kut C,, ChaichanaK.L., Xi J, RazaS.M. Ye X, McVeighE.R,
Rodriguez F.J. Detection of human brain cancerinfiltration ex vivo
and in vivo using quantitative optical coherence tomography, Sci.
Transl. Med., 2015, vol. 7 (292), 292ra100-292ra100.

FabeloH., OrtegaS. LazcanoR. MadrofalD. CallicoéG.M,,
JudrezE. An Intraoperative Visualization System Using
Hyperspectral Imaging to Aid in Brain Tumor Delineation,
Sensors, 2018, vol. 18 (2), pp. 430.

. Jermyn M., Mok K., MercierJ., DesrochesJ., PichetteJ, Saint-

Arnaud K., Intraoperative brain cancer detection with Raman
spectroscopy in humans, Sci. Transl. Med., 2015, vol. 7 (274),
274ra19-274ra19.

Auner G, NohT, Scarpacel. BroadbentB.,
Kalkanis S.N. Intraoperative Raman Spectroscopy, Neurosurg.
Clin.N. Am., 2017, vol. 28 (4), pp. 633-652.

. Tashibu K. Analysis of water content in rat brain using Raman

spectroscopy, No To Shinkei, 1990, vol. 42 (10), pp. 999-1004.

. Kitajima T, Tashibu K., Tani S., Mizuno A., Nakamura N. Analysis of

water content in young rats brain edema by Raman spectroscopy,
No To Shinkei, 1993, vol. 45 (6), pp. 519-524. [in Japan.]
HayashiT., TashibuK., MaraishiS., KawauchiK.,
Ozaki Y. Near-infrared FT-Raman spectra of the rat brain tissues,
Neurosci. Lett., 1992, vol. 141 (1), pp. 47-52.

. Mizuno A., Kitajima H., KawauchiK., MuraishiS., OzakiY. Near-

infrared Fourier transform Raman spectroscopic study of human
brain tissues and tumours, J. Raman Spectrosc., 1994, vol. 25 (1),
pp. 25-29.

. Beleites C., Geiger K., Kirsch M., Sobottka S.B., SchackertG.,

Salzer R.Raman spectroscopic grading of astrocytoma tissues:
Using soft reference information, Anal. Bioanal. Chem., 2011, vol.
400 (9), pp. 2801-2816.

. Koljenovi¢S., SchutT.C.,, WolthuisR., VincentA.J., Hendriks-

Hagevi G., Santos L., et al. Raman spectroscopic characterization
of porcine brain tissue using a single fiber-optic probe, Anal.
Chem., 2007, vol. 79 (2), pp. 557-564.

. Krafft C,Kirsch M.,Beleites C.,Schackert G.,Salzer R. Methodology

for fiber-optic Raman mapping and FTIR imaging of metastasesin
mouse brains, Anal. Bioanal. Chem., 2007, vol. 389 (4), pp. 1133-
1142.

Choo-Smith L-P, SchutT.C.B., KrosJ.M., van
den Berge H.J., Puppels G.J. Discriminating vital tumor from
necrotic tissue in human glioblastoma tissue samples by Raman
spectroscopy, Lab. Investig., 2002, vol. 82 (10), pp. 1265-1277.
Krafft C, NeudertL. SimatT., SalzerR.Near infrared Raman
spectra of human brain lipids, Spectrochim. Acta - Part A Mol.
Biomol. Spectrosc., 2005, vol. 61 (7), pp. 1529-1535.

Krafft C, Sobottka S.B., Schackert G., Salzer R.Near infrared
Raman spectroscopic mapping of native brain tissue
and intracranial tumors, Analyst, 2005, vol. 130 (7), pp. 1070-1077.
Kohler M., Machill S., Salzer R., Krafft C. Characterization of lipid
extracts from brain tissue and tumors using Raman spectroscopy
and mass spectrometry, Anal. Bioanal. Chem., 2009, vol. 393 (5),
pp. 1513-1520.

Leslie D.G., Kast R.E., Poulik J.M., Rabah R., Sood S., Auner G.W.,
et al. Identification of pediatric brain neoplasms using raman
spectroscopy, Pediatr. Neurosurg., 2012. vol. 48 (2), pp. 109-117.
Desroches J., Jermyn M., Mok K., Lemieux-Leduc C., Mercier J., St-
Arnaud K. et al. Characterization of a Raman spectroscopy probe
system for intraoperative brain tissue classification, Biomed. Opt.
Express, 2015, vol. 6 (7), pp. 2380.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Kantelhardt S.R. Kalasauskas D., Kénig K., et al. In vivo multipho-
ton tomography and fluorescence lifetime imaging of human
brain tumor tissue // J. Neurooncol.— 2016.- Vol. 127(3).-
P.473-482.

Kut C., Chaichana K.L, Xi J,, et al. Detection of human brain
cancer infiltration ex vivo and in vivo using quantitative optical
coherence tomography // Sci. Transl. Med. - 2015. Vol. 7(292). -
292ra100.

Fabelo H., OrtegaS., Lazcano R, et al. An Intraoperative Visualiza-
tion System Using Hyperspectral Imaging to Aid in Brain Tumor
Delineation // Sensors. - 2018. - Vol. 18(2). - P. 430.

Jermyn M., Mok K., Mercier J. Intraoperative brain cancer detec-
tion with Raman spectroscopy in humans // Sci. Transl. Med. -
2015.-Vol. 7(274). - 274ra19.

Brusatori M., Auner G., Noh T, et al. Intraoperative Raman Spectros-
copy // Neurosurg. Clin. N. Am. - 2017. - Vol. 28(4). - P. 633-652.
Tashibu K. Analysis of water content in rat brain using Raman
spectroscopy // No To Shinkei. - 1990. - Vol. 42(10). - P.999-
1004.

Kitajima T., Tashibu K., Tani S., et al. Analysis of water content
in young rats brain edema by Raman spectroscopy // No To
Shinkei. — 1993. - Vol. 45(6). - P. 519-524.

Mizuno A., Hayashi T, Tashibu K., et al. Near-infrared FT-Raman
spectra of the rat brain tissues // Neurosci. Lett. - 1992. - Vol.
141(1). - P.47-52.

Mizuno A., Kitajima H., Kawauchi K., et al. Near-infrared Fourier
transform Raman spectroscopic study of human brain tissues
and tumours // J. Raman Spectrosc. — 1994.Vol. 25(1). - P. 25-29.
Beleites C., Geiger K., Kirsch M., et al. Raman spectroscopic grad-
ing of astrocytoma tissues: Using soft reference information //
Anal. Bioanal. Chem.-2011. -Vol. 400(9). - P.2801-2816.
Koljenovi¢ S., Schut T.C., Wolthuis R., et al. Raman spectroscopic
characterization of porcine brain tissue using a single fiber-optic
probe // Anal. Chem. — 2007. - Vol. 79(2). - P. 557-564.

Krafft C., Kirsch M., Beleites C., et al. Methodology for fiber-optic
Raman mapping and FTIR imaging of metastases in mouse
brains // Anal. Bioanal. Chem.- 2007.- Vol. 389(4). - P. 1133-
1142.

Koljenovic¢ S., Choo-Smith L.-P,, Schut T.C.B,, et al. Discriminating
vital tumor from necrotic tissue in human glioblastoma tissue
samples by Raman spectroscopy // Lab. Investig. — 2002. - Vol.
82(10). - P. 1265-1277.

Krafft C., Neudert L., Simat T,, et al. Near infrared Raman spectra
of human brain lipids // Spectrochim. Acta - Part A Mol. Biomol.
Spectrosc. - 2005. - Vol. 61(7). - P. 1529-1535.

Krafft C., Sobottka S.B., Schackert G. et al. Near infrared Raman
spectroscopic mapping of native brain tissue and intracranial
tumors // Analyst. - 2005. - Vol. 130(7). - P. 1070-1077.

Kéhler M., Machill S., Salzer R., et al. Characterization of lipid
extracts from brain tissue and tumors using Raman spectros-
copy and mass spectrometry // Anal. Bioanal. Chem. - 2009. -
Vol. 393(5). - P. 1513-1520.

Leslie D.G., Kast R.E., Poulik J.M., et al. Identification of pediatric
brain neoplasms using raman spectroscopy // Pediatr. Neuro-
surg.—2012.-Vol. 48(2). - P. 109-117.

Desroches J., Jermyn M., Mok K., et al. Characterization of a
Raman spectroscopy probe system for intraoperative brain tis-
sue classification // Biomed. Opt. Express. - 2015. - Vol. 6(7). -
P.2380.

Jermyn M., Desroches J., Mercier J., et al. Raman spectroscopy
detects distant invasive brain cancer cells centimeters beyond
MRI capability in humans // Biomed. Opt. Express. — 2016. - Vol.
7(12).-P.5129.

Zhang Z.-M., Chen S, Liang Y.-Z., et al. An intelligent back-
ground-correction algorithm for highly fluorescent samples
in Raman spectroscopy // J. Raman Spectrosc. - 2009. - Vol.
41(6). — P. 659-669.

ORIGINAL ARTICLES




%
-
O
|_
o
<
<
Z
O
o
O

25.

26.

27.

28.

Romanishkin 1.D., Bikmukhametova L.R., Savelieva T.A., Goryaynov S.A., Kosyrkova A.V.,
Okhlopkov V.A., Golbin D.A., Poletaeva I.Yu., Potapov A.A., Loschenov V.B.
Spontaneous raman spectroscopy for intracranial tumors diagnostics ex vivo

Jermyn M., Desroches )., MercierJ, St-Arnaud K., Guiot M.-C,,
Leblond F, et al. Raman spectroscopy detects distant invasive
brain cancer cells centimeters beyond MRI capability in humans,
Biomed. Opt. Express, 2016, vol. 7 (12), pp. 5129.

Zhang Z.-M., Chen S,, Liang Y.-Z,, Liu Z.-X., Zhang Q.-M., Ding L.-X.,
et al. An intelligent background-correction algorithm for highly
fluorescent samples in Raman spectroscopy, J. Raman Spectrosc.,
2009, vol. 41 (6), pp. 659-669.

Bikmukhametova L.R,  Romanishkin  I.A,,  SavelievaT.A,,
Skobeltsin A.S.,  Maklygina Yu.S., Loschenov V.B, et al.
Spontaneous Raman Spectroscopy for Intracranial Tumor
Diagnostics, J. Phys. Conf. Ser., 2020, vol. 1439 (1), 012038.
Osmakov I.A., SavelievaT.A., Loschenov V.B., GoryajnovS.A.,
Potapov A.A. Cluster analysis of the results of intraoperative
optical spectroscopic diagnostics in brain glioma neurosurgery,
Biomed. Photonics, 2018, vol. 7 (4), pp. 23-34.

27.

28.

Bikmukhametova L.R, Romanishkin I.A., Savelieva TA. et al.
Spontaneous Raman Spectroscopy for Intracranial Tumor Diag-
nostics // J. Phys. Conf. Ser. - 2020. - Vol. 1439(1). - P. 012038.
Osmakov A, Savelieva T.A., Loschenov V.B,, et al. Cluster analy-
sis of the results of intraoperative optical spectroscopic diagnos-
tics in brain glioma neurosurgery // Biomed. Photonics. - 2018. -
Vol.7(4). - P. 23-34.

12

BIOMEDICAL PHOTONICS T.9, N2 3/2020



Shinkarev S.A., Borisov V.A., Boldyrev S.V., Podolsky V.N., Abdurashidov Z.I., Zagadaev A.P., Klycheva O.N.
Possibilities of pain management during photodynamic therapy

POSSIBILITIES OF PAIN MANAGEMENT DURING
PHOTODYNAMIC THERAPY
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Abstract

The authors consider the possibilities of pain management during photodynamic therapy (PDT) of visible tumors based on the observation of
102 patients. Of the total number of patients, 62 had verified basal cell skin cancer, 10 people - squamous cell skin cancer, another 10 - oral and
oropharynx mucosa cancer, 8 - oral leukoplakia and dysplasia, in 6 - lower lip cancer, in 4 - breast cancer, in 2 - other localizations of neoplasms.

In 15 patients, nonsteroidal anti-inflammatory drugs (NSAID) were used as pain management, in 69 - a combination of NSAID with tramadol, in
14 - nerve block anesthesia, in 4 - PDT was performed under general anesthesia.

The intensity of pain syndrome during laser irradiation of the tumor was assessed on the verbal rating scale (VRS). The absence of pain was record-
ed in 9% of cases. Mild pain was noted by 58% of patients, moderate pain - 20%, severe pain - 10%, very severe pain was noted by 3% of patients.

The degree of expression of pain syndrome during PDT depends on the incidence of a lesion, histological form of tumor, and method of anesthesia.
NSAID alone, or in combination with an opioid analgesic, allows effective control of pain syndrome in PDT of basal cell skin cancer in 89%, in PDT
of squamous cell skin cancer in 66% of observations. Nerve block anesthesia allows stoping pain syndrome during PDT of oropharyngeal tumors.

Keywords: photodynamic therapy, pain, anesthesia, skin cancer, oral cancer, oral leukoplakia.
For citations: Shinkarev S.A. Borisov V.A., Boldyrev S.V., Podolsky V.N., Abdurashidov Z.I., Zagadaev A.P, Klycheva O.N. Possibilities of pain manage-
ment during photodynamic therapy, Biomedical Photonics, 2020, vol. 9, no. 3, pp. 13-20 (in Russian). doi: 10.24931/2413-9432-2020-9-3-13-20.
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BO3MOXHOCTHN OBE3BOJIMBAHUA
NP ®OTOANHAMUNYECKOU TEPATTNA

C.A. Wunkapee' 2, B.A. bopucos' 2, C.B. bongpipes’,

B.H. Nogonbckun', 3.1. A6pgypawmngos', A.1. 3arapaes’ ?, O.H. Knbiuesa'

luneukmit obnactHoiM oHkonoruyeckui aucnaxcep, Jinneuk, Poccus

2BOpOHEXCKMI FOCYAAPCTBEHHbIN meanumHckuin yHmeepeuteT um. H.H. Byppenko, BopoHex,
Poccus

Pesiome
ABTOPbI paccmMaTprBaloT BO3MOXKHOCTM 06e360n1BaHNnA npu poTognHamuyeckorn Tepanuu (OAT) onyxonein BU3yanbHbIX loKanusauui Ha
OCHOBe aHanu3a AaHHbix 102 naumeHToB. Cpean NaLMeHTOB, BKIOUEHHbIX B BbIGOPKY, y 62 BepndnLMpoBaH 6a3anbHOKIETOUHbIN paK KOXW,
y 10 — NJIOCKOKNETOYHBIN paK KoXK, y 10 — pak Cv3nCTON 060SI0UKM MOJTOCTU PTa U POTOOTKY, Y 8 — NeiiKonakva 1 AUCnnasus cam3ncTomn
060/104KM MONOCTU PTa, Y 6 — pak HUKHEN ryObl, y 4 — pak MOJIOUHO Xese3bl, y 2 — HOBOOOPa30BaHMA UHbIX OKaan3aLuii.
Y 15 nauyuneHToB Ana 06e36011BaHVA NPUMEHANN HeCTepouaHble NpoTMBoBoCNanuTenbHble npenapatsl (HMBC), y 69 — couetaHne HIMBC co
cnabbimm onvougamu (Tpamagosnom), y 14 — NpoBOAHMKOBYO aHecTe3uo, y 4 O[T npoBoawnn nog obwmm obesbonmBaHnem.
VIHTeHcBHOCTbL 6oNeBoro cHApPOMa OLieHMBanach B MpoLecce NpoBeAeHUsA na3epHOro 0byyeHrs onyxonn no LKane BepbanbHbIX OLeHOK
(LUBO). OTcyTcTBME GoNeBbIX OLyLLeHNI 3aduKcMpoBaHo B 9% HabnoaeHuin. Cnabyto 605b oTMeyany B 58% HabniofeHUin, ymepeHHyto 601b
- B 20%, cunbHyto 6011b — B 10%, O4eHb CUNbHYIO 6011b — B 3% HabnoaeHNIA.
CreneHb BblpaxXeHHOCTU 6oneBoro cuHapoma npv nposeaeHny OT 3aBMCUT OT pacnpoCTpaHEHHOCTV NOPaXKeHNA, MMCTONONMYeCcKon Gpop-
Mbl onyxonu 1 cnocoba obesbonusaHuA. HMBC B camocToATeNbHOM BapuaHTe MM B COYETaHUM C ONVOVAHbBIM aHaNbreTMKOM MOo3BOJAIOT
3bPeKTUBHO KOHTPONIMPOBaTh 6oneBor cuHapom npvt OAT 6a3anbHOKNIETOUHOTO paka KoXu B 89%, MIIOCKOKIETOUYHOTO paka KoXu — B 66%
HabniofeHn. [poBOAHNKOBaA aHeCcTe31A NO3BOJIAET KynMpoBaTb 6051eBovi cMHApPoM npu nposefeHnn OT onyxonelt opopapuHreanbHoO
obnactu.

KnioueBble cnioBa: poToAMHAMMYECKas Tepanus, 60fb, aHECTE3Ns, PaK KOXM, PaK MOJOCTY PTa, JIENKOMIaK/s NooCTy pra.
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KonTtakTbi: 3aragaes Al e-mail: liponkology@mail.ru

Introduction

Photodynamic therapy (PT) is a dynamically devel-
oping modern method of treatment of malignant neo-
plasms and a number of pre-tumor diseases and con-
ditions (leukoplakia and dysplasia of the oral mucousa,
actinic skin keratosis, vulva kraurosis, etc.) [1]. One of
the important practical aspects of the use of tumor
PDT in clinical practice is the problem of pain relief. It is
not recommended to use local infiltration anesthesia for
pain relief during PDT, which is why the most commonly
used non-steroidal anti-inflammatory drugs (NSAIDs),
opioid analgesics (tramadol, promedol), sedative medi-
cations (Phenosepam, Diphenhydramine, Relanium),
are administered parenterally 40-60 minutes before the
procedure. When tumors are localized on the skin and
mucous membranes, local anesthetics can be used in the
form of an ointment (applied on the skin) or by irrigation
of the mucous membrane with lidocaine solution [2]. In
some cases, PDT is performed with spinal anesthesia or
with general anesthesia; cooled air and conduction an-
esthesia are also used [3].

The intensity of the pain syndrome grows with in-
creasing laser power density and with a large area of
exposure [4, 5]. In addition, for a number of photosen-
sitizers such as derivatives of phthalocyanine, M-tetra-
hydroxophenyl chloride (mTHPC), laser irradiation re-
sulted in a high degree of pain [6]. Insufficient level of
analgesia may result in patients’refusal to continue treat-
ment [7].

A significant proportion of patients receiving PDT are
elderly and senile. These patients usually have multiple
comorbidities that limit the use of NSAIDs and opioid an-
algesics. Older people are often not prepared to tolerate
the minor pain associated with PDT. With tumor localiza-
tion on the mucous membrane of the oral cavity, oro-
pharynx, lower lip, or genitals, photodynamic reaction
causes a high intensity pain.

Materials and methods

Our study included 102 patients treated with PDT. The
treatment was performed at the Lipetsk Regional Cancer
Center from January 2017 to September 2019. Photo-
sensitizers of the chlorin series were used: Radachlorin
(LLC “Rada-PHARMA’, Russia, registration certificate No.
LS-001868 from 16.12.2011) at a dose of 1.0-1.2 mg/kg
of body weight, Photolon (RUE Belmedpreparaty, Repub-
lic of Belarus, registration certificate [1N015948/01 of No-

vember 30, 2012) at the rate of 2.0-2.5 mg/kg of body
weight, photoran e6 (OO0 “Kompaniya DEKO’, Russia,
registration certificate No. LP-004885, dated 13.06.2018)
atadose of 2.0-2.5 mg/kg of body weight. The calculated
dose of the drug was dissolved in 200 ml of 0.9% sodium
chloride solution administered IVFD for 30 minutes. Pho-
tosensitizer exposure time was 3 hours. Irradiation was
performed with MILON-LAKHTA laser (OOO “Milon Laser”,
Russia) with a wavelength of 662 nm. The tumors were ir-
radiated with macro- and microlenses.

The study included 102 patients, 62 of them with ver-
ified basal cell skin cancer, 10 with squamous cell skin
cancer, 10 with cancer of the oral mucosa and orophar-
ynx, 8 with leukoplakia and dysplasia of the oral mucosa,
6 with lower lip cancer, 4 with intradermal metastases of
breast cancer, 2 with other localization of the pathologi-
cal process. In 40% of cases, PDT was performed for re-
current neoplasms. 69% of patients were 70 years old or
older at the time of treatment.

The average diameter of the pathological focus was
34 +27.8 mm, and the average number of foci per patient
was 1.3. In 55% of cases, the diagnosis was verified cyto-
logically, and in 45% histologically. The average number
of radiation fields per patient was 2.7, and the average di-
ameter of the radiation field was 27 £ 12.5 mm. The pow-
er density of the laser radiation was 469 + 261 mW/cm?,
and the dose density per field was 258 + 99.7 J/cm?*

The intensity of the pain syndrome was assessed dur-
ing laser irradiation of the tumor on a verbal rating scale
(VRS): 0 — no pain, 1 point — mild, 2 - moderate, 3 - se-
vere, 4 — very severe or unbearable pain (Fig. 1) [8].

Results and discussion

When performing laser irradiation of the tumor dur-
ing PDT against the background of using one or another
method of anesthesia, the absence of pain was record-
ed in 9% of cases, mild pain was stated by the majority
of patients, 58%, moderate pain by 20%, severe pain by
10%, very severe pain by 3% of patients (Fig. 2).

15 patients were administered NSAIDs for analgesia,
69 had a combination of NSAIDs with tramadol, 14 had
conduction anesthesia? and 4 had PDT under general
anesthesia. Analgesia options in PDT depending on
the localization and histological form of the tumor are
shown in Fig. 3.

The analyzis of factors that affect the intensity of
pain revealed that the least pronounced pain syndrome
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0 HeT 60nu/
0 no pain

1 cnabas 6onb/
mild pain

2 ymepeHHan 6onb/
2 moderate pain

3 cunbHaa 6onb/

) 4 oyeHb cunbHaa 6onb/
3 severe pain

4 very severe pain

Puc. 1. lLikana BepGanbHbIX OLLEHOK UHTEHCMBHOCTU 60J1IEBOr0 CUHAPOMA
Fig. 1. A verbal rating scale of pain syndrome intensity
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Puc. 2. NHTeHCUBHOCTb 60/1€BOro CUHAPOMaA MO LWKane Bep6aibHbiX OLLEHOK Npu npoBeaeHun dotoguHammyeckon Tepanum (n=102)
Fig. 2. Pain syndrome intensity on the verbal rating scale during photodynamic therapy (n = 102)

(0-1 points) was observed in the treatment of basal cell
skin cancer (89%), cancer of the oral and pharyngeal mu-
cosa (100%), lower lip cancer (92%); nevertheless, in the
treatment of squamous cell skin cancer, this indicator
was 66%, and in PDT of leukoplakia and dysplasia of the
oral mucosa, 78% (see Table).

This is due to the fact that in the treatment of patients
with cancer of the oral mucosa and pharynx and cancer
of the lower lip, we used conductive anesthesia in the
majority of cases, which allowed us to achieve good con-
trol of the pain syndrome. With leukoplakia of the oral
mucosa, a common process is often observed that in-
volves various anatomical departments over a large area,
making it difficult to perform conduction anesthesia and
causing a relatively high level of pain impulses. A higher
level of pain during PDT for squamous cell skin cancer is
due to significantly larger lesion size and deep infiltra-
tion of the underlying tissues by the tumor compared to
those observed in basal cell carcinoma (see Table).

The photosensitizer used did not affect the intensity
of the pain syndrome, since in our study all the drugs
used were classified as derivatives of €6 chlorin.

Severe pain during PDT leads to longer treatment
time, as it is necessary to take breaks between the ses-
sions of laser irradiation of the tumor. In 2 patients with
stage Il squamous cell carcinoma of the scalp, we were
unable to complete the laser irradiation session due to
severe pain and the refusal to continue the procedure
with tramadol analgesia in combination with NSAIDs.

Despite the lack of recommendations for the use of
local infiltration anesthesia in PDT, it was administered
to 4 patients whose pain syndrome was not stopped by
NSAIDs and opioid analgesics. The patients belonged to
the 80+ age category and were treated for malignant
neoplasms of the scalp or trunk of grade I-Il. As an an-
esthetic, a 0.2% solution of ropivacaine was used, which
was injected into the subcutaneous fat under the tumor,
which did not produce a “lemon peel” effect. The pain
syndrome was relieved, and the planned dose of laser
radiation was administered. Complete tumor resorption
was achieved in all 4 patients.

In 14 cases, we used conduction anesthesia for PDT of
oropharyngeal tumors, since the treatment of neoplasms
of this localization is accompanied by a significant pain
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Puc. 3. CooTHoLweHMe meToaoB 06e360nuBanus npu OAT pasnnyHbIX HO30JI0rMYecKUX Gopm onyxonein
Fig. 3. Percentage of anesthesia methods used during PDT of various nosological forms of tumors

syndrome, which cannot be effectively controlled by the
systemic administration of analgesics and sedatives. A
0.2% solution of ropivacaine was used as an anesthetic.

Ropivacaine is a long-acting local anesthetic of the
amide type. It creates a reversible block of voltage-de-
pendent sodium channels?and, therefore, prevents the
generation of impulses in the endings of sensitive nerves
and the conduction of impulses along nerve fibers. Con-
duction anesthesia does not interfere with blood supply
and oxygenation of the tumor tissue, which is a necessary
condition for the development of a photodynamic reac-
tion. Ropivacaine action continues for at least 4-6 hours,
which allows for excluding the period of the most severe
pain impulses.

For cancer of the lower lip, mandibular anesthe-
sia was used in combination with mental nerve block.
Mandibular anesthesia was performed as follows. By in-
dex finger palpation, we determined the anterior edge
of the lower jaw branch, inside of which the retromolar
fossa was felt, and the temporal ridge behind it, which
serves as a reference point for the needle injection site
(Fig. 4). The injector was placed at the level of the pre-
molars of the opposite side, the needle was inserted in-
side from the temporal ridge at a distance of 0.5-1 cm
above the masticatory surface of the lower molars, di-
recting the needle from the 2nd premolar of the oppo-
site side outward and posteriorly until the contact with

the bone. Immediately after the puncture, 0.5 ml of
anesthetic was administered to anesthetize the lingual
nerve. After the needle was pushed deeper by 2 more
cm and reached the bone groove, the remaining part of
the anesthetic solution was injected to block the lower
alveolar nerve [9, 10]. Mandibular anesthesia zone: the
mucosa of the alveolar process of the lower jaw from
molars to pre-molars of the corresponding side, the an-
terior 2/3 of the lateral surface of the tongue and half of
the lower lip.

To perform mental anesthesia, the needle was in-
serted into the mucobuccal fold of the lower lip between
the 2nd premolar and the 1st molar, and the needle was
moved 1-2 cm to contact the bone, and the anesthetic
was injected. Anesthesia zone: the frontal part of the soft
tissues of the lower lip half, the mucous membrane of the
mouth vestibule from the 2nd premolar to the 1st incisor
of the opposite side, the mucous membrane of the alveo-
lar process on the side of anesthesia.

For analgesia of the cheek mucosa, in addition to
mandibular anesthesia, buccal nerve anesthesia or torus
anesthesia was performed, and with the tumor local-
ized in the upper posterior parts of the oral cavity (the
posterior parts of the alveolar process of the upper jaw,
the mucosa of the transitional fold and the upper pos-
terior part of the cheek mucosa), tuberal anesthesia was
performed.
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Ta6auua

UcxopHble AQHHbIE NALUEHTOB € OTCYTCTBUEM U CAABOM BbipaXXEHHOCTLIO 60AEBOro CUHAPOMA NpU GOTOAMHAMUUECKOW Tepanuu

Table

Initial data for patients with absent or mild pain syndrome during photodynamic therapy

CpeaHee
yucno nonemn
obnyuyeHus
(abc.u.)

Bospacrt

Hosonoruueckas p
(ner)

dopma

Ba3anbHOKNETOUHbIN
paK Koxun (n=62)
Basal cell skin cancer
(n=62)

[1NOCKOKNETOUHbIN pak
Koxu (n=10)
Squamous cell skin
cancer (n=10)

Pak cnusucrton
060/104KM NONOCTY PTa
n rnotkn (n=10)

Oral and oropharynx
mucosa cancer (n = 10)

Pak HVXHel ry6bl
(n=6)

Lower lip cancer (n=6)
JNenkonnakusa

1 gucnnasua
CN3KCTON 0600UKM
nonoctu pta (n=8)
Oral leukoplakia and
dysplasia

(n=8)

74,5/78 2,6

76,7/79 4,5

61,3/64,5 3,0

76,1/79,4 2,7

64,8/67 54

lMpumeyaHue: * — cpepHee 3HaYeHNe/MeamnaHa
Note: * — average value/median

CpeaHun
pasmep
ovara (Mmm)

23,8

91,6

22,5

20,7

17,5

JAonsa nayneHToB
C OLleHKOM
6oneBoro
cuHApoma

0-1 6ann (%)

MnoTHOCTDL
MOLLHOCTHN
(MBT/cm?)*

MnoTHOCTbL
AO03bl
(Dk/cm?)*

293/300 524/509 89

356/350 280/194 66

282/290 401/380 100

280/300 477/440 92

108/70 528/477 78

Buccal nerve anesthesia was performed as follows.
The needle was injected into the area of the anterior
edge of the coronal process at the level of the mastica-
tory surface of the upper molars into the cheek mucosa,
directing the syringe from the opposite side. The needle
was moved 1.0-1.5 cm to the anterior edge of the coro-
nal process, and 1-2 ml of anesthetic was injected. Pain
relief zone: the mucous membrane and the skin of the
cheek.

When conducting torus anesthesia, anesthetic solu-
tion was injected into the region of the mandibular torus.
It is located at the junction of the bony ridges coming
from the coronoid and condylar processes, above and
anteriorly from the bony growth of the lower jaw. The
lower alveolar, lingual and buccal nerves are located be-
low and inside the torus, surrounded by loose cellular
tissue. When an anesthetic is administered to this area,
these nerves can be blocked simultaneously. The sy-
ringe is placed on the molars of the opposite side. The

needle is inserted into the groove formed by the lateral
slope of the pterygomandibular fold and the cheek, at
a distance of 0.5 cm below the masticatory surface of
the upper 3rd molar (Fig. 5) [9, 10]. The needle is pushed
0.25-2 cm to the bone and 1.5-2 ml of anesthetic is in-
jected (blocking the lower alveolar and buccal nerves).
Move the needle a few millimeters in the opposite direc-
tion and inject 0.5-1.0 ml of anesthetic (blocking the lin-
gual nerve). Area of anesthesia: all the teeth of the cor-
responding side, the bone tissue of the alveolar process
of the lower jaw, the gum from the vestibular and lingual
sides, the mucous membrane of the hyoid region, the
front 2/3 of tongue, the skin and mucosa of the lower lip,
the skin of the chin of the corresponding side, the mu-
cosa and skin of the cheek.

Posterior superior alveolar nerve block was per-
formed as follows: with the mouth half open, the cheek is
drawn outwards with a spatula or dental mirror. The nee-
dleis placed at an angle of 45° to the crest of the alveolar
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Puc. 4. BoinonHeHWe MaHAUGYNAPHOW aHeCcTe3nu
Fig. 4. Mandibular anesthesia procedure

Puc. 5. BoinonHeHue TopycanbHOi aHecTe3nu
Fig. 5. Torusal anesthesia procedure

Puc. 6. BoinonHeHue Ty6epanbHO aHecTe3nu
Fig. 6. Tuberal anesthesia procedure

Puc. 7. BoinonHeHWe nanaTtMHanbHOW aHecTe3uu
Fig. 7. Palatine anesthesia procedure

process, its bevel facing the bone. The needle is inserted
at the level of the crown of the second molar or between
the second and third molars into the mucous membrane,
0.5 cm outwards off from the mucobuccal fold (Fig. 6) [9,
10]. The needle is moved up, back and inwards to a depth
of 2.5 cm, with the syringe directed outward so that the
needle is always located as close to the bone as possible.
To a certain extent, this prevents damage to the arter-
ies, veins of the pterygoid venous plexus and hemor-
rhage into the surrounding tissues. After administration

of 2 ml of analgesic solution, anesthesia is achieved in
7-10 minutes.

In the absence of large molars, the zygoalveolar ridge
that runs from the zygomatic process of the upper jaw to
the outer surface of the alveolar process located at the
level of the first molar is used as a benchmark. The nee-
dleis inserted behind the zygo-alveolar ridge, which cor-
responds to the middle of the crown of the missing sec-
ond molar. The pain relief zone includes the periosteum
of the alveolar process of the upper jaw and the mucous
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membrane covering it in the area of these teeth on the
side adjacent to the cheek; the mucous membrane and
bone tissue of the posterior exterior wall of the maxillary
sinus. The posterior border of the pain relief zone is con-
stant. The anterior border may run along the middle of
the crown of the first large molar or reach the middle of
the first small molar.

For tumors of the anterior parts of the oral floor, man-
dibular anesthesia was performed on both sides with
additional blocking of the lingual nerve in the area of
the alveololingual groove. Lingual nerve anesthesia is
administered as follows. With a spatula, the tongue is
moved in the opposite direction and a needle is in-
serted into the mucous membrane of the maxillofacial
groove at the level of the middle of the crown of the
lower 3rd molar, where the nerve lies very superficially.
2 ml of anesthetic is administered. The analgesia zone:
mucous membrane of the infrahyoid lobe, the anterior
2/3 of the tongue.

In the cases of tumor localization in the soft palate,
palatinal anesthesia was performed. With this anesthe-
sia, the greater palatine nerve is blocked in the area of
the greater palatine foramen. For this purpose, the anes-
thetic must be injected into the area of the greater pala-
tine foramen. It is located at the level of the middle of the
3rd molar crown, in the absence of the latter, posteriorly
and internally from the 2nd molar, or 0.5 cm anteriorly
from the border of the hard and soft palate. To determine
the projection of the greater palatine foramen on the
mucous membrane of the hard palate, it is necessary to
draw two intersecting lines: one parallel to the border of
the hard and soft palate at the level of the mid-crowns of
the 3rd molars from the gingival margin to the midline of
the upper jaw of the respective side (note that the max-
illais a paired bone), and the other through the middle of
the first line and perpendicular to it (from front to back).
The intersection point of these two lines will correspond
to the projection of the greater palatine foramen.

The method of palatinal anesthesia is as follows. With
the patient’s mouth wide open, the needle is injected at
a distance of 1 cm in front and inside of the projection
of the palatine foramen on the mucous membrane, i.e.,
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retreating to the midline (Fig. 7). The needle is pushed
up, slightly posteriorly and outwards until it comes into
contact with the bone. 0.5 ml of anesthetic is adminis-
tered. Anesthesia is achieved after 3 to 5 minutes. Pala-
tine anesthesia zone: the mucous membrane of the hard
and soft palate, the alveolar process of the upper jaw on
the palatine side from the 3rd molar to the middle of the
canine crown [9, 10].

The pain syndrome among the group of patients
with conduction anesthesia varied from 0 to 1 point; the
planned dose of laser radiation was admiinistered in full
to all patients.

The indications for the use of anesthesia for PDT in-
cluded recurrent tumors of the oral cavity and orophar-
ynx in the presence of trismus of the masticatory mus-
cles, postoperative scar deformation of the irradiation
zone and difficult-to-reach anatomical localizations of
the pathological process.

Conclusion

The severity of the pain syndrome during PDT de-
pends on the histological form of the tumor, the extent
of the lesion, and the method of anesthesia. The most
pronounced pain syndrome is observed during PDT of
squamous cell skin cancer, leukoplakia and dysplasia of
the oral mucosa. NSAIDs alone or in combination with
an opioid analgesic can effectively control pain in PDT
of basal cell skin cancer in 89% of cases, and in PDT of
squamous cell skin cancer in 66%. Conduction anesthe-
sia allows you to relieve the pain syndrome during PDT
of oropharyngeal tumors. Analgesia for PDT of visual
localization tumors in elderly patients should be carried
out with due consideration of the localization and preva-
lence of the pathological process, as well as concomitant
pathology and the level of homeostasis compensation.

It is necessary to continue the development efforts
aimed at solving the problem of pain relief during PDT. In
order to unify approaches to choosing optimal methods
of pain management in PDT, it is necessary to integrate
the work of clinicians from different centers of the coun-
try and conduct randomized trials.
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EVALUATION OF STRONTIUM ALUMINATE
PHOSPHORESCENT EFFECT ON BLOOD AS POTENTIAL LIGHT
SOURCE FOR PHOTOTHERAPY
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Abstract

Phototherapy has shown its effect on cell stimulation and inhibition based on Arndt-Schulz model. Even though this therapeutic method has
apparent effect, but it has limitations for epithelial application due to limitations on light penetration. Hence, with the ideology of fully overcom-
ing this limitation, phosphorescent powder (strontium aluminate) is proposed as the potential light source that emitting photon from inside the
body for phototherapy purposes. The strontium aluminate powder used in the experiment has the highest peak absorption at wavelength around
650 nm and lowest at around 350 nm. According to FESEM images, the powder has the particle size varies from 10 to 50 pm at cubic phase. The
assessment is done by studying the effect on erythrocyte after blood plasma is irradiated by strontium aluminate powder’s photon. The powder
luminesces with a maximum at 491.5 nm when pumped with 473 nm laser at 100 mW in fixed amount of 0.005+0.001 g. Later, it is mixed with
centrifuged blood plasma for a predetermined time period (5, 10, 15, and 20 minutes). From this study, it shows that 5 minutes irradiation is the op-
timum period for erythrocyte in term of morphology enhancement and increase of UV-visible absorption spectrum with at least 21% in comparing
with control blood. While the significant increment located at wavelengths 340 nm and 414 nm with both increased by 54% and 41%, respectively.
However, for 10 minutes and beyond, the irradiation leads to morphology deterioration while the UV-visible spectrum decrement starts at 15
minutes and beyond. In conjunction, a comparison between blood plasma that either interacted with powder emitting photon or powder with no
emission shows that photon emission plays a role in the phototherapy effect.

Keywords: phototherapy, phosphorescent, red blood cells, UV-visible spectroscopy, self-illuminated, laser.

For citations: Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed. Evaluation of strontium aluminate phosphorescent effect on blood as poten-
tial light source for phototherapy, Biomedical Photonics, 2020, vol. 9, no 3, pp. 21-29. doi: 10.24931/2413-9432-2020-9-3-21-29

Contacts: Heng Jie Choong, e-mail: choonghengjie@yahoo.com
Nursakinah Suardi, e-mail: nsakinahsuardi@usm.my

OLIEHKA AJTOMMNHATA CTPOHUMUA

KAK MOTEHUUAJIBHOTO MCTOYHMKA CBETA

nng ®OTOTEPANUU NO EFTO POCPOPECLUEHTHOMY
AENCTBUIO HA KPOBb

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed
Hayunbii yHnsepcuter Manansmu, Manaisus

Pesiome

HecmoTpA Ha fokasaHHy 3$pdeKTUBHOCTL GpoTOTEPANUY, Y STOFO METOAA €CTb OrPaHUYEHUA ANA SNUTENNaNbHOTO NMPUMEHEHNA 13-3a He-
3HaYMTENbHOrO NPOHMKHOBEHUA CBeTa. ABTOpaMu NpeanoxeH ¢pochopecumpyoLmin MOPOLLOK (antoMUHAT CTPOHLMA) B KayecTBe NOTEeHL-
albHOro NCTOYHMKa CBeTa, N3JlyyatoLlero GoTOHbI M3HY TPV Tena Ana Lenen pototepanuu. [opoLlok antoMmHaTa CTPOHLA, MCNOMb30BaHHbI
B 3KCMEPUMEHTE, MMeeT CaMoe BbICOKOE MUKOBOE MOTJIOLeHE NPY ASIVHE BOJIHbI OKO0 650 HM 1 camoe HU3KOe Npu AJIVHE BOJSTHbI OKOO
350 HM. CornacHo 1306paXeHNsIM aBTO3NTEKTPOHHOW CKaHMPYIOLLEe MUKPOCKONUY, MOPOLLOK MMeeT pa3mep Yactul ot 10 1o 50 MKM B Ky6u-
yeckon dase. OueHka 3GpPeKTNBHOCTY GOTOTEPaNMM C NPEANOXKEHHBIM COeIMHEHVEM MPOBEAeHa NyTeM 13y4YeHNA BO3AENCTBIA Ha SpUTPO-
LTl 06/1yYEHHO NOPOLUKOM Mnia3mbl Kposu. DocdopecrieHLmsA NopoLLKa ¢ prKcmpoBaHHbI Maccor 0,005 + 0,001 r UMeeT MakcUMyM Ha
LnviHe BOMHbI 491,5 HM Npy HaKauKe f1a3epoMm C JJIHOW BOJHbI 473 HM C MOLLHOCTbIO 100 MBT. 3aTem ero cmeLmBalioT ¢ LeHTpUdyrnpoBaHHO
nnasmoii KpoBM B TeYeHWe onpeaeneHHoro nepuoga spemenu (5, 10, 15 1 20 muH). MonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT, YTO 5-MUHYT-
Hoe 06nyyeHvie ABNAETCA ONTUMAJIbHBIM MEPUOAOM AN SPUTPOLIMTOB C TOUKU 3PEHMA YyULIEHVA MOPGOSIOrMI 1 YBENMYEHWA CNIEKTPa MNo-
rnoweHna YO-BraMmoin o6nactu no KpanHen mepe Ha 21% no cpaBHEHMIO C KOHTPOJIbHOW KPOBbHo. [py 3TOM 3HaUUTENbHbIV MPYUPOCT NpU-
XOLMTCA Ha ANUHbBI BOSIH 340 HM 11 414 HM, KOTOpble YBEeNMUMBaloTCA Ha 54% 1 41% cootBeTcTBEHHO. OfHaKo, AnA 10 MvH 1 6onee obnyyeHne
BbI3bIBaET yXyALIEHVIE MOPdONOTNY, B TO BPeMsA Kak YD-BUANMDI CMEKTP YMEHbLIAETCA HaumHas ¢ 15 MUH 1 no3xe. B cBA3U ¢ 3Tum nsyvaeTca
CpaBHeHVe Ma3mbl KpOBM, KOTOpas B3avMOAeNncTBoBana ¢ dochopecumpyowim NOPOLLKOM, € HedpochopecLmpyoLmM NOPOLIKOM, YTOObI
nokasaTb, YTO 131yYeHNe nrpaeT posb B co3AaHUM dppeKTa poToTepanmu.

BIOMEDICAL PHOTONICS T.9, N23/2020

ORIGINAL ARTICLES

21



V9]
-
O
l_
(2’4
<
<
<
O,
&
O

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed

Evaluation of strontium aluminate phosphorescent effect on blood as potential light source for phototherapy

KnioueBble cnoBa: dpototepanus, pocdopecrLeHums, KpacHble KpoBsiHble KNeTku, YD-cneKkTpockonus, ayTodsyopecLeHLus, nasep

Ana yutuposaHua: Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed. OueHka antoMuHaTa CTpouUma Kak NOTEHLUMANbHOIO NCTOYHU-
Ka cBeTa ana GoToTepanum no ero pochopecLeHTHOMY AeicTBUIO Ha KpoBb // Biomedical Photonics. — 2020. - T. 9, N 3. - C. 21-29. doi:

10.24931/2413-9432-2020-9-3-21-29

KonTakTbi: Heng Jie Choong, e-mail: choonghengjie@yahoo.com
Nursakinah Suardi, e-mail: nsakinahsuardi@usm.my

Introduction

Phototherapy utilized light to conduct treatment
with different light source and variation of parameters
such as wavelength, irradiance, pulse structure, coher-
ence, and polarization [1-3]. Initially, laser is widely used
as it is thought that the monochromatic and coherence
of laser would give extra benefit for treatment. This
thought was no longer hold as similar effect is observed
by using monochromatic light source like Light Emitting
Diodes (LEDs) [4]. The respond of cells, either stimulation
or inhibition, is depended on the output power of light
which can be described through Arndt-Schulz curve and
Arndt-Schulz model. The cells would be stimulated at
certain threshold and inhibition is promoted beyond the
threshold. From Arndt-Schulz model the parameters for
the threshold are wavelength of light, irradiance of light,
and the period of irradiation. The absolute Arndt-Schulz
model is associated with parameters like wavelengths,
tissue types, redox states, and different pulse parameters
[3,5-71.

Several experiments were conducted to observe
the phototherapy effect by using different light sources
while wavelength of light, irradiance, and exposure time
remains the same. The results showed that similar effects
can be observed even though different light sources
were used [1, 2, 8]. Among the phototherapy treatment,
phototherapy towards blood able to show significant ef-
fect. A study conducted by Siti Sakinah Mohd Fuad et al.
showed that the RBCs of human blood would denature
and forming echinocytes after irradiated by 589 nm yel-
low laser. The formation of echinocytes was caused by
the loss of water and potassium, which decreases the
generation of Adenosine Triphosphate (ATP). Concur-
rently, the RBCs' light absorption showed increment after
irradiation for 10 minutes till 40 minutes. The decrement
of absorbance was observed after the irradiation extend-
ed to 50 minutes and beyond. This corresponds to bipha-
sic response of having two, either good or bad, reaction
oxygen species (ROS). Mitochondrial would be stimulat-
ed on electron transport, which increases ATP produc-
tion for good ROS. At the same time, the cell would signal
and activate redox-sensitive transcription factors. On the
contrary, bad ROS occur as the dose increases and lead
to the damaging of mitochondria and apoptosis [9]. An-
other study conducted by Kujawa et al. demonstrated a

visible effect on RBCs’ ATPase activities and membrane
structure after irradiated with near infrared (810 nm) la-
ser. The irradiation-induced modulation of RBCs mem-
brane which could change the activity of membrane ion
pumps and ion flows [10]. The effect towards RBCs can
be induced through blood plasma. Mustafa et al. con-
ducted a study on erythrocyte sedimentation rate (EST)
after irradiated with low-level laser. The study showed
that effective reduction of ESR appeared after the irra-
diation of laser with a dose of 72 J/cm? at wavelength of
405 nm. Besides, their study showed that whole blood
ESR reduction is greatly reduced to less than 51% (from
15£3.7 mm/h to 7.6+2.3 mm/h) in comparison between
separated RBCs resuspended in irradiated plasma and
separated RBCs resuspended in non-irradiated plasma.
Hence, this study suggested that the whole blood ESR
effect is mainly induced by the plasma composition [11].

Due to the limitation of light penetration towards the
region of interest within the body, phototherapy has been
limited for epithelial application. Attempts have been
taken by introducing penetrating light in the red or near
infrared range, for brain photobiomodulation to relieve
brain disorders [12-16]. However, the penetration is still
limited to a certain depth depending on the anatomical
region. For instance, 808 nm light source has penetration
to depth about 40 mm to 50 mm [14, 17, 18]. Alternatively,
intracranial method is an approach to overcome the limi-
tation by directly deliver light to the brain with light-opti-
cal fiber device. However, this method is associated with
risk as minimal surgical stereotactic procedure is needed
to insert light-optical device within the brain [12].

Hence, in conjunction to overcome the limitation,
it is proposed to use light source, like phosphorescent
powder, that could emit light after traveling to the re-
gion of interest within the body itself. This paper is as-
sessing phosphorescent powder (strontium aluminate)
as the potential light source for phototherapy through
in vitro blood phototherapy by irradiating blood plasma
with RBCs morphology and absorbance spectrum being
studied.

Materials and Methods

Characterization of strontium aluminate powder

The absorption of strontium aluminate was eval-
uated using UV-Visible spectrophotometer at the
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range of 200 nm to 800 nm. Emission spectroscopy
was used to evaluate the emission of strontium alu-
minate at the range of 380 nm to 780 nm. XRD was
performed in comparison with database compounds.
Particle size and crystal structure was observed via
FESEM images at 500, 5000, and 10,000 times of mag-
nification.

Preparation of strontium aluminate powder

Strontium aluminate powder used for this study
emitted greenish-blue light at the dominant wave-
length of 491.5 nm. The powder was transferred to two
plain test tubes with each at the weight of 0.005+0.001
g. One of the tubes placed in a dark room to ensure no/
minimum exposure of light to prevent charging pow-
der. The second tube was irradiated with 473 nm single
longitudinal mode beam blue laser at a constant out-
put of 100 mW for ~15 minutes. Laser was placed at fo-
cus distance (~16 cm) when irradiating the powder. The
irradiation was done with laser to ensure the powder
charged at known constant power, light energy, and
period of charging.

Preparation of blood samples

Blood samples of 3 ml were collected randomly from
a wide range of patients with unknown information on
blood counts and patients’ gender. The patients were
generally declared fit outpatients at the age group of 20
years old to 70 years old. The EDTA blood sample was
partitioned to three aliquots with 1 ml on each tube. One
of the aliquots served as control (untreated). The other
two were centrifuged to separate blood plasma and
RBCs which the plasma later mixed with strontium alu-
minate powder for interaction.

Irradiation to blood plasma

The centrifuged blood plasmas were mixed with two
tubed strontium aluminate powders, respectively. One
of the tubed powders emitted photons when interacting
with blood plasma. At the same time, the second pow-
ders emitted no/minimum light when interacting with
blood plasma. Both blood plasmas with powder content
interacted for 5, 10, 15, and 20 minutes. Later, the plas-
mas were mixed back to their respective RBCs for inter-
action at ~22 minutes.

Observation of RBCs morphology and absorbance spec-
trum

The morphology of RBCs was observed via an optical
microscope at 40 times magnification after blood smear-
ing with a thin film of streaked blood. Blood smearing
was done by having a portion of blood dropped near the
frosted end of a clean glass slide and second glass slide
as a spreader. The absorbance of washed RBCs was mea-
sured using a UV-Visible spectrophotometer at the range
of 300 nm to 800 nm.

Ethical consideration

This study is ethically approved by Universiti Sains
Malaysia Research Ethics Committee under the study
code of USM/JEPeM/16060208.

Results and discussion

Optical and structural properties of strontium alumi-
nate powder

The absorbance spectrum for strontium aluminate
powder in Fig. 1 shows that it is able to absorb a wide
range of spectrum from 200 nm to 800 nm. The absorp-
tion appears to be highest at the peak at around 650 nm.

2.0

1.8

1.6

1.4 1

1.2 4

absorbance

1.0

0.8

200 3(I)0 4(I)0 560 660 760 800
wavelenath, nm

600 -

g

intensity, a.u.
8
o

200 A

100 A

460 4_';0 560 S.’;O G(I)O 6.';0 7(;0 75.0
wavelength, nm

Fig. 1. Absorbance spectrum of strontium aluminate at wave-
length of 200 nm to 800 nm. The highest absorption located at
around 650 nm and lowest at around 350 nm

Puc. 1. CneKTp NornoweHns antoMmMHaTa CTPOHLMSA B UHTepBane
ANYH BosiH oT 200 HM a0 800 HM

Fig. 2. Emission spectrum of strontium aluminate at wavelength
of 380 nm to 780 nm after being irradiated with 473 nm laser. The
dominant peak located at 491.5 nm

Puc. 2. CneKTp U3ny4eHus aJtoMMHaTa CTPOHLUSA B UHTEPBAJe AJIMH
BOJIH oT 380 HM go 780 HM nocne 06y4eHUst 1a3epom Npu anauHe
BOJIHbI 473 HM
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Fig. 3. XRD of strontium aluminate powder
Puc. 3. PeHTreHOCTPYKTYpHbIA aHanu3 MopollKa anoMuUHaTa
CTpoHUMSA

At the same time, the minimum absorption appears at
wavelength around 350 nm, which is represented with
a trough. With the presence of the trough, it caused an-
other appearance of a peak at a wavelength of around
250 nm. Notice that the 250 nm peak’s absorption is still
not as high as other wavelengths ranging from 400 nm
to 800 nm.

Simultaneously, the emission spectrum of strontium
aluminate powder has a dominant peak at 491.5 nm, as
shown in Fig. 2. Hence, with this known information,
473 nm laser was selected as the light source to charge
strontium aluminate. This is due to higher light energy is
required to allow strontium aluminate powder emitting
491.5 nm cyan (greenish-blue) light [19].

The XRD pattern of the powder is shown in Fig. 3. After
comparing with database’s (reference code: 00-052-1876)
intensity peaks, it shows that the powder is potentially
containing strontium, aluminum, and oxygen. In this pat-
tern, the peaks can be indexed based on space group of
PMMA with the number of 51 and orthorhombic crystal
system. The orthorhombic system can be viewed at the
FESEM images shown in Fig. 4a with 10,000 times of mag-
nification. The crystal appears in pack with the size of ap-
proximately 4 um. Fig. 4b and 4c suggested that the par-
ticle size varies from 10 um to 50 um at cubic phase.

Reaction of blood towards strontium aluminate

Within the absorbance spectrum of RBCs, there are
four obvious peaks along the spectrum at wavelength
ranging from 300 nm to 800 nm as shown in Fig. 5. The
first peak appears at 340 nm, which indicates the maxi-
mum carbohydrate metabolism of blood caused by the
structural changes of Nicotinamide Adenine Dinucleo-
tide (NAD) into NADH and Nicotinamide Adenine Dinu-
cleotide Phosphate (NADP) into NADPH through the re-
duction process. The other three peaks are visible at 414,
542, and 576 nm due to d-f transition of CO-oxyhemo-
globin. Theintensity of absorbance is linearly dependent
by the concentration of solutes within blood samples af-
ter irradiation [9, 20, 21].

As shown in Fig. 5, after the blood plasma interacted
with the strontium aluminate powder, there is an obvi-
ous increment of absorbance intensity with respect to
control blood, especially at 340 nm. However, the inten-
sity decrements when photons are emitted from powder,
which acts as a light source. This has depicted a biphasic
response (hormesis) given off by RBCs as the solely addi-

Fig. 4. FESEM images of strontium aluminate with difference magnification:

a - 10,000 times magnification;
b - 5,000 times maghnification;
¢ — 500 times magnification

Puc. 4. CHUMKHM afiloMUHaTa CTPOHLMSA, NOJIyYEHHbIE Ha CKaHUPYIOLWEM 3/IEKTPOHHOM MUKPOCKONE MPU Pa3/IM4HOM YBESIMYEHUN:

a - 10,000-kpaTHOE yBEeNM4YEeHUe;
b - 5,000-kpaTHOE yBENUYEHUE;
¢ — 500-KpaTHOe yBennyeHme
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45
® control

4.0 4 A strontium aluminate without emission
W strontium aluminate with emission

3.5 1
3.0 1

2.5 1

absorbance

2.0 4

154

1.04

300 400 5(;0 6(;0 700 800
wavelength, nm

Fig. 5. Absorbance spectrum of RBCs at three conditions (con-
trol blood sample, blood sample with plasma interacted with no
emission from strontium aluminate powder, and blood sample
with plasma interacted with photon emission from powder) at the
range of 300 to 800 nm

Puc. 5. CnekTp nornoweH1s 3puTpoLUTOB B TpPex YCNOBUAX
(KOHTpoNibHass npo6a KpoBM, Npo6a KpPOBU C MJIa3MOMH,
B3aMMOAENCTBYIOLWEN C HEU3NyYaloLWMM MOPOLLKOM anioMUHaTa
CTPOHUMSA, U Npob6a KpPOBM C Nia3moi, B3aMMOAENCTBYIOLWEN C
docdopecumpyowmnm nopoLukom) B guanasoHe ot 300 go 800 UM

tion of powder, either photon emitting or not, changes
the environment factor of blood [5-7]. The changes in in-
tensity are associated with the variability of coenzyme in
conjunction with echinocytes [22].

Shown in Fig. 6 is the morphology of RBCs with the
presence of echinocytes labeled. The number of echi-
nocytes increases along with the present powder and
further increased as powder emitting photon. This sug-
gested that the increment at 340 nm is due to the pro-
duction of NADPH in preventing globin from denaturing
[22]. Concurrently, a further increase of echinocytes de-

absorbance

wavelength, nm

-0.4 4

Fig. 7. Absorbance spectrum of RBCs after interacted with pho-
ton emitting strontium aluminate powder for 5, 10, 15, and 20
minutes

Puc. 7. CneKTp NornoweHu1s apuTpoLUnTOB Nocsie B3aMMoaencTBuUs
¢ dochopecumpyolwMMM MOPOLIKOM antoMUHaTa CTPOHUUS B
TeyeHue 5,10, 15 u 20 muH

Fig. 6. RBCs morphology for control blood samples and blood
samples that the blood plasma interacted with strontium
aluminate powder (photon emitting and no photon emitting) for
5 minutes. Some presence of echinocytes are indicated with
circles:

a — control blood samples;

b - blood plasma interacted with photon emitting

strontium aluminate powder;

¢ — blood plasma interacted with no photon emitting

strontium aluminate powder
Puc. 6. Mopdonorus aputpoLUToB AN KOHTPObHbIX 06pa3LoB
KPOBU U 06Gpa3LOB KPOBM MNocsie B3auMOAEeNCTBUSA Nia3mbl C
MOPOLLKOM aJiloMUHaTa CTPOHLUSA:

a — KOHTPO/bHble 0Gpa3Lbl KPOBH;

b — nocne B3aumogencTeus niasmbl KpoBu ¢ pocdopec-

LMPYIOLUM NOPOLIKOM aJiloMUHATa CTPOHLMUS;

C — nocne B3auMOAENCTBUS NAa3Mbl KPOBU C HEU3nyva-

IO MM NOPOLLKOM ajloMUHaTa CTPOHLMUSA
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Period, Control Blood Irradiated Blood
minutes KoHTposnbHbie 06pasLbl KpoBU 0O6ny4eHHas KpoBb
5
a(i): Before irradiation some echinocytes are presented. a(ii): After irradiation no echinocyte is observed.
a(i): Jo obnyyeHna o6HapyKMBaOTCA SXUHOLUTDI a(ii): Mocne obnyyeHVA SXMHOLUNTbI OTCYTCTBYIOT
10
b(i): Before irradiation no echinocyte is observed. b(ii): After irradiation echinocytes are observed.
b(i): lo 06nyyeHns 3XMHOLUTbI OTCYTCTBYIOT b(ii): Mocne 06nyyeHnsa 06HaPYKMBaOTCA SXUHOLUTDI
15
c(i): Before irradiation small number of echinocytes are | c(ii): After irradiation increase number of echinocytes
observed. are observed.
c(i): o obnyueHna o6Hapy}MBaeTCA He3HaUUTeNIbHOE c(ii): Mocne 06nyyeHnA KONMYECTBO IXNHOLIMTOB yBe-
KOJMMYECTBO IXUHOLNTOB NNYeHo
20

d(i): Before irradiation small number of echinocytes are
observed.

d(i): Jo obnyyeHna obHapyKmnBaeTcA He3HaunTelbHoe
KOIMYEeCTBO SXVMHOLMTOB

d(ii): After irradiation increase number of echinocytes
are observed.

d(ii): Mocne obnyyeHnA KONMYECTBO SXNHOLUTOB yBe-
NinYeHo

Fig. 8. RBCs morphology for control blood and blood, which has its plasma interact with photon emitting strontium aluminate. The
interaction (irradiation) period is shown in the “Period” column with values of 5, 10, 15, and 20 minutes. Some echinocytes are
indicated with circles
Puc. 8. Mopdonorusa aputpoLUTOB AN KOHTPOJIA KDOBU U KPOBM, B N1a3Me KOTOPOI NPOMCXOAUT B3aUMOeCTBUE C UCTTYLLEHHbIMU
anloMUHaATOM CTPOoHUMS doToHamu. NMepuoa B3anmoaencTBus (061y4eHnst) noKasaH B cTon6ue “nepmoa”, KOTOpbI BKAOYaeT B ce6s

5,10, 15 1 20 MUHYT. HEKOTOpbie 3XUHOLUTbI 0603HA4Y€HbI KPYXK04YKamu
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® control
A strontium aluminate with emission

absorbance

300 4(')0 5&0 660 760 800
wavelength, nm

(a): Blood plasma irradiated for 5 minutes. Absorbance for
irradiated blood has increased compare to the control blood.
(a): Mna3my KpoBU 06nyyanu B TeueHne 5 mumH. Mornouye-
Hue 061yYeHHOI KPOBM YBEIMYMIIOCh MO CPABHEHWIO C KOH-
TPONbHOW KPOBbIO

@ control
24 A strontium aluminate with emission

absorbance

300 4(‘)0 560 60'0 760 800
wavelength, nm

(c): Blood plasma irradiated for 15 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(c): Mna3my Kposw 06nyyanu B TeyeHme 15 muH. Mornoule-
HYie ANA 061yYeHHOW KPOBU YMEHbBLUMIIOCH MO CPAaBHEHNIO C
KOHTPOJIbHOW KPOBbIO.

2.4 ® control
A strontium aluminate with emission

absorbance

300 44‘)0 5(;0 660 70'0 960
wavelength, nm

(b): Blood plasma irradiated for 10 minutes. Absorbance
for irradiated blood has slightly increased compare to the
control blood.

(b): Mna3my kposu obnyyanu B TeueHne 10 muH. Mornouye-
Hue AnA 06NyYeHHON KPOBW HECKOMbKO YBEMUYMIOCH MO
CPaBHEHUIO C KOHTPOJIbHOW KPOBbIO.

® control
2.2 A strontium aluminate with emission

absorbance
(=) P
o L

I
S

124

10

08 . .
300 400 500 600 700 800
wavelength, nm

(d): Blood plasma irradiated for 20 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(d): Mna3my Kposu obnyyanu B TeyeHne 20 muH. Mornolye-
HVie ANnA 061yYeHHOW KPOBU YMEHbBLUMIOCH MO CPABHEHUIO C
KOHTPOJIbHOW KPOBbIO.

Fig. 9. Absorbance spectrum of RBCs for irradiated blood samples and control blood samples. The period of irradiation is stated

at each Fig.

Puc. 9. CneKTp nornoweHns aputTpoLmUToB Ana 061y4eHHbIX 06pa3L0B KPOBM U KOHTPOJIbHbIX 06pa3uoB KpoBu. Mepuoa o6nyye-

HUS YKa3aH Ha Kaxaom rpaduke

creases the production of ATP [23]. Notice that the effect
is observable even though only blood plasma is irradi-
ated. This phenomenon is known as the bystander ef-
fect, in which the effect towards RBCs is induced by the
changes of blood plasma (medium) after interaction with
the powder [24].

Analyzation of absorbance and morphology of RBCs
Shown in Fig. 7 is the absorbance after the blood
plasma has been irradiated by photon emitted from

strontium aluminate powder for 5, 10, 15, and 20 minutes.
The irradiance of powder is kept at constant by having
a constant amount in terms of weight and laser power
when irradiated. The absorbance appears to be highest
after 5 minutes of irradiation and starts to decrease be-
yond that. This relationship coincides with Arndt-Schulz
model, which suggests 5 minutes irradiation is the opti-
mum for stimulation, with the inhibition after 5 minutes.

Based on the RBCs morphology between control
blood and irradiated blood, the chemical changes can
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be studied. From the morphologies shown in Fig. 8, the
morphology has enhanced with the restoration of disco-
cyte state from echinocyte. This restoration can normally
be done by in vitro suspending normal plasma, albumin,
glucose, gelatin, polyvinyl-pyrrolidine and fixatives such
as glutaraldehyde, osmic acid, etc. [25]. This enhance-
ment is observed after 5 minutes of irradiation. However,
denaturing occurs after 10 minutes irradiation and be-
yond.

The presence of echinocytes suggested the decrease
of ATP caused by loss of water and potassium in RBCs.
Hence, with the improvement of morphology (decrease
number of echinocytes) the ATP would be increased [22,
23]. However, at 10 minutes irradiation the denaturing
may have underwent the production of NADPH to re-
duce oxidized glutathione into glutathione with the aim
of preventing the denaturing of globin within RBCs [22].
The variation of solutes is shown in conjunction with the
absorbance spectrum, as displayed in Fig. 7 [21-23]. The
absorbance spectrum in Fig. 7 is obtained by having the
subtraction between the irradiated blood’s absorbance
spectrum (abs,) with control blood’s absorbance spec-
trum (absmml). This is done to examine the sole effect of
photon towards blood by eliminating the possible inher-
entillness from the patients [26]. The equation representa-
tion is as followed: abs, - abs_ . Individual absorbance
spectrums are shown in Fig. 9 for further reference. Notice
that the decrease in abs, with abs__ as a reference that
results in a negative absorbance shown in Fig. 7.
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LASER TECHNOLOGIES IN TREATMENT
OF CERVICAL INTRAEPYTELIAL NEOPLASIA (REVIEW)

Tzerkovsky D.A.!, Dunaevskaya V.V.2
'N.N. Alexandrov National Cancer Centre of Belarus, Lesnoy, Republic of Belarus
’National Cancer Institute, Kiev, Ukraine

Abstract

This review article discusses the key aspects of the use of laser technologies, namely, laser vaporization (LV) and photodynamic therapy (PDT),
in the treatment of patients with cervical intraepithelial neoplasia (CIN). The authors analyzed and systematized the foreign experience of these
methods of treatment, their indications and contraindications, as well as the advantages over traditional approaches to the treatment of this
pathology. The main advantages of the LV are the possibility of complete evaporation of the pathological focus, visual control over the depth
of tissue destruction, the absence of prolonged edema and cicatricial deformities, which allows maintaining the integrity of the cervix and its
reproductive function. Despite the low trauma and low frequency of adverse reactions, the data on the effectiveness of LV are quite contradictory
and, according to various authors, vary from 50% to 98%. To date, there is a significant amount of accumulated experience in the use of PDT
with various photosensitizing agents (5-aminolevulinic acid (5-ALA), hematoporphyrin and chlorin and their derivatives) in the treatment of
patients with CIN. The main advantages of the PDT are minimal toxicity to the surrounding normal tissues due to the selective accumulation of
photosensitizer in pathological tissues, a low risk of severe pain syndrome, the absence of mechanisms of primary and acquired resistance, the
possibility of an outpatient treatment session, the possibility of combining with other methods of therapeutic action, the absence of limiting
cumulative doses of photosensitizers and light exposure, the possibility of multiple repetitions of the session, good cosmetic results and the
possibility of implementing an organ-preserving method of treatment. The obtained results indicate good tolerability of the method (no severe
adverse reactions) and a fairly high efficiency of PDT: the frequency of complete regressions varies from 30% to 67% - for application forms of 5-ALA
and from 90% to 98.1% - for hematoporifirin and chlorin photosensitizers. Thus, LV and PDT can be considered safe and effective treatment options
for patients with CIN.

Key words: cervical intraepithelial neoplasia, laser vaporization, photodynamic therapy.
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NTA3EPHbBIE TEXHOJTOTMM B JIEYEHUU LIEPBUKAJIBHOM
UHTPASTUTEJTIUATIBHOMN HEOTNA3SUA
(OB3OP JIUTEPATYPbI)

O.A. Uepkosckuit', B.B. lyHaeeckas?

"PecnyBnmkaHCKmit HaYYHO-MPAKTUYECKMIA LEHTP OHKOMOMMM U MEAULMHCKON PAAMONOrH
wm. H.H. Anekcangposa, Jlecnoin, Pecnybnuka benapycs

2HauunoHanbHbIi MHCTUTYT paka, Kues, YkpauHa

Pesiome
B npencTaBneHHOM 0630PHOI CTaTbe PAaCcCMOTPEHbI KITloUeBble acneKTbl MPYMEHEHMs Na3epHbIX TEXHOJIOMMIA, @ UMEHHO Jla3epHOIA Banopu-
3ayun (JIB) n dotogmnHamnueckon Tepanumn (OAT), B NeYEHUN NALMEHTOK C LiepBUKaNbHbIMU MHTPasnuTenvanbHbiMy Heonnasuammu (CIN).
ABTOPbI NPOaHaNN3MPOBaNy N CUCTEMATU3VPOBANN 3apPyOEXHbIV OMbIT JaHHbIX METOAIOB JIEUEHNA, MOKa3aHNA U MPOTMBOMOKa3aHnA K UX
NPVIMEHEHMIO 1 NPerMyLLeCcTBa MO CPAaBHEHUIO C TPAAMLVOHHBIMY MOAXOAAMY K fleUeHuto 3Toi natonoruv. OCHOBHbIMU NpenMyLlecTBaMmm
mMeToga J1B ABNAIOTCA BO3MOXXHOCTb MOJIHOTrO UCMapeHA NaToIONMUYEeCKOro 04ara, B3yanbHblil KOHTPOSIb 3a FyOUHON AeCTPYKLMM TKaHEN,
OTCYTCTBUE [JIUTENBHONO OTEKAa U Py6LIOBbIX AedOPMaLMiA, YTO MO3BOJAET COXPaHUTb LIEIOCTHOCTD LWENKM MaTK/ 1 ee PenpoayKTUBHYIO
dyHKUMI0. HecmMoTps Ha Manyto TPaBMaTUUYHOCTb U HEBBICOKYIO YaCTOTY HeXKenaTeNbHbIX peakuui, JaHHble nuTepaTypbl 06 3ddeKTrBHOCTY
JIB poctaTouHO NpoTMBOPEUMBbI 1 BapbupyeT oT 50% Ao 98%. B HacToALLee BpemsA B MUPe HaKOMEeH 3HaUnTeNbHbIN OMbIT NpuMeHeHna QAT
C pa3nYHbLIMU GOTOCEHCMOUNM3VPYIOLWUMI areHTamu (5-amyHoneBynHoBas Kucnota (5-AJTK), rematonopdrpuH, XJIOPUH 1 UX NPOWN3BO-
IHble) B fieyeHnmn naymeHTok ¢ CIN. OcHoBHbIMY NpeumyLlectBamu metofa OAT ABAATCA MUHMMaNbHAA TOKCUYHOCTD A1l OKPYXKAKOLLNX
HOPMasbHbIX TKaHEN B CBA3M C N3bMpaTenibHbIM HakonneHnem potoceHcnbunmnsatopa (PC) B NaToNornyecknx TkaHAx, HEBbICOKMNIA PUCK BO3-
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HVKHOBEHMA Bblpa)KeHHOro 60J1IeBOr0 CMHAPOMA, OTCYTCTBIE MEXaHV3MOB NEPBUYHON 1 NPUOBPETEHHOW PE3NCTEHTHOCTY, BO3MOXKHOCTb
ambynaTopHOro NpoBefeHA ceaHca JIeYeHs, BO3MOXHOCTb KOMOMHaLUY C APYTMI MeTofjamm ieyebHoro Bo3AeNCTBIA, OTCYTCTBME IMMU-
TUPYIOLNX KyMyNATMBHbIX 03 OC 11 CBETOBOro BO3[eNCTBUA, BO3MOXHOCTb MHOTOKPATHOrO NOBTOPEHNA CeaHca, XopoLume KOCMeTnYecKme
pe3ynbTaTbl 1 BO3MOXHOCTb peanun3aLn opraHocoxpaHsiolero metoaa neveHus. MonyyeHHble pesynbTaTbl CBUAETENLCTBYIOT O XOpOLUei
NepeHOCMOCTY NIeYeHNA N OCTAaTOUHO BbICOKON 3pdeKTUBHOCTU NpumMeHeHna O/IT: yactoTa NOMHbIX perpeccuin BapbupyeT ot 30 [0 67%
Npwv NCNob30BaHUN anmamKaLoHHbix ¢opm 5-AJIK, ot 90 go 98,1% - npu ncnonb3oBaHUM rematonopudrpuHa n xnoprHobix OC. Takum
obpasom, JIB n ®[IT moryT paccmaTpriBaTbCA Kak 6e3onacHble 1 3GPpeKTBHbIE onLym neveHmA nauueHTok ¢ CIN.

KnioueBble cnoBa: LepBuKanbHaa MHTpasnnTenmanbHaa Heonnasusd, lasepHad Banopusauus, ¢OTO,D,I/IHaMI/NeCKaH Tepanua.

Ana untuposaHua: Liepkosckuin [1.A., [lyHaesckas B.B. JlazepHble TeXHONOMMN B IeUEHUN LiepBUKaTIbHOM MHTPasNMUTeNnanbHOM Heonnasunm
(0630p nuTepatypsl) // Biomedical Photonics. - 2020. - T. 9, N2 3. - C. 30-39. doi: 10.24931/2413-9432-2020-9-3-30-39.

KonTtakTbi: LlepkoBckuin [.A., email: tzerkovsky@mail.ru

Introduction

Cervical dysplasia or cervical intraepithelial neo-
plasia (CIN) is a serious disease caused by the presence
of human papilloma viruses (HPV) of high oncogenic
risk [1]. CIN is most commonly found in young women
(25-35y.0.). This is due to the fact that at this age, HPV
elimination processes are already completed, and if
they have not occurred, then the negative effect of
the viruses can be activated.

There are three degrees of cervical dysplasia: light
(CIN 1), medium (CIN II) and severe (CIN 11). All of them
are links in the same chain, and it is believed that CIN |
and CIN Il are reversible processes, and CIN Ill is con-
sidered to be a precancerous disease. Due to the etio-
logical role of HPV in cervical carcinogenesis, the initial
stages of cervical cancer are regarded as HPV-associ-
ated diseases: HPV DNA is detected in 25% of cases of
CIN I, in 80% of cases of CIN I, and up to 96% of cases
of CIN lll. The risk of malignancy is associated with the
presence of several high-risk HPV genotypes: 16, 18, 31,
33, 35 and 45. It was found that the presence of onco-
genic HPV genotypes serves as a prognostic factor for
the development of CIN. HPV, mainly its 16 and 18 gen-
otypes, is detected in 50-80% of spesimens of moder-
ate and severe cervical squamous epithelium dysplasia
and in 90% of cases of invasive cancer [2].

Timely diagnosis and effective treatment of CIN pro-
vide secondary prevention of cervical cancer [3]. The
existing treatment methods can be divided into sur-
gical and destructive ones. The first category includes
cold-knife, laser and radio wave excision, and the sec-
ond consists of laser vaporization (LV), diathermoco-
agulation and cryodestruction. All the listed methods
of treatment have a direct impact on the pathological
focus without affecting the mechanisms of disease de-
velopment. However, their use may lead to the devel-
opment of a number of undesirable reactions, such as
pain, bleeding, lymphorrhea and tissue trauma, leading
to the formation of rough scars on the cervix and the

stenosis of the cervical canal, accompanied by chang-
es in the anatomical structure of the cervix, and, as a
result, to a decrease in the probability of conception,
an increased risk of miscarriages, and also prevents
natural delivery [3].

Laser vaporization

The use of aser technologies in the treatment of CIN
plays an important role and is especially indicated for
young patients with a verified diagnosis of CIN | - llI,
as well as when there are contraindications to the use
of traditional methods of treatment or when patients
refuse to use them.

One of these methods is LV, a treatment method
based on the use of a focused laser beam with a diam-
eter of up to 1 mm from a high-energy laser with a ra-
diation power of up to 20 watts. LV is indicated for nul-
liparous women under the age of 40 with CIN Il degree
of pathological changes in the cervical epithelium. The
main advantages of the method are the possibility of
complete evaporation of the pathological focus, visual
control of the depth of tissue destruction, and the ab-
sence of long-term edema and scar deformities, which
allows for cervix integrity preservation and makes it
possible to maintain its reproductive function [4].

Despite the low degree of injury and low rate of
adverse reactions, the effectiveness of LV, according
to various authors, varies from 50% to 98% [5,6,7,8,9].

J.A. Jordan presented the experience of treating
711 patients using the CO, LV method. During the fol-
low-up period (20 months), the frequency of complete
tumor regression (CTR) was 95% [5].

According to Fallani M.G. et al. (Department of Gy-
necology, University of Florence, Italy), the use of LV re-
sulted in 97.5% CTR in 157 patients with CIN Il - Il [6].
The treatment of 94 patients with CIN Ill by LV, accord-
ing to M. Fambini et al. (Department of Gynecology,
University of Florence, Italy) resulted in CTR in 91.5%
of cases. When partial regression or stabilization of the
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pathological process was achieved, further treatment
sessions were provided. In 32.7% of cases, an adverse
reaction was noted in the form of moderate bleeding
during the treatment session [7].

According to E.Saah-Briffaut (Clinique de Gyné-
cologie, Hopital Jeanne-de-Flandre, France), the use of
LV in 52 patients with CIN Il - Ill allowed to achieve CTR
only in 67.3% of cases [8].

B.S.Yoon et al. (Department of Obstetrics and Gy-
necology, CHA Gangnam Medical Center, South Korea)
treated 141 CIN Il patients with LV. The authors reported
that the main factor determining the effectiveness of
the method is the depth of ablation of pathological foci.
The CTR rate was 90.1% [9].

At the same time, one can mention that ulceration,
bleeding and secondary infection are observed among
the adverse reactions that develop against the back-
ground of LV treatment. Another disadvantage is the
method’s inability to eliminate HPV, the virus which
causes the development of CIN.

Photodynamic therapy

In connection with all the above, there is a need to
search for new organ-preserving methods of CIN treat-
ment. One of these methods is photodynamic therapy
(PDT), a method based on the use of special substances
referred to as photosensitizers (PS), which selectively ac-
cumulate in pathologically altered tissues. Subsequent
exposure to laser radiation of a certain wavelength
leads to the launch of a cascade of photochemical re-
actions, which result in the formation of a significant
amount of free radicals and the initiation of oxidative
stress syndrome in pathological tissues, leading to their
death as a result of apoptosis and/or necrosis [10, 11,
12,13,14,15, 16].

Important advantages of PDT in comparison with
traditional methods of CIN treatment are the selectivity
of exposure, the possibility of combining therapeutic
and diagnostic options, the absence of the risk of seri-
ous adverse reactions which are typical for surgery, the
relative cost-effectiveness of the method and the pos-
sibility of its repeated use.

The choice of a sparing and organ-preserving PDT
method for young women with varying CIN stages is
due to the desire to provide reliable treatment of pa-
tients and preserve their menstrual and reproductive
functions, which is important for women planning
pregnancy [17,18].

The use of PDT can not only effectively produce the
desired effect on the pathological focus, but also leads
to the eradication of HPV, thereby preventing a relapse.
Currently, the world has accumulated considerable ex-
perience in the use of PDT with various photosensitiz-
ing agents (5-aminolevulinic acid (5-ALA), hematopor-
phyrin, photofrin Il, chloride and its derivatives) in the

treatment of patients with CIN.

Photodynamic therapy with 5-aminolevulinic
acid

P. Hillemanns was among the first to use PDTs with
the 5-ALA in application form (Department of Obstetrics
and Gynecology, Ludwig-Maximilians-University, Ger-
many) in the treatment of 10 patients with CIN Il - IIl. Ir-
radiation of pathological foci was performed 3-5 hours
after local application of 10 ml of 20% solution of 5-ALA,
the dose of light energy is 100 J/cm?, the radiation pow-
er density is 100-150 mW/cm? (A=635 nm). No serious
adverse reactions were reported after the treatment.
Several patients had moderate pain syndrom and vagi-
nal discharge. The author reported that at the follow-
up 3 months later, the frequency of CTR was 30% (n=3),
and the remaining patients underwent cold-knife con-
ization of the cervix due to insufficient effectiveness of
the previous treatment [19].

A. Barnett et al. (School of Biomedical Sciences, Uni-
versity of Leeds, UK) reported poor PDT performance
using 3% 5-ALA gel (Intrasite Gel’, Smith & Nephew
Healthcare Ltd., Hull, UK) in 12 patients with CIN | - Il in-
cluded in a double-blind placebo-controlled random-
ized trial. 13 patients in the control group were treated
with a gel that did not contain 5-ALA. Irradiation of
pathological foci of the cervix was carried out 4 hours
after local application of 3% 5-ALA gel, the dose of light
energy being 100 J/cm?, the radiation power density
was 100 mW/cm? (A=635 nm). There were no serious
adverse reactions to the treatment, only 3 patients from
the main group complained of discomfort and mod-
erate pain during the PDT session. The CTR rate in the
main group was 33%, whereas in the control group it
was 31%. The authors did not reveal any statistically
significant differences in the results of the treatment of
patients in the comparison groups (p>0.05) [20].

K.A. Keefe et al. (Division of Gynecologic Oncology,
Chao Family Compressive Cancer Center, USA) reported
the results of phase | and Il of the clinical trial of PDT
tolerability and efficacy with the application form 5-ALA
(200 mg/ml) in 40 patients with CIN Il (n=16) and CIN I
(n=24). The authors used an escalation of the light en-
ergy dose from 50 to 150 J/cm? (A=630 nm), irradiation
was carried out 1.5 hours after the application of 5-ALA
to tissues with pathological changes. No serious ad-
verse reactions to the treatment were observed, howev-
er, several patients mentioned discomfort and moder-
ate pain during irradiation. Cytological and colposcopic
control in 4 months after treatment resulted in CTR rate
of 51%, in 8 months, a 46% rate, and 31% in 12 months.
The authors concluded that the therapeutic effect did
not depend of the light energy dose [21].

P. Soergel et al. (Department of Obstetrics and Gyne-
cology, Hannover Medical School, Germany) reported
on their experience of administering PDT treatment
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with a gel form of hexaminolevulinate (thermogel) in
24 patients with CIN | - lII. Irradiation of the cervix and
cervical canal (A=633 nm) was carried out 3-5 hours af-
ter gel application. No serious adverse events were ob-
served after PDT. The follow-up after 6 months showed
that CTR rate reached 63%. Patients had a long 6-month
HPV remission: at CIN I-71%, CIN 1I-50% and CIN [1I-71%
[22]. In the general group of patients (CIN I - Ill), the CTR
rate was 67% [23].

In a literature review that included an analysis of the
results of 14 clinical trials (472 patients with CIN | - 1lI),
K.N.Tao systematized the experience of using PDT with
5-ALA and porphyrinic PS agents [24]. The author re-
ported that the CTR rate in the compared studies varied
from 0 to 100%, and the effectiveness of HPV eradica-
tion was from 53.4 to 80% [25].

E.G. Novikova et al. (FSBI P.A.Hertsen MORC of
the Ministry of Health of the Russian Federation) re-
ported on the use of PDT with 20% 5-ALA ointment in
40 patients with primary cervical cancer after previous
organ-preserving surgery (high cone-shaped amputa-
tion of the cervix). Irradiation was performed 6 hours
after ointment application; a diode laser was used,
its wavelength corresponding to 635 nm, the dose of
light energy being 150 J/cm?, and the radiation power
density was 150-250 mW/cm?* PDT of the cervical ca-
nal was performed with a flexible monofilament quartz
light guide with a cylindrical diffuser providing a 360°
light matrix, with the length of 1 cm corresponding to
the length of the endocervix. Irradiation of the vaginal
portion of the cervical stump was performed remote-
ly via a light guide with a lens perpendicular to the or-
gan and a spot diameter from 1.5 to 2.0 cm. No serious
adverse events were observed. Complete eradication
of HPV after one course of PDT of the cervical stump
was achieved in 95% of cases, and in 5% of cases, after
2 courses of PDT [2].

Photodynamic therapy with the use of hemato-
porphyrin and its derivatives

The results of PDT with the use of ether polyamino-
propyl (PHE) in the treatment of 31 patients with CIN Il -
Il were published by H. Ichimura et al. (Department of
Obstetrics and Gynecology, Hyogo Medical Center for
Adults, Japan). Irradiation was performed 60 h after in-
travenous infusion of PS at a dose of 2 mg/kg of body
weight, with a wavelength of 630 nm, a dose of light
energy of 100 J/cm? No serious adverse events were ob-
served.The CTR rate recorded during morphological ex-
amination 3 months after PDT was 90%, while the share
of HPV-negative patients was 76%. The follow-up after
12 months showed that CTR rate reached 100% [26].

Two years later, Yamaguchi S. et al. (Departments of
Gynecology and Pathology, Osaka City General Hospi-
tal, Japan) presented data on successful PDT treatment

with intravenous Photofrin administered at a dose of
2 mg/kg body weight in 105 patients with CIN | - Il Ir-
radiation, as in the previous study, was performed with
a wavelength of 630 nm, and the light energy dose of
100 J/cm? CTR rate 3 months after the treatment was
90%. The percentage of HPV-negative patients at the
follow-up at 3, 6 and 12 months after treatment was
75%, 74% and 72%, respectively. However, it is worth
noting the high frequency of adverse reactions: moder-
ate phototoxicity was recorded in 50 (48%) of 105 pa-
tients [27].

M. C. Choi et al. (Department of Obstetrics and Gy-
necology, Comprehensive Gynecologic Cancer Center,
South Korea) investigated the effectiveness of PDT in
combination with electrosurgical excision and cer-
vical conization in 73 patients with CIN Il - IIl [28]. Ir-
radiation was performed 48 hours after intravenous
administration of porphyrin-type PS (Photofrin) at a
dose of 2 mg/kg of body weight, using a laser with a
wavelength of 630 nm. The frequency of CTR during
the 12-month follow-up period was 98.1%. HPV eradi-
cation was achieved in 89.8% and 87%, respectively, at
the follow-up 3 months and 12 months after PDT. The
frequency of adverse reactions in the form of cutaneous
phototoxicity and cervical canal stenosis was 13.6%.

C.H.Jeong compared the effectiveness of PDT
with intravenous Photohem administration at a dose
of 2 mg/kg body weight and diathermoelectroconiza-
tion in 2 groups of patients with CIN lI-Ill. Each group in-
cluded 48 patients. The CTR rate was 93% and 95%, re-
spectively, and HPV was not detected in 84% and 82%
of cases. The author came to the conclusion that PDT
can be used as an alternative method for selective de-
struction of pathological tissues, which allows for pre-
serving women'’s fertility after treatment [29].

Y.K. Park et al. (Department of Obstetrics and Gyne-
cology, Dankook University College of Medicine, South
Korea) presented the experience of PDT treatment
of 19 CIN Il - Ill patients with the use of an injectable
form of Photohem (2 mg/kg body weight) and Photo-
frin I1 (2 mg/kg body weight). Irradiation was performed
48 hours after the introduction of PS at a wavelength
of 630 nm and a dose of light energy of 240 J/cm? The
adverse reactions reported by the authors included skin
phototoxicity and moderate pain during the PDT ses-
sion. The CTR rate was 91% [30].

Photodynamic therapy with chlorin-type photo-
sensitizers

Belarusian researchers (the National Cancer Center
of the Republic of Belarus) presented their experience
of PDT with an injectable form of Photolon, a chlorine
PS, in 112 patients with CIN lI-Ill [31]. Irradiation of the
cervix and cervical canal was performed with light en-
ergy doses from 100 to 150 J/cm? (A=660+5 nm), 2.5—
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Ta6nuua

OnbIT npumeHeHus OAT ¢ pasanuHbivu OC B AeueHun nauueHTok ¢ CIN
Table

Experience of using PDT with various PS in the treatment of patients with CIN

YacroTa anumu-
Hauwvnm BIMY

YacToTa nonHom
perpeccum (MP)

ABTOp, roa OuarHos,
nccnefoBaHUA | YNCNO NALMIEHTOB

MapameTpbl
obnyueHunsa

5-AJIK u ee npou380o0Hble (annuKayuoHHas gopma)
5-ALA and its derivatives (application form)

REVIEWS OF LITERATURE

Hillemanns P,
1999 [19]

Barnett A,
2003 [20]

Keefe KA.,
2002 [21]

Soergel P,
2008 [22]

Ichimura H.,
2003 [26]

Yamaguchi
S, 2005 [27]

Choi M.C,,
2013 [28]

CIN lI-lll, n=10

CINII-Il, n=10

CIN -1,
n=25
12-cOOT
13 - 6e3 OOT

CIN I-ll, n=25
12 — with PDT
13 - without PDT
CIN Il (n=16)
CIN Il (n=24)

CIN Il (n=16)
CIN Il (n=24)

CIN I (n=7)
CIN Il (n=10)
CIN Il (n=7)

CIN I (n=7)
CIN I (n=10)
CIN Il (n=7)

20% pacTBop 5-AJIK

20% solution 5-ALA

3% pacteop 5-AJIK
(B Intrasite Gel")

3% solution 5-ALA
(in Intrasite Gel")

20% pacTBop 5-AJIK

20% solution 5-ALA

reKCcamyiHO-JIeByIMHaT
Tepmoresib
10 mM

hexamino-levulinate
thermogel
10 mM

100 O>x/cm?
100-150 MBT/cm?
A=635 HM

100 J/cm?
100-150 mW/cm?
A=635 nm

100 Ox/cm?
100 mBT1/cm?
A=635 HMm

100 J/cm?
100 mW/cm?
A=635 nm

50-150 Dx/cm?
0,8 Bt/cm?
A=630 HM

50-150 J/cm?
0,8 W/cm?
A=630 nm

A=633 HM

A=633 nm

30%

30%

cOOT - 33%
6e3 OOT - 31%

with PDT - 33%

without PDT - 31%

yacToTa [P:
u/3 4 mec - 51%;
u/3 8 mec - 46%);
u/312mec-31%

CRrate:
thr.4 mon. - 51%;
thr. 8 mon. — 46%;

thr. 12 mon. - 31%;

63%

63%

lemamonopgupuH u e20 Npou3800HbIe (UHBEKYUOHHASA (hopMa)

CIN Il (n=2)
CIN Il (n=29)

CIN Il (n=2)
CIN Il (n=29)

CIN I-111,
n=105

CIN I-111,
n=105

CIN 1111,
n=73

CIN 1I-11,
n=73

nonmremato-

nopdupuH adpup,
2mg/kg

polyhemato-
porphyrin ether,
2 mg/kg
doTodpuH,
2 Mr/Kr

photofrin,
2 mg/kg

doTodpuH,
2 Mr/kr

photofrin,
2 mg/kg

Hematoporphyrin and its derivatives (injectable form)

100 Ox/cm? 4/3 3 mec - 90%;
A=630 HM u/3 12 mec - 100%
100 J/cm? thr. 3 mon. - 90%;
A=630 nm thr. 12 mon -

100%

100 Ox/cm? 90%.
A=630 HMm
100 J/cm? 90%
A=630 nm

100 Ox/cm? 98,1%.
A=630 HM
100 J/cm? 98,1%
A=630 nm
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71%;
50%;
71%

71%;

50%;
71%

76%

76%

3-12 mec-72-
75%

thr.3-12 mon -
72-75%
4/3 3 mec - 89,8%;
u/3 12 mec - 87%

thr. 3 mon. — 89,8%;
thr. 12 mon.-87%
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2015 [29]
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Istomin Yu.P,
2010 [31]
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2008 [33]

[pebeHknHa E.B.,
2014 [34]
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2014 [34]
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2015 [35]
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AwnarHos,
4YnCno NnauneHToB

CIN 1I-111,
n=48

CIN 1I-111,
n=48

CIN 11111,
n=23

CIN 1-111,
n=23

CIN 11111,
n=112

CIN 1I-111,
n=112

$oHoBbIE
1 npegpakoBble
3aboneBaHuA LWenKn
MaTKu, =72

pre-existing and
precancerous

diseases of the
cervix, n=72

CIN Il (n=8),
cancer in situ (n=4)

CIN Il (n=8),
cancer in situ (n=4)

CIN Il (n=5)
CIN IIl (n=13)

CIN Il (n=5)
CIN Il (n=13)

CIN 11,
cancer in situ n=43

CIN I,
cancer in situ n=43

doTorem,
2 mr/Kr

photogem,
2 mg/kg

doTorem
2 Mr/kr (n=2),

doTodpuH,
2 mMr/kr

photogem
2 mg/kg (n=2),
photofrin
2 mg/kg

MapameTpbl
obnyuyeHus

>200 [x/cm?
A=630 HM

>200 J/cm?
A=630 nm

240 Ox/cm?
0,4 Br,
\,=632 Hm,
\,=630 Hm

240 J/cm?
04W,
\,=632 nm,
A,=630 nm

Yacrora anumm-
Hauuun BMY

YacTtoTa nonHom
perpeccum (MP)

X/10puUH U e20 Npou3800Hble (UHBEeKYUOHHAsA hopMa)

Chlorin and its derivatives (injectable form)

$OTONOH,
2-2,5 mr/kr

photolon
2-2,5mag/kg

doToauTasuH (0,5%
renb u/unn 0,5 mr/Kr)

fotoditazin
(0.5% gel
or 0.5 mg/kg)

$OTONOH,
0,75-1,15 mr/kr

photolon,
0,75-1,15 mg/kg

pagaxyiopuH,
1 mr/kr

radachlorin,
1 mg/kg
doToanTasuH,
papaxyiopuH,
1 mr/kr

fotoditazin,
radachlorin,
1 mg/kg

100-150 [/cm?
0,5-0,6 Br,
A=660+5 HMm

100-150 J/cm?
0,5-0,6 W,
A=660+5 nm

80-250 [x/cm?,
A=662 HM

80-250 J/cm?,
A=662 nm

150 Ox/cm?
400-500 mBT/cm?
A=660 HMm

150 J/cm?
400-500 mW/cm?
A=660 nm

300-350 Ix/cm?,
A=662 HM

300-350 J/cm?,
A=662 nm
0,4 BT,
A=662 HM

04W,
A=662 nm

CIN Il - 93% CIN Il - 84%
CIN Il - 95% CIN Il - 82%
CIN Il - 93% CIN Il - 84%
CIN Il - 95% CIN 11l - 82%
91%
91%
92,8% 53,4%
(y 47 n3 88)
92.8% 53.4%
(47 out of 88)
88,9%
88.9%
y 4 naumneHToK 80%
3¢d¢deKT oLeHeH
KakMPy7
ob6HapyxeHa CIN |,
y1-CINIL
in 4 patients, 80%

the effect was
assessed as CR,
in 7 patients CIN |
was found, in 1 -
CINII.
CIN Il - 100%
CIN Il -77%

CIN 11-100%
CIN Il - 77%

95,35%

95.35%
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3.0 hours after the end of the PS infusion. At the first
stage, the vaginal part of the cervix was remotely irra-
diated with a fiber-optic light guide with a microlens.
When the size of the CIN focus did not exceed 3 cm, ir-
radiation was performed with a single field with a di-
ameter of 4 cm. If the size of the pathological focus ex-
ceeded 3 cm, 4 fields with a diameter of 2.0 to 2.5 cm
were irradiated. At the second stage, the entire length
of the cervical canal was irradiated with a fiber-optic
catheter which had a cylindrical diffuser. There were no
serious adverse reactions to the treatment; however,
several patients showed discomfort, moderate pain
during irradiation, and vaginal discharge. According to
the authors, the CTR rate detected 3 months after treat-
ment was 92.8%, and complete HPV eradication was ob-
served in 53.4% of cases.

In a later study, the authors summarized the expe-
rience of PDT use in patients with CIN Il (n=230) and
CIN Il (n=378) treated between 2006 and 2019. Follow-
up observations for a period of 3 months or more found
only occasional cases of cervical canal stenosis and co-
agulated cervix syndrome. The CTR rate determined in
2.5-3.0 months after PDT in the group of patients with
CIN Il reached 100%, with CIN Ill, 94.1% [32].

O.B. Otdelnova et al. (N.l. Pirogov Russian State
Medical University, Department of Obstetrics and Gy-
necology, Russian Federation) presented the results
of PDT treatment of 72 patients with background and
precancerous diseases of the cervix. The photosensitiz-
ing agent was Photoditazine, in application (0.5% gel)
and injection (0.5 mg/kg body weight) forms. Irradia-
tion of the cervix and cervical canal was performed 1.5-
2.0 hours after the introduction of PS (A=662 nm). De-
pending on the nature of the pathological process, the
duration of exposure varied from 15 to 40 minutes, and
the dose of light energy from 80 to 250 J/cm? The con-
trol group used for comparison was administered dia-
thermosurgical treatment (diathermocoagulation and
diathermoconization) with the ES 500 M device (Russia).
There were no serious adverse reactions after PDT, and
side effects in the form of incomplete cervical epitheli-
zation were observed in 8 (11.1%) patients. In the con-
trol group, 76.6% of patients suffered from pain in the
lower abdomen, 6.7% of patients had bleeding in the
postoperative period, 6.7% had exacerbation of chronic
salpingoophoritis, 30% had colpitis, 20% had incom-
plete epithelialization of the cervix. With the use of PDT,
the CTR rate was 88.9%, which was confirmed by the re-
sults of colposcopy and cytological tests [33].

E.V. Grebenkina et al. (Nizhny Novgorod Regional
Cancer Dispensary, Russian Federation) presented the
results of PDT in 8 patients with CIN Il and 4 patients
with cancer in situ. Photolon was administered intrave-
nously at a dose of 0.75-1.15 mg/kg of body weight. Af-
ter 1.5-2.0 hours, an irradiation session was performed

with a light energy dose of 150 J/cm?* Laser radiation
was delivered to the endocervix with quartz light
guides with 3 cm long cylindrical diffusers providing
a 360° light matrix, and a macro lens with a light spot
from 1 to 2 cm in diameter was applied to the vaginal
portion of the cervix. 30 days after treatment, cervical
conization was performed with cervical canal curettage,
and the results of PDT were evaluated. During PDT, no
serious adverse reactions were registered, the irradia-
tion session was well tolerated, and only 2 patients had
pain syndrome (pain in the lower abdomen) during the
PDT session. According to the histological study of post-
operative material, the effect of treatment in 4 patients
was estimated as CTR, CIN | was detected in 7 patients,
and CIN Il in one. HPV eradication was achieved in 80%
of cases [34].

E.V. Filonenko et al. published the results of phase lll
clinical trials of Radachlorin use in PDT in 30 patients
with precancerous diseases and initial cervical cancer:
ectopia - 4 cases, CIN Il - 5 cases, CIN Ill - 13 cases, car-
cinoma in situ — 4 cases, stage la of cervical cancer -
4 cases. PS was administered once, intravenously at a
dose of 1 mg per kilo of body weight 3 hours before ir-
radiation, and light energy doses from 300 to 350 J/cm?
(A = 662 nm) were used. The PDT session of the cervical
canal was performed via a quartz light guide with a cy-
lindrical diffuser from 1 to 3 cm long along the entire
length of the cervical canal, and the vaginal part of the
cervix was irradiated via a macro lens with a light spot
diameter from 2 to 3 cm, depending on the anatomical
characteristics of the organ. No serious adverse events
were observed after PDT. The CTR rate in patients with
CIN Il and Il was 100% and 77%, respectively [35].

S.D. Nikonov et al. (FBHI “Primorsky Regional Cancer
Dispensary”, Russian Federation) in their study evalu-
ated the effectiveness of PDT HPV-associated CIN Ill and
carcinoma in situ in 43 nulliparous patients who refused
to undergo conization. Injectable forms of photodita-
zine (1 mg/kg body weight) and radachlorine (1 mg/kg
body weight) with an exposure of 3 hours were used as
PS. Irradiation was performed with Lakhta-Milon and
Latus lasers (A=662 nm). Exocervix PDT was performed
remotely, monopositionally, via a light guide with a
collimator at a radiation power of 2 W and a light spot
diameter of 4 cm. PDT of the cervical canal was per-
formed via a light guide with a cylindrical diffuser 4 cm
long with a radiation power of 0.4 W. Complete recovery
was observed in 95.35% of cases, and in the subgroup
of nulliparous patients, in 96.3% (n=26), which was con-
firmed by the elimination of all types and combinations
of HPV, as well as a successful colposcopic and cytologi-
cal picture [36].

To summarize the above data on the effectiveness
of PDT in various research centers and clinics in the CIS,
Europe, Southeast Asia, and the United States, the data
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on the effectiveness of PDT in various studies are sum-
marized in the table.

Conclusion

Thus, the effectiveness of PDT in the treatment of
patients with CIN depends on the PS chemical structure
and the method of its administration. In most cases,
the highest efficiency is achieved with systemic (intra-
venous) administration of PS [2, 21, 22, 23, 24, 25, 26,
27,28, 29, 30], while the use of 5-ALA application forms
(solutions, gels and ointments) does not lead to a high
CTRrate [14, 15, 16, 17, 18]. The above results of studies
conducted by various authors confirm the ample op-
portunities of PDT use in the treatment of patients with
CIN, which is possible due to the fact that this method
has a number of advantages compared to the existing
standard methods of treatment.
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The main advantages of PDT include:

* minimal toxicity to surrounding normal tis-
sues, due to selective accumulation of PS in
pathological tissues;

* low risk of severe pain syndrome;

* negligible system effects;

* lack of primary and acquired resistance mech-
anisms;

e possibility of administering treatment ses-
sions on outpatient basis;

e possibility of combination with other treat-
ment methods;

* the absence of limiting cumulative doses of
PS and light exposure, the possibility to re-
peat the treatment;

* good cosmetic results;

* organ-sparing approach.
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