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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.
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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
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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.
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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

BIOMEDICAL PHOTONICS T.11, Ne1/2022

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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