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Abstract

In this work, the authors evaluate the effectiveness of various adhesive systems (AS) in the temporary teeth restoration with composite materials. For
this study, the authors used temporary teeth extracted for orthodontic reasons or lost due to a physiological change. Enamel samples with dentin
were made from these teeth. Rhodamine B fluorochrome was added to each of the adhesive systems used. For the greater practical significance
of research results, adhesive systems of several generations (IV, V, and VIl) were chosen. In each sample, a cavity was prepared, and adhesive
preparation was carried out according to the AS manufacturer instructions, followed by restoration with a composite material. Then, longitudinal
slits were made so that the areas of enamel and dentin for which an adhesive protocol and restoration were performed could be observed in
their entirety. The effectiveness of various generations was determined by the depth of penetration of AS components into the dentinal tubules.
Fluorescent confocal microscopy was used to visualize the penetration ability of AS. Based on the results of the study, the authors concluded that
IV and V generations of AS are the most effective.
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MCCNEQOBAHME MEHETPALLMOHHOM CNOCOBHOCTU
AITE3MBHbIX CUCTEM HA BPEMEHHbIX 3YBAX METO-
NOM KOH®OKANBHOM MUKPOCKOMNU

A.A. Mamepoe', B.b. Jloweros?, H.C. Mopo3soea', A.B. Pa6oea?, K.O. UsaHHMKoERA',
H.A. Opnosa’

'MepBsbit MockoBCKMIA rOCyAaPCTBEHHBIN MeamunHckmi yHusepeuteT um. .M. CeueHosa,
Mockea, Poccua

2NncTutyT 0bwen dusmkm um. A.M. MNpoxoposa PAH, Mockea, Poccus

Peslome

B pa6ote npefcTtaBnieHbl pesynbraThbl ccnefoBaHUA SGPEKTUBHOCTU NPUMEHEHNA Pa3NnYHbIX afre3unBHbIx cuctem (AC) npu pectaBpaLum
BPEMEHHbIX 3y60B KOMMO3WTHbIMY MaTepuanamu. [1if npoBeAeHNA NCCNeA0BaHNA aBTOPbI NCMOJb30BanV BPEMEHHbIE 3y6Obl, yAaneHHbIe Mo
OPTOJOHTUYECKNM MOKa3aHUAM UM yTpayeHHble BCIeACTBME GpU3MONOrNYeCcKon CMeHbl. M3 Takiix 3y60B 6bliv N3roToBIeHbl 06pa3Libl SManu
C NoAneXalyym AeHTHOM. B Kaxayio 13 ncnonb3oBaHHbiX AC 6bin fobasneH dyopoxpom (pogamuH B). na 6onbluei npakT1yeckomn 3Hauu-
MOCTU pe3ynbratoB 6 BbibpaHbl AC Heckonbkimx nokoneHui: IV, V n VII. lanee B Kaxgom o6pasLie oTnpenaprpoBany nosiocTb 1 NpoBeni
a/resviBHYI0 NOAroTOBKY COMTaCHO MHCTPYKLIMAM NPOU3BOAMTENEN COOTBETCTBYIOLMNX CUCTEM C MOC/EAYIOLLel pecTaBpaLeil KOMMNO3UTHbIM
maTepuanom. 3aTem Ana Kaxporo obpasiia 13rotasnvsany NPOAosbHbIE WndbI C yYeTOM MOAHOrO NonaaaHnA B 0651acTb Wivda y4acTKoB
SManu 1 [EHTVIHA, [J1A KOTOPbIX MPOBOAWIIN afAre3UBHbIV MPOTOKON 1 pecTaBpaLio. IGGeKTUBHOCTb Pas/iMyHbIX MOKOJIEHNI Onpeaenanach
rny6UHON MPOHUKHOBEHNA KOMMOHeHTOB AC B IEHTVHHbIe TPY6oUKW. 1A BU3yanu3aumm neHeTpauyoHHon cnocobHoctyi AC 6bi Mcnosb3o-
BaH MeTo/ GpyopecLeHTHO KOHdOKanbHoN MUKpockonuu. Mo pesynbTatam ncciejoBaHNA aBTopbl AeNaloT BbIBOJ, YTO Havnbonbluen sdpdek-
TMBHOCTbI0 06nagatot AC IV 1V nokoneHus.

KnioueBble cnoBa: afresvBHble CUCTEMbI, AEHTUH, CTOMATONOMMA, AeTCKaA CTOMaToNOrus, KOH(I)OKaﬂbHaH MUKpOCKonuA.
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Introduction

In modern restorative dentistry, composite materi-
als are the materials of choice [1]. Their use has become
widespread due to their strength and durability, as well
as their user-friendly characteristics.

The success of the use of a specific composite materi-
al brand depends directly on the strength of its adhesion
to hard dental tissues, enamel and dentin, and, therefore,
only a well-chosen adhesive system (AS) can guarantee
the stability of the restoration in the long term [2, 3].

Enamel and dentin processing performed before res-
toration can be divided into three stages: conditioning,
priming, and bonding. At the first stage, orthophospho-
ric or organic acid is applied to the hard dental tissues,
which decalcifies the intertubular and peritubular den-
tin, dissolves the smear layer formed during prepara-
tion, and opens the dentine tubules, which ensures the
penetration of the components of the adhesive system
into the thickness of the dentin. Then a primer is applied,
which has hydrophilic groups that provide adhesion to
dentine and hydrophobic groups that bind to the bond.
The bond, also a component of the adhesive system, is
applied after the primer, which provides adhesion to the
composite material used for restoration [4].

Adhesive systems are classified into generations. 1st
to 3rd generation systems are currently not in use. 4th
generation AS are the most difficult to use: all three stag-
es are separated, i. e., the conditioner, primer and bond
are in separate vials. Further evolution of AS led to the
integration of several processing stages into one. 5th
generation AS have a separate enamel etching stage,
but priming and bonding are combined. In the 6th gen-
eration systems, the conditioning stage is not separate,
they are self-etching, and are supplied in two separate
containers, requiring mixing before use. 7th generation
is also self-etching, but with all stages combined into one
[3]. Such adhesives are the easiest to use [5].

Full implementation of all the three stages of the
adhesive protocol is difficult in the routine practice of
a pediatric dentist [6]. Therefore, the most popular AS
are self-etching ones and the systems where primer and
bond are combined [7].

Over the past year, universal bonding systems have
been gaining popularity. With them, the adhesive pro-
tocol is variable: depending on the clinical situation, the
doctor decides whether to conduct the conditioning
stage or not.

In this study, the authors compare the penetration
ability of several kinds of the most popular AS using the
method of fluorescent confocal microscopy.

Materials and methods

The study used intact primary masticatory teeth re-
moved for orthodontic reasons or lost due to normal
exfoliation. All parents of the patients signed informed
voluntary consent to the use of primary teeth for the ex-
perimental study.

The primary teeth were used to make 63 samples
of enamel with the subjacent dentin. Six AS most often
used by pediatric dentists were selected for the study,
two of which are universal. The adhesive protocol for
each selected system was performed in accordance with
the manufacturer’s instructions.

The study used 4th generation AS (Bond A, 12 sam-
ples), 5th generation AS (Bond B, 10 samples), 5th gener-
ation AS (Bond C, 10 samples), 7th generation AS (Bond
D, 11 samples), universal AS (Bond E, 10 samples) and
universal AS (Bond F, 10 samples).

Additional characteristics of the studied AS are shown
inTable 1.

Rhodamine B was selected as a fluorochrome, and its
0.01 wt-% solution was added to the bonding agents be-
fore their application [8].

The distribution of Rhodamine B fluorescence in
tooth tissues was studied by laser scanning confocal
microscopy with LSM-710 microscope (Carl Zeiss, Ger-
many). To obtain images, a Plan-Apochromat lens with
an X20 magnification (0.8 aperture) was used. For the
study, tooth slices were placed on cover glasses with a
thickness of 0.17 mm and observed in the plane of the
cut. An argon laser with a wavelength of 458 nm (LASOS,
Germany) was used to excite autofluorescence of dental
tissues, and a DPSS laser with a wavelength of 561 nm
(LASOS, Germany) was used to excite the fluorescence
of Rhodamine B, in the ranges of 465 - 555 nm and 570
- 650 nm, respectively. Three-dimensional fluorescent
images were obtained by registering a series of images
with a step of 10 microns along the Z axis, followed by
reconstruction of three-dimensional images with the use
of ZEN software (Carl Zeiss, Germany).

The penetration capacity was determined by calcula-
tion of the average depth of penetration (/) and the num-
ber of filled dentine tubules in relation to all tubules in
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the field of vision (n) as a percentage in images obtained
by fluorescent confocal microscopy:

n= (nﬁll/nforal) X 700%

I= lave/nﬁll’

where n is the percentage of filled dentinal tubules
among the total number of dentinal tubules in the field
of vision;
n,.,is the total number of dentinal tubules in the field
of vision;
N...is the total number of filled dentinal tubules in the
field of vision;
Iis the penetration capacity;
I is the average depth of penetration of the adhesive
system into the depth of dentin.

Statistical processing of the data.

The exact confidence bounds to the frequency were
calculated based on the binomial distribution. Student’s
t-test was used to determine the significance of the dif-
ferences.

The protocol of sample preparation for the study

1. Since dentine tubes are directed centrically to
the pulp chamber, the most suitable area for
examination is the gingival margin of primary

teeth. Cylinders containing enamel with the

subjacent dentin are cut out from the gingival
margin of the crown of a primary tooth, and
then divided into 4 parts.

2. A cylindrical drill is used to produce a cavity in
the center of the block, pertaining to class V in
Black’s classification of cavities.

3. Adhesive preparation of the sample is per-
formed according to the manufacturer’s in-
structions.

4. The cavity is filled with a flowable compomer.

The sample is cut in half.

6. Confocal microscopy of the sample is per-
formed.

w

Results and discussion

Results are shown in Fig. 1 and 2.

A comparison of the effectiveness of individual sys-
tems representing various AS types, performed with the
use of confocal fluorescence microscopy, brought the
authors to the conclusion that the best penetration abil-
ity is observed in 4th and 5th generation AS. There was
no statistically significant difference between them in
the number of filled tubules in the field of vision of the
obtained image, or in the depth of penetration. However,

Ta6nuua l

CpaBHUTEAbHAA XxapaKTepuUCcTUKa aAre3uBHbIX CUCTEM
Table 1

Comparison of the adhesive systems

HanmeHoBaHune MokoneHwne
Bond A v
Bond B Vv
Bond C Vv
Bond D Vil
Bond E yHVBepcarnbHas cnctema
universal system
Bond F yHMBepcasbHas cuctema

universal system

Cxema ucnosb3oBaHNA

3 3Tana: KOHAVMLMOHVPOBaHWE; MPANMUHT; 6OHANHT
3 steps: conditioning; priming; bonding

2 3Tana: KOHAMLMOHNPOBAHME; NPaNMUHI+O0HAVHF
2 steps: conditioning; priming+bonding

2 3Tana: KOHAVLMOHNPOBaHWeE; NPaNMUHT+60HANHT
2 steps: conditioning; priming+bonding

1 3Tan: KOHANLMOHNPOBaHNE+NPaNMUHI+OOHANHT
1 step: conditioning+priming+bonding

1 3Tan: KOHANLMOHNPOBaHUE+NPANMUHI+OOHANHT
1 step: conditioning+priming+bonding

1 3Tan: KOHAMLMOHMNPOBaHUE+NPANMUHI+OOHANHT
1 step: conditioning+priming+bonding
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Fig. 1. Dependence of the penetration ability of the system on the fraction of filled

dentinal tubules

significantly lower results were obtained for similar indi-
cators in universal AS and 6th generation AS and univer-
sal bonding systems (p<0.05).

The results of this study can be explained as follows:
during enamel and dentin preparation, a smear layer is
inevitably formed on their surface, which acts as a barrier
preventing AS components penetration into the thick-
ness of the hard dental tissues [9]. However, etching with
orthophosphoric acid at a concentration of 30-40% helps
to remove the smear layer, providing microporosity of
hard tissues and exposure of collagen fibrils [10]. Thus,
the selected stage of conditioning contributes to the for-
mation of a hybrid layer that is strongly integrated with
dentin [11].

The results obtained by the authors are consistent
with the data presented in the modern literature. T.
Lemzi et al. [12] report in their literature review that AS
with a separate conditioning stage show better results in
comparison with self-etching AS. The authors made this
conclusion based on an analysis of the results of in vitro
studies, emphasizing that this fact could be confirmed by
a larger number of such studies.

However, there are also data that do not confirm
any significant superiority of AS with the separate
stage of hard dental tissues etching. J. H. Jang et al.
compared self-etching systems, where all three stages
of adhesive preparation are combined into one, and
total etching systems, where the stages of adhesive
preparation are differentiated, in two ways: by examin-
ing the bursting micro-strength, noting the nature of
the burst, and by comparing images of the adhesive

layer obtained using a transmission electron micro-
scope. In the first case, the authors noted the advan-
tage of some kinds of total etching systems over self-
etching adhesives, but noted that the break line always
ran along the border of the adhesive interface. In the
second case, there was no significant difference in the
structure of the adhesive layer. The authors noted that
in general, in terms of the results achieved, both self-
etching systems and total etching systems are equally
effective [13].

It is possible that statistically more reliable results can
be obtained by using more samples of hard tissue of pri-
mary teeth and a greater variety of representative prod-
ucts of the selected AS generations.

The results of the study can be used by practicing pe-
diatric dentists making a choice of an adhesive protocol
for routine use, as well as by other researchers aiming at
a more detailed study of adhesion of restorations to the
hard tissues of primary teeth.

Conclusion

4th and 5th generation AS demonstrate high pen-
etration ability, which allows us to recommend their use
in the restoration of temporary teeth. The authors attri-
bute the result to the fact that dentin conditioning with
37% orthophosphoric acid allows for more effective re-
moval of the smear layer, enabling deeper penetration of
the AS components into the dentine tubules. Thus, the
exclusion of conditioning as a separate stage adversely
affects the adhesion to the dentin of primary teeth. The
authors want to emphasize the convenience and accura-
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Puc. 2. 3D-peKoHCTPYKLUMA GiyopecLEeHTHOro n3o6paXkeHus crnuia BpeMeHHOro 3y6a npu ucnosib30BaHUMU pasiniyHbIX aare3MBHbIX
cucteM. 3eneHbiM LLBETOM NOACBEY€EHbl YHacTKU aBTodiyopecueHUun TkaHel 3y6a, po30BbiM LIBETOM — NPOHUKalowas B A€HTUH
ajresMBHas cuctema, Me4yeHHas pofgamuHom B:

a — Bond A (IV nokoneHue);

b — Bond B (V nokoneHue);

¢ — Bond C (V nokoneHue);

d - Bond D (VII noKkoneHwue);

e — yHuBepcanbHas AC Bond E;

f — yHuBepcanbHas AC Bond F
Fig. 2. 3D reconstruction of a fluorescent image of temporary tooth sawn with various adhesive systems. Autofluorescence is
shown in green, adhesive system labeled with rhodamine B — in pink:

a — Bond A (generation 1V);

d - Bond B (generation V);

¢ — Bond C (generation V);

d - Bond D (generation Vil);

e — universal Bond E;

f — universal Bond F

cy of their research method, fluorescent confocal micros- The performance of work was actively supported by the
copy, and hope for its further popularization in dentistry.  Core Facilities Center of the General Physics Institute of the
This method can later be used to assess the penetration  RAS “Technological and Diagnostic Center for the Produc-
capacity of endodontic pastes and sealers, as well as to  tion, Research and Certification of Micro and Nanostruc-
study colonies of microorganisms in the oral cavity and  tures.”

on hard dental tissues.
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NARROW-BAND PHOTOTHERAPY AND SODIUM
SALT OF THE SYNTHETIC DIAMIDE
GAMMA-D-GLUTAMYL-D TRYPTOPHAN

AS A COMBINED METHOD

OF PSORIASIS TREATMENT: COMPREHENSIVE
AND COMPARATIVE EVALUATION
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Abstract

The paper presents the results of a comparative study of various immunosuppressive treatment methods of medium severity vulgar psoriasis
(PASI from 10 to 20). The parameters used were PASI indices, p53 apoptosis marker expression indices, and expression indices of T-regulatory
cell marker Foxp3. The study involved 96 patients, from 18 to 60 years old, divided by randomization into three groups. Patients in the
1st group (n = 32) received narrow-band phototherapy according to a 4-day regimen. We used the Waldmann UV-7002K instrument and
F79/120W-TLO1 lamps generating radiation with a maximum emission at a wavelength of 311 nm. We started with a dose of 0.05-0.1 J/cm?,
subsequently increased by 0.05-0.1 J/cm? for each procedure, in the absence of erythema. In total, patients received 12-15 procedures, with
a course dose of 4.7-7.65 J/cm?. In the 2nd group (n = 32), patients were treated with the sodium salt of the synthetic gamma-D-glutamyl-D
tryptophan dipeptide. Patients of the 3rd group (n = 32) underwent combination therapy, which included both methods described above.
As a result of treatment, the greatest decrease in the PASI index, as well as the level of expression of the marker of Foxp3 T-regulatory cells,
was observed among patients who received the combined regimen. The data obtained indicate the high therapeutic efficacy of narrow-
band phototherapy in combination with the sodium salt of the synthetic gamma-D glutamyl-D tryptophan synthetic dipeptide. It was
also noted that the immunohistochemical marker p53, reflecting the cellular renewal of psoriatic papule keratinocytes, is an informative
molecular-cellular indicator of the effectiveness of narrow-band phototherapy.

Keywords: psoriasis vulgaris, narrow-band phototherapy, UVB 311 nm, gamma-D-glutamyl-D sodium tryptophan, marker of apoptosis, p53,
Foxp3+ T-regulatory cells.
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Y3KOMNOJIOCHAA ®OTOTEPAINNA U MPEMAPAT
HATPUEBOU COJINU CUHTETUHECKOTO OUNENTUOA
TAMMA-D-TITYTAMUII-D-TPUNTODAHA B KAYECTBE
KOMBHUHNPOBAHHOIO METOOA JIEHEHMNA MCOPUNAA:
KOMIJIEKCHAA 1 CPABHUTEJIbBHAA OLIEHKA

lO.A. Hoeukos!, B.A. Oxnonkos?, [1.C. Tpowuna', C.1. Mosroeow',

E.N. NMonewyx', O.B. MNpaeguHa’

'OMCKUI rOCyAaPCTBEHHBIN MeamunHCKmi yHusepcutet, Omck, Poccus

2MepepanbHbii HAYYHO-KITMHUYECKUIA LIEHTP PEaHUMATONOorMmM 1 peabunmtonorn, Mocksa, Poccua

Peslome
B pabote npepcTaBneHbl pesynbTaTbl CPAaBHUTENBHOIO MCCIEA0BaHUA Pa3NUHbIX UMMYHOCYMNPECCMBHBIX METOA0B JIEUEHVA BYSIbrapHOro Mco-
puasa cpegHetaxénon cteneHn (PASI ot 10 go 20). B kauecTBe oLieHVBaeMbIX MapaMeTpoB UCMONb3oBany nHAeKc PASI, ypoBHU sKkcnpeccun
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MapKepa anonTo3a p53 1 sKcnpeccnn Mapkepa T-perynatopHbix Knetok Foxp3. B nccnegoBaHue 6binv BKOYEHb! 96 NaLMEHTOB B BO3pacTe OT
18 po 60 neT, pasgenéHHble METOLOM PaHAOMM3aLMK Ha TPy rpynnbl. MauneHTsl B 1-i1 rpynne (n=32) nonyyany y3KomnosiocHyto ¢poTotepanmio
no 4-aHeBHON cxeme. Micnonb3oBanu npubop «Waldmann UV-7002K» n namnbl F79/120W-TLO1, reHepupyioLLye nsnyyeHre ¢ MakcumasibHOM
ammccreit Ha anviHe BosHbl 311 HM. HaumHanu ¢ gosbl 0,05 — 0,1 [Ix/cv?, noBbiwwas B nocnepytolem Ha 0,05 — 0,1 [x/cvm? Kaxayto npouenypy,
npu OTCYTCTBUM SpuTeMbl. Bcero naumeHTbl nosyyanu ot 12 go 15 npoueayp ¢ KypcoBol fo30ii obnyyenna 4,7 -7,65 [Ix/cw?. Bo 2-1 rpynne
(n=32) naumeHTam NPOBOAUNM TEPaNUIO HAaTPVEBOW CONbIO CUHTETUYECKOro Aunentuaa ramma-D-rnytamun-D-tpuntodara. Maumentam 3-i
rpynnbl (N=32) NpoBoANIN KOMOMHUPOBAHHYO TEPaNMIO, BKITIOYAIOLLYIO B CE65 COUeTaHue ABYX BbILIEOMNICaHHbIX METOAVK. B pesynbraTe neve-
HUA HanbosblUee CHKeHVe nHAeKca PASI, a Takxke ypoBHSA SKCNpeccumn Mapkepa T-perynaTopHbix KneTtok Foxp3 Habnopgany cpeam naumeHTos,
NOJyUMBLUNX KOMOUHVPOBaHHYI0 cxemy. [oslyyeHHble JaHHble CBUETENbCTBYIOT O BbICOKOW TepaneBTUYeCKon SGPeKTUBHOCTY Y3KOMONOCHON
doToTepanyin B KOMOMHAaLMV C MPenapaToM HaTPVEBOI CONIN CUHTETUYECKOTO AnnenTuga ramma-D-rnyTamun-D-TpyunTtodaHa. Takxke 6bino otme-
YeHO, YTO MMMYHOTFMCTOXMMUYECKUI MapKep P53, OTpaxaloLwuii KNeToYHoe OGHOBJIEHME KePaTUHOLIMTOB NCOpUaTNYecKon narysibl, ABNAETCA
VNHPOPMATUBHbBIM MOMEKYNAPHO-KNETOYHbIM NoKasaTenieM 3GGpeKTUBHOCTM Y3KOMOMNOCHO poToTepaniu.

KnioueBble cnoBa: By/ibrapHblii ncopuas, y3kononocHasa dototepanusa, UVB 311 HM, ramma-D-rnytamun-D-TpuntodaH HaTpusa, Mapkep
anonTto3a, p53, Foxp3+ T-perynatopHble KNeTku.
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[Ana untnposaHua: Hosrkos t0.A., Oxnonkos B.A., TpowwnHa [.C., Mo3rosoi C.W., Monewyk E./., MpasanHa O.B. Y3kononocHas ¢oTotepa-
NV 1 NpenapaTt HaTPUEBOWN CONM CUHTETUYECKOTO AunenTuga ramma-D-rnytamun-D-TpuntodaHa B KauectBe KOMOUHNPOBAHHOTO MeTofa
JIeYeHus Ncoprasa: KOMMIEKCHas 1 CpaBHUTENbHasA oleHKa // Biomedical Photonics. — 2020. - T. 9, N2 2. - C 10-17. doi: 10.24931/2413-9432—

2020-9-2-10-17.

KonTakTbi: TpowwHa [1.C., e-mail: kastaliya@mail.ru

Introduction

Psoriasis is a chronic, multisystem inflammatory dis-
ease which most commonly manifests itself on the skin
and in the joints. In addition to the physical aspects of
the disease, psoriasis has a strong emotional and psycho-
social impact on patients: it leads to stigmatization, poor
self-esteem and stress, and affects interpersonal relation-
ships [1].

The onset of the disease is induced and supported
by dermal infiltrating lymphocytes with secondary in-
creased keratinocyte proliferation and epidermal hy-
perplasia [2]. A normal balance between apoptosis and
cell proliferation supports homeostasis of the epidermal
compartment [3]. Psoriasis is a disease associated with
decreased apoptosis activity [4]. More and more evidence
has been emerging recently showing that two unique
subsets of CD4+ T cells can play a role in the pathogene-
sis of psoriasis: T-helper cells-17 (Th17) and CD4+ CD25+
regulatory T cells (Treg) [5, 6]. The normal function of
T-regulatory cells is aimed at suppressing inflammation
and autoimmune reactions. A specific marker of Treg is
the transcription factor Foxp3, through which their sup-
pressor activity is implemented [7]. It is suggested that
a change in the number or functional imbalance of Treg
cells in the blood or tissue may cause a decrease in the
regulation and subsequent hyperproliferation of T cells,
which are pathogenic for psoriasis (Th17) [8].

Despite the significant impact of the disease on the
quality of life, its diagnosis and treatment still involves
difficulties [9, 10]. Therefore, a better understanding
of the pathogenesis of this disease and the available
treatment options is needed to ensure optimal ther-
apy [1].

BIOMEDICAL PHOTONICS T.9,N22/2020

It is known that the basic means of treating mild and
moderate psoriasis are such external remedies as topi-
cal corticosteroids and vitamin D3 analogues [11]. How-
ever, if local drugs do not cause an adequate response or
their administration is not practical due to the extensive
affected area of the body surface, a more appropriate
treatment is systemic therapy [1].

Phototherapy is the main method for treating moder-
ate to severe psoriasis, especially in the form that does
not respond to local treatment. The currently available
types of phototherapy are PUVA, broadband UVB, and
narrowband UVB (NB-UVB). NB-UVB therapy is often used
as a first-line treatment [12]. The effect of this method is
due to the fact that ultraviolet light causes DNA dam-
age, resulting in overexpression of p53 and, according to
some data, stimulation of apoptosis of keratinocytes and
T cells in the epidermis and dermis [13]; it changes the
cytokine and T-cell profiles towards the predominance
of Th2-link, which suppresses the differentiation of Th1/
Th17-link lymphocytes and the synthesis of their cyto-
kines (IL-12, IL-22, TNF, IFN-y) [14].

Another method of systemic influence on the course
of psoriasis is therapy with preparation of sodium salt of
gamma-D-glutamyl-D-tryptophan, a synthetic dipeptide
[15]. Its advantages include non-toxicity, effectiveness
even in low concentrations, as well as a wide range of
therapeutic doses. The drug has an immunosuppressive
effect aimed at humoral and cellular immunity reaction,
and it proportionally reduces the levels of T-helpers and
T-suppressors, as well as the number of activation mark-
ers on lymphocytes, and suppresses T-cells proliferation.

In this study, our goal was to evaluate the effective-
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ness of a combination of narrow-band phototherapy
and therapy with gamma-D-glutamyl-D-tryptophan (a
synthetic dipeptide) sodium salt based on clinical and
immunohistochemical data.

The aim of the study was to draw conclusions about
the effectiveness of each of the schemes based on com-
parative data on the expression of the p53 apoptosis
marker and the Foxp3 T-regulatory cell marker in psori-
atic plaque biopsies of patients receiving various immu-
nosuppressive treatment regimens.

Materials and methods

As part of a cohort open prospective randomized
controlled trial, in accordance with the inclusion and
exclusion criteria, 96 patients with an advanced stage of
vulgar psoriasis were involved in the study while under-
going inpatient treatment in the Budgetary Health Care
Insitution “KKVD" of the Omsk Region. The research pro-
tocol was approved by the local Research Ethics Commit-
tee of Omsk State Medical University.

The criteria for inclusion in the study included age
from 18 years, the presence of voluntary informed con-
sent to participate in the study, the duration of the dis-
ease at the time of the study for at least 6 months, and
the advanced stage of medium severity vulgar psoriasis,
which corresponds to the PASI index from 10 to 20.

The exclusion criteria were the presence of decom-
pensated chronic somatic pathology, complicated forms
of psoriasis, previous hospitalization for psoriasis less
than six months ago, the development of side effects to
the therapy administered, a complicated allergic history,
patient non-compliance, alcoholism, drug addiction, si-
multaneous administration of other medications that
may affect the course of the primary disease.

All patients were randomly divided into three study
groups. Group 1 patients (n=32) received narrow-band
phototherapy on a 4-day schedule performed with Wald-
mann UV-7002K device and F79/120W-TLO1 lamps (man-
ufacturer: Herbert Waldmann GmbH & Co. KG, Germany),
generating radiation in the wave range of 310-315 nm
with a maximum emission at a wavelength of 311 nm.
The initial radiation dose was 0.05-0.1 J/cm?, followed by
an increase of 0.05-0.1 J/cm? at each procedure subject
to the absence of erythema. During hospitalization, pa-
tients received the treatment 12-15 times, achieving a
course radiation dose of 4.7-7.65 J/cm?,

In group 2 (n=32), the patients observed were receiv-
ing treatment with gamma-D-glutamyl-D-tryptophan
sodium salt (OOO Pharma Bio, Russia, registration cer-
tificate PN-000022/02 of 10.08.2009). The treatment regi-
men consisted of two courses of intramuscular injections
of 0.1% solution at a dose of 2.0 ml and 1.0 ml daily for 7
days in the first and second courses, respectively, with a
2-day break between courses.

Patients in group 3 (n=32) received combined thera-

py that included both methods described above.

In all the study groups, patients were also prescribed
Retinol palmitate 55 mg + alpha-tocopherol acetate 100
mg, 1 capsule 3 times a day for 14 days, and a 30% so-
lution of sodium thiosulfate, 10 ml, intravenously for 10
days. Externally, 3% sulfur-salicylic ointment and basic
care products were prescribed, for the purpose of mois-
turizing the skin in the stationary stage of the treatment.

The severity and dynamics of the psoriatic process
were assessed with the PASI dermatologic index, which
was also used as a tool for evaluating the effectiveness of
therapy. PASI was calculated with an application devel-
oped for this purpose.

In all the studied patients, biopsies of the affected
skin areas were performed before treatment and on day
21 of therapy. Immunohistochemical study of p53 and
Foxp3 expression in biopsies was performed at the De-
partment of Pathological Anatomy of Omsk State Medi-
cal University.

Biomaterial was collected with a DERMO PUNCH skin
biopsy needle with a diameter of 4 mm (manufacturer:
STERYLAB s. r. |, Italy). Under local incisional anesthe-
sia with 2% lidocaine solution, a biopsy was performed
(within the dermis) of fresh morphoelements at the bor-
der with healthy skin before treatment, and residual le-
sions on day 21 of the therapy.

The resulting skin fragments were fixed in 10% neutral
buffered formalin (pH 7.2 - 7.4) for 12 — 24 hours, and were
fixed in paraffin. Slices were made from the paraffin blocks
perpendicular to the skin surface, longitudinally through
all layers, with a thickness of 4-5 microns, and were mount-
ed on slides with poly-L-lysine adhesive coating (OOO Bio-
Vitrum, Russia, registration certificate no. P3H 2015/2954
of 14.08.2015). The antigens were unmasked in a citrate
buffer (pH 6.0) when boiled in water bath for 1 hour. As
primary antibodies, ready-to-use (RTU) rabbit monoclonal
antibodies were used (Spring Bioscience, Corp., USA, reg-
istration certificate No. ®C3 2010/07436 of 20.06.2010):
Fohr3, PCH 101 clone, and P53, SPM 514 clone. To visual-
ize the results of the immunohistochemical reaction, the
detection kit REVEAL-Biotin-Free Polyvalent DAB (Spring
Bioscience, Corp., USA, registration certificate No. ®C3
2010/07437 of 20.06.2010) was used. 3,3-diaminobenzi-
dine tetrachloride, which is part of the commercial detec-
tion kit, was used as a chromogen. Cell nuclei were stained
with Mayer’s Hematoxylin for a period ranging from 30
seconds to 2 minutes.

The expression index of T-regulatory lymphocytes
(nuclear label Foxp3) was calculated by counting the
number of positively colored cells among the total num-
ber of mononuclears (=1000 cells) in 10 fields of vision
(X400), with the results expressed as a percentage. The
apoptosis index was evaluated in a similar way.

Microparticles were viewed and photographed with
an Axioskop 40 microscope using the AxioCam 503 color

12
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camera (manufacturer: Carl Zeiss Microscopy GmbH, Ger-
many) and ZEN software package.

Statistical processing of the research results was per-
formed with Statistica V. 6 software package and Micro-
soft Office Excel 2016. The descriptive statistics of quan-
titative characteristics are represented by the median
and standard deviations (in the Me+o format), and the
minimum and maximum indicators were also used. We
used nonparametric methods (the Wilcoxon test to check
the differences between two samples of paired mea-
surements, the Kraskel-Wallis method to compare three
independent groups), and the Spearman correlation co-
efficient to study the correlation between two variables
measured in metric scales on the same sample (wherer <
0.3 is a weak correlation, 0.3 < r < 0.7 is a moderate corre-
lation, and r > 0.7 is a strong correlation). The results were
considered statistically significant at p <0.05.

Results

Group 1 included patients aged 19 to 60 years. The
duration of the disease varied from one year to 29 years,
the median being 14.0+7.29 years. Individual values of
the PASI index before treatment ranged from 10.2 to 20.0,
median 16.25, and after a course of narrow-band photo-
therapy, the index decreased by values from 8.0 to 1.2,
the median being 2.25.

The 2nd group included patients aged 18 to 60, with
the duration of the disease within the range from one
year to 44 years (8.0+14.04 years). The values of the PASI
index before treatment ranged from 10.0 to 19.5, median
13.9, whereas after treatment they were from 6.0 to 1.3,
median 3.25.

Group 3included patients aged 18 to 60. The duration
of the disease varied from one year to 35 years, with an
average value of 6.5+8.89 years. The values of the PASI
index before treatment ranged from 10.0 to 20.0, median
15.6, whereas after the latest treatment they were from
6.0 to 1.3, median 3.25.

The values of the PASI index before treatment did
not differ significantly between the comparison groups
(H=5.83; p=0.55) (see Table 1). After the completion of
treatment, each group demonstrated a significant de-
crease in the index, but it was most significant in group
3, i. e, in patients who received combined therapy
(H=19.65; p=0.000).

Prior to treatment, p53 protein was detected in 2.31-
3.82% of epidermal cells, and no statistically significant
differences were found among the three study groups
(H=9.2; p=0.1). Positively expressing cells were located in
the basal and suprabasal layers of the epidermis (Fig. 1).

After a course of narrow-band phototherapy that
is able to induce apoptosis, the expression of the p53

Ta6nuual

AvHamuKka 3HaueHun uHAekca PASI, akcnpeccun p53 1 Foxp3 Ao U Ha 21 AeHb AeYeHUs

Table 1

Dynamics of the PASI index, p53 and Foxp3 expression before and on 21 day of treatment

1-arpynna

MokasarTenb

PASI no neuenunsa, M

PASI before treatment, M 16,25
PASI Ha 21 neHb neveHnsa, M 225
PASI on 21 day of treatment, M !
Jkcnpeccna p53 go neyenna, M 231
p53 expression before treatment, M !
SKcnpeccra p53 Ha 21 geHb neveHna, M 532
p53 expression on 21 day of treatment, M !
Skcnpeccna Foxp3 go neveHuns, M 12.1
Foxp3 expression before treatment, M !
JKcnpeccna Foxp3 Ha 21 geHb neveHuns, M 533

Foxp3 expression on 21 day of treatment, M

2-arpynna

3-arpynna

Kputepuin Kpackena-

Yonnuca, H

13,9 15,6 5,83 0,55
3,25 1,75 19,65 0,000
3,82 3,14 9,2 01
1,85 4,86 18,89 0,000
11,86 11,8 0,47 0,79

6,5 2,18 36,84 0,000
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Puc. 1. No3utnuesHo p53-akcnpeccupytolime KneTku B NCopm-

aTuyecKomn GnawkKe Ao Havyana nevyeHuss, UMMyHOrMcToxumms.
¥YB. 200

Fig. 1. Positively p53-expressing cells in psoriatic plaque before

treatment, Immunohistochemistry. x200 magnification

marker in group 1 became significantly higher (see Table
2, Fig. 2a), which may indicate the protective function
of the protein in relation to skin homeostasis, which is
implemented by influencing the glycolysis process and
by regulating cell growth. On the contrary, the number
of epidermal cells expressing p53 in the skin biopsies of
group 2 patients treated with the synthetic dipeptide

gamma-D-glutamyl-D-tryptophan sodium salt agent
significantly decreased on day 21 of treatment (see Table
2, Fig. 2b), which is consistent with the data of previous
studies [15] and indicates the normalization of cellular
cooperation and inhibition of hypertrophied functions
of cellular immunity. In group 3, an increase in p53 ex-
pression was registered in 22 cases, and a decrease was
noted in 10. Apparently, based on the research data, it
is possible to evaluate the dominant role of a particular
therapy method in the regression of the disease in a par-
ticular patient. As can be seen from Table 3, an increase
in p53 expression was observed mainly in patients who
previously received narrow-band phototherapy, while a
decrease in the level of expression was observed mainly
in those who had previously had only general treatment
without immunosuppressive therapy.

Prior to the treatment, the level of positively ex-
pressing Foxp3 cells among mononuclear cells of der-
mal infiltrate ranged from 11.8 to 12.1%. The cells were
located in the papillary layer of the dermis (Table 1, Fig.
3a). There were no statistically significant differences
among the study groups (N=0.47; p=0.79) (Table 1). At
day 21 of the treatment, a significant decrease in the
expression of Foxp3-positive cells was observed in each
group of patients (T=0.00; p=0.000) (table 2). The most
pronounced decrease was in group 3, with the aver-
age value corresponding to 2.18% (N=36.84; p=0.000)
(Table 1, Fig. 3b).

Ta6nuua 2

NHpekebl akenpeccun p53 M Foxp3+ KAETOK A0 Hauana AeuyeHUs U Ha 21 peHb Tepanuu

Table 2

p53 and Foxp3+ cells expression indices before and on 21 day of therapy

MegnnaHa
Median

MuHuMyM
Minimum
Makcumym
Maximum
CraHpapT-
HOE€ OTKJI0-
HeHune 2,1
Standard
deviation
Kputepui
Ynnkokco-

Ha, T

Wilcoxon

test, T

p 0,000

2,31 5,32 3,82 1,85 3,14
0,54 0,0
59,9

4527 1243

3,29 10,27 7,81

167,0

0,000

1,11 0,0

20,0

Tpynnbi

11,86 6,5

2,78 0,63

1546 10,77 29,33 2545

1,43 2,48 3,94 1,65

0,000 0,000 0,000
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Puc. 2. MNo3ntneHo p53-aKkcnpeccupytome KIeTku B ncopmaTtuyeckon 6nsiike Ha 21 aeHb nevyeHus. UmMmyHoructoxumusa. Ye. 200

a - 1-a uccnegosartenbcKas rpynna;
b - 2-a uccnegoBarenbckas rpynna

Fig. 2. Positively p53-expressing cells in psoriatic plaque on 21 day of treatment. Inmunohistochemistry. x200 magnification.

a — 1stresearch group;
b - 2nd research group

Ta6nuua 3

U3meHeHue akcnpeccuu p53 B 6uonTaTax KoXu nauneHToB, NOAyYaroLUX KOM6MHMpOBaHHO€ AeYyeHue, B 3aBUCUMOCTHU

OT BUAA Tepanuu B aHaMHe3e
Table 3

Change in p53 expression in skin biopsies of patients receiving combination treatment depending on the type of therapy in

anamnesis

A6conioTHOE
yucno
60NbHbIX

Pesynbrar
KOM6MHUPOBAHHOIO
nevyeHuA

Tepanus 6e3
npyuMeHeHunA

Buabl neyeHnsa B aHamHese

MyBA-
Tepanus

Y3KononocHas
doToTepanus

MeTtoTpekcar

nmMmmyHocynpeccun

YBenunueHne nHaekca
aKcnpeccumn p53,%

Increase in 22 3
p53 expression index,%

CHUXKeHne nHaeKca

sKcnpeccun p53,% 10 8

Decrease in
p53 expression index,%

15 2 2

There were a statistically significant moderate posi-
tive correlation and a strong correlation between the
PASI index and the levels of Foxp3 + cells: the higher
the PASI index in psoriasis, the greater the number of
Foxp3+ cells found in the immunohistochemical analy-
sis of the biopsy. There was also a weak negative cor-
relation between the PASI value and p53 expression in
group 1: the lower the initial PASI index in patients who
received narrow-band phototherapy, the greater the

BIOMEDICAL PHOTONICS T.9,N22/2020

number of p53+ cells detected in immunohistochemi-
cal studies (Table 4).

Discussion

This study included a comparative assessment of the
dynamics of the PASI index, the expression levels of the
p53 apoptosis marker, and the Foxp3 T-regulatory cell
marker in patients with moderate psoriasis after treat-
ment with different therapeutic regimens.
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Puc. 3. Foxp3+ KNeTKku B ncopuatuyeckon 6nsiuke. UMmyHoructoxumus. Ye. 200

a — [0 nevyeHus;
b — nocne neyeHus

Fig. 3. Foxp3+ cells in psoriatic plaque. Immunohistochemistry. x200 magnification

a - before treatment;
b — after treatment

As a result of treatment, the PASI index went down
significantly in all study groups, but the greatest de-
crease was among patients who received combination
therapy which included narrow-band phototherapy (UVB
311 nm) and the use of the gamma-D-glutamyl-D-trypto-
phan sodium salt preparation (group 3).

A study of the level of p53 expression showed a signif-
icant increase in group 1, in which patients received only
narrow-band phototherapy. In the 2nd group of patients
treated with gamma-D-glutamyl-D-tryptophan sodium
salt agent, on the contrary, the number of epidermal cells
expressing p53 significantly decreased, which indicates
the normalization of cellular cooperation phenomena. In
group 3, p53 expression levels were different among pa-
tients receiving combination therapy. An increase in p53
expression was observed mainly among patients who

had previously received narrow - band phototherapy,
and a decrease was observed among patients who earlier
had been administered only general treatment.

Immunohistochemical staining with Foxp3+ mono-
clonal antibodies showed that the Foxp3+ cell fraction
was significantly reduced in skin biopsies on day 21 of
treatment in patients of all the three study groups. The
decrease in Foxp3 expression was most pronounced in
patients in study group 3.

A positive correlation was found between the PASI in-
dex and the level of Foxp3+expression.

Conclusion

As a result of the research, a statistically significant
difference in the PASI diagnostic index before and after
treatment was found in each study group. However, in

Ta6nuua 4

Koppensuua mexay uHaekcom PASI, akcnpeccuen p53 u Foxp3 B UccaeayeMbiX rpynnax

Table 4

Correlation between PASI index, p53 and Foxp3 expression within the studied groups

1-a rpynna (n=32)

MokasaTtenn

PASI n Foxp3

PASI and Foxp3 0,81 0,000
PASI n p53

PASI and p53 -0,3 0,02
Foxp3 n p53 0,03 052

Foxp3 and p53

2-arpynna (n=32) 3-arpynna (n=32)

0,35 0,000 0,78 0,000
0,14 0,26 -0,2 0,12
0,09 0,5 -0,08 0,5
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group 3, the decrease in the PASI index was significantly
more dramatic than in other groups. The obtained data
indicate high therapeutic effectiveness of narrow-band
phototherapy in combination with the gamma-D-glu-
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Abstract

The problem of treating patients with malignant neoplasms of the extrahepatic bile ducts and the large duodenal papilla remains relevant due
to the growing incidence, high mortality, and a pronounced decrease in the quality of life of patients, despite the radical surgery. The purpose of
this study was to evaluate the effectiveness of photodynamic therapy (PDT) in inoperable patients with malignant tumors of these localizations.
The study is based on the treatment of 79 patients with adenocarcinoma of large duodenal papilla and extrahepatic bile ducts. 29 patients re-
ceived palliative bile drainage operations with PDT. 50 patients in the control group only had palliative bile drainage operations. Patients in the
study group received from 1 to 3 PDT courses in a year. In total, 29 patients received 52 PDT courses. The tolerance to the method and the life
expectancy of patients were evaluated.

The median survival of patients who underwent PDT was 18 months (11-60 months); in the control group — 11.5 months.

PDT, in combination with bile drainage operation, is an effective method for the treatment of inoperable patients with malignant neoplasms of
the extrahepatic bile ducts and the large duodenal papilla in the absence of severe complications and with easy tolerance to therapy by patients.
For the treatment and prolongation of life of patients whose radical surgical treatment is associated with a high risk of death, PDT seems to be
the best treatment option. Results of PDT treatment for cancer of this localization are comparable with the results of radical surgeries and exceed
those for palliative surgeries.
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POTOOMHAMUYECKAS TEPATHNA PAKA BOJIbLLOTO
OYOOEHAJTbHOIO COCOYKA M BHEMEYEHO4HbIX
XEJTYHbIX MPOTOKOB

E.®. CrpaHagko', A.B. bapaHos', B.A. lyeaHckuit'!, A.M. Jlo6akoe?, B.A. Mopoxotos?, M.B.
Pa6os'

'TocynapcTeeHHbii HayuHbli LeHTp nasepHoin meanumHsbl mm. O.K. CkobenkmnHa OMBA,
Mockea, Poccus

2MockoBCckmit 0BIACTHOM HAYYHO-MCCEN0BATENLCKMIA KIMHUYECKMI MHCTUTYT

um. M.@D. Bnagumupckoro, Mocksa, Poccus

Pesiome
Mpob6nema neyeHUs NaLMeHTOB C 3/10KaYeCTBeHHbIMY HOBOObpa3oBaHUAMY (3HO) BHeMeUYEHOUHBIX XKenUHbIX NPOToKoB (BXI) 1 6onbLio-
ro gyopeHanbHoro cocouka (BAC) ocTaeTca akTyanbHOW B CBA3M C pacTyLiell 3a60/1€BaeMOCTbIO, BbICOKOW NETaIbHOCTbIO U BblPaXKeHHbIM
CHWXKEHNEM KayecTBa »KM3HM MaLNEeHTOB, HECMOTPA Ha NpPoBefeHVe paarKanbHoi onepauumn. Lilenb AaHHOro nccnefoBaHvaA 3aknoyanacb
B OLeHKe 3PPEKTMBHOCTY NprMeHeHnA doToanHammuyeckon Tepanun (OAT) y HeonepabenibHbIX 6OIbHBIX C 3/I0KaY€CTBEHHON OMyXOJIbio
OaHHOW NoKanm3aunmn.
B nccnenoBaHve Bowny 79 60nbHbIX ageHokapumnHomoi BAC n BXKI. na neyeHns 29 605bHbIX MPUMEHANN MaNNATUBHbIE KeN4eoTBOASA-
wyie onepaumu n OAT, 50 6051bHBIM, COCTaBMBLUMM FPYMMY KOHTPOJIA, BbIMOHAMN TOJIbKO »KeNYeoTBOAALME onepaumn. KonnyectBo Kypcos
OAT B 0CHOBHOW rpynne cocTaBuio oT 1 Ao 3 B TeueHue roga. B obuein cnoxHOcT 29 60bHbIM MpoBeeHo 52 kypca OAT. OueHuBanu nepe-
HOCMMOCTb METOAA U NPOAOIKNTENBHOCTb KN3HW GONbHbIX.
MepviaHa BbiKrBaeMOCTY 60JIbHbIX, KOTOpPbIM BbinosHAnack OAT, coctaBuna 18 mec (11-60 mec), B rpynne KoHTpons — 11,5 mec.
OAT B KOMOUHALMUN C XKeNYeOTBOAALVMI Onepaumamm ABIAeTcA 3OGEKTVBHbIM METOLOM NeyeHns HeonepabenbHbix 60bHbIX ¢ 3HO BAC 1
B[ npv oTCYTCTBMM TAMKENbIX OCNTOMKHEHUI U C IETKO MEPEHOCMMOCTbIO Tepanuy nauneHTamu. [1na neveHrsa n NpoaeHNaA XNU3HN 60/bHbBIX,
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pafvKanbHOe XPYpPrnyeckoe neveHre KoTopbIxX CONMPAXEHO C BbICOKMM PUCKOM Pa3BuUTKA neTanbHoro ncxopa, ®AT npepcraBnaeTcsa ontu-
MasbHbIM BapviaHTom Tepanuu. Pesynbtatel O[T Mo NPOAOIKATENBHOCTU XKU3HW CPABHUMbI C PagUKaNbHbIMK OMEPaLUAMU 1 NMPEBbLILIAIOT

TaKOoBble ON1A NMa/uIMaTUBHbIX onepauvuh.

KnioueBble cnosa: PakK 60/1bLIOro AyoAeHalIbHOIo COCOYKa, pak BHEMEYEHOUYHbIX »KeJTYHbIX MPOTOKOB, (I)OTOAI/IHaMI/NECKaﬂ Tepanus, ¢0T0-

ceHcmbunmsaTop, nasep.

Ana yutnpoBanua: CtpaHagko E.Q., bapaHos A.B., [lyBaHckui B.A., Jlo6akos A./., MopoxoToB B.A., Pabos M.B. DotoguHammueckas Tepa-
nvA paka 60MbLLIOro [yoAeHaNbHOro COCoUKa 1 BHEMEUEHOUHDIX »KeNUHbIX MPoToKoB // Biomedical Photonics. — 2020. - T. 9, N2 2. - C. 18-28.

doi: 10.24931/2413-9432-2020-9-2-18-28.

KonTakTbi: CtpaHagko E.Q., e-mail: seph04@yandex.ru

Introduction

The use of photodynamic therapy (PDT) for the treat-
ment of patients with malignant neoplasms over the past
20 years has become so wide-spread that it is now used
for tumors that are the most aggressive and difficult to
access with other treatment methods [1-5]. One of these
localizations is malignant tumors of the biliary tract. A
group of malignant tumors that develop from the epi-
thelium of the bile ducts is referred to by a general term
of cholangiocarcinoma (ChC), which includes intrahepat-
ic, portal, and distal forms. 80% of ChCs are extrahepatic:
portal vein ChC and distal ChC [6-10]. The latter includes
duodenal papilla carcinoma (DPC). ChC develops against
the background of long-term chronic inflammation of
the bile ducts and is very pernicious. It is radical surgery
that gives hope to the patients. However, in 80-90% of
patients, ChC is diagnosed only upon the observation of
the first clinical sign of the disease, which is mechanical
jaundice, and at that stage surgery is impossible due to
the extent of the process. By the time when mechanical
jaundice develops, the tumor often invades the large
vessels of the hepatoduodenal ligament, the portal vein,
or passes to the head of the pancreas, which reduces the
possibility of performing radical surgery to 23-50% [11-
15]. Performing this extensive and traumatic operation
is accompanied by high rates of postoperative mortality
(up to 40%), and 50-75% of patients have relapses of the
disease[11, 16, 17]. Chemotherapy and radiation therapy
are less than effective, and adjuvant chemotherapy does
not reduce the frequency of postoperative relapses [8,
13-15]. The average life expectancy of these patients is
3 to 6 months after the diagnosis [8-10]. As early diagno-
sis remains difficult, and treatment options for ChC are
limited, the prognosis of 5-year survival of the patients
remains low and is on average 5-15% [9-11, 17].

Being a less invasive and relatively safe method of
treatment, local excision of the tumor is used, but it is ac-
companied by a high frequency of relapses. As for radical
surgery in connection with malignant tumors of the bile
ducts, the authors of publications most often refer to a

high frequency of relapses, reaching 80% of cases [18,
19]. The average life expectancy after radical surgery in
the form of gastropancreatoduodenal resection (GPDR)
is 1.5-2 years, and 5-year survival rate does not exceed
10-20% [4, 5, 11].

Patients with obturation jaundice and contraindica-
tions to GPDR usually undergo palliative interventions:
draining endoscopic procedures with the introduction of
endoprostheses or the creation of bypass anastomoses.
However, the tumor quickly grows into an endoprosthe-
sis, which is accompanied by restenosis and jaundice.
The average life expectancy after palliative surgery is 4
to 12 months.

Radiation therapy of the malignant tumors of this
zone, both external and endoluminal irradiation (brachy-
therapy), is technically difficult to perform, ineffective,
and, therefore, rarely used. For the treatment of this pa-
thology, chemotherapy is also ineffective.

This situation makes us look for less traumatic and,
at the same time, more effective methods of treating
patients with malignant tumors of duodenal papilla and
extrahepatic bile ducts. A method that meets these re-
quirements is photodynamic therapy (PDT).

PDT is a well-known method of treating various
diseases and, above all, malignant tumors, in which a
photosensitizer (FS), which selectively accumulates in
tissues with increased metabolism, is activated by local
irradiation of pathologically altered tissues with light ath
a wavelength corresponding to the peak of absorption
of the PS. The photodynamic reaction that occurs in the
presence of oxygen causes the generation of singlet and
other reactive oxygen intermediates that have a det-
rimental effect on tumor tissues, which subsequently
leads to tumor resorption [5, 20]. The action of reactive
oxygen intermediates is manifested either by direct cy-
totoxic damage to the tumor [5, 16], or by the destruc-
tion of the blood vessels feeding the tumor [20, 21]. At
the same time, depending on the photosensitizer used,
the vascular mechanism accounts for up to 60% of the
antitumor effect of PDT, while the direct cytotoxic effect
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is about 30%. Along with that, PDT stimulates the im-
mune responses of the body both due to the direct in-
flow of lymphocytes, neutrophils, and macrophages into
the PDT-exposed tumor tissues (which in itself leads to a
slowdown in tumor growth due to the release of tumor
necrosis factor by macrophages), and due to the action
of cytokines (interleukin 6 and interleukin 10) responsi-
ble for the antitumor effect of PDT [17, 22-28].

PDT opens up wide opportunities for various thera-
peutic effects of radical and palliative nature when other
methods of treatment have already been exhausted or
are not applicable at all.

The first publication on the use of PDT for inoperable
common bile duct cancer in a female patient who had 7
PDT courses for 4 years appeared in 1991 [29, 30]. It was
only much later that publications appeared on the few
series of clinical observations on the use of PDT for bile
duct cancer [21, 31, 32].

The analysis of literature sources on the use of various
methods of elimination of obturation jaundice in ChC,
i. e, surgical, combined and complex methods of ChC
treatment, including literature reviews covering more
than 2,200 patients undergoing percutaneous transhe-
patic biliary drainage and 8,100 patients undergoing en-
doscopic biliary drainage [27], indicates the unanimous
opinion of researchers that the use of PDT for the treat-
ment of DPC and extrahepatic bile duct cancer is possi-
ble in the cases when surgical intervention involves sig-
nificant risk, in patients with severe comorbidities, in the
presence of a disseminated, technically non-removable
tumor (palliative PDT intended to relieve the bothersome
symptom of mechanical jaundice due to the biliary tract
obturation by a tumor), the presence of locoregional and
remote metastases in patients (palliative PDT), and the
patients’ refusal of surgical treatment.

Materials and methods

The work performs a comparative analysis of the
treatment effectiveness of two groups of patients with
biliary tract cancer who had counterindications for radi-
cal surgical treatment.

We observed 79 patients with cancer of the major
duodenal papilla and extrahepatic bile duct cancer. The
main group included 29 patients who underwent percu-
taneous transhepatic drainage, endoscopic stent place-
ment, or T-shaped drainage device installation during
trial laparotomy in 2001-2015; at the second stage, after
elimination or reduction of jaundice, PDT was applied.
The control group included 50 patients who had only
surgery to evacuate bile in the period from 1991 to 2001.
Histological verification of the diagnosis confirmed that
all patients had adenocarcinoma of various degrees of
differentiation. In the main group, the tumor focus was
localized in the porta hepatic in 2 (6.9%), in the choled-
ochus, in 3 (10.3%), in the gall bladder and cystic duct,

in 4 (13.8%), and in duodenal papilla, in 20 (69.0%) pa-
tients. In the control group, liver cancer was diagnosed in
21 (42.0%), choledochal cancer in 9 (18.0%), gallbladder
and cystic duct cancerin 6 (12.0%), and duodenal papilla
cancer in 14 (28.0%) patients.

The main reason for refusal to perform radical surgical
treatment in the main group was the presence of severe
somatic pathology and, therefore, a high anesthetic risk.

The clinical picture of patients was dominated by
mechanical jaundice phenomena, and in this connec-
tion, the majority of patients underwent various pallia-
tive surgical interventions, depending on the location of
the tumor. In the main group of 3 patients with DPC, the
phenomena of mechanical jaundice were eliminated by
conservative therapy and PDT, which resulted in recana-
lization of tumor stenosis, leading to an improvement
in the outflow of bile to the duodenum. Later, those pa-
tients had stents installed in the duodenal papilla duct
and terminal choledochus 6, 9, and 11 months after PDT
due to the renewed growth of the tumor. On average,
the jaundice-free period after PDT in mono mode was
7.8 months.

Depending on the dissemination of the tumor pro-
cess and the conditions created by previous medical in-
terventions, we used various methods of light delivery to
the therapy site:

- endoscopic surface irradiation of the DPC from
the side of the duodenal lumen with a light
guide equipped with a straight diffuser;

- endoscopic endoluminal irradiation of the du-
odenal papilla duct and the terminal part of the
common bile duct with a light guide with a 2 -
4 cm long cylindrical diffuser inserted through
the mouth of the duodenal papilla or papil-
losphincterotomic opening;

- irradiation of the tumor with a light guide with
a cylindrical diffuser delivered to the tumor
side through the lumen;

- transfistulous endoluminal irradiation of the
common bile duct, cystic and hepatic ducts
with light guides with a 2-5 cm long cylindrical
diffuser with radiopaque metal markers in the
presence of a bile fistula created earlier for bili-
ary tract decompression;

- combined methods of light guidance using
surface irradiation of duodenal papilla from
the duodenal lumen and the terminal choled-
ochus, with the introduction of a light guide
with a cylindrical diffuser from the duodenum
or terminal choledochus with the introduction
of a light guide through a drainage catheter or
through a transhepatic drainage.

In the case of endoscopic irradiation with a light
guide with a cylindrical diffuser, the latter was introduced
through the endoscope’s biopsy channel under visual
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Puc. 1. BapuaHT 4pe3dpuCcTynbHOro 06ay4eHuss y GONbHOWM
pakoMm BOpoT nevyeHu Bismuth-IV ¢ metactazamum B neyeHu
W Nerkux (MpoAoIXKUTENbHOCTb XXU3HU 23 Mec) nocne pasjesb-
HOFO TPaAHCNEYEHOYHOro ApeHUpoBaHUsA. PeHTreHOKOHTpacT-
Hble MEeTKM YKa3aHbl CTpenKamu

Fig. 1. Variation of transfistular irradiation in a patient with can-
cer of liver port Bismuth-IV with metastases in liver and lungs
(survival time 23 months) after transherpatic draining. Radi-
opaque marks are indicated by arrows

Puc. 2. BapuaHT 4pe3dUCTYynbHOro o6ay4yeHus y GOnbHOIN
paKkom BOpOT ne4veHu Bismuth-1V nocne pa3sgenbHoi YpeCcKOK-
HOW XOJNIAHTMOCTOMUUN. PEHTIreHOKOHTPACTHble METKU yKa3aHbl
cTpenkamu

Fig. 2. Variation of transfistular irradiation in a patient with
cancer of liver port Bismuth-IV after transcutaneous cholangi-
ostomy. Radiopaque marks are indicated by arrows

control into the choledochal lumen through the duode-
nal papilla mouth or papillosphincterotomic opening.

When using a light guide with a polished flat end
or with a microlens at the end, the latter was also intro-
duced through the endoscope biopsy channel, and the
light irradiation was performed on the duodenal papilla
tumor under visual control.

Transfistulous irradiation was performed in patients
who had previously undergone surgical interventions in
the form of external drainage of the bile ducts in order to
address the issue of mechanical jaundice. Fistulography
was performed, in which the extent of the tumor stric-
ture and the adequacy of drainage standing were evalu-
ated. Then a light guide with a cylindrical diffuser and
radiopaque marks located on the borders of the diffuser
was introduced through the drainage tube. The X-ray
contrast markers being used for orientation, the diffuser
was placed inside the stenosed bile duct with an overlap
of the stenosis zone by 0.5 - 1 cm at each edge of the
tumor (Fig. 1, 2). The length of the diffuser on the light
guide was selected on the basis of the size of the tumor
as determined by the length of the tumor stenosis.

After the placement of the light guide in the ap-
propriate position, the drainage tube was pulled out,
in part of in full, in order to avoid partial absorption of
laser radiation by the walls of the drainage tube. With a
stenosis length of more than 4-5 cm, light exposure was
performed from several positions of the diffuser, moving
the light guide under X-ray TV control. After the comple-
tion of the PDT procedure, the light guide was removed

and the drainage tube was installed in the same position
under x-ray control.

Transfistulous radiation was performed on 13 (46.4%)
patients. In 4 of them, it was found impossible to re-in-
stall drainage in its initial position. The passage of bile
is provided due to the expansion of the tumor-stenosed
section of the bile duct as a result of PDT exposure.

The duration of the light exposure session in the PDT
process was calculated based on the size of the tumor,
the length of the diffuser of the light guide used, and the
required specified energy density of the supplied laser
radiation. This procedure was performed in an endo-
scopic or X-ray room, depending on the chosen method
of laser radiation delivery. No pain relief was required
during the procedure.

In case of the endoscopic method of irradiation, pro-
tease inhibitors and spasmolytics were prescribed in
normal dosages in order to prevent the possible devel-
opment of acute pancreatitis. Prevention measures were
taken, depending on the situation, within 2 to 3 days af-
ter PDT.

Despite the satisfactory tolerability of the procedure
by all patients, in the postoperative period 25 patients
(89.3%) had a fever reaction and pain syndrome of vary-
ing severity, depending on the intensity of the photody-
namic reaction of the tumor. Pain appeared, as a rule, 3
to 5 hours after the PDT session due to developing tis-
sue edema, localized in the right hypochondrium and
epigastric region, and completely stopped in 2 to 4 days.
In 6 patients, it was necessary to administer narcotic an-

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.9,N22/2020

21



V9]
-
O
l_
(2’4
<
<
<
O,
&
O

Stranadko E.F,, Baranov A.V., Duvansky V.A., Lobakov A.l., Morokhotov V.A., Riabov M.V.
Photodynamic therapy of cancer of large duodenal papilla and extrahepatic bile ducts

algesics to relieve the pain syndrome. Fever response, as
an inflammatory component of PDT, was observed in 22
patients (75.8%). Body temperature normalized in 3 to 4
days after a PDT session. The remaining 4 patients had no
adverse reactions associated with PDT.

The PS used was Photosens, sulfated aluminum phtha-
locyanin (FSUE «SSC NIOPIK», Russia, registration certifi-
cate PN000199/02 dated 04.03.2010) and Photoditazine,
a derivative of e6 chlorin (OOO “VETA-GRAND”, Russia,
registration certificate no. JIC 001246 dated 18.05.2012).
Photosens accumulates in the tumor in a concentration
that is 1.5 - 2 times higher than that in healthy tissues.
Photoditazine is characterized by rapid accumulation in
the tumor in maximum concentration after 2 to 3 hours,
followed by a gradual decrease in concentration after 4
to 5 hours. After 24 hours, only trace quantities of the
drug are detected in the blood, which makes it possible
to avoid the long-term skin photosensitivity typical for
first-generation PS products. Photoditazine has a high
tropism to tumor tissues. According to various authors
[35], the maximum contrast ratio varies from 5 to 20. Fo-
tosens was administered in doses of 0.8-1.0 mg per kilo
of body weight, Photoditazine was most often adminis-
tered in doses of 0.6-0.7 mg per kilo of body weight, less
often in 0.8-0.9 mg per kilo of body weight.

The PDT session was performed after a certain period
of time corresponding to the achievement of maximum
PS accumulation in the tumor. With Photosense used as
PS, laser light exposure was performed after 24 hours
from the moment of the drug administration, and with
Photoditazine, after 2.5-3 hours.

The sources of laser radiation used were “Latus” semi-
conductor device (OO0 “Atcus”, Russia) with a maximum
output optical power of 2 W and a wavelength of 662 nm,
and LFT-02-Biospec laser system for photodynamic ther-
apy (OO0 “Biospec’, Russia) with an output optical power
of up to 2.5 W and a wavelength of 672 nm.

Laser irradiation was performed using flexible quartz
monofilament light guides with a cylindrical diffuser and
X-ray contrast markers, with an end diffuser or a micro-
lens at the end (ZAO “Poluprovodnikovyie Pribory”, OO0
“Polironik” OO0 “Elomed”, Russia).

The output power at light exposure was 0.5 and 1.0
W, the power density was 200-500 mW/cm? or 200-500
mW/cm of the diffuser length. The energy density for en-
doluminal irradiation using light guides with a cylindrical
diffuser ranged from 50 to 100 J/cm of the length of the
diffuser to 250-300 J/cm.

Results

We managed to track the life expectancy of all pa-
tients in the main and control groups. The direct results
of PDT application were evaluated based on clinical and
instrumental data (X-ray computed tomography, mag-
netic resonance imaging and cholangiopancreatogra-

phy, ultrasound, duodenoscopy with biopsy for duodenal
papilla tumors). The number of PDT courses varied from
1 to 3 in a year. Follow-up examination of patients was
performed in 3, 6, and 12 months after the treatment.

Despite the relatively satisfactory tolerability of the
procedure by patients, after 12 (23%) PDT courses out of
the 52 conducted, adverse reactions and complications
were observed. The greatest number of complications
was observed in patients with duodenal papilla carcino-
ma who had laser radiation brought to the affected area
with the endoscopic method. The nature of adverse reac-
tions and complications is shown in Table

The greatest number of adverse reactions and com-
plications observed were in the form of cholangitis,
which occurred 12-24 hours after the PDT session and
was manifested as fever, the yellowing of the skin and
sclera, increased blood bilirubin levels due to the di-
rect fraction. Cholangitis was stopped with conserva-
tive treatment in 3 to 4 days. We do not consider the
cholangitis symptoms as a specific complication of PDT.
Cholangitis can occur as a result of any X-ray examina-
tion with contrast enhancement or an endoscopic in-
tervention on the extrahepatic bile duct. Despite the
preventive measures taken for all patients, one patient
had pancreatitis sympthoms. They were also stopped
by conservative measures in 3 days. Photosensitivity
phenomena in the form of erythema of open skin areas
were recorded in 1 patient, and are associated with pro-
longed excretion of Photosens and the patient’s failure
to observe the light regime.

The most severe complication was fibroulcerative
duodenitis, which occurred in 3 cases, one of them with
partial duodenal obstruction, which required longer-
term conservative therapy. The phenomena of fibrinous-
ulcerative duodenitis were observed in cases when Pho-
tosens was used, and are associated, in our opinion, with
its lower tropicity to the tumor tissues compared to the
preparations of the chlorin group.

The total number of complications was also higher
when Photosens was used (58.3%) as PS, compared to
Photoditazine (41.7%). There were no lethal outcomes.

The median survival time of patients who under-
went PDT was 18 months (the minimum time being 12.5
months and the maximum 60 months). In the group
where only palliative surgery was performed, the medi-
an survival was 11.5 months (minimum time: 4 months,
maximum time: 14 months), p < 0.0001 (Fig. 3).

Discussion

In 1978, T. Dogherty published the first paper on the
successful clinical use of PDT at the US National Can-
cer Institute. This article triggered the use of PDT for the
treatment of cancer of superficial localizations and some
visceral ones. After 7 years, J. S. McCaughan used PDT
for a bile duct cancer patient [29]. It was a remarkable
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Ta6nuua

Mo6ouHble peakuunu U ocroxxHeHUsa npu OAT paka 60AbLLOrO AYOAEHaAbHOIo COCOYKa U BHENEUYEHOUYHbIX )XeAUYHbIX MPOTOKOB

B 3aBUCUMOCTU OT UCMOAb3OBaAHHOr0 poToceHcubuamsartopa, abe. u.

Table

Adverse reactions and complications in PDT of cancer of the large duodenal papilla and extrahepatic bile ducts, depending

on the photosensitizer used

XapakTep ocnoXHeHuA

MaHKkpeatut
Pancreatitis

XonaHrut
Cholangitis

OUOPVHO3HO-A3BEHHbIV AYOAEHUT
Fibrinous-ulcerative duodenitis

(OUOPVHO3HO-A3BEHHDBIV YOAEHUT C ABIEHUAMN
CTeHO3a ABeHaLaTUMNEePCTHON KULLKK
Fibrinous-ulcerative duodenitis with duodenal stenosis

dputema Koxu
Skin erythema

Bcero (%)
Total (%)

®doTtoceHc dotoanTasuH Bcero
1 1
1 5 6
3 3
1 1
1 1
7 (58,3%) 5 (41,7%) 12 (100%)

story of a persistent struggle for the life of a seemingly
doomed person.

In 1985, a 50-year-old woman was diagnosed with a
common bile duct adenocarcinoma during a cholecys-
tectomy. A T-shaped drainage was left in place, and after
2 months, the first course of PDT with a hematoporphy-
rin derivative at a dose of 2 mg per kilo of body weight
was performed during laparotomy. A light guide with
a cylindrical diffuser was introduced with the use of a
choledochoscope. After PDT, a U-shaped tube was left in
the bile duct to prevent the development of jaundice. In
the following 4 years, 6 more PDT courses were adminis-
tered to the patient. The choledochoscope was inserted
through a U-shaped drain tube. 2 years after the start of
treatment for common bile duct cancer, the patient was
diagnosed with endometrial cancer, for which she un-
derwent surgery and radiation therapy. The patient died
4.5 years later [29].

In Russia, PDT was successfully used for the first time
in 1998, for stage | duodenal papilla cancer (TINOMO) in
a 67-year-old patient who was admitted with mechanical
jaundice and who had counterindications against surgi-

cal treatment because of a high degree of surgical and
anesthetic risk due to severe concomitant diseases: coro-
nary heart disease, bilateral nephrolithiasis, and pyelo-
nephritis with partial renal failure. On 14.02.98, the pa-
rpynna (Control
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Fig. 3. Overal survival of patients of the study and control
groups (Kaplan—-Meier estimator)
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Puc. 4. Nictonorus. BoicokoandpdepeHuMpoBaHHasa TeMHOKe-
TOYHas COCOYKoBas ajeHoKapuuHomMa. OKpacka remaToKcu-
JINH-303UHOM. YB. X20. [25]

Fig. 4. Histology. Highly differentiated dark cell papillary adeno-
carcinoma (staining with hematoxylin-eosin, x20). [25]

tient underwent endoscopic papillosphincterotomy in
Moscow City Clinical Hospital No. 1 ( by Yu. V. Vasilenko).
Histological examination revealed a tumor in the biopsy
material that had the structure of a highly differentiated
dark-cell papillary adenocarcinoma. Expressed cellular
polymorphism with violation of the rows and polarity
of tumor cells, with the presence of atypical mitoses in
them. Tumor cells form glandular and glandular-like
structures (Fig. 4) [25].

On 21.04.98, the patient had an intravenous injec-
tion of Photosens, a second-generation PS produced in
Russia (FSUE «SSC NIOPIK», Russia, registration certifi-
cate PN000199/02 dated 04.03.2010) the dose being 0.8
mg per kilo of body weight, and after 24 hours a session
of endoluminal laser irradiation was performed using
a light guide with a 2 cm long cylindrical diffuser, and
then, in addition, the duodenal papilla was superficially
irradiated from the side of the duodenum lumen with a
light guide with a polished end that creates direct ex-
posure of the surface to the light beam. Irradiation was
performed with ALT PDT-670/500 “Alpha-Photosens’; a
medical device manufactured by NPO “Polyus” based on
a laser on yttrium aluminate with neodymium, generat-
ing light with a wavelength of 670 nm. Control gastrodu-
odenoscopy performed 3 weeks after the course of PDT,
revealed residual phenomena in the form of edema of
the descending duodenum mucosa and the smoothness
of the relief. The papilla tissues are edematous, whitish in
color, dense. An influx of transparent bile from the cho-
ledochoduodenal anastomosis is observed, there are no
signs of the violation of the patency of the terminal de-
partment of the choledoch. Histological conclusion on

a biopsy from the papilla and the surrounding mucosa:
there are signs of malignancy in the form of occasional
glands, which have the epithelium characterized by
polymorphism, hyperchromic nuclei, and single atypical
mitoses. The surrounding tissues are observed to have
the phenomena of sclerosis, edema, moderate inflam-
matory infiltration, dystrophic changes, which should be
considered as manifestations of therapeutic pathomor-
phosis of the tumor [25] (Fig. 5).

The patient’s condition was quite satisfactory, and
the biochemical parameters normalized. Dynamic fol-
low-up in 1, 5, 10, 16, 22, 24 and 30 months after PDT
with a set of diagnostic tests (gastroduodenoscopy with
multiple biopsies, computed tomography, ultrasound of
the abdominal cavity) did not reveal a recurrence of the
duodenal papilla tumor or its metastases. The results of
a control histological examination 22 months after PDT:
the mucous membrane with the phenomena of stroma
edema, hyperplasia of part of the glands, and moderate
signs of inflammatory changes. In some areas, the phe-
nomena of fibrosis, uneven edema of the stroma with
inflammatory infiltration consisting mainly of lympho-
cytes, are observed. No signs of malignant cells were
found [25] (Fig. 6). The patient’s body mass increased by
7 kg. The patient was observed for 3.5 years after the PDT
course and died of concomitant pathology without signs
of major duodenal papilla cancer recurrence [27].

Similar descriptions on the use of PDT of inoperable
ChC can be found in the literature starting from the mid-
1990s. [21, 31, 32]. For instance, M. Ortner et al. reported
the effective use of PDT of unresectable ChCin 9 patients
who earlier had had ineffective bile duct drainage by
stenting [31].

Patients were intravenously administered Photophrin
at a dose of 2 mg per kilo of body weight, and after 2
days, a session of endoluminal light exposure was per-
formed with cholangioscope that had wavelength of
630 nm and energy density of 180 J/cm?. Patients had
a decrease in serum bilirubin for at least 2 months, and
an improvement in the quality of life when assessed on
the Karnofsky Scale from 32% before treatment to 70%
after PDT. Over the 30-day period, there were no lethal
outcomes.

At the 8th International Photodynamic Association
World Congress (Vancouver, Canada, 2001), 2 reports
were made on the use of PDT in ChC. A group of authors
from Germany reported on PDT to 9 patients with ChC.
48 hours after intravenous administration of Photophrin
at a dose of 2 mg per kilo of body weight, a PDT session
was performed with a light source wavelength of 630
nm, light guides with a 3-7 cm long cylindrical diffuser,
the effective fields overlapping the proximal and distal
edges of the tumor stenosis. The luminous density was
180 J/cm? of the diffuser length. The light guide was
introduced by retrograde cholangiopancreatography
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Puc. 5. MNictonorusa. ApeHokapuMHoMa G6GOJbLIOrO COCOYKa
ABeHaALaTUNepcTHON KUWKU. [poaBreHUs TepaneBTuye-
cKoro natomopdo3a onyxonu 4yepes 3 Heaenun nocne poroan-
HamMuyeckon Tepanuu. OKpacka reMaToKCUIMH-303UHOM. YB.
x20. [25]

Fig. 5. Histology. Adenocarcinoma of the major duodenal
papilla. Manifestation of therapeutic pathomorphosis 3 weeks
after PDT (staining with hematoxylin-eosin, x20). [25]

Puc. 6. MNictonorus. bonblioin ayoaeHanbHbIi COCOYEK. CAM-
3ucTtas 060/104Ka C fIBJIEHUSIMU OTE€Ka CTPOMbI, runepniasum
YacTu Kene3 U yMepeHHbIMM MPpU3HaKamMu BOCNaaUTENbHbIX
M3MeHeHUn 6e3 NpU3HaKoB 3JlI0KayecTBEHHOro pocrta. Okpa-
CKa reMaToKCUINH-303UHOM. YB. X20. [25]

Fig. 6. Histology. Large duodenal papilla, mucosa with signs
of edema, hyperplasia of some glands and moderate signs
of inflammatory changes but no malignant growth (staining with
hematoxylin-eosin, x20). [25]

method or through percutaneous drainage. For 3 pa-
tients who had only partial effect or none at all, PDT was
repeated in 3 months. At the end of the PDT session, all
patients were fitted with 1 or 2 plastic stents or had a per-
cutaneous biliary drainage. Of the 9 patients, 3 were alive
in the period from 51 to 225 days.

The median survival was 78 days, with variations from
12 to 371 days. The survival rate of patients depended on
the localization of the tumor in the bile ducts according
to the Bismuth classification. With multiple foci and le-
sions of the right and left hepatic ducts (Bismuth IV), the
90-day mortality rate was 80%. In all cases, the death was
caused by the dissemination of the process. The authors
conclude that PDT of disseminated ChC is a new promis-
ing local method of treatment without severe complica-
tions that increases the life expectancy of this category
of patients [28].

Another report from the California Pancreatic and Bil-
iary Diseases Institute (Los Angeles, USA) discusses the
effectiveness of a combination of treatment methods,
including endoscopic metal stent placement, high-dose
brachytherapy, and PDT, in 13 patients with disseminat-
ed inoperable ChC Bismuth type Il and IV. Stents were
placed in the right and left hepatic ducts. Brachytherapy
was performed in 3 patients at a dose of 30 Gy, coarsely
fractionated, while 10 patients received 60 Gy in 2 sepa-
rate courses.

PDT was performed 2 days after intravenous adminis-
tration of hematoporphyrin at a dose of 2 mg per kilo of

body weight by endoscopic intraluminal irradiation. As
a result, the bilirubin level in the patients’ blood serum
decreased, and the quality of life and survival increased.
The average life expectancy (17 months) was slightly dif-
ferent from that after brachytherapy administered as a
single therapy. However, it significantly exceeded the
quality of life and life expectancy of patients who were
treated only with drainage and chemotherapy [33].

In the Russian Federation, only a few works on the
use of PDT in the treatment of ChC were published [1-
3]. A group of authors from the St. Petersburg I. I. Mech-
nikov State Medical Academy reported the use of PDT in
6 patients with common hepatic duct cancer. At the first
stage, drainage of the bile ducts was performed, which
was followed, after the elimination of the cholestasis
phenomena, by a course of PDT with Radachlorine, with
the light energy density of 200 J/cm? The average life
expectancy was 360 days. All patients had progressive
tumor growth along the duct. The authors consider PDT
as a method of choice for palliative therapy in inoper-
able hepaticocholedochus tumors.

Analytical reviews of the literature on the issue pub-
lished in the last 10 years confirm that PDT is useful in
the treatment of inoperable ChC[5,9, 11, 12, 16, 27].

Our data on the analysis of PDT effectiveness for duo-
denal papilla and extrahepatic bile duct cancer in inop-
erable patients in comparison with the results of drain-
age and other palliative operations are comparable with
the results obtained by other authors.
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Conclusion

Our research has shown that PDT in combination with
bile-evacuating surgery is an effective method of treating
inoperable patients with DPC and extrahepatic bile duct
cancer; it is not accompanied by severe complications
and is easily tolerated by patients. PDT is the optimal
method for treating and prolonging the life of patients
with somatically burdened history who have counterin-
dications to radical surgical treatment, or in cases when
such treatment involves a high risk of lethal outcome.

The methods developed for bringing laser radiation
to the site of exposure (endoscopic surface, endoscopic
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TRANSPUPILLARY THERMOTHERAPY OF CHOROIDAL
MELANOMA

Naumenko L.V.
N.N. Alexandrov National Cancer Center, Lesnoy, Belarus

Abstract

A retrospective analysis of the immediate and long-term effectiveness of the treatment of the choroidal melanoma using transpupillary thermo-
therapy (TTT) was carried out. The study included 84 patients with choroidal melanoma (C69.3) who received treatment between 2007 and 2018.
Patients were sampled from the Belarusian Cancer Register. The average values of the thickness of the tumor were 2.6+1.3 mm, the diameter of the
base - 7.2+3.3 mm.TTT was carried out using a diode laser with a wavelength of 860 nm and radiation power of 200 - 800 mW, the exposure time
was 60 s, and the diameter of the laser spot was varied between 1 and 3 mm. The entire surface of the tumor was thermally treated with overlap-
ping fields from the periphery to the top. 75 patients underwent a single session of TTT, while 9 - two sessions with an interval of 3-4 weeks. As a
result of the treatment, 51 (60.7%) patients showed complete tumor resorption, 28 (33.3%) patients had stabilization of the tumor process, and 5
(6.0%) patients had no effect. In the group of patients with stabilization of the tumor process, continued growth was recorded in 16 (19.1%) pa-
tients with follow-up periods of 3 months to 4 years. In 19 (37.3%) patients from the group with complete tumor regression, relapse was observed
1 to 8 years after TTT. Metastatic disease (disease progression) developed in 5 (5.9%) patients, of which in 1 patient during the first 12 months, in
1 patient - after 4 years, and in 3 patients more than after 5 years of the follow-up observation. Analysis of the effectiveness of TTT of choroidal
melanoma showed that an increase in the thickness and diameter of the base of the tumor focus results in the decrease of immediate effectiveness,
and the rise of the likelihood of continued tumor growth.

Keywords: choroidal melanoma, transpupillary thermotherapy, photodynamic therapy, brachytherapy.
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TPAHCIYTUNIIPHAS TEPMOTEPATNMNSA MEJTAHOMbI
COCYAUCTOU OBOJIOYHKU TTA3A

J1.B. Haymenko
PecnybnukaHCkui HOyYHO-NPAKTUYECKMHM LEHTP OHKONIOTMU U MEAULMHCKOM PALMONOMUM UM.
H.H. Anekcangposa, Jlecnon, Pecnybnuka benapycs

Peslome

MpoBefeH PeTPOCNEKTUBHDIV aHanv3 HeMoCcpPeACTBEHHON 1 OTAANEHHON 3GGEKTUBHOCTY JIEUEHNA MeNaHOMbI COCYAMNCTON 060N0UKNY a-
3a METOAOM TpaHcnynuanapHon TepmoTtepanun (TTT). UccnegosaHve BKoYano 84 nauveHTa ¢ MenaHOMOWM COCYAMNCTON 060N0UKM asa
(C69.3), nonyumBLUKX NeveHre B nepuog 2007-2018 rr. Boibopka 605bHbIX MpoBeaeHa 13 6a3bl benopycckoro KaHuep-peructpa. CpepHue
3HaYyeHVA TOSLMHbI ONYXONW COCTaBuIu 2,6+1,3 MM, JnameTpa OCHOBaHUA — 7,2+3,3 mm. TTT NpoBOAUAN C NCMOSIb30BaHNEM ANOAHOrO Na-
3epa, ANMHa BOsHbI 860 HM, MOLLYHOCTb M3nyyeHna 200 — 800 MBT, skcno3umuma 60 ¢, AnameTp Na3epHOro natHa ot 1 4o 3 mm. Tepmuyeckomy
BO3/]e/ICTBMIO MOABEPrasiv BClo MOBEPXHOCTb OMyXO0/N, MOMA pacronarany C NnepekpbITem, oT neprdeprn K BepLunHe onyxonu. Y 75 nauneH-
TOB NpoBefieH OAuH, y 9 — iBa ceaHca TTT c uHTepBanom 3 — 4 Hep. B pesynbrate npoBeaeHHoro siedeHna y 51 (60,7%) nauueHTa 3aperncTpu-
poBaHa nosiHas pe3opbums onyxonu, y 28 (33,3%) - ctabununsaumsa onyxoneBoro npouecca, y 5 (6,0%) — otcytctaue apdekTa oT eyeHms. B
rpynne nauMeHToB co cTabunusalueli onyxoneBoro npoLecca NpoAosiKeHHbIN pocT 3adukcnposaH y 16 (19,1%) npu cpokax HabnoaeHna ot
3 mec go 4 net. Y 19 (37,3%) 60/bHbIX U3 rPYMMbl C MOJIHON Perpeccueit onyxonu 3aperncTprpoBaH peLnans 3abonesaHna Ha cpokax oT 1 o
8 neT HabniogeHus nocne nposegeHus TTT. MeTacTaTuueckas 6one3Hb (MporpeccrpoBaHiie 3aboneBaHus) passunacb y 5 (5,9%) naumeHTos,
13 HYX B TeyeHwne nepsbix 12 mec —y 1 6onbHOro, Yepes 4 ropa -y 1, B cpoku HabnoaeHua 6onee 5 net —y 3. AHanus apdektnBHocT TTT B
3aBUCMMOCTM OT Pa3MepOB MeflaHOMbl XOPVOUAEN NMoKa3sasl, YTo C yBeMYeHNEM TONUHDBI 1 MaMeTpa OCHOBaHVA OMyXO/1eBOro oyara Heno-
cpefcTBeHHan 3$GeKTUBHOCTb CHUXKAETCA, @ BEPOATHOCTb MPOAOII)KEHHOIO POCTa OMyXO/N BO3pacTaeT.

KnioueBble cnoBa: MeslaHOMa XOp1ouaew, TPaHCMyNUAAAPHan TepmoTepanius, GoTogMHaMnYecKan Tepanus, 6paxmutepanus.

AnauntupoBaHua:HaymeHKoJ1.B. TpaHcnynunnapHaaTepmoTepanuamenaHomblcocyauctonobonouknrnasa//BiomedicalPhotonics.—2020.—
T.9,Ne 2. - C. 29-35. doi: 10.24931/2413-9432-2020-9-2-29-35.
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Introduction

Melanoma of the choroid of the eye is the most com-
mon tumor in the membranes of the eye among adult
population. According to the Belarusian Cancer Registry,
the gross intensive incidence rate per 100,000 popula-
tion was 1.1 in 2011, and 1.2 in 2016 [1]. Over a 5-year
period, the detection rate of stage | of the disease in-
creased from 5.4% in 2011 to 16.4% in 2016 [2].

Despite a large range of treatment possibilities, cho-
roidal melanoma is prone to hematogenous metastasis,
which leads to a fatal outcome. Improving patient sur-
vival is possible only when the tumor is diagnosed at the
early stages of the disease. Small tumors are now treated
with laser technologies, one of which is transpupillary
thermotherapy (TTT). The method is non-invasive. The
infrared spectrum of a diode laser is delivered with a
wavelength of 810 nm to the surface of choroidal mela-
noma (CM) through transparent optical media of the eye
at the height of the cycloplegia [3, 4]. When exposed to
the laser, the temperature of the tumor increases to 45-
60° C, which leads to obliteration of the tumor vessels
with the development of necrosis. According to various
authors, lasers can achieve therapeutic effect if the tu-
mor is no more than 2 mm thick [5].

C.L. Shields, J.A. Shields et al. believe that the maxi-
mum depth of penetration of TTT is 4 mm, which allows
treatment of small CM tumors [3]. Absorption of diode
laser radiation is higher in more pigmented tumors. The
advantages of TTT in comparison with radiation therapy
include precise localization of the laser beam, rapid tu-
mor necrosis, and the ability to treat patients on an out-
patient basis with minimal damage to the surrounding
intact vascular membrane. According to various authors,
tumor relapses after TTT in CM range from 9 to 28% [3].
Due to the energy of the laser beam, complications may
include tractional retinal detachment (44%), retinal vein
occlusion (26-41%), retinal artery occlusion (12%), cystic
macular edema (9-23%), epiretinal membrane develop-
ment (23%), vitreous hemorrhage (10%), retinal neovas-
cularization (6%), foveal traction (4%), chorioretinal scar-
ring (4%), optic disc atrophy (2%), regmatogenic (1%)
and serous retinal detachment (1%), optic disc edema
(<1%), and cataract (<1%) [3, 5.

A direct correlation was found between the develop-
ment of disease recurrence and the number of prognos-
tic risk factors (RF) for tumor growth. The latter include
tumor thickness of > 2 mm (according to ultrasonogra-
phy), the presence of subretinal fluid found at optical
coherence tomography, clumped orange pigment, the
localization of tumor edge near the optic nerve disc,
hypoechoic character of the tumor with hyperreflexive
contour, absence of drusen, the base diameter being >
5 mm [5]. According to A. Mashayekhi et al., the relapse
rate after 10 years of follow-up was 18% in patients with
one to two RFs, 35% in those with three to five RFs, and
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55% in people with more than six RFs [6]. TTT is less pref-
erable in cases where the number of RFs exceeds three.
S. Turcotte et al. presented the results of treatment of 8
patients with CM who received an average of three ses-
sions of TTT. The average thickness of the tumor before
treatment was 2+£0.8 mm. In 3 (38%) patients, continued
growth of the tumor was registered. No deaths due to
metastases were registered. The authors conclude that
patients with continued tumor growth have a high risk
of relapse when the number of RFs is more than one.
Loss of visual acuity directly related to TTT treatment
was observed in 25% of the patients [7].

In a prospective non-randomized study, M. M. Cho-
jniak et al. [8] evaluated the results of treatment of 27
patients with an average tumor thickness of 2.7 mm and
a base diameter of 8.52 mm. After 3 sessions of treat-
ment with a follow-up period of 45 months, the average
thickness of the tumor decreased to 1.34 mm (p<0.001),
and the diameter of the base of the tumor, to 5.48 mm
(p<0.001). Complications were observed in 12 (44%) pa-
tients and included retinal vascular occlusion, optic disc
atrophy, vitreous hemorrhage, regmatogenic retinal de-
tachment, and maculopathy. The rate of optic disc atro-
phy after treatment was high, being observed in 60% of
patients. Visual acuity remained unchanged in 9 (33%)
patients, improved in 5 (19%) and decreased during the
first 6 months after treatment in 13 (48%). Marginal re-
currence of the tumor was detected in 2 (7%) patients.
The eyes were preserved in all patients. In 1 case, the
development of metastases was observed. The authors
conclude that TTT is an effective treatment for small-
sized CM. Reduced visual acuity occurred in the early
stages after treatment and was mainly associated with
the treatment of subfoveal and perifoveal tumors. Ac-
cording to the authors, it is necessary to conduct long-
term randomized studies in order to achieve a better
insight into the effectiveness of the treatment method.

B. M. Stoffelns et al. evaluated 10-year TTT results in
26 patients with small-sized CMs. The tumors were locat-
ed behind the equator and had a base diameter of <12
mm and a thickness of <4.5 mm. The patients had an
average of 1.4 treatment sessions. Ten years after treat-
ment, tumor regression was achieved in 16 patients, ini-
tial regression with subsequent tumor recurrence in 6,
and insufficient tumor regression in 4. Two patients died
due to metastatic liver damage. The authors conclude
that MCs treated with TTT require careful monitoring,
as local relapses and complications later develop in the
treatment area. Complications were observed in 14 pa-
tients, including maculopathy in 8 cases, macular edema
in 6, choroidal neovascularization in 4, and posterior syn-
echiae with iris atrophy in 1 case [9].

In the study of A. A. Yarovoy et al. (“MNTK “Eye Mi-
crosurgery™, Russia), 78 CM patients with a tumor thick-
ness of up to 3.6 mm were treated; the follow-up period
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ranged from 2.5 to 108 months. The criteria for evaluat-
ing the treatment were the status localis, the number of
enucleations, tumor relapses, complications, and visual
acuity. In 51 patients, the tumor regressed completely,
and in 20 patients, partially. The absence of results from
treatment was registered in 7 cases: 2 of them were fol-
lowed with ophthalmectomy, and 5 with brachytherapy
with %Ru. Tumor recurrence was detected in 10 patients
within 7 to 54 months after the end of the treatment. It
should be noted that in 8 patients the tumor regression
was partial. Additional TTT was used to successfully treat
6 patients with relapsed disease, and 4 were adminis-
tered brachytherapy. No metastases were registered.
The authors concluded that the main prognostic adverse
factors of TTT are the thickness of the tumor of more
than 3 mm, basal diameter of more than 10.2 mm, non-
pigmented tumor, maximum systolic blood flow rate of
more than 11.7 cm/s, the presence of subretinal fluid and
incomplete regression after treatment. The TTT method
is an experimental method for treating CM. Patient prep-
aration for TTT has to be based on careful selection of pa-
tients with due consideration of prognostic factors and
functional perspectives [10].

Data from a retrospective review by K. Giindiiz et al.
[11] on the use of TTT in 20 patients with CM and 4 with
choroidal nevi, showed that patients with vascular nevi
were found to have risk factors for the development of
melanoma, or secondary neovascularization of the vas-
cular membrane was observed. The average initial initial
diameter of the tumor was 6.6 mm, and its thickness was
3 mm.The average number of TTT sessions was 2.5 (from
1 to 6), and the average resorption of the tumor thick-
ness was 1.2 mm. In 9% of patients, a relapse developed
after 12 months, in 27%, 5 years after the treatment.
Due to neovascular glaucoma, the eye was enucleated
in 2 (8.3%) patients, and one (4.1%) patient underwent
exenteration due to extraocular spread of the tumor. A
positive result was achieved in 21 (87.5%) patients. In one
(4.1%) patient with relapse and extracranial spread of the
tumor, liver metastasis was detected. The authors believe
that TTT can be used in the treatment of small-sized CMs,
but the high incidence of complications and relapses
requires careful monitoring of patients even upon the
achievement of a flat chorioretinal scar.

J.M. Caminal et al. [12] presented the treatment re-
sults of 13 patients with CM (average height 2.02+0.54
mm, diameter 7.60£1.98 mm). In 11 (84.6%) patients with
an average follow-up period of 42.46+26.29 months, the
foveal subretinal fluid was completely absent. The aver-
age number of TTT sessions was 1.38+0.77. 69.3% of the
patients had their visual acuity preserved or improved af-
ter treatment. Continued growth of the tumor was regis-
tered in 5 patients, regardless of the presence of subreti-
nal fluid. In those cases, brachytherapy was performed.
The authors concluded that TTT in most cases can be ef-

fective in achieving good visual acuity in the presence of
foveal subretinal fluid with small CMs.

The data of academician A. F. Brovkina et al., obtained
by analyzing the results of treatment of 30 patients with
CM, show that the effectiveness of the technique is con-
firmed only in tumors with thickness less than 2 mm [13].
With a larger tumor thickness, TTT can only be used in
combination with brachytherapy. The risk factors that im-
pair the effectiveness of TTT were identified: tumors with
a thickness of more than 2 mm, amelanotic or slightly
pigmented, as well as having subretinal exudate. The
development of complications and their nature depend
on the basic size of the CM, the number of sessions, and
previous treatment (local destruction of the tumor). A
comparison of the data available in the scientific litera-
ture and the experience of the authors allows us to deter-
mine clear indications for TTT in the treatment of choroi-
dal melanoma and identify factors that contribute to the
prevention of possible complications.

In the study by V. M. Stoffelns et al. [14], TTT was ad-
ministered to 26 patients with MH with a tumor promi-
nence of up to 3 mm. During the follow-up period of 20
weeks, complete tumor resorption was achieved in 89%
of patients. In CM, the probability of complete resorption
of the tumor while preserving the eye declines with the
increasing prominence of the tumor. In small CM tumors
with a posterior location, tumor resorption was achieved
much faster after TTT treatment compared to brachy-
therapy.

Although the penetration capacity of TTT according
to literature data reaches 4 mm, the best effect from TTT
is obtained in the treatment of tumors with prominence
of up to 2-3 mm and a base diameter of less than 10 mm,
well pigmented, with no subretinal fluid and low blood
flow rate. The prognosis for maintaining residual visual
acuity after TTT (especially when the number of sessions
increases) is debatable and depends on the localization
of the tumor process; it is often impossible to maintain
visual acuity and visual field. Complications that develop
after TTT are associated with the area of thermal expo-
sure, the proximity to the macular zone and the optic
disc.

Materials and methods

The study included 84 patients with choroidal mela-
noma (ICD-10: C69.3) who received treatment in the pe-
riod from 2007 to 2018. A sample of patients was taken
from the database of the Belarusian Cancer Registry.

In 75 (89.3%) of the patients, a melanoma of the vas-
culature of the eye was the only tumor. Synchronous
colon cancer was registered in 1 (1.2%) patient. 8 (9.5%)
patients were diagnosed with metachronous cancer, in-
cluding one case of basal cell skin cancer, ductal breast
carcinoma, pancreatic cancer, prostate cancer, lung can-
cer, skin melanoma, and 2 cases of kidney cancer. The
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sample included 29 (34.5%) men, and 55 (65.5%) women,
the minimum age being 20 years, and the maximum 84,
with the average age of patients being 59+13 years. The
average value of the tumor thickness was 2.6+1.3 mm,
and that of the base diameter was 7.2+3.3 mm. The aver-
age systolic blood flow rate was 7.7+3.4 cm/s. The level
of blood flow in the tumor was assessed by a Doppler
ultrasound scan.

TTT was performed with a diode laser with the
wavelength of 860 nm, the radiation power from 200
to 800 mW, the exposure of 60 seconds, and the diam-
eter of the laser spot from 1 to 3 mm. The entire sur-
face of the tumor was subjected to thermal exposure,
the exposure fields were placed with overlapping,
from the periphery to the top of the tumor. 75 patients
had one, and 9 had two sessions of TTT with an inter-
val of 3 or 4 weeks.

The immediate result of treatment was evaluated ac-
cording to the WHO recommendation for solid tumors.
Complete resorption of the tumor was characterized by
the formation of a full-fledged focus of atrophy in the
area of the former location of the tumor, but a possible
dispersion or a slight accumulation of pigment were al-
lowed. The criteria for the stabilization of the neoplastic
process were a decreased size of the tumor or, in severe
pigmentation, no size changes and the absence of blood
circulation. The absence of effect from the treatment was
understood as no changes on the part of the tumor or an
increase in its size with the preservation or reinforcement
of the blood flow in it. The positive result of treatment
was understood as complete resorption or stabilization
of the tumor process.

In the dynamic monitoring of patients with tumor
process stabilization, a continued growth of the tumor in
the eye membranes was understood as a condition when,
against the background of stabilization, an increase in
the size and appearance of the vascular network in the
tumor were registered. A relapse was understood as a
condition when the growth of the tumor was registered
against the background of an atrophic chorioretinal fo-
cus (complete regression). The progression of the disease
was understood as the emergence of distant metastases
in other organs.

To calculate the survival rate, we used the adjusted
cumulative 5-year survival rate with the actuarial meth-
od.

Results and discussion

In 79 of 84 patients (94.0%), the immediate effect of
treatment was assessed as stabilization or complete re-
sorption of the tumor. Complete resorption of the tumor
was registered in 51 (60.7%) patients, and stabilization
of the tumor process in 28 (33.3%) patients. 5 (6.0%) pa-
tients were observed to have no effect from the treat-
ment. Of 28 patients with tumor process stabilization

Naumenko L.V.
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achieved, continued growth was recorded in 16 (19.1%),
with follow-up periods of 3 months to 4 years.

Of the 51 patients with complete tumor regression,
19 (37.3%) had a relapse in the observation period, one
to eight years of follow-up after TTT. In all cases, TTT or
brachytherapy was performed to preserve the eye. In 3
patients, after the relapse treatment with brachytherapy,
the tumor process progressed. Enucleation due to con-
tinued growth, relapse, and complications of TTT was
performed in 12 (14.3%) patients. 5 (5.9%) patients de-
veloped distant metastases, including one case during
the first 12 months and one in 4 years, and 3 cases during
the follow-up period of more than 5 years. Complications
registered in connection with TTT included post-radia-
tion opticoretinopathy in 6 (7.1%) patients, local retinal
hemorrhage in 3 (3.6%) patients, and partial hemoph-
thalmia in 1 (1.2%) patient with diabetic retinopathy.

For a more accurate assessment of the treatment out-
comes with due consideration for the size of the tumor,
patients were divided into five subgroups.

Table 1 shows the height and diameter of the tumor
base before treatment.

Tables 2 and 3 provide summary data on immediate
and long-term TTT results in patients with CM, depend-
ing on the size of the tumor.

In the first subgroup, 8 (57.2%) patients had com-
plete tumor resorption, 6 (42.8%) had stabilization, and
2 (14.3%) had relapse. In a patient with juxtapapillary
localization of the tumor, relapse was detected in the
fourth year of follow-up after registering the effect of
TTT. In connection with a relapse, 2 additional courses
of TTT were conducted. The eyeball was removed after
9 months due to the development of secondary pain-
ful glaucoma against the background of a complete
resorption of the tumor. In the second patient, a local
relapse was detected in the fifth year of the follow-up
after the registration of atrophy; the eye was removed,
and a year later liver metastasis was registered. A con-
tinued growth against the background of stabilization
of the tumor process was recorded in a female patient
four years after the registration of the effect of treat-
ment. Brachytherapy was performed, the process was
stabilized, but a year later, a distant metastasis process
was diagnosed.

In the second subgroup of patients, 9 (52.9%) cases
showed complete tumor resorption, and stabilization in
8 (47.1%) patients. A relapse was diagnosed in 2 (17.7%)
patients, one of them had two relapses registered one af-
ter another: 3 years and then 4 years after the treatment.
In the second case, the relapse developed a year later.
Both patients were administered brachytherapy as ad-
ditional organ-preserving treatment. Continued growth
against the background of stabilization was observed in
1 (5.9%) patient, ophthalmectomy was performed, but a
year later metastatic disease was detected.
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Ta6nuual

XapakTepucTuKa BbiCOTbl U AMAMeETpPa OCHOBAHUSA MenaHOMbl xopuouaeun (M £ m)

Table 1

Characterization of the height and diameter of the base of the choroidal melanoma (M + m)

Mokasarenm

LunameTp ocHoBaHUA, MM

+ +
Base diameter, mm 24£1,2 5,0+0,5
BbicoTa, MM
Height, mm 1,5£1,0 2,1+0,9
Ta6nuua 2

Moarpynnbi

3 4 5
7,0+0,6 8,8+0,5 11,5+1,5
2,7%+1,2 2,5+1,3 3,8+1,1

HenocpeacTBeHHble pe3yabTaThl Tpchnan\/\ﬂpHoﬁ TepmoTtepanuu B 3aBUCUMOCTU OT pa3mMepoB MenaHOMbl XOPUOUAEU

(abc. u./%)
Table 2

Immediate results of transpupillary thermotherapy depending on the size of the choroidal melanoma (No. patients / %)

d¢PeKT neueHnn

MonHas pesopbuua
Complete resorption
Crabunusauus
Stabilization

OtcyTtcTBrE addeKTa
No effect

Ta6nuua 3

3 4 5
(n=21)

15/71,4 9/69,2 10/52,6
6/28,6 3/23,1 5/26,3
- 1/7,7 4/211

OTAaI\eHHbIe e3yAbTaTbl TPAHCMYNMUAAAPHON TepMoTepanum B 3aBUCUMOCTHU OT pa3MepoB MeAaHOMbI X0 nouvaen abc. u./%
pe3y. paHcny p pmotep pasvep p

Table 3

Long-term results of transpupillary thermotherapy depending on the size of the choroidal melanoma (No. patients / %)

OtpaneHHble pesynbtatbl TTT
1

3 4 )

(n=14) (n=17) (n=21) (WE) (n=19)
Peunauns 2/14,3 2/17,7 7/33,3 3/23,1 5/26,3
Reccurence

ﬂpogonmeHHblm poct 1/7,1 1/5,9 2/9,5 2/15,4 4/21,1
Continued growth

3HyKnea!.u/|ﬂ 2/14,3 1/5,9 3/14,3 1/7,7 5/26,3
Enucleation

MporpeccuposaHue 2/143 1/5,9 2/9,5 1/7,7 —

Progression

In the third subgroup, complete resorption of the
tumor was observed in 15 (71.4%), and stabilization in 6
(28.6%) patients. Relapse occurred in 7 (33.3%) patients
in follow-up periods of one year (2 cases), 2 years (3 cas-
es), 3 years (1 case), and 4 years (1 case). Enucleation was
performed on 3 patients, including, in one case, due to
the relapse and painful glaucoma in the fourth year of

the follow-up, and on 2 patients due to the relapse in
the follow-up periods of 4 and 5 years. Brachytherapy
was performed in 4 patients in connection with local re-
lapse. Metastases in the liver and bones were detected in
2 patients with recurrent CM in a year and in 5 years. In
2 observations, during the year, continued growth was
recorded against the background of stabilization. Pa-
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tients were successfully treated with brachytherapy and
2 courses of TTT.

Complete resorption of the tumor in the fourth sub-
group was registered in 9 (69.2%) patients, stabilization
in 3 (23.1%); in one case (7.7%), the effect of treatment
was absent. Relapse occurred in 3 patients in the second,
fourth and seventh years of follow-up. Continued growth
was recorded in 2 cases. All patients were administered
TTT and brachytherapy. Enucleation was performed in
one case under the observation due to the lack of effect
from treatment. A patient with continued growth was di-
agnosed with metastatic liver damage 4 years after the
treatment.

In the fifth subgroup, tumor resorption was recorded
in 10 (52.6%), stabilization in 5 (26.3%), and no effect
from treatment in 4 (21.1%) patients. Relapse was reg-
istered in 5 patients: in one, it occurred in 2 years after
the registration of complete resorption of the tumor, in 3,
in 5 years, and in one case, 8 years after the registration
of complete resorption of the tumor. Five enucleations
were performed in the periods from 2 months to 2 years,
two of them due to the continued tumor growth, and
three due to the lack of effect from treatment. No cases
of metastatic disease were registered in this subgroup.

The survival rate of patients with a single eye tumor
(n=75) was analyzed, without including patients with
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multiple primary diseases. One-year overall survival was
100%, 5-year and 10-year survival was 95.4+2.1% and
79.8+6.9%, respectively.

Conclusion

As aresult of TTT, 51 (60.7%) patients were registered
to have complete resorption of the tumor, 28 (33.3%)
had the tumor process stabilized, and 5 (6.0%) had no ef-
fect from the treatment. Of 28 patients with tumor pro-
cess stabilization, continued growth was recorded in 16
(19.1%) cases with follow-up periods of 3 months to 4
years. Of the 51 patients with complete tumor regression,
19 (37.3%) had arelapse in the observation period, one to
eight years of follow-up after TTT. 5 (5.9%) patients devel-
oped distant metastases, including one case during the
first 12 months and one in 4 years after the completion
of TTT, and 3 cases during the follow-up period of more
than 5 years. The analysis of the TTT effectiveness in rela-
tion to the size of the focus of choroid melanoma showed
that the method’s direct efficiency is reduced in propor-
tion to the increase in the thickness and diameter of the
base of the tumor, and the probability of tumor growth
after TTT administration increases. One-year overall sur-
vival in patients who had only one tumor, that of the eye,
was 100%, 5-year and 10-year survival was 95.4+2.1%
and 79.8+6.9%, respectively.

J'II/ITEPATVPA

OkeaHoB A.E., Moucees IN.W., JleuH J1.®. n coast. CTaTCTUKa OH-
Konoruyeckux 3abonesaHuii B Pecriybnuke benapycb (2008-2018):
Benopycckun kaHuep-peructp/nop peg. O.I. CykoHKo.— MuHCK:
Pecny6nmKaHCKMIN HayYHO-MPAKTUYECKNI LeHTP OHKOOMN 1 Me-
AnumHckon paguonorum um. H.H. AnekcangpoBa, 2018.- 286 c.

2. HaymeHko J1.B., »Kunsesa E.[1. Anroputmbl AUArHOCTKK 1 neyve-
HUA 3/10Ka4YeCTBEHHbIX HOBOOOPA30BaHUIA: KIIMHMYECKUIA NPOTO-
kon/nog pep. O.T. CykoHko, C. A. KpacHoro.— MuHck: Mpodeccno-
HalnbHble n3aaHuns, u. 63, 2019.- C. 493-509.

3. Shields C.L., Shields J.A., PerezN. et al. Primary transpupillary
thermotherapy for choroidal melanoma in 256 consecutive cases.
Outcomes and limitations//Ophthalmology.- 2002.- Vol. 109
(2).- P.225-234.

4. Houston S.K., Wykoff C.C., Berrocal A.M. et al. Lasers for the treat-
ment of intraocular tumors//Lasers Med Sci.— 2013.- Vol. 28 (3).-
P.1025-1034.

5. Rishi P, Koundanya V.V., Shields C.L. Using risk factors for detec-
tion and prognostication of uveal melanoma//Indian J Oph-
thalmol.- 2015.- Vol. 63 (2).- P. 110-116. doi:10.4103/0301-
4738.154373

6. Mashayekhi A., Shields C.L., RishiP. et al. Primary transpupillary
thermotherapy for choroidal melanoma in 391 cases: importance
of risk factors in tumor control//Ophthalmology.- 2015. -Vol. 122
(3).— P.600-609.

7. Turcotte S., Bergeron D., Rousseau A.P. et al. Primary transpupil-
lary thermotherapy for choroidalindeterminatemelanocyticle-
sions//CanJOphthalmol.-2014.-Vol.49 (5).- P. 464-467.

8. Chojniak M. M., Chojniak R., Nishimoto I.N. et al. Primary trans-
pupillary thermotherapy for small choroidal melanoma//Graefes
Arch Clin Exp Ophthalmol.- 2011. -Vol. 249 (12).- P. 1859-1865.

34

BIOMEDICAL PHOTONICS T.9,Ne2/2020



Naumenko L.V.
Transpupillary thermotherapy of choroidal melanoma

10.

11.

12.

13.

14.

BIOMEDICAL PHOTONICS T.9,N22/2020

choroidal. Graefes Arch Clin Exp Ophthalmol, 2011, vol. 249 (12),
pp. 1859-1865.

Stoffelns B.M., Schoepfer K., Vetter J., Mirshahi A., Elflein H. Long-
term follow-up 10 years after transpupillary thermotherapy (TTT)
for small, posterior located malignant melanomas of the choroid.
Klin Monbl Augenheilkd, 2011, vol. 228 (4), pp. 277-283.

Yarovoy A.A., Magaramov D.A., Bulgakova E.S. Which choroidal
melanoma should be treated with primary transpupillary thermo-
therapy? Our experience from 78 patients. Eur J Ophthalmol, 2010,
vol. 20 (1), pp. 186-193.

Gundiuz K., Karslioglu M.Z., Kose K. Primary transpupillary ther-
motherapy of choroidal melanocytic lesions. Middle East Afr J
Ophthalmol, 2011, vol. 18 (2), pp. 183-188.

Caminal J.M., Mejia-Castillo K. A., Arias L., Catala J., Rubio M., Gar-
cia P, Pujol O., Arruga J. Subthreshold transpupillary thermother-
apy in management of foveal subretinal fluid in small pigmented
choroidal lesions. Retina, 2013, vol. 33 (1), pp. 194-199.

Brovkina A.F., Borisova Z.L. Optimization of indications for
transpupillary thermotherapy in choroidal melanomas. Vestnik
Oftal’'mologii, 2010, vol. 126 (4), pp. 48-52. (in Russian)

Stoffelns B.M., Schoepfer K., JochemT., Faldum A. Tumor regres-
sion in malignant choroidal melanomas after transpupillary ther-
motherapy (TTT) versus ruthenium brachytherapy and sandwich
therapy - acomparativeanalysis. Klin Monbl Augenheilkd, 2010,
vol. 227 (4), pp. 262-268. (in German)

10.

11.

12.

13.

14.

Stoffelns B.M., Schoepfer K., Vetter J. et al. Long-term follow-up
10 years after transpupillary thermotherapy (TTT) for small, pos-
terior located malignant melanomas of the choroid//Klin Monbl
Augenheilkd.-2011.-Vol. 228 (4).- P. 277-283.

Yarovoy A.A., Magaramov D.A., Bulgakova E.S. Which choroidal
melanoma should be treated with primary transpupillary ther-
motherapy? Ourexperience from 78 patients//Eur J Ophthalmol.—
2010.- Vol. 20 (1).- P. 186-193.

Ginduz K., Karslioglu M.Z., Kése K. Primary transpupillary ther-
motherapy of choroidal melanocytic lesions//Middle East Afr J
Ophthalmol.- 2011.-Vol. 18 (2).- P. 183-188.

Caminal J.M., Mejia-Castillo K. A., Arias L. et al. Subthreshold trans-
pupillary thermotherapy in management of foveal subretinal
fluid in small pigmented choroidal lesions//Retina.- 2013.- Vol.
33(1).- P.194-199.

bposkuHa A. O, Bopucosa 3.J1. Ontumusauuma nokasate-
neil TPaHCNYNWANAPHON TepMoTepanui MenlaHOMbl XOpuou-
newn//BectHnk Odtanbmonormm.— 2010.— T. 126, N2 4.— C. 48-52
(in Russian).

Stoffelns B.M., Schoepfer K., JochemT., et al. Tumor regression in
malignant choroidal melanomas after transpupillary thermother-
apy (TTT) versus ruthenium brachytherapy and sandwich thera-
py - a comparative analysis//Klin Monbl Augenheilkd.- 2010.-
Vol. 227 (4).- P. 262-268.

ORIGINAL ARTICLES

35



—
Z
L
>
L
Q)
<
Z
<
=
Ll
o
<
O
L
=
<
L
L
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Statistics on the work of gastroenterologists in the Russian Federation in 2013-2017

STATISTICS ON THE WORK OF GASTROENTEROLOGISTS IN
THE RUSSIAN FEDERATION IN 2013-2017

Guryanova N.E., Sachek O.l., lvanova M.A.
Central Research Institute of Organization and Informatization of Health Care, Ministry of
Health of Russia, Moscow, Russia

Abstract

In recent decades, increasing importance in modern diagnostic algorithms is given to techniques that use optical systems, including those
with the ability to examine organs in various spectral ranges and in fluorescence modes. The rapid development of modern technologies
and theirimplementation in the field of healthcare requires constant improvement of the organization of medical care to the population. En-
doscopic services in Russia began to emerge in the 70s of the 20th century. In the early stages, it was represented by independent diagnostic
rooms based on large medical clinics and research centers. Over the past decades, endoscopic methods of diagnosis and treatment have
moved far forward. For the successful use of endoscopic technologies in clinical practice, qualified medical personnel are needed, including
oncologists, gastroenterologists, and other specialists proficient in endoscopic techniques. The human potential of endoscopy was initially
formed by part-timers, most often from surgeons and therapists. In this regard, it is necessary to analyze the activities of specialist doctors
who provide medical care in outpatient conditions. The aim of the study was to analyze the activities of gastroenterologists providing outpa-
tient medical care at the federal level and in the pilot regions of the Russian Federation. The multidirectionality of trends regarding the level
of burden on gastroenterologists in the subjects of the Russian Federation is established. In all federal districts, a decrease in the number of
visits per gastroenterologist and a decrease in the part-time coefficient was observed.

Keywords: endoscopic methods of treatment and diagnostics, gastroenterologists, photodynamic therapy (PDT), subjects of Russian Federa-
tion.

For citations: Guryanova N.E., Sachek O.I., Ivanova M.A. Statistics on the work of gastroenterologists in the Russian Federation in 2013-2017, Bio-
medical Photonics, 2020, vol. 9, no 2, pp. 36—44. (in Russian) doi: 10.24931/2413-9432-2020-9-2-36-44.
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CTATUCTUHECKUE NOKASATEJIN PABOTHI
BPAHYEN-TACTPOSHTEPOJIOIOB B PP B 2013-2017 rr.

H.E. TypesHosa, O.UN. Cauek, M.A. UsaHoBa
DIBY «LleHTpanbHbI HAOYYHO-UCCNEAOBATENLCKUIA MHCTUTYT OPraHU3ALMM U MHPOPMATU3ALMM
snpasooxpaHeHmsy Munsgpasa Poccun, Mocksa, Poccums

Pe3lome

B nocnegHne gecATuneTna Bce 60nbmee 3HA4YeHne B COBpeMeHHbIX ANarHoCTUYeCKnx anropvmvnax OoTBOAUNTCA MeToANKaM, I/ICI'IOJ1b3yIOLL|,I/IM
onTnyeckme CUCTtembl, B TOM Hncsie C BO3SMOKHOCTbIO OCMOTPa OpPraHOB B Pa3/inyHbIX CMEKTPaJbHbIX Anana3oHax N BO (])J'lyOpeCLl,eHTHbIX pe-
XKNMaX. CTpeMI/ITeanoe Pa3BuTmnE COBpPEMEHHDbIX TEXHONMOMNN U NX BHeJpeHne B NpakTnyeckoe 3paBooxXpaHeHne Tpe6yIOT MOCTOAHHOTIO CO-
BEPLUEHCTBOBAHUNA OpraHu3aLmmn MeguLMHCKOM MOMOLLY HaceneHno. SHAOCKoNMYeckas cny»6a B Poccum Hayana 3apoxgatbes B 70-e rofbl
XX ctonetua. Ha nepsbiX 3Tanax CTaHOBIEHNA cny>K6a 6blna npeacrtaB/ieHa Pa3pPO3HEHHbIMU ANArHOCTUYECKNMA KabvHeTamu Ha 6ase Kpyn-
HbIX MeANLUUNHCKUX KNNHUK U Haquo-MccnenosaTeanKmx L[eHTpOB. 3a nocnegHne oecATUNIeTnA sHOoCcKonmyeckne Mmetoabl ANarHOCTUKN U
neyeHusa LIJaFHyﬂI/I Aanexko Bnepe,q. ,U,ﬂﬂ yCI'IELIJHOFO MnCcnonb30BaHMA SHOOCKOMUYECKUX TeXHOﬂ0F|/Il7I B KHMHVILIGCKOVI I'IpaKTI/IKe HEO6XOF|VIMI>I
KBaHVI(I)VILlVIpOBaHHbIe MegnLNHCKE Kagpbl, B TOM Ynce Bpavun-OHKOJOrN, raCcTpoO3HTEpPOsIory, apyrme cneynanncTbl, Bnagewwme sHA40CKO-
NMYECKMMN MeToAVKamm. KafipoBbIl MOTEHLMaN SHAOCKOMNMN N3HavYarbHO GOPMUPOBANCA U3 YMC/Ia COBMECTUTEEN, YaLle U3 BPaven-xupyp-
roB 1 TepaneBToB. B 3Tol cBA31 HEOOXOAVM aHaNN3 AeATeNIbHOCTM Bpayeli—CneLManncToB, OKasbiBaloLWmX MegULMHCKYIO0 MOMOLLb B ambyna-
TOPHbIX yC/1OBUAX. Llenb}o nccnenoBaHMA ABUICA aHann3 AeATeIbHOCTU BpaueVl-raCTpoaHTeponoroa, OKasblBaloLWmnX megnuNHCKY0 MOMOLLb
ambynaTopHo, Ha ¢pefiepanbHOM YPOBHE 1 B MUNOTHBIX pernoHax Poccuiickon Oefiepauni. YcTaHOBNEHa pa3HOHANPaBIeHHOCTb TEHAEHLMIA
OTHOCUTENIbHO YPOBHSA Harpy3Ky Ha racTpPO3HTEPOJIOroB B CybbeKTax CTpaHbl, BOWEAWMX B NcCnefoBaHve. Bo Bcex deaepanbHbIx OKpyrax
OTMEYEHO YMeHbLUEeHNE Yncia I'IOC(-.‘LI.leHVII7I no 3abonesaHuto Ha 1 Bpaqe6Hyro OOJIKHOCTb N CHUXeHne KOB(])(I)VILI,VIeHTa COBMeCTUTENbCTBA.

KnioueBble cnioBa: SHOOCKOMMYECKME METOAbl NleUeHNs Y JUArHOCTUKM, Bpauu-racTposHTeponory, potoguHammyeckan tepanus (OAT),
cy6bekTbl Poccuiickon Oegepauym.
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Introduction

In recent decades, more and more importance in
modern diagnostic algorithms is given to methods that
use optical systems, including those which allow for ex-
amining organs in various spectral ranges and in fluores-
cent modes. Modern endoscopic technologies for diag-
nosis and treatment brought dramatic changes to the
fight against gastrointestinal (GI) diseases [1-3].

Endoscopy has significantly enhanced its capacity
recently due to the development and improvement of
medical equipment and the appearance of innovative
methods. The use of minimally invasive technologies al-
lows for thorough endoscopic diagnostics of early gas-
trointestinal cancers [4]. One of the methods of treat-
ment of Gl diseases, including esophagus diseases, is
photodynamic therapy (PDT) [5]. PDT has been approved
for use in the United States since December 1998. The
widespread use of PDT is due to its ability to have a thera-
peutic effect on large surfaces of the mucous membrane
without the need for their full visualization. The thera-
peutic impact can be provided through a fiber that con-
ducts light perpendicularly to the axis of the endoscope,
which makes this technology ideal for use in gastroen-
terology [6, 71. Diseases of the digestive system, among
which the predominant part is liver disease [8], are one of
the causes of mortality among the working-age popula-
tion [9]. Due to the high incidence of digestive system
diseases and related mortality, the analysis of the activi-
ties of gastroenterologists is highly relevant.

The issues of personnel security and the activities of
medical specialists, as well as the organization of medi-
cal care for patients, are very important both for practical
health care and for scientific research [10-15].

The purpose of the study was to analyze the activities
of gastroenterologists providing medical care in outpa-
tient settings.

Materials and methods

The method of descriptive statistics presents the re-
sults of calculating extensive and intensive indicators
that characterize the activities of gastroenterologists. A
comparative analysis of the dynamics of indicators for
the period from 2013 to 2017 in the constituent enti-
ties of the Russian Federation was based on the Federal
Statistical Reporting form No. 30 “Information about the
medical organization”.

Results and discussion

The results of the analysis of gastroenterologists’
activity showed a predictable decrease in the dual job
holding coefficient from 1.32 in 2013 to 1.2 in 2017, the
Annual Growth Rate (AGR) being equal to - 9.1% (Fig. 1).

Due to the fact that the provision of medical orga-
nizations with gastroenterologists increased during the
study period, it is natural to expect the workload per
specialist doctor to have decreased. In the Russian Fed-
eration as a whole, the number of visits to gastroenter-
ologists during the analyzed period decreased by 19.5%
per 1 position (from 4750,9 to 3823,0). The workload in-
dicators for gastroenterologists practicing in outpatient
settings are observed to decrease every year. The maxi-
mum decrease in the annual growth indicators occurred
in 2014. (AGR =-10.9%) (Fig. 2).

However, during the analyzed period, the share of
visits in connection with diseases increased slightly from
94.3% in 2013 to 94.8 in 2017 (AGR = +0.6%). Neverthe-
less, it should be noted that the entire period of the study
is characterized by fairly high values of the indicators.
On average, the percentage of visits n connection with
diseases was 94.4%. The minimum value of 93.6% was
recorded in 2015, and the maximum value, 95.1%, was
in 2016. As shown in Fig. 3, during the analyzed period,
the percentage of gastroenterologist appointments in
connection with diseases in the Russian Federation as a
whole decreased every year until 2015. An unprecedent-
ed increase in the number of visits to specialist doctors in
2016 (95.1%) was followed by a decline to 94.8% in 2017.

We conducted an analysis of the dual job holding in-
dicator for gastroenterologists, which revealed that in all
Federal Districts (FOs) the AGR values are negative. The
leading position is held by the North Caucasus Federal
District (-20.2%), and the second by the Southern Fed-
eral District (-16.5%). In the Far Eastern Federal District,
slight fluctuations in the indicator were observed, with
similar values at the endpoints over the entire period of
the study (Fig. 4).

A comparative analysis of the dual job holding coef-
ficient for gastroenterologists providing medical care in
outpatient settings was conducted for the pilot entities
of the Russian Federation in respect of the period from
2013 to 2017.The results of the study allowed us to iden-
tify 5 regions with the highest and lowest values of the
dual job holding indicator (Table 1).
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Fig. 2. Dynamics of the number of visits of outpatients per gastroenterologist in the Russian Federation
and the rate of annual growth of indicators in 2013-2017

It should be noted that in 2017, in such pilot entities
as the Republic of Tatarstan, the Udmurt Republic and
the Moscow Region, along with high dual job holding
coefficients (1.92, 1.48 and 1.45, respectively), maximum
AGRs were also observed (23.1%, 15.6%, and 10.7%). The
minimum value of this indicator in 2017 was found in the
Tomsk Region (0.93). At the same time, the Sverdlovsk Re-
gion was found to have the largest negative value of the
indicator (-21.6%).

By 2017, a decrease in the number of visits per 1 gas-
troenterologist position was observed in most Federal

Districts. A positive annual growth of the indicator (2.7%)
was registered only in the far Eastern Federal district. The
leading position in the number of visits to a gastroenter-
ologistin 2013 was held by the Southern and Central Fed-
eral Districts, where the values of the indicator exceeded
the national level by 15.1 and 13.8% (5466.9 and 5405.8
against 4750.9, respectively). By 2017, the Southern Fed-
eral district continued its lead, with the value exceeding
the all-Russian average indicator by 13.0%. At the same
time, the Central Federal district had the highest nega-
tive AGR of the indicator (-32.1%) and was one of the
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Fig. 4. Dynamics of the coefficient of gastroenterologists part-timing in the Federal districts of the Russian
Federation and the rate of annual growth of indicators in 2013-2017

Federal Districts with the lowest number of visits per 1
gastroenterologist position (Fig. 5).

Table 2 shows the subjects of the Russian Federation
with the minimum and maximum values of the number
of visits to gastroenterologists. The distribution of pilot
entities by the lowest and highest values of the number
of visits is based on 2017 data.

The study showed that individual entities where the
indicators initially exceeded the average national level
or were close to it, subsequently had a sharp decrease in
the number of visits to gastroenterologists working on

BIOMEDICAL PHOTONICS T.9,N22/2020

an outpatient basis. This was reflected in the AGR: the lva-
novo Region: 7367.3 in 2013 and 3581.5 in 2017, AGR =
-51.4%; the Irkutsk Region: 6959.2 in 2013 and 3991.9 in
2017, AGR = -42.6%; Moscow: 6095.2 in 2013 and 3089.6
in 2017, AGR = - 49.3%. In contrast, the highest growth
rates were in the Republic of Tatarstan (39.7%) and the
Khabarovsk Territory (19.2%).

In 4 Federal District (Northwestern, Volga, North Cau-
casian, Far Eastern), a decrease in the specific weight of
visits in connection with diseases was found (within the
range from -0.6% to -1.7%). Despite that, the percent-
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Ta6nuual

AvHamuKa KoapdULMeHTa COBMECTUTEALCTBA BPauyen-racTpO3IHTEPOAOrOB, OKa3blBalOLLUX MEAULIMHCKYO NOMOLLb B amby-
AaTOPHbIX YCAOBUSAX, 3@ nepuos 2013-2017 rr. (AaHHble MUAOTHOIO UCCAEAOBaHUA)

Table 1

Dynamics of the part-timing coefficient of gastroenterologists providing medical care in outpatient conditions in 2013-
2017 (pilot study)

Cy6beKkTbl PO 20T1ri’ar/12(°)/1 7
2017 D

MuvHMManbHble 3HaYeHnsA
Minimum value

Tomckas obnactb

Tomsk Oblast 1,11 1,21 1,13 0,93 0,93 -16,2
r. Mocksa 1,18 1,12 1,06 1,0 1,02 -13,6
Moscow

ﬂepMCKI/I.VI Kpan 1,23 1,09 1,23 11 1,06 -13,8
Perm Krai

HoBocunbrpckas obnactb

Novosibirsk Oblast 119 113 162/ L 107 -lod
CeppnioBckaa obnactb 139 1,29 115 1,06 1,09 216

Sverdlovsk Oblast

MakcumanbHble 3HaueHunA
Maximum value

MockoBckas o6nactb

Moscow Oblast 1,31 138 1,35 1,35 1,45 10,7
YamypTtckas Pecnybnuka
U'Ec"inzgrt Republicy 1,28 1,39 1.8 1,48 1,48 15,6
AcTpaxaHckas obnactb
Astrgkhan Oblast 1,47 1,44 15 1,61 15 2,0
MpkyTckas obnacTb
Irkutsk Oblast 2 1,97 1,64 1,46 1,68 -16,0
Pecny6nuka TatapcTaH
Repu{)Iic OfTatarFs)tan 1,56 1,75 1,57 1,46 1,92 23,1
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Puc. 5. InHamuKa uncna nocelleHui Ha 1 JOMKHOCTb Bpaya-racTpo3HTeposiora B am6Gy1aTOPHbIX YCIOBUSIX U TEMMbI NOrO-
[OBOro npupocta B deaepanbHbix okpyrax Poccuitickon Pepgepaumu 3a nepuopg 2013-2017 rr.

Fig. 5. Dynamics of the number of visits of outpatients per gastroenterologist in the Federal districts of the Russian Federa-
tion and the rate of annual growth in 2013-2017
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Ta6nauua 2

AMHaMKKa yncAa NoceLLEHUM Bpauen-racTpoaHTEPOAOroB, OKa3biBatoWMX MEAULMHCKYIO MOMOLLL B aMByAaTOPHbIX YCAO-
BUSX, 3a nepuop 2013-2017 rr., abc. u. (AaHHbIE MUAOTHOTO UCCAEAOBaHUSA)

Table 2

Dynamics of the number of visits of gastroenterologists providing medical care in outpatient conditions in 2013-2017 (pi-
lot study), number of patients

2017/2013
Cy6mbeKkTbl PO 2017 Tnn, %

MuHMManbHble 3HaYeHNs
Minimum value

YamypTckasa Pecnybnvika

HEALTHCARE MANAGEMENT

Udmart Republic 32854 3150,6 3568,4 2446,1 2762,4 -15,9

R e R 4779,1 3630,4 3400,8 3118,1 29438 -38,4

Krasnoyarsk Krai

,F\'AM“KB"" 6095,2 5015,6 4020,9 3191,4 3089,6 49,3
oscow

HoBoc/GNpCrarlonnacTe 3004 2828,6 3068,4 4052,5 32225 7.3

Novosibirsk Oblast

Mepmcknit kpai 43717 3656,4 4061,3 3595,5 3309,3 243

Perm Krai

MakcumarnbHble 3HaueHunA
Maximum value

XabapoBcKuin Kpaii

e K] 3998,1 42222 4690,8 4526 4764,2 19,2
AUTE LIS [REL 63164 53481 5561,7 5318 4783,8 243
Altai Krai
AcTpaxaHckas obnactb
ottt 6798,3 6130,8 5410 5603,9 5404,7 -20,5
SRR O 3 4860,6 3698,6 4843,1 44185 5429,6 11,7
Stavropol Krai
Pecny6nuka Tatapcran 43128 5457,2 4675,6 4463,5 6024,3 39,7
Republic Of Tatarstan
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panbHbIX oKpyrax Poccuiickon degepaumm 3a nepuog 2013-2017 rr.

Fig. 6. Dynamics of the share of visits regarding diseases in the Federal districts of the Russian Federation and the rate of
annual growth in 2013-2017
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Ta6nuua 3

AWHaMuKa AOAM NoceLLeHUI no 3aboreBaHUIO Bpauer-racTpoaHteponroros B 2013-2017 rr., % (AaHHblE MUAOTHOIO UCCAE-

AOBaHUA)
Table 3

Dynamics of the share of visits to gastroenterologists regarding diseases in 2013-2017 (pilot study), %

Cy6beKkTbl PO 201T7rllf101 3
2014 2017

MuHManbHble 3HaYeHns
Minimum value

AnTanckumn Kpam

fyfib 64,7 73,9 70,4 76,7 58,1 -6,5
XabapoBcKuii Kpar
P, 94,5 84,6 87,9 80,3 82,3 -12,2
Pecnybnuka TatapcTtaH
Republic Of Tatarstan 3.3 853 891 204 89,9 -4
Tomckas obnactb
R 94,8 86,4 86,3 98,3 90,7 -4,1
Craspononbckui kpai 92,6 939 92,7 933 91,2 -14
Stavropol Krai

MakcumanbHbie 3Ha4YeHuns

Maximum value

r. Mocksa 98,4 98,6 99,4 99,8 99,9 1,6
Moscow
SRR PR 99,9 99,8 99,3 99,9 100,0 0,1
Udmurt Republic
Mepmckii kpaii 99,8 99,4 98,6 99,9 100,0 0,1
Perm Krai
HoBocrburpckan obnactb
A 92,6 98,9 100,0 100,0 100,0 74
Mockockas obnacte 94,0 95,5 81,9 100,0 100,0 6,0

Moscow Oblast

age of visits to gastroenterologists in connection with
diseases in these districts remained high (90.7 to 95.1%).
The highest rates were registered in the Central (97.5%),
Southern (96.9%), and Ural (96.9%) Federal Districts. In
the Southern Federal District, the largest increase in the
proportion of visits in connection with diseases was reg-
istered: from 90.4% in 2013 t0 96.9% in 2017 (AGR=6.5%).
The lowest indicator during the study period was ob-
served in the Siberian Federal district: 84.9% in 2013 and
86.0% in 2017 (Fig. 6).

The analysis of the data provided in the federal sta-
tistical observation forms showed that during the study
period, there was an increase in the share of gastroen-
terologist attendance in connection with diseases. The
Astrakhan region had the most significant growth of
15.4%. A decrease in the medical appointments was ob-
served in the 9 pilot subjects, especially significant in the
Khabarovsk Territory (-12.2%).

In 2017, in 4 pilot subjects, the share of gastroenterol-
ogist attendance in connection with diseases was 100%.
During the 5-year observation period in the Ivanovo re-

gion, the Udmurt Republic, the Perm Region and Mos-
cow, this indicator exceeded 99.0%.

The distribution of entities by maximum and mini-
mum indicators as of 2017 is shown in table 3.

Conclusion

The results of a study of gastroenterologists’ activities
for the period 2013-2017 revealed a natural decrease in
the workload per doctor. During the analyzed period, in
the Russian Federation as a whole, the number of visits to
gastroenterologists per 1 position decreased by 19.5%.
The dual job holding coefficients tend to decrease in
all FOs of the country, especially in the North Caucasian
(-20.2%) and Southern (-16.5%) FOs. At the same time,
the share of visits to gastroenterologists in connection
with diseases increased insignificantly: from 94.3% in
2013 t0 94.8in 2017 (AGR = 0.6%).

The number of visits per 1 medical position tends to
decrease, with the exception of the Far Eastern Federal
District. At the same time, the share of visits to gastro-
enterologists in connection with diseases in the North-
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Western, Volga, North Caucasus, and Far Eastern Federal
districts remains at a high level (from 90.7% to 95.1%).
The highest rates were registered in the Central (97.5%),
Southern (96.9%), and Ural (96.9%) Federal Districts.
Among the country’s regions, the highest growth rates
were registered in the Republic of Tatarstan (39.7%) and
in the Khabarovsk territory (19.2%).
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THERAPEUTIC PATHOMORPHOSIS IN MALIGNANT GLIOMA
TISSUES AFTER PHOTODYNAMIC THERAPY
WITH CHLORIN eé (REPORTS OF TWO CLINICAL CASES)

Rynda A.Yu., Rostovtsev D.M., Olyushin V.E., Zabrodskaya Yu.M.
Russian Neurosurgical Institute named after Professor A.L. Polenov — a branch of «The National
Medical Research Center named after V.A. Almazov», Saint-Petersburg, Russia

Abstract

In recent years, photodynamic therapy (PDT) has been increasingly introduced into the surgical practice of treating malignant neoplasms. In
this publication, the authors show the appearance of therapeutic pathomorphosis in vivo in human malignant glioma cells after intraoperative
photodynamic therapy. Tissue samples obtained 10-14 days after PDT revealed nuclear and cytoplasmic signs indicating apoptosis, necrosis, and
autophagy. A decrease in the proliferative activity of glial tumor cells and their higher death count were detected.. Immunohistochemical analysis
shows decreases expression of Ki-67 cell proliferation marker and decreased amount of transcription factor protein p53.

Keywords: photodynamic therapy, malignant gliomas, chlorin e6, therapeutic pathomorphosis, brain.
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JIEHEBHbI NATOMOP®DO3 B TKAHAX
3JIOKAYECTBEHHOM TMIMOMBbI _

NMOCJIE POTOANHAMMYECKOU TEPATNNUUA
C XNIOPUHOM eé (COOBLLEHUE O OBYX
KJIMHHUYECKUX CITYHAAX)

A.1O. Puinpa, O.M. Poctosues, B.E. Ontowmn, KO.M. 3abpoackas

Poccuitckuit HeMpoxmpypruyeckui MHCTUTYT umenn npocdeccopa AJl. MNoneHosa — dunman
DIBY «HaumoHanbHbI MEAMLMHCKMI MCCNIefoBATENLCKMM LeHTP uMeHn B.A. Anmasosay,
Cankr-letepbypr, Poccus

Pesiome
OoTtopnHammyeckas Tepanusa (OAT) B nocneaHve roabl Bce 6oniee BHEAPAETCA B XMPYPrmyeckyto NpakTuKy eYeHUA 3710Ka4yeCTBEHHbIX HOBO-
06pa3oBaHuii. B gaHHOI Ny6MKaLmMmy aBTopamMm NoKasaHo nosiBfieHre neyebHoro natoMmopdo3a in vivo B KNeTKax 3/10KauyecTBEHHOW FoMbI
yenoBeka nocne nHTpaonepaumoHHon OAT. B o6pa3suax TKaHel, nonyyeHHbIx Yepe3 10-14 gHeli nocne OAT, BbiABNEHbI AAEPHBIE U LNATO-
nnasmaTnyeckre NpmnsHaky, yKasbiBaloLye Ha anonTos, Hekpo3 v ayTodaruto. O6HapyKeHO CHVKeHMe NponndepaTMBHON aKTVBHOCTY M-
anbHbIX OMYXOJIEBbIX KJIETOK, yBeNIMUYEHVE Yncsia ciydaeB ux rubenu. Mo gaHHbIM MMYHOTMCTOXUMUN OTMEUYEHO YMEHbLUEHVE SKCpeccumn
MapKepa KneTouHon nponudepauun Ki-67 1 cHKeHne conepkaHns 6eka TpaHCKpUMNLMOHHOro dpaktopa p53.

KnioueBbie cnoBa: oToarHammyeckas Tepanius, 310KaueCcTBeHHbIe MIMOMbI, XJIOPVH €6, IeUebHbIi TaToMoph03, FONTIOBHOMN MO3T.
[Ana yntnposauHus: PoiHaa A.lO., PoctoBues .M., OntowuH B.E., 3a6poackas F0.M. Jleue6Hblii naToMopdo3 B TKaHAX 310KaY€CTBEHHOW MINO-
Mbl Nocie pOTOANHAMUYECKON Tepani C XJIOPUHOM e6 (CoobLLeHMe 0 ABYX KNMHUYeCKMX ciyyasx)// Biomedical Photonics.—2020.-T.9,N22 —

C.45-54.doi: 10.24931/2413-9432-2020-9-2-45-54.
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Introduction

Currently, photodynamic therapy (PDT) is actively
used to treat tumors of various locations. Its use in the
treatment of brain tumors was first suggested by I. Dia-
mond in 1972 [1], and as early as in 1980, C. Perria de-
scribed the results of treatment of malignant gliomas
(MG) with PDT [2]. Later, scientists performed a signifi-
cant number of small-scale clinical studies to assess the
safety and effectiveness of this technique in glioma ther-
apy (3, 4].

The PDT mechanism is aimed at the destruction of
tumor cells and vessels that have accumulated the intro-
duced photosensitizer (FS) and are located in the bed of
the resected tumor, which is done with laser irradiation
at a certain wavelength. Upon being administered in
blood, a PS product is accumulated in the metabolically
active tumor tissue.

The effect on the tumor tissue induces a number of
intracellular and tissue mechanisms, as a result of which
the cell dies through apoptosis, necrosis, or autophagy.
The response to photodynamic effects depends on the
type of tumor cell, its genetic or metabolic potential, as
well as on the total amount of energy delivered by irra-
diation, the types of PS used, and their intracellular lo-
calization. The initial site affected by PDT can determine
which pathway of cell death is activated. It is assumed
that the autophagy process is triggered when cells dam-
aged due to PDT try to retain damaged proteins and then
remove them from the cell. The mechanism of apoptosis
is triggered in the case of sufficiently severe damage in
the cell that cannot be repaired. The use of PDT at maxi-
mum radiation doses leads to necrosis, since proteins
involved in autophagy and apoptosis can be quickly de-
stroyed, and cell integrity can be lost. In addition, the clo-
sure of tumor-feeding vessels can lead to local depletion
of nutrients and oxygen and cause secondary necrosis
associated with PDT [5-7].

A number of authors suggest that the method of cell
death observed in PDT depends on the location of the
greatest accumulation of PS inside the cell. With PS is
localized in mitochondria, PDT will result in the loss of
membrane permeability and the release of proapoptotic
mediators, while the damage to the endoplasmic reticu-
lum releases cellular calcium deposits. Damage to the
lysosomes in which PS has accumulated leads to activa-
tion of proteolytic enzymes during laser radiation. Lyso-
somes can also merge with autophagosomes, leading to
activation of hydrolysis of damaged organelles and their
recirculation by autophagy. When PS is localized in more
than one organelle, several pathways can participate in
cell death simultaneously [7].

Additional mechanisms of the innate immune system
trigger antiblastomic immunity in areas that are outside
the PDT exposure zone. In some cases, PDT stimulates
the immune system through several mechanisms, for

with chlorin e6 (reports of two clinical cases)

example, by damaging cells through a combination of
cytostatic mechanisms [7] and endogenous intracellular
molecules known as Damage Associated Molecular Pat-
terns (DAMPs) [8]. DAMPs that increase the immune sys-
tem’s sensitivity to tumor cells include Calreticulin, phos-
phatidylserine, adenosine triphosphate, peroxyredoxin
1, HMGB1, BCL-2, and annexin A1 [5, 9].

Among the many cytokines that can be activated
by PDT, special attention is given to interleukin-1 (IL-1)
and interleukin 6 (IL-6), serving as chemoattractants for
various forms of immunocytes, including neutrophils,
phagocytes, and lymphocytes [10]. Neutrophil penetra-
tion into cells that accumulated PS and were irradiat-
ed occurs within a few minutes after the PDT session,
which increases the level of IL-1 and IL-6 in addition to
the appearance of E-selectin in the cells of the perifocal
tumoral inflammation zone. Some authors describe the
significance of neutrophils in mediating PDT-induced
cytotoxicity. In addition, activation of granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) leads to an
increase in the number of neutrophils in tissues, poten-
tiating the effectiveness of PDT. Cecic I. et al. showed
the importance of the presence of anaphylatoxin C3a
together with PDT-induced neutrophilic leukocytosis
[11]. An inhibition of substances occurs in the cellular
microenvironment, namely, of vasoendothelial growth
factor, cyclooxygenase type 2, metalloproteinases of
type 2 and type 9, Survivin apoptosis inhibitor, heat
shock protein HSP-90, etc. In addition, PDT-induced
release of other heat shock family proteins, such as
HSP-47, 60, and 90, leads to increased sensitivity of the
antigen-presenting complex to tumor cells [8]. The inhi-
bition stops pathological angiogenesis and tumor cell
proliferation. HSP70 binds to antigen-presenting cells
(APCs) and facilitates antigen presentation, leading to
dendritic cell maturation and activation of CD8 and cy-
tostatic T-lymphocytes [12].

A PS fixed on the cell and exposed to laser radiation
also activates non-immune mechanisms of antiblastoma
resistance, such as carcinolytic cells (phagocytes, natural
killers, cytotoxic T-lymphocytes), tumor necrosis factor-
alpha, allogeneic inhibition factor and destruction of xe-
nogenous cells (contact inhibition factors that inhibit the
taxis and proliferation of tumor cells), alpha-lipoproteins
of the surrounding tissue.

The outcome of these reactions is hypoxia, inflamma-
tion, and oxidative stress, leading to apoptotic and asep-
tic tumor necrosis. Secondary decrease in the synthesis
of macroergic compounds in secondary tumor tissue hy-
poxia caused by the reduction of cytochrome C3, a lower
ATP/ADP, and a reduction of NADN and NAD*, causing a
sharp decline in the respiratory capacity of mitochondria
[13].

Activation of the lysosomal enzymes of the tumor cell
causes intracellular catabolism of proteins and lipids, re-
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sulting in the accumulation of underoxidized metabolic
products, such as beta-oxybutyric acid and acetoacetic
acid. There is a decrease in the activity of antioxidant
systems of the glial tumor cell mainly due to the level
of activity of superoxide dismutase and glutathione
peroxidase, which triggers the activation of free radical
oxidation and leads to the destruction of the cytoplasmic
membranes of the tumor cell, mitochondria, lysosomes,
as well as endoplasmic reticulum membranes, and the
disruption of the cell’s transport systems.

Activation of intracellular processes triggers a cas-
pase cascade of complement activation with the for-
mation of apoptosomal intracellular bodies. Caspases,
through a series of biochemical reactions, activate the
p53 protein, which suppresses the growth of tumor cells
in the G1 phase. The point of application of PDT is also
the endothelium of blood vessels and the system of mac-
rophage cells, after irradiation of which the production
of inflammatory mediators and cytokines (lymphokines,
thromboxanes, prostoglandins, etc.) occurs, creating the
vascular component for tumor stroma destruction [14].

Itis extremely difficult to assess therapeutic pathomor-
phosis in vivo after PDT performed 7-14 days after surgery
in patients with malignant glial tumors due to the intracra-
nial location of the neoplasm. For its assessment, repeated
surgical intervention is required in order to collect biopsy
material, which is only possible subject to clinical indica-
tions. At the moment, there is almost no information in the
literature concerning these data. The available scientific
publications and reports are mainly based on the results of
study of histological material obtained on models of glial
tumors in animals, or on the analysis of glial tumor tissues
in vitro, without blood flow and the microenvironment,
with impaired biochemical and biophysical characteristics
of the tissue, 6-72 hours after surgery [6, 15-20]. As a result,
the data obtained are far from the changes that occur in
real practice conditions.

The above-described results of studies conducted on
various experimental models of glial neoplasms demon-
strate that changes in tumor cells caused by PDT show
signs of their death along the pathway of apoptosis, and
less often by necrosis and autophagy [15-23]. There is
evidence of the possibility of activation of PS in tumor
cells located at a distance from the main focus or lying in
the perifocal zone, since the penetration of radiated light
into the brain tissue and tumors is limited by their physi-
cal and chemical properties. However, this is sufficient
for a significant volumetric effect on the tissue achieved
with the use of various diffusers to irradiate the entire
cavity [4, 24-27].

Materials and methods

97 patients with supratentorial glial tumors were
treated at Polenov Russian Neurosurgical Institute from
2004 to 2016.

According to the WHO classification, Grade IV was
diagnosed in 49 (50.5%) patients, Grade Il in 30 (31%),
and Grade Ilin 18 (18.5%). Among patients with a Grade
IV tumor, 48 had a morphological diagnosis of glioblas-
toma, and one of gliosarcoma. In the group of patients
with Grade Il tumors, anaplastic astrocytomas pre-
vailed, while oligoastrocytomas and oligodendroglio-
mas were less common. The most common astrocytic
tumors of Grade Il were fibrillar-protoplasmic astrocy-
tomas.

The patients underwent a complex treatment that
included surgical removal of the tumor, intraoperative
fluorescence diagnostics and PDT with Photoditazin, a
second-generation chlorin e6 preparation (OOO VETA-
GRAND, Russia, registration certificate No. JIC 001246
dated 18.05.2012) [24, 25].

The degree of the totality of tumor removal was as-
sessed with brain MRI (CT) data in the first 72 hours after
surgery. In the vast majority of patients, a total (52 pa-
tients, 53.63%) or subtotal (33 patients, 34.0%) tumor re-
moval was achieved. In 12 (12.37%) patients, the tumor
was removed partially.

The choice and prescription of further adjuvant ra-
diation or chemotherapy depended on the histological
structure of the tumor.

An analysis of the effectiveness of PDT based on the
results of morphological examination of biopsies ob-
tained intraoperatively in 2 (4.1%) patients with Grade IV
glial brain tumors of supratentorial localization was per-
formed.

The methods of intraoperative photodynamic therapy

During the patient’s stay on the operating table, af-
ter introductory anesthesia and 1.5 - 2 hours before the
intended removal of the tumor, Photoditazine, a drug
with chloride e6 as the active substance, diluted in 200
ml of saline solution in the dose of 1 mg per 1 kilo of
body mass, was administered intravenously. The vial with
the diluted agent was enclosed in a light-proof material.
Photoditazine selectively accumulated in glioma tissue,
while its concentration in normal brain tissue remained
minimal, which allowed for determination of the tumor
sites by the characteristic red fluorescence of chlorines
(Fig. 1).

To perform fluorescence diagnostics in blue light, a
fluorescent extension (LOMO, Saint Petersburg, Russia)
was connected to the surgical microscope (LEICA OHS-
1, Leica Microsystems, Germany). The fluorescent pattern
with a high color contrast allowed to differentiate the tu-
mor tissue that had accumulated Photoditazine from the
intact tissue. At the same time, unaffected normal brain
matter was also visible. The tissue with red fluorescence
was gradually removed with due account for the func-
tional and anatomical and physiological features of the
tumor localization.

After removal, the neoplasms achieved thorough he-
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Puc. 1. dnyopecueHuusa potogutasuHa B rnmo6nactome
Fig. 1. Fluorescence of Fotoditazin in glioblastoma

with chlorin e6 (reports of two clinical cases)

Puc. 2. BHewHui BUA onepaunMoHHOro noJjsi Npyu NnpoBeaeHuu
ceaHca MHTpaonepauuoHHoW GpoToAUHAMUYECKON Tepanuu
Fig. 2. A session of photodynamic therapy

mostasis in the perifocal zone. Then the distal end of a
fiber instrument connected to a laser radiation source
(Latus 2.5, Atkus, Russia) with a wavelength of 662 nm
and a maximum power of 2.5 W was entered to reach the
bed of the removed tumor, and laser irradiation was per-
formed (Fig. 2). The duration of irradiation did not exceed
15-20 minutes. To prevent the risk of thermal damage to
tissues during irradiation, the tumor bed was continu-
ously irrigated with saline solution. The light dose was on
average 180 J/cm?. In the following 24 hours, the patient
wore dark glasses to avoid direct sunlight on the retina to
prevent its photodamage due to the presence of residual
Photoditazine on it.

In all patients, the diagnosis was confirmed by his-
tological examination of the surgical material in ac-
cordance with the WHO classification of CNS tumors.
The material was fixed in 10% formalin, dehydrated
in the standard way, and covered with paraffin. Sec-
tions with a thickness of 3-5 microns were made
(Leica SM 2000R microtome, Leica Microsystems,
Germany), stained with hematoxylin and eosin, and,
if necessary, other types of staining were performed:
van Gieson pycrofuxin, silver impregnation. A Leica
4000B laboratory microscope (Leica Microsystems,
Germany) and a Leica DM 2500 laboratory micro-
scope (Leica Microsystems, Germany) equipped with
a digital camera and an adapted Adobe Photoshop
CS 3 program were used for visualization and micro-
photography. The expression of p53 and Ki-67 (MIB-1)
markers was determined by the immunohistochemi-
cal method.

Results

Two patients underwent repeated operations for the
developed complications.

In the first observation, patient K., a 58-year-old
male with glioblastoma of the right frontal lobe, was
re-operated 10 days after PDT surgery in connection
with the formation of an acute epidural hematoma in
the area of surgery due to an injury sustained when he
felt severe dizziness and fell down. In the postopera-
tive period, the neurological status of the patient did
not change.

During the first operation, photoditazine was admin-
istered intravenously at a dose of 1 mg per kilo of body
mass 1.5 hours before the tumor was removed, to induce
photodynamic effects. The PDT session was performed
with a 1 cm long diffuser in continuous mode, an optical
fiber diameter of 200 microns, an output optical power of
0.5 W, and an energy density of 180 J/cm?2. The duration
of irradiation was 15 minutes.

In another observation, patient M., a 45-year-old male
with glioblastoma of the left frontal lobe, was re-operat-
ed for osteomyelitis of the bone flap 2 weeks after PDT
surgery. In the postoperative period, the patient’s neuro-
logical status did not deteriorate.

To induce photodynamic effects during the first oper-
ation, Photoditazine was also administered intravenously
at a dose of 1 mg per kilo of body mass 1.5 hours before
the tumor removal. The duration of irradiation was 15
min. The irradiation was performed with a 1 cm long
cone-shaped diffuser with a ball at the end, in continu-
ous mode, with an optical fiber diameter of 200 microns,
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and an output optical power of 0.5 W. The energy density
was 180 J/cm?.

In both cases, biopsies were taken from the bed of the
removed tumor at the PDT site. The PDT-induced medi-
cal pathomorphosis was subject to pathomorphological
and immunohistological evaluation. The tissue samples
obtained after PDT were found to have nuclear and cy-
toplasmic signs indicating apoptosis, necrosis, and au-
tophagy. Chromatin marginality along the intact nuclear
membrane, chromatin condensation, swollen mitochon-
dria with fragmentation of mitochondrial ridges, an in-
crease in the number of cytoplasmic vacuoles, and mem-
brane erosions were observed (Fig. 3, 4). In glial tumor
biopsies, homogenization, loss of cell boundaries, the
formation of ghost cells with pycnotic nuclei, perinuclear
vacuolization and cytoplasm shrinkage, and pronounced
vacuolar degeneration were observed. Individual cells in
tumor nodules, mainly located at the borders, showed
morphological changes characteristic of apoptosis: chro-
matin condensation, karyopyknozis, eosinophilic cyto-
plasm and increased nuclear-cytoplasmic ratio.

In the first case, against the background of PDT, pro-
nounced fields of gliosis and necrosis, intracellular signs
of chromatin condensation, cell fragmentation, apop-
totic corpuscles, and the presence of phagosomes were
observed. There were signs of typical dystrophic and al-
terative changes against the background of pronounced
vascular disorders: stasis, sharp hyperemia, sludge phe-
nomenon, microthrombosis, plasmarrhage and hemor-
rhage, and inflammatory infiltration.

In the second case, there was a marked increase in
the number of cytoplasmic vacuoles, membrane erosion,
fragmentation of mitochondrial ridges, karyopycnosis,
the signs of autophagy, and the presence of “monster
cells” The blood vessels were slit-shaped with partially
formed thin walls and deformed lumen.

The foci of necrosis were surrounded by connective
tissue (substitutive gliosis). The formation of lymphoplas-
mocytic infiltrates, as well as lymphocytic perivascular
couplings, and the appearance of giant multinucleated
and xanthomous cells, was observed around tumor cells
groups. It should be particularly noted that the alterative
changes in the tumor tissues had a gradient character,
with the severity gradually decreasing from the center to
the periphery.

The presence of therapeutic pathomorphosis after
PDT was also observed in the immunohistochemical
study of drugs, which revealed a decrease in the expres-
sion of Ki-67 cell proliferation marker from 31 to 7%
in the first case and from 29 to 6% in the second case.
There was a decrease in the protein content of tran-
scription factor p53 after PDT from “+++“ to” +“ in both
patients (Fig. 5, 6).

The catamnesis in the first patient after complex treat-
ment with intraoperative PDT and subsequent radiation

therapy (total boost dose: 95 Gy) and chemotherapy with
Temozolomide (6 courses) was 19 months. In the second
patient, after complex treatment with intraoperative PDT
and subsequent radiation therapy (total boost dose = 60
Gy) and chemotherapy with Temozolomide (4 courses),
the catamnesis was 17.5 months.

Discussion

High risks of continued tumor growth and low median
survival in MG are the main reasons that adversely affect
the outcome of treatment. Despite the high probability of
tumor recurrence, many literature sources report that the
delaying time to relapse and the median life expectancy
of patients with MG depends on the degree of radicality
of the surgical intervention. This pattern also remains true
with repeated surgical interventions. However, it should
be taken into account that glial tumors are characterized
by invasive growth with the spread of tumor cells across
perivascular spaces at a significant distance from the main
tumor focus. The nature of glioma growth and the limited
possibility of resection in functionally significant areas of
the brain do not allow for the total removal of the tumor
[3, 4, 24-26). Therefore, the search for the latest treatment
methods that achieve the maximum possible removal
of tumor cells in the perifocal zone of the tumor and at a
distance from the main focus remains an urgent problem.
One of these methods is intraoperative PDT. The safety and
effectiveness of this technique in the treatment of onco-
logical diseases of different localities have been shown by
a number of authors. In recent years, publications on the
results of PDT use in patients with MG have become more
frequent. However, reseach on the effectiveness of PDT in
patients with MG based on the results of morphological
studies is extremely rare. Those are mainly experimental
models of cell strains and biopsy materials in animals with
implanted human gliomas subjected to PDT.

The response of tumor tissues to intraoperative PDT
is a complex of induced alterative/destructive changes in
the glioma. Its assessment is of particular importance for
determining the effectiveness of PDT, which occupies a
crucial place in the treatment of MG.

In our study, the evaluation of the effectiveness of PDT
was based not only on catamnesis data but also on the
study of therapeutic pathomorphosis in the histological
examination of tumor preparations before and after PDT.

It was found that the tissue and cellular targets of pho-
toditazine PS are the vascular wall, plasma membrane of
neoplastic tissue, and intracellular structures and mech-
anisms responsible for proliferation and biosynthesis
processes. The intracellular arrangement of FS in various
organoids (mitochondria, lysosomes, endoplasmic retic-
ulum, cytoplasmic membrane, etc.) played an important
role in the cell death mechanism. After PDT, the prolifera-
tive activity of tumor cells decreased. According to the
immunohistochemical study, there was a decrease in the
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Puc. 3. Mukpodotorpacdus npenaparta rnmo6iactombl naymeHTa K.:
a — fo nposeaeHns GoToaUHAMUYECKOW Tepanuu;
b - neye6HbIn natomopdo3 yepes 10 gHel nocne npoBeaeHUs GoToagMHammyecKkon Tepanmu. OKpacka reMaToKCUIUHOM-
303MHOM. YB. X200.
Fig. 3. Micrograph of glioblastoma of patient K. (magnification x200, hematoxylin-eosin staining):
a — before photodynamic therapy;
b - therapeutic pathomorphosis 10 days after photodynamic therapy

Puc. 4. MukpodoTtorpadua npenapata rmo6aactombl naymeHta M.:

a — ao nposeaeHus GoTogUHAMUYECKOW Tepanuu;

b — neye6HbIt naToMopdo3 yepes 14 gHen nocne poToguHaMmuyeckom Tepanmm. OKpacka reMaToOKCUIMHOM-303UHOM. YB. x200.
Fig. 4. Micrograph of glioblastoma of patient M. (Magnification x200, stained with hematoxylin-eosin):

a — before photodynamic therapy;

b - therapeutic pathomorphosis 14 days after photodynamic therapy
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Puc. 5. UmmyHoructoxumus. kcnpeccus Ki-67 B npenapate rmuo6aactombl nauneHta M.:
a — ao nposeaeHns GoToAUHAMUYECKOW Tepanuu;
b - neye6HbIt naToMopdo3 Yepes 14 gHei nocne poToagMHamuyeckor Tepanuu. YB. x400
Fig. 5. Immunohistochemistry. Expression of Ki-67 in glioblastoma of patient M. (magnification x400):
a - before photodynamic therapy;
b — therapeutic pathomorphosis 14 days after photodynamic therapy

Puc. 6. UMmyHoructoxummsa. Akcnpeccus p53 B npenaparte rnmo6nactombl nayueHta M.:
a — Ao nposeaeHna GpoToaMHAMUYECKOW Tepanuu;
b — neye6HbIi naTomopdo3 yepes 14 gHew nocne poToguHamMmmyeckomn Tepanuu. YB. x400.
Fig. 6. Immunohistochemistry. Expression of p53 in glioblastoma of patient M. (magnification x400):
a — before photodynamic therapy;
b - therapeutic pathomorphosis 14 days after photodynamic therapy
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expression of the cell proliferation marker Ki-67 and the
level of p53 transcription factor protein. Thus, a decrease
in Ki-67 and p53 expression after PDT can be considered
as a favorable predictor of therapy effectiveness.

The data obtained as a result of our study indicate
morphological changes in glial tumor cells after PDT.
However, the small scale of our clinical study does not al-
low us to draw unambiguous and reliable conclusions, so
a further study of the issue is required.

Conclusion

The results of our work can testify to the effectiveness
of PDT in the structure of complex treatment of patients
with MG, as evidenced by the results of the application of
the technique by many authors [3, 4, 7, 24-29].

The revealed morphological changes in glioblastoma
tissues after PDT should be regarded as a manifestation
of therapeutic pathomorphosis.
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In the near future, PDT will definitely become the
standard of treatment for patients with MG on a par with
such methods as radiation and chemotherapy. Moreover,
PDT has no systemic side effects on healthy tissues, such
as those that occur after chemotherapy and radiation
therapy, and belongs to the methods based on superse-
lective action on tumor cells.

PDT is a promising and safe method that makes it
possible to intraoperatively affect disseminated tumor
cells lying in the perifocal zone and cause structural
changes in those cells (therapeutic pathomorphosis),
which determines the best long-term results of MG pa-
tients treatment. This technique should be used as part
of comprehensive treatment in the surgery of glial brain
tumors of supratentorial localization of varying degrees
of malignancy. However, further clinical data is necessary
to study the effectiveness and usefulness of PDT in MG
patients.
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