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INFLUENCE OF PHOTODYNAMIC THERAPY
ON THE LEVEL OF MATRIX METALLOPROTEINASES
IN SQUAMOUS CELL SKIN CANCER

Maslyakov V.V.!, Grebnev D.Yu.?, Tsymbal A A3, Kim L.M.*

'Federal State Budgetary Educational Institution of Higher Education «Mari State University»,
Yoshkar-Ola, Russia

Federal State Budgetary Educational Institution of Higher Education «Ural State Medical
University», Yekaterinburg, Russia

3First Moscow State Medical University named after .M. Sechenov, Moscow, Russia

*Private institution educational organization of higher education «Medical University «Reaviz»»,
Saratov, Russia

Abstract

The effect of photodynamic therapy (PDT) on the level of matrix metalloproteinases in squamous cell skin cancer (SCSC) was studied. The study
involved 202 people, including 185 patients with SCSC, who were on outpatient and inpatient treatment in medical institutions of Engels and
Saratov during the period from 2015 to 2019, and 17 donors. The study design included studies in three main groups. The first (intervention) group
included 74 (36.6%) patients with SCSC who underwent combined treatment, including PDT at the first stage and surgical treatment at the second
stage. The second group consisted of 111 (55.0%) patients with SCSC who underwent only surgical treatment. The third group consisted of 17
(8.4%) relatively healthy volunteer donors, comparable in age and sex with the patients of the main group. As a result of the study, it was found that
the level of metalloproteinase-1 inhibitor (TIMP-1) in the blood serum of patients with SCSC was reduced compared with physiologically normal
indicators, which led to a statistically significant increase in matrix metalloproteinases (MMPs) MMPs-2, MMPs-7 and MMPs-9. Performing only
surgical treatment for this pathology does not lead to a complete recovery of these indicators. However, the use of combined treatment including
PDT showed a statistically significant increase in the amount of TIMP-1 before the start of surgical treatment, which naturally led to a decrease in
MMPs-2, MMPs-7 and MMPs-9. Later, after excision of the tumor, the patients of this group had a complete normalization of TIMP-1, which, in turn,
contributed to a decrease and then restoration of the number of MMPs-2, MMPs-7 and MMPs-9 to physiologically normal values.

Keywords: Squamous cell skin cancer, photodynamic therapy, metalloproteinases.

For citations: Maslyakov V.V., Grebnev D.Yu., Tsymbal A.A., Kim L.M. Influence of photodynamic therapy on the level of matrix metalloproteinases
in squamous cell skin cancer, Biomedical Photonics, 2022, vol. 11, no. 1, pp. 4-12. doi: 10.24931/2413-9432-2022-11-1-4-12.

Contacts: Maslyakov V.V., e-mail: maslyakov@inbox.ru

BIIMAHUE ®OTOOMHAMUYECKOM TEPAMUU
HA YPOBEHb MATPMKCHbIX METANNIOMPOTEMHAS3
MPU MNITOCKOKNETOYHOM PAKE KOXM

B.B. Macnskos', [1.1O. lpebrer?, A.A. Upimban®, J1.M. Kum*

'DIBOY BO «Mapuiickuit rocyaapcTeerHbIi yHuBepcuteT», Mowkap-Ona, Poccus
2PIbQOY BO «Ypanbckmit rocynapCTBEHHbIN MEAULMHCKMI YHMBEPCUTETY, EkaTepunbypr,
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SPrAQY BO lMepsbiit MockoBCkmit roCyaQpCTBEHHbIA MEAULMHCKMIA YHUBEPCUTET MMEHM
N.M. Ceuenosa, Mocksa, Poccua

*HactHoe yupexaeHne 0bpa3oBaTENbHAS OPraHM3ALMS BbICLLETO 0BPA30BAHMS
«MeauupHckmit yHmsepcuteT «Peasusy», Capatos, Poccus

Pesiome

M3yueHo BnnAHune dotopnHammnyeckon Tepanuu (OAT) Ha ypoBeHb MATPUKCHBIX METaloNpoTerHa3 Npy NIOCKOKIETOYHOM paKe KoXu
(NMKPK). B nccnegosanum yyactsoBanu 202 yenoBeka, 13 HUx 185 naymeHTtoB ¢ MKPK, HaxoguBLIMXCA Ha ambynaTopHOM U CTaLMOHAPHOM
neyeHUn B nevebHbIX yupexaeHuax r. JHrenbca v r. Capatosa B nepuog ¢ 2015 no 2019 rr., 1 17 goHopoB. [in3aiH UcciefoBaHNA BKNOYan
B cebA nccnepoBaHuA B Tpex rpynnax. B nepsyto (0CHOBHyt0) rpynmny nauyueHToB Bowsn 74 (36,6%) 60nbHbix MKPK, koTopbim 6bin0 npose-
[EHO KOMOVMHUPOBAHHOE NleyeHure, BKitoyalolwee Ha nepsom 3tane OAT, Ha BTOpOM — Xupypruyeckoe neyeHue. Bropyto rpynny coctaBunm

BIOMEDICAL PHOTONICS T.11, Ne1/2022
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111 (55,0%) 60nbHbIx MKPK, KOTOpbIM 6b110 BbIMOMHEHO TOIBKO XMPYpPruyeckoe ieyeHve. TpeTba rpynna coctosna us 17 (8,4%) oTHocuTenb-
HO 3[0POBbIX JOHOPOB-AO6POBOIbLIEB, CONOCTABMMbIX MO BO3PACTY M MOJy C MaluMeHTaMn OCHOBHOW rpymnnbl. B pe3ynbtate npoBefeHHO-
ro nccnefoBaHnA 6bi10 YCTaHOBJIEHO, YTO YPOBEHb MHIMOUTOPa MeTanonpoTtenHasbl-1 (TIMP-1) B cbiBopoTKe KpoBe y nauneHToB ¢ MKPK
MOHW>KEH MO CPaBHEHNIO C GU3MONOTMYECK/ HOPMaJIbHBIMY MOKa3aTenAMU, YTO MPUBOAWIO K CTaTUCTUYECKN JOCTOBEPHOMY MOBbILIEHVIIO
nokasarenein MaTpuyHbix meTannonpotenHas (MMPs): MMPs-2, MMPs-7 n MMPs-9. BoinonHeHme TonbKo Xxupypruyeckoro nevexus npu MNKPK
He MPUBOAUT K MOTHOMY BOCCTaHOBJIEHUIO aHHbIX NMoka3aTtenei. OfHaKo NpMMeHeHne KOMOMHMPOBAHHOIO fleueHus, BKovatowero OT,
MO3BOMMIIO Y>Ke 10 Hauana XMpypruyeckoro 1ana CTaTUCTUYECKM JOCTOBEPHO yBeNnUnTb Konmuectso TIMP-1, 4To 3akoHOMepHO Np1BOANIO
K CHUXeHunto ypoBHA MMPs-2, MMPs-7 n MMPs-9. lNocne ncceyeHna onyxonu y naumeHToB 3TOW rpynmbl yCTaHOBEHa NoHasa HopManvsaumsa
TIMP-1, 4yTO, B CBOIO OUYeEpefb, CNOCOOCTBOBANIO CHUKEHWIO, @ 3aTEM BOCCTaHOBJIEHMIO KonnyectBa MMPs-2, MMPs-7 n MMPs-9 o ¢u3nono-
rMYeCcKn HOPMasnbHbIX 3HAaYEHUI.

KnioueBble cnoBa: N10CKOKNETOYHbIN Pak KOXK, (I)OTO,I]I/IHaMVIHeCKaﬂ Tepanua, MeTannonpoTenHasbl.

Ona untuposanma: Macnakos B.B., pe6Hes [.10., Libim6an A.A., Kum J1.M. Bnnaxue dotoanHammyeckol Tepanum Ha ypoBeHb MaTPUKCHbIX
MeTasIonpoTeNHa3 Npu NIOCKOKIETOYHOM pake Koxu // Biomedical Photonics. — 2022. - T. 11, N° 1. — C. 4-12 doi: 10.24931/2413-9432-

2022-11-1-4-12

KoHTakTtbi: Macnsakos B.B., e-mail: maslyakov@inbox.ru

Introduction

Squamous cell skin cancer (SCSC) accounts for about
20% of all malignant skin diseases [1, 2, 3]. SCSC is the
most malignant epithelial tumor of the skin and mucous
membranes with squamous differentiation that devel-
ops from keratinocytes [4]. SCSC is characterized by a
destructive growth pattern with a gradual progression
of the tumor process, infiltration of underlying tissues,
metastasis to regional and distant lymph nodes (85%),
hematogenous metastasis to internal organs (15%), such
as lungs and bones, which can lead to the death of the
patient [5]. Currently, various methods of treating this
pathology have been proposed, including surgical resec-
tion of the tumor, radiation therapy, cryosurgery, laser
excision, and the use of photodynamic therapy (PDT).

The PDT method is one of the modern methods of
treatment in oncology. PDT is a minimally invasive and
effective treatment for SCSC based on the use of photody-
namic damage to tumor cells during photochemical reac-
tions [6, 7]. After the introduction of a special substance, a
photosensitizer, into the body, the photosensitized tissue
is irradiated with a laser with a certain wavelength [8-10].
The results presented in the literature indicate that PDT is
an effective organ-preserving method for the treatment of
malignant neoplasms of the skin and mucous membranes,
especially with unfavorable localization of neoplasms and
in cases where the possibilities of traditional methods are
limited. It has been established that complete resorption
of the tumor can be achieved with a single or staged ex-
posure without the development of side effects with max-
imum preservation of the viability of surrounding healthy
tissues [1]. According to the literature, metalloproteinas-
es (MMPs) are of great importance in the prognosis and
mechanism of skin cancer development [11]. An analysis
of the literature has shown that the effect of PDT on the
change in the level of MMPs in SCSC is currently insuffi-
ciently studied. In the present study, the effect of PDT on
changes in the level of MMPs in SCSC was studied.

BIOMEDICAL PHOTONICS T. 11, Ne1/2022

Materials and methods

The study involved 202 people, of which 185 patients
with SCSC were on outpatient and inpatient treatment
in medical institutions in Engels and Saratov cities in the
period from 2015 to 2019, and 17 healthy volunteers.
Of the total number of patients, there were 129 (69.7%)
men and 56 (30.3%) women. Based on the analysis of the
localization of SCSC by anatomical regions, it was found
that in 25% of cases the tumor was localized in the lower
extremities, in the face — in 15%, in the region of various
parts of the upper extremities — in 20%, in the neck - in
18% , in different parts of the chest — in 12% of cases,
in 10% of cases, the tumor occupied various anatomical
regions of the back. The diagnosis of SCSC was based on
the collection of anamnestic data, complaints made by
patients, and morphological examination. For morpho-
logical examination, a biopsy of the tumor tissue was
performed, after receiving the result, the final diagnosis
was established.

The research program included studies in three main
groups.The firstincluded 74 (36.6%) patients who under-
went combined treatment: PDT and surgery, including
wide excision of the tumor under intravenous anesthe-
sia. The second group consisted of 111 (55.0%) patients
with SCSC who underwent only surgical treatment. To
control and compare the obtained laboratory parame-
ters, a third group was created, which included 17 (8.4%)
donors without established oncological pathology, who
voluntarily agreed to participate in the study.

Patients included in group 1 had disease stage
TINOMO in 25 (33.8%) cases, stage T2NOMO - in 49
(66.2%) cases. In group 2, patients had disease stages
T1NOMO and T2NOMO in 26 (23.4%) and 85 (76.6%) cases,
respectively. Based on the analysis of the morphological
findings, it was found that in 16% of cases, the spindle
cell form of SCSC was noted, in the remaining 84%, the
acantholytic form.

In all patients of groups 1 and 2, risk factors for de-
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veloping cancer were identified in the analysis of anam-
nesis data (Table 1).

Comorbidity was detected in 98 (52.7%) patients
with SCSC, including 43 (23.4%) patients in group 2, 55
(29.7%) patients in group 1, whose patients underwent
preoperative PDT. The number of patients and the nature
of comorbidities are presented in Table 2.

The study included patients with stage T1-2NOMO
SCSC. Patients with disseminated oncological process
and patients who underwent radiation and/or chemo-
therapy were not included.

The studies were carried out after clarifying its pur-
pose and objectives and obtaining permission from pa-
tients to participate in the study, which was confirmed
by written consent. The study plan was heard at the lo-
cal ethics committee of the Reaviz Medical University,
where it received permission and approval (protocol No.
12 of November 16, 2020).

Treatment of patients in group 1 was carried out in
several stages. At the first stage, PDT was performed.
Photolon, manufactured by Belmedpreparaty (Republic
of Belarus), was used as a photosensitizer. Photolon was

Ta6bauua 1

dakTopbl pUcCKa pa3BUTUA paka y 60AbHbIX MAOCKOKAETOUHbIM PakKoOM KOXXHU

Table 1

Risk factors for cancer development in patients with squamous cell skin cancer

Yucno nauumeHTOB B rpynnax

®akTopbl pucka

a6c¢. uncno

Bo3peiicTBue BpeHUX MPON3BOACTBEHHbIX GpAKTOPOB
Exposure to occupational hazards

[eHeTnyecKan npespPacnosioKeHHOCTb
Genetic predisposition

KypeHne Tabaka
Tobacco smoking

Tabauua 2

pynna 1 lpynna 2

(n=74) (n=111)

a6c¢. uncno

47 63,5 22 19,8
25 338 88 79,3
50 67,6 52 46,8

CTpyKTypa conchTByrom,eﬁ NaToAOrMU Yy NauUeHTOB C NAOCKOKAETOYHbIM PakKoOM KOXU

Table 2

Structure of comorbidity in patients with squamous cell skin cancer

Ho3onornyeckaa ¢popma conyTcTByioLyeil naTonornm

KonuuyectBo nauyneHToB B rpynnax

ApTepuanbHas runepTeH3us
Arterial hypertension

Mwemnyeckas 6onesHb cepaua
Coronary heart disease

OXunpeHne pasnnyHoW cTeneH
Various degrees of obesity

DpPO3VMBHbIN racTpuT
Erosive gastritis

XPOHUYECKIMI XONeuncTuT
Chronic cholecystitis

Bcero
Total

lpynna 1 lpynna 2
(n=74) (n=111)
12(16,2%) 14 (12,6%)
11 (14,9%) 12(10,8%)
9(12,2%) 11 (9,9%)
16 (21,6%) 5 (4,5%)
7 (9,4%) 1(0,9%)
55 (74,3%) 43 (38,7%)
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injected intravenously at a dose of 2.0 mg/kg of body
weight in 200 ml of natural saline solution, the admin-
istration time took about 30 minutes. At the same time,
laser irradiation of blood was performed using a krypton
laser having a wavelength of 647-675 nm, with a power
density of 120-300 mW. 3-4 hours after the end of intra-
venous injection, a session of local irradiation of the tu-
mor was performed, for this, a Latus laser device (A\-662
nm, E = 300 J/cm2) was used. Performed 3 courses of
PDT (introduction of a photosensitizer and irradiation)
for 3 days. 5 days after the end of the third course of PDT,
patients in this group underwent surgery.

In the course of the study, the levels of the inhibitor
of metalloproteinase-1 (TIMP-1), matrix metalloprotein-
ases (MMPs): MMPs-2, MMPs-7, MMPs-9 in the blood se-
rum were determined before the start of PDT in group 1,
in group 2 — before surgical removal of the tumor. Then
these indicators were determined in group 1 on the fifth
day after the end of PDT and before the surgical stage. In
the postoperative period, in both groups, the sampling
of biological material (blood plasma) was carried out
on the first, third, fifth, seventh, tenth days and after 18
months. Blood sampling and analysis of indicators in the
comparison group (group 3) was carried out once.

The level of TIMP-1 was determined by enzyme im-
munoassay using R&D Diagnostics Inc. (USA) reagents.
This method determines the quantitative content of the
test substance in a biological substrate by combining
the substance with antibodies. Quantitative determi-
nation of MMPs in blood serum was performed using
Human/Mouse/Rat (total) sera from Quantikine®, R&D
Systems, which are standard and designed for direct en-
zyme immunoassay. For measurements, an automatic
universal reader ELX800 from Bio-Teklnstruments, Inc.
(USA) was used, designed for microplates.

The results obtained during the study were subject-
ed to mathematical processing on a personal computer
with the Statistica 6.0 application package, as well as
Excel. Hypotheses about the type of distributions were

tested (Shapiro-Wilks test). Most of our data do not fol-
low the normal distribution law, therefore, to compare
the values, the Mann-Whitney U-test was used, on the
basis of which the Z-test and the significance indicator p
were calculated. The differences were considered statis-
tically significant at p < 0.05. In addition, the Spearman
rank correlation coefficient (R) and its reliability index p
were calculated.

Results

It has been proven that in the process of carcino-
genesis, including skin lesions, changes in the levels of
TIMP-1 and MMPs occur [11]. In order to clarify the na-
ture of the change in these indicators, the parameters
were studied in all 185 patients who participated in the
study, before the start of treatment (initial background)
and during subsequent follow-up (see Table 3).

Before the start of treatment in both groups, there
was a statistically significant decrease in the amount of
TIMP-1 and an increase in the level of MMPs in the blood
serum.

The use of PDT before performing surgical treatment
for SCSC (group 1) leads to a statistically significant in-
crease in the amount of TIMP-1 and a regular decrease
in the concentration of MMPs-2, MMPs-7 and MMPs-9.
This is confirmed by the fact that in the group of patients
subjected to only surgical treatment, a statistically sig-
nificant decrease in the TIMP-1 index was revealed, and,
as a result, an increase in all MMPs indices in compar-
ison with the results obtained in donors and patients
who received combined treatment. Clearly, SCSC leads
to changes in levels of TIMP-1 and MMPs-2, MMPs-7 and
MMPs-9. There were no significant statistically signif-
icant differences in the studied parameters in patients
with stage T1-2NOMO SCSC.

On the first postoperative day in patients of group Il
a statistically significant decrease in TIMP-1 to 436.4 ng/
ml and an increase in all studied MMPs parameters were
registered compared to the data obtained from donors.

Ta6bauua 3

AnHamuka nameHeHus yposHsa TIMP-1 u MMPs B cbiBOPOTKE KPOBMW y NALMEHTOB C MAOCKOKAETOUYHbIM PaKOM KOXXU NOCAE AeUEHUSA

Table 3

Dynamics of changes in the level of TIMP-1 and MMPs in blood serum in patients with squamous cell skin cancer after treatment

Yposenb TIMP-1 u MMPs, ur/mn

Uccnepgyemble nokasarenu rpynna 1

OAT + onepauvsa

(n=74)

rpynna 2
onepauyusa

rpynna 3
AOHOPbI

(n=111) (n=17)

[0 Hauana neyeHns (ncxopHbiii GpoH)
before treatment (initial background)

573 (526,742)
p,=0,038
p,= 0,045

TIMP-1

567,3 (557;684)
p,=0,032
p,=0,025

789 (771;793)
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MCCHeAyeMbIe nokKasarenu

MMPs-2

MMPs-7

MMPs-9

TIMP-1

MMPs-2

MMPs-7

MMPs-9

TIMP-1

MMPs-2

MMPs-7

MMPs-9

TIMP-1

MMPs-2

MMPs-7

rpynna 1

OAT + onepauyus

(n=74)

612 (510;627)
p,=0,032
p,=0,045

12,1 (9,3;14,7)
p,=0,042
p, =0,045

852 (708;918)
p,=0013
p,=0,056
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YposeHb TIMP-1 u MMPs, Hr/mn

rpynna 2
onepauyunsa

(n=111)

616 (598;627)
p,=0012
p,= 0,045

10,4 (11,9,12,5)
p,=0,018
p, = 0,045

864 (840,910)
p,=0,036
p,= 0,046

nocse 3aBepwenunsa OAT (rpynna 1)
after completion of PDT (group 1)

679 (626;742) 567,3 (557;684)
p,=0,038 p,=0,032
p,=0,045 p,=0,025

312(310;317) 616 (598;627)
p,=0,032 p,=0,012
p,= 0,045 p, = 0,046

4,1(3,8;4,7) 10,4 (11,9;12,5)
p,=0,042 p,=0,018
p, =0,045 p, = 0,045

412 (408;418) 864 (840;910)
p,=0,013 p, = 0,036
p,=0,056 p, = 0,046
nepBble CYyTKM Noc/ie onepauumn

first day after surgery

680 (657;684) 436,4 (426,1;442,1)
p,=0,038 p,=0,032
p,= 0,045 p,= 0,026

315(312;317) 741 (738;743)
p,=0,032 p,=0,012
p,=0,045 p,=0,045

4,3 (4,1;4,5) 12,3(11,9;12,5)
p,= 0,042 p,=0,018
p,= 0,045 p,= 0,045

414 (412;416) 952 (950;952)
p,=0,013 p,=0,036
p,=0,056 p, = 0,046

TPeTbYU CYTKM NOC/Ie onepaunu
third day after surgery

787 (776;789)
p,=0,038
p,=0,655

299 (296;301)
p,=0,023
p,=0,021

412 (3!9;4!5)
p,=0,015
p,=0,022

442,4 (440,1;443,6)
p,=0,017
p,=0,021

741 (738;742)
p,=0,041
p,=0,012

12,3(11,213,4)
p,=0,038
p,= 0,026
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rpynna 3
AOHOPbI

(n=17)

254 (252;257)

3,8 (3,6/4,0)

396 (394;398)

789 (771;793)

254 (252;257)

3,8 (3,6;4,0)

396 (394;398)

789 (771;793)

254 (252;257)

3,8 (3,6/4,0)

396 (394;398)

789 (771;793)

254 (252;257)

3,8(3,6;4,0)
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Wccnepyembie nokasartenu rpynna 1

OAT + onepayus

(n=74)

401 (398;403)
p,=0,038
p,=0,038

MMPs-9

YposeHb TIMP-1 u MMPs, Hr/mn

rpynna 2
onepauyunsa

rpynna 3
AOHOPbI

(n=111) (n=17)
952 (950;953)

p,=0,013 396 (394;398)

p,=0,057

nATble CYyTKWN Nnocne onepauun
fifth day after surgery

783 (782;7840)
p,=0,023
p,=0,017

249 (247;251)
p,= 0,041
p,= 0,634

3,6(3,4:3,8)
p,= 0,021
p,=0,634

391 (389;393)
p,=0,023
p,=0,765

TIMP-1

MMPs-2

MMPs-7

MMPs-9

441,3 (440,2;442,3)
p,=0,022
p,=0,017

741 (739,742)
p,=0,042
p,=0,023

12,3(11,2;13,5)
p,=0,022
p,= 0,011

952 (950;,954)
p,=0,017
p,=0,028

789 (771;793)

254 (252;257)

3,8 (3,6:4,0)

396 (394;398)

AecATble CyTKM NocJie onepauun
tenth day after surgery

785 (784;787)
p,=0,038
p,= 0,634

248 (247;250)
p,=0,041
p,=0,715

3/4(3,1;3,6)
p,=0,021
p,=0715

395 (393;397)
p,=0,031
p,=0,755

TIMP-1

MMPs-2

MMPs-7

MMPs-9

345,1 (344,7;446,3)
p,=0,048
p,=0,012

612 (610;614)
p,=0,034
p,=0,033

10,2 (9,7;11,1)
p,=0,021
p,=0,022

862 (860;864)
p,=0,043
p,=0,022

789 (771;793)

254 (252;257)

3,8(3,6;:4,0)

396 (394;398)

MpuMeyaHme: gaHHble NpefAcTaBieHbl B BUAE MefaHbl 1 MEXKBAPTUIIbHOMO pa3maxa. [loctoBepHocTh p1, p2, p3 npuBeaeHbl B COOTBETCTBUM

C MeXrpynnosbiMn CpaBHEHNAMN.

Note: Here and below: data are presented as median and interquartile range. Significances p1, p2, p3 are given in accordance with intergroup

comparisons.

In patients included in group 1, the levels of TIMP-1,
MMPs-2, MMPs-7 and MMPs-9 did not change compared
with the values obtained after PDT.

By the third day after surgery, in patients treated only
by the surgical method, there were no statistically signif-
icant changes in the level of TIMP-1 and MMPs. Patients
who received combined treatment showed a statistically
significant increase in the amount of TIMP-1 to the level
observed in donors. In these patients, a decrease in the
concentration of all studied MMPs was noted, however,
compared with the data of donors, their values were sta-
tistically significantly higher.

By the fifth day after surgical treatment, there were
no statistically significant changes in laboratory parame-
ters in patients of group 2. In patients of group 1 treated
with the combined method, it was noted that the values
of MMPs-2, MMPs-7 and MMPs-9 decreased statistically
significantly and did not differ from the values recorded
in the group of healthy donors.

There were no significant changes in the studied
parameters in patients with SCSC in both observation
groups on the seventh postoperative day; they did not
differ statistically significantly from the data observed
on the fifth day after surgical treatment.
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By the tenth day after the operation, no statistical-
ly significant changes were obtained in patients who
underwent neoadjuvant PDT. In group 2, there was an
increase in the TIMP-1 index and, as a result, a decrease
in the levels of the studied MMPs. However, the con-
centrations of MMPs remained statistically significant-
ly higher than those of donors, their values began to
correspond to the results established before the start of
surgical treatment.

In the late postoperative period, there were no
changes in the analyzed parameters in patients of both
groups, all the studied parameters corresponded to the
data obtained on the tenth day after the operation.

Thus, as a result of the study, it was found that
surgical removal of the tumor without neoadjuvant
PDT does not restore the studied parameters. They re-
mained statistically significantly elevated both in the
immediate and late postoperative periods. However,
the implementation of combined treatment made it
possible to increase the level of TIMP-1 statistically sig-
nificantly before the start of the surgical stage, which
naturally led to a decrease in the number of MMPs-2,
MMPs-7 and MMPs-9. During dynamic observation, a
complete recovery of the TIMP-1 level was determined,
which, in turn, contributed to an increase in the number
of all MMPs.

During the study, it was found that the TIMP-1 in-
dex in group 1 before the start of the surgical stage of
treatment was 679 ng/ml, by the 10th day of the post-
operative period - 785 ng/ml, in group 2 - 567.3 ng/ml
and 345 .1 ng/ml, respectively. The evaluation of the
results of the study was carried out by the method of
non-parametric statistical analysis in order to establish
the reliability of differences in the studied groups us-
ing the Mann-Whitney and Kolmogorov-Smirnov cri-
teria. Mann-Whitney test: U =251.500; Z = 2.927316
(p = 0.003419); Kolmogorov-Smirnov criterion: Max
Neg Difference = 0.00; Max Pos Difference = 0.433333
(p < 0.01).

The initial level of MMPs-2 in group 1 was 312 ng/
ml, by day 10 of the postoperative period it was 248 ng/
ml; in group 2 - 616 ng/ml and 612 ng/ml, respective-
ly. Mann-Whitney test: U = 117.0000; Z = 4.915821 (p
= 0.000001); Kolmogorov-Smirnov criterion: Max Neg
Difference = 0.00; Max Pos Difference = 0.60000 (p <
0.001). The level of MMPs-7 in group 1 was 4.1 ng/ml
and 3.4 ng/ml; in group 2 - 10.4 ng/ml and 10.2 ng/
ml, respectively. Mann-Whitney test: U = 125.0000; Z
= 4.797546 (p = 0.000002); Kolmogorov-Smirnov cri-
terion: Max Neg Difference = 0.00; Max Pos Difference
= 0.60000 (p < 0.001). The level of MMPs-9 in group 1
was 412 ng/ml and 395 ng/ml; in group 2 - 864 ng/
ml and 862 ng/ml, respectively. Mann-Whitney test:
U = 251.5000; Z=2.927316 (p=0.000001); Kolmogor-
ov-Smirnov criterion: Max Neg Difference = 0.00; Max
Pos Difference = 0.60000 (p < 0.001). There is a strong

feedback (r = - 0.87) between the TIMP-1 and MMPs-2,
MMPs-7 and MMPs-9 in the blood.

One of the most important criteria for evaluating
the effectiveness of cancer treatment is survival, ab-
sence of recurrence and disease progression. These
indicators were studied in patients included in the 1st
and 2nd observation groups. Considering the fact that
SCSC was diagnosed at the T1-2NOMO stage in the pa-
tients included in our study, no lethal cases from the
underlying disease were recorded during the period of
dynamic observation. Fatal outcomes were noted in 12
(6.5%) patients from comorbidities, mainly from cardio-
vascular events. We consider it necessary to note that
all the deceased patients were from group 2, in which
only surgical treatment was performed without the use
of PDT.

When analyzing other indicators, it was found that
metastasis was detected in 19 (10.3%) patients with
SCSCin terms of 3 to 7 years. In all cases, metastases in
regional lymph nodes were diagnosed, which required
chemotherapy. Lymphogenic metastases were pre-
dominantly detected in 16 (8.6%) patients of group 2.In
the complex treatment group, metastases were found
only in 3 (1.6%) patients (p < 0.05). It is obvious that the
use of the PDT method, and then the implementation
of a surgical intervention in the treatment of patients
with early stage SCSC, can reduce the risk of lymphog-
enous metastasis in the long-term period. Relapse of
the disease was observed in 15 (8.1%) patients: in group
1-1in4(2.2%), in group 2 - in 11 (9.5%) (p<0.05). Thus,
combined treatment, including PDT before the surgical
stage, is an effective method for the treatment of pa-
tients with localized SCSC and can be recommended for
widespread use.

Discussion

It has been established that changes in TIMP-1,
MMPs-2, MMPs-7 and MMPs-9 are recorded already at
the early stages of SCSC. Surgical treatment did not lead
to the restoration of the initial level of indicators, they
remained statistically significantly increased both in the
immediate and late postoperative periods. It is possible
that SCSC produces substances that reduce the amount
of TIMP-1, which, in turn, leads to an increase in the
amount of MMPs-2, MMPs-7 and MMPs-9 in the blood.
It is known that tissue collagenases MMPs-2 and MMPs-9
hydrolyze type IV collagen, the basis of the basal lami-
na at the dermoepidermal junction, promoting tumor
invasion. In addition, the destruction of type IV colla-
gen contributes to deep damage to epithelial cells from
membrane destruction to vascular invasion. MMPs-2 and
MMPs-9 also release a number of angiogenic factors, in-
cluding VEGF, which is considered the main polyclonal
inducer of angiogenesis. The destruction of vascular col-
lagen contributes to the disruption of the vascular wall,
which leads to endothelial dysfunction [14]. Studies by
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foreign scientists [15] have convincingly shown that car-
cinogenesis is accompanied by imbalance of oncogenes
and prooncogenes. These processes lead to hypoxia,
induction of angiogenesis (creation of a tumor vascular
bed), hydrolysis of the basement membrane and extra-
cellular matrix due to the ability of metalloproteinases
to decompose almost all of their components (all types
of collagens, elastin, proteoglycans, laminin, and others);
tumor progression and metastasis.

The results of our study show that the use of PDT be-
fore surgical treatment in patients with early stage SCSC
contributes to the normalization of the level of TIMP-1,
which leads to the normalization of the level of MMPs-
2, MMPs-7 and MMPs-9 in the blood. This prevents dam-
age to the endothelium of the vascular wall both in the
immediate and long-term period after treatment [16]. It
should be noted that the removal of the tumor without
the use of PDT did not lead to correction of the level of
metalloproteinases: both before and after surgical treat-
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ment, an increase in these indicators was noted. It is pos-
sible that surgical treatment without the use of PDT does
not lead to the elimination of the causes that induce the
development of SCSC. However, this issue requires fur-
ther research.

Conclusion

The study shows that in patients with the initial stage
of SCSC, changes in the parameters of metalloproteinas-
es in the blood serum are recorded, which is manifested
by a decrease in the level of TIMP-1 and an increase in
MMPs-2, MMPs-7 and MMPs-9. These changes are a trig-
ger for the destruction of vascular collagen and disrup-
tion of the integrity of the vascular wall. PDT contributes
to the normalization of the levels of TIMP-1 and MMPs-2,
MMPs-7 and MMPs-9 in the blood, indirectly prevents
damage to the endothelium of the vascular wall and pre-
vents changes in hemostasis.
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THE RESULTS OF THE INDEX COMPARATIVE EVALUATION OF
PHOTODYNAMIC THERAPY AND ULTRAVIOLET IRRADIATION
IN THE TREATMENT OF CHRONIC GINGIVITIS
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Chuvash State University named after |.N. Ulyanova, Cheboksary, Russia

Abstract

In this clinical study, the effect of photodynamic therapy and ultraviolet radiation on the effectiveness of the treatment of periodontal diseases was
examined according to the results of an index assessment. Clinical examination of 95 patients of both sexes aged from 18 to 32 years revealed chronic
generalized catarrhal gingivitis (K05.1). The main index criteria for comparative parameters in all study groups were: simplified OHI-S hygiene index,
Mullemann-Cowell bleeding index, PMA index. The indices were measured before and after treatment with subsequent control examinations in
1 month, 3 months, 6 months. The patients were divided into three groups and each group underwent standard periodontal treatment aimed at
stopping the inflammatory process and preventing its further development. In the first group, the treatment was supplemented with the use of the
FotoSan LED lamp with a wavelength of 630 nm, in the second the “Quasar” ultraviolet irradiator was used, in the third (control) group, the complex
of therapeutic measures was carried out without physiotherapeutic procedures. According to the results of the study, the use of photodynamic
therapy significantly accelerates the regenerative processes of periodontal epithelial tissue and reduces the number of treatment sessions.

Keywords: photodynamic therapy, ultraviolet irradiation, bleeding, gingivitis, hygiene index.
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PE3YJIbTATbl MHOEKCHOWM CPABHMUTENIBHOM OLLEHKM
NPUMEHEHWS ®OTOANHAMMUYECKOM TEPAMNNM

U YJIBTPADUHOJIETOBOTO OBJTYHEHMA MNPU JIEHEHNA
XPOHMNHECKOTIO TMHIUBUTA

K.B. Jloces, T.B. Koctskoea, H.B. bauyna, M.A. Bepengeeea, O.B. KysuHa, A.B. Jloces
YyBauickuit rocyaapcTeeHHbli yHnsepcmteT um. M.H. YnbaHosa, Yebokcapsl, Poccus

Pe3ome

B KNnuHMYeckom nccnefoBaHUM PaccMOTPEHO BnAHME GOTOANHAMUYECKON Tepanu 1 ynbTpaduroneToBoro obnydyeHnsa Ha 3$pGeKTMBHOCTb
neyeHvA 3a60neBaHNii NAPOAOHTA MO pe3ysbTaTaM VHAEKCHON OLEHKWN. B pe3ynbTaTte KNMHUYECKOro 0CcMOTpa Y 95 naLueHToB 060X Nonos
B BO3pacTe oT 18 10 32 fieT 6bin BbIABIEH XPOHUYECKUI reHePaIn30BaHHbI KaTapanbHblii TMHIMBAT (K05.1). OCHOBHBIMYM MHAEKCHBIMMN KpWi-
TepUAMM CpaBHUTENbHbIX MapaMeTPOB BO BCEX FPyNMaX NCCIeA0BaHNA ABNANNCD: YNPOLIEHHbI MHAEKC rirneHbl no OHI-S, nHaeKc KpoBoTo-
ymsoctu no Mionnemany-Koyanny, niaekc PMA. Moka3saTtenv nsmepanunch 4o 1 Nocie IeYeHNA C NOCIeAYIOLLIMI KOHTPOJIbHbIMM OCMOTPaMu
yepes 1 mec, 3 mec, 6 mec. MauneHTbl 6biNV pasfeneHbl Ha TPY FPYMMbl, B KaX A0 rpyrne NpoBOAMIIOCh CTaHAAPTHOE MapOfOHTONOrMYeckoe
neyeHune, HanpaBNeHHOe Ha KynnpoBaHue BOCMannTeIbHOroO NpoLecca U NpeaynpexaeHne AanbHenLero ero passntua. B nepsoii rpynne
neyeHve AOMOJTHANOCH MCMOMb30BaHVEM CBETOAMOAHOM namnbl FotoSan ¢ AnnHol BosHbI 630 HM, BO BTOPOW Fpyrne NPpUMEHANCA ynbTpa-
droneToBbI 0b6nyyaTenb «KBasap», B TpETbEN (KOHTPOJbHOW) Fpyrnrne KOMMIEKC leYebHbIX MEPONPUATIAI NPOBOAWICA 6e3 ¢prsnoTepanes-
TYecknx npouenyp. Mo pesynbtatam MccnefoBaHUA NpYMeHeHVe GOTOANHAMUYECKON Tepanui 3HaUNTENIbHO YCKOPAET pereHepaTopHble
NpoLecchl SNUTeNManbHOM TKaHV NapOfOHTa 1 COKPaLLaeT KONMYECTBO CeaHCOB JIEYEHNA.

KnioueBble cnoBa: potofnHaMuyeckan Tepanus, ynbTpadrioneTtoBoe obsyyeHne, KPOBOTOUNBOCTb, TIMHIVUBIT, UHAEKC MUIUEHbI.
Ona untuposanma: Jloces K.B., Koctakosa T.B., bauyna H.B., Bepengeesa M.A., KysanHa O.B., JloceB A.B. Pe3ynbTtaTbl MHAEKCHOW CpaBHU-
TeNbHOW OLIEHKM NpUMeHeHUa GoToAMHaMMYeCcKoi Tepanun 1 ynbTpaduoneToBoro obyyeHrsa Npu NevYeHnn XpOHNYeCKoro rmHruemTa //

Biomedical Photonics. - 2022. - T. 11, N2 1. - C. 13-19. doi: 10.24931/2413-9432-2022-11-1-13-19.

KonTtakTbi: KoctsakoBa T.B., e-mail: kostyakova-tatyana@list.ru

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T. 11, Ne1/2022

13



(V]
-
@)
—
o
<
<
Z
O
o
O

Losev K.V, Kostyakova T.V., Batsula N.V.,, Verendeeva M.A., Kuzina 0.V, Losev A.V.
The results of the index comparative evaluation of photodynamic therapy and ultraviolet

Introduction

The state of health of organs and tissues of the oral
cavity has a great influence on the quality of life and
well-being of a person [1].

Periodontal diseases are a serious public health
problem affecting more than half of the adult popu-
lation worldwide [2], and have not only medical but
also social significance due to the high incidence, great
variety and severity of the course [3]. The presence of
chronic infection foci in the human body can cause the
development of a large number of diseases and nega-
tively affect the state of the dental system [4].

Gingivitis is an inflammatory process of the gum
mucosa caused by the presence of a bacterial biofilm.
The main clinical manifestations of gingivitis are gingi-
val redness, bleeding [5] and edema [6].

In the treatment of periodontal diseases, physio-
therapeutic methods have found wide application [7].

Photodynamic therapy (PDT) is based on the use of
photosensitizers and light of a certain wavelength [8].
Photosensitizers are activated by low-intensity laser
radiation with a wavelength corresponding to the ab-
sorption peak of the photosensitizer [9]. The photosen-
sitizer toluidine blue can selectively accumulate inside
the mitochondria of bacterial cells and causes a signif-
icant reduction in the number of cariogenic species.
Toluidine blue can easily penetrate the bacterial mem-
brane, has a transmembrane permeability coefficient
higher than other photosensitizers, has low toxicity to
human cells, a high rate of generation of reactive ox-
ygen species and versatility due to a wide absorption
band, which allows it to be activated using many light
sources [10]. As a result of the photochemical reaction,
negatively charged radicals are released, which have
a pronounced bactericidal activity, stimulating tissue
proliferation and regeneration [11].

Ultraviolet radiation is a spectrum of electromagnet-
icvibrations in the range from 180 to 400 nm. In terms of
its activity, it significantly exceeds all other parts of the
light spectrum, but, given the smallest depth of pene-
tration into tissues — only up to 1 mm, their direct effect
is limited to the surface layers of the irradiated areas of
the skin and mucous membranes. Ultraviolet radiation
increases the activity of protective mechanisms, has a
desensitizing effect, normalizes blood coagulation pro-
cesses, and improves lipid metabolism [12].

The aim of this study was to study the effectiveness
of combined treatment of periodontal diseases, includ-
ing standard therapy with the additional use of photo-
dynamic therapy or ultraviolet irradiation.

Materials and methods

The study involved 95 patients of both sexes di-
agnosed with chronic generalized catarrhal gingivitis
(K05.1). The diagnosis was made on the basis of the
clinical picture and panoramic x-ray data and clari-

irradiation in the treatment of chronic gingivitis

fied in accordance with the classification of periodon-
tal diseases adopted at a meeting of the presidium of
the periodontology section of the Russian Academy of
Dentistry in 2001.

The study was approved by the local ethics commit-
tee of the Federal State Budgetary Institution of Higher
Education I. N. Ulianov Chuvash State University and
was carried out in accordance with the principles of the
Declaration of Helsinki of the World Association “Ethical
principles for conducting scientific medical research in-
volving humans” (as amended by the 64th WMA Gener-
al Assembly, Fortaleza, Brazil, October 2013).

Criteria for inclusion in the research work were: avail-
ability of informed voluntary consent to participate in
a clinical trial; age of patients from 18 to 32 years; ab-
sence of chronic somatic diseases and aggravated aller-
gic anamnesis; the presence of hyperemia and bleeding
gums.

Exclusion criteria: benign and malignant neoplasms;
acute and chronic infectious and viral diseases; 2 and 3
degrees hypertension; pregnancy and lactation; somat-
ic diseases in the acute stage; systemic blood diseases;
hypersensitivity to ultraviolet radiation and intolerance
to the components of the photosensitizer.

In the study groups, an objective examination re-
vealed the presence of a burdened local dental status:
dental plaque (biofilm) and mineralized dental deposits.

The complex of periodontal treatment in all groups
consisted of the following stages: professional hygiene
followed by coating of the teeth with a fluorine-con-
taining agent, the appointment of local anti-inflamma-
tory and antiseptic therapy.

All patients were informed about the need to com-
ply with the terms of attendance at all stages of treat-
ment. During the general clinical examination, the an-
amnesis, complaints (bleeding, pain in inflamed gums,
hyperemia of the gingival margin) and objective data
were taken into account. During the study, the main
criteria for comparative parameters in all study groups
before and after the start of treatment were: hygiene
index (HI) according to OHI-S (Green, Vermillion,
1964), bleeding index according to Muhlemann-Cow-
ell (Muhlemann-Cowell; 1975), PMA index (C. Parma,
1960). The terms of control visits with the measurement
of indicators were 1 month, 3 months, 6 months.

The patients were divided into three groups. The
first group consisted of 32 (33.7%) patients, the sec-
ond - 31 (32.6%), the third (control group) — 32 (33.7%)
patients. Participants of all groups underwent profes-
sional oral hygiene with controlled brushing. Patients
were taught the basic rules of oral care, and they were
also given a selection of items and hygiene products.
At home, the study participants used toothpaste based
on herbal extracts (sage, echinacea, myrrh, chamomile,
ratanya and mint) (GlascoSmithKline Healthcare JSC,
Russia), sodium bicarbonate and sodium fluoride (1400
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ppm), alcohol-free rinse based on an aqueous solution
of chlorhexidine digluconate (0.2%) and sodium fluo-
ride (250 ppm).

To conduct PDT in the first group, the photosensitiz-
er toluidine blue was used at a concentration of 1 mg/
ml. Irradiation was carried out using a FotoSan 630 LED
lamp with a wavelength of 620-640 nm for 10 seconds
on the area of each tooth with an inflamed gum area.
The treatment included 3 courses of PDT, the interval
between courses was 4 days.

In the second group, ultraviolet radiation was used
with the Kvazar device through a tube in the spectral
range from 205 to 315 nm, each quadrant of the upper
and lower jaws was irradiated in turn. Duration of expo-
sure: 1/2 biodoses for each area with a gradual increase to
2 biodoses. The treatment course included 10 procedures.

The treatment tactics of participants in the third
control group did not include physiotherapeutic meth-
ods of influence.

All participants were taken for dispensary registra-
tion with the registration of periodontal parameters.

When analyzing statistical indicators, the program
"Statistica 6.0" was used. In evaluating the results, the
data of the mean and its standard deviation (M+m)
were taken into account. The parameters compared in
the groups were evaluated using the Mann-Whitney
U-test. At p<0.05, the differences were considered sta-
tistically significant.

Pe3synbraTtbl
In the course of a clinical study, during the initial ex-
amination, the presence of soft and hard dental deposits

was determined in all 95 patients, hyperemia and swell-
ing in the area of the gingival papillae and marginal gums
were found in 78 (82.1%), signs of congestive hyperemia
(cyanotic coloration) —in 17 (26.15%), gum bleeding - in
82 (86.31%) patients.

Signs of destruction of the interalveolar septa on
orthopantomographies in patients of all observation
groups were not detected.

Prior to the start of treatment, in all groups, IG indi-
cators were at the same level and corresponded to indi-
cators of poor hygiene (see Table 1). After professional
hygiene, teaching the rules of brushing teeth and indi-
vidual selection of items and hygiene products, the index
score improved in most of the subjects throughout the
course of treatment.

At the initial examination (see Table 2), the data of the
periodontal PMA index in all groups corresponded to the
average degree of inflammation. The indicators after 1
and 3 months in all experimental groups were minimal,
and the differences between them were not statistical-
ly significant. After 6 months, in the second and control
groups, an increase in the index was noted compared
to the first group, that is, in patients treated with PDT, a
more stable remission was obtained.

The bleeding index (see Table 3) at the initial visual
examination in all compared groups indicated an aver-
age degree of inflammation, which indicates bleeding
of the gingival sulcus and gingival hyperemia. Evalua-
tion of the bleeding index after 1 month showed a de-
crease in its value in all study groups. After 3 months,
the bleeding index values were higher compared to the
previous values in all three observation groups. How-

Ta6bauua 1

AuHamuKa noKasartensl UHAEKCa rMreHbl
Table 1

Dynamics of the hygiene index

NHpgeKkc rurnexnl (M £ m)

O6cnegyembie rpynnbi
[o neyeHunsn

1 rpynna - OAT

Control group

Mocne neueHnn

* %% %
Group | - PDT e 0,42%0,02 1,04+0,09 1,36+0,06
2 rpynna - YOO 2,71+0,08 0,49+0,02* 1,28+0,06** 1,52+0,07
Group I - UVI
KoHTponbHasa rpynna 264+0,07 0,550,03 T 159+0,08

MpumeuyaHmne: * — CTaTUCTMYECKM 3HAUYMMaA [OCTOBEPHAA pa3HML@ NO CPAaBHEHMIO CO 3HaYeHMAMMU Ao nedeHus (p<0,05); ** — ctatuctuueckn
3HauMMas JOCTOBEPHAA pasHMLIa NoKasaTesei Mo CPaBHEHWIO C KOHTPOJbHOW FPYNMOii B 3TOT e Nepriof HabnogeHus (p<0,05).
Note: * - statistically significant difference compared to the values before treatment (p<0.05); ** - statistically significant difference compared to

the control group during the same observation period (p<0.05).
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ever, compared with the control, statistically significant
lower index values were recorded in groups in which
physiotherapy was additionally used. After 6 months of
follow-up, significant differences persisted only in the
PDT group.

A dynamic evaluation of the effectiveness of peri-
odontal treatment revealed that in the first group after
PDT using the FotoSan LED lamp, 2 (6.25%) patients com-
plained of bleeding after brushing their teeth through-

irradiation in the treatment of chronic gingivitis

out the entire course of treatment, HI remained unsat-
isfactory (1.7), the index bleeding corresponded to 0.5,
PMA - 27%.

There were complaints of bleeding after brushing the
teeth during the entire course of treatment in 6 (19.3%)
patients who received Ultraviolet irradiation sessions. HI
remained unsatisfactory (1.8), bleeding index was 0.8,
PMA - 35%.

In the control group, the persistence of complaints

Tabauua 2

AvHaMuKa nokasaTens NapoOAOHTONOTMUYECKOTO MHAEKCA
Table 2

Dynamics of periodontal index

0O6cneayembie rpynnbi

o neueHns

NHpgekc PMA (M £ m)

Mocne neueHnn

1 rpynna - ®AT

* *¥% *¥
Group | - PDT 51,2742,12 10,690,51 14,54+0,7 18,54+0,89
2rpynna - ¥0O 55,04+2,25 13,1240,61% 15,9740,71% 27,73+1,29
Group Il - UVI
KoHTposnbHasA rpynna 53,69+2.21 13,81£0,65 e 28424133

Control group

MpumMeyaHme: * — CTaTUCTUYECKM 3HAUYMMas [OCTOBEPHAsA pasHiLa MO CPaBHEHMIO CO 3HaUEHNAMM [0 nedeHus (p<0,05); ** — cTaTUCTUYECKN 3Hau-
Masi JOCTOBepHas pa3HuLa NokasaTenei No CPaBHEHNIO C KOHTPOSIbHOW FPYMNMo B 3TOT e neprog HabnogeHns (p<0,05).
Note: * - statistically significant difference compared to the values before treatment (p<0.05); ** - statistically significant difference compared to

the control group during the same observation period (p<0.05).

Tabauua 3

AvHaMKKa nokasaTens MHAEKCa KPOBOTOUUBOCTH
Table 3

Dynamics of the bleeding index

NHpekc KpoBoToumsocTu (M + m)

0O6cneayembie rpynnbi

o neueHns

Mocne neueHnn

1 rpynna - OAT

* *% *%
Groum | - PDT 1,82+0,03 0,160,075 0,30+0,013 0,37+0,05
2 rpynma - YOO 1,86+0,03 0,25+0,01* 0,45+0,02%* 0,60+0,06
Group Il - UVI
BTG T T 1,84+0,03 0,28+0,012 0,530,026 0,64+0,06

Control group

MpumeyaHme: * — CTaTUCTUYECKN 3HauMMas AOCTOBEPHAsA PasHULA MO CPaBHEHMIO CO 3HauYeHMAMU Ao NeveHus (p<0,05); ** — cTaTncTyeckn
3HaAYVIMasn [LOCTOBEPHAsA Pa3HMLA MOKa3aTesel Mo CPaBHEHWIO C KOHTPObHOW FPYMMON B 3TOT »e nepuop HabntoaeHns (p<0,05).

Note: * — statistically significant difference compared to the values before treatment (p<0.05); ** - statistically significant difference compared to
the control group during the same observation period (p<0.05).
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of bleeding after brushing the teeth during the entire
course of treatment was noted in 9 (28.1%) patients. HI
remained unsatisfactory (1.8), bleeding index was 1.2,
PMA - 40%.

Dispensary follow-up of the study participants for 12
months revealed a more stable remission and improved
diagnostic criteria in patients who received additional
PDT treatment (see Fig.). The index of Hl in the group
became satisfactory, but changed insignificantly.

In the second and control groups, an increase in Hl
was observed, which indicated an unsatisfactory result
of treatment. The bleeding index showed a mild degree
of inflammation in all groups. The values of the PMA in-
dex in patients of the second and control groups corre-
sponded to the average degree of inflammation, in the
group with the use of PDT, a slight increase in the index
was noted.

Mokasatenun apdekTusHocTH/
Effectiveness indices
N
o

I'pynna 1/Group |

B NHAaeKc rurnerbl/Hygene

Ipynna 2/Group Il

M NHaeKe KpoBoTounsocTu/Bleeding

KoHTponbHas rpynna/Control group

uPMA

Puc. lMokasatenn MHAEKCHOWM CPaBHUTEAbHOMN OLEHKU 3 PEKTUBHOCTU AEUEHUSA XPOHUUECKOIO TMHIMBUTA Yepes 12 mec.
Fig. Comparative assessment of the effectiveness indices of chronic gingivitis treatment after 12 months.

Discussion

The results of this study highlight the importance
of developing preventive and therapeutic measures
aimed at preventing the progression of periodontal
disease.

In particular, chronic generalized catarrhal gingivi-
tis can lead to periodontitis, which causes resorption
of the alveolar bone and subsequent loss of teeth, and
can exacerbate the risk of developing various system-
ic diseases such as diabetes, rheumatoid arthritis, and
inflammatory diseases of the gastrointestinal tract [13].

During the examination of the oral cavity, the den-
tist can obtain information about the severity of the
disease using index indicators [14]. Clinical indices
used in the research part of the work assess the con-
dition of the periodontium, objectifying information
about the clinical picture in the mouth and the level of
hygiene care.

According to the primary examination in patients of
all groups, the presence of soft and hard dental depos-
its was determined. To improve the hygienic condition
and reduce the periodontopathogenic microflora, pro-
fessional controlled hygiene and the selection of oral

cavity care items and products were carried out, as a
result of which the clinical indicators of the periodon-
tium improved.

In the practice of providing dental care, the impor-
tance of restorative and rehabilitation technologies
has increased significantly, among which physical
methods play a leading role. Physical factors, having an
immunocorrective and healing effect, affect the body
as a whole, change the physicochemical properties of
cells and the metabolic processes occurring in them at
the cellular level [15].

The results of the study showed that patients who,
in addition to the main one, received physiotherapeu-
tic treatment in the form of PDT or ultraviolet iradia-
tion, showed better dynamics of recovery compared
to the control group. Comparison of the two physio-
therapeutic methods showed significantly better index
values for PDT local impact on inflammation foci both
after the end of therapeutic measures and during fol-
low-up monitoring.

Currently, many researchers are turning to studying
the possibilities of PDT, which is widely used in various
fields of medicine [16, 17].
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Conclusion

According to the results of the index evaluation in

the treatment of chronic generalized catarrhal gingi-
vitis, the therapeutic effect of PDT was more effective
than ultraviolet irradiation.
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INFLUENCE OF ROSE BENGAL ON PLATELET
AGGREGATION ACTIVITY

Petrishchev N.N., Grishacheva T.G., Chefu S.G.
Pavlov First Saint-Petersburg State Medical University, Saint-Petersburg, Russia

Abstract

The goal of the study is to comparatively examine the effect of photoactivated rose bengal on platelet aggregation in vitro and in circulating
blood of male Wistar rats. Platelet-rich plasma (PRP) was obtained from venous blood. The aggregation activity of platelets was determined by the
turbidimetric method, the aggregation inducer was ADP at a final concentration of 1.25 pM. Rose bengal (RB) (Acros Organics, USA) was used as a
photosensitizer (PS). PRP samples containing the PS were irradiated using ALOD-lzumrud laser (OO0 “Alcom Medica’, Russia), A = 532 nm, power
density 0.05 W/cm?, energy density of 6, 12 and 24 J/cm? The effect of photoactivated RB on the aggregation of circulating PLT was studied after
laser irradiation of the femoral artery of the rats: 30 mW laser power, 2 mm spot diameter and 30 min exposure. RB at concentrations of 0.5 and
1 pg/ml was found to stimulate, and 5-10 pg/ml—to inhibit platelet aggregation. Photoactivation of RB weakens the stimulating effect of laser
irradiation on the aggregation of platelets. Photodynamic modification of blood led to an increase in the intensity of platelet aggregation by 24%
in comparison to the control group, and by 39.6% compared to the group without photoactivation of RB (p<0.01). The data obtained indicate that
under the influence of RB photoactivation, the aggregation activity of platelets changes, the severity and direction of the effect depend on the RB
concentration. Change in functional activity of platelets is one of the manifestations of photodynamic modification of blood.

Keywords: rose bengal, photoactivation, photodynamic blood modification, platelet rich plasma, platelet aggregation.

For citations: Petrishchev N.N., Grishacheva T.G., Chefu S.G. Influence of rose bengal on platelet aggregation activity, Biomedical Photonics, 2022,
vol. 11, no. 1, pp. 20-26. doi: 10.24931/2413-9432-2022-11-1-20-26.
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BJIMAHUNE BEHTAJIbCKOTO PO30OBOIO HA
ATPETAUMOHHYIO AKTUBHOCTb TPOMBOLMTOB

H.H. Netpuwes, T.I. pmuwauesa, C.I. Yedy
Mepsbit CankT-MNeTepOyprckuit rocyaapCTBEHHbIN MEAMLMHCKMI YHUBEPCUTET
um. akag. M., MNaenoea, Cawnkr-lNetepbypr, Poccus

Pesiome

lpoBeneHo cpaBHUTENbHOE M3yUYeHre BIUAHMA GOTOAKTMBMPOBAHHOIO GEHrasibCkoro PO30BOro Ha arperaumio TPOMOOUMTOB in vitro n B
LMpKynupytoLleli KpoBm Kpblc-camuoB Wistar. 13 BeHO3HOI KpoBM nonyyanu nnasmy, oboraleHHyio Tpomboumtamu (PRP). ArperaunoHHyio
aKTMBHOCTb TPOMOOLMTOB OnpeAensany Typ6oANMETPUYECKUM METOAOM, HAYKTOP arperauyuv — AL® B KOHEYHOW KOHLeHTpauun 1,25 uM.
B kauectBe doToceHcmbunmsatopa (OC) ncnonb3oBanu 6eHranbckuit po3osbiid (BP) (Acros Organics, CLUA). Mpo6bl PRP, conepaume OC,
o0bnyvanu ¢ nomoLubto nazepHoro annapata AJIOA-U3ympyg (OO0 «Ankom megumka», Poccus), A=532 HM, MAOTHOCTb MolHocTK 0,05 Bt/cm?,
NNOTHOCTb 3HEPrn 6, 12, 24 [Ixx/cm? BnusaHne poToakTMBUpoBaHHOTro BP Ha arperauuto LMpKyIvupyioLyx TPOMOOLMTOB U3ydany nocse na-
3epHOro obsyyeHus 6egpeHHomn apTepun Kpbic. lapameTpbl 06/yyeHns: MOLWHOCTb 30 MBT; AuameTp nATHa 2 MM; 3Kcno3uums 30 MuH. BP B
KOHUeHTpauuax 0,5 1 1 MKr/mn ctumynupyeT, a 5-10 MKr/mn — yrHeTaeT arperauuio Tpombouutos. DotoakTrsaLya BP ocnabnaet ctumynmpy-
lolLlee AeCTBYE Ta3epHOro 0byyeHrsa Ha arperayuo TpomboumntoB. DoTogMHamMmMuyeckas MOANGMKaLVA KPOBY NMPUBOAMUIA K YBENNYEHNIO
VNHTEHCMBHOCTY arperauum TpoMo6oLUTOB Ha 24% Mo CPaBHEHUIO C KOHTPOJIbHOW Fpynmnoi, Ha 39,6% — Mo CpaBHEHWIO C rpynnoii 6e3 dboToak-
TBaumn BP (p<0,01). MonyyeHHble faHHblE CBUAETENbCTBYIOT O TOM, UTO MOA BAvAHNEM doToakTBaumm bP n3meHseTca arperauoHHas ak-
TVBHOCTb TPOMOOLIMTOB, CTENEHb BbIPaXKEHHOCTV 1 HaMpaBNeHHOCTb 3pdeKTa 3aBUCAT OT KOHLEHTPaumu BP. Vi3meHeHne ¢pyHKLMOHanbHoM
AKTVIBHOCTV TPOMOOLIMTOB AIBNAETCA OQHUM 13 NPOsiBIeHU GOTOANHaMYecKo MoguduKaLumm KpoBu.

KnioueBble cnoBa: 6eHranbCKuin po3oBbli, $poToakTMBaLWA, GoToANHaMMYeCKas MoANdUKaLMA KpoBY, nnasma borataa TpombouuTamm,
arperauysa TpPOMOOLMTOB.

Ana untuposanus: Metpuies H.H., Mpuwayesa T.I., Yedy C.I. BinsaHne 6eHranbCcKoro po3oBoro Ha arperauyioHHy0 akTMBHOCTb TPOMOOLIM-
ToB // Biomedical Photonics. — 2022. - T. 11, N2 1. - C. 20-26. doi: 10.24931/2413-9432-2022-11-1-20-26.

KonTtaktbi: lpuwavesa T.I., e-mail: laser82@mail.ru
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Introduction

The presence of a halogenated xanthene ring in the
structure of rose bengal (RB) determines its properties as
a photosensitizer (PS). When irradiated with green light
(maximum absorption at a wavelength of 546 nm), the
RB goes into an excited state and photochemical reac-
tions develop.

RB as a PS is used in oncology, ophthalmology, and
some other areas of clinical medicine, as well as in exper-
imental studies [1, 2]. In 1985, B.D. Watson et al. showed
for the first time that the irradiation of vessels with green
light against the background of preliminary administra-
tion of RB naturally leads to the formation of a thrombus
[3]. In subsequent studies, it was found that RB is taken
up by the endothelium and activated upon subsequent
irradiation. In this case, reactive oxygen species are
formed, including singlet oxygen, causing photodynam-
ic damage to the endothelium, which manifests itself in
the release of thrombogenic substances from it, the ex-
pression of adhesion molecules, which initiates the for-
mation of a thrombus [4-6].

RB circulating in the blood is absorbed not only by
the endothelium, but also by other cells, including blood
cells. During PDT of tumors, photoactivation of RB fixed
in the endothelium and, possibly, in blood cells circulat-
ing in the irradiation zone occurs. The question of the role
of platelets that have experienced photodynamic effects
in the formation of a thrombus remains open. According
to J. Inamo et al. (1996) photoactivated RB has a weak
activating effect on ADP-induced human thrombocyte
aggregation (in vitro). Based on these data, the authors
concluded that RB photoactivation is not of great impor-
tance in the development of photodynamically induced
thrombosis [7].

The aim of our study was a comparative study of the
effect of photoactivated RB on platelet aggregation in vi-
tro and in circulating blood.

Materials and methods

The experiments were performed on male Wistar rats
(FSUP "Rappolovo" Nursery of Laboratory Animals", FSBI
"National Research Center "Kurchatov Institute"). The ani-
mals were kept and cared for in accordance with the rules
set forth in the European Convention for the Protection
of Vertebrate Animals (Strasbourg, 1986). The study was
approved by the commission for the maintenance and
use of vertebrate laboratory animals at The Pavlov First
Saint Petersburg State Medical University as part of the
State R&D assignment No. AAAA-A18-118091790075-0
“Development of the principles of laser photodynamic
theranostics” (2015-2020).

Platelet aggregation was studied by the turbodimet-
ric method using an AT-02 aggregometer (Russia).

Blood was taken from the jugular vein of anes-
thetized rats (20% urethane solution, 5 ml/kg body
weight, intraperitoneally). A 3.2% sodium citrate

solution in a ratio of 9:1 was used as a blood stabiliz-
er. Blood centrifugation mode: to obtain platelet-rich
plasma (PRP) - 200 g, 10 min; platelet-poor plasma
(PPP) - 1700 g, 30 min.

Platelet aggregation inducer - ADP (Chrono-log Co,
USA) at a final concentration of 1.25 uM. The following
aggregation parameters were determined: aggregation
intensity — increase in light transmission (MA) %; time
to reach MA, (t,) s; aggregation rate - Vagr (MA/t,); MA
reduction time by 2 times (t,) s; disaggregation rate -
Viesagr (2 MA/L).

In experiments in vitro, RB (Acros organics, USA) was
added to plasma containing a standard number of plate-
lets (270-350%10°%/1) at concentrations from 0.5 to 10 pg/
ml in experiments to study the effect of RB on platelet
aggregation activity without photoactivation.

In experiments to study the effect of photoactivated
RB on platelet aggregation in vitro, RB was added at a
certain concentration of 5 pg/ml to plasma containing a
standard number of platelets. After a 5-minute incuba-
tion in the dark, the sample was irradiated and platelet
aggregation activity was determined. In the compari-
son groups, the effect of RB (without irradiation) and la-
ser exposure (without RB) on platelet aggregation was
studied.

Irradiation procedure

Samples of PRP with a volume of 370 ul were
poured into the cells of a 24-well plate and irradiated
in the dark using a semiconductor laser device (ALOD,
Russia). The end of the light guide was fixed on a tri-
pod and placed at a distance of 10 mm from the plate
surface (see Fig. 1). Irradiation parameters: wavelength
532 nm, laser power 0.5 W, power density 0.05 W/cm?,
energy density 6 J/cm? (2 min exposure), energy densi-
ty 12 J/cm? (4 min exposure), energy density 24 J/cm?
(8 min exposure). The laser radiation power was con-
trolled using a power meter (Advantest Q8230, USA)
before each experiment.

The study of the effect of photoactivated RB on cir-
culating platelets was carried out as follows: 1 hour af-
ter intravenous administration of RB under conditions
of anesthesia in rats, a section of the femoral artery was
isolated from the neurovascular bundle (see Fig. 2) and
supravascular laser irradiation was performed using a
focuser (Alcom Medica LLC, Russia). Irradiation condi-
tions: A = 532 nm, power 30 mW, spot diameter 2 mm,
power density 0.9 W/cm?, exposure 30 min, energy den-
sity 1620 J/cm? The parameters of laser radiation were
chosen according to the data obtained in previous
studies, in which RB photoactivation led to a guaran-
teed decrease in the blood flow velocity in the vessels
and the formation of a thrombus [4]. Irradiation in the
same modes of the femoral artery in rats without prior
administration of RB did not lead to the formation of a
thrombus.
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Puc. 1. Mpouepypa obayueHus in vitro PRP B 24-ayHouHOM
nAaHwere.
Fig. 1. In vitro irradiation procedure of platelet-rich plasma in 24
well plate.

After completion of irradiation, blood was taken and
platelet aggregation was examined. In the comparison
groups, the effect of supravascular irradiation of the fem-
oral artery (without RB) and intravenous administration
of RB (without irradiation) on platelet aggregation was
evaluated.

Statistical data processing

Data collection was carried out using a spreadsheet
Microsoft Excel 2007. Quantitative data were tested for
normal distribution using the Shapiro-Wilk W test. We
used non-parametric methods of statistical analysis us-
ing the Mann-Whitney test. Numerical data are present-
ed as median (lower quartile/upper quartile). The signif-
icance of the established differences was judged by the
level of values p<0.05.

Results

In experiments in vitro, RB was added to PRP (final
concentration from 0.5 to 10 ug/ml) and platelet ag-
gregation was examined after a 5-minute incubation in

Petrishchev N.N., Grishacheva T.G., Chefu S.G.
Influence of rose bengal on platelet aggregation activity

Puc. 2. Haacocyauctoe nasepHoe obayueHue 6eppeHHON apTepumn
y KpbIC.
Fig. 2. Supravascular laser irradiation of the femoral artery in rats.

the dark. As can be seen from the data in Fig. 3, at a con-
centration of 0.5 and 1 pg/ml, MA increased by 52.3 and
34.6%, respectively, compared with the control (p<0.01),
while the rate of aggregation and disaggregation did
not change significantly. The intensity of platelet aggre-
gation at a RB concentration of 2.5 pg/ml did not differ
from the control, however, the rate of aggregation and
disaggregation slowed down significantly by 22.2 and
26%, respectively. An increase in the concentration of
RB to 5 and 10 pg/ml led to a decrease in the intensity
of platelet aggregation by 43.9 and 53.3%, respectively.
The rates of aggregation and disaggregation decreased
significantly (p<0.01).

Thus, the direction and severity of the effect of RB
on platelet aggregation in vitro depended on the con-
centration: at low concentrations (0.5 and 1 pg/ml),
stimulation was observed, and at higher concentra-
tions, inhibition.

PRP irradiation (without RB) significantly increased
the intensity of platelet aggregation compared to the
control: at 6 J/cm?, MA increased by 55.1%; at 12 J/cm?-
by 65.4%; at 24 J/cm? - by 90.7% (p<0.01). The rates of
aggregation and disaggregation did not change signifi-
cantly.

In the next group of experiments, after a 5-minute
incubation of PRP with RB at a concentration of 5 ug/ml,
the samples in the dark were subjected to laser irradia-
tion with an energy density of 12 J/cm?2.

As can be seen from Fig. 4, laser irradiation (532 nm)
of PRP after incubation with RB (5 ug/ml) led to a de-
crease in MA, while irradiation without RB increased the
intensity of aggregation (p<0.01). Thus, RB photoactiva-
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* %

VHTeHeMBHOCTE arperayii, MA %
Flatelet aggregation, %
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

KoHTpone 05 1 25 5 10
Control KoHuenTpauma BP, mkr/mn
Rose Bengal concentration, pg/mL

Puc. 3. BAusiHue 6eHranbCKoro po3oBoro Ha MHTEHCUBHOCTb arpera-
LU TPOMOOLUTOB.

NMpumeuaHue: ** - p<0,01 no cpaBHEHUIO C KOHTPOAEM.

Fig. 3. Influence of rose bengal on the intensity of platelet aggrega-
tion.

Note:** = p <0.01 compared to control.

tion weakens the stimulating effect of laser irradiation on
platelet aggregation (Fig. 4).

Photodynamic modification of circulating blood in
our studies was carried out by irradiating the femoral
artery in rats against the background of preliminary ad-
ministration of RB.

As can be seen from the table, one hour after the in-
travenous administration of RB, the intensity of plate-
let aggregation did not change significantly, however,
the time to reach MA was 20.7% less versus control
(p<0.01).

Thus, prolonged contact of circulating platelets with
RB affected their functional activity, but to a lesser extent
than in in vitro experiments.

Irradiation of the femoral artery in rats without pri-
or administration of RB (blood photomodification) did
not lead to a significant change in platelet aggregation
activity.

Photodynamic modification of blood (irradiation of
the artery) led to an increase in the intensity of platelet
aggregation by 24% compared with the control group,
and by 39.6% compared with the group without RB pho-
toactivation (p<0.01). The aggregation rate increased by
36.6% compared to the control group and by 27.3% com-
pared to the group without RB photoactivation (p<0.05)
(see Table). The disaggregation rate did not differ from
the data in other groups.

Discussion

Weak lipophilicity, the presence of a double nega-
tive charge at physiological pH limits the penetration
of RB into cells at low concentrations and in the ab-
sence of carriers, such as aloumin. This explains the fact
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* %

WHTeHcWBHOCTE arperaumi, MA %

8

¥

BP (5 mkr/mn) N0 (532 vm; 12 Mwfem?)  BP+IO
RB(5ug/mL) Laser (532 nm; 12 J/cm?)  RB+Laser

KoHTpone
Control

Puc. 4.BausHue BP, nazepHoro o6AyuyeHusi, A a3epHoro obayueHus Ha
¢doHe npeaBapuUTenbHoro pobaereHus B PRP BP Ha MHTEHCUMBHOCTb
arperauuu Tpom6oUMTOB.

MpumeuaHue: ** - p<0,01 nNo cpaBHEHUIO C KOHTponeM; ## -
p<0,01 no cpaBHeHHUtO ¢ BP; AA - p<0,01 no cpaBHEHUIO C Fpynnon
06AyuEeHHUS.

Fig. 4. Influence of the RB, laser irradiation, laser irradiation with
addition of RB to platelet-rich plasma on the intensity of platelet
aggregation.

Note: ** - p <0.01 compared to control; ## - p <0.01 compared to
RB; AA - p <0.01 in comparison with the irradiation group.

that in an aqueous solution RB has practically no effect
on normal cells, while at the same concentrations it has
a cytotoxic effect on the cultured cells of some tumors
[1,2,8,9l

In our experiments, it was found that RB has an ef-
fect on platelet aggregation, while the degree of sever-
ity and direction of the effect depend on the concen-
tration of RB. The penetration of RB into intact platelets
most likely occurs by endocytosis of the RB complex
with albumin. There is evidence in the literature that
some PS have a direct effect on platelets, but most au-
thors observed an inhibitory effect only after PS photo-
activation [10-13].

According to J. Inamo et al. RB at a final concentra-
tion of 5 ug/ml did not affect ADP-induced aggrega-
tion of human platelets. According to our data, RB at
concentrations of 5 and 10 pg/ml naturally inhibited
rat platelet aggregation, and at lower concentrations
(0.5-1.0 pg/ml) stimulated it. Perhaps these differenc-
es are associated with the specific features of human
platelets. J. Inamo et al. noted some stimulating effect
of photoactivated RB on platelet aggregation (532 nm,
dose not specified), but this effect did not differ from
the effect of irradiation itself on platelets.

Changes in the functional state of circulating plate-
lets during irradiation of the femoral artery of rats
against the background of preliminary administra-
tion of RB can be the result of both direct and indirect
photodynamic effects. In the 90s of the last century,
V.H. Fingar et al. showed that during PDT of experi-
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Tabauua

Petrishchev N.N., Grishacheva T.G., Chefu S.G.
Influence of rose bengal on platelet aggregation activity

BAusiHME GpOTOAMHAMMUUECKOW MOAUDUKALMM KPOBU Ha nokasatenn AAD-UHAYLMPOBAHHOK arperauum TpoM6ouuTos

Table

Influence of photodynamic blood modification on indicators of ADP-induced platelet aggregation

Mokasatenu arperaymm

MakcvmanbHas
amnaunTypga arpe-
rauum (MA), %

Bpemsa goctmxe-
HuA MA, c

KoHTponb 54 130
Control
(n=15) (52-58) (113-143)
BP (17 mr/Kr)

48 103
RB (17 mg/kg) - 17y
(n=6) (33-54) (97-112)
J10 532 Hm 575 126.5
LI532 nm ! .
(n=6) (52-60) (122-141)
ngl:llo o 126 (103-146)
(n=8) (61-77)**## A

Bpemsa ymeHb-
weHua MA B 2
pasa, ¢

CKopocTb arpera-
umn, %/c

CKopocTb fle3a-
rperauuu, %/c

219 0,41 0,31
(192-251) (0,38-0,48) (0,25-0,35)
173 0,44 0,32
(153-186)" (0,34-0,47) (0,31-0,32)

222,5 0,45 0,31
(202-249) (0,42-0,47) (0,3-0,32)
226 0,56 0,37
(179-264) (0,48-0,61)* # A (0,31-0,44)

MpuMmeyaHmMe: N — YnCNOo XMBOTHbIX; * — p<0,05 NO CpaBHEHNMIO C KOHTponeM; ** — p<0,01 No cpaBHeHWIO C KOHTponeMm; # — p<0,05 No cpaBHEHMIO
crpynnon OC; ##- p<0,01 no cpaBHeHuto ¢ rpynnon ®C; A — p<0,05 no cpaBHeHUto € rpynnoi obnyyeHnsa. bP — 6eHranbckumin pososbiif; J10 — nasep-
Hoe o6nyueHue; PB+/10 - nazepHoe obnyueHre nocne npenBapuTeNibHOro BBefeHus bP.

Note: n — number of animals; * - p<0.05 compared to control; ** - p<0.01 compared to control; # — p<0.05 compared to the RB group; ## - p<0.01
compared to the RB group; A - p<0.05 compared to the irradiation group. RB - rose bengal; LI - laser irradiation; RB+LI - laser irradiation after

preliminary administration of RB.

mental tumors, the content of thromboxane A2 (TxA2)
in the blood increases. The authors explain this by the
release of TxA2 from the endothelium of tumor ves-
sels in the zone of photodynamic exposure [14]. TxA2
is known to be a platelet activator, which, according
to the authors, promotes thrombus formation in tu-
mor vessels during PDT. The described mechanism of
changes in platelet activity during PDT can be con-
sidered as indirect, that is, not associated with direct
photodynamic damage to circulating platelets. In our
experiments, the femoral artery was irradiated against
the background of preliminary RB injection. In previ-
ous studies, it was shown that with the experimental
design used, photodynamically induced thrombi are
formed in all cases, that is, there was damage to the
endothelium in the irradiation zone [4, 18]. However,
the damage area (3.14 mm?) was incommensurably
smaller than in the experiments of V.H. Fingar et al.
during irradiation of tumor vessels.

There is evidence in the literature that intravenous
and supravascular laser irradiation of blood after the
preliminary administration of PS has a cytotoxic effect
on circulating tumor cells. This effect is considered as a
result of photodynamic modification of blood [15-18].
It can be assumed that platelets circulating in the blood

in the area of femoral artery irradiation also develop
photochemical processes that affect their functional
state, that is, there is a direct photodynamic effect.

Conclusion

In our study, RB, like some other PS in our previous
experiments, had a direct effect on platelets and their
functional activity in vitro and in vivo [19]. The severi-
ty of the effect in vitro depends on the concentration of
the drug. At low concentrations of RB, stimulation of the
aggregation activity of platelets is observed, at high con-
centrations - inhibition. Unlike PS of the chlorine series,
photoactivation of RB at a concentration of 5 ug/ml did
not increase the inhibitory effect of platelet aggregation
under in vitro conditions [19].

It has been shown for the first time that photomodi-
fication of blood against the background of preliminary
administration of RB leads to moderate activation of the
functional activity of platelets. A change in the functional
activity of platelets is one of the manifestations of photo-
dynamic modification of blood. Considering that the pho-
todynamic model of thrombosis using RB is widely used
in preclinical studies, these data should be taken into ac-
count when studying the effectiveness of antithrombotic
agents.
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PHOTODYNAMIC THERAPY IN THE TREATMENT
OF PATIENTS WITH MYCOSIS FUNGOIDES

Filonenko E.V.!, Ivanova-Radkevich V.I.2

'P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry of
Health of the Russian Federation, Moscow, Russia

2Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

Abstract

The review highlights the current understanding of the epidemiology, etiology, pathogenesis, existing classifications of mycosis fungoides.
Methods for diagnosis and treatment of the pathology are described, among which photodynamic therapy (PDT) plays an important role. The main
advantages of PDT for mycosis fungoides include the absence of systemic toxicity, non-invasiveness, selectivity, absence of carcinogenic potential,
the possibility of repeated courses of treatment, and good cosmetic results. This review collects and analyzes the results of clinical trials of PDT in
patients with mycosis fungoides. The analysis showed high efficiency of PDT in patients with mycosis fungoides with isolated or limited spots and
plaques. PDT can be considered as the therapy of choice in patients with facial lesions when a good cosmetic result is one of the main requirements,
and radiation therapy, nitrogen mustard or carmustine can leave permanent and visible scars. Plaques located in the axillary or inguinal skin folds
that are inaccessible to phototherapy can also be treated with PDT.
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OOTOOMNHAMUYECK A4 TEPATNA
B JIEMEHNW BOJIbHbIX TPUBOBUOHBIM MMKO3OM

E.B. ®unoHenko', B.N. Usanosa-Paakesmny?

1«MOCKOBCKMI HAYYHO-MCCNENOBATENBCKMM OHKONIOTMYECKMI MHCTUTYT UM. [1.A. Tepuera —
dunuan PIBY «HaumoHanbHbIM MEAMUMHCKMIA MCCEN0BATENLCKMM LIEHTP PAAUMONOTMMY
Munucrepcrea sppasooxparerus Poceuitckoin Pepepaumnm, Mockea, Poccus
2Pocceuitckmit Yuusepeutet apyxbbl Hapopos, Mocksa, Poccus

Pesiome

B 0630pe ocBelLeHbl COBPEMEHHbBIE MPEeACTaBNEHNA 06 SMUAEMMONONY, STUOMONK, NaToreHese, CyLWeCTBYLWUX KaccudrKkaumsax rpnbo-
BMAHOrO MI1KO3a. OnrcaHbl METOAbl ANArHOCTUKY 1 IeYEHUA MaToNIONK, BaXKHYI0 POJib Cpean KOTOPbIX UrpaeT GoTogmHaMuyeckas Tepanms
(®AT). K ocHoBHbIM npenmylectBam OAT rpnboBNAHOrO MUKO3a OTHOCATCA OTCYTCTBME CUCTEMHOWN TOKCUYHOCTY, HEMHBA3UBHOCTb, N36K-
paTesibHOCTb [IeNCTBUA, OTCYTCTBIE KaHLEPOreHHOro NnoTeHLMana, BO3MOXXHOCTb NPOBEAEHNA MOBTOPHbIX KYPCOB JIeYEHWA 1 XOPOoLUMe KOC-
MeTMYecKre pesynbraTtbl. B HacToswem 0630pe cobpaHbl 1 MPoaHan3nPoBaHbl Pe3ysbTaTbl KNMHUYeCKMX uccnegosanmin OAT naumeHToB ¢
rprboBMAHBIM MUKO30M. AHaNIM3 NOKa3as BbiCOKYio 3pdekTnBHOCTL AT y NauneHToB € rpMbOBMAHBIM MUKO30M C U30SIMPOBAHHBIMU WA
orpaHyMyYeHHbIMM NATHaMU 1 6nAwkamn. OLT MOXHO paccmaTpuBaTh Kak Tepanuio BbIbopa y MaLyeHTOB C o4araMu Ha JIMLE, KOrAa OfHVM U3
OCHOBHbIX TPeboBaHWI ABNAETCA XOPOLUMIA KOCMETUYECKUI pe3ysibTaT, a JiyueBas Tepanis, a30THbIA UAPUT UM KaPMYCTUH MOTYT OCTaBUTb
NMOCTOAHHbIE U BUAUMbIE LPaMbl. BAALIKY, pacnonoeHHble B MOAMbILLEYHbIX UM MAaxOBbIX CKIAAKaX KOXW, HEAOCTYNHble Ana doToTepanuu,
TaKXe MOXHO NleunTb ¢ nomotbo GOT.

KnioueBble cnoBa: d)omnvmamvmecr(aﬂ Tepanusa, FpVI6OBVI,EleII7I MUVKO3, 5-aM1HONEBYIMHOBAA KNCNOTA.

Onsa untuposanusa: GunoHeHko E.B., MBaHoBa-Pagkesuy B.N. DotognHammueckas Tepanus B neyeHnr 60/bHbIX FPUO0BUAHBIM MUKO30M //
Biomedical Photonics. — 2022. - T. 11, N2 1. — C. 27-36. doi: 10.24931/2413-9432-2022-11-1-27-37.

KonTakTtbi: OunoHeHko E.B., e-mail: derkul23@yandex.ru

BIOMEDICAL PHOTONICS T. 11, Ne1/2022

27



Ll
%
D)
'—
<
o2
L
}_
I
L
O
s
—
>
L
%

Filonenko E.V., lvanova-Radkevich V..

Photodynamic therapy in the treatment of patients with mycosis fungoides

Mycosis fungoides (MF) is a primary epidermotropic
T-cell lymphoma of the skin, characterized by the prolif-
eration of small and medium T-lymphocytes with cere-
briform nuclei. MF is one of the most common forms of
cutaneous T-cell lymphomas. In the earliest stages of
the disease, patients usually present with isolated skin
lesions resembling eczema or extensive erythema [1].
The term "mycosis fungoides" was introduced by J.L.M.
Alibert in 1832 in relation to the unusual skin rash he
described in 1806, which developed into tumors in the
form of mushrooms [2].

Epidemiology

After the gastrointestinal tract, the skin is the second
most common site of extranodal non-Hodgkin's lym-
phoma, with an estimated annual incidence of 1 case
per 100,000 population. According to the fourth edition
of the WHO Blue Book, MF is the most common form of
primary cutaneous lymphomas (skin lymphomas with-
out evidence of extracutaneous disease at the time of
diagnosis) according to the classification of skin tumors.
The proportion of MF in the overall incidence of prima-
ry cutaneous lymphomas is 53% of primary cutaneous
T-cell ymphomas and 45% of all primary cutaneous lym-
phomas (of which 39% is the classic form of MF, 6% are
its variants according to the WHO-EORTC classification,
including folliculotropic MF — 5%, pagetoid reticulosis -
less than 1%, granulomatous loose skin syndrome - less
than 1%) (Table 1). Another 20% of primary cutaneous
cutaneous lymphomas are due to primary cutaneous
CD30*lymphoproliferative diseases, including 8% to
primary cutaneous anaplastic large cell ymphoma® 12%
to lymphomatoid papulosis; 6% for primary cutaneous
CD4* T-cell lymphoproliferative disease of small and me-
dium cells; 2% for Cesari's syndrome; 9% - for primary
B-cell lymphoma of the marginal zone of the skin; 12% -
for primary cutaneous lymphoma from the cells of the
follicular center; 4% - for primary cutaneous diffuse large
B-cell ymphoma, lower extremity type. The incidence of
other types of primary cellular lymphomas is less than
1% for each type [3, 4].

Classification

In 1876, Bazin described three classical stages in the
development of MF: macules, infiltrated plaques, and
tumors. Each of them differs from the previous one by
increasing thickness. Stages can overlap or register at the
same time. If only tumors are present, with no preceding
or coexisting macules or plaques, the diagnosis of MF
should be questioned. WHO and the European Organi-
zation for Research and Treatment of Cancer, in addition
to the classical form of Albert-Bazen MF, characterized
by the development of spots, plaques and tumors, dis-
tinguish three variants of the disease: folliculotropic MF,
pagetoid reticulosis, and granulomatous flaccid skin syn-
drome [1, 2, 51.

Clinical picture

MF usually presents clinically as persistent patches or
plaques that are sometimes itchy and usually affect ar-
eas of the skin that are not exposed to sunlight. These
lesions can often remain unchanged for many years or
even throughout the life of the patient, but progression
to disseminated lesions, tumor development, or lesions
of internal organs can occur, which worsens the progno-
sis and requires systemic treatment [6]

Diagnosis

Diagnosis of MF is usually based on characteristic
clinical manifestations and confirmed by routine his-
tology [2]. The gold standard is light microscopy of
affected skin sections stained with hematoxylin-eo-
sin, but early diagnosis can be difficult because the
initial histological picture may resemble other chronic
inflammatory dermatoses [1, 2]. To date, there are no
diagnostically significant molecular markers that can
reliably distinguish between malignant and benign T
cells [1]. The histological picture is more often diag-
nostically significant at the plaque stage. In this case,
histology reveals a streak-like or lichenoid infiltrate of
mononuclear cells in the papillary dermis with over-
lying epidermotropism (intraepidermal lymphocytes
with slight spongiosis). These lymphocytes are found
individually or in clusters within the epidermis, often
surrounded by a clear halo (Pauttier microabscesses).
When examining mononuclear cells at high magnifi-
cation, hyperchromatic and irregular contours of the
nuclei are revealed. The picture of psoriasiform hyper-
plasia of the epidermis with hyperkeratosis and focal
parakeratosis is determined [2].

Traditional treatment

Most cases of MF are characterized by a sluggish
course with a low risk of disease progression, but com-
plete regression is rarely achieved. Therefore, the main
goal of treatment is to minimize symptomatic morbidity
and limit disease progression [1].

The variability of the clinical picture and the clinical
course of MF has led to the emergence of many schemes
and complex treatment algorithms. It is important to un-
derstand that very little clinical research has been done
on MF to date, as it is a fairly rare condition and the evi-
dence on which current treatment recommendations are
based is limited [6].

Treatment methods used in MF can be divided into
topical, skin-directed, and systemic therapies.

For the treatment of stage IA, lIA, [IB MF, 2 types of
skin-directed therapy are traditionally used: for a lo-
calized form (IA) and for a widespread (lIA, 1IB) lesion
(Table 1).

The most common treatment for the early stag-
es of MF (stages IA-1IA) are topical corticosteroids [6,
14]. Most often they are used as an adjunct to other
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Tabnauua 1

PekomMeHaaUMu No AeuyeHuto rpuboeBuaHoro mukosa lA, A, 1B ctaauu [6,10-13]

Table 1

Treatments for early mycosis fungoides (stages IA, IIA, 11B) [6,10-13]

JlokannsoBaHHaAa ¢popma PacnpocTpaHeHHasa ¢popma

MecTHOe NpMeHeHNe KOPTUKOCTEPOUAOB
Topical corticosteroids

MecTHaa xummnoTtepanuaA (a30THbIN UNPUT, KAPMYCTUH)
Topical chemotherapy (nitrogen mustard, carmustine)

JlokanbHasA nyyesas Tepanua
Local radiotherapy

MecTHoe nprMeHeHne peTHONAO0B
(6ekcapoTeH, TazapoTeH)
Topical retinoids (bexarotene, tazarotene)

®otoTepanua: UVB, ncopaneH-UVA
Phototherapy: UVB, psoralen-UVA

MecTHOe NnprMeHeHne NMUKBUMOAA
Topical imiquimod

MecTHOe NpuMeHeHre KOPTUKOCTEPOVAOB
Topical corticosteroids

MecTHasa xummnoTtepanua (a30THbIN UNPUT, KAPMYCTHH)
Topical chemotherapy (nitrogen mustard, carmustine)

®otoTepanusa: UVB, ncopaneH-UVA
Phototherapy: UVB, psoralen-UVA

ToTanbHasA KOXHas 3N1eKTPOHHO-NyyeBas Tepanus
Total electron-beam skin therapy

local and systemic treatments at all stages. They induce
apoptosis, affect the adhesion of lymphocytes to the
endothelium and suppress transcription factors (nucle-
ar factor-kB and activator protein-1), reduce the pro-
duction of cytokines, adhesion molecules and growth
factor. Nitrogen mustard therapy and phototherapy
are also often used, which, according to some au-
thors, have the same efficacy in early MF and are used
in combination with additional maintenance therapy
necessary to achieve long-term complete remissions.
Phototherapy (narrow-band UVB or psoralen-UVA)
alone or in combination with systemic therapy (bex-
arotene, interferon, or methotrexate) is effective for
widespread plaques [6]. PUVA therapy demonstrates
low efficiency when used at the stage of the tumor or
erythrodermic and folliculotropic MF; however, studies
show its effectiveness in combination with low doses
of systemic agents, such as interferon-alpha [14, 15].
Total skin electron beam therapy at a standard dose of
30 Gy is an effective treatment for obstinate/recurrent
extensive plaques and fungal tumor mycoses, but is
associated with significant dermal toxicity. This type of
therapy reduces the number of circulating abnormal T
cells that pass through the vasculature of the dermis
and are radiosensitive. However, there are conflicting
reports on its efficacy in erythrodermic MF. For isolated
lesions, low-dose local radiation therapy may also be
useful [14].

Systemic therapy of MF is carried out both sepa-
rately and in the form of complex treatment. If skin-tar-
geted therapy does not provide an adequate response

or in cases of advanced disease, single-component
systemic therapy (eg, bexarotene) is prescribed. Im-
munomodulators such as interferons and retinoids
are also commonly used as first-line monotherapy for
advanced forms of MF, as well as in low dose combina-
tions with topical agents. Histone deacetylase inhibi-
tors (vorinostat or romidepsin) are also effective agents
for monotherapy in cutaneous and nodular forms of
MF and forms of the disease with blood involvement.
Alemtuzumab is an effective drug for erythrodermic
mycosis fungoides with a deficit of central memory T
cell population. Chemotherapy is usually used to treat
obstinate or rapidly progressive MF. In advanced forms
of MF, allogeneic stem cell transplantation can be ef-
fective [14].

Many of the traditional MF therapies described
above show insufficient efficacy and are accompanied
by long-term side effects. This is especially true of le-
sions located in places such as the palms and soles of
the feet. This necessitates the search for alternative
treatment options for mycosis fungoides.

Photodynamic therapy

PDT is an effective and non-invasive method of expo-
sure with good clinical results [16].

The mechanism of photodynamic effects in MF is not
fully understood. It is possible that, in addition to the di-
rect destruction of pathological lymphocytes due to the
generation of reactive oxygen species, the inflammatory
response induced by PDT contributes to the therapeutic
effect [17-20].

REVIEWS OF LITERATURE
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In 1994, Boenhcke et al. demonstrated how PDT in-
hibits lymphocyte proliferation in MF plaques both in
vivo and in vitro [21].

M. Lam et al. studied the mechanisms of photocy-
totoxicity of the silicon-phthalocyanine photosensi-
tizer Pc 4 in relation to pathological T-lymphocytes in
the skin cell culture of patients with MF. Studies have
shown that PDT with PC 4 predominantly induces
apoptosis of CD4* CD7- transformed T-lymphocytes
in the blood compared to CD11b* monocytes and
normal T-cells, that is, selectively affects pathological
T-lymphocytes. It was also shown that PDT with Pc4
reduced the level of the antiapoptotic protein Bcl-2
[22].

The high efficiency and absence of systemic tox-
icity of PDT are due to the selective accumulation of
photosensitizers in the lesions and local exposure to
light [17].

For PDT of MF, preparations based on 5-amino-
levulinic acid (5-ALA) and 5-ALA methyl ester are usu-
ally used. 5-ALA methyl ester has more pronounced
lipophilic properties, shorter incubation time and
higher selectivity for pathological lymphocytes com-
pared to 5-ALA. Both of these drugs are metabolized
in the human body with the formation of photoactive
protoporphyrin IX [17].

The selectivity of the accumulation of protoporphy-
rin IX in pathological lymphocytes in the foci of MF is
due to a number of factors. Protoporphyrin IX is more
actively synthesized in transformed lymphocytes. This
is due to excessive iron intake due to increased expres-
sion of the CD71 transferrin receptor [23], increased
activity of porphobilinogen deaminase, an enzyme
that limits the rate of heme synthesis [24], and accel-
eration of the cell cycle in cells, which increases their
ability to absorb 5-ALA [6, 25].

In addition, changes in the stratum corneum of the
epidermis in plaques contribute to the penetration of
the photosensitizer into the skin [6, 26].

Evaluation of the effectiveness of PDT is carried
out on the basis of a clinical picture demonstrating
the disappearance of MF foci, and a histological exam-
ination. A number of authors believe that the assess-
ment of the clinical response is sufficient and reflects
the real effectiveness of the treatment. According to
other researchers, in evaluating the effectiveness of
MF treatment, the histological therapeutic response is
more important than the clinical response.

Histological response to treatment has been eval-
uated in a number of studies, but the small number of
observations and conflicting data obtained by differ-
ent investigators do not allow an unambiguous con-
clusion to be made about the need to confirm clinical
response by histological examination.

R. Ammann et al. and E. Diez-Recio et al. reported
a complete histological treatment and the absence of

atypical lymphocyte infiltrates in all MF plaques after
PDT with 5-ALA in 3 patients whose clinical outcome
was assessed as complete regression. Both groups of
researchers described pigmentary changes with the
presence of melanophages, skin fibrosis, epidermal
atrophy, and residual lymphocytes in the infiltrate
[27, 28].

Concurrently S.T. Kim et al. believe that the final de-
cision to assess the effect of treatment as a complete
or partial regression should be determined by the
results of histological analysis [17]. According to the
results obtained, 7 out of 10 patients with unilateral
MF showed an obvious improvement in their condi-
tion. Most previous studies did not follow up histolog-
ically. In the described study, 8 out of 10 patients un-
derwent histological observation, and only 5 of them
had a clinical and histological response that coincid-
ed and could be assessed as a complete regression.
In 2 patients with full therapeutic clinical effect, the
histological report showed partial regression of the
lesions. D.W. Edstrom et al. also found a residual infil-
trate of atypical lymphocytes in 2 patients after PDT
with 5-ALA in lesions that showed a complete clinical
response [29]. Possibly, these results are related to the
insufficient depth of light penetration for selective ac-
tion on lymphocytes in MF plaques. D. Eich et al. treat-
ed 8 patients with tumor form of MF. A subsequent bi-
opsy showed the absence of histological signs of GM
in the infiltrate up to a depth of 1.5 mm, while atypi-
cal lymphocytes continued to be detected in deeper
tissues [30]. Published data do not clearly prove that
with complete clinical regression of MF foci after PDT,
atypical lymphocytes in the foci were completely elim-
inated, and therefore patients with a complete clinical
response after PDT should be under dynamic monitor-
ing for timely detection of a possible relapse [6].

Table 2 summarizes the results of the main clin-
ical studies presented in the Pubmed database eval-
uating the effectiveness of PDT for MF. These studies
include a total of data from 71 patients with 120 MF
lesions treated with PDT from 1994 to 2018. Most of
the authors used red light sources (coherent and inco-
herent). In earlier works, preparations based on 5-ALA
were used. Since 2006, most studies have used 5-ALA
methyl ester. The number of PDT courses varied from 1
to 9. A light dose of 37 J/cm? was predominantly used;
in some cases, the light dose during irradiation was
higher and reached 200 J/cm?.

The conducted studies show the promise of using
PDT as one of the options for localized skin-targeted
therapy. In the late stages of advanced MF (stage IIB
and above), PDT is of less interest due to the complex-
ity of influencing the generalized process; however, it
can be used as a treatment for individual plaques or
tumors [6].

Due to the small number of observations and the
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lack of large-scale clinical studies of the effectiveness
of PDT in patients with MF, the optimal modes of PDT
have not yet been determined [17]. It can be noted
that the high efficiency of treatment was achieved
using drugs based on both 5-ALA and 5-ALA meth-
yl ester. The light dose and the frequency of courses
varied significantly in different studies, and therefore
it is difficult to determine whether there is a correla-
tion between these indicators and the effectiveness of
treatment, although most authors indicated the need
for several courses of PDT.

Patients generally tolerate PDT well, although most
studies report a slight burning sensation during the
procedure. After PDT, some patients developed er-
ythema and edema at the treatment site, much less

often - scabs and erosion. Studies have shown that
lesions can develop mild pigmentary changes, most
often hyperpigmentation or hair loss [16, 17, 27-29,
31-43].

There have been several studies evaluating the ef-
fectiveness of fluorescence diagnosis of MF.

The fluorescence pattern of MF foci was described
by A. Orestein et al. as weak and diffuse in spots, in-
tense with well-defined boundaries in plaques and
tumors [34]. The authors reported that when irradi-
ated during a PDT session, the fluorescence intensity
decreased faster in spots and plaques than in tumors.

In the studies of Svanberg K. et al. the fluorescent
contrast of MF foci after exposure to 20% exposure
with 5-ALA was 5.0 [31].

Tabauua 2

CBOAHbIE A@HHbIEe Pe3yALTaTUBHOCTU NMPUMEHEHUA ¢0TOAMHaMW~IeCKOFI Tepanuu 'y naunueHToB C FpMﬁOBMAHbIM MWKO30M

Table 2

Summary of the effectiveness of photodynamic therapy in patients with mycosis fungoides

Konuuecr-
Bo ovaroB/ | QotoceHcm-

Pexxum
ABTOpbl | nauueHToB | Gunusartop

I/ cm?

obnyyenna

Svanberg 5-AJIK Nasep, 630 Hm
wcoser, 472 SALA  Laser, 630nm 60
1994 [31] '
Wolf .
5-AJIK Buammblin ceT
11 COaBT, 2/2 ) AU 40
1994 32] 5-ALA Visible light
:2?2: "1 5-AJIK Bugumbiin ceet He yka3aHa
1995 [27] 5-ALA Visible light Not specified
UEY 5-AJIK Nazep, 635 HM
e el 5-ALA Laser, '635 nm Y
199933] '
HekorepeHTHbIi
Markham 5 ATIK MICTOYHUK CBETa,
11 COaBT, n 5.ALA 580-740 Hm 20
2001 [35] Noncoherent light,
580-740 nm
HekorepeHTHbII
Edstrom 5.ATIK WCTOYHVK CBETa,
11 COaBT, 12/10 5 ALA 600-730 Hm 33-180
2001 [29] Noncoherent light,
600-730 nm

(BeToBadA A03a,

Konuye-
CTBO
KypcoB OAT

Pe3ynbrat
Tepanuu,
% nauueHToB

Cpok Habniopenua,
mec

Tun ouara

12 He ykasaH MNP 50% (1/2) He ykasaH
Not specified CR50% (1/2) Not specified
bnAwka MNP 100%
o Plaque CR100% S
bnawka 0 He ykasaH
1 Plaque CRT00% Not specified
34 BAAKN CR100% 17-33
Plaques
12
B teyeHue 12 mec
HabMIOAEHNA BO3HIK
Onyxonb MNP 100% peunaus (nATHo
> Tumor CR 100% M 6nALKa)
During the 12
months of follow-up,
arelapse occurred
(patch and plaque).
Brawkn:
1P 70% (7/10)
4P 20% (2/10)
He ouereH 10% (1/10)
10 bnAwex L4z
2 onyxomm oTcyTcTBIe 3P deKTa
2-11 100% (2/2) 4-19
10 plaques
2 tumors Plaques:
CR70% (7/10)
PR 20% (2/10)
not rated 10% (1/10)
Tumors:
no effect 100% (2/2)
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ABTOpDI

Leman
11 COaBT,
2002 [36]

Coors
11 COaBT,
2004 [37]

Zane
11 COaBT,
2006 [38]

Diez-Recio
11 COaBT,
2007 [28]

Hegyi J.
11 COaBT,
2008 [42]

Orenstein
11 COaBT,
2009 [34]

Fernan-
dez-Gua-
rino
11 COaBT,
2010 [39]

Kim
11 COaBT,
2012 [17]

Konunuecr-

Bo ovaroB/ | QotoceHcm-
nauvienToB | 6unusartop

5-AJIK

n 5-ALA

5-AJIK

7/ 5-ALA

MeTunosbii

3¢up 5-AJIK

5-ALA meth-
yl ester

5/5

5-AJIK

22 5-ALA

MeTtunogbii

3¢up 5-ATK

5-ALA meth-
yl ester

5-AJIK

o2 5-ALA

MeTunoBbii

3¢up 5-ANIK

5-ALA meth-
yl ester

24/12

MeTtunogbii

3¢up 5-ATIK

5-ALA meth-
yl ester
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Konuye-
CTBO
KypcoB OAT

Pe3ynbrar
Tepanuu,
% naumeHToB

Cpok Habniopenua,
mec

Pexum (BeToBasA A03a, Tun ovara

Dw/cm?

obnyyenna

Nazep, 630 HM 100 4 MATHa MNP 100% 1
Laser, 630 nm Patches CR 100%
HekorepeHTHbIN BRIk
VCTOYHMK CBETa,
60-160 Hu 72144 7 Onyom MP100% 14-18
Noncoherent light, g Gitis
gnt Tumors
60-160 nm
1P 80% (4/5)
Nasep, 635 Hm MatHa YP 20% (1/5)
Laser, 635 nm 375 1 Patches CR80% (4/5) 12-34
PR 20% (1/5)
8 [Ix/cm?,
AANTENbHOCTb
umnynbca 0,45 mc,
cTeneHb
VIMnynbcHblin nepekpbITIA
nasep umnynbcos 1M,
Ha KpacuTene, KOJIMYeCTBO 3 brawkn P 100% 34
585 Hm /IMMybCoB 8-22 Plaques CR 100%
Pulsed dye laser, 8 J/cm?, pulse dura-
585 nm tion of 0.45 ms,
degree of pulse
overlap of 1 Hz
8-22 pulses per
treatment
Ceetoamop, o
630 H 100-200 3 o e o 16
LED, 630 nm
1 (nATHO)
Opak-
jeaend o AN 1mo
580-720 M1 3?(; (()onyxonm) (onyxom) 5 onyxoneit MP 100% 227
. (patch) 1 patch CR 100%
Noncoherent light, 380 (tumors) 1 (patch) 5 1UMors
580-720 nm Fractional
irradiation
(tumors)
MP 50% (6/12)
Nazep, 630 Hm 37 B cpse ‘;HeM brsiwkm 4P 42%(5/12) 6-36
Laser, 630 nm Meah 57 Plaques CR 50% (6/12)
' PR42% (5/12)
lo ouaram:
1P 13% (2/16)
YP 31% (5/16)
oTcyTcTBIe 3P deKTa
56% (9/16)
6 nTeH CR 13% (2/16)
Csetoguog, 10 bnAwek Pff“:{;éﬁ/” 231 6
630 Hm 375 26 6 patches [0 €ffect56%(9/16) 831
LED, 630 nm folakaney | COLDIELEETE
! MP 20% (2/10)
43 50% (5/10)
oTcyTcTBIe 3hdeKTa
30% (3/10)
CR 20% (2/10)
PR 50% (5/10)
no effect 30% (3/10)
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Konuuecr-
Bo ovaroB/ | QotoceHcm-

Pexxum
ABTOpbl | nauueHToB | Gunusartop

Ix/cm?

obnyyenna

Quéreux MeTunogbii
1 COaBT. 29/12 3oup 5-AJIK  Jasep, 630 Hm 37
2013 [4(')'] 5-ALAmeth-  Laser, 630 nm
yl ester
Kaufmann BT CeTogunon
adup 5-AJIK ' He yKa3aHa
1 COIBT, i 5-ALA meth- 630m Not specified
2017[16] LED, 630 nm P
yl ester
Pileri BM;VTIW;O/??]'? [lnoaHas namna,
11 COaBT, 4/4 5. ALI/)A meth- 630 Hm 37
2017 [41] LED lamp, 630 nm
yl ester
Jang e CeToguon
11 COaBT, 2/2 Sad;\llll_pAsm?t]Pf 630 Hm 37,5
2018 [43] LED, 630 nm
yl ester

MpumeyvaHuna: MNP - nonHaa perpeccua, YP — yactnuyHana perpeccus.
Note: CR - complete regression, PR - partial regression.

(BeToBasA A03a,

Konuye-
CTBO
KypcoB OAT

Pe3ynbrat
Tepanuu,
% nauueHToB

Cpok Habniopenua,
mec

Tun ouara

MNP 50% (6/12)
20 nateH YP 25% (3/12)
96nAwek  otcyTcTBME 3dPeKTa
2-6 20 patches 25% (3/12) 6-35
9 plaques CR 50% (6/12)
PR 25% (3/12)
no effect 25% (3/12)
[atHO [P 100%
L Patche CR 100% .
MNP 50% (2/4)
i MatHa YP 50% (2/4) !
+9 Patches CR 50% (2/4) 6120
PR 50% (2/4)
MaTHa MP 100%
2 Patches B

Conclusion

The main advantages of PDT in patients with MF in-
clude the absence of systemic toxicity, non-invasiveness,
selectivity of action, the absence of carcinogenic po-
tential, the possibility of conducting several courses of
treatment, and good cosmetic results. PDT shows high
efficiency in patients with isolated or limited spots and
plaques. PDT can be considered as the therapy of choice
in patients with facial lesions where a good cosmetic
result is one of the main requirements, while radiation
therapy, nitrogen mustard or carmustine can leave per-
manent and visible scars. Plaques located in the axillary
or inguinal folds of the skin, which are inaccessible to
phototherapy, can also be treated with PDT [6].

Studies show that several courses of PDT are usual-
ly required to treat patients with MF, although the exact
frequency of courses remains uncertain. Most of the au-
thors conducted courses every 2-4 weeks with a frequen-
cy that allows removing crusts before the next course.
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Abstract

Actinic keratosis is an important medical and social problem, the correct diagnosis and treatment of which will help to avoid the development
of invasive forms of cutaneous squamous cell carcinoma. With the further development of the early diagnosis of cancer, including skin cancer,
the increase in human life expectancy, and the popularization of travel to exotic countries, the number of cases of actinic keratosis among the
population will continue to grow. In this regard, it is important to discuss the causes and pathogenesis of the disease, the varied clinical picture
of the disease, methods of non-invasive diagnostics, as well as methods of treatment, of which there are a great many in the treatment of actinic
keratosis today. However, each of the methods has both advantages and disadvantages, and in the global trend towards a personalized approach
to treatment, it is important to choose from the standpoint of evidence-based medicine the most suitable for each individual patient. Moreover,
after treatment of actinic keratosis, relapses often occur, which are the result of insufficient diagnosis and the development of incorrect treatment
tactics. The review article provides the clinical picture of actinic keratosis, diagnostic and therapeutic methods, and their comparison with each
other in terms of efficacy and safety.

Key words: actinic keratosis, cutaneous squamous cell carcinoma in situ, photodynamic therapy.
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AKTUHUYECKMM KEPATO3
(0630p nuTeparypsi)

E.B. ®unonenko', C.C. Okyko?

'«MOCKOBCKMIM HOYYHO-UCCNEROBATENLCKMIM OHKONOTMYECKmit MHCTUTYT uM. [1.A. Tepuera —
dunman PIBY «HaumoHanbHbIA MEAUUMHCKMIA MCCNEAOBATENBCKUIA LEHTP PAAMONOTUY
Mununcrepcrea spgpasooxpaHerus Poccuitckon @epepaummn, Mocksa, Poccus
2«[ocynapcTBeHHbIin HayuHbii LeHTp nasepHon MeamumnHbl nm. O.K. CkobenkmnHa @MBAY,
Mocksa, Poccus

Pe3lome

AKTUHMYecKni KepaTo3 (AK) paccmaTprBaeTCA Kak npefpakoBoe COCTOAHME, aCCOLMMPOBAHHOE C MOBbILWEHHbIM, B C/lyYasaX OTCYTCTBUA Jie-
YyeHua fo 20%, pUCKOM Pa3BUTUA MIOCKOKNETOYHOTO paka Koxu. Mo Mepe fanbHenwero pa3sBuTiA TEXHONOMMNIA PaHHEN ANArHOCTUKN OH-
KOJOrMYecKnx 3aboneBaHuii, B TOM YAC/IE U Paka KOXN, YBEIMYEHUA NPOAOIIXKUTENIbHOCTY XI3HW N04EN 1 MOoNyNAapu3auuy nyTewwecTB1i B
JK30TMYEeCKMe CTpaHbl, Yncno ciyyaeB AK cpean HaceneHusa byaeT Bo3pacTatb. B 310l cBA3M MHGOPMMPOBaHNE MeAULIMHCKOrO coobLiecTBa
0 MpUYMHax 1 NaToreHese 3ab6oneBaHusi, Pa3HO06Pa3nM KNVHNYECKON KapTuHbl AK, MeToax HEMHBA3UBHOWN AVArHOCTUKA U JIeYeHUs npea-
CTaBNIAETCA BaKHOW MeAMNKO-COLManbHOM 3apavent. Kaxabii 3 guarHoCTMYeCcKux 1 TepaneBTUYeckux METOAO0B NMEET CBOW NpenmyLLecTBa
1 HEeAOCTaTKU, NO3TOMY, PyKOBOACTBYACb AaHHbIMY [OKa3aTellbHON MeNLIVHbI, BaXKHO NepCcoHNOULMPOBaTb NOAXOAb! K AVArHOCTUKE 1 ne-
YeHVIo AN1A KaXaoro KOHKPETHOro nauuneHTa. bonee Toro, nocne neyeHnsa AK yacTo BO3HUKAKOT PELMANBDI, KOTOPbIE ABNAITCA CleACcTBUEM
HeOCTaTOUYHOW AMArHOCTUKM 1 BbIPabOTKN HeMpaBUIbHOW TaKTUKK fledeHns. B 0630pHON CTaTbe MPUBOAATCA KMHMYeCKas KapTtuHa AK,
CpaBHUTENbHAA XapaKTepUCTUKA ANArHOCTUYECKIMX U NeyebHbIX METOA0B C No3uuunii 3GPeKTUBHOCTU 1 6€30MacHOCTN MPUMEHEHUA Y naLu-
eHToB C AK.

KnioueBble cnoBa: akTMHNYECKNIA KePaTO3, NIIOCKOKIIETOYHbIV pak KOXN in situ, d)OTO,ﬂVIHaMVNeCKaﬂ Tepanua.

Ana untuposBaHma: OunoHerko E.B., Okywko C.C. AKTMHMYecKnin KepaTo3 (0630op nutepatypbl) // Biomedical Photonics. — 2022. - T. 11,
Ne 1. - C. 37-48. doi: 10.24931/2413-9432-2022-11-1-37-48

KoHTtakTbi: QunoHeHko E.B., e-mail: derkul23@yandex.ru
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Introduction

The global trend of increasing life expectancy and
aging of the population, along with the improvement
of early diagnosis of malignant neoplasms, contribute
to the growth of cancer incidence. Technological prog-
ress, the development of air transport and the popular-
ization of travel to exotic countries lead to the fact that
more and more people with fair skin find themselves in
geographic areas with excessive insolation. Long-term
exposure to ultraviolet radiation is a major cause of
melanoma and non-melanocytic skin cancers (NMSCs),
such as squamous cell skin cancer (SCSC), basal cell
skin cancer (BCSC), Merkel cell carcinoma, and other
rarer skin cancers. Most malignant skin neoplasms de-
velop against the background of diseases classified as
"precancerous skin lesions". Actinic keratosis (AK), also
known as solar keratosis or senile keratosis, is a prema-
lignant skin lesion composed of proliferating atypical
epidermal keratinocytes that can progress to invasive
squamous cell carcinoma [1].

Etiology and pathogenesis

AK was described by Dubreuil in 1826 [2]. Freuden-
thal later proposed the term "senile keratoma®, and in
1958 Pinkus renamed these lesions AK [3]. Some au-
thors suggest considering them as in situ neoplasms,
since they originate from clonal DNA modifications in
keratinocytes [3]. A number of authors consider AK as a
dermatosis with signs of malignancy from the moment
of their occurrence. In terms of cytological changes,
they are epidermal keratinocytes similar to those seen
in SCSC, including loss of polarity, nuclear pleomor-
phism, maturation dysregulation, and increased mito-
sis; from the molecular point of view, they are identical
mutations in the p53 protein [4]. According to the clas-
sification of skin neoplasms of the World Health Organi-
zation (WHO), AK is classified as skin precancer [5].

Excessive exposure to UV radiation is the main
factor acting as a complete carcinogen, causing and
promoting tumor growth [6]. UV radiation activates
molecular signaling cascades that lead to changes in
regulatory cytokine levels, immunosuppressive effects,
abnormal cell differentiation, and apoptosis. UV radi-
ation is divided into UV-A, UV-B and UV-C radiation.
About 94-97% of the total UV radiation that reaches
the Earth's surface consists of UV-A rays. UV-B rays are
partially filtered by the ozone layer of the atmosphere
and make up 3-6%, UV-C rays are almost completely
absorbed by the atmosphere and only their minimum
levels reach the Earth's surface.

UV-A radiation (wavelength 320-400 nm) pen-
etrates deep into the skin and stimulates the pro-
duction of reactive oxygen species that damage cell
membranes, nuclei and protein molecules [6], pro-
motes mutational substitutions of guanine (G) for thy-
mine (T) in DNA [7]. As a result, signal transduction
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and cellular interaction pathways are affected, which
contributes to abnormal cell proliferation [6].

UV-B radiation (290-320 nm) is absorbed by cellular
DNA, causing errors in the repair of cyclobutane-py-
rimidine dimers and the formation of pyrimidine pho-
toproducts, as well as characteristic cytosine-thymine
(C-T) DNA substitutions [6]. These effects lead to muta-
tions in the p53 protein, which regulates the cell cycle
and repairs damaged DNA, mutations in the telomerase
gene, and increased production of pro-inflammatory
cytokines [4, 6].

The mechanisms involved in the occurrence of AK
include inflammation, oxidative stress, immunosup-
pression, impaired apoptosis, cell cycle deregulation
and cell proliferation, and tissue remodeling [6]. The
inflammatory process is mediated by the metabolic
breakdown of arachidonic acid through the produc-
tion of pro-inflammatory cytokines, mast cell activa-
tion, and macrophage migration inhibition factor. As a
result of the activation of these mediators, lipid perox-
idation, an increase in intralesional levels of T-lympho-
cytes and Langerhans cells, an increase in p53 and Bcl-
2, and a decrease in Fas (cd95) and Fas-ligand, which
are important initial factors in the process of apopto-
sis of UV-mutated cells, are turned on. An association
between inflammation and the development of AK is
seen in lesions progressing to SCSC. This is supported
by the fact that anti-inflammatory therapies are effec-
tive in the treatment of AK [6]. Oxidative stress is also
involved in the process of carcinogenesis as a result of
excessive exposure to UV radiation, which leads to the
production of reactive oxygen species and ends with
lipid peroxidation and cell destruction with damage to
genomic and mitochondrial DNA [6]. Altered cell sig-
nal transduction pathways result from membrane ty-
rosine kinase phosphorylation, changes in epidermal
growth factor in Ras and RAF, and in the dissociation of
nuclear factor B from inhibitory complex B [6]. These
events lead to the production of cytokines, including
interleukin-1 (IL-1), tumor necrosis factor and IL-6, as
well as activation of the metabolic breakdown of ar-
achidonic acid. The end result is signal transduction
of transcription factors into cell nuclei with modifica-
tions in gene expression [4].

The difficulty in establishing unambiguous criteria
for determining when an AK undergoes transforma-
tion into SCSC supports this hypothesis. According to
Ackerman, there is no clear threshold between AK and
initial SCSC, and AK is considered part of the evolution-
ary spectrum of SCSC, described as "embryonic" SCSC.
Therefore, the proposed nomenclature to replace the
term "actinic keratosis" would include keratinocytic
intraepidermal neoplasia and intraepidermal solar ker-
atotic SCSC [3]. AK is formed as a result of the prolifer-
ation of keratinocytes with varying degrees of dyspla-
sia in the epidermis, moreover, they have the potential
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for malignant transformation, especially in the case of
SCSC, lesions occur predominantly in areas exposed to
the sun [2].

The likelihood and rate of transition from AK to
SCSC is individual, highly variable and unpredictable.
A systematic review noted a high rate of progression
of 0.53% per lesion per year in patients with a history
of SCSC or other SCC. Solitary AK has been found to
have a high regression rate of 15 to 53% per year, as
well as a long-term recurrence rate of over 50%. In the
review article, this trend was partly explained by the
methodological shortcomings of published studies:
the lack of data on the treatment and prevention of AK
using sunscreens, and a high percentage of patients
dropping out of the study. However, literature data
and clinical experience do show that AK and light-in-
duced skin damage are a dynamic rather than a static
pathological process [8].

The cumulative dose of UV exposure is a major risk
factor for the development of AK and SCSC. If a patient
has six or more lesions of AK, SCSC, or an area of skin
with "field cancerization" (the so-called field of cancer-
ization or tumor field) with an area of \u200b\u200bat
least 4 cm? that is exposed to UV radiation due to the
patient's work activity, the presence of possible occu-
pational disease.

Epidemiology

AK ranks third in frequency of dermatological consul-
tations, second only to acne and dermatitis [9]. With the
overall population aging, a gradual increase in the inci-
dence of AK is expected. With regard to the prevalence
of AK, according to WHO estimates, the highest levels are
observed in representatives of the Caucasian race living
near the equator [10]. The prevalence of AK increases
with increasing age of patients: in Caucasians, from less
than 10% at the age of 20-29 years to 80% in the group
of people 60-69 years old [4].

In the Russian Federation, skin cancer ranks first or
second in the overall (both sexes) structure of the inci-
dence of malignant neoplasms after breast cancer. Ac-
cording to statistics, the incidence of non-melanoma
skin cancer (NMSCQ) is steadily increasing: from 236.5 cas-
es per 100,000 population in 2009 to 310.4 cases in 2019.
In 2019, 73,150 patients were registered with a diagno-
sis of skin cancer (except melanoma) for the first time in
their lives [11]. Given the increase in the incidence of skin
cancer in the population, timely diagnosis, treatment
and prevention of AK is an urgent problem.

Clinical and histological picture

AK appears as erythematous macules, papules, or
plaques, usually with poorly defined borders, which
may be covered with dry pells. Sometimes they are bet-
ter identified by palpation than by visual inspection,
they can represent hyperkeratosis of varying degrees

[2, 12]. Lesions may be solitary or multiple, and the color
may vary from pink to erythematous or brownish in the
case of pigmented AK [13, 14]. The degree of infiltration
also varies depending on the intensity and degree of
dysplasia or associated inflammation. In most cases, AK
occurs without additional symptoms, although some
patients experience discomfort, burning, pain, bleed-
ing, and itching [2, 12, 19]. AK predominantly occurs on
areas of the skin that are chronically exposed to light,
such as the face, bald scalp, neck, shoulders, forearms,
and back of the hands [4]. In both sexes, lesions most
often occur on the upper extremities, as well as on the
face and scalp. These areas, especially the head, neck,
and forearms, are responsible for 75% of reported le-
sions. AK can manifest itself in various forms and ex-
isting clinical variants, such as hyperkeratotic AK, atro-
phic, pigmental lichenoid actinic keratosis, cutaneous
horn and actinic cheilitis [14].

The gold standard of the AK assessment system
in clinical practice has not yet been defined. It is im-
portant to emphasize that the degree of agreement
between clinical and histological gradation is low,
which confirms the need to treat all AK foci, regardless
of their severity [15]. In a number of literary sources,
based on histological examination, AK is divided into
seven subtypes: hypertrophic, atrophic, bowenoid, ac-
antholytic, epidermolytic, lichenoid, and pigmental [2,
4, 16]. All histological subtypes can be seen in a single
lesion [4].

Diagnosis

AK in most cases is diagnosed clinically. Lesions
that are identified during the physical examination
and confirmed by the history can be recognized and
do not require additional examination. Dermoscopy
has been shown to be extremely important in increas-
ing the level of certainty and accuracy in questionable
lesions. Other non-invasive imaging modalities such
as confocal microscopy (CM) may also be useful in cer-
tain situations where available. In questionable cases,
histological examination is required to confirm the di-
agnosis.

Treatment

Given that AK is potentially associated with malig-
nancy and it is impossible to predict which lesions will
transform and which will regress, all lesions should
be treated [2, 17]. When managing patients with AK,
it is necessary to regularly examine the skin of the
whole body with an assessment of the presence of
tumor fields and the therapeutic effect on them, the
use of ablative treatment methods for hyperkeratotic
lesions, informing patients about the chronic course
of the disease, the need for photoprotection and pe-
riodic repetition of treatment procedures, and regular
self-examination of the skin by the patient [18]. The
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impact on AK foci includes several methods. Basically,
they can be divided into ablative or surgical methods
and topical therapy by non-surgical methods (see Ta-
ble) [19].

The use of these methods in combination or sequen-
tially in the management of such patients is a common
practice [20]. It is noteworthy that from 25 to 75% of
treated patients need re-treatment within 12 months
due to the appearance of new lesions, which indicates a
chronic course of AK, even if the tumor fields were treat-
ed [21]. Most often, relapses are observed in patients
who have undergone only cryotherapy, less often in
those who have received treatment with an effect on
tumor fields [22]. A large systematic review analyzing

Filonenko E.V., Okushko S.S.
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various treatments for AK concluded that 5-fluorouracil
(5-FU), diclofenac, imiquimod, and ingenol mebutate
(IM) may have similar efficacy [23].

The choice of treatment varies depending on the
clinical picture, the location of AK foci, their number
and severity of the lesion; therefore, treatment should
be selected individually in accordance with the individ-
ualities of each patient. Techniques aimed at the lesion
focus, as a rule, can be applied quickly, do not require
long-term rehabilitation, but they are effective only
with lesions limited in area. The application of methods
aimed at the tumor field requires long-term treatment
from several days to months and, therefore, requires
high discipline and commitment from the patient.

Tabauua

A6/\F|LI,VIOHHO-XVIpprMHeCKMe U HEXUpypruyeckue MeToabl Ae4HeHUA aKTUHUYECKOro kepartosa

Table
Ablative-surgical and non-surgical treatments for AK

BapuraHTbl XMPYypPruvecKkoro sieyeHus

Kproxupyprus (ypoBeHb ybenmtenbHOCTH pekoMeHaaumin A,
YPOBEeHb JOCTOBEPHOCTU fjoKa3aTenbcTs 1 ++) [20]
Cryosurgery (recommendation strength level A, level of evi-
dence 1++) [20]

CO,-nazep (ypoBeHb y6eanTenbHOCTH pekomeHaauuii B,
YyPOBEHb JOCTOBEPHOCTM fjoKa3aTenbcTs 1+) [20]
CO, laser (recommendation grade B, evidence level 1+) [20]

KiopeTax 1 anekTpokoarynauuns (yposeHb y6eanTenbHOCTU
pekomeHgauwi D, ypoBeHb JOCTOBEPHOCTUN JOKa3aTeNbCTB 4)
Curettage and electrodesication (grade of recommendation
D, level of evidence 4)

Xupyprudeckoe fiedeHne (ypoBeHb yoeauTenbHoCTH
pekomeHgaumi D, ypoBeHb JOCTOBEPHOCTY JOKa3aTeNbCTs 4)
Surgical exeresis (grade of recommendation D, level of evi-
dence 4)

MecTHble n nepopa’jibHbleé MeToAbl Jie4yeHunA

5-OTtopypauun (ypoBeHb y6eAUTENbHOCTU peKOMeHZaLunii A,
YPOBEeHb JOCTOBEPHOCTU fjoKa3zaTenbcTs 1 ++) [20]
5-Fluorouracil (recommendation grade A, evidence level 1++)
[20]

Nmrkermog (ypoBeHb ybenmTenbHOCTV pekoMeHaumn A,
YPOBEHb JOCTOBEPHOCTM filoKa3aTenbcTs 1 ++) [20]
Imiquimod (recommendation level A, level of evidence 1++)
[20]

Me6yTaT uHreHona (ypoBeHb ybeanTenbHOCTA
peKkoMeHzauui A, ypoBeHb JOCTOBEPHOCTY AOKA3aTeNbCTB
1+) [20]

Ingenol mebutate (recommendation level A, evidence level
1+4) [20]

DoToanHaMnyeckan Tepanua (ypoBeHb yoenTenbHOCTH
pekomMeHzauui A, ypoBeHb JOCTOBEPHOCTY AOKA3aTeNbCTB
1+) [20]

Photodynamic therapy (recommendation grade A, evidence
level 1+) [20]

OuknodeHak (ypoBeHb y6eAUTENIbHOCTU PEKOMeHZaLuiA A,
YypOBeHb JOCTOBEPHOCTM foKa3aTenbcTs 1+) [20]
Diclofenac (recommendation level A, evidence level 1+) [20]

PeTuHOMAbI ANA MeCTHOrO NPUMeHeHUs (YypoBeHb
y6eauTenbHOCTN peKoMeHZaLuuii B, ypoBeHb JOCTOBEPHOCTU
Jokasatenbcts 1+) [20]

Topical retinoids (recommendation level B, evidence level 1+)
[20]

CuctemHas Tepanus (ypoBeHb ybeauTenbHOCTH
pekomeHAaumii C, ypoBeHb JOCTOBEPHOCTU JOKA3aTENbCTB
2+) [20]

Systemic therapy (recommendation grade C, level of evidence
2+) [20]
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Increasingly, combinations of several methods are
being considered, for example, after treating a local
focus, the treatment of the tumor field is resorted to.
Before PDT, laser ablation can be performed to remove
foci of volumetric hyperkeratotic lesions, thereby mak-
ing the skin surface more permeable for applying the
cream. Other studies have shown that the combination
of imiquimod and PDT results in significantly higher
healing rates than imiquimod monotherapy [24, 25].

Operative therapy

Curettage

The use of curettage under local anesthesia can be
performed alone or in combination with electrocoagu-
lation, which appears to increase devitalization of po-
tentially remaining dysplastic cells, and to achieve he-
mostasis. An alternative to electrocoagulation is cryo-
therapy [19]. As monotherapy, curettage is especially
indicated in patients with solitary lesions, especially
those with hyperkeratotic AK. The lack of randomized
clinical trials to evaluate the effectiveness of the meth-
od leads to a low degree of recommendation of the pro-
cedure for the treatment of AK [26].

Cryotherapy

Cryotherapy is a destructive method used for the
isolated treatment of AK, which uses liquid nitrogen to
achieve the processes of freezing and thawing of tis-
sues leading to their destruction [26]. Cryotherapy is
indicated for the treatment of patients with single or
small lesions without tumor fields. Despite widespread
use in dermatological practice, persistent complete re-
mission after cryotherapy in patients with isolated le-
sions at 12 months of follow-up is lower (28%) than in
patients treated with 5-FU (54%) and imiquimod (73%).
This is precisely because some patients have preclinical
changes in the immediate vicinity of the treated lesions
[22]. The advantages of this treatment method are low
cost, easy accessibility and satisfactory patient compli-
ance. The disadvantages include the fact that the meth-
od does not allow to treat tumor fields, causes discom-
fort during application and has a long rehabilitation
time. Cryotherapy has received a sufficient level of per-
suasiveness of recommendations for the treatment of
localized lesions in patients without immunosuppres-
sion, while at the same time in patients with immuno-
suppression, the effect is limited [26].

COo, laser

Lasers cause coagulative necrosis, ablation and
hyperthermia, which leads to the destruction of the
lesion. One session of non-fractional CO, laser can be
used to remove superficial lesions of the epidermis,
including AK. A non-fractional CO, laser with a wave-
length of 10,600 nm is absorbed by water, resulting in
non-specific tissue destruction. Thus, a non-fraction-
al CO, laser can be used to destroy localized lesions.
The results of the full therapeutic effect in the first

months are similar to those obtained with cryotherapy
(72.8% in the laser group versus 78% in the cryother-
apy group). However, on long-term follow-up, lesions
treated with CO, laser have a lower objective response
rate: no recurrence was found in 37% of patients treat-
ed with laser compared to 66.8% of patients treated
with cryotherapy [27]. Due to the increased risk of
infection in immunosuppressed patients, CO, laser is
not recommended for the treatment of tumor fields
and should only be used for localized lesions [26].
Although the use of CO, laser can be considered as
a treatment option for AK, the degree of recommen-
dation for its use in patients with a normal immune
response is not conclusive [28].

Non-surgical treatment

5-fluorouracil

5-Fluorouracil (5-FU) is used in AK at concentrations
ranging from 0.5% to 5%. 5-FU prevents DNA synthesis
due toirreversible inactivation of thymidylate synthase;
the end result is apoptosis of highly proliferating cells
such as keratinocytes in AK lesions [29].

Imichimod

Imichimod is a synthetic compound from the imidaz-
oquinoline family that acts as an immunomodulator. The
drug acts as an instrumental receptor in the expression
of mRNA of immunomodulatory genes that induce the
production of cytokines; as a result, the innate and ac-
quired immune response with increased antitumor and
antiviral activity is stimulated [30].

The strength of recommendation for the treatment
of tumor fields with imichimod 3.75% is high, while for
imichimod 5% the strength of recommendation is low;
this difference is due to the methodological quality of
the studies [26].

Ingenol mebutate

Ingenol mebutate (IM) is derived from the plant Eu-
phorbia peplus. Recommended for the treatment of AK
of the scalp and face at a concentration of 0.015% for
three consecutive days (one vial per day); for use outside
the face at a concentration of 0.05% for two consecutive
days. IM has two mechanisms of action mediated by neu-
trophils - cytotoxic and immunomodulatory [31].

Diclofenac

The use of 3% diclofenac gel in combination with
2.5% hyaluronic acid, used to optimize the penetration
of diclofenac into the epidermis, is recommended for
the treatment of AK twice a day for a minimum peri-
od of 60-90 days [32]. The therapy action mechanism
is the inhibition of cyclooxygenase-2 (COX-2), which
leads to a decrease in prostaglandin synthesis and in-
hibition of cell differentiation and angiogenesis, induc-
tion of apoptosis and changes in cell proliferative ac-
tivity [32]. Diclofenac also activates hormone receptors
in the cell nucleus involved in cell differentiation and
apoptosis [32].
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Photodynamic therapy

The PDT technique consists of using a photosensi-
tizing agent (PS) and a light source of a certain wave-
length to generate reactive oxygen species, which
then destroy dysplastic cells through a photochemical
reaction [33]. This reaction is achieved by the use of
5-ALA or MAL, which are precursors to the photoactive
metabolites of PPIX. These metabolites accumulate in
neoplastic cells and, when activated by visible light,
lead to the formation of singlet oxygen [33]. They ini-
tiate a biochemical cascade of events that cause death
of the target cell as a result of apoptosis or necrosis
and immunomodulatory action [34]. The photochem-
ical reaction for each PS occurs after irradiation with
a light source of a certain wavelength in the visible
light spectrum [35]. The spectrum has four porphyrin
absorption peaks, the largest of which is in the blue
light spectrum at 410 nm, with smaller peaks at 540
nm, 580 nm, and 635 nm [36]. Red light (625-740 nm)
penetrates deeper than blue light and is therefore pre-
ferred in the treatment of larger lesions. The blue light
spectrum (440-485 nm) due to absorption by hemo-
globin reaches a depth of 1-2 mm and is commonly
used to treat superficial lesions [36]. Light emitting di-
ode (LED) devices are the most commonly used light
sources for PDT and are considered the gold standard
[37]. Superficial curettage of lesions is recommend-
ed prior to application of PS to the treated area [36].
In addition, techniques that increase the depth of PS
penetration can be used: microneedling, ablative frac-
tional laser, the use of calcipotriol [36, 38]. According
to the Cochrane review of AK treatment, PDT with
5-ALA or MAL using both red and blue LED light has
similar efficacy [22].

PDT with 5-ALA was approved by the FDA for AK
therapy back in 1999 [39]. Since then, it has been
widely used for the treatment of AK foci and tumor
fields with the same efficacy demonstrated in con-
trolled clinical trials [40, 41]. In 2016, a clinical con-
sensus guideline stated that PDT for AK is highly ef-
fective for head and neck lesions and is similar or su-
perior to other FDA-approved therapies. The cosmetic
results of PDT are superior to those of cryotherapy
[42]. New recommendations for the treatment of AK
from the American Academy of Dermatology (AAD)
were released in 2021 [43]. The International League
of Dermatological Societies, in collaboration with the
European Dermatology Forum, recommend PDT for
patients with tumor fields [44]. The British Associa-
tion of Dermatologists guidelines for the treatment
of patients with AK state that PDT is an effective treat-
ment for confluent AK lesions in the absence of inva-
sive disease. Otherwise, confluent AK lesions in areas
such as the scalp are difficult to treat or not treatable
at all. The British Association of Dermatologists also
notes that PDT has a low potential for scarring and
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reduces the risk of poor healing compared to other
therapies in certain areas, such as the lower leg [45].
The British Association of Dermatologists has provid-
ed guidance on the use of PDT for the treatment of
AK, focusing on drugs and light sources, and recom-
mends this treatment (level A recommendation, qual-
ity of evidence 1) [46].

In the conventional MAL PDT protocol, a thin lay-
er of product 1T mm thick should be applied to the
treated area, which is closed for 3 hours, then the area
should be cleaned and irradiated with the selected
light source. The main randomized controlled trials
evaluating the complete response rate 3 months af-
ter PDT with ALA showed that 69-91% of treated pa-
tients achieved complete resolution of the lesions. In
a meta-analysis that included 641 participants with
2,174 cryo-treated AK lesions and 2,170 PDT-treated
AK lesions, participants achieved 14% more complete
responses in the PDT group. Complete remission with
PDT with MAL after 3 months was achieved in 90% of
cases [47], excellent cosmetic results were noted in 91-
98% of treated patients [48].

The results of controlled clinical trials also confirm
the effectiveness of PDT as the main therapy for patients
with AK [49]. An analysis of comparative clinical studies
has also shown that PDT is no less effective than other
approaches to tumor field therapy, including imiqui-
mod [50], chemical skin peels [51], diclofenac [32] and
5-FU [52]. A clinical study in Europe evaluated the effi-
cacy of 5-FU (4-8 weeks), imiquimod (4-8 weeks), inge-
nol mebutate (3-6 days), and MAL-PDT (1-2 sessions).
It was found that 12 months after completion of treat-
ment, the probability of avoiding therapy failure (clear-
ance > 75%) was significantly higher in patients treated
with 5-FU compared with other compared methods
[53]. PDT has also demonstrated rejuvenating effects in
actinic degeneration and other signs of aging from sun
damage [54].

PDT has a high level of persuasiveness of recom-
mendations for the treatment of AKs and tumor fields
[44], so the method is most suitable for patients with
multiple AKs. Generally, the benefits of PDT include
few long-term side effects, reproducible outpatient
efficacy, non-invasiveness of the procedure, patient
compliance, and the ability to address subclinical le-
sions. Potential risks include increased skin sensitivity
to light for 24 to 48 hours after treatment and possi-
ble side effects at the PDT site for about two weeks,
including short-term skin swelling, sloughing, scabs,
blisters, itching, burning, and (rarely) skin infections.
[55]. About 20% of patients complain of severe pain
(pain grade over 6 on a scale of 0 to 10) during LED ir-
radiation and remain with intense erythema and scal-
ing for up to 21 days [56]. Physicians should consider
possible contraindications to PDT before prescribing
treatment, including hypersensitivity to porphyrins or
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any component of the 5-ALA gel (often 10%), porphyr-
ia, or photodermatoses. Before starting PDT, a physical
examination should be performed to assess the pres-
ence of skin cancer in the proposed treatment area. In
addition to grade I-Ill AK, PDT can treat patients with
morphologically confirmed in situ SCSC or superficial
BCSC. Lesions suspected of melanoma, invasive SCSC,
or BCSC should be biopsied and treated with other
methods. The presence or absence of a history of her-
pes simplex should be confirmed, and patients with
a positive history should be given valaciclovir or fam-
ciclovir prior to PDT. The use of PDT is also limited in
pigmented lesions, which reduce the efficiency of the
photochemical reaction, since the melanin pigment
competes with PPIX in absorbing light, reducing the
desired photodynamic effect [57].

In recent years, daylight PDT has been described as
having the same response rate as classical PDT, but with
fewer radiation-related side effects [58]. The PDT meth-
od using daylight consists in applying MAL cream to the
focus, then, after 30 min, placing the patient in daylight
for about 2 hours in order to activate MAL with visible
light in the wavelength range from 380 to 740 nm [59].
Daylight PDT is mainly recommended for the treatment
of non-pigmented AKs [60]. Studies comparing conven-
tional PDT and daylight PDT have demonstrated the
same efficacy and safety of both AK treatments on the
face and scalp [61]. Both 5-ALA PDT and MAL PDT are
highly recommended for the treatment of multiple le-
sions and tumor fields.

PDT was effectively combined with other topical
drugs in the treatment of tumor fields [62, 63]. A me-
ta-analysis including the results of 10 randomized con-
trolled trials in which PDT was combined with imiquim-
od, 5-FU, ingenol mebutate, tazarotene, or calcipotriol
showed that the use of a combination of methods im-
proved overall response rates compared with the sepa-
rate use of PDT or topical agents [24].

PDT has also been used to prevent AK and NMSC in
organ transplant recipients. In a small pilot study, 12
high-risk patients received cyclic 5-ALA-PDT at inter-
vals of 4 to 8 weeks for two years. The median reduc-
tion in the incidence of SCSC after 12 and 24 months
was 79% and 95%, respectively [64]. Repeated use of
PDT was a primary method of skin dysplasia preven-
tion in kidney transplant recipients. In a randomized
trial involving 25 patients with clinically normal skin
who received MAL-PDT at 6-month intervals for five
years, a 63% reduction in the formation of new AKs in
previously treated skin areas was observed [65]. Se-
quential daylight PDT has been shown to be effective
in preventing the appearance of new AK and NMSC
lesions in organ transplant patients. The treatment of
tumor fields was also accompanied by a significantly
lower appearance of new lesions in dynamics, higher
adherence of patients to treatment compared with the

control group, which used cryotherapy [66]. A system-
atic review published in 2020 and a meta-analysis of 12
studies involving organ transplant patients favored the
use of PDT as an effective preventive measure for the
development of AK and SCSC [67].

Conclusion

One of the problems of AK treatment is a high per-
centage of relapses in tumor fields. Therefore, treat-
ment should cover not only AK foci, but also visually
unchanged tissues, which limits the use of surgical tech-
niques due to the volume of intervention and the severi-
ty of the surgical injury, which affect the cosmetic results
of treatment and the duration of rehabilitation.

If the patient has tumor fields, it is necessary to con-
sider the possibilities of other methods of therapy, that
allow, with satisfactory tolerability, to carry out treat-
ment on a wide area of AK lesion. However, as system-
atic reviews have shown, the better the tolerability of a
particular non-surgical method, the lower its effective-
ness [68, 69].

If it is necessary to treat large tumor fields, PDT can
become an ideal method of treatment, during which it is
possible to achieve both high therapeutic efficacy - up to
90% complete regressions, and good cosmetic results in
91-98% of patients [57, 66].

The main side effect of PDT is pain during treat-
ment, which is described as a burning and tingling
sensation localized to the area of treatment. Current-
ly, research is being carried out aimed at modifying
PDT techniques to achieve better treatment tolerance
without reducing its effectiveness. The European-ap-
proved PDT technology with daylight activation is as
effective as the classical version, but is better tolerated
and almost painless [61]. Unfortunately, daylight-acti-
vated PDT is weather dependent and cannot be per-
formed in rainy, windy, or cold weather [70]. Moreover,
due to the varying intensity of daylight depending on
weather conditions and location, it is not possible to
control the light dose. New PDT protocols, including
the Flexitheralight protocol [71], can significantly re-
duce the level of pain when using PDT technology
with daylight activation without loss of efficiency,
expand the conditions for its use: regardless of the
season and weather conditions, with a known dose of
light, corresponding in this respect to the classical PDT
protocol [33].
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