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PELLEH3UPYEMbIA HAYYHO-MPAKTUYECKHUHA
[0)xHo-PoccUCKMA OHKOIOTMYECKMI XKYPHanN

YypHan BxoauT B pekomMeHA0BaHHblii BAK PO nepeyeHb peLieH3upyeMblx HayuHbIX XypPHanoB v u3paHuii
ANs 0Ny6MKOBaHNSA OCHOBHbIX HayYHbIX Pe3ynbTaToB AUCCEPTALMA HA CONCKAHWe YUEHOI CTENeHN KaHAMAATA U AOKTOpa Hayk.

«l0HO-POCCUICKNI OHKONOTMYECKNIA XYPHAN» — eXXeKBapTasbHblil Hay4Ho-
npaKTUYeCKMil peLieH3upyeMblit xypHan. MpodeccunoHanbHoe MeAULMHCKOE
13AaHue, B KOTOPOM OTPaXaloTCA pesynbTaTbl aKTyaNnbHbIX UCCNef0BaHUI
no TemMaTukKe NyGANKaLWil: fUArHOCTUKA U leYeHUe OHKONOTNYEeCKNX 3a-
6oneBaHuit, BONPOCHI KaHLieporeHe3a u MONeKyNAPHOI OHKONOTNN, HOBble
neKkapcTBeHHble cpeAcTBa v TexHonorun. OcHoBaH B 2019 T.

Lienb xypHana:

+ Cnoco6cTBOBaTb pa3BUTUIO OHKONOTMYECKoi MeauumHbl l0ra Poccum
1 BHEPEHUIO €€ AOCTUKEHNA B NPAKTUKY.

+ KayecTBeHHbI! 0My6/IMKOBaHHbBIN KOHTEHT, BK/THOYaIOLLMii NOCNEeAHWE U 3a-
CNYXMWBAKOLME JOBEPUS HaYYHble TPYAbI, UCCNeA0BaHUS UK paboTbl No
npo6ieMam OHKONMOrUu.

3apaum xypHana:

+ Monynsapu3aumus COBPEMEHHbIX LOCTUXEHNI OHKONOTUYECKO CyX6bl HA
l0re Poccuu;

+ CopeiticTBue 06MeHY OMbITOM W Nepefaye NepefoBbIX 3HaHUI MeXAY
cneyuanucTamy;

rMABHbIA PELAKTOP

* WHdopmupoBaHue unTaTeneit 0 peaynbrathbl KpynHbIX MeAULIMHCKMX GOPYMOB;
MpepocTaBneHne yyeHbIM BO3MOXHOCTYU ONy6iMKOBaTb Pe3ynbTaTbl CBOMX
nccnefoBaHuii;

[JocTuxeHne MeXAYHapOAHOTO YPOBHSA B HAYYHbIX NY6AMKALMAX;

+ MNpopBuXeHue XypHana Ha MeXAyHapOAHOM W POCCUIACKOM pbIHKaX;
MpuBneyeHne BHUMaHNA K akTyanbHbIM, NePCNEKTUBHbIM U MHTEPECHBIM
HanpaBneHUsIM Hay4YHbIX UCCNeA0BaHNIA, CBA3AHHbIX C TEMATUKON XypHana;
lpuBneyeHne aBTOPUTETHBIX HALMOHANbHBIX U MEXAYHaPOAHbIX aBTOPOB
BbICOKOTO YPOBHS;

PacwupeHue coctaBa peakLUUOHHON KONNerun u peLeH3eHToB nyTeM
npuBNeYEHNs U3BECTHbIX 9KCNEPTOB M3 Poccuun 1 Apyrux cTpax;
06ecneyeHmre NOHOTEKCTOBOMO JOCTYNA K HAyYHbIM CTaTbsIM U MOBbILIEHWE
LOCTYMHOCTM W OTKPLITOCTU XypHana B Poccum u 3a py6exom;
MoBbilweHne UMNaKT-hakTopa XypHana.
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The assessment of the cytotoxic activity of 2-(1,1-dimethyl-1H-
benzo[e]indolin-2-yl)-5,6,]-trichloro-1,3-tropolone against the human
glioblastoma U87 MG cell line

D. V. Khodakova'™, N. S. Kuznetsova', S. Yu. Filippova’, A. S. Goncharova’, A. V. Galina', S. V.
Gurova', E. A. Gusakov?, Yu. A. Sayapin’, E. E. Rostorguev’
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ABSTRACT

Purpose of the study. To study the cytotoxic effect of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone
(JO-122 (2)) on the U87 MG cell line.

Materials and methods. The investigation of the cytotoxic effect of synthesized tropolone JO-122 (2) was performed using
the standard MTT colorimetric assay on the human glioblastoma cell line U87 MG. Test substance samples were prepared
by sequential twofold dilutions of the original stock solution with concentrations of 24 uM. Temozolomide was used as a ref-
erence drug, and its tested doses fell in the range of 250 to 0.4883 pM. Incubation time after the addition of the substances
were 24, 48, and 72 hours. The statistical processing of the obtained data was carried out using Microsoft Excel 2013 and
Statistica 10 software.

Results. The cytotoxic effect of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone on the U87 MG cell line
was investigated in the study. The assessment of cytotoxicity showed that at all investigated doses of tropolone, there was
a statistically significant inhibition of cell growth in the U87 MG cell line. After 24, 48, and 72 hours, the necessary minimum
concentration of JO-122 (2) for suppressing tumor cell growth was 3 pM, 0.0469 uM, and 0.1875 pM, respectively.

The comparison drug showed less pronounced suppression of tumor cell growth compared to tropolone. For an incubation
time of 24 hours, no significant decrease in cell viability was observed in any of the tested concentrations. The minimum con-
centration of Temozolomide required to inhibit U87 MG cell culture growth was obtained after 72 hours and was 3.9063 pM.
Conclusion. The conducted research demonstrated that both substances exhibited concentration-dependent toxicity towards
the human glioblastoma cell line. However, tropolone J0O-122 (2) showed a more pronounced ability to suppress the growth
of the U87 MG cell line.

Keywords: glioblastoma, tropolone, U87 glioblastoma cell line, MTT assay, cytotoxicity assay
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OueHka uutotokcuyeckoro aenctus 2-(1,1-aumetun-1h-6enso[e]unaonuu-2-un)-5,6,1-
Tpuxnop-1,3-tponosona B oTHoweHun knetoyHon nuuun UBT MG rnnobnactombl yenosexa
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PE3IOME

Lienb uccnefoBanusi. M3yuntb LUTOTOKCHUYECKMIt abdeKT 2-(1,1-aumeTun-1h-6eHsole]luHgonnu-2-un)-5,6,7-Tpuxnop-1,3-tpo-
nonoHa (JO-122 (2)) Ha KNeToYHOIN NIMHUK rno6nacTombl Yenoseka U87 MG.

Matepuanbl u metoapl. ViccnefoBaHue uMToTokcUyeckoro atddekta TpononioHa JO-122 (2) 66110 BbINONHEHO KONOPU-
METPMYECKUM aHann3oM C NpuMeHeHnem 3-[4,5-auMeTuntuason-2- unl-2,5-aubenHunterpasonusa 6pomuga (MTT-TecT)
Ha KNeToYHOM NMHUKM rnmo6nactoMbl Yenoeka U87 MG. O6pasLbl TECTUPYeMOro BellecTBa 6bl/iM NOAFOTOBNEHbI MNyTEM
nocnepoBaTeNibHbIX ABYKPaTHbIX Pa3BefeHN CXO[HOro CTOKOBOro pacTBOpa C KOHLeHTpaumin 24 MkM. B kayecTBe npe-
napara cpaBHeHUs 6bln UCMob3oBaH TeM03010MUa, ero uccneayemble f03bl HAXOAUUCE B AnanasoHe 250—-0,4883 MkM.
BpeMs nHKy6auum nocne gobasneHus BewecTB: 24, 48 n 72 4. Ctatuctmyeckas 06paboTKa nosyyeHHbIX 6blsia NpoBefeHa
B nporpammax Microsoft Excel 2013 u Statistica 10.

PesynbtaTtbl. B pa6oTe 6bi/1 UcCnefoBaH LUTOTOKCUYEeCcKUi athdekT TpononoHa JO-122 (2) Ha KneTouHyto nnHuio US7 MG.
OueHKa LMTOTOKCUYHOCTU NOKasana, YTo Npu uccrefyembix Ao3ax TPOMOMoHa HabnoAanocb CTaTUCTUYECKM 3HAYMMOe
MHrM6MpoBaHNe pocTa KNEeTOK NnHUM U87. Yepes 24, 48 n 72 yaca HeobxoaMMas MUHUManbHasi KoHLeHTpauua JO-122 (2)
ANA nofaBfieHnsa pocTa OnyxoneBbIX kyieTok coctaBuna 3 MkM, 0,0469 MkM u 0,1875 MKM COOTBETCTBEHHO.

MpenapaT cpaBHeHWs NMokasan MeHee BbIpaXXeHHOe NojaBsieHne pocTa OnyXoneBoWn IMHUN B CPaBHEHWU C TPOMOSIOHOM.
[ns BpeMeHn nHKy6aumm 24 yaca He HabnNtOAANOCH JOCTOBEPHOIO CHUXXEHUS XXM3HECTTOCOBHOCTH KNETOK HY B OQHON M3
nccnepyembix KOHUEHTpauuit. MMHMManbHas KoHUeHTpauusa Temosonomuaa, HeobxoavMas ANt UHIMGMPOBaHUA pocTa
KneToK KynbTypbl U87 MG, 6blna nonyyeHa Yepes 72 yaca u coctaBuna 3,9063 MkM.

3aknoyeHue. B pesynbrate NpoBefEHHOIO NCCNeaoBaHNUA BbII0 MokasaHo, YTo o6a BelecTBa NPOAEMOHCTPYUPOBa
3aBUCSILLYHO OT KOHLIEHTPaLMN TOKCUYHOCTb B OTHOLLIEHUW KJTIETOYHOW IMHWM rNMo61acToMbl YenoBeka. OfHako TPOMosioH
JO-122 (2) noka3zan 6onee BbipaXKeHHY CNOCOGHOCTb NMoAaBAATb PocT KynbTypbl U7 MG.

KntouyeBble cnoBa: rnnmo61actoma, TPOMOJIOH, onyxosieBas Kynbtypa knetok U87, MTT-TecT, oLeHKa LIUTOTOKCUYHOCTH
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INTRODUCTION

Malignant primary brain tumors originate from
the tissues that make up the central nervous sys-
tem and its membranes and are dangerous types
of neoplasmes. This is due to both, the deterioration
of cognitive functions and the quality of life of pa-
tients in general, and to an extremely unfavorable
prognosis [1]. The causes of primary brain malig-
nancies may be genetic abnormalities, changes in
metabolism or hormonal background, environmen-
tal influences, ionizing radiation, viral infections or
injuries, however, to date, the pathogenesis of brain
tumors has not been fully elucidated [2].

Among malignant primary brain tumors, glio-
blastoma (GBM) is the most common, charac-
terized by rapid progression over several months,
as well as, like most gliomas, diffuse growth with
invasion into surrounding normal brain tissues [1].
GBM treatment includes neurosurgery, fractional
radiation and chemotherapy. One of the standard
antitumor drugs widely used in GBM treatment
is temozolomide (TMZ), which has a cytostatic
effect, as well as targeted drugs such as bev-
acizumab (vascular endothelial growth factor
inhibitor), dabrafenib and vemurafenib (BRAF ki-
nase inhibitors with activating mutations in the
V600E codon) [3], however, the effectiveness of
treatment is very low. The median overall sur-
vival of patients with GBM does not exceed 15
months [4]. Therefore, at the present, the urgent
task is to develop new drugs for the treatment
of GBM.

In recent years, tropolone alkaloids (tropolones),
which can have antioxidant, antibacterial, anti-in-
flammatory, and antitumor effects, have been of
great interest in this aspect. Among the proposed
mechanisms of antitumor activity of tropolones
and their derivatives are activation of caspases-3
and -9, inhibition of tubulin polymerization, inhi-
bition of matrix metalloproteinases and histone
deacetylases, induction of apoptosis, and other
actions [5]. The most studied tropolones are B-thu-
japlicin (hinokitiol), colchicine, and colhamine. The
studies of foreign scientists have shown their cy-
totoxic effect on some tumor lines [6—8].

It was previously found that 2-(1,1-dimeth-
yl-1h-benzole]indoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone (JO-122(2)) has cytotoxic activity against

skin cancer cell culture A431 and lung cancer
H1299 [9]. In this regard, it was suggested that
this tropolone may have a cytotoxic effect on other
tumor cell lines.

Purpose of the study: to study the cytotox-
ic effect of 2-(1,1-dimethyl-1h-benzol[elindo-
line-2-yl)-5,6,7-trichloro-1,3-tropolone (JO-122(2))
on the human glioblastoma cell line U87 MG.

MATERIALS AND METHODS

2-(1,1-dimethyl-1h-benzol[e]indoline-2-yl)-
5,6,7-trichloro-1,3-tropolone with the non-commer-
cial name J0-122 (2) was synthesized at the Re-
search Institute of Physical and Organic Chemistry,
Southern Federal University. The substance under
study belongs to the compounds of the 2-het-
aryl-1,3-tropolones family. It is a yellow powder
formed because of several stages of the expansion
reaction of the o-quinone cycle [9].

The cytotoxic effect of tropolone JO-122 (2)
was studied on a culture of human glioblastoma
U87 MG cells, which is widely used in biological re-
search related to the study of brain cancer. Tumor
cells were cultured in DMEM medium (Gibco, USA)
with the addition of 10 % fetal bovine serum (Bio-
loT, Russia), 2 mM L-glutamine (PanEco, Russia)
and an antibiotic (100 u/ml penicillin, 700 mg/ml
streptomycin, BioloT, Russia) at a temperature of
37 °C and an atmosphere of 5 % CO,. The U87 MG
culture was replanted 2-3 times a week to achieve
80 % monolayer confluence.

The viability of tumor cells was analyzed with
use of the MTT colorimetric test. For this pur-
pose, the U87 MG cell culture was seeded into
96-well plates at a concentration of 5 x 10° cells
per well. A day later, after attaching tumor cells to
the tablet, a solution of tropolone JO-122 (2) was
added to the wells in concentrations of 24, 12,
6,3,1.5,0.75,0.375,0.1875, 0.0938, 0.0469 pm
with further incubation under standard conditions
in three time intervals — 24, 48 and 72 hours.
Then, the medium with the test substance was
replaced with a medium without serum and
20 pl of a working solution of 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(Maclin Inc., China) was added. After 2 hours of
incubation, the medium was removed, 100 pl of
DMSO was added to each well (BioloT, Russia),
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pipetted, and then incubated in a thermostat for
5 minutes. The optical density was then mea-
sured using a Stat Fax 2100 microplate reader
(Awareness Technology, USA) at a wavelength
of 540 nm. DMSO at a concentration of 1 % was
used as a control. Temozolomide was used as
a comparison drug in concentrations of 250,
125, 62.5, 31.25,15.625, 7.8125, 3.9063, 1.9531,
0.9766, 0.4883 pm. In total, there were 8 repeti-
tions for each experience option. The experiment
was performed three times.

The effect of tropolone on the distribution of
the cell population by phases of the cell cycle was
evaluated using an ADAMII LS analyzer (Nano En-
tek, Korea). Previously, JO-122 (2) was introduced
into the U87 MG cell culture at concentrations of
2,1,and 0.5 ym and incubated for 24 hours. At the
end of incubation, the cells were washed with
a solution of phosphate-salt buffer. Propidium io-
dide was added in equal volume to an aliquot con-
taining 106 washed pipetted cells, and the sample
was placed on an ADAMII slide. The analysis was
performed by ADAMII LS software. For control of
each concentration, the experiment was repeated
three times.

Statistical analysis

Statistical data processing was performed us-
ing Microsoft Excel 2013 and Statistica 10 soft-
ware. The IC50 concentration of tropolone, which
caused 50 % death of tumor cells, was determined
for a time interval of 72 hours by constructing
dose-effect curves. A comparative analysis of the
values was performed using the Student's t-test
at a confidence level (p < 0.05). When making
multiple comparisons, the Bonferroni correction
was used.

STUDY RESULTS AND DISCUSSION

Despite the progress in the treatment of cancer,
glioblastoma is one of the most aggressive and
resistant to existing types of tumor therapy. There-
fore, the search and testing of new substances
with antitumor potential is an urgent task.

To assess the cytotoxic effect of tropolone
J0-122 (2) on glioblastoma, a DNA analysis was
performed on the human glioblastoma cell line
u87 (Fig. 1).

U87 MG rnno6nactombl Yenoseka

The minimum concentration of JO-122 (2) at
which there was a statistically significant inhibition
of tumor cell growth compared with the control
at incubation times of 24, 48 and 72 hours was
3 um, 0.0469 pm and 0.1875 pum, respectively. With
an increase in the concentration of the test sub-
stance, the proportion of living cells in the culture
decreased naturally, which indicates the dose-de-
pendent nature of the action of the test compound.

Temozolomide is known to be used for the treat-
ment of glioblastoma after surgical resection [2, 3].
Therefore, this drug was chosen as a reference
drug during the MTT test (Fig. 2).

Inhibition of cell growth in U87 culture at an in-
cubation time of 48 hours after the addition of
Temozolomide occurred at a concentration of
62.5 microns, and at 72 hours — 3.9063 pm and
increased as the dose of the drug increased.
24 hours after exposure to the reference drug,
there was no significant decrease in cell viability
in any of the studied concentrations.

During this work the IC50 of substances was
also compared at an incubation time of 72 hours
(Fig. 3).

At an exposure time of 72 hours, both sub-
stances demonstrated dose-dependent toxicity
to U87 MG cells. The IC50 value for JO-122(2)
was 1.9559 microns, and for Temozolomide it
was 191.824 microns, which is significantly higher
than that of tropolone. This indicates a more pro-
nounced ability of JO-122 (2) to inhibit the growth
of U87 MG culture cells.

Cell cycle assessment using a cell analyz-
er showed that incubation for 24 hours with
JO-122 (2) at concentrations of 2 pm, 1 pm and
0.5 pym for U87 MG culture showed a decrease
in the percentage of cells in the G1 phase and
an increase in cells in the G2/M phases of the
cell cycle, suggesting induction of apoptosis
(Table 1).

The obtained data is comparable with the re-
sults of other scientists. For example, in the work
of Ma QG et al. [10], the antiproliferative activity
of 9 new tropolones and 14 known tropolone de-
rivatives was investigated. Of all the candidates,
5 demonstrated moderate antiproliferative activity
in vitro against the following human tumor cell
lines: HGC-27, MDA-MB-231, A-549, HCT-116, and
A2780, with IC50 values ranging from 0.5 + 0.2 to
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15.5+ 2.7 ym. Balsa LM et al. [11] demonstrated
a stronger cytotoxic effect of tropolone copper
(1) than when exposed to cisplatin against hu-
man breast cancer cells cultured in 2D and 3D.
The IC50 for MCF7 culture was 5.2 + 1.8 pm, for
MDA-MB-231-4.0 = 0.2 pm. In a study by Haney
SL et al. [12], the antitumor effect of a-substituted
tropolone was evaluated on five human osteosar-
coma cell lines (143B, CAL-72, HOS, MG-63, and

130

Sa0S-2). To varying degrees, 72-hour incubation
with the test substance induced concentration-
dependent cytotoxicity in all 5 cell lines, with
the HOS cell line being the most sensitive
(IC50 = 0.67 um) and Sa0S-2 being the least sen-
sitive (IC50 = 5.93 pym). The authors believe that
tropolone leads to activation of the unfolded pro-
tein response pathway (UPR), which in turn leads
to induction of caspase-dependent cell death.
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Fig. 1. The effect of tropolone JO-122 (2) on the survival of U87 tumor cells. The data is expressed as an average * standard deviation.
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CONCLUSION

According to the outcomes of the study, the
cytotoxic activity of 2-(1,1-dimethyl-1h-benzo[e]
indoline-2-yl)-5,6,7-trichloro-1,3-tropolone against

U87 MG rnno6nactombl Yenoseka

U87 MG tumor cell culture has been studied, and
an inhibitory IC50 concentration of the suggested
compound has been obtained, which turned out
to be lower than that for Temozolomide. The ob-
tained data are of considerable scientific interest

Dose-dependent effect graph for JO-122

110

104.67

100

92.56 97.26 e

90

89.73

9117

80

70

60

50

40

30

Percentage of survived cells (%)

20

10

1 1
0.0938 0.0469
Concentration (um)

1 1
0.75 0.375 0.1875

Dose-dependent effect graph for Temozolomide

110

100

97.81

90

84.42 88.94

89.27,__—

80 73.75

78.34

7906 e

70 67.49

.

60

5969 __—

50

P 1

40

30

Percentage of survived cells (%)

20

10

1 \. 1 1
250 191.824 125 62.5 31.25

1 1 1
15.625 0.9766 0.4883

Concentration (um)

1 1 1
7.8125 3.9063 1.9531

Fig. 3. comparison of IC50 tropolone JO-122 (2) with temozolomide

Table 1. Distribution of the U87MG cell population by cell cycle phases in the control group and 24 hours after the addition of
the tested tropolone. The data is expressed as mean * standard deviation

Cell cycle phases

Group

G1 S G2/M
Control 71.77 £0.91 6.79 £ 0.54 17.63 £ 0.83
JO-122 (2) -2 ym 28.08 + 1.02* 10.63+1.70 58.56 + 0.83*
JO-122 (2) =1 pm 29.71 £ 0.67* 11.81+0.77 56.61 + 0.54*
JO-122 (2) - 0.5 um 34.45 + 1.55% 9.06 + 0.65 52.65 + 1.56*

Note: * - the differences are statistically significant at p < 0.05 compared to the control
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and indicate the prospects for further research on  including evaluation of the proliferative activity
2-(1,1-dimethyl-1h-benzole]indoline-2-yl)-5,6,7-tri- ~ of tumor cells and the cell cycle, as well as CDX
chloro-1,3-tropolone. One possible direction isto ~ and PDX models, which will allow us to more fully
study the effect of JO-122(2) on other cell lines, assess the effect of tropolone on glioblastoma.
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ABSTRACT

Purpose of the study. To investigate the level of protein AIF in the mitochondria of tumor cells and visually unchanged tissues
of the colon in male and female patients with colorectal cancer.

Materials and methods. The study included results, obtained from 132 patients with stage T2-3NOMO colon cancer, comprising
52 women and 80 men. Mitochondria were isolated from human colon and tumor tissue cells using differential centrifugation
in a high-speed refrigerated centrifuge. The concentration of protein AIF (pg/mg protein) in mitochondria was determined
using ELISA «<Human AIF Elisa Kit» (Cloud-CloneCorp., China).

Results. It was established that in males, the AIF level in the mitochondria of rectal, sigmoid colon and ascending colon tumor
cells was 2.4 times, 1.9 times (p < 0.05) and 3.1 times higher, respectively, than in the mitochondria of the corresponding
tissues not affected by the tumor. In the mitochondria of the intestinal tissue not affected by the tumor, significant differ-
ences in the AIF content were observed, with levels varying depending on the anatomical location. In the sigmoid colon, the
level of this factor was found to be 1.9 (p < 0.05) and 2.6 times higher than in the rectum and ascending colon, respectively.
Concurrently, no notable discrepancies in the AIF concentration within the mitochondria of conditionally unimpaired tissues
were observed in the female subjects. The AIF content was found to be higher in the mitochondria of tumor cells in women
than in conditionally intact tissues. Specifically, it was observed to be 2.1 times higher in rectal tumors, 4.4 times higher in
sigmoid colon tumors and 1.7 times (p < 0.05) higher in ascending colon tumors. Significant discrepancies in the AIF content
between men and women, as well as between the mitochondria of tumor sample cells, were identified. In the rectal and as-
cending colon tumor, the AIF level in women was found to be markedly elevated in comparison to men, exhibiting a ratio of
1.3 (p < 0.05) and 2.4, respectively.

Conclusion. In patients with colorectal cancer, the content of AIF in tumor mitochondria is observed to increase. This can
be considered to represent stimulation mechanism of tumor proliferative activity due to its NADH/NADPH oxidase function,
which promotes the survival of malignant cells.
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OPUT'MHANIbHAA CTATbA

Coaepxanue anonto3-uHayuupytouero ¢paxropa (AIF) B MUTOXOHAPUAX KNETOK 0nyXo/u

y bonbHbIX KoJiopeKTa/ibHbIM paKoM
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A. A. BepeckyHoBa?, A. 0. Apamsan?, E. H. Konechukos', I. I. benowankuna', A. 10. Apakenoga', Y. M. lasues’, C. B. CanamsHy'

' ®I'bY «HaunoHanbHbI MeAULMHCKKIA nccnefoBaTenbckuii LeHTp oHKonorum» MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoii ®efepauun,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus

2®rb0Y BO «PocToBCKMil rocyfapCTBEHHbI MeAULIMHCKNIA YHUBEpCUTET» MuHucTepcTBa 3fpaBooxpaHenuns Poccuiickoit Gepepaumm,

r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus

X neskubina.irina@mail.ru

PE3IOME

Lienb nccnepoBanus. ViccnenoBatb ypoBeHb 6enka AIF B MUTOXOHAPUAX KIETOK OMNyX0Sin U BU3yaslbHO HEM3MEHEHHbIX
TKaHeW OTAENO0B TOJICTON KULIKM Y 60/bHbIX KONOPEKTabHbIM PakoM.

MaumeHTbl U MeToAbIl. B uccnegoBaHune BKOYEHbI pe3ynbTaTbl, NonyyYeHHble y 132 6051bHbIX pakoM TONCTOW KULLKK CO
ctaguen T2-3NOMO, 13 KOTOpbIX 52 cCOCTaBUAMN XEHLWUHbI 1 80 MY>XUUH. MUTOXOHAPUMN U3 KNETOK TKaHEeW KULLIKKU 1 ONyXonu
YyesioBeKa BblfeNAnM ¢ npuMeHeHnem anbdepeHumnanbHoro LeHTpudyrmpoBaHns Ha BbICOKOCKOPOCTHOIN pedpuxepa-
TOpHOW LeHTpudyre. B MuToxoHapuax Metogom MDA onpefensnu KoHueHTpauumto 6enka AlF (nr/mr) ¢ ucnonb3oBaHuem
TecT-cucteMbl «<Human AIF Elisa Kit» (Cloud-CloneCorp., China).

PesynbTatbl. BbISiBNIEHO, YTO Y MY>XXUNH, B MUTOXOHAPUSX KIETOK ONYXOSM MPSMON KULLIKW, CUTMOBUAHON KULLKM U BOCXOAS-
Lero otaenia 060A404HOM KULLKKM ypoBeHb AlF 6bin Bbille, Y4eM B MUTOXOHAPUSIX COOTBETCTBYHOLLMX TKAHEW, He NOPaXXeHHbIX
onyxonblo, B 2,4 pasa, B 1,9 pas (p < 0,05) u B 3,1 pasa COOTBETCTBEHHO. B MUTOXOHAPUAX HEMOPAXKEHHOMN OMYXO/bHO TKaHM
KMLLKM OTMeYanu 3HayMMmble pasnunyusa B cogepxkaHun AlF B 3aBUCMMOCTN OT aHaTOMUYECKOro PacronoXeHns: B CUrMOBUA-
HOW KULLKE YpOBEHb AaHHOro (hakTopa okasascs B 1,9 (p < 0,05) 1 B 2,6 pasa BbiLLE, YeM B MPAMOI 1 BOCXOASALLEM OTAeNe
06004HOW KULIKK. 1PN 3TOM Y XKEHLLMH 3HAUYMMbIX pas3nnyus B ypoBHe AIF B MUTOXOHLPUAX YCNIOBHO HemNopa)eHHbIX
TKaHeW He BbISIBNEHO. B MUTOXOHAPUSX KIIETOK OMYXONW Y XEHLWMH copepykaHue AlF 6b110 Bblille, Y4eM B YCTOBHO UHTaKT-
HbIX TK@HsIX: B ONyXONU NPAMON KULLKK B 2,1 pa3a, B ONyX0An CUrMOBUAHON KULLKK B 4,4 pasa, B OMyX0osn BOCXOASALLLEro
oTaena o6o0804HOMN KMWwKKM B 1,7 pasa (p < 0,05). YcTaHOBNEHbI 3HAYMMble pasnuyus B coaepXxaHnm AlF y My>XUMH U SKEHLLMH
¥ B MUTOXOHAPUAX KIIETOK OMYXONEBbIX 06Pa3L0B: B OMyX0sM NPAMOI KULIKW Y BOCXOASLLErO OTAENA 060L0YHOM KULLIKK,
Y XXeHLUMH ypoBeHb AlF 6bin 3HaYNMO BbiLLe, YeM Y MYXUWH oT B 1,3 pasa (p < 0,05) u B 2,4 pasa.

3aksoueHue. Y 607bHbIX KOSIOPEKTalbHbIM PAKOM B MUTOXOHZPUSIX OMyxosei Bo3pacTaeT cofepxaHue AlF, KoTopoe MOXHO
paccMaTpmBaTb Kak MexaHu3M CTUMYNMpoBaHus nponudepaTMBHON akTUBHOCTM onyxonu 3a cyeT cBoer NADH/NADPH
oKCuAa3HoN yHKLMK, CNOCOBCTBYHOLLEN BbDKMBAHUIO 3/10KAYECTBEHHbIX KNETOK.

KntoueBble cnoBa: MUTOXOHAPUN, KONOPEKTasIbHbIV Pak, MY>XUYUHbI, XXeHLWMHbI, AIF, TkaHb OMyX0nK, TKaHb KULLKK
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BACKGROUND

Colorectal cancer (CRC) is a malignant tumor de-
rived from the glandular epithelial cells of the colon;
it is the third most frequently diagnosed cancer that
ranks second in terms of mortality in the world [1-4].
CRC is a genetically heterogeneous disease that in-
cludes various molecular pathways of tumor forma-
tion and metastasis [5].

Mitochondria are vital for energy production, cell
signaling, and metabolic homeostasis. Meanwhile,
mitochondria influence processes such as cellular
differentiation and proliferation. In malignant cells,
mitochondrial functions undergo transformation,
which promotes rapid proliferation, survival, and
resistance to neoplasm death [6]. During the de-
velopment of CRC, mitochondrial dysfunction and
mutations in the tumor suppressor gene TP53 were
revealed, which leads to impaired regulation of the
cell cycle, mitochondrial respiration, cellular metab-
olism, and an imbalance between survival and cell
death [7, 8]. Malignant cells have metabolic flexibil-
ity, using and regulating the tricarboxylic acid cycle
not only for survival and proliferation, but also and
to evade immune "surveillance" and suppress the
cytotoxic function of immune cells [6].

The cellular protein AIF was initially identified as
a 57 kDa soluble fragment that is released from mito-
chondria during apoptosis and translocated into the
nucleus in a caspase-independent manner, causing
caspase-independent chromatin condensation and
DNA fragmentation [9].

It is currently recognized that AIF plays a vital role
in mitochondrial bioenergetics under physiological
conditions, as it supports normal oxidative phosphor-
ylation of the cell, influencing multiple catabolic and
anabolic pathways, as well as epigenetic process-
es that depend on mitochondrial metabolites [9].
It was found that the oxidoreductase activity of AIF
gives malignant cells resistance to oxidative stress
and supports their transformational status [10, 11].
Undoubtedly, the available data on the role of AIF
in mitochondrial metabolism in the development of
the malignant process, both in experiment and in the
clinic, indicate the important role of this factor [12].
However, to date, there is not enough data on the
functional features of AIF in human oncological dis-
eases, in particular in the mitochondria of tissue cells
in colorectal cancer.

16

Purpose of the study was to investigate the level
of AIF protein in the mitochondria of tumor cells and
visually unchanged colon tissues in patients with
colorectal cancer.

PATIENTS AND METHODS

The study included the results obtained from
132 patients with T2-3NOMO colon cancer, 52 of
them women and 80 men. The average age was
66 (58-73) years, 68 (51.5 %) people were over the
age of 65, and 64 (48.5) people were under the age
of 65. 46 (34.8 %) patients suffered from sigmoid
colon cancer, including 19 women, 44 (33.7 %) pa-
tients with rectal cancer, including 18 women, and
42 (31.5 %) patients with ascending colon cancer,
including 15 women. The tumor differentiation
grade in all patients corresponded to G2. None of
the patients received neoadjuvant treatment before
surgery. 98.5 % of patients had a good indicator
status (ECOG 0 or 1). All patients were operated on.
The work followed the ethical principles set forth
in the World Medical Association Declaration of
Helsinki, 1964, ed. 2013. Signed informed consent
was received from all patients to take and transfer
biological material for scientific research, govern-
ment assignments for socially and socially useful
purposes. Protocol No. 1 of the Ethics Committee of
the National Medical Research Center for Oncology
was approved on 01/30/2023.

During the operation, after laparotomy, the colon
affected by the tumor was mobilized with ligation
and intersection of the feeding blood vessels, then
lymphodissection was performed and the affected
organ was resected (right-sided hemicolectomy,
left-sided hemicolectomy, sigmoid colon resection,
rectal resection) to remove the malignant tumor
from the patient. A part of the tumor material and
a fragment of intestinal tissue along the resection
line were immediately placed in a cold sterile isola-
tion medium containing 0.22 M mannitol, 0.3 M su-
crose, 1 mM EDTA, 2 mM TRIS-HCL, 10 mM HEPES,
pH 7.4. The further course of the operation was
completed with a restorative stage with the appli-
cation of an intestinal anastomosis, drainage of the
abdominal cavity and suturing of the laparotomy
wound.

Mitochondria from tumor and intestinal tissue
cells were isolated using differential centrifuga-
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tion on an Avanti J-E high-speed refrigerated cen-
trifuge, BECMAN COULTER, USA using the method
of Egorova MV, Afanasyev SA, 2011; Gureev AP,
Kokina AV, 2015 [13, 14]. To destroy the intercellu-
lar connections, cell wall and plasma membranes,
mechanical processing of tissues with crushing
with scissors and homogenization in a glass ho-
mogenizer with a Teflon pestle (Potter-Elwegame
homogenizer) was used. 10 ml of sterile isolation
medium (0.22 M mannitol, 0.3 M sucrose, T mM
EDTA, 2 mM TRIS-HCL, 10 mM HEPES, pH 7.4)
was added to each gram of tissue. The tissues
were homogenized and centrifuged for the first
time for 10 min at a speed of 1000 g, a tempera-
ture of 0-2 °C. The second and third centrifuga-
tion was carried out at 20,000 g, 20 min, a tem-
perature of 0—2 °C. Between centrifugation, the
mitochondrial precipitate was resuspended in
the isolation medium. Mitochondria were addi-
tionally purified from lysosomes, peroxisomes,
melanosomes, etc., by centrifugation in a 23 %
percolation gradient. The suspension of subcel-
lular structures was layered on a Percall gradient,
centrifuged for 15 min at 21000 g, after which
separation into 3 phases was observed, the lower
layer of mitochondria was left and resuspend-
ed with isolation medium. The next "washing"
of mitochondria was carried out by centrifuga-
tion for 10 min at 15000 g, temperature 0-2 °C.
The obtained mitochondrial samples were stored
at —80 °C before analysis. Before the analysis,
the samples were diluted to a protein concentra-
tion of 6 g/l [13]. ELISA was used to determine
concentrations of: AIF (pg/mg protein) (Cloud-
CloneCorp., China), protein by biuretic method
(Olvex Diagnostics, Russia).

Statistical analysis

Statistical analysis of the results was per-
formed using the Statistica 10.0 software pack-
age. The distribution of normality was evaluated
using the Shapiro-Wilk criterion (for small sam-
ples). The comparison of quantitative data in
groups (independent samples) was carried out
using the Student and Mann-Whitney criteria. The
value of p < 0.05 was retained as the limit of sta-
tistical significance. The table data is presented
as M + m, where M is the arithmetic mean and m
is the standard error of the mean.

OMyXou y 60N1bHbIX KONOPEKTaNbHbIM pakoM =

STUDY RESULTS

Statistically significant differences in the level of
AIF factor were revealed, both in tumor tissue and in
intact tissue, depending on gender. Thus, in women,
the concentration of AIF in the mitochondria of cells
of the rectal and ascending colon tissue exceeded
the values in similar samples in men by 1.6 times
(p < 0.05) and 2.4 times, respectively (Table 1). Only
in the mitochondria of cells of the sigmoid colon
tissue in men, the content of AIF was higher than in
women 1.8 times (p < 0.05).

A comparative analysis of the AIF content in the
mitochondria of tumor cells showed a statistically
significantly higher level of the studied factor, com-
pared with the values in the mitochondria of the
corresponding tissue. Thus, in men, in mitochondri-
al samples of tumors of the rectum, sigmoid colon
and ascending colon, the AIF level was statistically
significantly higher than in the mitochondria of the
corresponding tissues not affected by the tumor
by 2.4 times, 1.9 times (p < 0.05) and 3.1 times,
respectively (Table 1). The highest AIF index in
men was found in the mitochondria of the sigmoid
colon tumor - it exceeded the corresponding lev-
el in the mitochondria of the rectal and colon tu-
mors by an average of 1.6 times. At the same time,
significant differences in AIF content were also
noted in the mitochondria of non-tumor-affected
tissue, depending on the anatomical location: in
the sigmoid colon, the level of this factor was 1.9
(p < 0.05) and 2.6 times higher than in the rectum
and ascending colon.

In women with CRC, there were no significant dif-
ferences in the level of AIF in the mitochondria of
conditionally unaffected tissues, while in the mito-
chondria of tumor cells the content of this factor was
statistically significantly higher than in conditionally
intact tissues: in tumors of the rectum by 2.1 times,
in tumors of the sigmoid colon by 4.4 times, in tu-
mors of the ascending colon by 1.7 times (p < 0.05).

Statistically significant differences in the AIF con-
tent in men and women and in the mitochondria of
tumor samples were revealed: in tumors of the rec-
tum and ascending colon, the AIF level in women
was significantly higher than in men by 1.3 times
(p < 0.05) and 2.4 times. No significant sex differ-
ences were found in the mitochondria of sigmoid
colon tumor cells.
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DISCUSSION

There are scientific studies of several active sub-
stances that stimulate the death of malignant cells,
both in cell lines and in tumors in patients by influ-
encing apoptosis factors, including AIF [2, 3, 15].
These studies are relevant and promising, since
limiting the uncontrolled growth of malignant cells
and inducing apoptosis in them would be a promis-
ing direction in the fight against malignant tumors.
However, there is a problem of reducing the expect-
ed percentage of positive effect of various target-
ed antitumor drugs, which can be explained by the
multifunctionality of the selected targets. Thus, in
addition to participating in the signaling pathway of
cell apoptosis, AIF plays a key role in maintaining
mitochondrial homeostasis, is an important factor
in maintaining the functional integrity of the mito-
chondrial respiratory chain and participates in the
regulation of the redox state of cells by regulating the
activity of NADF-hydroxylase to influence the levels
of reactive oxygen species (ROS) [9, 16].

Our study revealed a seemingly paradoxical (giv-
en its pro-apoptotic properties) increase in the lev-
el of AIF in all samples of the mitochondria of the
CRC tumor, compared with the conditionally intact
intestine in both men and women. There are sev-

eral other works that also describe increased AIF
levels in ovarian, prostate, and hemoblastosis can-
cers [17-19].

The revealed paradox of overexpression of AIF
in mitochondrial tumor samples in colorectal can-
cer can be explained by the polyfunctionality of this
factor, since AIF allows mitochondria to regulate
cell survival due to the balance between pro-apop-
totic and energetic pathways [16]. Malignant cells
reprogram their metabolism to support the increased
biosynthetic and energy requirements necessary for
their growth and motility, and AIF is overexpressed to
maintain cellular energy and metabolic homeostasis.

In order for AIF to perform its apoptotic function,
it must be cleaved into a soluble apoptotic protein
with a mass of 57 kDa in the mitochondria and
translocated through the mitochondrial membrane
to the nucleus. The release of apoptosis factors in
mitochondria is caused by the loss of mitochondrial
function, which is closely related to an increase in
mitochondrial membrane permeability and depolar-
ization of membrane potential [20]. At the same time,
the release of AIF from mitochondria towards the
nucleus, for the initiation of apoptosis, is regulated
by many factors [21, 22]. In particular, studies on the
example of breast cancer have shown that P21-ac-
tivated kinase 5 (PAKS5), which is an oncogenic pro-

Table 1. AIF content in the mitochondria of male and female colon tissue cells (pg/mg protein)

Samples Males Females
Rectal tissue
381.4+30.9
Intact 237.7£14.1 p?=0.0000
817.7+49.9
Tumor e p'= 0.0000
p=0. p?=0.0001
Sigmoid tissue
247.8+16.6
Intact 451.5+20.8 p?= 0.0000
Tumor 859.3+57.9 1087.1 £69.9
p'=0.0000 p'=0.0000
Ascending colon tissue
426.4 £ 39.1
Intact 176.8 +8.9 p?=0.0000
716.4+85.3
Tumor 541.1:4(5%8802 p'=0.0044
p =0 p2=0.0247

Note: statistically significant differences in relation to: p' is the indicator in the corresponding tissue along the resection line; p? is the indicator in men
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tein and is overexpressed in multiple cancers and
promotes tumor progression [23, 24], can prevent
the release of AIF from mitochondria by reducing
the permeability of mitochondrial membranes and
increasing membrane potential and inhibit apoptosis
by phosphorylation of AIF. This fact indicates that in
malignant cells, the balance of AIF functional activi-
ties shifts from pro-apoptotic to a predominance of
energetic, as a result of which AIF is localized on the
inner membrane of mitochondria and performs the
function of oxidoreductase [25]. It has been shown
that depletion of AIF in tumor cells leads to meta-
bolic reprogramming, inhibition of cell proliferation

OMyXou y 60N1bHbIX KONOPEKTaNbHbIM pakoM =

and tumor growth, elimination of cancer stem cells,
changes in inflammation in the tumor microenviron-
ment, and induction of differentiation of malignant
cells into normal cells [26].

CONCLUSION

Thus, in patients with colorectal cancer, the con-
tent of AIF increases in the mitochondria of tumors,
which can be considered as a mechanism for stim-
ulating the proliferative activity of the tumor due to
its NADH/NADPH oxidase function, which promotes
the survival of malignant cells.
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ABSTRACT

Purpose of the study. To analyze cases of viral infection in cancer patients at the stages of antitumor therapy.

Patients and methods. We conducted a retrospective analysis of the medical histories of 50 patients with acute respiratory
failure (1-111 st.), hospitalized in the Department of anesthesiology and intensive care in 2017-2020. Of these, 34 are children
and 16 are adults. Sputum, tracheobronchial aspirate, and blood were examined for the presence of viral agents.

Results. Viral infection was confirmed in 35 (70 %) patients. During CT, it developed more often than in the early postoperative
period (72.2 % vs 64.3 %, p > 0.05), but this situation is true only for the general group of patients. In children, viral infection
was diagnosed only on CT (71.9 % of those receiving CT, p = 0.098, F = 0.13), and in adults it was equally common (75 % each),
both during CT and after surgery. In lung cancer, viral infection was confirmed in 7 (100 %), pelvic fever in 7 (63.6 %), bones,
connective and soft tissues in 6 (66.7 %), hemoblastoses in 3 (75 %), central nervous system tumors in 5 (71.4 %) patients.
Herpesvirus infection (HVI) was confirmed in 15 (42.9 % of the infected), respiratory viral infection (RVI) in 13 (37.1 %), and
their combination in 7 (20 %) patients. In general, we note a slight predominance of HVI over RVI (22/62.9 % vs. 20/57.1 %,
p > 0.05). Mixed infection with a combination of two to four pathogens and mono-infection developed equally frequently: in
18 (51.4 %) and 17 (48.6 %) patients, respectively.

Conclusions. Infectious complications are an important component of modern antitumor treatment. Therefore, it is necessary
to monitor the spectrum of viral infections in cancer patients with signs of respiratory dysfunction at the stages of antitumor
therapy. Proper assessment of the situation will help to avoid the development of critical consequences, reduce the time of
hospitalization, and improve the course and prognosis of cancer.
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PE3IOME

Lienb uccnepoBanus. [MpoBecTu aHanu3 cnyyaes NpPoOsIBNIEHUS BUPYCHON UHMEKLMN Y OHKONOTMYECKUX MaLUEHTOB Ha
3Tanax NpoTUBOOMNYXONeBOW Tepanuu.

MauueHTbl M MeToAbl. Bbin NpoBefeH PeTPOCNEKTUBHbIW aHann3 uctopuin 6one3Hn 50 601bHbIX C MPU3HAKaMU OCTPOW
ObixaTenbHoi HegocTaTtodHocTy (I=1Il CT.), rocnMTanManpoBaHHbIX B OTAE/IEHNe aHeCcTe3MONOrMU U peaHumauum B 2017-
2020 rr. N3 Hux 34 pebeHka 1 16 B3pocnblx. iccnegoBanu MOKpoTY, Tpaxeo6poHXuasibHbIi acnupaT, KpoBb Ha Hanmune
BUPYCHbIX areHToB.

Pesynbratbl. BupycHas nHdekuus 6bina nogreepxaeHa y 35 (70 %) 6onbHbIx. Mpu npoBeaeHnn xumMuotepanuu (XT) oHa
pasBuMBanacb valle, YeM B paHHEM nocneonepaunoHHoM nepuoge (72,2 % vs 64,3 %, p > 0,05), ofHaKO 3TO NONOXeHue
cnpaBefNNBO NULLb Ans o6Luer rpynnbl 60nbHbIX. Cpeaun aeTel BUpycHasa nHbeKLmMs 6bina fuarHocTMpoBaHa ToNbKo y na-
LIMEHTOB, KOTopbIM npoBogunacb XT (71,9 % nonydaslumx XT, p = 0,098, F = 0,13), a y B3pocsibIX 0AMHaKoBO YacTo (Mo 75 %)
KaK B pesynbTaTe npoBogumon XT, Tak 1 Mocne XMpypruyeckoro BMellaTenbcTaa. [py pake nerkoro BupycHas nHdekums
6blna noaTeepxaeHa y 7 (100 %) 60nbHbIX, 3/I0KaYe€CTBEHHbIX HOBOOGPa30BaHMAX Manoro Tasa —y 7 (63,6 %), KocTei, co-
€AMHUTENBbHOM U MATKUX TKaHei — Yy 6 (66,7 %), remo6nactozamu —y 3 (75 %), Onyxosisix LLeHTpanbHON HEPBHOMN CUCTEMBbI —
y 5 (71,4 %) 6onbHbIX. FeprnecBupycHasn uHdekuus (FTBU) 6bina noateepxaeHa y 15 (42,9 % oT uncna MHOULMPOBaHHBbIX),
pecnupaTtopHo-BupycHas (PBU) —y 13 (37,1 %), a ux couetanue -y 7 (20 %) 60s1bHbIX. B LLeOM MOXHO OTMETUTH HEKOTOPOE
npeo6nagaHue MBU Hap PBU (22/62,9 % npoTtus 20/57,1 %, p > 0,05). MUKCT-MHbEKUMSA C cOYeTaHUeM OT ABYX A0 YeTbIpeX
B036yauTeneit 1 MOHOMHMEKLMS pa3BMBaNNCb OAMHaAKOBO YacTo: Yy 18 (51,4 %) u 17 (48,6 %) 60NbHbIX COOTBETCTBEHHO.
3aknioyeHune. OCNOXHeHNA MHPEKLMOHHOIO XxapakTepa ABSITCA Ba)XKHOW COCTaBAAOLLLEe COBPEMEHHOIO NPOTUBOOMY-
XOJIEBOrO JleYeHus. B aTol cBA3KN HEO6XOAMMO MPOBOAUTL MOHUTOPUHT CrieKTpa BUPYCHbIX MHAEKLUI Y OHKOIOMUYECKMX
naumneHTOB C NpU3HaKaMu pas3BUTUS PecnMpaTopHOM AMCHYHKLMM Ha 3Tanax NpoBeLeHUs MPOTUBOOMNYXOSIEBOW Tepanuu.
MpaBunbHas oLeHKa CUTyaummn NO3BOMT U36eXaTb Pa3BUTUA KPUTUYECKUX NOCNEACTBUIA, COKPATUTb CPOKU rocnuTanu-
3aumMK, yNyyLINTb TEYEHWE U MPOrHO3 OHKOJIOrMYECKOro 3aboneBaHus.

KnioueBble cnosa: BUpyCHasa VIHCbeKLWIFI, pecnupaTopHble OCJIOXXHEHUA, NPOTUBOONYXoJsieBasa Tepanud, AblxaTesibHasa
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BACKGROUND

To date, the success of the diagnosis and thera-
py of malignant neoplasms has significant results.
At the same time, the use of standard treatment
approaches does not always lead to the expected
effect, which serves as a prerequisite for the devel-
opment of personalized approaches to the treatment
of cancer patients [1]. Meanwhile, it is necessary to
take into account the role of complications that oc-
cur against the background of antitumor treatment,
which not only worsen the quality of life of patients
and provoke their refusal to carry out planned ther-
apy, but also cause serious functional disorders of
the body, up to life-threatening conditions requir-
ing timely and urgent measures [2]. In this regard,
special attention should be paid to the study of risk
factors for the development of negative consequenc-
es during complex antitumor treatment. It is known
that cancer patients are the most vulnerable group
and are more susceptible to various complications,
including those of an infectious nature [3]. This is
due to the fact that the defect of the immune system
is provoked by the development of the tumor itself
and deeper functional changes in the patient's body
due to the use of aggressive courses of chemoradio-
therapy, corticosteroids and antimicrobial treatment,
as well as due to extended and combined surgical
interventions [4]. According to Egorov AYu (2019)
infectious complications are the cause of death of
cancer patients in 39-43 % of cases [5]. Meanwhile,
mortality from respiratory complications reaches
27 % [6, 7].

Many viral agents are involved in the occurrence
of respiratory complications in these patients, such
as influenza virus, parainfluenza, respiratory syncytial
virus, adenovirus, rhinovirus, coronavirus, metap-
neumovirus and human bocavirus [6—10]. Respira-
tory syncytial (RS), influenza virus and rhinovirus
are diagnosed with the highest frequency (60 %) [6].
Parainfluenza viruses, metapneumoviruses, bocavi-
ruses and adenoviruses are less common: the fre-
qguency of their detection in patients ranges from 2 %
to 10 % [6, 7]. Other well-known pathogens, such as
cytomegalovirus (CMV), Epstein-Barr virus (EBV),
herpes simplex virus types 1 and 2 (HSV 1, 2), hu-
man herpes virus type 6 (HCV6), also often cause
serious diseases in cancer patients, but are not truly
respiratory. CMV after hematopoietic stem cell trans-
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plantation occurred in 29 % of patients, and in 26.5 %
with RS, and if pneumonia with CMV monoinfection
developed in 31 %, then with coinfection with RS it
was 2 times more common in 68 % of patients [11].

In this context, it is necessary to take into account
the fact that the main danger of respiratory viruses
lies in their ability to provoke the development of
pneumonia and secondary bacterial complications.
According to Katsurada N (2016), in a study of pa-
tients over 65 years of age diagnosed with pneumo-
nia, viral pathogens were detected in 23 % of cases,
while rhinoviruses (9.9 %) were the most common
cause of pneumonia, the RS virus was detected in
4.1 % of cases, and influenza viruses in 3.9 % of cas-
es [12]. A meta-analytical review of patients with
pneumonia of different age groups conducted in
2017 by Korean researchers showed that any of the
representatives of respiratory viruses can be the trig-
ger of generalized bacterial infection [13].

It should be emphasized that respiratory infec-
tions in patients with a complicated premorbid back-
ground, including cancer patients with secondary
immunodeficiency, are poorly predictable and do not
always have a favorable prognosis [5]. As a rule, the
virus, penetrating the mucous membrane of the re-
spiratory tract, has a cytopathic effect on epithelial
cells, which leads to fullness of the microcircula-
tory bed, swelling of the mucous layer, increased
vascular permeability and excessive production of
interferon. These pathological changes are the start-
ing point of stimulation of the transient microbiota,
when epithelial cell membranes are destroyed, and
phospholipids are released with activation of ara-
chidonic acid metabolism processes. There is an
increased production of bradykinin, leukotrienes, and
the activity of cytokines and neutrophils increases.
The secondary microbial lesion is aggravated by the
adhesion of several pathogenic microorganisms to
the mucous membrane of the respiratory tract, which
occurs as a result of a decrease in the concentration
of immunoglobulin A, lactoferrin, interferon and lyso-
zyme in the mucocellular secretion. Together, there is
a decrease in antiviral and antibacterial activity with
uncontrolled inflammation, impaired ventilation, and
the development of hypoxia [14]. As a result, damage
to the respiratory epithelium and the microcircula-
tory bed leads to the rapid development of acute
respiratory distress syndrome (ARDS), which actually
causes the death of one in three patients [15].
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It is obvious that viruses are the cause of the de-
velopment of a chain of pathological transformations
that can later lead to the development of severe sys-
temic complications. At the same time, it is almost
impossible to assess a full-scale lesion from a viral
infection, since the data on mortality from bacterial
pneumonia do not actually take into account the role
of the viral etiological aspect as a provocateur of the
development of secondary infection [14].

The number of studies devoted to the problem
of bacterial infection in various groups of patients
with a variety of pathological conditions, prevention
and treatment measures is increasing annually [14].
At the same time, there are practically no publica-
tions on the problem of the development and course
of viral infections in cancer patients at the stages of
antitumor treatment.

Purpose of the study: to analyze the cases of viral
infection in cancer patients at the stages of antitu-
mor therapy.

PATIENTS AND METHODS

The study was performed with the consent of pa-
tients or their representatives to the processing of
personal information and the use of the obtained bio-
logical material for scientific purposes (Protocol No.
19 of 11/22/2021). A retrospective analysis of the
medical histories of 50 patients with signs of acute
respiratory failure (ARF) (Grades I-Ill) hospitalized in
the Department of anesthesiology and intensive care
at the National Medical Research Center for Oncol-
ogy of the Russian Federation Ministry of Health in
2017-2020. Of these, 34 children were aged 7.0 + 5.7
years and 16 adults aged 61 + 15.3 years. The most
represented were malignant neoplasms of the pelvis
and retroperitoneal space - 11 (22 %), bones, con-
nective and soft tissues — 9 (18 %), lungs — 7 (14 %),
central nervous system (CNS) - 7 (14 %), gastro-
intestinal tract (GIT) — 6 (12 %), hemoblastoses —
4 (8 %). The remaining diseases are presented in
isolated cases.

There were 14 (28 %) patients in the early
postoperative period, 2 (4 %) received radiation
therapy, and 34 (68 %) patients received chemo-
therapy (CT). The severity of the critical condition
on the APACHE Il (Acute Physiology and Chronic
Health Evaluation) scale in children ranged from
10 to 28, in adults ranged from 18 to 26 points.

MPOTUBOOMYX0NEBOr0 NeYeHus

To determine the degree of ARF, the parameters of
saturation (SpO,) and partial pressure of oxygen
in arterial blood (Pa0,) were taken into account.
Pa0, of 60—79 mmHg and SpO, of 90-94 % corre-
sponded to the first stage, PaO, of 40-59 mmHg
and SpO, of 75-89 % corresponded to the second
stage, PaO, of less than 40 mmHg corresponded
to the third stage and SpO, is less than 75 %. The
intensity of the initial clinical symptoms was ana-
lyzed: hyperthermia (fever to subfebrile or febrile
levels), intoxication syndrome (general weakness,
nausea, headache and muscle pain, seizures).
Sputum, tracheobronchial aspirate, bronchoalve-
olar lavage, nasopharyngeal smears, and blood
were examined to detect the infectious compo-
nent. Biological samples were taken during the
first hours of hospitalization of patients in the ICU.
The isolation of viral RNA/DNA was performed
using the RIBO-prep kit (FBIS CRIER). Qualitative
determination of the RNA of influenza A/B virus
(Influenza virus A/B) and influenza B, respirato-
ry syncytial virus (RS, hRSv, Orthopneumovirus
hominis), metapneumovirus (hMPV), parainfluenza
viruses of types 1, 2, 3 and 4 (hPiV), coronavi-
ruses of types 0C43, E229, NL63, HKUI (HCoV),
rhinoviruses (hRv), adenovirus DNA of groups B,
C and E (HAdV), bocavirus (HBoV) and herpes
simplex virus types 1, 2 (HSV 1, 2) were performed
using reagent kits "AmpliSens® Influenza virus
A/B-FL', "AmpliSens® ARVI-screen-FL", "Ampli-
Sense® HSV |, II-FL". DNA quantification of CMV,
EBV, HCV6 was performed using AmpliSens®
EBV/ CMV/ HHV6A/B-screen-FL reagent Kkits.
When CMV, EBV and HCV6 were detected in the
blood, the number of more than 2 Ig copies of the
virus DNA/10%leukocytes was considered etio-
logically significant, in non-sterile loci-more than
2000 copies of the virus DNA/mI. The calculation
was carried out in accordance with the manufac-
turer's instructions. Virus-specific antibodies (AT)
of classes M and G to HSV 1, 2, CMV, EBV and
HCV6 in blood serum were also determined in all
patients by ELISA (Vector-Best AO).

Statistical analysis

Statistical data processing was carried out using
Microsoft Excel 2016 and Statistica 10 (StatSoft,
Inc.) programs. Statistically significant differences
were considered at p < 0.05.
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STUDY RESULTS

Viral infection (V1) was confirmed in 35 (70 %) pa-
tients. In patients undergoing CT, it developed more
often than in the early postoperative period (72.2 %
vs 64.3 %, the differences were not statistically sig-
nificant, p > 0.05), however, this position is valid only
for the general group of patients. Among children,
VI was diagnosed only in patients who underwent
CT (71.9 % of those who received CT, p = 0.098,
F = 0.13), and in adults it was equally common
(75 % each), both as a result of CT and after sur-
gery. In lung cancer, VI was confirmed in 7 (100 %),
pelvic cancer in 7 (63.6 %), bone, connective and
soft tissue in 6 (66.7 %), hemoblastosis in 3 (75 %),
CNStumorsin 5 (71.4 %) patients. VI was least often
detected in patients with malignant neoplasms of
the gastrointestinal tract — in 2 (33.3 %). Herpes-
virus infection (HSV) was confirmed in 15 (42.9 %
of the infected), respiratory viral infection (RVI) in
13 (37.1 %), and their combination in 7 (20 %) pa-
tients. In general, there is a slight predominance of
HSV over RVI (22/62.9 % versus 20/57.1 %, the dif-
ferences were not statistically significant, p > 0.05).
Mixed infection with a combination of two to four
pathogens and mono-infection developed equally
frequently: in 18 (51.4 %) and 17 (48.6 %) patients,
respectively. Cases of mixed infection were present-
ed in the following combinations:

- HSV1,2+EBV +hRv (1/18; 5.6 %);

« HSV1,2+EBV(2/18;11.1 %);

- EBC +HSV6 (2/18;11.1 %);

- CMV +EBV + HSV6 (1/18; 5.6 %);

+ HSV 1,2 +influenza B (1/18; 5.6 %),

- hRv+ hCoV (HKU-1/0C 42) (1/18; 5.6 %);

« hAdV +hRv (1/18; 5.6 %);

« EBV +HSV6 + hBv + hRv (1/18; 5.6 %);

- HSV6 + hRv (3/18;16.7 %);

+ Influenza A + hRSv (1/18; 5.6 %);

« HSV1,2+HCV6(1/18; 5.6 %);

- hRSv +hCoV (NL-63 / 229E) (1/18; 5.6 %);

« HSV 1,2+ CMV +EBV +HSV6 + hRv (1/18; 5.6 %);
hBv + hRv (1/18; 5.6 %).

Respiratory viruses circulated in the population
of cancer patients not only during the seasonal
increase in the incidence of acute respiratory viral
infections from October to March (61.9 %). A signif-
icant number of respiratory viruses (31.8 %) were
detected in the period from April to September.

The patterns of the spread of VI differed in chil-
dren and adults. Contrary to expectations, they were
somewhat less common in children than in adults
(23/67.6 % vs. 12/75 %, the differences were not sta-
tistically significant, p > 0.05). Respiratory viruses
prevailed in children (16/69.6 % vs. 12/52.2 %, differ-
ences were not statistically significant, p > 0.05) and
mixed infections (14/60.9 % vs. 9/39.1 %, differences
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Fig. 1. Frequency of viral infection detection in cancer patients depending on age
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were not statistically significant, p > 0.05). On the
contrary, herpesviruses were more often detected in
adults (10/83.3 % vs. 4/33.3 %, p = 0.018, F = 0.0257)
and mono-infections (8/66.7 % vs. 4/33.3 %, differ-
ences were not statistically significant, p > 0.05). The
spectrum of pathogens also differed: rhinoviruses
(34.8 %) and HSV6 (39.1 %) prevailed in children,
while the spectrum of respiratory viruses was quite
wide (influenza A and B, RS, adenovirus, bocavirus,
parainfluenza virus, seasonal coronaviruses). Rhino-
virus also prevailed in adults (25 %), but apart from
it, only the influenza A virus was detected from the
respiratory group. A significant predominance was
noted in the herpes simplex virus (58.3 %). EBV in-
fection was the second most common infection in
children (17.4 %) and adults (33.3 %) (Fig. 1).

A comparison of laboratory and clinical data re-
vealed certain trends in the possible influence of VI
on the intensity of the development of pathological
symptoms. However, the results did not show sta-
tistical significance. Thus, in the general population,
hyperthermia (45.7 % with VI versus 60 % without
VI, the differences were not statistically significant,
p > 0.05) and intoxication (65.7 % versus 73.3 %,
the differences were not statistically significant,
p > 0.05) were more common in patients without
viral infection. On the contrary, there is a critical
decrease in saturation at ARF stage Ill. (45.7 % vs.
33.3 %, the differences were not statistically sig-
nificant, p > 0.05), respiratory failure of grades I-II

MPOTUBOOMYX0NEBOr0 NeYeHus

(94.3 % vs. 33.3 %, p = 0.058, F = 0.087, and in chil-
dren 100 % vs. 72.7 %, p = 0.028, F = 0.202) and
pneumonia (diagnosis confirmed X-ray examination
of the lungs) (20.0 % versus 13.3 %, the differenc-
es were not statistically significant, p > 0.05) were
more common in patients with VI (Fig. 2). And if
the first four parameters developed unidirectionally
in children and adults, then pneumonia in adults
was diagnosed only in the group with VI (33.3 %
vs. 0 %, the differences were not statistically signif-
icant, p > 0.05), and in children, on the contrary, in
the group with VI less often than without it (13.0 %
vs. 18.2 %, the differences were not statistically sig-
nificant, p > 0.05).

In addition to the DNA of the pathogen, 55.6 % of
patients had serological markers of acute HVI. The
determination of the serological status helped to
determine that all adults developed HVI reactivation
against the background of pre-existing class G im-
munoglobulins. Four cases of primary HVI caused
by HSV6 were identified in children. In two patients,
it developed as a primary mono-infection, and in
two more, it was caused by the activation of an-
other HVI.

As an example of the development of a critical
respiratory complication in an oncological patient
with a viral mixed infection, we present a clinical
case. Patient K, 64 years old, admitted to the Na-
tional Medical Research Center for Oncology with
complaints of periodic rises in body temperature

o)
7 94.3

90

80 73.3

70

65.7

60

60

50

45.7

40 33.3

30

20 20

13.3

10

0 .

1 1 1 1
Respiratory failure
st.land Il

1 1 1 1 1
Respiratory failure
st. 1l

Vi+

Pneumonia

1
Intoxication Hyperthermia
syndrome

m VI-

Fig. 2. Frequency of clinical symptoms of RVI/complications depending on the presence of identified pathogens in cancer patients

27



South Russian Journal of Cancer 2025. Vol. 6, No. 2. P. 22-31

Zykova T. A., Rozenko D. A., Popova N. N.®, Solovova E. A., Kozel Yu. Yu., Shulga A. V. Viral infections in cancer patients at the stages of antitumor treatment

and cough. The diagnosis was established: (C34.1)
Central cancer of the left lung with lesions of the
lobar and left main bronchus pT4N2MO stllib, cl.gr
2. Concomitant diagnosis: stage Ill COPD, severe;
coronary heart disease, arrhythmic variant, rhythm
disturbances of the type of normosystolic atrial
fibrillation; CHF 1lA, FC 2; Hypertension stage 3,
risk 3. The patient underwent radical surgery -
pneumonectomy on the left. The treatment was
carried out without serious surgical and thera-
peutic complications. However, after the start of
chemotherapeutic treatment on the fourth day, the
patient's condition deteriorated sharply, and with
clinical and laboratory signs of decompensated
respiratory failure, the patient was hospitalized
in the ICU. ARDS of a single lung was diagnosed
against the background of progression of febrile
neutropenia. The main clinical symptoms were
respiratory failure, hypoxemia, and hemodynam-
ic instability. X-ray examination revealed areas of
consolidation with increased density of lung tissue.
Arterial blood gas analyses revealed hypercapnic
respiratory alkalosis, which demonstrated signifi-
cant gas exchange disorders with an unfavorable
prognosis. At the same time, laboratory examina-
tion revealed: the presence of leukocytosis up to
23 x 10%/I1, against the background of a significant
increase in markers of systemic inflammation in
the blood serum, the concentration of procalci-
tonin was 2.1 ng/ml (norm - up to 0.05), C-reac-
tive protein was 87.6 mg/l (norm 0-5), the serum
concentration of IL-6 was 36 pg/ml (the norm is
up to 7), as well as an increase in calculated intox-
ication indices — the leukocyte intoxication index
is 5.8 units (the norm is 1-1.6) and an increase in
the neutrophil-lymphocyte ratio is 8.7 units. (norm
1-2.1), which was interpreted as the presence of
endogenous intoxication of moderate severity, pre-
sumably due to the addition of bacterial agents.
The patient has confirmed a respiratory viral mixed
infection. Examination of the tracheobroncheal as-
pirate revealed rhinovirus RNA, DNA of HSV 1, 2,
EBV in the amount of 119,350 copies/ml. The DNA
of EBV and HCV6 was detected in the blood in the
amount of 1.9 and 2.1 Ig copies of DNA in terms of
10° leukocytes, respectively. In addition, Klebsiella
pneumoniae was detected during microbiological
examination. Intensive treatment of the patient
was carried out within the framework of standard

28

therapy measures. Prolonged invasive ventilation
was used for respiratory support. Unfortunately,
despite the incredible efforts made to save the
patient, it was not possible to avoid death.

DISCUSSION

Infections are one of the most important compli-
cations in cancer patients and are often life-threat-
ening. On the one hand, the progress of therapeutic
strategies has led to an increase in the survival and
recovery of cancer patients, on the other hand, the
widespread use of chemotherapy and immunosup-
pressive therapy has further increased the risk of
infection for these patients. At the same time, viral
infections of the respiratory system often remain
underestimated, despite the severity of the clinical
picture and the associated impact on the duration of
hospitalization and mortality rate. Even sadder, there
is no unified approach to screening, diagnosis, and
clinical management of such patients.

This study made it possible not only to estab-
lish a significant frequency of viral pathogens in-
volved in the formation of respiratory disorders in
cancer patients receiving antitumor therapy, but
also to identify some differences in the spread
of viral lesions of the respiratory system in chil-
dren and adults. Thus, viral infections were more
often detected in adults than in children; herpes
viruses and mono-infections prevailed in adults,
while respiratory viruses and mixed infections
prevailed in children. The high detection rate of
respiratory viruses in complications in children
can be explained by the wide spread of their as-
ymptomatic carriage in children (from 22.2 % to
40.9 %, on average 30.9 %), which was shown in
our early study [16]. In a state of immunosuppres-
sion resulting from both the disease itself and
the ongoing antitumor therapy, the initial lesion
of the upper respiratory tract in the presence of
the virus can progress to lower respiratory tract
disease (LRT).

Just like other researchers [6, 17], we found that
rhinoviruses are most common in adults and children
in the group of respiratory viruses, and syncytial virus
is also common in children. At the same time, this
study differs from other studies in the wider range of
viral agents studied, which means it provides a more
complete picture of their prevalence. As a rule, either
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respiratory or herpes viruses were included in the
study, and only influenza, MS, and rhinoviruses from
the respiratory group were studied.

During the study, HSV 1, 2 was identified in 58.3 %
of adults as an etiologically significant agent. In the
LRT lavage and blood, HSV 1, 2 DNA was detected
7.0 times more often than CMV, 1.8 times more of-
ten than EBYV, and 3.5 times more often than HCV6.
These results are fundamentally different from the
data presented by Aisenberg GM and co-authors,
who believe that pneumonia caused by HSV is rarely
reported in patients with solid tumors, and the clini-
cal significance of the virus in LRT samples remains
unknown, since, according to the authors, it can be
asymptomatic in 5 % of adults [18]. At the same
time, the authors show that patients with proven
HSV pneumonia were more likely to be on a ven-
tilator (100 % versus 40 %), had a longer stay in
the intensive care unit (26 days versus 12), and
mortality among patients receiving antiviral therapy
was lower than among those who did not (16 %
versus 30 %).

In this context, when conducting antitumor
therapy, it is necessary to take into account the
possibility of reactivation of latent viral infections
as a risk factor for the development of severe re-

MPOTUBOOMYX0NEBOr0 NeYeHus

spiratory complications. Our practical efforts are
aimed at providing full-fledged antitumor treat-
ment to all patients without limiting the volume of
operations and with a maximum reduction in the
risk of complications. The given clinical example
vividly demonstrates the situation when the patho-
logical activity of infectious agents increases with
a significant weakening of the immune barrier and
a violation of the body's reserve forces against the
background of a tumor disease, aggressive radical
surgical and chemotherapeutic treatment. A mixture
of viral agents against the background of immune-
mediated processes can undoubtedly trigger critical
respiratory dysfunction.

CONCLUSION

Complications of an infectious nature are an im-
portant component of modern antitumor treatment.
In this regard, it is necessary to monitor the spectrum
of viral infections in cancer patients with signs of re-
spiratory dysfunction at the stages of antitumor ther-
apy. A correct assessment of the situation will help
to avoid the development of critical consequences,
shorten the time of hospitalization, and improve the
course and prognosis of cancer.
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ABSTRACT

Purpose of the study. To assess the variations of survival in malignant neoplasms subject to screening as part of the regular
adult population check-up (index MN, iMN) during the COVID-19 pandemic according to the data of the Arkhangelsk Regional
Cancer Registry (ARCR).

Materials and methods. Data on nine iMN in the Arkhangelsk region were extracted from the ARCR database. Using the
actuarial method, 1-year cancer-specific (CSS) and overall (OS) survival were estimated during the COVID-19 pandemic in
2020-2021. This period was compared with the 2018-2019 period before the pandemic. Differences between the periods
were assessed using the log-rank method. Cox regression analysis was used to identify possible causes of differences in
survival between the periods.

Results. A total of 12,354 records of nine iMNs were selected to analyze the survival during the COVID-19 pandemic. For all
malignant neoplasms, there was a decrease in the one-year OSR rates, which was statistically significant for lung cancer (from
42.4 % 10 32.8 %, p = 0.0001) and cervical cancer (from 90.3 % to 80.8 %, p = 0.02), and OS (by 2.6 %-11.0 %, significant for
seven of the nine iIMNs). Compared with the pre-COVID period, during the pandemic, the proportion of deaths of patients with
iMNs from respiratory diseases increased by 1.5 times and the proportion of deaths from external causes increased from 3 %
to 9 %, chi-square (4) = 41.8, p = 0.00001. In the regression models of CSS and OS, after adjusting for stage, the hazard ratio
decreased from 1.15 (95 % confidence interval (Cl) 1.07-1.24) to 1.10 (95 % CI 1.03-1.19) and from 1.22 (95 % Cl 1.14-1.31)
10 1.18 (95 % Cl 1.10-1.26). In multivariable regression, the risk of cancer-specific and all-cause death in patients with malig-
nant neoplasms during the pandemic remained higher by 16 % and 24 %.

Conclusion. The 15-33 % higher risk of cancer-specific and all-cause death during the COVID-19 pandemic is explained by an
increase in the proportion of advanced stages due to limited access to screening. Longer-term survival analysis is required.

Keywords: adult population regular check-up, cancer screening, COVID-19 pandemic, causes of death of patients with
malignant neoplasmes, survival
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3.1.6. OHKonorusa, nyyesas Tepanus

OPUr'NHAJIbHASA CTATbA

BbixnBaeMocTb 00JIbHBIX 3/10Ka4€CTBEHHbIMU HOBOODOPA30BaHUAMM, NOANEXALMUX CKPUHUHTY
B paMKax AMCNaHCEpu3aLmMu B3pocnoro HaceneHus, so spems nanaemuun GOVID-19

A. A. lisuenko™, J1. E. Banbkoga', M. J1. lleeut’, 10. A. Bopowunos', M. 10. Banbkog'-?

T ®rb0Y BO «CeBepHblii rocyfapcTBeHHbI MeAULNHCKNIA yHUuBepCUTeT» MUHUCTEpCTBa 3apaBooxpaHenns Poccuiickoii ®eaepaunn,
r. ApxaHrenbck, Poccuiickas ®epepauus
2TBY3 «ApxaHrenbckoii 06nacTu ApxaHrenbCkuii KNMHUYECKMiA OHKONOrMYeCKNid aucnaHcep, r. ApxaHrenbck, Poceuiickas Gepepauus

B4 andreydyachenko3@gmail.com

PE3IOME

Lienb uccnegoBanus. OLeHKa AUHAMUKY BbIXXMBAEMOCTM NP 3/10KaYeCTBEHHbIX HOBOO6PA30BaHUSIX, MOAJIEXALLMUX CKPU-
HWHIY B pamKax AUcraHcepusaLy B3pocsioro HaceneHus (MHAEKCHbIX 3/10KayecTBEHHbIX HoBoo6pasoBaHuii (M3HO)),
B nepuog naHaemmun COVID-19 no aaHHbIM ApxaHrenbckoro o6aacTHoro kaHuep-pernctpa (AOKP).

Matepuanbl u meToppbl. 13 6a3bl AaHHbIX AOKP 6b111 n3BeYeHbl CroLwHble faHHble 0 AeBsATM M3HO B ApxaHrenbcKoin
o6nacTu. C NoMOLLbIO aKTyapHOro MeToAa oLeHMBanu 1-neTHiowo onyxonecneuundudeckyto (OCB) 1 06LLyto BbIXXMBAEMOCTb
(OB) B nepuog naHaemum COVID-19 B 2020-2021 rr. 3TOT NepUoa cpaBHMBanu ¢ nepmogoM 2018-2019 rr. Ao NaHAEMUN.
Pasnunuuns mexay nepmogamm oLeHMBanu ¢ NOMOLLbIO JIOM-PaHroBoro Metoga. 115 BbiABIEHNSA BO3SMOXHbIX MPUYNH pas-
NINYMIN B BbDKMBAEMOCTU MEXAY Nepmoaammn NpMMeHsININ perpeccuoHHbIN aHanms Cox.

Pesynbratbl. Bcero anst aHanvMsa guHaMuKY BbiXkKMBaeMocTu B nepuog naHaemum COVID-19 6b1no oto6paHo 12 354 3anucu
o geatn n3HO. MNMpu Bcex M13HO NponsoLLno CHMxXeHWe nokasartenen ogHorognyHon OCB, cTaTUCTUYECKM 3HAUYMMOe Mpu
pake nerkoro (c 42,4 % po 32,8 %, p = 0,0001) u weiikn matku (c 90,3 % o 80,8 %, p = 0,02), u OB (Ha 2,6—11,0 %, 3Haumn-
Moe y ceMu 13 geBaTn M3HO). CpaBHUTENBbHO C JOKOBUAHBIM NEPUOAOM, B MEPUOA NaHAeMuK Bo3pocna B 1,5 pasa gons
cMepTelt 6051bHbIX M3HO oT 3a6oneBaHmii nerkux u ¢ 3 % 10 9 % AoNA CMepTei OT BHELLHUX NPUYKH, XU-KBagpaT (4) = 41,8,
p =0,00001. B perpeccuoHHbix Moaensix OCB n OB nocne nonpaBku Ha CTaguio OTHOLLEHWE PUCKOB YMeHblLuunoch ¢ 1,15
(95 % noBepuTenbHblit uHTepBan (AW) 1,07-1,24) po 1,10 (95 % AN 1,03-1,19) u ¢ 1,22 (95 % ON 1,14-1,31) po 1,18 (95 %
[ 1,10-1,26). B MHOrohaKTOpPHOM perpeccum puck CMepPTH OT paka U OT BCex NpUYmH y 605bHbIX 3HO B nepuog naHaeMum
ocTaBasics Ha 16 % u 24 % 6onee BbICOKUM.

3aknoueHue. MNoBbILLEHHbIV PUCK CMEPTM OT paka 1 BCexX NpUYKH B nepuog naHgemun COVID-19 Ha 15-33 % o6bsicHAeTCs
yBENUYEHUEM [ONIM PacnpOCTPaHEHHbIX CTaMil BCNIeACTBME OrPaHUYEHHOro A0CTYNa K CKPUHUHIY. TpebyeTca aHanu3
BbI>)XMBaAeMOCTH B 6o1ee 0TAANIEHHOM nepuoge.

KnioueBble cnoBa: gucnaHcepusaLmsa B3pOC/oro HaceneHus, CKpUHUHE paka, naHgemusa COVID-19, npuymnHbl cMepTu
60nbHbIX 3HO, BbIXXMBAaeMOCTb

[Ons untuposanus: [sveHko A. A., Banbkosa J1. E., JleBut M. J1., Bopowunos 0. A., BanbkoB M. 10. BbixxnBaeMocTb 60/bHbIX 3/10Ka4eCTBEHHbLIMM
HOBOOGPa30BaHUsIMM, MOANEXALLMX CKPUHUHTY B PaMKax AMCMAaHCepU3aL i B3pOCNOro HaceneHus, Bo Bpems naHgemun COVID-19. OxHo-Poccuiickuii
OHKONOTMYeckuii xypHan. 2025; 6(2): 32-40. https://doi.org/10.37748/2686-9039-2025-6-2-4, https://elibrary.ru/lefhxi
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BACKGROUND

The medical regular check-up of the adult popula-
tion was introduced in Russia in 2013, its main goal is
to reduce mortality from non-communicable diseases
through their primary prevention and screening [1].
Colorectal cancer, breast cancer, lung cancer, cervical
cancer, and prostate cancer are among the oncolog-
ical diseases to be screened as part of a medical
examination [2-5]. At the initial stages of medical
examination, cancers of the uterus, ovaries, and kid-
neys were also among the screened diseases [1].

Earlier, population analysis showed that after the in-
troduction of the check-up, the incidence of more ear-
ly cancers increased in most index malignancies [6]
and patient survival improved [7]. Mortality rates from
iMNs had a pronounced downward trend [8].

The COVID-19 pandemic has caused signifi-
cant changes in the organization of cancer care
and check-up. In March 2020, the check-up was
temporarily suspended [9]. Special conditions were
created for those who wanted to undergo a medical
examination at this time, including a separate en-
trance and the opportunity to avoid visiting the reg-
istry. In countries with a long history of population-
based screening, the decrease in the number of
studies used for screening ranged from 51 % to
77 %, according to the meta-analysis [10]. The sus-
pension of screening led to a catastrophic decrease
in the proportion of early stages in most cases, es-
pecially in cervical cancer [11, 12], as well as to
a decrease in the incidence, or rather, detectability,
in most cancers [13].

Purpose of the study was to evaluate the dynam-
ics of survival in case of iMN during the COVID-19
pandemic according to the Arkhangelsk Regional
Cancer Registry (ARCR).

MATERIALS AND METHODS

The study received an approval No. 04/05-16 by
the Ethics Committee of the Northern State Medical
University dated 05/24/2016.

The Arkhangelsk Regional Cancer Registry (ARCR)
has been continuously recording patients with MNs
since 2000. The quality of the registry data (com-
pleteness, timeliness, reliability) has been confirmed
by the results of international [14, 15] and domestic
audits [16].
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Index values. Taking into account the screening
conditions within the check-up, cancers of the colon
(International Classification of Diseases code 10
revision C18), rectosigmoid junction, rectum (C19,
C20), trachea, bronchi and lung (C33, C34), breast
(C50), cervix (C53), and uterine body were selected
as the best (C54), ovaries (C56, C57), prostate (C61),
kidneys (C64).

In August 2024, depersonalized data was ex-
tracted from the ARCR database to analyze the
survival rate for each of the nine iMNs, for the pe-
riod from 2018 to 2021. For the analysis, variables
were used, including the identification number, full
date of birth, gender, place of residence (city or
village) of the patient, date of diagnosis, morpho-
logical code and topography of the tumor accord-
ing to ICD-10, as well as the stage of the disease
according to the classification of TNM UICC 8th
edition, 2017.

Methods of analysis. The actuarial method was
used to evaluate the 1-year cancer-specific (CSS)
and overall survival (OS) during the COVID-19 pan-
demic in 2020-2021. This period was compared
with the period 2018-2019 before the pandem-
ic. The differences between the periods were as-
sessed using the log-rank method. Cox regression
analysis was used to identify possible causes of
differences in survival between periods [17]. At the
first stage of the analysis, the stage was introduced
into the regression model of the one-year CSS and
0S as an indicator of check-up cancellation during
the pandemic, at the second stage all available
variables were introduced. All calculated survival
rates were presented with 95 % confidence inter-
vals (95 % ClI).

STUDY RESULTS

In total, 12,354 records of nine iMN cases were
selected to analyze the dynamics of survival during
the COVID-19 pandemic. Of these, 892 cases were
accounted for posthumously, and therefore they were
excluded from the analysis. The final survival analy-
sis included 11,462 observations. At the time of the
start of the survival analysis, 3133 (27 %) had died.
The data on the studied localizations are presented
in Table 1.

In general, with all the iMNs, there was a decrease
in the indicators of the one-year CSS (Fig. 2).
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A statistically significant decrease in CSS rates
occurred in lung cancer (from 42.4 % to 32.8 %,
p = 0.0001) and cervical cancer (from 90.3 % to
80.8 %, p = 0.02). In cancer of the colon, rectum, uter-
us, ovaries, prostate, kidney, the decrease in CSS by
2.5 %—-7.3 % did not reach statistical significance.
In breast cancer, the CSS index did not change sig-
nificantly during the pandemic. The dynamics of the
one-year 0S is shown in the Fig. 3.

0S indicators during the pandemic period de-
creased for all iMNs by from 2.6 % for breast can-

cer to 11.0 % for ovarian cancer, the differences are
statistically significant for seven out of nine iMNs.
The structure of mortality from causes unrelated
to index cancer has changed. From other causes,
726 patients died in 2018-2019, and 445 patients
died in 2020-2021. Compared with the pre-epidemic
period, the proportion of deaths from lung diseases
increased 1.5 times during the pandemic and the
proportion of deaths from external causes increased
from 3 % to 9 %, chi-squared (4) = 41.8, p = 0.00001
(Fig. 4).

Table 1. Patients with iMN in AR for survival analysis in the periods 2018-2019 and 2020-2021. ARCR Data

Total number of

Topography registered in 2018 Accounted after Included in the iMN deaths during the analysis (out
ICD-3 9 2021 DB death, n (%) survival rate analysis of included in the analysis), n (%)
c18 1821 153 (8 %) 1668 566 (34 %)

C19-20 1173 75 (6 %) 1098 340 (31 %)

C34 2314 321 (14 %) 1993 1316 (66 %)

C50 2089 45 (2 %) 2044 201 (10 %)

C53 696 11 (2 %) 685 120 (18 %)

C54 802 27 (3 %) 775 106 (14 %)

C56-57 558 34 (6 %) 524 142 (27 %)

C61 1922 110 (6 %) 1812 175 (10 %)

Ccé64 979 116 (6 %) 863 167 (19 %)

Overall 12354 892 (7 %) 11462 3133 (27 %)

Note: hereafter, the codes and iMNs for the international classification of diseases 10 are: C18 - colon, C19-20 - rectosigmoid junction, rectum,
C33-34 - trachea, bronchi and lung, C50 - mammary gland, C53 - cervix, C54 — uterine body, C56-57 — ovaries, C61 - prostate gland, C64 — kidneys
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Fig. 1. Dynamics of one-year cancer-specific survival rates in the periods 2018-2019 and 2020-2021. ARCR data. The boxes

show statistically significant differences
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Among them, the most significant increase in the
proportion of deaths from diseases of the respira-
tory system occurred in patients with cancer of the
rectum (from 21 % to 38 %, p = 0.08), lung (from
11 % to 38 %, p < 0.0001), breast (from 25 % to 32 %,
p = 0.009), uterus body (from 11 % to 35 %, p = 0.03).
In prostate and kidney cancers, the proportion of
deaths from lung diseases did not increase.

The results of the regression analysis of 0S and
CSS are presented in the Tables 3 and 4.

During the COVID-19 pandemic, the risk of
death from cancer during the first year after the
establishment of the iMN increased by 15 %,
p = 0.0002, compared with the nearest previ-
ous period in 2018-2019. The correction for
the stage (the effect of the cancellation of the
medical examination) reduced the risk ratio to
1.10, p < 0.0001; in the multiple regression, af-
ter adjusting for all the factors available in the
register, the HR returned to the initial value, the

100

90

1-year OS, %
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Fig. 2. Dynamics of one-year overall survival rates in the periods 2018-2019 and 2020-2021. ARCR data. The boxes show

statistically significant differences

2018-2019
Cardiovascular diseases 54 %
Lung diseases 19 %
Other MNs 12%
External causes 3%
Other causes 12 %

2020-2021
Cardiovascular diseases 39%
Lung diseases 29 %
Other MNs 11 %
External causes 9%
Other causes 12 %

Fig. 3. The structure of mortality from other causes of iMN in the periods 2018-2019 and 2020-2021
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differences between the periods, p < 0.0001.
Among individual patients, a significant increase
in the risk of cancer death during the pandemic
occurred in lung cancer (HR = 1.24, p = 0.0002)
and cervical cancer (HR = 1.60, p = 0.02). The
correction for stage left significant differences
for lung cancer; in multiple regression, the risk of
death from iMN was significantly higher for colon
and lung cancers.

The risk of death from any cause with iMN during
the pandemic was 15-52 % higher than in the pre-
vious period, and for seven out of nine iMN it was
statistically significant. The stage adjustment left
a significant higher risk of death for colon, lung, and
prostate cancers. The COVID-19 pandemic remained
an independent factor of unfavorable prognosis in
multiple regression in all cases, with the exception
of breast, cervical, and uterine cancers.

Table 2. Results of the Cox regression analysis of the 1-year CSS with iMN compared to the data obtained in the periods of

2018-2019 and 2020-2021. ARCR Data

1-year CSS, death risk ratio for the period 2020-2021 compared with
the reference period 2018-2019 (95 % Cl)

Topography ICD-3

Model 1 Model 2 Model 3
one-factor analysis stage correction multifactorial
c18 1.05 (0.89-1.26) 1.08 (0.91-1.30) 1.26 (1.06-1.51)
C19-20 1.22 (0.96-1.54) 1.06 (0.84-1.35) 1.20 (0.95-1.52)
C33-34 1.24 (1.11-1.39) 1.17 (1.05-1.32) 1.12(1.01-1.26)
C50 1.09 (0.79-1.52) 01(0.73-1.41) 1.04 (0.75-1.45)
c53 1.60 (1.08-2.37) 1.15(0.78-1.71) 1.19 (0.80-1.78)
C54 1.32 (0.88-1.98) 1.35 (0.89-2.05) 1.18 (0.78-1.81)
C56-57 1.26 (0.88-1.79) 1.18 (0.83-1.70) 1.28 (0.89-1.86)
C61 1.24 (1.10-1.76) 1.30 (1.02-1.65) 1.11 (0.79-1.53)
C64 1.23 (0.89-1.71) 1.04 (0.75-1.45) 1.37 (0.98-1.94)
All iIMNs 1.15 (1.07-1.24) 1.10 (1.03-1.19) 1.16 (1.08-1.26)

Table 4. The results of the regression analysis of the 1-year OS with iMN in comparison with the data obtained in the periods
of 2018-2019 and 2020-2021. ARCR Data

Topography ICD-3

1-year OS, death risk ratio for the period 2020—-2021 compared

with the reference period 2018-2019 (95 % CI)

Model 1

one-factor analysis

Model 2
stage correction

Model 3
multifactorial

c18 1.15(0.98-1.34) 1.19 (1.01-1.39) 1.38 (1.17-1.62)
€19-20 1.29 (1.05-1.59) 1.15(0.94-1.42) 1.32 (1.07-1.63)
C33-34 1.26 (1.14-1.40) 1.20 (1.08-1.34) 1.15(1.03-1.28)
C50 1.33(1.03-1.72) 1.26 (0.98-1.63) 1.25 (0.97-1.63)
53 1.52 (1.07-2.16) 1.11 (0.78-1.58) 1.16 (0.81-1.66)
c54 1.44 (1.01-2.04) 1.38 (0.97-1.98) 1.21 (0.84-1.74)
C56-57 1.39 (1.00-1.93) 1.32 (0.95-1.84) 1.43 (1.02-2.01)
C61 1.40 (1.10-1.76) 1.30 (1.02-1.65) 1.32 (1.04-1.68)
c64 1.27 (0.96-1.69) 1.12 (0.84-1.49) 1.42 (1.06-1.91)
All iMNs 1.22 (1.14-1.31) 1.18 (1.10-1.26) 1.24 (1.16-1.33)
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DISCUSSION

In our study conducted according to the ARCR
data, we found a significant decrease in the rates of
one-year OS in lung and cervical cancer, and one-
year OS in seven out of nine cases. At the same time,
for most of them, these changes were associated
with a decrease in the proportion of early stages,
which is naturally associated with limitations in con-
ducting check-up. During the pandemic, the propor-
tion of deaths from respiratory diseases increased
by 48 % and from suicide tripled.

A statistically significant decrease in CSS indica-
tors in our analysis was recorded in cases of pul-
monary and cervical fever. It was for these types
of cancer that in a previously published study ac-
cording to the cancer registry of the Arkhangelsk
region, we found the most significant decrease in
the proportion of early stages among all of them -
by 20-35 %. Moreover, there was also an increase
in the proportion of neglected cases by 25 % in lung
cancer, and the proportion of cervical cancer patients
diagnosed in stages Ill and IV increased by 80 % and
30 %, respectively, compared with the pre-pandemic
period [12].

Our data is consistent with the data of other
authors. Thus, Barclay NL, et al. A population-
based cohort study of electronic medical records
of several common cancers from the UK National
Database was conducted. A total of 12,259,744
patients aged = 18 years with a history of cancer
> 1 year, detected from January 2000 to December
2022, were included. Short-term survival in many
cancers was reduced, albeit minimally, during the
period, while the decrease in survival in colorectal
cancer was equivalent to a return to the mortali-
ty rate observed in the first decade of the 2000s.
Although data on long-term survival is needed to
fully understand the impact of COVID-19 on cancer
treatment, the authors conclude that these results
illustrate the need for urgent and significant action
by the UK National Health Service to address the
existing backlog in cancer screening and diagno-
sis procedures to improve cancer treatment and
reduce mortality [18].

Adjusting for all the factors available in the reg-
istry database in our study led to a further increase
in the value of the death risk ratio when comparing
0S and OS during the pandemic compared with the
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pre-pandemic period. This may indicate that a higher
risk of death is influenced not only by the high prev-
alence of heart disease at the time of diagnosis, but
also by other important factors, including delayed
diagnosis, lower availability of treatment, especially
for elderly patients and during a pandemic.

These factors have been studied in a number of
studies. Thus, in a meta-analysis, Tope P, et al. Com-
parable estimates of mortality risk were found for the
time intervals from surgery to adjuvant chemothera-
py for breast cancer, colorectal cancer, and ovarian
cancer. Risk assessments of a complete patholog-
ical response indicated an optimal time window of
7-8 weeks for completion of neoadjuvant chemo-
therapy before surgery for rectal cancer [19], which,
accordingly, could not be performed in absolutely all
patients during the pandemic.

The advantage of our analysis is its population-
based nature: we analyzed the outcomes of all
patients with index-related iMNs registered in the
Arkhangelsk region, which allows us to extrapolate
the results obtained to the population of the entire
country. The limitation of the study is also related to
the type of study itself. The registry data, as a rule,
does not include detailed information about the
genetics and morphology of tumors, the condition
of patients and the details of treatment. Therefore,
the results of the analysis should be interpreted
carefully.

The relatively short period that has passed since
the pandemic does not allow us to draw definitive
conclusions about the impact of COVID-19 on the
survival rates of cancer patients. Further analyses
are required in a more distant period of time.

CONCLUSION

Thus, the COVID-19 pandemic had a significant
impact on the outcomes of treatment for iMNs. An
increase in the initial prevalence and other pandemic-
related factors led to a significant decrease in one-
year OS by 10 % in lung and cervical cancers and
one-year OS by 3-10 % in cancers of the rectum,
lung, breast, cervix and uterus, ovaries and prostate.
In most cases, the contribution of an unfavorable
change in the stage distribution in the period 2020-
2021 to the deterioration of the indicators of CSS
and OS was significant. Further analysis of survival
in a more distant period is required.
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ABSTRACT

The article describes clinical examples of the effectiveness of preventive puncture-dilatation tracheostomy (PDT) in preventing
critical respiratory complications and improving the immediate results of radical surgical treatment of patients with severe
manifestations of chronic obstructive pulmonary disease (COPD) and resectable forms of lung cancer (LC). According to the
generalized literature data, the incidence of LC and COPD is 72.8 % among the male population and 52.5 % among women.
The combination of LC and COPD causes a significant decrease in respiratory reserves in cancer patients, which leads to
an increase in the frequency of complications and an increased risk of death during their treatment. For resectable forms,
LC surgical treatment involves removal or resection of the lung, which reduces the total area of the respiratory surface of the
lung tissue and oxygen supply to the lungs. These changes are accompanied by a critical violation of the ventilation-perfusion
ratio, i.e. alveolar ventilation and cardiac output with an aggravation of hypoxia. This situation is most dangerous for patients
with COPD, who after radical surgery have an aggravation of obstructive manifestations in the lungs with an already initially
altered gas exchange. As a result, insufficient oxygen enrichment of the organs leads to a cascade of uncontrolled reactions
with an intensification of lipid peroxidation and an imbalance in the antioxidant system with fatal consequences for the patient.
These clinical examples demonstrate the obvious advantage of preventive PDT, which allows timely changes in the tactics of
respiratory support in the early postoperative period and treatment in general (clinical case 1). Routine PDT allows avoiding
emergency measures to replace the respiratory function with reintubation, and the use of adapted intelligent artificial lung
ventilation modes eliminates additional sedation, muscle relaxation and analgesia in patients LC with severe forms of COPD.
Clinical case 2 shows that emergency replacement of the patient's respiratory function has significant difficulties in terms of
treatment and prognosis of the course of the disease, and increases the duration of his stay in the intensive care unit.
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modes of assisted ventilation
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3.1.6. OHKonorus, nyyeBas Tepanus

KNUHUYECKUI CNYYAW

TaKTMKa NPeBEHTMBHOI KOPPEKLMM KPUTHYECKOI PECUPaTOPHOIA HEA0CTaTOYHOCTH

y 60NbHbIX pB3EKTaEBIIbeIMVI ¢opMaMi paka Nerkoro B COYETaAHUN C XPOHUYECKOIA

00CTPYKTMBHOI 00/1€3HbI0 NIETKMX
L. A. Posenko', [. A. Xapare3os', H. H. Monoea"*<, C. H. TuxoHoBa', A. A. CmupHoe’, 0. H. Ctatewmbiii', E. |0. Cyrak'

" ®IrbY «HaunoHanbHbIA MeAMLMHCKMIA UCCNef0BaTENbCKUIA LLIEHTP OHKonorum» MuHuctepcTBa 3gpaBooxpaHeHus Poccuiickoii Gepepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus

20rb0Y BO «PocToBCcKuit rocyAapCTBEHHbI MeAULIMHCKMIA YHUBepcuTeT» MUHUCTepCTBa 3paBooxpaHenuns Poccuiickon Gepepaumm,
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PE3IOME

OnucaHbl KNMHUYeckue npumepbl 3 HEKTUBHOCTN NPUMEHEHNS NPEBEHTUBHOW NYHKLMOHHO-AUNATALUOHHON TPAaXeoCTOMUU
(NAT) B NpesynpexaeHUn KpUTUYECKUX PECTIMPATOPHbBIX OCIIOXHEHUIA C yNyYlleHMeM HENOCPEACTBEHHbIX Pe3yNibTaToB pa-
OMKanbHOIo XMPYPrmyecKoro Ie4eHns 60JIbHbIX C TSXXESTbIMU NPOSIBNEHWUSIMU XPOHUYECKOW 06CTPYKTUBHOM 60NE3HM NIerkunx
(XOBJ1) 1 pesekTabenbHbiMU hopMamu paka fierkoro (PJ1). Mo gaHHbIM NMTepaTypbl, YacToTa BCTpedaemocTn PJT u XOBJ
COCTaBNAET cpefn MyXCKoro HaceneHuns 72,8 % n 52,5 % cpean xeHwuH. CovetaHue PJ1 u XOBJ1 aBnseTcs NpMyYnHON 3Hauu-
TENbHOIO CHUXXEHUA PECNYPATOPHbIX PE3EPBOB Y OHKOMOMMYECKOro 60/1bHOMO, YTO NPUBOAMUT K YBENIUYEHUIO YaCTOTbl OCNOXKHE-
HWIA ¥ NOBBbILLEHMIO PUCKa NIETANIbHOTO UCXOAA B XOA€e UX neyveHust. MNpu pesekTabenbHblx hopmax PJT xupypruyeckoe neyenune
npeaycMaTpuBaeT yaaneHue unm pesekLmio Nerkoro, YTo CHUXKaeT 06LLyo NnoLajb AbixaTe/lbHON MOBEPXHOCTH JIErOYHOM
TKaHW 1 OKCUreHaumto. [laHHble M3MEeHEHNA CONPOBOXAAIOTCA KPUTUYECKUM HapyLLUEHWEM BEHTUNSLMOHHO-NePhY3MOHHOro
OTHOLLEHWUS, T.€. a/IbBEOSIAPHON BEHTUNALMUN U CEPAEYHOr0 BbiGpOCca C YCyry6neHnem runokcun. ta cutyauus Havbonee
onacHa ans nauneHToB ¢ XOBJ1, y KOTopbIX Nnocne paavkanbHoi onepaLmmn UMeeT MeCTo yCyry6ieHne o6CTPYKTUBHbBIX NPOsiB-
JIEHUI B NIETKUX C YK€ UCXOAHO N3MEHEHHBIM ra3006MeHOM. B pe3ynbTaTe HeAOCTaTOYHOE 060ralLeHne OpraHoB KUCIOPOAOM
NPUBOANT K KackaZy HEKOHTPOMPYEMbIX peakLUuit ¢ MHTeHCUdUKaLMen NePeKNCHOro OKUCIEHUs TMNUAOB U Anc6anaHcom
B @HTMOKCUAAHTHON cucTemMe ¢ dhaTanbHbIMU NOCNeACTBUSIMU ANst 60N1bHOMO. [laHHble KNMHUYECKWe NpUMepb! AEMOHCTPU-
pylOT O4YEBUAHOE NPENMYLLECTBO NpeBeHTUBHOWM MAT, koTopas N03BOSAET CBOEBPEMEHHO MEHSTb TaKTUKY PeCnMpaTopHOro
obecneyeHusi B paHHEM NocieonepaLMoHHOM NePUOAe W NledeHnst B LienioM (KHUYeckuin cnyyaii 1). MnaHoBoe npoBeaeHue
MNAT nosBonsieT nstexaTb IKCTPEHHbIX MEPONPUATUI MO 3aMELLEHUIO PECTIMPATOPHON BYHKLMK C penHTy6aumell, a npumMe-
HeHne afanTUPOBaHHbIX-VMHTENIEKTYalIbHbIX PEXMMOB UCKYCCTBEHHON BEHTUNALMM NIEFKUX UCKITOYAET JOMOSTHUTENbHYIO
ceflaumio, MMOpenaKkcaLumio U aHanbresuto y 6onbHbix PJ1 ¢ Taxenbimu dopmamu XOBJ1. KnuHuuyeckuid cnyyai 2 nokasbiBaeT,
YTO 9KCTPEHHOE 3ameLLieHUne fibIxaTenbHON BYHKLMM 6ONTbHOTO MMEET 3HAUUTESbHbIE CIIOKHOCTU B NaHe NeYeHns 1 NporHo3a
TeyeHus 3aboneBaHus, a TaKXKe YBeNMUYMBaeT NPOLOSIKUTENBHOCTb €ro HaXOXAEHUSA B OTAENEHUN UHTEHCUBHOW Tepanuu.

KntoyeBble cioBa: pak n1erkoro, XpoHM4eckas 06CTPyKTUBHAs 60/1€3Hb JIErKMUX, pecnupaTopHas Hef0CTaTOYHOCTb,
NPEeBEHTMBHAA NYHKLMOHHAsA TPaXeoCTOMMUS, PEXMMbI BCTIOMOraTesIbHON BEHTUNIALMMN Nerkux
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BACKGROUND

Multimodal antitumor therapy of lung cancer (LC)
using an organ-preserving surgical approach in com-
bination with various radiation and drug techniques
undoubtedly creates prerequisites for improving
patient survival rates at virtually all stages of the
disease [1]. Nevertheless, LC is consistently lead-
ing in terms of morbidity and mortality among the
population of Russia and the world. It is known that
the effectiveness of antitumor therapy depends on
the morphological characteristics, the stage of the
disease, as well as on the presence of concomitant
pathology and the degree of compensatory capabil-
ities of the body [2]. In this context, the combination
of LC and chronic obstructive pulmonary disease
(COPD) is often the reason for the rejection of radical
surgical treatment, which is associated with a high
risk of death in these patients [3].

The Global strategy for the diagnosis, manage-
ment and prevention of chronic obstructive pulmo-
nary disease (2023) information source notes that
COPD is diagnosed in 15-25 % of the adult popu-
lation and ranks 4th among the leading causes of
death in the world [4]. COPD is a progressive disease
characterized by a prolonged inflammatory process,
persistent bronchial obstruction with marked chang-
es in respiratory function and significant extrapulmo-
nary complications [5].

According to generalized literature data, the in-
cidence of LC and COPD is 72.8 % among the male
population and 52.5 % among women. Complex
pathology consists of two comorbid diseases with
similar pathogenetic mechanisms of formation of
pathological processes in the bronchopulmonary
system caused by induced inhalation exposure to
damaging factors [3, 5]. The combination of LC and
COPD is the reason for a significant decrease in
respiratory reserves in cancer patients, which un-
doubtedly leads to an increase in the frequency of
complications and an increased risk of death during
their treatment [6]. The presence of severe forms of
COPD of stages lll and IV in these patients actually
puts them in the category of incurable. According
to the clinical recommendations for the treatment
of LC, patients with limited parameters of forced
lung capacity less than 50 % and forced exhalation
volume in 1 second less than 50 % of the required
value are considered functionally inoperable. In such

(KnuHMYeckuii cnyyait)

cases, radical surgical treatment is recommended
only in small amounts — atypical lung resection or
segmentectomy, which undoubtedly does not ex-
clude the recurrence of the tumor and does not guar-
antee a complete cure for these patients [7]. It was
found that in the early postoperative period, COPD
progression is observed in 34 % of cases. In addition,
postoperative pneumonia leads to severe respiratory
deficiency in 17-39 % of cases, pleurisy and pleural
empyema in 5-13 % of cases, acute lung injury in 3 %
of cases. A significant proportion of complications
in 38 % of cases is represented by cardiac decom-
pensation with clinical manifestation in the form of
a respiratory component [6].

In cases of full-fledged surgical treatment, the pri-
mary cause of the severity of COPD should be taken
into account and the development of postoperative
complications and death in these patients should
be prevented as much as possible. Of particular im-
portance is the occurrence of respiratory failure (RF)
in the first hours of the postoperative period, when
the patient's body must compensate for respiratory
deficiency in the short term [8].

It is known that RF in patients with LC with COPD
in the postoperative period, against the background
of these pathological changes, most often develops
rapidly and requires urgent measures to adequately
replace respiratory function. According to Burton
BN, et al. (2018) the presence of COPD in men over
the age of 65, with a history of smoking, the state of
physical status according to the scale of the Amer-
ican Society of Anesthesiologists (ASA) 4 or more
points, shortness of breath with little physical exer-
tion, as well as the duration of surgery significantly
affect the frequency of unplanned/emergency intu-
bations in patients after thoracotomy operations. At
the same time, there are research results stating that
unscheduled intubation increases the patient's stay
in the intensive care unit and hospital, may be the
cause of repeated surgery, and is also significantly
associated with a 30-day mortality rate [9].

At the same time, it should be borne in mind that
artificial ventilation with emergency tracheal intu-
bation is an extremely aggressive procedure for any
patient. Research by Ramachandran SK, et al. (2011)
showed that reintubation after noncardiac surgeries
is directly related to a 9-fold increase in mortality in
these patients [10]. The high probability of develop-
ing decompensated RF with possible adverse con-
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sequences for patients with severe forms of COPD
leads to the search for methods of commensurate
replacement of respiratory function in the early post-
operative period, preferably with immediate imple-
mentation and high efficiency.

The aim of the study was to demonstrate the ef-
fectiveness of preventive puncture-dilated tracheos-
tomy (PDT) and adapted intelligent ventilation modes
in preventing critical respiratory complications in
patients with severe COPD (stages Il and IV).

Clinical case 1

Patient V., 66 years old, was admitted to the clin-
ical diagnostic department of the National Medi-
cal Research Center for Oncology, for examination
and treatment purposes. The main complaints of
the patient were the following: periodic rise in body
temperature, prolonged cough, shortness of breath.
Examination of the patient: 1. Fibrobronchoscopy
showed a tumor of the upper lobe of the left lung. 2.
The result of histological examination of the tumor
biopsy identified a squamous cell carcinoma. 3. Pos-
itron emission tomography of the chest visualized
a 6.2 x 6.6 cm tumor of the upper lobe of the left lung
with disintegration and damage to the upper lobe
bronchus. 4. Assessment of the function of external
respiration — vital lung capacity 40.69 %, forced vital
lung capacity 40.76 %, forced air volume during exha-
lation in 1 second 41.29 %, a significant decrease in
all indicators. 5. Echocardiography showed ejection
fraction 52 %; left ventricular myocardial hypertrophy,
left ventricular systolic function is compensated,
aortic wall thickening, left atrium dilation, mitral valve
arrhythmogenic insufficiency. The main clinical diag-
nosis was established as central cancer of the upper
lobe of the left lung cT2aN2Mo st llla, clinical group
2. Concomitant diagnosis: COPD stage Ill; coronary
heart disease: arrhythmic variant, permanent nor-
mosystolic type of atrial fibrillation with episodes
of asystole over 3500 ms (implanted pacemaker);
Chronic heart failure Il A, functional class 2; Hyper-
tension stage 3, risk 3.

By the decision of the council of doctors of the
National Medical Research Center for Oncology of
the Russian Federation Ministry of Health, in accor-
dance with clinical recommendations and treatment
standards, surgical treatment in the amount of an
upper lobectomy on the left was recommended for
the patient V. Taking into account the initial respi-
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ratory deficiency associated with the subcompen-
sated course of COPD, preventive PDT was agreed
with the patient immediately after thoracoplastic
surgery. The patient has received voluntary informed
consent to the treatment and use of personal data
for scientific purposes. Under conditions of multi-
modal combined anesthesia, the patient underwent
an upper lobectomy on the left. Previously, cathe-
terization of the epidural space at the Th3-Th4 lev-
el was performed under aseptic conditions for the
dosed administration of 0.25 % ropivacaine solution
with an elastomer pump at a rate of 7 ml/hour. Af-
ter the upper lobe of the left lung was removed and
adequate pneumostasis was performed, the patient
was transferred to a double-lung ventilator in pres-
sure control mode with constant forced ventilation.
The set respiratory volume was 460 ml, respiratory
rate (RR) 16 per minute, minute respiratory volume
(MRD) 4.9 I/min, fraction of oxygen in the inhaled
mixture (Fraction of Inspired Oxygen FiO,) 45 %,
Sp02 saturation 97 %. The gas composition of arte-
rial blood corresponded to normal parameters: pCO,
4.2 mmHg, pO, 135 mmHg, pH 7.332, BE 5.4 mmol/I,
HCO, 29.2 mmol/l, Sp0, 92 %. These parameters
were monitored in connection with the initial severe
COPD disease, as well as due to a significant de-
crease in the area of the oxygenating surface, as
a result of complete resection of the anatomical lobe
of the left lung. After the lung surgery was complet-
ed, an additional surgical intervention, preventive
PDT, was performed under ongoing anesthesia. To
do this, a small incision was made in the anatomical
area above or below the isthmus of the thyroid gland,
followed by puncture with an adapted 14 G needle
with a cannula. Then, a screw-shaped buge was in-
serted into the trachea through a thin conductor and
a stoma was formed [11] (Fig. 1). The advantages
of PDT should be indicated. This minimizes tracheal
injury and infection of surrounding tissues. Dilated
tracheostomy significantly reduces the development
of lung infections, reduces the time of hospitalization
of patients in the intensive care unit [12].

At the end of the operation, due to the high prob-
ability of developing a critical RF, the patient's respi-
ratory care was continued in the mode of auxiliary-
forced ventilation (Pressure support ventilation
(PSV)). In this ventilation mode, the device initiates
an auxiliary inhalation for each respiratory effort of
the patient. Under the control of the dynamics of the
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blood gas composition, 6 hours after the operation,
the patient was switched to Synchronized Intermit-
tent Mandatory Ventilation (SIMV) mode. In this
mode, if the patient is not breathing independently
enough, an extraordinary hardware inhalation is pro-
grammed. The absence of an orotracheal intubation
tube provided more comfortable and functionally
adequate ventilation without additional sedation of
the patient. The patient was on a ventilator in full
consciousness, there were no signs of discomfort.
However, according to the indicators of the gas com-
position of the patient's blood, a certain deficiency
of gas exchange was detected. When individually
selecting the parameters of an auxiliary ventilator,
the patient was most comfortable in the Synchro-
nized Intermittent Mandatory Ventilation-Volume
Guarantee (SIMV-VG) mode. This ventilation mode
is susceptible to minimal respiratory efforts of the
patient with the possibility of maximum correction
of respiratory support. At the same time, the patient
did not experience excessive muscle tension and
functional discomfort. There were no signs of an
increase in hypoxia and hypercapnia for two days.
With the appearance of stable dynamics of inde-
pendent inspiratory efforts without signs of muscle
exhaustion, the patient was transferred to sponta-
neous ventilation mode with constant positive airway
pressure at the end of exhalation. The advantage of
this ventilation mode is the guaranteed provision of
gas exchange, which is ensured by the initiation of
respiratory support equipment in cases of changes

— M/ /0 —
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Fig. 1. The scheme of puncture-dilated tracheostomy [11]

(KnuHMYeckuii cnyyait)

in the patient's breathing mechanics. When conduct-
ing a spontaneous breathing test for patients with
COPD (BH 24 per minute, SpO, >88 % and Pa0, =
65 mmHg absence of negative dynamics of hemo-
dynamic parameters and muscle fatigue) patient V.
was excommunicated from the ventilation system.
Further, the oxygen-air mixture under tracheostomy
conditions was supplied by a high-flow AIRVO-2 gen-
erator (flow 5 I/min, temperature 35 degrees, FiO,
45 %) against this background, blood oxygen satu-
ration was 97 %. In the early postoperative period,
the patient received standard drug therapy, which
included liberal infusion, antibacterial and inhalation
therapy (mucolytics and bronchodilators), prevention
of thrombogenic complications. During the entire
period of the patient's stay on respiratory replace-
ment support, no life-threatening complications were
recorded. Several episodes of rhythm disturbance
were stopped in a short time, there were no thrombo-
genic complications. On the 8th day, the patient was
transferred to the surgical department to continue
the planned treatment.

Clinical case 2

Patient P, 68 years old, was admitted to the clin-
ical diagnostic department of the National Medical
Research Center for Oncology, with complaints of
prolonged and unproductive cough and shortness
of breath. After a comprehensive examination, cen-
tral cancer of the left lung, cT3N2MO st IlIb, clini-
cal group 2 was detected. Concomitant diagnosis:
COPD stage lll; Angina pectoris, functional class 3.
Hypertension stage 3, risk 3. According to the treat-
ment standards, surgical treatment in the amount
of upper lobectomy on the left is recommended.
Some research data: 1. Histological analysis: squa-
mous cell carcinoma. 2. Significant impairment of
respiratory function. 3. Echocardiography: multifo-
cal atherosclerotic lesion of the coronary arteries,
stenosis of the mouth of the left coronary artery
up to 50 %. After a comprehensive examination,
the patient underwent surgery: thoracotomy, upper
lobectomy on the left. The stages of the operation
and anesthetic care met the standards of medical
care for patients with LC. Taking into account the
initial cardiac disorders and a clear deficit in re-
spiratory function, the patient was on an extended
ventilator for the first day after surgery. Ventilation
was provided by means of standard intubation of
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the tracheobronchial tree with a single-light intuba-
tion tube. On the second day after the operation,
with full recovery of consciousness and muscle
tone, as well as normal parameters of the arterial
blood gas composition, the patient was extubated
and transferred to non-invasive ventilation (NIV).
There were no clinical and laboratory violations
during the day. Nevertheless, by the end of the third
day after surgery, an episode of sinus tachysysto-
le was noted, which was accompanied by critical
hypotension and severe respiratory deficiency. De-
spite active oxygen therapy, blood oxygen satura-
tion decreased rapidly. Intensive therapy aimed at
restoring normal heart rhythm and blood pressure
parameters was performed. To prevent critical re-
spiratory failure, tracheal intubation with an en-
dotracheal tube was performed on an emergency
basis. During the day, the patient's condition was
extremely severe, with no signs of stabilization. By
the decision of the council of doctors of the Na-
tional Medical Research Center for Oncology, it was
recommended to perform an additional interven-
tion in the amount of tracheostomy. For the next 16
days, the patient was on a ventilator with various
adapted regimens. With independent respiratory
support without a pronounced clinical and laborato-
ry deficiency, the patient was weaned from the ven-
tilator and transferred to a NIV AIRVO-2 generator
under tracheostomy conditions. On the 20th day,
the patient was transferred to the surgical depart-
ment in a stable condition. However, on the 22nd
day, he had an episode of cardiac arrhythmia with
signs of hemodynamic and respiratory deficiency.
The patient was urgently hospitalized in the inten-
sive care unit for correction of critical disorders.
Objective data: consciousness stunning |, skin pale,
cyanotic, hemodynamics with a tendency to hypo-
tension, blood pressure 67/52 mmHg, heart rate
128 per minute, atrial fibrillation, SpO, 76 %. After
emergency insufflation with a moistened oxygen-air
mixture by a high-flow AIRVO-2 device with preset
parameters: flow 38 |/min, temperature 32 degrees,
FiO, 75 %, a rapid recovery of SpO, to 93 % was
noted. The following day, the Airvo parameters
were: Fi0,—40 %, flow-26 I/min, while SpO, was
98 %. The patient was in the intensive care unit
for another 3 days, then, with complete stabiliza-
tion of his functional state, he was transferred to
a specialized department to continue treatment.
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DISCUSSION

The above clinical examples consider approaches
to radical surgical treatment of LC in patients with
extremely low functional respiratory reserves due
to the sub- and decompensated course of COPD
(stages lll and IV).

In resectable forms of LC, standard surgical
treatment involves removal or resection of the lung,
which reduces the total respiratory surface area of
the lung tissue and oxygenation. This situation is
most dangerous for patients with COPD, who have
bronchoconstriction and worsening of obstructive
pulmonary manifestations in the postoperative pe-
riod with an already initially altered gas exchange.
These changes are accompanied by a critical vio-
lation of the ventilation-perfusion ratio, i.e. alveolar
ventilation and cardiac output with worsening hypox-
ia [3]. In addition, any factors that cause increased
stress on the respiratory muscles (impaired evacua-
tion of bronchial secretions, increased hyperinflation
of the lungs) reduce alveolar ventilation and lead to
an increase in hypercapnia. Increased pulmonary
hyperinflation leads to an increase in positive pres-
sure at the end of exhalation, which also increases
the load on the respiratory apparatus and increases
respiratory effort. A closed chain of pathological
reactions occurs with the lack of adequate gas ex-
change and the development of tissue hypoxia [8].
The insufficiency of the active drainage function of
the bronchopulmonary system against the back-
ground of a prolonged inflammatory process in
the bronchi, a change in the architecture of normal
blood flow and the formation of atelectated areas
in the lung tissue further complicates the situation.
As a result, ineffective oxygen enrichment of organs
leads to a cascade of uncontrolled reactions with
fatal consequences for the patient [3]. In our opinion,
it is possible to avoid a life-threatening respiratory
complication in the early stages after surgery and,
at the same time, reduce mortality with the rational
use of artificial ventilation support in conditions of
proactive PDT.

These clinical examples demonstrate the ob-
vious advantage of preventive PDT, which allows
timely changes in the tactics of respiratory care
in the early postoperative period and treatment
in general (clinical case 1). Routine PDT avoids
emergency measures to replace respiratory func-
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tion without repeated and aggressive translaryn-
geal tracheal intubation, and the use of adapted
intelligent ventilation modes eliminates additional
sedation, muscle relaxation, and analgesia in pa-
tients with severe COPD. Clinical case 2 shows
that emergency replacement of the patient's re-
spiratory function has significant difficulties in
terms of treatment and prognosis of the disease,
and also increases the duration of his stay in the
intensive care unit.

According to open sources in the Russian Fed-
eration, we have not found a description of such
a medical technique. In this regard, the authors pro-
posed and patented a "Method for the prevention
of decompensated respiratory failure after radical
surgical treatment of lung cancer in patients with

(KnuHMYeckuii cnyyait)

severe forms of chronic obstructive pulmonary
disease" (Patent for invention No. 2829259 dated
10/30/2024).

CONCLUSION

Clinical cases have demonstrated the effective-
ness of preventive puncture-dilated tracheostomy
and adapted intelligent ventilation modes in the oc-
currence of urgent respiratory conditions with respi-
ratory decompensation in patients with resectable
forms of LC in combination with COPD. The use of
the method seems promising in the full-fledged an-
titumor treatment of patients with LC with extremely
low functional reserves due to the sub- and decom-
pensated course of COPD.
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ABSTRACT

Precancerous diseases of the vulva, such as dysplasia and leukoplakia and lichen sclerosus, are a significant problem in gyne-
cology, since their progression can lead to the development of invasive cancer, which endangers the health and life of women.
Modern treatment methods, including surgery and topical medications, do not always provide adequate effectiveness, which
underscores the importance of finding alternative approaches. Photodynamic therapy (PDT), which is an innovative method,
shows promising results in the treatment of precancerous and early tumor diseases, including those affecting the mucous
membranes of the vulva. This method, acting on pathological cells with the help of photosensitive drugs and light, minimizes
damage to healthy tissues, which makes it promising in clinical practice. The novelty of this study lies in the systematic anal-
ysis of the use of PDT specifically for the treatment of precancerous diseases of the vulva, which is still poorly understood.
Purpose of the study. To study the effectiveness of various methods of treating precancerous diseases of the vulva, with
a focus on photodynamic therapy (via literature review).

Materials and methods. A literature search for studies published over the past 5 years was conducted in the Pubmed, Google
Scholar, ClinicalTrial.gov, The Cochrane Library, NICE, eLIBRARY and CyberLeninka databases in English and Russian. Global
statistical data on tumors of the female genital organs were also studied, especially in the Russian Federation and the Re-
public of Kazakhstan. As a result of a search query, 5,369 articles were submitted to the above databases. In total, this review
examines 50 scientific articles exploring various methods of treating precancerous diseases of the vulva.

Results. The results of the study showed that various treatments for precancerous vulvar diseases, including surgical and drug
approaches, have limited effectiveness and may be accompanied by side effects such as scarring or recurrence. At the same
time, photodynamic therapy has demonstrated high clinical efficacy, providing significant improvement in tissue condition with
minimal damage to healthy cells. The method has shown good results in reducing pathological changes such as hyperkeratosis
and dysplasia, with a low recurrence rate and rapid tissue repair. In addition, PDT has demonstrated good tolerability and safety,
which confirms its promise as an effective and minimally invasive method of treating precancerous diseases of the vulva.
Conclusion. PDT can provide high efficiency in disease regression and human papillomavirus (HPV) clearance, as well as help
reduce the recurrence of precancerous vulvar diseases.
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vulva, vulval HSIL, etiology, pathogenesis, oncogenicity
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COBDBMBHHbIe NPeACTaB/IEHNs 0 BOSMOXHOCTH GOTOANHAMUYECKOI Tepanuu B IEYEHUN
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PE3IOME

MpeponyxoneBble 3a60neBaHUs BY/bBbl, TakMe Kak AUCNNasus 1 Neikonnakusa u Kpayos, npeAcTaBstoT CO601 3HAUUMYHO
npo6aemy B T’ MHEKOIOMUM, MOCKOMbKY UX MPOrpeccMpoBaHne MOXET NPUBECTM K Pa3BUTUIO MHBA3UBHOMO paka, YTo CTaBuUT
nop yrpo3sy 34,0pOBbe U XXM3Hb XeHLLMH. CoBpeMeHHble MeTOAbI IEYEHNS, BKIIOYAs XMPypriyeckoe BMeLLaTenbCTBO U MeCT-
Hble npenapartbl, He BCcerAa o6ecneunBatoT AOMKHYI0 3PdEKTUBHOCTb, HTO NOAYEPKMBAET BaXXHOCTb NMOUCKA aflbTePHATUBHbIX
noaxopos. GoToguHaMuyeckas Tepanus (OAT), ABNAIOWAACS UHHOBALMOHHBIM METOAOM, MOKa3biBaeT MHOroo6eLLatoLime
pesynbTaTbl B IEYEHUN NPEAONYXONEBbIX U PaHHUX ONYXOseBbIX 3a60M1eBaHNI, BKIlOYasA Te, YTO 3aTparnBatoT CIM3UCTble
060/104KM BYNbBbl. ITOT METOA, BO3AENCTBYS Ha NATONOrMYECKMe KIIEeTKM C MOMOLLbHO CBETOYYBCTBUTE/IbHbIX MpenapaToB
1 cBeTa, MUHUMU3MPYET MNOBPEXAEHNA 3[0POBbIX TKAHEW, YTO AenaeT ero NepcrneKkTMBHbIM B KIIMHUYECKON NpaKTUKe.
HoBuW3Ha gaHHOro uccnefoBaHUsA 3akntovaeTcs B CUCTEMATUYECKOM aHanuae npuMmeHeHnss ®AT UMeHHO Ans nevyeHus
npefonyxonesBbix 3a6osieBaHUIA BYJIbBbI, YTO ;0 CUX MOP ManonsyyeHo.

Llenb uccnepoBaHusi. N3yuntb apPeKTUBHOCTb PasINyHbIX CNOCOGOB JIeYeHUs NPefOoNyXoNeBblx 3a60/IEBaHW BYbBbI
¢ yrny6neHvem Ha hboToAMHaAMUYECKYIO Tepanuio (Mo JaHHbIM IUTepaTypbl).

MarTepuanbl u MmeToabl. [TpoBesieH Nouck nuTepaTypbl B 6a3ax gaHHbix Pubmed, Google Scholar, ClinicalTrial.gov,
The Cochrane Library, NICE, eLIBRARY 1 Kn6epJleHWHKa Ha aHIIMCKOM U PyCCKOM A3blKax, ONy6iIMKOBaHHOW B TeyeHne
nocnegHux 5 net. Takxxe n3dyyeHbl 06LLEMUPOBbIE CTAaTUCTUYECKME flaHHble OMNYXONei XXEHCKUX NOMOoBbIX OPraHoB, B 0CO-
6eHHOCTU B Poccuiickon Oepepauum n Pecnybnuke KasaxctaH. [1o pesynbTaTy MOMCKOBOrO 3amnpoca BbilleyKa3aHHbIX 6a3ax
LaHHbIX 6bl10 NpeacTaBneHo 5369 ctaTei. B o6Luei CNoXHOCTU B HacTosiLLEeM 0630pe paccMoTpeHo 50 HayyHbIX cTaTel,
M3yyatoLmX passiyHble Cnocobbl IeYeHUs NpeaonyxoneBbix 3a6oneBaHNi BY/bBbI.

Pe3ynbratbl. Pe3ynbTaTtbl UCCNE[0BaHUA NOKa3anw, YTo TPaAMLMOHHbIE METOAbI NeYeHUst NPefonyXoneBblx 3a60neBaHuUin
BY/IbBbl UMEIOT OrPaHNYEHHYIO 3D PEKTUBHOCTb U MOTYT Bbi3blBaTb MO604YHbIE 3ddeKTbI. B To e BpeMs GpoToguHammyeckas
Tepanus NPoLEMOHCTPUPOBasa BbICOKYHO KIIMHMUYECKY 3DdEKTUBHOCTD, yy4Llas COCTOSIHWE TKaHelh C MMHUManbHbIMU
NOBPEeXAEHNAMM 3[0POBbIX KN1eTOK. MeToz nokasan xopolune pesynbTaTbl B yMEHbLUEHUW rMnepkepaTosa 1 aucnnasuu,
C HU3KMM YPOBHEM PeLMANBOB U 6bICTPON pereHepaLmei, a TakKe XOpoLLEN NepeHOCUMOCTbIO U 6e30MacHOCTbIO.
3akntoueHne. OLIT MoXKeT 06ecneymnTb BbICOKYH 3P HEKTUBHOCTb B PErpeccum 3a6osieBaHUs U KMpeHce BUpyca NanuinoMbl
yenoBeka (BMY), a Takxe CNoco6CTBOBATL CHUXEHUIO PELIMAUBOB NPeAoNnyxoneBblx 3a60neBaHUi BY/bBbI.

KntoueBble cnoBa: Jiefkoniakusi ByNbBbl, Kpaypo3 BY/ibBbl, CKIIEPO3VPYIOLLMIA NULIAN BYNIbBbI, UHTPasnuTenuanbHas
Heonasus ByNbBbl, SIL ByfibBbl BbICOKOW cTeneHu TsxxecTu, HSIL BynbBbl, 3TUONOrMS, MaToreHes, OHKOreHHOCTb

[Ons uutuposanus: WaHasapos H. A., 3unuenko C. B., Kucukosa C. [i., Anuumbaesa M. A., Ceiit6ekoBa K. C., fanues W. 3., U6parum M. U. CoBpeMeHHble
NpeACTaBAeHNs 0 BO3MOXHOCTH GOTOAMHAMUYECKON Tepanuu B TeYeHnM npesonyxonesbix 3a60n1eBaHNi BYbBbI: 0630p nuTepatypbl. KOxHO-Poccuiickuii
OHKONOrMYeckuii XypHan. 2025; 6(2): 49-59. https://doi.org/10.37748/2686-9039-2025-6-2-6, https://elibrary.ru/stqzkm

[ins koppecnongeHuuu: LaHazapos Hacpynna A6aynnaesuy — 4.M.H., npodeccop 3aMecTuTeNb AUPEKTOPA N0 CTPATErMYeCKOMY PasBUTHIO, HayKe

1 o6pa3oBaHuio, PITI «bonbHuULa MeauumMHCKOro LieHTpa YnpaBnenus genamu MNpesugeHTta Pecny6nuku Kasaxctan» Ha MXB, r. AcTaHa, Pecny6nuka KasaxcTaH
Appec: 010000, Pecny6nuka Kasaxcran, r. ActaHa, npocnekt Manrunuk En, g. 80

E-mail: tayson87@mail.ru

ORCID: https://orcid.org/0000-0002-2976-259X

SPIN: 6224-3395, AuthorID: 633414

ResearcherlD: A-9433-2019

Scopus Author ID: 57207467603

(DMHaHCMpOBaHI/IeZ dJI/IHaHCI/IpOBaHI/Ie DaHHoi paﬁOTbI He NpoBoAunNnoCb

KOHbeIVIKT WHTEpPEeCcoB: BCe aBTOPbI 3aABNAIOT 06 OTCYTCTBUM AABHbIX N NOTEHLMANbHbIX KOHdJJ'II/IKTOB WHTEPECOB, CBA3AHHbIX C I'Iy6}'IVIKaIJ.VIEI7I HacTosleil cTaTbi

CraTbsi nocTynuna B peaakumio 24.12.2024; opobpeHa nocne peuensnpoBanus 02.05.2025; npuHsTa K nyénukaumuu 12.05.2025

50



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2025. T. 6, N 2. C. 49-59

LllaHasapoB H. A., 3uHyeHko C. B., Kucukosa C. [l., Anuum6baeBa M. A., Ceitt6ekoBa K. C., Fanues W. 3., U6parum M. U. CoBpemeHHble NpeAcTaBneHus
0 BO3MOXHOCTW GOTOAMHAMUYECKOT Tepanum B Ie4eHUM NPeSonyxoneBbix 3a60NneBaHuNi BY/IbBbI: 0630p NUTepaTypbl

INTRODUCTION

Cancer of the vestibule of the vulva (or vulvar
cancer) is a malignant neoplasm that develops on
a woman's external genitalia, including the vulva,
clitoris and labia. This is a relatively rare disease
that accounts for less than 5 % of all cases of
cancer of the reproductive system in women, how-
ever, it has a significant impact on the health and
quality of life of patients [1].

According to the WHO, in 2022, there were
about 20 million new cases of cancer and 9.7
million deaths. The estimated number of people
who were alive within 5 years of being diagnosed
with cancer was 53.5 million. Approximately 1 in
5 people develop cancer during their lifetime, ap-
proximately 1 in 9 men and 1 in 12 women die
from this disease [2].

Worldwide, cancer of the female genital organs
(further referred to as FGM) - vulva, vagina, cer-
vix, uterus, ovaries accounts for approximately
15 % of all fatal cancers in women. According to
Chinese researchers, 1,472,801 new cases and
680,041 deaths related to female genital cancer
were reported worldwide in 2022 [3].

According to WHO GLOBOCAN data (2022) [4],
vulvar cancer ranks 4th in terms of prevalence
worldwide, also similar in the Russian Federa-
tion and the Republic of Kazakhstan (RF and RK).
Globally, 47,336 new cases (0.83 per 100,000 pop-
ulation) and 18,579 deaths (0.30 per 100,000) are
recorded annually. In the Russian Federation, the
incidence of GPO cancer is 1.1, and the mortality
rate is 0.51 per 100,000 population. In the Re-
public of Kazakhstan, morbidity and mortality are
similar to global data: 0.92 per 100,000 and 0.34
per 100,000, respectively. These data indicate that
vulvar cancer is characterized by a low prevalence
and mortality rate.

In addition, according to the researchers' fore-
casts, if the incidence remains stable, and pop-
ulation growth and population aging continue
in accordance with recent trends, it is predict-
ed that by 2040, the incidence of cancer world-
wide will increase by 55 % compared to 2024
(approximately 28 million new cases) [5], and
by By 2050, more than 35 million new cases of
cancer will be registered, which is an increase
of 77 % [2].

Purpose of the study: To study the effective-
ness of various methods of treating precancerous
diseases of the vulva, with a focus on photody-
namic therapy.

MATERIALS AND METHODS

A literature search was conducted in the data-
bases Pubmed, Google Scholar, ClinicalTrial.gov,
The Cochrane Library, NICE, eLIBRARY, CyberLen-
inka using the following keywords: vulvar leuko-
plakia, vulvar kraurosis, vulvar lichen sclerosus,
intraepithelial neoplasia of the vulva, high-severity
vulvar SIL, vulvar HSIL etiology, etiology, pathogen-
esis, pathogenetic development, oncogenicity. Ex-
clusion criteria included articles that did not match
keywords, poor quality, or insufficient information
in the articles. As a result, 50 articles were ana-
lyzed that explore various aspects of the treatment
and pathogenesis of precancerous vulvar diseases.

The following types of articles in English and
Russian were included: systematic review, me-
ta-analysis, review, guideline, randomized con-
trolled trial, clinical trial. The search depth was
5 years (from 2019 to July 2024).

We also studied the global statistical data of
FGO tumors, especially in the Russian Federation
and the Republic of Kazakhstan.

Over the years, different terms have been used
to refer to vulvar diseases, which has led to dif-
ferent interpretations between clinicians and
pathologists. In this regard, in 1993, the Interna-
tional Society for the Study of Vulvar and Vaginal
Diseases (ISSVD), together with the International
Society for Gynecological Pathology (ISGP), de-
veloped and implemented a new classification
of vulvar diseases based on pathomorphological
changes in the tissues of FGO. This classification,
accepted and widely used all over the world, in-
cludes three main groups [6-8]:

- Precancerous diseases (sclerotrophic lichen,
squamous cell hyperplasia, other dermatoses);
—Intraepithelial neoplasia of the vulva (VIN),
which is divided into VIN 1 (mild dysplasia),

VIN 2 (moderate dysplasia), VIN 3 (severe dys-

plasia and cancer in situ) and non-squamous

cell intraepithelial neoplasia (Paget's disease,
melanoma in situ);
- Invasive cancer.
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STUDY RESULTS

The main goal of therapy is to eliminate itch-
ing in the genitals, which is a serious problem
for the patient. Treatment of vulvar itching can
be divided into four stages: identification of the
underlying disease; restoration of the barrier
function of the skin; reduction of any inflamma-
tory complications; and elimination of the itching
cycle by psychological methods. Asymptomatic
cases of vulvar lichen sclerosis (VLS) also need
treatment. Topical corticosteroids are the gold
standard of treatment for this group of patients.
Potent corticosteroid ointments or creams are
used. According to the results of clinical studies,
they alleviate the symptoms in almost all patients:
in about 70 % of cases, the symptoms disappear
completely, and in 20 % there is a complete res-
toration of the skin [9].

Treatment of vulvar leukoplakia is a signifi-
cant challenge due to a variety of factors, includ-
ing vulvovaginal dysbiosis on the background
of immune disorders and the lack of a unified
pathogenetic approach to therapy [10]. Microflora
disorders and immune dysfunctions support the
pathological processes of keratinization, creating
a risk of recurrence and complicating the resto-
ration of the epithelium. As a result, recurrence
of hyperplastic dystrophy is observed in 45-67 %
of cases [11].

According to the European Guidelines for the
Treatment of Vulvar Diseases from 2021, the
treatment of lichen sclerosing (LS) includes the
use of ultra-strong or potent topical steroids (for
example, clobetazole propionate, mometasone
furoate) as the first line of therapy for genital
LS, with mandatory adherence to the regimen
of use. Proactive ointments (mometasone fu-
roate 0.1 %, clobetazole propionate 0.05 %) are
effective for maintaining remission. In case of
secondary infection, antibacterial and antifungal
agents are used. Alternative second-line methods
include topical calcineurin inhibitors, systemic
retinoids, phototherapy, therapy, surgery (only
with concomitant changes), as well as stem cells
and PRP plasma (low level of evidence). Surgical
intervention may be required to treat adhesions
and scarring, but is contraindicated in cases of
active inflammation.
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Treatment of intraepithelial neoplasia of the vul-
va (VIN) in HSIL includes the following methods:
surgical treatment remains the main choice, how-
ever, it is associated with a high recurrence rate
and a negative impact on quality of life and sexual
function. Imiquimod cream (an immune response
modifier with antiviral and antitumor properties)
(GRADE 1B), laser CO, therapy, loop electrosurgi-
cal excision (LEEP) and surgical excision by cold
plasma coblation are also used. In some cases, it
is possible to follow up without treatment, expect-
ing spontaneous regression. Surgical excision by
cold plasma coblation is preferable for differen-
tiated vulvar intraepithelial neoplasia (dVIN) [12].

According to the Bulletin of the American Col-
lege of Obstetricians and Gynecologists, for the
initial treatment of lichen sclerosis, it is recom-
mended to use a local corticosteroid ointment of
medium or high efficacy, such as 0.05 % ointment
with clobetazole propionate or 0.1 % ointment
with mometasone furoate. According to the rec-
ommendations of experts, in particular the British
Association of Dermatologists, clobetazol pro-
pionate should be applied once a day at night
for 4 weeks, then alternated at night for the next
month, and then twice a week for 4 weeks. Fol-
low-up is necessary after 3 months to assess
the response to therapy and the correctness of
the drug use. With good disease control, a fol-
low-up examination should be carried out after
3-6 months, with poor control, more frequent
visits are necessary. Patients should seek medi-
cal attention if persistent ulceration or neoplasm
occurs; in such cases, a biopsy is important to
rule out intraepithelial neoplasia or invasive squa-
mous cell carcinoma. A randomized study of 27
patients with lichen sclerosis showed that twice
weekly administration of 0.1 % mometasone fu-
roate ointment for 56 weeks effectively prevents
relapses without side effects [13]. A prospective
cohort study involving 507 patients who had
been followed for at least 2 years demonstrated
that compliance with long-term corticosteroid
therapy (defined as permanent or in most cas-
es) significantly exceeds partial compliance in
symptom control (93.3 % vs. 58.0 %; p < 0.001),
prevention of adhesions and scarring (3.4 % vs.
40.0 %; p < 0.001) and reduction of vulvar cancer
prevalence (0 % vs. 4.7 %; p < 0.001) [14].
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A study by Gallio N, et al. (2024) revealed
a high risk of developing both primary and recur-
rent squamous cell carcinoma of the vulva in pa-
tients with dVIN. It was recommended to optimize
early detection of diseases, long-term follow-up,
and adequate topical treatment with ultrapotent
corticosteroids. The use of laser ethylmethylhy-
droxypyridine succinate can significantly improve
the results of treatment of kraurosis, although
contraindications and potential problems with
resistance must be taken into account [15].

Also, a study conducted by Popa A, et al. (2024)
shows that potent topical corticosteroids are
currently widely recognized as the most effec-
tive treatment method for achieving remission
in LS, but given the potential complications of
long-term treatment, understanding the evolu-
tion of LS during puberty becomes especially im-
portant to determine the need for aggressive or
more conservative therapeutic interventions. New
treatments, including PRP (platelet-rich plasma),
stem cell therapy, and energy-based laser therapy
such as fractional carbon dioxide (CO,) laser and
yttrium aluminum garnet doped neodymium (Nd-
YAG) laser, are being investigated to identify more
effective treatments for LS than potent topical
corticosteroids. Currently, the use of clobetazol
0.05 % ointment on a daily basis for 4-12 weeks
is the gold standard for the treatment of LS [16].

In recent years, there has been increasing ev-
idence regarding the effectiveness of using PRP
in various fields of medicine [17]. The basis of the
action of various varieties of PRP is the release
of biologically active factors from alpha-granules
of platelets. Leukocytes and fibrin contained in
some of its varieties, as well as other components
(for example, hyaluronic acid), also contribute
to the action of PRP. Activated PRP has a higher
biological activity than inactive PRP. PRP prepa-
rations are widely used in the field of traumatol-
ogy, cosmetology and trichology, surgery and
proctology, gynecology and urology [18, 19]. The
method is based on the collection of 10-20 ml of
the patient's own whole blood, which is placed in
a specialized tube, where it is centrifuged to ob-
tain platelet-rich plasma. Several milliliters of this
enriched plasma obtained by centrifugation are
injected into the required tissue. There are several
types of tubes for PRP preparations: a tube de-

signed to produce autologous platelet-rich plasma
with prolonged platelet degranulation, which en-
sures maximum tissue regeneration effect; a tube
designed to produce an autologous thrombin-
fibrin gel, which serves as a volumetric matrix
and activator of platelet growth factors degran-
ulation formed in the previously mentioned tube;
The cell matrix method, which uses test tubes to
produce a patented combination of hyaluronic
acid and platelet-enriched plasma [20]. Plasma
administration in periodic courses demonstrates
a steady positive effect even in those women in
whom standard glucocorticoid therapy has proved
ineffective [21].

The literature describes clinical cases of im-
provement in the histological picture and fe-
male sexual function index after plasma thera-
py [22-24]. In a study by Behnia-Willison F, et al.
(n = 28) patients with LS that did not respond to
steroid therapy received PRP injections 3 times
with an interval of 4-6 weeks and again a year lat-
er in all affected areas of the vulva. The patients
showed clinical improvements, including a reduc-
tion in the size of the lesions, and 28.6 % of them
had complete disappearance of the lesions after
a course of PRP therapy. The author of the study
concluded that PRP injections can be considered
as an effective method of treating LS [25]. Al-
though the use of PRP drugs is usually effective
and safe, there are a number of contraindications
for which caution should be exercised when pre-
scribing this procedure. Contraindications to PRP
include thrombocytopenia, septicemia, platelet
dysfunction syndrome and exogenous diseases,
hypofibrinogenemia, systemic connective tissue
diseases, anemia, and the use of corticosteroids
or nonsteroidal anti-inflammatory drugs (NSAIDs)
prior to the procedure [18].

According to research, against the background
of laser therapy, patients experienced a signifi-
cant regression in complaints related to dystro-
phic diseases of the vulva, and there was also an
increase in satisfaction with the quality of sex-
ual life. Patients in the control group who used
local glucocorticosteroids noted a resumption
of itching symptoms in the vulvar region, which
required continued maintenance therapy for up
to 6 months and indicated a short-term effect of
glucocorticosteroids [26, 27].
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One potential solution that can meet these
criteria is photodynamic therapy (PDT). PDT is
a recommended treatment for precancerous dis-
eases of the vulva [28-30]. The PDT mechanism
is based on the use of photosensitizers in com-
bination with visible light of a certain wavelength
to produce oxygen and free radicals, which leads
to apoptosis and necrosis of cells in the affected
area to alleviate skin damage without affecting
the surrounding normal tissues and cells [31-33].

Studies show that PDT can alleviate clinical
symptoms and signs such as itching and loss
of skin elasticity by improving microcirculation
in skin lesions, regulating local cellular immune
function, stimulating fibroblast activity and syn-
thesis of types | and Il collagen [34, 35].

Some researchers also note that the use of cur-
cumin with PDT may become a promising therapy
in the treatment of vulvar lesions, leading to the
death of only cells exposed to radiation [36, 37].
Since curcumin is a natural bioactive compound
with antitumor properties. The use of nanoparti-
cles containing curcumin can provide better effi-
cacy of this compound in therapy, because they
achieve good biocompatibility and do not exhibit
cytotoxicity [38, 39].

In addition, preclinical studies are available
for the potential use of other types of molecules
in PDT that can destroy precancerous and can-
cer cells, such as hypericin [40, 41], indocyanine
green (ICG) [42], methylene blue dye [43], zinc
phthalocyanine, and other chlorophyll derivatives
other than E6 chloride [44], methyl violet [45], bac-
teriochlorins [46], fullerenes [47, 48], xanthene
molecules (eosin and erythrosine) [49].

Against the background of PDT use, 95 % of
patients experienced complete clinical remission,
confirmed by cytological and morphological stud-
ies. This indicates the high efficiency of PDT as
an organ-preserving treatment method, which has
a minimal level of side effects [50, 51].

Mazdziarz A (2019) used 5 % aminolevulinic
acid (5-ALA) with 2 % dimethyl sulfoxide, per-
forming 10 procedures with a weekly interval,
which led to partial remission and negative re-
sults on human papillomavirus (HPV) DNA in 50 %
of patients. Li Z, et al. (2020) used 20 % 5-ALA
with fewer procedures (4-9), which resulted in
a significant reduction in symptoms in 92.31 %
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of patients, although relapses were observed in
20 %. Liu J, et al. (2021) also used 20 % 5-ALA,
but with more treatments (6) such as improved
clinical and dermatoscopic characteristics, al-
though pain and erosion were common. Zhang F,
et al. (2021) and Zielinska A, et al. (2021) used
different concentrations of 5-ALA and treatment
regimens. Zhang F, et al. a significant decrease in
lesions was observed in 56.6 % of patients and an
improvement in histological results. Zielinska A,
et al. Clinical remission was recorded in 75.3 %
of patients, but histopathological remission was
low (2.7 %). All studies noted complications such
as pain and burning, which varied in severity and
duration. Study participants typically experienced
short-term discomfort such as pain and burning
for several days after the procedures, as well as
paresthesia, erythema, and edema.

Zhou M, et al. (2023) note that photodynamic
therapy with 5-aminolevulinic acid (ALA-PDT) has
demonstrated the same clinical efficacy as surgi-
cal intervention in the treatment of vulvar SIL, but
with milder side effects and preservation of the
integrity of the vulvar structure. In a prospective
study by Han Q, et al. (2022), cases of recurrence
are observed, indicating the need for long-term fol-
low-up and possible re-treatment to achieve better
HPV clearance. Studies have also reported various
complications, including itching and mild pain.
These data indicate the high potential of 5-ALA
therapy in the treatment of VIN but emphasize
the importance of further monitoring and man-
agement of possible complications and relapses.

In a recent study, Avin M and Gomberg MA
(2024) compared the effectiveness of treatment
of patients suffering from involutive changes in
the vulva using PDT and PDT combined with PRP
plasma therapy. As a result, there was no statis-
tically significant difference in the effectiveness
of the effect on quality of life (p = 0.07), however,
combining PDT with PRP showed a significant
improvement in symptoms such as burning and
dryness, while no side effects were observed
(p < 0.001), which further positively affected phys-
ical activity, psycho-emotional state and sexual
activity. the life of patients [50, 51].

Antimicrobial photodynamic therapy (aPDT)
is also one of the fundamental tools in modern
therapy of precancerous conditions and cancers



l0xHo-Poccumitckuii onkonornyeckuii xypHan 2025. T. 6, N 2. C. 49-59

LllaHasapoB H. A., 3uHyeHko C. B., Kucukosa C. [l., Anuum6baeBa M. A., Ceitt6ekoBa K. C., Fanues W. 3., U6parum M. U. CoBpemeHHble NpeAcTaBneHus
0 BO3MOXHOCTW GOTOAMHAMUYECKOT Tepanum B Ie4eHUM NPeSonyxoneBbix 3a60NneBaHuNi BY/IbBbI: 0630p NUTepaTypbl

associated with HPV, in particular, due to the in-
creasing versatility of photosensitizers and the
numerous possibilities of combining aPDT with
other antimicrobial treatments to combat local-
ized infections [52]. Thus, aPDT and its numer-
ous therapeutic combinations can become an
advanced routine treatment method for combat-
ing microorganisms [53].

Ozone-bacteriophage therapy is noted as an-
other method of treating involutive and dystrophic
LPO processes, which, according to the authors,
contributed to the restoration of the expression
of estrogen and progesterone receptors in the
glands and stroma of the endometrium [56].

In addition, scientists from Russia note that in
the treatment of precancerous vulvar conditions,
the factor of the psychoemotional state of women
is very important, in the treatment of which sup-
portive and cognitive behavioral therapy, as well
as methods of distraction from negative inner feel-
ings, are effective. Autogenic training combined
with meditation can help improve the emotional
background. Couples therapy, which includes dis-
cussing sexual issues and fears with a partner, can
be helpful. In addition, it is important to conduct
educational conversations that help increase treat-
ment adherence, as the doctor's recommendations
can slow down the progression of the disease and
improve the condition of patients [54].

CONCLUSION

The treatment of precancerous vulvar diseases
covers a wide range of methods and tools, but the
use of topical corticosteroids remains the gold
standard of therapy. In recent years, PDT has es-
tablished itself as a promising treatment method,
demonstrating significant potential in combating
precancerous vulvar conditions.

Existing studies show that PDT can be highly
effective in disease regression and HPV clear-
ance, as well as help reduce relapses. Despite the
positive results, there is a need for further study
and publication of modern randomized clinical
trials and systematic reviews that could provide
a more extensive and reliable assessment of the
effectiveness of PDT in the treatment of precan-
cerous vulvar conditions.

To improve understanding and optimize the
treatment of precancerous vulvar conditions, it
is recommended to conduct research aimed at
studying combined treatment methods, which,
according to some reports, can lead to improved
treatment outcomes, reduced relapses and re-
duced risk of complications. Studies of combined
approaches will allow us to determine the most
effective strategies and optimal treatment regi-
mens, considering the individual characteristics
of patients.
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