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«l0HO-POCCUICKNI OHKONOTMYECKNIA XYPHAN» — eXXeKBapTa/bHblil Hay4HO-
npaKTUYeCKMil peLieH3upyeMblit xypHan. MpodeccunoHanbHoe MeAULMHCKOE
13AaHue, B KOTOPOM OTPaXaloTCA pesynbTaTbl aKTyaNnbHbIX UCCNef0BaHUI
no TemaTukKe Ny6ANKaLWil: fUArHOCTUKA U leYeHUe OHKONOTNYEeCKNX 3a-
6oneBaHuit, BONPOCHI KaHLieporeHe3a u MONeKyNAPHOI OHKONOTNN, HOBble
neKkapcTBeHHble cpeAcTBa v TexHonorun. OcHoBaH B 2019 T.
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+ Cnoco6cTBOBaTb pa3BUTUIO OHKOMOTMYECKoi 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.
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Prognostic significance of AKT/mTOR signaling pathway components,
transcription factors, and growth factors in the development of skin

melanoma recurrence

V. A. Bogdanova', L. V. Spirina?=, S. Yu. Chizhevskaya? I. V. Kovaleva'?,
K. V. Nikulnikov?, E. D. Merkulov’
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ABSTRACT

Purpose of the study. Was to investigate the prognostic significance of the AKT/mTOR signaling pathway components, tran-
scription, and growth factors in the development of skin melanoma recurrence.

Patients and methods. The study included 48 patients with a verified diagnosis of skin melanoma. All patients had a negative
status for the BRAFV®0F mutation.

The study material consisted of samples of tumor and unchanged skin located at a distance of at least 1 cm from the tumor
border, obtained during surgical treatment, which were frozen and stored at a temperature of —80 °C after sampling. Gene
expression was assessed by real-time PCR. The status of the BRAF gene was assessed using allele-specific PCR. Statistical
processing was carried out using the Statistica 12.0 software package.

Results. Predicting the course of cancer is an important task in practical oncology. The unfavorable outcome of melanomas
is largely due to the tendency to relapses and metastasis in both the short and long-term follow-up period. While analyzing
the study results, we noted the association of AKT/mTOR signaling pathway components with the development of skin mel-
anoma recurrence and disease progression. It was revealed that the expression level of AKT, c-RAF, GSK-3B and VEGFR2 is
associated with an unfavorable outcome of the disease. A logistic regression model is presented that can accurately predict
the risk of recurrence, taking into account the expression of protein kinase mTOR and the size of the tumor (T). The lack of
significant indicators related to the biological features of the skin tumor does not allow to increase the effectiveness of treat-
ment of such patients. Therefore, the attention of researchers is focused on finding optimal models for predicting the risk of
an unfavorable outcome of the disease.

Conclusion. Molecular markers were identified that make it possible to predict an unfavorable outcome of the disease during
the study. A logistic model based on the expression of the key mTOR kinase and the size of the T has been developed, which
makes it possible to assess the risk of disease recurrence and change treatment tactics in a timely manner.

Keywords: AKT, c-RAF, GSK-3, VEGFR2, mTOR, skin melanoma, prognosis
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PE3IOME

Lienb uccnepoBanus. ViccnefoBaHve NPpOrHOCTUYECKOM 3HAYNMMOCTM KOMMOHEHTOB curHanbHoro Nyt AKT/mTOR, a Takxe
TPAHCKPUMNUUOHHbIX U POCTOBbIX (haKTOPOB B PasBUTUM PELIUAMBOB MENAHOMbI KOXMU.

MauuneHTbl U MeToAbl. B uccnefoBaHme 6b1nm BKIOYEHbI 48 NauneHToB ¢ BepudULMPOBaHHbIM ANarHo30M MenaHoMa
KOXMW. Bce naumneHTbl UMenu oTpuuaTenbHblii cTaTyc No MyTauuyu BRAFV60OE,

MaTepuwan uccnefaoBaHus — o6pasLibl OMyX0NneBon U HeM3MEHEHHOMN KOXM, HaxoAsLLMecs Ha pacCTOsIHUM He MeHee 1 CM OT rpa-
HULibI OMyX0new, NONyY€eHHbIEe NPpY NPOBEAEHUM ONEepaTUBHOIO SIEYEHMS], KOTOPbIE Nocie 3a6opa 3aMOpaXx1BaanChb U XpaHUIUCh
npu Temnepatype —80 °C. 3kcnpeccus reHoB oLeHnBanacb MetoaoM [NLP B peanbHoM Bpemenu. CtaTtyc reHa BRAF oueHmBanu
¢ noMoLbto annenb-cneumduyHoin MUP. CtaTucTnyeckas o6paboTka NpoBoAMnach ¢ NOMOLLbIO NakeTa nporpamMm Statistica 12.0
Pe3ynbratbl. [pOrHo3npoBaHune TeYEHUs1 OHKOSTIOTMYECKUX 3a60N1EBAHNI SIBNSIETCS BaXXHOW 3aJayeit B NPaKTUYECKON OHKOO-
run. He6naronpusTHbIN UCXOL MeNlaHOM BO MHOTOM O6YCIIOBJIEH CKJIOHHOCTbIO K BOSHUKHOBEHUIO PELIMAMBOB Y METacTa3oB
Kak B 6nvyaiiiem, Tak U B OTAaNIEHHOM nepuoge HabnogeHus. Mpu aHanuae pesynbTaToB UCCef0BaHWs HaMU OTMeYeHa
accoumaumsa koMmnoHeHToB AKT/mTOR curHanbHOro Nyt ¢ pasBUTUEM PeLAVBOB MeNaHOM KOXW U MPOrpeccupoBaHnemM
3a6boneBaHus. BbisiBneHo, 4To ypoBeHb akcnpeccun AKT, c-RAF, GSK-3B n VEGFR2 cBa3aH ¢ He61aronpusiTHbIM UCXOA0M
3aboneBaHus. MNpeacTaBneHa MofeNlb NOMMCTUYECKON Perpeccum, Kotopasi ¢ BbICOKOW TOYHOCTbIO MOXET faTb NPOrHo3
pucKa pa3BuTUS peuuanBoB 3a60sieBaHUs C YYETOM IKCNPeccum npotTenHkmHasbl mTOR 1 pasmepa onyxonu (T). OTcyT-
CTBUE 3Ha4YMMbIX NoKasaTesiel, CBA3aHHbIX C 6UONOrMYECKUMU OCOBEHHOCTSIMM OMYXONIM KOXM, HE NMO3BOJISIET NOBbLICUTH
3 HeKTUBHOCTb NleYeHnst Takux 60nbHbIX. Mo3ToMy BHUMaHWe UccnefoBaTesieil COCPeloTOYEHO Ha MOUCKE ONTUMASIbHbIX
MoZenein NporHosa p1Mcka HebnaronpuaTHOrO Ucxofa 3aboneBaHusl.

3aknioyeHue. B xofe nccnepoBaHus 6b111 nAeHTUGULMPOBaHbI MOJIEKYNIAPHBIE MapKepbl, KOTOPbIe MO3BOMSAKOT NPOrHO3U-
poBaTb HebnaronpuaTHbIN Ucxop 3aboneBaHusi. PaspaboTaHa floructuyeckass Mogesb, OCHOBaHHAsi Ha 3KCMPECCUm KIto-
YyeBoW KMHasbl MTOR u T, KoTopas NO3BOJSIET OLEHUTb PUCK BOZHUKHOBEHUS PELIMANBOB 3a60MEBAHUSI U CBOEBPEMEHHO
W3MEHUTb TaKTUKY JIeYEHUS.
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BACKGROUND

Melanoma is the most dangerous skin malignancy,
which is characterized by an aggressive course. Ac-
cording to a study based on GLOBOCAN data, the rate
of increase in the incidence of melanoma will remain
unchanged from 2020, which may lead to an increase
in the incidence by about 1.5 times by 2040 [1]. In
2020, about 14 % of cases of melanoma among all
malignant skin tumors were recorded in Russia. At
the same time, it caused the death of 70 % of patients
suffering from this group of diseases [2, 3].

Melanoma occurs due to a few genetic transfor-
mations, while ultraviolet radiation often serves as
a mutagenic risk factor [4]. A deep understanding of
the diversity of molecular signaling pathways char-
acteristic of different types of melanomas makes
it possible to describe these pathologies more ac-
curately and provides tools for creating treatment
methods based on the effects on the signals gener-
ated by these cascades [5]. Among the key molecular
genetic indicators, a mutation of the BRAF gene can
be identified, which occurs in 60—-80 % of cases of
all skin malignancies [6, 7].

Modern treatments for skin melanoma are be-
coming increasingly available, which improves
survival rates, but there are no tools available to
predict the recurrence of skin melanoma. To pre-
dict the recurrence of skin melanoma in the early
stages of development, the use of clinical and his-
tological data in machine learning technologies
is being considered [8]. In addition, predicting an
unfavorable outcome of the disease is possible
by examining molecular markers in the homog-
enates of tumor tissue samples and the visually
unchanged tissue adjacent to it [9]. Great impor-
tance is attached to the study of genetic factors
that can predict the risk of developing an unfavor-
able outcome of the disease [10, 11]. In general,
the rationale for the use of a number of signaling
cascades associated with the molecular features
of tumor growth is an urgent problem in fundamen-
tal oncology [12].

Previous studies have shown the role of micro-
RNAs in the regulation of these markers [13, 14],
reflecting the intensity of oncogenesis processes.
Their association with the presence of signs of in-
vasive growth and metastasis was noted. However,
in general, there are practically no approaches that

allow predicting the development of an unfavorable
outcome of the disease with high accuracy.

Purpose of the study: was to study the prognos-
tic role of components of the AKT/mTOR signaling
pathway, as well as transcription and growth factors
in predicting skin melanoma recurrence.

PATIENTS AND METHODS

The study involved 48 patients with a confirmed
diagnosis of skin melanoma. The age of the study
participants ranged from 45 to 72 years, and the
stages of the disease ranged from | to IV. All pa-
tients underwent surgical treatment, which included
extensive excision of the skin tumor with a sentinel
lymph node biopsy.

T1a NOMO stage of the disease was detected
in 10 patients (21 %), T1Tb NOMO - in 12 (25 %),
T2b NOMO - in 2 (4 %), T3a NOMO - in 11 (23 %),
T3b NOMO - in 2 (4 %), T4a NTMO - in 9 (19 %),
T4b NTMO - in 2 (4 %).

Tumor ulceration was absent in 23 (47 %) patients,
and the presence of tumor ulceration was noted in
25 (53 %) patients. The level of Clark invasion of the
1st degree was not recorded, the 2nd degree was
noted in 17 (35 %); the 3rd degree — in 17 (35 %);
the 4th degree — in 3 (6.5 %); the 5th degree -
in 11 (23.5 %).

The Breslow tumor thickness of less than
0.75 mm was recorded in 6 (12 %), from 0.75 mm
to 1.5 mm was observed in 20 (41 %), from 1.51 to
3.0 mm-in 2 (6 %), from 3.01 mm to 4.0 mm - in
6 (12 %), from 4.01 mm and more than 14 (29 %).

It is important to note that all patients lacked the
BRAFV60%E mutation. The study was approved by the
Ethics Committee of the Scientific Research Insti-
tute of Oncology, a branch of the Tomsk National
Research Medical Center of the Russian Academy
of Sciences. 6 patients with melanocytic nevus were
selected as a control group. All procedures involv-
ing patients were conducted in accordance with
the Helsinki Declaration on Human Rights (1964).
Before starting the study, all participants signed
an informed consent. The material for the study
was samples of tumor and healthy skin obtained
during surgical treatment. The samples were taken
at a distance of at least 1 cm from the tumor border
and frozen for subsequent storage at a temperature
of =80 °C.
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Isolation of RNA. RNA was isolated using the
RNeasy mini-Kit containing DNAase | (Qiagen, Ger-
many). To estimate the amount of isolated RNA, the
concentration and purity of the isolated RNA were
evaluated on a NanoDrop-2000 spectrophotometer
(Thermo Scientific, USA). The RNA concentration
ranged from 80 to 250 ng/ml, A260/A280 = 1.95-
2.05; A260/A230 = 1.90-2.31. RNA integrity was
assessed using capillary electrophoresis on a TapeS-
tation device (Agilent Technologies, USA) and an R6K
ScreenTape kit (Agilent Technologies, USA). The RIN
was 5.6-7.8.

Real-time quantitative reverse transcription PCR.
The level of gene expression was assessed using
quantitative real-time reverse transcriptase PCR
(RT-gPCR) using the SYBR Green dye on an iCycler
amplifier (Bio-Rad, USA; CCP "Medical Genetics").
To obtain cDNA on an RNA template, a reverse tran-
scription reaction was performed using the OT m-
MuLV-RH kit (Biolabmix, Russia) with random hexa-
nucleotide primers according to the kit instructions.
PCR was performed in three replicas in a volume
of 25 pl containing 12.5 pl of HS-qPCR SYBR Blue
BioMaster (Biolabmix, Russia), 300 nM of direct and
reverse primers and 50 ng of cDNA:

CAIX: F 5-GTTGCTGTCTCGCTTGGAA-3,

R 5-CAGGGTGTCAGAGAGGGTGT-3;

HIF-1a: F 5- CAAGAACCTACTGCTAATGCCA-3,
R5-TTTGGTGAGGCTGTCCGA-3;

EPAST: F 5- TGGAGTATGAAGAGCAAGCCT-3,
R 5-GGGAACCTGCTCTTGCTGT-3;

NFKB1: F 5-CGTGTAAACCAAAGCCCTAAA-3,
R 5-AACCAAGAAAGGAAGCCAAGT-3;

RELA: F 5-GGAGCACAGATACCACCAAGA-3,
R 5-GGGTTGTTGTTGGTCTGGAT-3;

VEGFA: F 5~AGGGCAGAATCATCACGAA-3,

R 5-TCTTGCTCTATCTTTCTTTGGTCT-3;
KDR: F 5-AACACAGCAGGAATCAGTCA-3,

R 5-GTGGTGTCTGTGTCATCGGA-3;

4E-BP1: F 5- CAGCCCTTTCTCCCTCACT-3,,

R 5- TTCCCAAGCACATCAACCT-3’,

AKT1: F 5- CGAGGACGCCAAGGAGA-3,,

R 5- GTCATCTTGGTCAGGTGGTGT-3;

C-RAF: F 5-TGGTGTGTCCTGCTCCCT-3,,

R 5- ACTGCCTGCTACCTTACTTCCT-3;
GSK-3B: F 5- AGACAAGGACGGCAGCAA-3,,

R 5- TGGAGTAGAAGAAATAACGCAAT-3’;

70S kinase alpha:

F 5- CAGCACAGCAAATCCTCAGA-3,,

R 5- ACACATCTCCCTCTCCACCTT-3;

mTOR: F 5- CCAAAGGCAACAAGCGAT-3,,

R 5-TTCACCAAACCGTCTCCAA-3’;

PDK1: F 5- TCACCAGGACAGCCAATACA-3,,

R 5- CTCCTCGGTCACTCATCTTCA-3;

VHL: F 5 - GGCAGGCGAATCTCTTGA-3’,

R 5 -CTATTTCCTTTACTCAGCACCATT-3";
PD-L2: F 5-GTTCCACATACCTCAAGTCCAA-3,
R 5-ATAGCACTGTTCACTTCCCTCTT-3;
PD-L1: F 5-AGGGAGAATGATGGATGTGAA-3,
R 5-ATCATTCACAACCACACTCACAT-3;;
PD-1-1: F 5-CTGGGCGGTGCTACAACT-3,

R 5-CTTCTGCCCTTCTCTCTGTCA-3;;

AMPK: F 5- AAGATGTCCATTGGATGCACT-3',
R 5- TGAGGTGTTGAGGAACCAGAT-3

LC3B: F 5'- CCCAAACCGCAGACACAT-3,,

R 5-ATCCCACCAGCCAGCAC-3;

GAPDH: F 5'- GGAAGTCAGGTGGAGCGA-3,
R 5-GCAACAATATCCACTTTACCAGA-3'.

The two-step amplification program included:
preliminary denaturation of the reaction mixture at
94 °C, 10 minutes — 1 cycle; denaturation at 94 °C,
10 seconds and annealing/elongation at 60 °C,
20 seconds — 40 cycles. The primers were select-
ed using the Vector NTI Advance 11.5 program and
the NCBI database (https://www.ncbi.nlm.nih.gov/
nuccore).

The "housekeeping" gene of the GAPDH enzyme
(glyceraldehyde-3-phosphate dehydrogenase) was
used as a reference gene, and the expression level
of each target gene was normalized relative to
GAPDH expression. Quantitative analysis of ex-
pression was performed using 2AACt in relation
to the constitutively expressed referee gene of the
GAPDH enzyme.

Statistical analysis

Statistical processing of the results was
carried out using the Statistica 12.0 software
package. Normality was checked using the
Kolmogorov-Smirnov criterion. The results of the
determination of gene expression are presented
as Me (Q1; Q3). The significance of the differ-
ences in independent parameters was assessed
by the Mann-Whitney criterion. The differences
were considered significant at p < 0.05. When
comparing the differences in more than two study
groups, nonparametric analysis of variance (Kru-
skal-Wallis test) was used.


https://www.ncbi.nlm.nih.gov/nuccore
https://www.ncbi.nlm.nih.gov/nuccore
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STUDY RESULTS

Predicting cancer treatment outcomes is one of
the key tasks in oncology. An unfavorable progno-
sis for melanoma is associated with a high prob-
ability of recurrence and metastasis. As part of
this study, we analyzed the accuracy of molecular

markers of skin melanoma in predicting its devel-
opment. To do this, we used the log-rank criterion
and Kaplan-Meyer survival curves. As a result of the
study, it was found that the expression of markers
such as AKT, c-RAF, GSK-3B and VEGFR2 are of the
greatest importance for predicting disease-free
survival (Table 1).

Table 1. One-factor analysis of prognostic parameters in patients with skin melanoma using a log rank test

Parameter Expression, RU/ml Progression-free survival, p
4EBP1, RU/m NI 0.57770
AKT, RU/ml N 0.00548
c-RAF NPy 0.04345
GSK-38 N g:gg 0.04229
70S 6 kinase oo 0.99828
mTOR, RU/ml N 0.11658
PDK1, RU/m N 0.47026
PTEN, RU/ml oo 0.68012
NF-kB p65, RU/ml N 838 0.18567
NF-KkB p50, RU/ml oo 0.36003
VEGFR2, RU/ml NI 0.00156
VEGF, RU/ml N 1:88 0.36003
CAIX, RU/m Nph 0.51732
HIF-1, RU/ml <02 0.18567
HIF-2, RU/ml o8 0.92342
VHL, RU/ml s 0.81110
PD-1, RU/ml N Hg 0.82655
PD-L1, RU/ml N 8:28 0.22916
PD-L2, RU/mI N 1231 0.88087
AMPK, RU/ml < 0.00 0.48182
LC3B expression, RU/ml <930 0.20877
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In a study aimed at determining the prognostic
value of the expression of transcription and growth
factors, as well as components of the AKT/mTOR
signaling cascade for assessing progression-free
survival in patients with skin melanoma, it was found
that the best results are achieved when the expres-
sion level of AKT genes is above 1.0 (Fig. 1); c-RAF is
below 0.5 (Fig. 2); GSK-3B is below 0.85 (Fig. 3) and
VEGFR2 is above 1.0 (Fig. 4) cont. units.

Based on the results of clinical and morphological
studies, as well as the expression of certain molecu-
lar markers, a model has been developed that makes
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it possible to predict the recurrence of skin mela-
noma and an unfavorable outcome of the disease.
The method consists in evaluating the expression of
the serine-threonine protein kinase mTOR and taking
into account the size of the tumor (T). These data are
used to calculate the risk of skin melanoma progres-
sion (P). If p is less than 0.8, then a high risk of disease
progression is predicted, and if p is greater than or
equal to 0.8, then a low risk of progression is predict-
ed. The method is based on the analysis of laboratory
and clinical research results, as well as on the calcu-
lation of a logistic regression model. The following
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Fig. 1. Progression-free survival in patients with skin melanomas
depending on AKT expression
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Fig. 2. Progression-free survival in patients with skin melanomas
depending on c-RAF expression
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Fig. 3. Progression-free survival in patients with skin melanomas
depending on the expression of GSK-33

Fig. 4. Progression-free survival in patients with skin melanomas
depending on VEGFR2 expression
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parameters were included in the model: T and mTOR
expression. A polynomial logistic regression was used
to build the model. The analysis was performed using
Statistica 12.0 software. Based on the optimal set of
parameters with a significance level of p < 0.05, the
regression function (F) was determined to calculate
the risk of skin melanoma progression in patients.

In patients, the following informative indicators
with a significance level of p < 0.05 were included
in the regression function: T, expression of serine
threonine protein kinase mTOR. At the next stage,
the value of the F is determined by the formula:

F(x,, x,) =4.551 + b.x, + b.x,,

where the coefficients of the regression function
are: b, =-1.693, b, = 0.508; x, — T, x, — expression
of serine threonine protein kinase mTOR.

Subsequently, using the value of the regression
function and the base of the natural logarithm (e),
a mathematical model was developed in the form
of a formula for determining the risk of progression
in patients.

General view of the mathematical model:

_ 1
P_1+e'S

where P is the probability of melanoma progres-
sion, e (base of the natural logarithm) = 2.718, S is
the regression function.

The effectiveness of the mathematical model
was determined using ROC analysis (Receiver Oper-
ating Characteristic). The sensitivity of the model in
patients with skin melanomas was 86.7 %, and the
specificity was 90 %. To assess the quality of the
constructed mathematical model, the characteristic
of the area under the ROC curve, AUC (Area Under
Curve), was used, the results are presented in Table 2.

For the variable or variables of the test result:
Predicted probability there is at least one relation-
ship between the positive current state group and
the negative current state group. Statistics may be
distorted.

The AUC parameter value for this model was
0.933, which makes it possible to characterize it as
excellent according to the generally accepted criteria
presented in Table 3.

The requirement of maximum overall sensitivi-
ty and specificity of the model was chosen as the
optimal criterion for dividing the results into two
categories.

optimal cut-off value = max|Se + Sp|,

Where Se is the sensitivity of the model, and Sp is
the specificity of the model.

The threshold value was determined based on the
results of calculations of the coordinates of the ROC
curve (Table 4).

Table 2. Area under the curve

Validation result variables: Predicted probability

Area Standard error * Asymptotic val.**

Asymptotic 95 % confidence interval

Lower border Upper border

0.933 0.040 0.000

0.855 1.000

Note: * — according to a nonparametric assumption; ** — null hypothesis: = actual area = 0.5

Table 3. Characteristics of the logistic model

AUC parameter value

Quality of the model

09-1.0 great

0.8 -0.89 very good
0.7-0.79 good

0.6 - 0.69 average
0.5-0.59 unsatisfactory
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The maximum total value of sensitivity and spec-
ificity was 1.867, which corresponds to the cut-off
threshold of 0.803. The results of constructing the
ROC curve for this model are shown in Figure 5.

DISCUSSION

The study revealed a link between the components
of the AKT/mTOR signaling pathway and the recur-
rence of skin melanoma, as well as the progression
of the disease. It was found that the expression level
of proteins such as AKT, c-RAF, GSK-3 and VEGFR2
in tumor tissue correlates with the intensity of onco-
genesis processes and reflects key features of the

biological behavior of the tumor. These results were
confirmed in previous studies, which also indicated
the involvement of these molecular markers in the
processes of oncogenesis [11-14]. The presented
data indicate activation of the processes of prolif-
eration of transformed cells, invasive growth and
neoangiogenesis.

Obviously, the lack of significant indicators relat-
ed to the biological features of the skin tumor does
not allow to increase the effectiveness of treatment
of such patients. In this regard, the attention of re-
searchers is focused on finding optimal models for
predicting the risk of an adverse outcome of the
disease. The study presents a logistic regression

Table 4. Coordinates of the curve

True if it is greater

than or equale Sensitivity (Se) 1 - Specificity Specificity (Sp) Se + Sp
0.0000000 1.000 1.000 0.000 1.000
0.1420958 1.000 0.800 0.200 1.200
0.1553039 0.933 0.800 0.200 1.133
0.1675397 0.933 0.600 0.400 1.333
0.3685236 0.933 0.400 0.600 1.533
0.5837076 0.933 0.200 0.800 1.733
0.6749142 0.867 0.200 0.800 1.667
0.8027119 0.867 0.000 1.000 1.867
0.8809557 0.800 0.000 1.000 1.800
0.9220825 0.733 0.000 1.000 1.733
0.9456728 0.667 0.000 1.000 1.667
0.9460033 0.600 0.000 1.000 1.600
0.955173 0.533 0.000 1.000 1.533
0.9653566 0.467 0.000 1.000 1.467
0.9691635 0.400 0.000 1.000 1.400
0.977768 0.333 0.000 1.000 1.333
0.9877487 0.267 0.000 1.000 1.267
0.994264 0.200 0.000 1.000 1.200
0.9975519 0.133 0.000 1.000 1.133
0.9984705 0.067 0.000 1.000 1.067
1.0000000 0.000 0.000 1.000 1.000

Note: The lowest threshold value corresponds to the minimum observed test value minus 1, and the highest threshold value corresponds to the

maximum observed test value plus 1. All other threshold values are the averages of two consecutive ordered observed test values.
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Fig. 5. ROC curve for the model determining the probability of
progression of skin melanomas

model that can accurately predict the risk of disease
recurrence, taking into account the expression of
protein kinase mTOR and T. The value of this marker
has been substantiated in many studies and medi-

ates the effectiveness of treatment [15]. It is worth
noting that the BRAFY¢°t mutation was not found
in these patients, which indicates the presence of
other molecular features in the mechanisms of tu-
mor growth. At the same time, mTOR expression is
essential, which is probably due to its involvement
in the mechanisms of formation of resistance to
treatment and, in particular, in the progression of
the disease [16, 17].

CONCLUSION

As a result of the study, molecular markers were
identified that can predict the unfavorable course
of the disease associated with tumor recurrence.
A logistic model was proposed that takes into ac-
count the expression of the key kinase mTOR and
T, which allows predicting the risk of disease recur-
rence. The data obtained indicate the prospects of
this model as a tool for predicting the progression
of the disease.

10.

11.

14

References

Arnold M, Singh D, Laversanne M, Vignat J, Vaccarella S, Meheus F, et al. Global Burden of Cutaneous Melanoma in 2020
and Projections to 2040. JAMA Dermatol. 2022 May 1;158(5):495-503. https://doi.org/10.1001/jamadermatol.2022.0160
Rabbie R, Ferguson P, Molina-Aguilar C, Adams DJ, Robles-Espinoza CD. Melanoma subtypes: genomic profiles, prognostic
molecular markers and therapeutic possibilities. J Pathol. 2019 Apr;247(5):539-551. https://doi.org/10.1002/path.5213
Tehranian C, Fankhauser L, Harter PN, Ratcliffe CDH, Zeiner PS, Messmer JM, et al. The PI3K/Akt/mTOR pathway as a pre-
ventive target in melanoma brain metastasis. Neuro Oncol. 2022 Feb 1;24(2):213-225.
https://doi.org/10.1093/neuonc/noab159

Ito T, Hashimoto H, Kaku-Ito Y, Tanaka Y, Nakahara T. Nail Apparatus Melanoma: Current Management and Future Perspec-
tives. J Clin Med. 2023 Mar 12;12(6):2203. https://doi.org/10.3390/jcm12062203

Manzano JL, Martin-Liberal J, Ferndndez-Morales LA, Benitez G, Medina Martinez J, Quindés M, et al. Adjuvant dabrafenib
and trametinib for patients with resected BRAF -mutated melanoma: DESCRIBE-AD real-world retrospective observational
study. Melanoma Res. 2023 Oct 1;33(5):388-397. https://doi.org/10.1097/CMR.0000000000000888

Johnson DB, Menzies AM, Zimmer L, Eroglu Z, Ye F, Zhao S, et al. Acquired BRAF inhibitor resistance: A multicenter me-
ta-analysis of the spectrum and frequencies, clinical behaviour, and phenotypic associations of resistance mechanisms.
Eur J Cancer. 2015 Dec;51(18):2792-2799. https://doi.org/10.1016/j.ejca.2015.08.022

Schadendorf D, van Akkooi ACJ, Berking C, Griewank KG, Gutzmer R, Hauschild A, et al. Melanoma. Lancet. 2018 Sep
15;392(10151):971-984. https://doi.org/10.1016/S0140-6736(18)31559-9

Wan G, Nguyen N, Liu F, DeSimone MS, Leung BW, Rajeh A, et al. Prediction of early-stage melanoma recurrence using clin-
ical and histopathologic features. NPJ Precis Oncol. 2022 Oct 31;6(1):79. https://doi.org/10.1038/s41698-022-00321-4
Patent of the Russian Federation RU 2643761 C1. Kit Ol, Zlatnik EYu, Kochuev SS, Demidova AA, Novikova IA, Zakora Gl,
et al. A method for calculating the prognosis of early progression of skin melanoma. Registered: 08/10/2017. Published:
02/05/2018. (In Russ.). EDN: DQCTYR

Ferreira AMC, Carron J, Gomez GVB, Vazquez V de L, Serrano SV, Lourengo GJ, et al. Association of Cytotoxic T-Lym-
phocyte Antigen-4 (CTLA-4) Genetic Variants with Risk and Outcome of Cutaneous Melanoma. Int J Mol Sci. 2024 Nov
17;25(22):12327. https://doi.org/10.3390/ijms252212327

Zhang, Xie A, Wang D, Deng W. Novel Prognostic Markers for Skin Cutaneous Melanoma. Clin Cosmet Investig Dermatol.
2024;17:2615-2625. https://doi.org/10.2147/CCID.S486679


https://doi.org/10.1016/S0140-6736(18)31559-9

l0xHo-Poccuiickunin oHkonoruyeckuin xxypHan 2025. T. 6, N2 3. C. 6-15
BorpaHosa B. A., Cnupuna J1. B.=, Ynxesckas C. 10., Kosanesa . B., HukynbHukos K. B., Mepkynos E. [l. MporHocTuyeckas 3HayuMocTb komnoHeHToB AKT/mTOR
CUTHaNbHOro NYTH, TPAHCKPUMLUOHHBIX U POCTOBbIX d)ﬂKTOpOB B pasBuUTUM peLnmanBOB MeTaHOMbI KOXK

12. Luo WF, Song DM, Shen T, He YB, Du HY, Si MJ, et al. Exploring new mechanisms in cancer molecular pathways and patho-
genic cell transformation: PIP4K2A as a prognostic marker and therapeutic target in cutaneous malignant melanoma.
Discov Oncol. 2024 Nov 23;15(1):697. https://doi.org/10.1007/s12672-024-01555-3

13. Nikulnikov KV, Bogdanova VA, Spirina LV, Chizhevskaya SYu, Kondakova 1V, Choynzonov EL, et al. Transcriptional, growth
factors, components of the AKT/mTOR signaling pathway, receptors and ligands of programmed cell death expression in
melanoma. Advances in Molecular Oncology. 2024;11(1):46-54. (In Russ.).
https://doi.org/10.17650/2313-805X-2024-11-1-46-54, EDN: JEOVHB

14. Abd-Allah GM, Ismail A, EI-Mahdy HA, Elsakka EGE, El-Husseiny AA, Abdelmaksoud NM, et al. miRNAs as potential
game-changers in melanoma: A comprehensive review. Pathol Res Pract. 2023 Apr;244:154424.
https://doi.org/10.1016/j.prp.2023.154424

15. Jiang Y, Hu X, Wang Z, Zhang Q, Chen D, Zhao P. RPTOR mutation: a novel predictor of efficacious immunotherapy in mel-
anoma. Invest New Drugs. 2024 Feb;42(1):60-69. https://doi.org/10.1007/s10637-023-01413-z

16. Indini A, Fiorilla I, Ponzone L, Calautti E, Audrito V. NAD/NAMPT and mTOR Pathways in Melanoma: Drivers of Drug Resis-
tance and Prospective Therapeutic Targets. Int J Mol Sci. 2022 Sep 1;23(17):9985. https://doi.org/10.3390/ijms23179985

17. Spirina LV, Usynin YA, Yurmazov ZA, Slonimskaya EM, Kolegova ES, Kondakova IV. [Transcription factors NF-kB, HIF-1,
HIF-2, growth factor VEGF, VEGFR2 and carboanhydrase IX mRNA and protein level in the development of kidney cancer
metastasis]. Mol Biol (Mosk). 2017;51(2):372-377. https://doi.org/10.7868/S0026898417020197

Information about authors:

Veronika A. Bogdanova - Laboratory researcher, Assistant at the Biochemistry and Molecular Biology with a course in clinical laboratory diagnostics,
Siberian State Medical University, Tomsk, Russian Federation
ORCID: https://orcid.org/0009-0003-8473-4182, SPIN: 8903-4911, AuthorID: 1250988

Liudmila V. Spirina = - Dr. Sci. (Med.), Leading Researcher at the Laboratory of Tumor Biochemistry, Cancer Research Institute - branch of
the Federal State Budgetary Scientific Institution "Tomsk National Research Medical Center of the Russian Academy of Sciences”, Tomsk,
Russian Federation; Head of the Department of Biochemistry and Molecular Biology with a course in clinical laboratory diagnostics, Siberian State
Medical University, Tomsk, Russian Federation

ORCID: https://orcid.org/0000-0002-5269-736X, SPIN: 1336-8363, AuthorID: 441893, ResearcherID: A-7760-2012, Scopus Author ID: 36960462500

Svetlana Yu. Chizhevskaya - MD, Dr. (Med) Sci., oncologist of the highest category, Leading Researcher at the Department of Head and Neck
Tumors, Cancer Research Institute - branch of the Federal State Budgetary Scientific Institution "Tomsk National Research Medical Center of the
Russian Academy of Sciences", Tomsk, Russian Federation

ORCID: https://orcid.org/0000-0003-2974-4778, SPIN: 9561-3382, AuthorID: 560288, ResearcherID: C-8960-2012, Scopus Author ID: 23033628800

Irina V. Kovaleva - Cand. Sci. (Med.), Assistant at the Biochemistry and Molecular Biology with a course in clinical laboratory diagnostics, Siberian
State Medical University, Tomsk, Russian Federation; Assistant Professor of the Department of Clinical and Laboratory Diagnostics, Voronezh State
Medical University named after N. N. Burdenko, Voronezh, Russian Federation

ORCID: https://orcid.org/0000-0003-2964-9041, SPIN: 9737-7086, AuthorID: 1076520, ResearcherID: HLQ-0894-2023, Scopus Author ID: 57215197522

Konstantin V. Nikulnikov - MD, oncologist at the Department of Head and Neck Tumors, Cancer Research Institute - branch of the Federal State
Budgetary Scientific Institution "Tomsk National Research Medical Center of the Russian Academy of Sciences", Tomsk, Russian Federation
ORCID: https://orcid.org/0009-0004-7211-7686, SPIN: 5258-7989, AuthorID: 1191435, ResearcherID: LXB-3679-2024

Evgeny D. Merkulov - Laboratory assistant at the Biochemistry and Molecular Biology with a course in clinical laboratory diagnostics, Siberian State
Medical University, Tomsk, Russian Federation
ORCID: https://orcid.org/0000-0002-7082-9389, SPIN: 8716-0505, AuthorID: 1274379, ResearcherID: GPK-8198-2022

Contribution of the authors:

Bogdanova V. A. - writing the draft; final conclusions, participation in development of curricula and their implementation, follow-up revision of the
text, final conclusion;

Spirina L. V. - scientific management, research concept, methodology development;

Chizhevskaya S. Yu. - participation in development of curricula and their implementation;

Kovaleva I. V. - participation in development of curricula and their implementation;

Nikulnikov K. V. - participation in development of curricula and their implementation;

Merkulov E. D. - statistical data processing.

15



South Russian Journal of Cancer. 2025. Vol. 6, No. 3. P. 16-25 (:
https://doi.org/10.37748/2686-9039-2025-6-3-2

https://elibrary.ru/aenylo
ORIGINAL ARTICLE

©

South Russian
Journal of Cancer

HxHo-Poccuitckuit
OHKONIOTWYECKHiA XypHAn
Vol. 6
No. 3, 2025

Clinical use of xenon-oxygen therapy to restore neuropsychological and
adaptive status in young women with hormone-dependent breast cancer
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ABSTRACT

Purpose of the study. The objective of this study is to evaluate the clinical effectiveness of activation xenon-oxygen therapy
(XOT) in correcting neuropsychological and adaptive status in patients diagnosed with hormone-dependent breast cancer
who have undergone total ovariectomy.

Patients and methods. We analyzed data on the intensity of clinical symptoms, the dynamics and intensity of adaptive
responses (AR) with calculation of the anti-stress/stress ratio, as well as the bioelectric brain activity of 36 young patients
diagnosed with hormone-dependent breast cancer, presenting with clinical signs of post-mastectomy syndrome (PMES) and
early signs of post-ovariectomy syndrome (POES).

Results. In determining the distribution of stress and anti-stress reactions, a postoperative phase transition from a physiolog-
ical to a pathological state was reliably established. In the postoperative period following ovariectomy, normal reaction types
were observed in 11.3 % of cases. The predominant response was the stress reaction. Analysis of AR structure in patients
with PMES and POES manifestations demonstrated a clear advantage for XOT. During rehabilitation, patients in the non-XOT
group did not achieve full restoration of AR structure to baseline values, with the stress response persisting in 58.7 % of cases.
In contrast, the XOT group demonstrated anti-stress reactions, with no stress reactions detected. Furthermore, analysis of the
bioelectric activity of the brain in patients after two hormone-reducing surgeries revealed significant alterations in the spectral
power of the electroencephalogram (EEG). These changes were indicative of a balanced state of excitation and inhibition,
suggesting an equilibrium in neural processes underlying cognitive function.

Conclusion. Xenon, as a biologically active factor, functions as a catalyst for complex functional transformations within the
body's regulatory systems. Xenon-based therapy induces a substantial reduction in stress reactions, highlighting the pronounced
biotropic effect of xenon in restoring the adaptive status of the female body.

Keywords: xenon-oxygen therapy, hormone-dependent breast cancer, post-mastectomy syndrome,
postovariectomy syndrome
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3.1.6. OHKonorus, nyyesas Tepanus.

OPUT'MHANIbHAA CTATbA

KnuHuyeckoe npuMeHeHUe KCEHOH-KMCI0POAHOM TEpanui B KOPPEKLUK HapyLEHNIA
HEeNpPONCUX0N0rMYECKOro U aAanTaLUoHHOIO CTaTyCca MOIOAbIX NALMEHTOK C AMarHo30M
TOPMOHO3ABMCUMbIIA PaK MOJIOYHOW XeJe3bl B YC0BUAX TOTA/IbHOW 0BapUasibHOW Cynpeccun

H. H. Monoea'?=, A. U. Winxnapoea’, [l. A. Posenko’, Jl. H. Bawenko', A. |0. Appxa'? E. A. Mapbikos'

T ®IbY «HaunoHanbHbI MeAMLMHCKKI NCCnefoBaTenbCKuii LeHTp oHKonorum» MunnuctepcTBa 3apaBooxpaHenus Poccuiickoii Gepepauun,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
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r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus

B4 natalyaanest@mail.ru

PE3IOME

Lienb uccnepoBaHus. OLEHUTb KITMHUYECKYO 3P PEeKTUBHOCTb NPUMEHEHUSI aKTUBALMOHHOW KCEHOH-KUCNOPOAHOM Tepanum
(KKT) B KOppeKLMmM HeiiporncmMxonornieckoro 1 afanTtaLMOHHOMO cTaTyca y NauneHToK ¢ JMarHo30M FropMOHO3aBUCHUMbIN
pak MoJIoYHOW xenesbl (PMXX) B ycnoBusix 0BapuoIKTOMUM.

MaumeHTbI M MeToAbl. [poaHann3npoBany JaHHble MHTEHCUBHOCTW KIIMHUYECKMX CUMMTOMOB, AMHAMUKY afanTaLMOHHbIX
peakuuii (AP) ¢ pacyeToM Ko3adbULMEHTa COOTHOLLEHUA aHTUCTPECC/CTPECC, @ Tak)Ke GUO3NEKTPUYECKYHO aKTUBHOCTb
Mo3ra 36 nauneHTOK MONIOAOMo BO3pacTa C AWarHO30M ropMOHO3aBUCUMbIA PMXK € KITMHWYECKUMK NMpU3HaKkamMmu nocT-
MacTakToMuyeckoro (NMM3C) u paHHUMM NpU3HaKaMm NOCToBapUoOaKTOoMUYeckoro cuHapoma (MOIC).

Pesynbratbl. [py onpefeneHnn CTPYKTYpbl YaCTOTbl BCTPEYAEMOCTH CTPecca U aHTUCTPECCOPHbIX peakLmin JOCTOBEPHO
YCTaHOBJIEHO, YTO MOC/e 0BapMOIKTOMMU, HOPMOTUMbI Habntoaanuck B 11,3 % cnyyasx. OCHOBHasA BbIGOpKa NpeAcTaBe-
Ha peakuuen cTpecc. AHanua cTpykTypbl AP y naumMeHTok ¢ nposisneHusmu NMM3C n NO3C npogeMoHCTpupoBan sBHoe
npenmmyLlecTso npumMeHeHna KKT. Ha aTtane peabunutaumu y naumeHTok B rpynne 6e3 KKT He BbISIBNEHO NOSIHOMO BOCCTa-
HOBMeHWs CTPYKTYpbl AP 0 ncxofHbix uudp. Peakums ctpecc coctaBnsina 58,7 % cnyyaes. B rpynne ¢ KKT B aTu e cpoku
npeobnagany aHTUCTPECCOPHble peakumn. Peakums cTpecc He 3adumkcupoBaHa BoBce. Npu aHanuae 6Mo3NeKTpUYecKoi
aKTUBHOCTM MO3ra y 6051bHbIX PMXX nocne AByx ropMOHpeAyLMPYHOLLMX onepaLuii OTMeYanu 3HauuTenbHble MU3MEHEHNS
CMeKTpanbHOW MOLLHOCTY 3nekTpoaHuedanorpaduu (33r) c bopmupoBaHmeM c6anaHCPOBAHHOIO COCTOSIHUSA MPOLLECCOB
BO36Y)XAEHUS 1 TOPMOXXEHUSI MO3ra.

3aksoueHue. HeCOMHeEHHO, KCEHOH B Ka4yecTBe 6M0I0rMyYeckn akTUBHOrO hakTopa Cy>XUT TPUITEPOM 3arycka Kackaaa
CNOXHbIX GYHKLMOHaNbHbIX NMPeo6pasoBaHnili Ha YPOBHE PerynsiTOpHbIX CUCTEM opraHuama. ChopMmUpoBaHHbIA nocne
Tepanuu nNyn aHTUCTPECCOPHbIX peakLuii SPKO AEMOHCTPUPOBaAN BbICOKYH 3HAYMMOCTb BUOTPOMNHOMO AENCTBUS KCEHOHA
B HOpManusauumn aganTalnMoHHOMO CTaTyca OpraHn3ma XXeHLUUH.

KntoueBble c/i0Ba: KCEHOH-KMCNOPOAHAs Tepanusi, FOpPMOHO3aBUCUMbIii pak MOIOYHOW XKene3bl, TOCTMAaCTIKTOMUYECKHI
CUHAPOM, MOCTOBAPYOIKTOMUYECKUIN CUHAPOM
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MeguumMHeKoii accoynauun (World Medical Association Declaration of Helsinki, 1964, peg. 2013). WccnefoBaHue npoBedeHo ¢ paspeluequs Komuteta
no 3tuke OrbY «HaumoHanbHbI MEANLIMHCKMIA MCCeA0BaTeNbCKMIA LLeHTP OHKONOrMU» MuHucTepcTBa 3apaBooxpaHenns Poccuiickoii ®epepaummn
(npoTokon N2 5 ot 14.09.2019). MHbOpMUPOBaHHOE cornacue NoyyeHo oT BCEX YUaCTHUKOB UCCNEeA0BaHUS

®uHaHcMpoBaHKe: paboTta npoBeAeHa Npu Noaaepxke OrbY «HaunoHanbHbIi MeAULNMHCKUIA UICCNeA0BATENBCKUI LEEHTP OHKONOrMM» MUHUCTEPCTBA
3[)paBooxpaHeHus Poccuiickoit Gepepauuu

KOH¢)HMKT WHTEPECOB: BCE aBTOPbl 3aABNAOT 06 OTCYTCTBMU ABHbIX U NOTEHLMaNbHbIX KOHd)J'IVIKTOB WHTEPECOB, CBA3AHHbIX C I'IyﬁJ'IVIKaLWIeVI HacToseNn cTaTbk

Cratbsi noctynuna B pegakumto 23.01.2025; ogo6peHa nocne peueHauposanus 03.07.2025; npuHsTa K ny6nukauuv 12.08.2025
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BACKGROUND

In Russia, as worldwide, breast cancer (BC) ranks
first in incidence and mortality among malignant
tumors in women. It is evident that providing com-
prehensive specialized care plays a crucial role in
increasing survival and improving the quality of life
of cancer patients. According to standard treatment
protocols, antitumor therapy for BC includes surgery,
chemotherapy, and hormone therapy, the latter being
determined by the tumor’s surrogate phenotype and
the expression of estrogen and progesterone recep-
tors. In premenopausal patients, hormone therapy is
aimed at complete or partial suppression of ovarian
function. Methods include the use of tamoxifen, aro-
matase inhibitors, surgical castration, radiation ab-
lation, and luteinizing hormone-releasing hormone
agonists [1].

In clinical situations where hormone-dependent
BC is combined with genital pathology, bilateral
ovariectomy remains the method of choice. How-
ever, despite full-scale antitumor treatment, these
patients often experience significant psycholog-
ical and functional disturbances. Several factors
contribute to this: it is known that women with BC
and/or pelvic tumors often exhibit a so-called “fem-
inine factor,” characterized by negative reactions
in the intimate sphere and family relationships [2].
Furthermore, after undergoing a mutilating and of-
ten aesthetically unsatisfactory mastectomy, pa-
tients must face castration surgery. Ovariectomy
causes abrupt hormonal deprivation, provoking se-
vere cardiovascular and neurovegetative disorders.
According to V. A. Kulavsky (2016), post-ovariec-
tomy syndrome (POES) develops in 75-90 % of
patients, manifesting as maladaptive functional
disorders and intense psychoemotional stress, with
marked suppression of the body’s protective reac-
tions to internal and external stressors [3]. Con-
sequently, many women develop a negative psy-
chological pattern with impaired communication,
inadequate responses to therapy, and heightened
pain perception.

The main hormone replacement therapy (HRT)
capable of correcting hormonal deficiency involves
agents with estrogenic, androgenic, and progesto-
genic activity. However, in patients with estrogen-
dependent malignant breast tumors, HRT is essen-
tially contraindicated [4]. This creates a dilemma:
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how to provide safe rehabilitation therapy for women
with hormone-dependent BC under conditions of
total ovarian suppression.

Given current possibilities in oncological care, it is
important to introduce concomitant therapies with
predominantly protective mechanisms of action,
aimed at correcting stress reactions, normalizing
neuroendocrine and cardiovascular function, and
providing psychosocial rehabilitation [2]. Russian
research continues to prioritize the theoretical foun-
dation and practical implementation of activation
therapy technologies based on the patterns of non-
specific antistress adaptive reactions.

In this context, the inert gas xenon should
be considered a promising component of reha-
bilitation therapy. Due to its diverse biological
properties and unique clinical effects, xenon is
increasingly used in medicine as both a preventive
and therapeutic agent. Depending on the compo-
sition of the gas mixture, xenon-oxygen therapy
(XOT) can normalize the psychoemotional state,
attenuate the emotional component of pain, and
exert anti-inflammatory, immunostimulatory, an-
tihypoxic, and nootropic effects [5]. In oncology,
xenon-based concomitant therapy has demon-
strated its effectiveness in improving functional
status at various stages of antitumor treatment,
as well as in advanced disease with severe pain
syndrome [6, 7].

However, the dynamics of neuropsychological and
adaptive changes in reproductive-age patients with
hormone-dependent BC under conditions of total
ovarian suppression and the potential to mitigate
negative symptoms through XOT require further in-
vestigation.

Purpose of the study was to evaluate the clinical
effectiveness of activated XOT in correcting neuro-
psychological and adaptive status in patients with
hormone-dependent BC following total ovarian sup-
pression and surgical menopause.

PATIENTS AND METHODS

This study was carried out in compliance with the
ethics protocol of the National Medical Research
Center for Oncology (Protocol No. 5, dated Septem-
ber 14, 2019). All participants were informed about
the procedure, potential benefits, and contraindi-
cations of XOT, after which they provided written
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informed consent for rehabilitation therapy and per-
sonal data processing in accordance with generally
accepted ethical standards.

Neuropsychological and adaptive status was
assessed in 36 patients aged 36-45 years with
a primary diagnosis of hormone-dependent breast
cancer (BC) and concomitant genital pathology, all
undergoing surgical treatment at the National Med-
ical Research Center of Oncology. All participants
had clinical signs of post-mastectomy syndrome
(PMES) and early signs of post-ovariectomy syn-
drome (POES). Given the combination of hormone-
dependent BC and genital pathology, as well as the
desire for early termination of fertility, all patients
underwent bilateral ovariectomy.

The XOT group included 19 patients with hormone-
dependent breast cancer (BC), post-mastectomy
syndrome (PMES), and post-ovariectomy syndrome
(POES) who received XOT as part of early postop-
erative rehabilitation. The median age in this group
was 37 years, with a mean age of 39.7 + 1.3 years.
The comparison group consisted of 17 patients with
similar diagnoses who received standard postopera-
tive care without XOT. The median age in this group
was 36 years, with a mean age of 37.1 £ 1.7 years.

Exclusion criteria were respiratory center disor-
ders, mental iliness, decompensated comorbidities,
and ongoing chemotherapy. According to the TNM-8
classification (2015), tumor stage distribution was as
follows: XOT group: pTINT1MO0-3 patients (15.7 %),
pT2N1MO0-11 (57.9 %), pT3NOMO-5 (26.4 %).
Comparison group: pTTNTMO0-2 patients (11.8 %),
pT2N1MO0-10 (58.7 %), pT3NOMO-5 (29.5 %).

The groups were comparable in age and clini-
cal parameters; differences were not statistically
significant (p < 0.2). The XOT procedure consisted
of five sequential inhalation sessions starting on
postoperative day 3 after ovariectomy, using a mix-
ture of oxygen and Xemed® (xenon medical device
No. LS-000121). The initial inert gas concentration
was determined based on the patient’s minimum
clinical perception threshold. Each subsequent
session was characterized by a gradual decrease
in exposure time from 25 minutes (first session)
to 10 minutes (final session). At the same time, in
accordance with an exponential dependence and
a coefficient of 0.8, the calculated xenon concen-
tration was increased from 15 % to 25 %. All XOT
procedures were performed by anesthesiologists
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under active monitoring of cardiovascular and re-

spiratory parameters.

To assess the neuropsychological and adaptive
status of patients before ovariectomy, and on the 3rd
and 9th postoperative days, the following parameters
were determined:

1. Menopausal Index (MPI) (Kupperman N),
which accounts for various neurovegetative
manifestations on a point scale. A mild form
(12-34 points) was characterized by a sat-
isfactory condition; a moderate form (35-58
points) by decreased work capacity and deteri-
oration in general condition; and a severe form
(> 58 points) by pronounced neurovegetative
and emotional symptoms [8].

2. Dynamics of clinical symptom intensity were
assessed using the standardized Edmonton
Symptom Assessment System (ESAS), recom-
mended for evaluating the functional state of
cancer patients. The following symptoms were
scored from 1 to 10: impaired general condition,
sleep disturbance, appetite loss, nausea, weak-
ness, depression, anxiety, dyspnea, and pain [9].

3. Type of general nonspecific adaptive reactions
(AR) was determined by evaluating the Schilling
leukogram with lymphocyte (Lph) percentage
as the key indicator: stress — < 20 %, training
reaction — 21-27 %, calm activation — 28-33 %,
increased activation — 33-40 %, and reactiva-
tion — > 40 %. The counts of monocytes, eosin-
ophils, neutrophils, and total leukocytes were
used to assess AR tension and to calculate the
antistress/stress ratio [10].

4. Functional state of the central nervous system
(CNS) was assessed in patients with hormone-
dependent BC before and after total ovarian sup-
pression using electroencephalography (EEG)
with an Encephalan EEGR 19/26 multichannel de-
vice in 19 standard monopolar leads. The spec-
tral power of the EEG was calculated using Fouri-
er transform in the frequency range 0.5-18.0 Hz
during calm wakefulness with eyes closed. Spec-
tral power data were logarithmized and analyzed
using repeated-measures ANOVA (rANOVA).

Statistical analysis

Statistical data processing was performed using
SPSS Statistics version 10.0 for Windows. Differences
were considered statistically significant at p < 0.05.
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STUDY RESULTS

When analyzing subjective data using the MPI
questionnaire, it was found that on the 3rd day after
ovariectomy, depressive symptoms prevailed in all
36 patients. Anxiety was observed in 35 patients
(95.4 %), apathy in 32 (86.5 %), and sleep disorders
in 32 (86.5 %) cases. Vegetative symptoms were
pronounced, including a transient increase in blood
pressure in 22 patients (61.6 %), sweating and hot
flashes in 24 (67.2 %), and headache or dizziness in
28 (78.4 %) patients.

At the same time, mild POES occurred with the
lowest frequency (7.4 %), while severe POES predom-
inated, accounting for 72.8 % of cases. After XOT,
there was a statistically significant decrease in mod-
erate and severe MPI scores (by 4.8 and 2.4 times,
respectively), with noticeable reductions in numerical
values (p < 0.05) (Table 1).

It was determined that the change in the MPI co-
efficient showed a clear dependence on the use of
XOT, as observed in comparison with the group that
underwent standard treatment.

According to the results of the standardized
Edmonton Symptom Assessment System (ESAS)
questionnaire for cancer patients, women diagnosed
with hormone-dependent breast cancer (BC) who
had undergone ovariectomy demonstrated various
clinical manifestations depending on the treatment
method, including XOT (Table 2).

According to the results, there was a 3.2-fold de-
crease in symptoms of poor health, a 5.8-fold de-
crease in weakness, and a 2.8-fold decrease in the
frequency of anxiety, depression, and sleep disorders
(p < 0.05) compared with the group without XOT.

Analysis of the AR structure in patients with
hormone-dependent breast cancer (BC) and clinical
manifestations of PMES and POES demonstrated
a clear advantage of using XOT. When determin-
ing the initial (pre-ovariectomy) adaptive status in
patients with BC, it was found that reactions of in-
creased activation and calm activation accounted for
33.4 % and 22.4 %, respectively. The training reaction
was detected in 33.4 % of patients, and the acute
stress reaction was detected in 11.2 % of patients.
The group-wide integral antistress/stress coefficient
was 8 units. Thus, the preoperative condition of pa-
tients who had already undergone radical breast sur-
gery had a relatively balanced functional character.
With further determination of the frequency struc-
ture of stress and antistress reactions, a postoper-
ative phase transition from a physiological state to
a pathological one was reliably established. Imme-
diately after surgery, such normotypes as calm and
increased activation were absent, and the training
reaction was observed in only 11.3 % of cases. The
main pattern was a stress reaction cluster — 88.7 %
of cases — with a correspondingly low antistress/
stress coefficient of 0.12 reference units. On the
9th postoperative day, patients in the group with-

Table 1. Indicators of POES severity in the postoperative period in patients with hormone-dependent breast cancer, depending

on the therapy used

. XOT group No XOT group
3rd day afﬁ,ef %\garlectomy, 9th day after ovariectomy, 9th day after ovariectomy,
- n=19 n=17
POES severity
% score % score % score
Mild 7.4 22.5+3.4 74.5 192426 11.9 2‘;2 058
Moderate 19.8 411431 12.9 37.1+1.2 58.6 48.7+1.3¢
p=0.02
Severe 72.8 612+ 4.1 126 54.0+1.1 295 681+ 2.2
p =0.001

Note: * - statistically significant difference between indicators in the study groups (p < 0.05); XOT - xenon-oxygen therapy
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out XOT did not show complete restoration of the
AR structure to baseline values. The stress reaction
accounted for 58.7 % of cases, while 40 % of cases
demonstrated antistress reactions (increased acti-
vation and training). The antistress/stress coefficient
remained very low — 0.68 units — which is 12.2 times
lower than the initial level.

In the group receiving rehabilitation treatment in
the XOT regimen, antistress reactions of calm acti-
vation predominated (52.7 % of cases), followed by
the training reaction (26.3 %) and increased activa-
tion (21.1 %). The stress reaction was not recorded
at all (Fig. 1). The antistress/stress coefficient was
high, reaching 10 units, its maximum value, and ex-
ceeding the indicators in the group without XOT by
15.2 times.

These changes in AR structure and the magnitude
of the antistress/stress coefficient reflected both the
dynamics of pathological process development with-
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in the integral stress response and the normalization
of functional changes, with the formation of stable
antistress reactions under the influence of XOT.
Evaluation of the transformation of EEG frequency
parameters under the influence of negative factors
during antitumor therapy and the active restorative
effects of XOT showed a systemic response of the
patient’s body to the correction of two pathological
syndromes. In previous studies, Rozenko LYa, et al.
(2017) found that, in patients with removed cerebral
metastases at the stage of radiation therapy, xenon
exposure improved the functional state of the central
nervous system (CNS) and reduced the pronounced
adverse reactions of antitumor therapy [7].
According to the results of our study, in patients
with breast cancer who underwent ovariectomy,
a significant decrease in the power of theta and delta
rhythms was noted on EEG, along with a moderate
increase in beta rhythm power relative to pre-ova-

Table 2. Indicators of the standardized ESAS questionnaire in patients with hormone-dependent breast cancer under

conditions of total ovarian suppression

. XOT group No XOT group
3rd day aftei SIS Ll 9th day after ovariectomy, 9th day after ovariectomy,
; n =36 . r
Indicator n=19 n=17
% score % score % score
Poor wellness 78.4 58+24 26.3 1.140.1 86.0 5.6 0.2%
p =0.02
Pain 67.2 52426 13.2 1103 34.2 48:0.2*
p=0.8
17401
Dyspnea 5.6 1.7+0.1 5.2 1.4%02 5.6 b= 001
Nausea 25.2 22405 5.2 11402 11.8 2608
p=0.8
6.8+ 0.2*
Weakness 252 39+11 13.2 1.2+0.1 75.4 p=0.03
Weakness 78.4 59425 132 19402 34.2 22¢1.2%
p=0.01
Sleep disturbance 100 6.2+2.9 36.8 3702 87.0 4928
p=0.04
Appetite disturbance 252 27+19 36.8 3.6+1.2 34.8 3158=i01é32
*
Anxiety 952 59+27 26.3 1.9 0.1 58.8 6135:100&

Note: * - statistically significant difference between indicators in the XOT and no-XOT groups (p < 0.05); XOT - xenon-oxygen therapy
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riectomy values (Table 3). Changes included an in-
crease in the spectral power of the alpha rhythm
in the high-frequency subband (10.3-11.3 Hz) and
a decrease in the low-frequency and mid-frequency
subbands of the alpha rhythm. These findings indi-
cated poor stress tolerance and increased functional
load in the early postoperative period.

The data from our study correlate with established
findings (Rodriguez-Larios J, et al., 2019) and charac-
terize the changes in our patients as reflecting an anx-
ious state with pronounced psychoemotional stress,
which was confirmed by subjective survey data [11].

At the end of treatment, rANOVA analysis showed
statistically significant differences in the bioelec-
tric activity of the brain in patients with PMES and
POES (F(25) = 5.7, p = 0.001) under conditions of
restorative XOT and without it. In the XOT group, EEG
spectral power was significantly higher in the the-
ta rhythm frequency range of 5.6-7.8 Hz (df = 94;
p < 0.001), the delta rhythm frequency range of 2.5~
2.9 Hz (df = 94; p < 0.001), and the alpha rhythm
frequency range of 8.1-9.8 Hz (df = 94; p < 0.001),
and lower in the alpha rhythm frequency range of
11.0-11.5 Hz (df = 94; p < 0.001).
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After surgery
Calm activation reaction
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B Training reaction
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Increased activation reaction M Stress reaction

Fig. 1. Dynamics of the ratio of stress and antistress reactions in patients with hormone-dependent breast cancer under conditions

of simultaneous PMES and POES

Table 3. Indicators of average EEG spectral power values in patients diagnosed with hormone-dependent breast cancer under

conditions of total ovarian suppression

XOT group,n =19

Non-XOT group,n =17

Indicators Baseline 3rd day after 9th day after Baseline 3rd day after 9th day after
surgery surgery surgery surgery
187.5+17.2% 327.6 +34.1* 180.4+16.1* 156.1 £ 23.4
Alpha 348.5:2.7 2002 02002 273.5£17.4 D= 002 D204
434 +2.1* 22.1+1.8% 46.3 +2.4* 21.3+1.7*
Beta 27.8+1.6 b= 0.03 2 0.05 271+2.7 b= 0.05 P~ 0.08
33.6+4.7* 85.1 + 8.5* 36.7+4.7* 41.5+24.2
Delta 56.3 % 5.1 b= 003 pz002 53.6+5.7 D005 =008
26.7 +4.1* 65.4 +4.1* 28.2+3.1* 33.8+3.6
Theta 457 +6.2 p=0.05 b= 0.03 46.4+3.1 b= 0.05 b= 0.2
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In the group of patients without XOT, at the end
of treatment, compared with EEG data after ovariec-
tomy, a statistically significant decrease in spectral
power was observed in the delta rhythm at 2.2 Hz,
the theta rhythm at 6.9 and 7.8 Hz, and the alpha
rhythm at 8.1-12.5 Hz.

The effect of XOT was most clearly demonstrated
by a significant increase in the spectral power of
the functionally important midrange alpha rhythm
at 9.6 Hz and a decrease in the power of the beta
rhythm at frequencies of 12.3 and 12.5 Hz. Slowing
of beta rhythm activity was clinically manifested by
marked psychoemotional relaxation in patients with
PMES and POES.

DISCUSSION

This study analyzes the treatment results of
a complex clinical group of reproductive-age patients
diagnosed with hormone-dependent breast cancer
(BC) under conditions of total ovarian suppression,
with manifestations of post-mastectomy syndrome
(PMES) and early signs of post-ovariectomy syn-
drome (POES).

It has previously been established that the nega-
tive psychological state in BC patients is often due
to the anticipation of adverse aesthetic outcomes
of surgery and the side effects of antitumor therapy.
These are manifested by increased fatigue, memory
impairment, irritability, marked emotional lability, and
a prolonged course of psychological dysfunction re-
quiring extended correction [12]. At the same time,
in conditions of total ovarian suppression, artificially
induced hypoestrogenism triggers complex metabolic
changes in a woman’s body long before the natural
onset of menopause. This is accompanied by pro-
found neurovegetative and psychoemotional changes
mediated by the GABAergic, acetylcholine, dopamine,
serotonin, norepinephrine, and opioid systems [3, 4].

It is known that the main mechanisms limiting or
suppressing the development of acute stress reac-
tions are directly activated in the higher regulatory
centers of the central nervous system (CNS), forming
systemic immune-hormonal relationships, regulating
metabolic processes, and influencing proliferation
and apoptosis [6].

Xenon, as a biologically active agent, has been
shown to trigger complex functional changes in
self-organization processes at both regulatory and

paK MONIOYHOIA Xenesbl B yCNI0BUAX TOTaNbHOI OBapManbHON cynpeccumn

executive levels. Its properties such as modulation
of apoptosis, effects on various parts of the immune
system, reduction of oxidative stress, and cytopro-
tective effects in ischemia of the heart, brain, liv-
er, and kidneys are actively studied and applied in
clinical practice. The exceptional qualities of xenon
make it possible to fully utilize its therapeutic po-
tential. Incorporating xenon into treatment regimens
for adaptive disorders, including states of chronic
psychoemotional stress, is based on its influence
on both stress-realizing and stress-limiting systems
of the body [5].

The above facts determined the concept of a safe
and effective rehabilitation therapy for patients with
PMES and POES presenting with depression and
an imbalance in adaptive status. The results of our
study demonstrated convincing clinical efficacy of
XOT. Data from the cancer patient quality of life ques-
tionnaire and the menopausal index clearly showed
regression of depressive and vegetative symptoms
in the group receiving restorative XOT. XOT also con-
tributed to the formation of new, stable antistress re-
actions. In the XOT group, 50 % of patients exhibited
calm activation reactions a cluster characterized by
moderate activation of immune and neuroendocrine
systems, along with balanced regulation of energy,
hormonal, plastic, and biochemical processes at all
hierarchical levels. The antistress/stress coefficient
in the XOT group reached its highest possible value,
with no cases of stress reactions recorded.

Analysis of EEG bioelectric activity in BC patients
after two hormone-reducing surgeries revealed
significant changes in spectral power. XOT led to
a slowing of rhythmic brain activity, with increased
power in the slow-frequency theta, delta, and alpha
rhythms, and decreased power in the fast-frequency
alpha and beta rhythms. These changes reflected
a balanced state between excitation and inhibition
processes in the brain.

CONCLUSION

It follows from the above that xenon, as a biolog-
ically active factor, triggers a cascade of complex
functional transformations at the level of the body’s
regulatory systems. The pool of antistress reactions
formed after therapy clearly demonstrates the sig-
nificant biotropic effect of xenon in normalizing the
adaptive status of the female body.
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Furthermore, the use of XOT for hormone- tional state. Under these conditions, it becomes

dependent subtypes of breast cancer in women of  possible to mitigate the manifestations of surgical
reproductive age under conditions of total ovarian = menopause, thereby improving the quality of life and
suppression produced a pronounced clinical effect,  promoting the social rehabilitation of young patients
expressed as positive dynamics in the psychoemo-  undergoing hormone-reducing surgery.

10.

11.

12.
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Features of the cell cycle in patients with colorectal cancer
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ABSTRACT

Purpose of the study. The objective of this study was to evaluate cell cycle indices in tumor cells and conditionally intact
intestinal tissue (resection line) in male and female patients with colorectal cancer (CRC).

Patients and methods. Cell cycle phases were analyzed in 36 male and 36 female patients with CRC involving the rectum, and
with right-sided or left-sided tumor localization. The mean age was 66 years. The degree of tumor differentiation in all cases
corresponded to G2. None of the patients had received neoadjuvant treatment before surgery. In 10 % of tumor homogenates
and resection line samples, cell cycle phases were determined using an ADAMII LS fluorescent cell analyzer (Korea). For cell
cycle analysis, propidium iodide (PI), specially prepared for the ADAMII LS, was used. This reagent mixture contained Pl and
RNaseA, and cells were stained directly without an additional fixation step. The instrument'’s high sensitivity enabled precise
discrimination of cells in the GO/G1 phase (resting cells [GO] and early G1), S phase, and G2/M phase. Statistical analysis was
performed using Statistica 10.0 software.

Results. The proportions of viable and dead cells in the samples were generally comparable. In men, viable cells ranged from
56.6 % to 73.6 %, and dead cells from 26.4 % to 43.4 %. In women, viable cells ranged from 60.8 % to 77.3 %, and dead cells
from 22.7 % to 39.2 %. In men, tumor samples from left-sided CRC contained predominantly S and G2 phase cells, whereas in
right-sided CRC and rectal tumors, the majority of cells were in the G1 phase. In women with left-sided CRC, tumor samples
showed the highest proportion of cells in the G1 phase, while samples from right-sided CRC and rectal tumors contained
predominantly S phase cells.

Conclusion. The identified cell cycle characteristics and tumor cell death patterns in CRC patients, depending on sex and tumor
localization, reflect the proliferative status of the tissue. These findings may provide a basis for personalized recommendations
on the use of antitumor agents targeting cells in specific cell cycle phases.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

OcobEHHOCTM KNETOYHOTO LMKNA Y D0/bHBIX K0JIOPEeKTaJIbHbIM PaKoM

0. W. Kut, E. M. ®panumsny, B. A. bangoekuHa™, U. B. Hecky6uHa, C. A. UnbueHko, 10. A. MeTpoBa, A. B. CHeXKo,
M. A. AsepkuH, 1. H. Fabpuungse

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTp oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
X valerryana@yandex.ru

PE3IOME

Lienb uccnepoeanus. OLieHKa NokasaTtenei KNeTOYHOro LKA B K/IETKaX OMNyXosv U YCIIOBHO MHTAKTHOM KULWIKK (MUHUM
peseKkuun) y 601bHbIX KoNopekTanbHbiM pakoM (KPP) o60ux nosnos.

MauueHTbl U MeToAbl. ViccnegoBaHue has KNETOYHOMO LUUKIa NPOBOAUIMN Y 36 MYXUMH U 36 XeHLWUH 60nbHbIX KPP —
NPSAMON KULIKK, C NPaBOCTOPOHHEN U NIeBOCTOPOHHEW Nlokanu3saumein. CpegHuin BO3pacT naunmeHToB cocTaBui 66 nert.
CTeneHb AnddepeHUMPOBKIM ONYX0nn Y BCex 60/bHbIX cooTBeTcTBOBaNa G2. HUKTo 13 60nbHbIX A0 onepaumy He nosyyan
HeoaAbIOBaHTHOMO NleyeHns. B 10 % romoreHaTtax onyxXxonu U IMHUK pe3ekLnn onpeaensanmn dasbl KNeTo4HOro uuknia Ha
¢dnyopecueHTHOM aHanusaTtope knetok Adamii LS (Kopes). [1na onpefeneHvsi KNeToYHOro LMKa UCNoJIb30Banu Nponu-
awi inogug (Pl), cneumanbHo nofrotoBneHHbl ans ADAMII LS, copgepkalumii Pl v RNase A, KOTopbli ucnonbayeTcs nyteM
NPSMOro OKpaLUMBaHWUA KNeToK 6e3 MPOX0oXAEHUA AONOSIHUTENIbHOro aTana Gukcauun. TOUYHbIA aHanu3 MHTEHCUBHOCTH
peareHTa No3BosisAN NPMGOPY pa3nuyath kKneTku B dasax GO/G1 (nokosiwmecs knetku (GO) u kneTku B paHHei dase G1), S
1 G2/M. CtaTucTu4ecKkuin aHanus pesynibTaTtoB NPOBOAUIN C MOMOLLbIO MakeTa nporpamm Statistica 10.0.

PesynbraTbl uccnepoBaHus. KonnyecTBo XMBbIX U MEPTBbIX KJIETOK B UCCNefyeMblx 06pasLaXx, B 60bLUXHCTBE CNyYaeB,
6bISI0 OQHOTUMHBIM: Y MYXXUYUH XUBbIX KNETOK OT 56,6 10 73,6 %; MepTBbIX KNeToK oT 26,4 A0 43,4 %, Y YKEHLLMH MBbIX
knetok ot 60,8 fo 77,3 %; MepTBbIX KNEToK oT 22,7 10 39,2 %. Y My>KunH B o6pasLax onyxonei neBocTtopoHHero KPP mak-
CMMabHbIX MPOLEHT KNETOK Haxoaunca B dhasax S n G2, a B onyxosifax NPaBOCTOPOHHEN JIoKanu3aLuuy 1 NpsiMoi KMLLKK
B ase G1. Y xeHWuH npu neBoctopoHHeM KPP MakcumanbHbI NPOLIEHT KNeTOK B o6pasLax ornyxonv Npuxoauncs Ha
a3y G1, a o6pasLibl onyxonu npu npaBocTopoHHeM KPP 1 pake npsiMoit KUMKW B S-dase.

3aknioyeHue. BbisiBrIieHHbIe OCOGEHHOCTH KNTETOYHOTO LMKIIa U r’nbenu KneTok onyxonei y 6onbHbix KPP, B 3aBucMmocTm ot
rosia v nokanusaLum onyxosnu, ONUCbIBaroT NPondepaTUBHbIN CTaTyC TKaHW U MOTYT CIY)XXMTb OCHOBOW A1 NEPCOHaNU3npo-
BaHHbIX PEKOMEHAALMI MO NPUMEHEHUIO MPOTUBOOMYXONEBbIX NpenapaToB, AeWCTBYIOLLMX Ha KNETKX B OnpeaenieHHou dase.

KntoyeBble cnioBa: KONMOpeKTanbHbIV paK, KNeToYHbIW LMK, MUTO3, ha3a G1, dhasa S, onyxonb

[Ons untupoBanus: Kut 0. U., dpaHumsany E. M., baHgoBkuHa B. A., Hecky6uHa W. B., Unbuenko C. A., MetpoBa I0. A, CHexko A. B., ABepkun M. A.,
Fa6puumgae M. H. 0co6eHHOCTH KNETOYHOTO LKA Y 60/bHbIX KONOPEKTanbHbIM pakoM. K0xHo-Poccuitckuii oHkonoruyeckuii xxypHan. 2025; 6(3): 26-34.
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CobntofieHne aTUYeCKMX CTaHAAPTOB: B paboTe COGMIOAANUCH 3TUYECKUE NPUHLUNBI, NPeAbABAseMble XeNbCUHKCKOI Aeknapaumeii BcemupHoii
MegauumHckoii accouyuaumv (World Medical Association Declaration of Helsinki, 1964, pea. 2013). UccnegoBaHue ogo6peHo aTUYECKUM KOMUTETOM

OrBY «HaunoHanbHbI MeLULMHCKUIA UCCNeA0BaTENbCKMIA LIEHTP OHKONOrMM» MUHNCTEpCTBa 3ApaBooxpaHenus Poccuiickoit ®epepauum (npotokon

N2 1 01 30.01.2023 r.). MonyyeHo oT BCex NALMEHTOB NofgNuUcaHHOe MHGOPMUPOBAHHOE cornacue Ha B3ATHe U Nepefady 6M0NOrMYeckoro Matepuana ans
NPOBEeAEHMUs HayUYHbIX UCCNEA0BaHMI, FOCYAAPCTBEHHBIX 3afaHNI B 06LLECTBEHHO U COLNAbHO-MONE3HbIX Liensx

(DI/IHBHCI/IPOBGHVIEZ dJVIHaHCVIpOBaHMe NaHHOM paﬁOTbI He NpoBOAUNOCH

KoHdnukT nHtepecos: Kut 0. U. aBnsetcs uneHoM pefakuMoHHOI Konnerun xypHana «l0xHo-Poccuiickuii oHKonornyeckuii xypHan» ¢ 2019 r., Ho He umeeT
HWKAKOr0 OTHOLUEHMSA K PelLIEHNIO OMy6INKOBaTb 3Ty CTaTbio. CTaTba NPOLLNa NPUHATYHO B XypHane npoLeaypy peLeHsnpoBanns. 06 MHbIX KOHGAMKTaX
MHTEPEeCOB aBTOPbI He 3asBAANN

Cratbs noctynuna B pegakumio 05.02.2025; opobpeHa nocne peleHsuposanus 10.04.2025; npuHsta k nyénukauun 12.08.2025
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BACKGROUND

Colorectal cancer (CRC) is the third most com-
mon cancer in men and the second most common
cancer in women worldwide and ranks second in
cancer-related mortality [1]. The intestinal epithelium,
consisting of a layer of epithelial cells grouped into
the crypts of Lieberkiihn, is a rapidly renewing tissue.
The large intestine contains millions of crypts, each
with more than 2,000 cells, which are replaced every
2-7 days. Renewal is carried out by colonic stem
cells located at the base of the crypts [2]. There is
a hypothesis that malignant cells of the large intes-
tine originate from these stem cells. This hypothesis
is supported by the fact that intestinal adenomas
arise from stem cells [3].

The sequence of events occurring in a cell that
leads to its division and duplication is known as the
cell cycle [4]. The cell cycle consists of the G1 phase
(presynthesis), S phase (DNA synthesis), G2 phase
(late synthesis), and M phase (mitosis) [5]. During the
G1 phase, the cell grows and prepares for DNA syn-
thesis. In the S phase, DNA synthesis occurs, lead-
ing to the replication of genetic material [6]. In the
G2 phase, the cell continues to grow and prepares
for mitosis the stage of the cell cycle during which
replicated DNA is distributed into two identical nu-
clei [7]. The cell cycle is strictly regulated by a com-
plex network of proteins and signaling pathways.
A failure in cell cycle control mechanisms can lead
to various diseases, including cancer [8].

It is believed that any disruption of the stages of
the cell cycle whether under the influence of genet-
ic, carcinogenic, or infectious factors can result in
uncontrolled cell proliferation and, ultimately, tumor
formation [9]. Cancer is a disease characterized by
uncontrolled cell growth and proliferation, which is
the result of impaired regulation of normal cell cycle
control mechanisms [10]. The development of cancer
is often the result of mutations or changes in genes
controlling the cell cycle, which disrupt the normal
regulation of cell growth and division [11].

Dysregulation of the cell cycle is a common feature
of cancer cells and plays a crucial role in their uncon-
trolled growth and proliferation. Understanding the
mechanisms underlying cell cycle dysregulation in
cancer cells is essential for the development of target-
ed therapies that can selectively suppress the growth
of cancer cells while preserving normal cells [12].

28

Purpose of the study: to evaluate cell cycle indi-
ces in tumor cells and conditionally intact intestine
(resection line) in patients with colorectal cancer of
both sexes.

PATIENTS AND METHODS

The study included results obtained from 72 pa-
tients with colon cancer T2-3NOMO, comprising 36
women and 36 men, who underwent treatment at
the Department of Abdominal Oncology, National
Medical Research Centre for Oncology, during 2023-
2024. The mean age of the patients was 66 (58—73)
years. Groups were formed with 12 male and 12 fe-
male patients each diagnosed with left-sided CRC
(sigmoid colon cancer), rectal cancer, and right-sided
CRC (ascending colon cancer). The degree of tumor
differentiation in all patients corresponded to G2.
None of the patients received neoadjuvant therapy
prior to surgery. A good performance status (ECOG
0 or 1) was observed in 98.5 % of the patients. All
patients underwent surgical intervention.

During surgery, specimens of tumor tissue (1 cm
from the visible tumor margin towards the center)
and fragments of intestinal tissue at the resection
line (proximal margin) were collected. On ice, 10 %
homogenates were prepared in 0.1 M potassium
phosphate buffer (pH 7.4), which were subsequent-
ly used for cell cycle analysis with the ADAMII LS
fluorescent cell analyzer with image analysis capa-
bility (Korea). Cell viability was determined using
a reagent designed for total cell count and viability
assessment, consisting of a combination of acridine
orange (AO), a cell-permeable DNA stain, and DAPI,
a non-permeable DNA stain.

To determine the cell cycle, propidium iodide (PI),
specially prepared for ADAMII LS and containing PI
and RNaswA, was used for direct staining of cells
without an additional fixation step. The instrument’s
precise reagent intensity analysis enabled the iden-
tification of cells in the GO/G1 phase (resting cells
(G0) and cells in the early G1 phase), S phase, and
G2/M phase.

Statistical analysis

Statistical analysis of the results was performed
using the Statistica 10.0 software package. The
Shapiro-Wilk test was used to assess the normal-
ity of distribution. The significance of statistical
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differences between the studied parameters was
determined using the Mann-Whitney U test. A value
p < 0.05 was considered the threshold for statisti-
cal significance. Data in the tables are presented
as the median and the 25th and 75th percentiles
(Me (C25-C75)).

STUDY RESULTS

It was found that the number of living and dead
cells in the studied samples was, in most cases, sim-
ilar: in men, living cells ranged from 56.6 % to 73.6 %,
and dead cells from 26.4 % to 43.4 %; in women, living
cells ranged from 60.8 % to 77.3 %, and dead cells
from 22.7 % t0 39.2 %. The highest percentage of living
cells was observed in the resection line of the rectum
in men and in the resection line in left-sided CRC in
women (73.6 % and 73.6 %, respectively). The highest
percentage of dead cells was found in men in tumor
samples of left-sided and right-sided CRC (41.1 % and
43.4 %, respectively) and in women in tumor samples
of left-sided cancer and in the resection line of right-
sided CRC (37.7 % and 39.2 %, respectively).

The study revealed differences in the percentage
of cells in different phases of the cycle, depending on
the sex of the patients and tumor location - rectum,
left-sided, and right-sided colon tumors.

In men with rectal cancer, tumor samples were
dominated by cells in the resting/synthetic phase
(G0/G1), exceeding the levels in the S and G2/M
phases by 1.8-fold and 1.9-fold, respectively (Table 1).

In the resection line of rectal cancer, the distri-
bution across cell cycle phases was uniform; the
percentage of cells in each phase showed no sig-
nificant differences from each other. In rectal tumor
samples, the proportion of cells in the GO/G1 phase
was 1.4 times higher compared to intestinal tissue
at the resection line, whereas the S and G2/M phases
had on average, 1.5 times fewer cells.

In women with rectal cancer, tumor samples con-
tained, on average, twice as many cells in the G0/G1
and S phases compared to the G2/M phase. In the
resection line of the rectum, the percentage of cells
in the G2/M phase was, on average, 3.4 times lower
than in the GO/G1 and S phases. At the same time,
in women, tumor samples had 1.4 times more cells
in the mitotic phase, whereas in the resection line
the percentage of cells in the resting phase (G0/G1)
was significantly 1.4 times higher.

KNEeTo4yHoro uuknay 60nbHbIX KOJIopeKTanbHbIM pakoMm

In men with left-sided CRC, the percentage of cells
in the GO/G1 phase in the tumor was, on average, two
times lower than in the S and G2/M phases. In the
resection line for left-sided CRC in men, the lowest
percentage of cells was found in the G2/M phase -
1.8 times lower than in GO/G1 and 3.5 times low-
er than in the S phase. In addition, in resection line
samples of left-sided CRC, the percentage of cells
in the S phase exceeded that in the GO/G1 phase
by 1.9 times. In tumor samples of left-sided CRC in
men, compared to the resection line, the percent-
age of cells in the G2/M phase was twice as high,
but in the GO/G1 and S phases it was, on average,
1.5 times lower.

In women with left-sided CRC, the percentage of
cells in the resting phase (G0/G1) in tumor sam-
ples was, on average, twice as high as in the mitot-
ic phase and the S phase. In the resection line for
left-sided CRC, cells predominated in the GO/G1 and
S phases, with the percentage in the mitotic phase
being, on average, 2.6 times lower. Tumor samples
of left-sided CRC in women differed significantly only
in having a twofold lower percentage of cells in the
S phase compared to the resection line.

In men with right-sided CRC, tumor samples had
a percentage of cells in the G2/M phase that was,
on average, 1.6 times lower than in other phases.
Similarly, in the resection line, the G2/M phase had
2.6 times fewer cells than the GO/G1 phase and
3 times fewer than the S phase. At the same time,
there was a 1.4-fold higher percentage of G2/M-
phase cells in tumor samples compared to the resec-
tion line, while other phases showed no significant
differences between tumor and resection line.

In women with right-sided CRC, tumor samples
showed no statistically significant differences in
the percentage of cells in different phases. How-
ever, in the resection line, the lowest percentage of
cells was in the resting phase, being 4.4 times lower
than in the S phase and 2.2 times lower than in the
mitotic phase. The maximum percentage of cells
in the resection line for right-sided CRC was in the
S phase, which was twice as high as in the G2/M
phase. In tumor samples of right-sided CRC in wom-
en, the percentage of cells in the GO/G1 phase was
2.4 times higher than in the resection line, while in
the S phase it was 1.4 times lower; only the mitotic
phase showed no significant differences between
tumor and resection line samples.

29



South Russian Journal of Cancer 2025. Vol. 6, No. 3. P. 26-34

Kit O. I, Frantsiyants E. M., Bandovkina V. A.¥, Neskubina I. V., lichenko S. A., Petrova Yu. A., Snezhko A. V., Averkin M. A., Gabrichidze P. N. Features of the cell cycle in

patients with colorectal cancer

As a result, in men, tumor samples of right-sided
CRC differed from left-sided tumors by having
a 1.7-fold higher percentage of cells in the resting
phase and a 1.6-fold lower percentage in the G2/M
phase. The resection line in right-sided CRC in men also
contained 1.4 times more cells in the GO/G1 phase.

In women, tumor samples of right-sided CRC,
on the contrary, differed from left-sided tumors by
having a 1.6-fold lower percentage of cells in the
G0/G1 phase, but a 1.4-fold higher percentage in
the G2/M phase and a 1.5-fold higher percentage in
the S phase. Similarly, in resection line samples from
women with right-sided CRC, the percentage of cells
in the resting phase was four times lower, and the
percentage in the G2/M phase was 1.5 times higher.

DISCUSSION

The location of malignant tumors of the colon
and rectum can have a significant impact on clinical
outcomes and response to drug therapy [13]. This is
attributed to the fact that the colon and rectum are
distinct anatomical tissues of the gastrointestinal
tract [14]. Tumors located in the right colon (ascend-
ing colon and cecum) are more often diagnosed at
later stages, exhibit high microsatellite instability,
and tend to metastasize more frequently compared
to tumors of the left colon (descending colon, sig-
moid colon) [15]. This difference can be explained
by their distinct embryological origins (midgut and
hindgut, respectively), different genetic and epigen-

Table 1. Cell cycle in tumor and resection line in patients with colorectal cancer ( % of living cells) (Me (Q25-Q75))

Cell cycle phases

G0/G1 s G2/M
Males
32.56 18.63 16.8
Rectal cancer (28.6;35.9)%%  (13.97;20.14)'4  (14.9;18.8)™4
o 22.63 27.06 22.48
Resection line, rectum (19; 26.06) (18.18; 28.71) (19.45; 26.8)
12.43 27.84 21.37

Left-sided CRC tumor

(9.27;12.75)%34

(20.11; 31.56)"

(18.85; 23.54)%

Resection line, left-sided CRC

18.81
(15.05; 22.15)>

37.35
(35.38; 44.07)'

9.84
(7.79; 11.34)"2

Right-sided CRC tumor (1 6.%124.;3;6.6) (21 _2216;6;2.9) (111 ;;21.?71)1,2,4
Resection line, right-sided CRC (21?;.5273_7) (22,0371; g7.36) (7.03?.142558)1,2
Females

Rectal cancer (23.5255;'3;.42)4 (24.%21';5269.5) 1§ 0.2142;? 4)124
Resection line, rectum (26,3?76;.;%_35) (25.3%??0.44) (6.467;'323)1.2
Left-sided CRC tumor (29,13;13'421,2)2.3 (1 2.917;55]07.2)1'3'4 (12.21;41'2.9)1'3
Resection line, left-sided CRC (23,22;.23.86) (25,23;'?1%.55) (9.91;11.363.9)1'2
Right-sided CRC tumor ( 8.199;'%.5)4 (20.52;33.55)4 (181.;3 ;ggﬂ)
Resection line, right-sided CRC (7.32}%?54)2 (27,23;62192.84)1 @ 6.15;7.138%5)"2

Note: Statistically significant differences compared with: ' — GO/G1 phase; 2 - S phase; - differences between the corresponding samples of
right-sided CRC; * - differences compared with the corresponding resection line (p < 0.05)

30



l0xHo-Poccuitckuii onkonornyeckuii xypHan 2025. T. 6, N 3. C. 26-34

Kut 0. U., ®paHumsaHy E. M., bBaHfoBkuHa B. A=, HeckybuHa W. B., Unbuenko C. A., MeTtposa 10. A., CHexko A. B., ABepkuH M. A., Ta6puungae M. H. OcobeHHoCTM

etic profiles, as well as differences in microbiome
composition and the immune environment of the
mucosa [16].

It is known that the duration of the mitotic phase
constitutes only a small fraction of the entire cell
cycle, while the total time of the S, G2, and M phases
is relatively constant. Therefore, the duration of the
cell cycle depends mainly on the GO/G1 phase. The
resting phase GO is thought to predominate in most
highly differentiated cells performing their specific
functions [17]. In our study, colorectal cancer (CRC)
patients’ resection line samples did not demonstrate
a predominance of cells in the resting phase, which
may indicate impaired functional activity of colon
cells in CRC patients.

We hypothesize that the predominance of a par-
ticular cell cycle phase in tumor samples of right-
sided CRC, left-sided CRC, and rectal cancer may
be associated with the aforementioned differences
and may determine the biological aggressiveness
of the neoplasm.

In men, the highest percentage of cells in the
G0/G1 phase was observed in rectal cancer and
right-sided CRC, and the lowest in left-sided tu-
mors. In women, conversely, the highest percentage
of cells in the GO/G1 phase was found in left-sided
CRC and rectal cancer, and the lowest in right-sided
tumors. It is known that the cell cycle is tightly regu-
lated by a number of regulatory proteins and check-
points [18]. The G1 checkpoint is a critical stage in
the cell cycle, regulated by a complex network of
proteins and signaling pathways, including CDKs
and tumor suppressor proteins, ensuring that the
cell possesses the necessary resources such as nu-
trients and growth factors to proceed through the
cycle and that no DNA damage is present that could
be passed on to daughter cells [19]. Blockade of
the p53-dependent G1 checkpoint can persist for
long periods until it is stimulated by external signals
(growth factors) to re-enter the cell cycle [20]. One of
the clear effects of prolonged GO/G1 arrest is cell en-
largement, as total cellular protein and RNA content
continues to increase. Oncogenic signals, in turn,
cause excessive cell growth, which soon becomes
toxic [21].

If oncogenes make tumor cells more vulnerable
to G1 arrest, effective blockade of all G1 cells for
certain periods of time may lead to cancer-specific
overgrowth, DNA damage, and senescence [21].

KNEeTo4yHoro uuknay 60nbHbIX KOJIopeKTanbHbIM pakoMm

Therefore, a high proportion of cells in the resting
phase (G0/G1) in tumor samples may be a cause of
low sensitivity to anticancer therapy.

Several researchers have demonstrated gender
differences in markers of proliferation and neoan-
giogenesis in both tumor samples and resection line
tissues in CRC patients, particularly in rectal cancer.
Furthermore, identification of different molecular-
biological subtypes of CRC may also influence the
predominance of specific cell cycle phases in both
tumor and resection line tissues [22].

In our study, the percentage of GO/G1-phase
cells in resection line samples from men was ap-
proximately the same, regardless of tumor loca-
tion, whereas in women, right-sided CRC resection
lines stood out, with an extremely low proportion of
resting-phase cells. In women with right-sided CRC,
resection line samples were dominated by cells in
the synthetic (S) phase, which may be one of the rea-
sons for the unfavorable course of right-sided CRC. It
is known that progression through the G1 checkpoint
is determined by the balance of G1 activators and in-
hibitors, and this balance shifts toward activators as
cells grow. This ability to “break through” G1 arrest is
thought to underlie the cell-size checkpoint, ensuring
that cells reach an optimal size before entering the S
phase [21, 23-26]. Overall, in CRC patients, cells in
the S phase were either predominant or comparable
in percentage to those in GO/G1, with the only excep-
tions being male rectal tumor samples and female
left-sided CRC tumor samples.

Progression through the S phase is believed to
be modulated mainly by cellular levels of certain
proteins. Excessive expression of cyclin A promotes
cancer progression, while suppression of cyclin
A blocks cell cycle progression and induces arrest
in the S phase [27]. From a therapeutic perspective,
cells in the S phase are generally more radioresistant
than those in other phases [20]. However, pharma-
ceutical companies are developing drugs, such as
DNA topoisomerase | inhibitors, targeting the DNA
synthesis elongation stage to arrest tumor cells in
the S phase and subsequently induce apoptosis [28].
Thus, determining the predominant cell cycle phase
in a tumor may help guide an appropriate personal-
ized anticancer therapy strategy.

In male patients with left-sided CRC, the propor-
tion of cells in the G2/M phase was significantly
higher than in rectal cancer and right-sided CRC.

31



South Russian Journal of Cancer 2025. Vol. 6, No. 3. P. 26-34

Kit O. I, Frantsiyants E. M., Bandovkina V. A.¥, Neskubina I. V., lichenko S. A., Petrova Yu. A., Snezhko A. V., Averkin M. A., Gabrichidze P. N. Features of the cell cycle in

patients with colorectal cancer

In contrast, in women, the proportion of G2/M-phase
cells in right-sided CRC was significantly higher than
in left-sided CRC and rectal cancer. In the resection
line, the situation was somewhat different: the per-
centage of cells in the G2/M phase was significantly
higher in rectal cancer in men and in right-sided CRC
in women compared to other locations.

A high proportion of cells in the G2/M phase may
indicate high proliferative activity of tumors at this
location in men. There is evidence that mutations in
tumor suppressor genes, such as p53, may prevent
cells from halting the cell cycle upon detecting DNA
damage or other abnormalities, allowing damaged
cells to continue dividing and accumulate further mu-
tations [29]. In addition, various enzymes, including
the protein kinases Chk1 and Chk2, are activated in
the G2 phase [30].

It should be noted that all studies were conducted
in patients of both sexes without metastases, and
the obtained results demonstrate sex- and location-

specific differences, highlighting the substantial het-
erogeneity of colorectal cancer. Further studies of the
cell cycle in metastatic CRC patients are warranted.

CONCLUSION

Therefore, in CRC patients, cell cycle character-
istics were found to vary depending on sex and
tumor location. In male patients, tumor samples
from left-sided CRC showed the highest percentage
of cells in the S-G2 phases, whereas in right-sided
CRC and rectal cancer the majority of cells were
in the G1 phase. In female patients, left-sided CRC
tumors had the highest proportion of cells in the
G1 phase, while in right-sided CRC and rectal can-
cer the predominant proportion of cells was in the
S phase. These findings may serve as a basis for
personalized recommendations regarding the use of
anticancer drugs targeting cells in specific phases
of the cell cycle.
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ABSTRACT

Purpose of the study. To perform a preliminary assessment of local control after two-stage staged radiosurgery in patients
with metastatic brain lesions.

Patients and methods. For staged radiosurgery, large lesions measuring = 3 cm in the largest dimension were selected. The
regimen consisted of delivering 12 Gy in a single fraction at the first stage and 14 Gy in a single fraction at the second stage,
with a 14-day interval between the stages. If additional smaller lesions were present, they were irradiated simultaneously using
the standard SRS technique in a single fraction with a dose per fraction (DPF) of 18—24 Gy. The prospective analysis included
32 patients of both sexes aged 34 to 76 years (mean age 57 + 3.3 years) with brain metastatic lesions = 3 cm in the largest
dimension, or located in close proximity to critical brain structures, who underwent a two-stage course of staged radiosurgery
at the National Medical Research Centre for Oncology.

Results. The evaluation of target lesion volumes was based on brain MRI performed before treatment, prior to the second
stage, and one month after completion of treatment. At the one-month follow-up after the treatment course, local control
was achieved in the vast majority of clinical cases. Sixteen lesions demonstrated a volume reduction of more than 70 % from
baseline, eleven showed a reduction of more than 50 %, eight lesions exhibited a decrease of less than 50 %, and one lesion
demonstrated a negative response.

Conclusion. Two-stage staged radiosurgery for brain metastases demonstrated satisfactory local control in patients with various
primary tumor sites. The positive dynamics observed at this stage suggest the potential for favorable long-term outcomes.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUT'MHAJIbHASl CTATbA

MpeaBapuTenbHbIe pesynbTathi paauoTepaniuv MeTacTa3oB ro10BHOTO M03ra MeTOAMKON
J\BYX3TaMHOI CTAXMPOBAHHOM PaZnOXMpypruu

M. H. Nlechoii®™, . I. Caky, B. U. Bowepgcknii, J1. fl. Po3senko, C. I. Bnacoe, 3. M. KazbmeHKoBa, A. A. ba6acuHoe

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTp oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gepepauus
B4 mx.lesnoy@gmail.com

PE3IOME

Lienb uccneposanus. lNpesaputenbHas oLeHKa JTI0KaIbHOrO KOHTPOJIS NOC/e ABYX3TAMHON CTaXXMPOBaHHOW PaanoXvpyprim
naumeHToB C MeTacTaTUYECKUMM NMOPaXXeHUSAMM FOIOBHOIO MO3ra.

MaymeHTbl M MeToAbI. [1711 061y4EeHUSI METOAMKOW CTaXXMPOBaHHOW paanoOXMpYpriv BblGUpanuch KpynHble oyaru pasamMepom
> 3 cM B HaubonblieM nsmepeHun. Metoguka npeacraBnsina u3 cebst nogseaeHue aosbl 12 p 3a 1 hpakuyuo Ha Nepsom
atane u 14 'p 3a 1 dppakuuto Ha BTOpom aTane. lNepepbiB Mexay aTanamu coctaBnsn 14 gHew. [Npun HanuumMm gpyrvx o4aros
MEeHbLLEro pasmepa, ux 065y4eHne Npon3BoOANIIOCH OAHOBPEMEHHO Mo cTaHAApTHoM MeToauke SRS 3a 1 ¢dpakuuto ¢ PO
18-24 I'p. B npoCneKTUBHbIA aHanu3 6b1an BKIOYEHbI 32 nayMeHTa 060Mx NosioB B Bo3pacTe oT 34 Ao 76 neT, cpefHuit
Bo3pacT 57 + 3,3 roga, ¢ MeTacTaTMY4eCKMMM oYaramu B roloBHOM MO3re pasMepoM = 3 CM B HambosblueM U3MeEPeHUH,
IM60 NX 6/IM3KOM PaCMONOXKEHUN K KPUTUYECKUM CTPYKTYPaM FOSIOBHOMO MO3ra, NMoslyuymBLUNE KYPC SIEYEHNS [BYX3TaMHON
CTa)XXVpOBaHHOW paguoxupypruei Ha 6ase GIBY «HaluMoHanbHbI MeAULIMHCKUIA UCCNeaoBaTENbCKUIA LIEHTP OHKONOMUm»
MuHucTepcTBa 3apaBooxpaHeHns Poccuiickon epepauum.

PesynbraTbl. OLeHKa 06beMa LieNeBbIX 04aroB NPOM3BOAMIACH Ha OCHOBaHUM MarHUTHO-Pe30HaHCHoM ToMorpaduu (MPT)
nccnefoBaHNs roloBHOMO MO3ra, MPOBOAMMONO MaLMEHTY [0 Havasna JieueHns, nepes BTOPbIM 3TarnoM 1 Yepes MecsL, nocne
npoBefeHHOro neyeHust. Mpu oueHke Yepes MecsL, nocsie NPOMAEHHOrO Kypca fieyeHns B NoAaBnsowem 60MblUMHCTBE
KJIMHUYECKMUX CUTYaLIMI 6blfl LOCTUTHYT JIOKanbHbI KOHTPOsb. B 16 oyarax 6b1710 4OCTUIHYTO YMeHbLUEHME 06beMa 6ornee
yeM Ha 70 % oT usHavanoHoro, B 11 — 6onee yem Ha 50 %, 8 noka3anu ymeHblueHe MeHee YeM Ha 50 % 1 B OAHOM ouare
Mbl 3aMKCUpPOBanNu oTpuLUaTeNbHbIN OTBET.

3akntoyeHue. [1ByxaTanHas CTaXupoBaHHasi paguoXMpyprus MeTacTasoB rosloBHOMO MO3ra rnokasarna yAoB/leTBOpUTeb-
Hble pe3yfibTaTbl IOKaJIbHOr0 KOHTPOA NauMeHTOB C Pa3/IMyYHbIMU NEPBUYHBIMU STOKaNN3aUMaMn 3/10Ka4eCTBEHHbIX
3aboneBaHuit. MonoxutenbHasi AUHaAMUKa, KOTOPYHO Mbl 3aPUKCUPOBanNU Ha faHHbIA MOMEHT, MO3BOJIIET paccynUTbiBaTb
Ha 6naronpuaTHble pe3ynbTaTbl B AanbHelLIeh NepcrekTuBe.

KntouyeBble cnioBa: MeTacTaTUYeCKoe NopaXKeHWe royloBHOO MO3ra, yyeBas Tepanusi, CTepeoTakcuyeckas pafmoxvpyp-
rusl, CTaXXMpOBaHHas paAnoxXMpyprus
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BACKGROUND

Brain metastases are the most common intra-
cranial neoplasms in adults. Secondary brain le-
sions most frequently occur in lung cancer (40 %
of cases), breast cancer (20—-30 %), and melano-
ma (5-15 %). Other malignant tumors metastasize
to the brain less often. The problem is becoming
increasingly relevant, as lung and breast cancers
occupy leading positions in the structure of onco-
logical morbidity [1].

Without specialized treatment, the median sur-
vival of patients with established brain metasta-
ses (BM) is 2—3 months, while adequate therapy
can increase it to 8—12 months [2—-3]. Therefore,
the search for new approaches to the treatment
of BM remains an important task in modern on-
cology and neurosurgery.

Due to the characteristics of the blood-brain
barrier, systemic drug therapy is of limited effec-
tiveness; thus, local treatment modalities play
a leading role in the management of brain metas-
tases. Surgical intervention is often impractical
in cases with certain metastatic sites, multiple
lesions, or tumors located in functionally critical
areas of the brain [4].

With advances in technology, it has become
possible to deliver high doses of ionizing radiation
to the pathological focus while minimizing expo-
sure to surrounding tissues. The technique of de-
livering the maximum permissible total focal dose
(TFD) to the target in a single fraction is known
as stereotactic radiosurgery (SRS). The term was
first introduced by Lars Leksell in the mid-20th
century, and for a long time, the method was lim-
ited to intracranial pathologies and considered an
alternative to surgery for vascular malformations
and brain tumors [5].

SRS demonstrates high efficacy however, de-
livering large doses in a single fraction can be
associated with certain risks. Special challenges
arise when irradiating large brain lesions (> 3 cm
in maximum dimension), lesions with extensive
peritumoral edema, or those located near critical
structures. Therefore, modern clinical guidelines
recommend the use of various hypofractionated
stereotactic radiotherapy regimens. This approach
involves delivering a comparable total focal dose
over 3-5 fractions, which allows for a gentler

impact on surrounding structures. However, it is
known that increasing the number of fractions
may reduce treatment efficacy, making this issue
highly relevant in current radiation oncology [6].

To address this problem, stereotactic radiosur-
gery techniques are being refined. In particular, it
has been proposed to deliver high single doses
of radiation at specific intervals. Typically, the
breaks between treatment stages range from 2 to
4 weeks, depending on the number of stages and
the dose delivered at each. Literature reports de-
scribe the use of two- or three-stage approaches,
with variations in the single focal dose (SFD) from
10 to 15 Gy and intervals between sessions from
14 to 30 days [7].

Given the novelty of this technique and the vari-
able nature of brain metastases, the optimal algo-
rithm for staged radiosurgery remains undefined;
therefore, research in this field remains relevant
and in demand in clinical practice.

Purpose of the study: to conduct a preliminary
assessment of the primary treatment effect after
two-stage staged radiosurgery in patients with
metastatic brain lesions.

PATIENTS AND METHODS

An analysis was performed on the treatment
outcomes of 56 patients with brain metastases
selected for the study. Eligible lesions were ei-
ther = 3 cm in maximum diameter or smaller but
located in close proximity to critical brain struc-
tures (optic chiasm, optic pathways, brainstem,
etc.). Patients were divided into two groups.
The main group was prospectively recruited
and consisted of 32 patients who underwent
two-stage staged radiosurgery of the target
metastatic lesions. The control group includ-
ed 24 patients whose treatment efficacy was
retrospectively evaluated; in accordance with
clinical guidelines, they had received radiothera-
py using the standard stereotactic radiotherapy
technique in a hypofractionated regimen with
a total focal dose of 24 Gy in 3 fractions (8 Gy
per fraction for 3 consecutive days) [10]. Treat-
ment and follow-up were carried out from July
2023 to December 2024 at the Radiotherapy
Department No. 2, National Medical Research
Centre for Oncology.
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The mean age of patients at treatment initia-
tion was 57 * 3.3 years (range 34-76 years, 95 %
Cl = 6.7). According to the localization of the pri-
mary tumor, the groups were divided into three
subgroups. In the main group: brain metastases
from breast cancer — 18 patients (56.25 %), from
lung cancer - 8 patients (26.8 %), from melano-
ma — 6 patients (18.75 %). In the control group:
brain metastases from breast cancer — 13 patients
(54.17 %), from lung cancer — 7 patients (29.17 %),
from melanoma - 4 patients (16.67 %). In the main
group, 13 patients had solitary brain lesions, 6 pa-
tients had oligometastatic disease, and 10 patients
had multiple brain metastases. Similarly, in the con-
trol group: 10 patients had solitary lesions, 8 pa-
tients had oligometastatic disease, and 9 patients
had multiple brain metastases.

At the time of hospitalization, all patients
showed no extracranial progression of the prima-
ry disease, had a Karnofsky Performance Status
score above 70 %, and had no acute or decompen-
sated chronic or infectious diseases, as confirmed
diagnostically.

All patients included in the study underwent
brain MRI prior to each treatment stage and one
month after treatment completion. Before each
radiotherapy stage, preliminary topometric prepa-
ration was carried out, including fabrication of an
individual three-layer thermoplastic immobilization
mask for stereotactic radiotherapy, placement of
radiopaque markers, and determination of the is-
ocenter using an LAP Laser navigation system.
Topometric computed tomography (CT) was per-
formed using a Siemens Somatom scanner, with an
effective dose per examination of 3.7 mSv. Prelim-
inary topometric data were processed on a Singo
Via virtual simulation workstation.

Treatment plans were created and calculated
using the Elements and Aria systems (Varian, USA).
Three-dimensional reconstructions of the target
lesions were generated, and their volumes were
measured on each follow-up MRI. Patient-specific
quality assurance of the treatment plan was per-
formed using the SRS MapCheck array, SunNuclear
(USA). The detector positioning and resolution of
this array are designed specifically for verification
of SRS/SBRT plans, ensuring high-dose measure-
ment accuracy under conditions involving small
fields and non-coplanar arcs.
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Irradiation was delivered using a Novalis Tx lin-
ear accelerator (Varian, USA). Dose delivery was
performed with conformal arcs. Patient positioning
was verified using the ExacTrac stereotactic posi-
tioning system (BrainLab, Germany).

Staged Radiosurgery Technique

For staged radiosurgery, large lesions measuring
> 3 cm in their greatest dimension were select-
ed for treatment. The gross tumor volume (GTV)
and clinical target volume (CTV) were defined as
the volume of the target lesion visualized on brain
MRI as pathological tissue with contrast enhance-
ment. During topometric preparation, a three-layer
thermoplastic immobilization mask was used. The
planning target volume (PTV) was created by add-
ing a 1 mm margin to the GTV.

The treatment protocol consisted of delivering
12 Gy in a single fraction during the first stage
and 14 Gy in a single fraction during the second
stage, with a 14-day interval between stages.
In the presence of other, smaller lesions, these
were irradiated simultaneously according to the
standard SRS protocol in a single fraction with
a dose of 18-24 Gy [10].

The volume of target lesions was assessed
based on brain MRI performed before treatment
initiation, before the second stage, and one month
after completion of treatment.

Statistical Analysis

Statistical analysis was performed using the
Statistica 12.0 software package on a personal
computer. Student’s t-test was used, with dif-
ferences considered statistically significant at
a probability of error-free prediction of at least
95 % (p < 0.05). As part of the follow-up, the cur-
rent volume of metastatic lesions and the patient’s
clinical status were evaluated.

STUDY RESULTS

Brain MRI follow-up was successfully per-
formed for all patients in the study group. Monitor-
ing data on changes in the local volume of lesions
at all stages of follow-up are presented in Table 1.

The mean lesion volume at baseline was
10.8 + 1.8 cm? in the main groupand 11.6 £ 2.0 cm?
in the control group. Lesion volumes were also as-
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sessed according to the primary tumor site. In the
main group, the mean volume of brain metastases
was 14.2 + 2.6 cm? for lung cancer, 11.1 £ 2.5 cm®
for breast cancer, and 10.2 + 2.6 cm? for melano-
ma. In the control group, the corresponding mean
volumes were 11.6 £ 2.0 cm?, 9.5 + 2.7 cm?, and
8.1 £ 2.4 cm?, respectively. Thus, prior to treatment,
the sizes of metastatic lesions in both groups were
comparable.

In the main group, evaluation was performed
14 days after the first stage of treatment using
follow-up brain MRI. The mean volumes of the
lesions included in the study were 9.1 + 2.0 cm?
for lung cancer metastases, 5.4 £+ 1.9 cm? for
breast cancer metastases, and 9.1 + 2.6 cm? for
melanoma metastases. Despite the fact that only
a partial radiation dose had been delivered by this
stage, a statistically significant reduction in met-
astatic lesion size was already observed com-
pared with baseline. The mean lesion volume at
the time of assessment before the second stage
was 6.7 £ 1.4 cm?® (p = 0.05), corresponding to
a 38 % reduction.

The third MRI assessment was performed one
month after completion of treatment for both

patient groups. The mean lesion volume in the
main group was 4.3 = 0.6 cm? (p = 0.05), com-
pared with 6.27 + 1.4 cm? in the control group.
Relative to baseline, this represented a 60.1 % and
35.4 % reduction, respectively. Notably, the best
response to radiotherapy was observed in meta-
static lesions from disseminated breast cancer.
In the main group, the mean baseline volume was
11.1 £ 2.5 cm?, and one month after completion
of the two-stage treatment it had decreased sig-
nificantly to 2.1 £ 0.6 cm? (p < 0.05), representing
a more than fivefold reduction (77.5 %). In the
control group, the mean baseline volume was
9.5 + 2.7 cm?, and one month after radiotherapy
it decreased to 5.2 + 0.7 cm? (a 45.3 % reduction),
which was not statistically significant.

An example of lesion volume reduction in a pa-
tient who underwent staged radiosurgery is pre-
sented in Figure 1.

In the subgroup of patients with metastatic
lung cancer, one month after treatment we re-
corded a statistically significant decrease in le-
sion volume to 4 £ 1.1 cm? (p < 0.05) in the main
group (a 77 % reduction from baseline) and to
7.3 £ 0.9 cm? in the control group (a 37.7 % reduc-

Table 1. Mean volume of metastatic lesions in patients at three stages of treatment, taking into account morphological type

Number of patients

Lesion volume before
treatment (cm?3)

Lesion
volume Lesion volume one month
before the 3
after treatment (cm?)
second

T stage (cm?)

Main group %Orghrsl Main group %orggsl Main group Main group %?SHSI
Lung cancer 8 7 142+26 11.6 £2.0 9.1+20 4+£1.1% 7.3+0.9
E;?]iztr 18 13 11.1 £2.5% 9.5+27 54+1.9* 2.1+0.6% 52+0.7
Melanoma 6 4 10.2+2.6 8.1+24 9.1+2.6 7.0+£1.1 6.3+1.2
Total 32 24 10.8 +1.8* 9.7+2.1 6.7 +1.4% 4.3 +0.6* 6.27+1.4

Note: * — Statistically significant reduction compared with baseline volume (p = 0.05). The "t n" value indicates the standard error of the mean (SEM)
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tion from baseline). Hypofractionated irradiation
in the control group did not result in a statistically
significant difference.

The smallest reduction in mean lesion volume
was observed in the subgroup of patients with
melanoma metastases: from 10.2 + 2.6 cm? at
baseline to 6.3 + 1.2 cm® on MRI one month after
treatment.

In addition to the evident clinical changes in
lesion volume, we were also able to assess the
reduction of peritumoral edema observed in some
patients. Pronounced peritumoral edema was not-
ed in 12 cases in the main group and 9 cases in
the control group. Edema volume was assessed
separately from the volume of the target lesion.
The mean peritumoral edema volume before
treatment was 7.53 + 1.2 cm? in the main group
and 5.6 £ 0.7 cm? in the control group. At the as-
sessment before the second treatment stage,
the mean peritumoral edema volume in the main
group was 5.3 = 0.6 cm?, representing a 30 % re-
duction from baseline. One month after treatment,
peritumoral edema was no longer detectable on
imaging in 3 patients from the main group. In
the remaining 9 patients, the mean edema vol-
ume was 3.47 = 0.5 cm? (p = 0.05). In the control
group, peritumoral edema was not detectable in
1 patient at the one-month follow-up. In the re-
maining 8 patients, the mean edema volume was

3.55+ 0.7 cm?, corresponding to a 33 % reduction.
Given the relatively small patient sample, we can-
not draw definitive conclusions regarding the sta-
tistically significant impact of staged radiosurgery
on peritumoral edema reduction. However, the fact
that measurable edema reduction was observed
as early as 14 days after the first treatment stage
comparable to the results in the control group
at one month suggests that this approach may
represent a promising direction for further, larger-
scale research.

DISCUSSION

It is well known that in the treatment of brain
metastases (BM), a particular challenge is posed
by large metastatic brain lesions (> 3 cm in their
greatest dimension) or even smaller lesions locat-
ed in close proximity to functionally critical areas
of the brain (eyes, lenses, optic nerves, chiasm,
optic tracts, brainstem, hippocampus) [11]. It has
been established that the maximum radical dose
for lesions up to 2 cm in diameter, located away
from critical structures, is approximately 24 Gy.
As the lesion volume increases, the volume of
uninvolved brain tissue affected by the irradiation
grows proportionally. Accordingly, the maximum
permissible dose decreases. For lesions larger
than 3 cm, the highest safe dose is around 15 Gy.

Fig. 1. Volumetric contours of a metastatic lesion in a patient with disseminated breast cancer: A) before the initiation of

radiotherapy; B) one month after completion of radiotherapy
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A radical reduction in the total lesion dose inevi-
tably leads to reduced treatment efficacy and an
increased risk of intracranial progression [12].

For such large lesions, hypofractionated ra-
diotherapy can be employed. Clinical guidelines
describe a regimen of 8 Gy per fraction over
three fractions, thereby delivering a total dose of
24 Gy [10]. Although the final total dose remains
the same as in classical radiosurgery, some evi-
dence suggests that fractionation reduces tumor-
icidal efficacy. Nevertheless, this regimen remains
sufficiently intensive, delivering a high total dose
over a relatively short period, and therefore retains
the risk of complications associated with peritu-
moral edema and involvement of nearby critical
structures [13].

In search of a solution to this problem, ongo-
ing work has been devoted to the development of
staged stereotactic radiosurgery (stSRS), in which
an equivalent radical dose for large brain metas-
tases is delivered in multiple stages with intervals
of 2—4 weeks.

Higuchi Y, et al. (2009) conducted a prospective
study including 43 patients with large BM volumes
(> 10 cm?, range 10-35.5 cm?). The treatment
scheme consisted of 10 Gy per fraction in a radio-
surgical mode, followed by a 14-day break, repeat-
ed twice for a total of three sessions. Thus, the
total dose after three stages was 30 Gy. The mean
tumor volume reduction was 18.8 % and 39.8 %
at the time of the second and third sessions, re-
spectively. Intracranial progression-free survival
at 12 months was 80.7 %. Local control was not
achieved in three cases due to recurrence, in five
cases due to symptomatic peritumoral edema,
and in one case due to hemorrhage. New lesions
were detected in 24.8 % of patients at 6 months
and in 34.2 % at 12 months [8].

Medvedeva KE, et al. (2022) analyzed the treat-
ment of 31 BM patients who underwent two-stage
stSRS using the Gamma Knife platform. The me-
dian total dose after two stages was 30 Gy (range
22-49 Gy), with an interval of up to 33 days be-
tween sessions. The median tumor volume be-
fore therapy was 10.4 cm3. MRI follow-up was
performed at four time points: before the second
stage, and at 3, 6, and 12 months after treatment.
Follow-up data were available for 21, 14, 11, and
4 patients at each respective time point, the reduc-

tion being due to extracranial disease progression.
Mean lesion volume reductions at each stage
were 41.4 %, 43 %, 56.4 %, and 56.7 %. Intracranial
progression was observed in two patients at the
first, second, and third follow-ups. Radionecrosis
was detected in two cases, at 4 and 15 months
after treatment [9].

In the present study, a two-stage regimen was
used: 12 Gy in a single fraction at the first stage
and 14 Gy in a single fraction at the second stage,
with a 14-day interval between them [8].

The choice of the dosing regimen at the stages
of radiosurgery was based on the calculation of
the biologically effective dose (BED) using the
formula BED =D x (1 + d/(a/b)) [14]. The reference
point was the standard radiosurgery regimen for
metastatic lesions from breast cancer measuring
less than 3 cm at the largest dimension. Delivering
24 Gy to the lesion with a radiosensitivity coeffi-
cient a/b = 4.6 (for breast cancer histology) result-
ed in a biologically effective dose of 149.22 isoGy.

When recalculating the biologically effective
dose for hypofractionated irradiation with a single
dose of 8 Gy for three fractions and a total focal
dose (TFD) of 24 Gy, we obtain 65.74 isoGy, which
clearly demonstrates how the effectiveness of
radiotherapy decreases when the dose is reduced
and a hypofractionated approach is used.

Therefore, aiming to increase the iso-effective-
ness of the delivered dose, a two-stage irradia-
tion regimen with doses of 12 Gy and 14 Gy was
chosen, resulting in a cumulative iso-effective-
ness of 99.9 isoGy with an arithmetic cumulative
TFD of 26 Gy. A lower dose is delivered at the
first stage because initially we are dealing with
a large lesion, which may also be surrounded by
peritumoral edema and therefore requires a more
sparing irradiation regimen to avoid neurocogni-
tive impairment. By the second stage, due to the
dose already delivered and the use of anti-edema
therapy, the volume of the lesion and the peritu-
moral edema area usually decreases, making it
possible to deliver a higher dose while maintaining
patient safety.

Attention in this study may also be drawn to
the varying responses of lesions to treatment de-
pending on the location of the identified primary
tumor and histological type. In our cohort, the best
results were observed in metastatic lesions from
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generalized breast cancer, where the mean volume
reduction exceeded 70 % and was clinically signif-
icant. In contrast, metastatic melanoma lesions
demonstrated greater radioresistance, which is
characteristic of the histological structure of the
tumor. We cannot draw definitive conclusions on
this matter because a larger sample size would be
needed for statistically reliable research. However,
the preliminary results of this study suggest that
in an attempt to improve the clinical effect of the
proposed treatment, radiomodification could be
considered.

Of note in our data is the variability in treatment
response depending on the primary tumor site and
histology. The best results were seen in breast can-
cer BM, with mean volume reductions exceeding
70 %, a clinically significant effect. By contrast, mel-
anoma BM demonstrated greater radioresistance,
consistent with known histological characteristics.
Definitive conclusions are limited by the sample
size, but these preliminary findings suggest that
radiomodification might improve outcomes.

We also note the potential impact of stSRS on
reducing peritumoral edema, which is clinically
important in intracranial symptomatology and
limits radiotherapy planning [13]. Our findings
suggest that a lower first-stage dose may reduce
pronounced peritumoral edema, creating more fa-
vorable conditions for delivering a radical dose at
the second stage, thereby increasing both efficacy
and safety in BM treatment.

There are also grounds to hypothesize that
staging may positively affect radioresistant tumor
characteristics. In melanoma BM, increased resis-
tance to DNA double-strand breaks from radiation
is well-documented [15]. With hypofractionated
regimens, the marginal dose is delivered to an es-
sentially unchanged tumor because the period for
radiation effect manifestation is short, potentially
explaining the lower volume reductions observed
in melanoma BM in our study. In contrast, stSRS
yielded better outcomes, possibly because the
interstage interval allowed partial tumor patho-
morphosis, reducing radioresistance.

CONCLUSION

Two-stage staged stereotactic radiosurgery
for brain metastases has demonstrated satis-
factory local control in patients with various pri-
mary tumor sites. Follow-up is ongoing, but the
positive dynamics observed thus far support the
expectation of favorable long-term results. In-
vestigating correlations between histology and
treatment response, comparing this technique to
other staged radiosurgery protocols, and exploring
possible clinical effects associated with stSRS
remain promising areas for further research. At
this stage, the achieved degree of local control
with the proposed dosing and interstage interval
offers a viable treatment option for large brain
metastases.
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A method for determining resection margins in basal cell carcinoma
of the skin
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ABSTRACT

Purpose of the study. To investigate the feasibility of applying a method of visual diagnosis of basal cell carcinoma (BCC)
under ultraviolet (UV) light using Photoditazine for determining tumor margins in clinical practice.

Patients and Methods. The study was conducted at the Department of Reconstructive and Plastic Surgery and Oncology,
National Medical Research Center for Oncology. Sixty patients (men and women) with cytologically verified stage I-1l BCC
were included. Among them, 30 patients (15 men and 15 women) presented with a superficial growth pattern, and 30 patients
(15 men and 15 women) with a solid growth pattern. In all cases, Photoditazine gel-penetrant was applied topically to the tumor
surface and the surrounding area (1.5-2 cm) for 30 minutes. The gel was then removed with a gauze swab moistened with
distilled water. Under UV light in a dark room, a characteristic fuchsia fluorescence of the tumor and a pale or dark-red halo
around the lesion were observed. This enabled assessment of the tumor spread into adjacent tissues that initially appeared
visually unaffected.

Results. The study yielded the following findings: in 33 patients, the peritumoral area showed no fluorescence, whereas in
27 patients, zones of enhanced fluorescence ("hot spots") were detected around the tumor. These areas exhibited a round
or irregular shape and were characterized by an intense dark-red fluorescence surrounding the tumor focus. Extensive "hot
spots" indicated active adsorption of the photosensitizer in the area, which may result from altered hormonal and metabolic
properties of the peritumoral skin. In cases where extensive peritumoral fluorescence was identified, the area should be
included within the resection field as a potentially high-risk zone for subsequent recurrence.

Conclusion. The proposed method is simple to use, does not require expensive equipment or systemic administration of
the photosensitizer, and therefore avoids patient inconvenience and precautionary restrictions. Detection of peritumoral
fluorescence enables accurate determination of true tumor margins and facilitates subsequent surgical excision with an
optimal margin from the visible edge of the lesion. These advantages support the recommendation of this method for broad
implementation in routine practice of specialized medical institutions.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANbHAA CTATbA

MeToa onpeaeneHus rpaHuLL, pesekumum b6a3anbHOKNETOYHOTO paKa KoXu

H. W. Napuna™, 10. C. WLaToea, E. M. ®panuusHuy, B. A. bangoskuHa, B. B. Mo3aHsakoBa, B. M. JlerocTaes,
0. B. Xoxnosa, H. A. 3axapoBa

OIBY «HaumoHanbHbI MeSULIMHCKWIA CCnesoBaTeNbCKUi LLEHTP OHKonoruu» MuHucTepcTBa 3apaBooxpaHenus Poccuiickoin Gegepauumy,
r. PoctoB-Ha-[loHy, Poccuiickas ®epepauus
X xnatali717@mail.ru

PE3IOME

Llenb nccnepoBaHus. /13yyeHne BO3MOXHOCTU MPUMEHEHMS B KIMHUYECKOW NPaKTUKe MeTofa BU3yanbHOW ANarHOCTUKMN
6a3aIbHOK/IETOYHOrO Paka KOXu B yNbTPaduoeTOBOM CBETE C UCNOMb30BaHWeM GoToauTasnHa ANA onpefeneHus rpaHuy,
pacrnpocTpaHeHus Onyxonun.

MauueHTbl M MeToAbI. [laHHOe UccreaoBaHve NPOBOAUIIOCH Ha 6a3e OTAeNeHUs PEKOHCTPYKTUBHO-NIACTUHECKON XUPYPriu
n oHkonorum OrbY «HauunoHanbHbI MeAULIMHCKUIA UCCIe[0BaTENbCKUI LIEHTP OHKoIornm» MUHUCTEPCTBa 34paBooXpa-
HeHusa Poccuiickor Pepepaumn. B uccnenoBaHme 6b1av BKOYEHbI 60 MY>XXUWH M XXEHLLMH C LIUTONOMMYeCKH BepudurLmnpo-
BaHHbIM 6a3a/IbHOKETOYHBIM pakoM Koxu I=Il ctaguu, n3 Hux: 30 yenosek (15 MyXXUMH 1 15 XEHLUMH) C MOBEPXHOCTHBIM
TURNOM pocTa onyxonu, 30 YenoBek (15 MyXXUMH M 15 XEHLUUH) C CONUAHBIM TUMOM POCTa onyxonu. Bcem nauneHTam Ha
MOBEPXHOCTb ONYXONN M 30HY BOKPYr Hee (1,5-2 cM) HaHocuscs renb-neHeTpaTop GoToanTasuH B BUAE annavkauum Ha
30 MuH., 3aTeM yaansanca MapneBou candeTkon, CMOYEHHOW AUCTUNNMPOBAHHON BOAOW. [laniee B TEMHOM MOMELLEHUU NpU
NMOMOLLM yNbTPadUoNeTOBOro UCTOYHMKA CBETA OTMEYAsIOCh XapakTepHOe CBEYEHME OMyX0u LBeTa hyKcum 1 6efHbli
WNK TEMHO-KPaCHbI Opeon BOKPYr onyxonu. Takum o6pa3om onpeaensiocb pacnpocTpaHeHue onyxoneBoro npowecca Ha
OKpY>KaloLL e, n3HavyasbHO BU3yasibHO He MBMEHEHHbIE TKaHMU.

Pesynbratbl. B xofe nccnegoBaHus 6biiv NonyyeHbl crepytolime pesynbratbl: y 33 nauMeHToOB 30Ha BOKPYr ONyXonu He
[EeMOHCTPMpPOBana HUKaKoro CBeYeHNs, Toraa Kak y 27 — Habtoaanuch y4acTKu NOBbILEHHOW (iyopecLeHLnm BOKpYr
OMyXONW — TaK Ha3blBaeMble «3aCBETbI». 3TN 061aCTV UMENUN OKPYTIIYIO UM HENpaBWUsibHYIO GOpPMY 1 XapaKTepu3oBanuch
MHTEHCMBHbIM TEMHO-KPACHbIM CBEYEHUEM, OKPYXKaIOLLEM OMyX0JEBbI oyar. O6LIMPHbIe «3aCBeTbl» CBUAETENIbCTBYIOT 06
aKTWBHOW agcop6ummn poToceHcnbunmnsaTopa B AaHHOM 0651aCTH, KOTopas BO3HUKAET BCEACTBUE U3MEHEHUSA FOPMOHabHO-
MeTab0o/IMYeCKMX CBOUCTB KOXM BOKPYr onyxosiun. MNpu BbIABNEHUN OGLUMPHOTO NEPUTYMOPANIbHOIO «3acBeTa» AaHHYo
obnacTb crnefyeT BK/OUYaTb B pe3eLupyemoe nosie Kak NoTeHLManbHO OnacHyo 30Hy B OTHOLLEHWUMW NOC/IEAYIOLLEro peLm-
AVBUPOBaHUSA.

3aknioyeHue. MNpegnaraemblii MeTOZ NPOCT B UCMOb30BaHUW, He TpebyeT AOPOrocTosLLero 060pyAoBaHNA U CUCTEMHOIO
nyT BBefAeHUs HOTOCEHCMBMIM3aTopa, YTO NO3BOMSET U36exaTb PsiAa HeyAO6CTB U COGMIOAEHNUS Mep NPefOCTOPOX-
HOCTW MaumeHTamu. MeputymopanbHaa GpayopecLeHLua No3BoseT onpeAennTb UCTUHHbIE rPaHnLLbl pacnpocTpaHeHus
OMyX0/1eBOr0 MpoLecca 1 BbIMOMHUTb JajibHelLlee XMPYPruyecKoe nccevyeHme ¢ onTuMasbHbIM OTCTYNOM OT BUAMMOIO
Kpasi OnyxosieBoro nopaxeHus. Bce BbilenepeyncieHHble JOCTOMHCTBA NO3BOJISAIOT PEKOMEHA0BATb AaHHbIN MeToA ANA
LUIMPOKOro BHEAPEHUS B PYTUHHYIO MPaKTUKY CrieLyann3npoBaHHbIX NeYebHbIX YUpeXLeHWA.

KntoueBble cnoBa: 6a3anbHOKNETOYHbIN PaK KOXWU, d)OTO,qMTaSMH, peunaune, TIMHUA pe3eKkunu, yJ'IpraCbMOJ'IeTOBbIIZ cBeT

[Ons uutuposanus: JlapuHa H. U, Watosa (0. C., ®paHuusHy E. M., bBaHgoBkuHa B. A., Mo3gxskoBa B. B., lleroctaes B. M., XoxnoBsa 0. B., 3axapoBa H. A.
MeTog onpefenexus rpaHuL pe3ekLmuy 6azanbHOKNETOYHOrO paka Koxu. l0xHo-Poccuiickuii oHkonoruyeckuii xypHan. 2025; 6(3): 45-52.
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Co6ntofeHue aTUYECKUX CTaHAAPTOB: B paboTe COBMOAANUCH ITUYECKME NPUHLMIBI, NPeAbsBseMble XeNnbCUHKCKOI feknapaLiueit BcemupHoii
MegauumMHcKoii accoynauun (World Medical Association Declaration of Helsinki, 1964, pea. 2013). WiccnefoBaHune 0go6peHo Ha 3acefiaHum COBETa N0 3TUKE
npu ®rbY «HauuoHanbHbIi MEAULIMHCKUIA UCCEA0BATENbCKMIA LIEHTP OHKONOrMM» MUHUCTEPCTBA 3f,paBoOXpaHeHns Poccuiickoii Gepepauuu (Bbinucka
13 npoTokona 3acefanus N2 29 ot 09.09.2022r.).

MHpOpMMPOBaHHOE Cornacue NoyYeHo OT BCEX YYaCTHUKOB UCCNEL0BAHUA

®uHaHcupoBaHue: (pMHaHCMpPOBaHWe AaHHOI PaboTbl He MPOBOAUNOCH

KOHONMKT MHTepecoB: Bce aBTOPbI 3asABAAIOT 06 OTCYTCTBUM ABHbIX N NOTEHLMaNbHbIX KOHd)J'IIAKTOB WHTEPECOB, CBA3AHHbIX C ny6nwkaume|71 HacTosLeNn cTaTbk

CraTbsi noctynuna B pefakumto 18.02.2025; ogo6peHa nocne peleHauposanus 03.08.2025; npuHsTa K ny6nukayuv 13.08.2025
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BACKGROUND

Due to its high prevalence and increasing in-
cidence, the timely and accurate diagnosis and
treatment of basal cell carcinoma (BCC) of the
skin remain a relevant focus of numerous studies
and innovative developments. The tumor microen-
vironment plays a pivotal role in BCC carcinogen-
esis. It is becoming increasingly evident that the
stromal microenvironment, in which neoplastic
cells develop, exerts a profound influence on many
stages of cancer progression [1]. Detection of tu-
mor cells in the perifocal zone is possible only
through histological examination of surgical spec-
imens following excision. It is well established
that the visually unchanged skin surrounding
a neoplasm undergoes structural and biochemi-
cal alterations, thereby creating a so-called "tumor
bed". In cases of incomplete excision, this area
may become a source of continued tumor growth
or recurrence.

One of the non-invasive treatment modalities
for BCC is photodynamic therapy (PDT). Prior to
the procedure, a photosensitizer (PS) is adminis-
tered intravenously, which becomes selectively
adsorbed in tumor cells (exposure time ~3 hours).
Currently, second-generation photosensitizers are
widely used; unlike those of the first generation,
they are activated by light in the long-wavelength
red region of the spectrum (A = 650-680 nm).
They penetrate deeper into tissues, accumulate
more selectively in tumor cells, and are eliminated
more rapidly from the body [2-4].

Several second-generation photosensitizers
derived from chlorin e6 (such as Photoditazine)
were developed between 1996 and 1998 by Prof.
G. V. Ponomarev at the Institute of Biomedical
Chemistry, Russian Academy of Sciences (RF Pat-
ent No. 2144538). Clinical trials of Photoditazine
commenced in 1998 at the State Research Center
of Laser Medicine. Among second-generation PSs,
chlorin derivatives such as Radachlorin (Rada-
pharma, Russia), Photoditazine (Veta-Grand LLC,
Russia), Photolon (Belmedpreparaty, Belarus), and
Foscan (Biolitec AG, Germany) are the most widely
applied in clinical practice [4].

Photoditazine accumulates rapidly in tumor
tissues, reaching maximum concentration within
1.5-2.5 hours [5]. It demonstrates high photody-
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namic activity and has several advantages com-
pared to other chlorin e6 derivatives:

— a high selectivity index for tumor accumula-
tion versus surrounding intact tissues (10, com-
pared with 6 for Radachlorin and 4 for Photo-
lon) [5-7];

- high quantum yield owing to its monomeric,
hydrophilic, and homogeneous properties, ensur-
ing strong phototoxicity [5];

— the ability to bind to tumor cell mem-
branes [8];

- a lower therapeutic dose (0.3-1.5 mg/kg
body weight) compared to Radachlorin (0.5—
2.4 mg/kg) and Photolon (2.5-3.0 mg/kg).

The clinical efficacy of PDT using Photo-
ditazine has been reported in several stud-
ies [9-12]. Two methods of administration
have been described: intravenous (RF Patent No.
2347567, RF Patent No. 2482893) and topical
(RF Patent No. 2286780). Photoditazine (N-di-
methylglucamine salt of chlorin e6) accumulates
most intensively in proliferating areas. Its struc-
tural formula is provided in [13]. In the electronic
absorption spectrum, Photoditazine exhibits five
characteristic absorption bands with maxima at
400+ 2 nm, 504 £2 nm, 534 + 2 nm, 608 + 2 nm,
and 662 + 2 nm (RF Patent No. 2448745, publ.
27.04.2012, A61B 5/06). The main absorption
peak occurs at 402 nm, where energy require-
ments for excitation are threefold lower than in
the 660-nm spectrum.

The intravenous route of administration pos-
es certain limitations for patients: for two days
post-infusion, they must observe precautionary
measures avoid direct sunlight, preferably remain
indoors until sunset, and wear UV-protective sun-
glasses.

The pharmaceutical company Veta-Grand
manufactures Photoditazine as a 0.5 % topical
gel-penetrant [4]. Registration certificate: No. FSR
2012/13043, dated 06/08/2017. Chemical name:
N-dimethylglucamine salt of chlorin e6. Descrip-
tion: greenish polymer gel for topical use. Dosage
form: 0.5 ml, 1.0 ml, or 2.0 ml of gel supplied in
a 2.0 ml disposable injection syringe with a plastic
cap in sterile packaging. Composition: 1 ml of gel
contains 5 mg of the active substance (Photodi-
tazine) and excipients (methylhydroxyethylcellu-
lose ethers).
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An alternative technique contact fluorescent
biomicroscopy using acridine orange (con-
centration 1:5000) is described in RF Patent
No. 23887376. This method requires specialized
contact lenses (LK 25 x 0.75) and costly equip-
ment (LUMAM-I1Z), configured for detection in
a broad spectral range (480-700 nm), which sig-
nificantly limits its use in routine clinical practice.
This technique identifies BCC tumor complexes by
detecting clusters of intensely fluorescent cells
against the background of green fluorescence of
the intercellular matrix and collagen fibers, thereby
enabling diagnosis of BCC.

Purpose of the study. To evaluate the feasibil-
ity of applying a method of visual diagnosis of
basal cell carcinoma under ultraviolet light using
Photoditazine for determining tumor margins in
clinical practice.

PATIENTS AND METHODS

The study included 60 patients of both sexes:
30 men and 30 women with stage I-Il basal cell
carcinoma (BCC) of the skin. The diagnosis of

BCC had been cytologically verified at the pre-hos-
pital stage. The cohort comprised 15 patients
with the nodular growth pattern and 15 with the
superficial growth pattern, none of whom had re-
ceived prior treatment. In all cases, Photoditazine
gel-penetrant was applied topically as an occlu-
sive dressing to the tumor surface and the visually
unchanged skin surrounding the lesion, extending
1.5-2 cm from the tumor margin. The dosage was
calculated as 1 ml of gel per 3—-5 cm? of treated
surface, with an exposure time of 30 minutes.
Following application, the gel was removed from
the tumor and adjacent skin with a gauze swab
moistened with distilled water. In a darkened
room, under directed ultraviolet (UV) light, char-
acteristic fuchsia fluorescence of the carcinoma
and a pale or dark-red halo surrounding the lesion
were observed and documented by photographic
registration.

The following results were obtained: in 33
patients (55 %), the peritumoral zone exhibited
no fluorescence (Fig. 1), whereas in 27 patients
(45 %), areas of increased peritumoral fluores-
cence so-called "hot spots" were detected (Fig. 2).

Fig. 1. Under directed ultraviolet light: skin of the lumbar region
with a tumor lesion (basal cell carcinoma of the back, TINOMO,
stage |, clinical group 2). Photoditazine gel-penetrant was applied
to the tumor surface and the peritumoral zone. No fluorescence
of the perifocal area is observed
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Fig. 2. Under directed ultraviolet light: skin of the left cheek with
a tumor lesion (basal cell carcinoma of the left cheek, TTNOMO,
stage |, clinical group 2). Photoditazine gel-penetrant was applied
to the tumor surface and the peritumoral zone. An extensive round-
shaped peritumoral "hot spots" is observed around the tumor
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These regions displayed either round or irregu-
lar contours and were characterized by intense
dark-red fluorescence encircling the tumor focus.
In our view, such areas should be unconditionally
included in the resection field, as they represent
potentially hazardous zones with respect to local
recurrence. Active adsorption of the photosensitiz-
er in these regions indicates alterations in the hor-
monal and metabolic properties of the peritumoral
skin, thereby signifying the formation of a tumor
field.Additionally, growth factor content, receptor
expression, and fibrinolytic system activity were
analyzed in the surgical material obtained after
tumor excision. Our previously published findings
demonstrated that, despite the absence of tumor
cells at the resection margin, elevated levels of
VEGF-A, VEGF-C, TGF-B, and EGF [14], along with
activation of the fibrinolytic system [15], contribut-
ed to continued malignant growth. This was con-
firmed by recurrence diagnosed 12-15 months
postoperatively in three male patients with sol-
id-type BCC who had exhibited the most extensive
peritumoral "hot spots".

The total time required for the diagnostic pro-
cedure prior to surgery did not exceed 70 minutes.
Indication for use of the proposed method: cyto-
logically verified BCC.

STUDY RESULTS AND DISCUSSION

Among 60 patients, peritumoral "hot spots”
were detected in 27 cases (45.0 %): in 24 patients
(40.0 %) with solid-type tumor growth and in 3 pa-
tients (5.0 %) with superficial-type growth. For
these patients, surgical excision was performed
with a margin greater than 4 mm from the fluo-
rescent zone. In cases with a pale peritumoral
halo or without fluorescence, standard excision
with a 4-mm margin from the visible tumor border
was carried out. In all cases, histological analysis
confirmed the radicality of surgery: the tumors
were completely excised within healthy tissues,
with no evidence of malignant growth at the re-
section margins.

Example of clinical use of the proposed method
can be illustrated by the following case records.

Example No. 1. Patient I., female, 71 years old.
History: a flat pink spot appeared 3 years ago,
periodically covered with a crust, slowly increased
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in size, treated with Akriderm — without improve-
ment. Local status: on the skin of the left lumbar
region — a flat pink lesion measuring 0.6 x 1.3 cm
in diameter, without ulceration. Dermatoscopy
with HEINE DELTA 20 revealed arborizing vessels
(presumably basal cell carcinoma). After cytolog-
ical examination, the result was obtained — a few
groups of basal cell carcinoma on the background
of basal cell hyperplasia with proliferation, with
polymorphism of some cells, hyperkeratosis. Pho-
toditazine gel-penetrant was applied to the lesion
and peritumoral zone, then examined under direct-
ed ultraviolet light. No peritumoral fluorescence
was observed. The tumor was surgically excised
according to clinical guidelines with a 4-mm mar-
gin from the visible edge. The skin-fat flap with
the tumor, 1.4 x 2.1 cm, was sent for histological
examination. Final histology: superficial basal cell
carcinoma without ulceration, without vascular or
perineural invasion, with focal lymphocytic peri-
tumoral infiltration, maximum horizontal spread
9.5 mm, thickness 0.3 mm. No tumor cells de-
tected at the resection margins, pT1. Result: the
patient was followed for 1 year and 3 months with-
out signs of recurrence.

Example No. 2. Patient M., male, 55 years old.
History: according to the patient, a "pimple" ap-
peared 1.5 years ago, self-treated with celandine,
followed by ulcer formation and gradual growth.
Local status: on the skin of the left cheek — a pink
lesion measuring 0.8 cm in diameter, irregular in
shape, with central ulceration and pearly rolled
borders. Dermatoscopy with HEINE DELTA 20 re-
vealed an ulcerated defect with elevated rolled
edges and arborizing vessels (presumably bas-
al cell carcinoma). Cytological examination
confirmed basal cell carcinoma. Photoditazine
gel-penetrant was applied to the lesion and peritu-
moral zone, then examined under directed ultravio-
let light. An extensive round peritumoral “hot spot”
was detected around the tumor. The lesion was
surgically excised with a 7-mm margin from the
visible edge, taking into account the fluorescence
zone. The excised skin-fat flap, 1.5 cm in diameter,
was sent for histological examination. Flap plasty
was performed to close the defect. Final histology:
basal cell carcinoma, nodular form, solid variant.
Clark level IV invasion. Tumor thickness — 2 mm.
The tumor was excised within healthy tissues,
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pT1. Result: the patient was followed for 1 year
and 2 months without signs of recurrence.

Among patients with solid-type tumor growth,
three male patients developed recurrence with-
in 12-15 months after treatment. All had shown
extensive peritumoral "hot spots". In our previ-
ously published studies, metabolic changes in
the peritumoral zone of these patients were de-
scribed [14]. In particular, elevated concentrations
of VEGF-A and VEGF-C were found both in tumor
tissue and in the peritumoral zone, as well as in
conditionally healthy skin, preceding the devel-
opment of recurrence. Thus, these indicators are
prognostically significant markers of recurrence
risk (RF Patent No. 2823211 C1, 07/22/2024).

In addition, in patients with nodular BCC who
subsequently developed recurrences, activation of
the fibrinolytic system was observed both in the
tumor and in the peritumoral zone [15]. This com-
bination of changes reflected metabolic distur-
bances characteristic of an extended tumor field
and created prerequisites for local recurrence.

The obtained data emphasize the importance of
a comprehensive assessment of not only morpho-
logical but also molecular and biological features
of the tumor and surrounding tissues for predict-
ing disease progression.

CONCLUSION

Thus, the results obtained indicate that de-
termining the true boundaries of tumor cell
spread by the method of photosensitization has
significant advantages over known diagnostic
approaches for BCC. Its application allows: 1.
to determine the boundaries of tumor spread
with maximum accuracy; 2. to perform the study
without systemic administration of the drug; 3.
to carry out subsequent surgical excision with
an optimal margin.

It is recommended to implement the use of the
photosensitization method into routine practice,
as it does not require expensive specialized equip-
ment, is effective, and is simple to perform.
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ABSTRACT

Purpose of the study. To analyze the correlation between the proliferative activity of atypical cells in triple-negative breast
cancer (BC) and patient age.

Patients and methods. The study included 80 women with a newly diagnosed BC, in whom a triple-negative surrogate molecular
genetic subtype was identified based on histological and immunohistochemical examination with assessment of hormone
receptor expression and Ki-67. Statistical analysis was performed using Statistica 13.5.0.17 software (TIBCO Software Inc.).
The Shapiro-Wilk test was applied to assess the normality of the distribution. Correlation between variables was evaluated
using the Kendall tau rank correlation coefficient.

Results. The median age of patients was 53.9 years (95 % confidence interval [CI]: 50.0-57.8) (Fig. 3). Among them, 65 %
of patients were younger than 50 years and 35 % were older. The median proliferative activity, assessed by Ki-67 expression
according to the St. Gallen Consensus (2009), was 76.4 % (95 % Cl: 73.28-79.66). However, this indicator varied depending on
patient age. The analysis revealed a correlation between Ki-67 expression level and patient age, with a Kendall tau coefficient
of —0.449 (p < 0.05), corresponding to a weak-to-moderate negative association.

Conclusion. The analysis showed that the degree of Ki-67 expression correlates with the age at breast cancer onset. Thus,
there is a tendency toward higher proliferative activity of cancer cells in younger patients.
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3.1.6. OHKonorus, nyyesas Tepanus

OPUrT'MHANbHASA CTATbA

Jkcnpeccus Ki-67 npu TpuxAbl HEraTUBHOM paKe MOJIOYHO XEeNesbl,
B0O3PACTHbIE 0C0OEHHOCTH

I. A. lemawkud'?=, [1. B. benokonbiToB'?, A. A. l'y3uk'?

T MocKoBCKMii Hay4HO-UCCNeA0BaTENbCKUI OHKONOrMYeckuit MHCTUTYT UM. M. A. TepueHa — dunuan ®I'bY «HaunoHanbHbI MeAMLUHCKUIA
vccnepoBaTeNbCKuii LeHTp paguonoruu» MuHucTepcTBa 3apaBooxpaHenus Poccuiickont ®egepaumm, r. Mocksa, Poccuiickas ®epepaums
2@re0Y BO «[MepBbiii MockoBCKNil rocyfapCTBEHHbI MeAMLMHCKNIA yHnBepcuTeT uM. U. M. CeyeHoBa» MuHucTepcTBa 3paBooxpaHeHus
Poccuiickoii depepauun (CeyeHoBckuii YHuBepeuTeT), r. MockBa, Poccuiickas Gegepauus

B4 dr.dga@mail.ru

PE3IOME

Lienb uccnepoBanus. [lpoaHannsnMpoBaThb CTENEHb KOPPENSLMU MeXAY YPOBHEM NponudepaTUBHOM aKTUBHOCTM aTUMUYHbIX
KNeTOK TPUXbl HeraTUBHOIO paka MoJIoYHOW xenesbl (PMXX) 1 Bo3pacTom naumeHTa.

MauueHTbl M MeTOAbI. B nccnenoBaHume 6b1510 BKIHOYEHO 80 XKEHLLMH C BNepBble YCTaHOBMEHHbIM AMarHo3oM PMXK, y ko-
TOpbIX NO pe3ynbTaTaM rMCTOIOMMYECKOro U UMMYHOTMCTOXMMUYECKOIO UCCe0BaHNA C OLLeHKON 3KCMpPeccum ropMo-
HanbHbIX peuenTopoB 1 Ki-67 6bla yCTaHOBEH TPYXKAbI HEFraTUBHBIM CYypporaTHbIA MONEKYNSPHO-TEHETUYECKUIA MOATHN
PM)X. CTaTMCTUYeCKU aHanu3 BbIGOPKM NPOBOAMIICS C MPUMEHEHMEM NporpaMMHoro obecneveHus Statistica 13.5.0.17
software (TIBCO Software inc.). 11 OLEeHKU HOPMaNIbHOCTU pacnpefeneHus NpuaHaka, NpuMeHsasncs KpuTepuit Lianupo-
Yunka (Shapiro-Wilk). CTeneHb koppensiuum Mexay npusHakamum oLeHuBanach ¢ npuMeHeHneM KoadduumeHTa Koppensumm
Kengenna (Kendall tau rank correlation coefficient).

Pe3ynbTratbl. MeivaHa Bo3pacTa y NauMeHToB B NoJly4YeHHOM Bbl6opke cocTaBnsina 53,9 net (95 % foBepUTENbHbIR MHTEpP-
Ban [[1M] 50,0-57,8). Cpeam HUX 65 % naumueHToB 6binv MOJOXe, a 35 % — cTaplie 50 neT. MeauaHHbIi ypoBeHb Nponvdepa-
TUBHOW aKTUBHOCTW, OLleHEHHbIN Mo YPOoBHIO akcnpeccuu Ki-67 no wkane St. Gallen Consensus (2009 r.) coctaeun 76,4 %
(95 % AN 73,28-79,66). OgHaKo 3HaYeHWe JaHHOrO NoKa3aTesNsi BapbUpoBano B 3aBUCMMOCTM OT BO3pacTa nawuueHToB. Mpu
NpoBefEeHNN aHann3a BbISIB/IEHO, UTO CYLLECTBYET KOppenaumsa Mexay ypoBHeM akcnpeccun Ki-67 n Bo3pacToM naumeHTa,
KoadduumeHT Koppensiumm Kengenna coctasun —0,449 (p < 0,05), 4TO COOTBETCTBYET CNaBON-yMEPEHHON OTPULIATENbHOW CBA3N.
3aknoueHue. B xone npoBeaeHHOro aHanM3a BbISBIEHO, YTO CTeneHb akcnpeccuu Ki-67 koppenupyeT ¢ Bo3pacTom AebroTa
PMXX 'y nauueHTa. TakuM 06pasom, UMeeTcsl TEHAEHLMA K 601ee BbICOKOW NponvdepaTUBHON akTUBHOCTM PaKOBbIX KNETOK
Y MONOAbIX NaLMEHTOB.
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BACKGROUND

Breast cancer (BC) is a malignant tumor arising
from the luminal epithelium of the terminal ductal
lobular units and represents one of the most com-
mon oncological diseases worldwide [1].

In Russia, in 2023, breast cancer accounted for
22.5 % of all newly diagnosed cancers in women,
corresponding to 12.3 % of the total population or
84,299 cases in absolute numbers. Such a high in-
cidence also explains the significant contribution
of breast cancer to cancer-related mortality, which
was 15.9 % or 18,580 deaths in 2023. Nevertheless,
there are clear positive trends in the diagnosis and
treatment of breast cancer: compared with 2013,
the mortality growth rate decreased by 16.2 % [2].

One of the reasons for the decline in mortality
is the early detection of malignancies, as well as
the development and implementation of innovative
therapeutic approaches, including those based on
the genetic characteristics of tumors. A particularly
effective advancement has been the introduction of
surrogate molecular genetic subtyping of breast can-
cer into routine clinical practice. Indeed, "breast can-
cer" is an umbrella term that encompasses a hetero-
geneous group of tumors with distinct genetic and
transcriptomic features [3-5]. Based on genetic re-
search, four intrinsic subtypes of breast cancer have
been identified: luminal A, luminal B, HER2-enriched,
and basal-like. Each subtype is distinguished by its
specific expression profile of estrogen receptors,
progesterone receptors, and HER2/neu receptors.

However, from both technical and economic per-
spectives, genetic testing of every tumor remains
difficult to implement in daily practice. Therefore,
an immunohistochemical (IHC) approach was de-
veloped as a surrogate for genetic testing, based
on the assessment of hormone receptor expres-
sion and proliferative activity (Ki-67 index). Using
this method, five surrogate molecular subtypes are
distinguished: luminal A, luminal B HER2-negative,
luminal B HER2-positive, HER2-enriched, and triple-
negative [1, 6, 7]. These subtypes allow clinicians to
select the most appropriate treatment strategy [7].

Among all subtypes, triple-negative breast cancer
(TNBC) is characterized by the most aggressive clini-
cal course and the highest mutational burden [8-10].
Due to severe alterations in the genetic apparatus,
TNBC cells lack expression of estrogen, progester-

one, and HER2/neu receptors (Fig. 1), which greatly
limits therapeutic options, as both hormone therapy
and anti-HER2 targeted therapy (e.g., trastuzumab)
are ineffective [8, 9, 11]. The overall prevalence of
TNBC is about 10-15 %, but it varies by age. Accord-
ing to Anders, et al., 34.3 % of breast cancers in wom-
en younger than 40 years had a basal-like phenotype,
compared with 17.9 % in women over 65 years [12].
It is also well established that early-onset breast
cancer is a strong negative prognostic factor, being
associated with larger tumor size, higher rates of
lymph node involvement, more aggressive histologi-
cal features, and increased recurrence rates, both af-
ter breast-conserving surgery and mastectomy [9, 13].
We hypothesize that the aggressive course of the
disease in younger patients is related not only to the
higher proportion of the triple-negative phenotype
compared with older patients, but also to the fact
that age at disease onset itself may be an indepen-
dent prognostic factor influencing tumor biology.
Purpose of the study: To analyze the correlation
between the proliferative activity of atypical cells in
triple-negative breast cancer and patient age.

PATIENTS AND METHODS

In this retrospective study, we analyzed data
from 80 patients (medical records and pathomor-
phological reports) who received treatment at the
P. A. Herzen MNIOI - Branch of the National Medi-
cal Research Radiological Center. Inclusion criteria
were: female sex, age over 18 years, a confirmed
diagnosis of breast cancer with = T1a stage, histo-
logical subtype — invasive carcinoma of no special
type (ICD-0: 8500/3), and triple-negative surrogate
molecular subtype. Exclusion criteria were: pregnan-
cy, severe comorbid conditions, history of malignant
tumors, and the presence of BRCA1/2 mutations,
determined by RT-PCR (DTPrime4; DNA-Technology).
According to the medical records, all patients under-
went diagnostic biopsy followed by morphological
and immunohistochemical examination using the
following monoclonal antibodies: anti-Estrogen Re-
ceptor (ER, clone SP1, Ventana), anti-Progesterone
Receptor (PgR, clone 1E2, Ventana), anti-HER2/NEU
(clone 4B5, Ventana), and anti-Ki-67 (clone 30-9,
Ventana) on the Ventana Benchmark XT universal
staining system with the ultra-View Universal DAB
Detection Kit (Ventana).
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Tumor grade was assessed according to the Not-
tingham Histologic Score (Table 1).

The surrogate molecular genetic profile and the
proliferative activity grade were determined in ac-
cordance with the recommendations of the WHO
and the College of American Pathologists using
the Allred scoring system (Table 2) [7, 14]. A triple-
negative phenotype was defined as an Allred score
of = 2 for ER and PR, as well as the absence of

HER2/neu expression (Table 3). For the assess-
ment of proliferative activity, at least 1000 tumor
cells were analyzed. Counting was performed across
the entire tumor material, with special attention to
"hot spots" (Figs. 2-5) [15].

Based on the results of the immunohistochemical
study, the surrogate molecular genetic subtype was
determined according to the hormonal receptor ex-
pression profile (Table 4).

Table 1. Nottingham Histologic Grading System

Score
[MokasaTenb
1 2 3
Tubule formation <10 % 10-75% >75%
Nuclear pleomorphism Mind Moderate Marked
Mitotic count* <12 12-24 >25
3-5 6-7 8-9

Total score

Grade 1 Grade 2 Grade 3

Note: * — mitotic count is determined in hot spots across 10 high-power fields, adjusted for the field area (values are given for a field diameter

of 0.65 mm)

Table 2. Evaluation of Estrogen and Progesterone Receptor Expression by the Allred Scoring System

Pliejpiiien o Positive cells, %

Intensity/ Score

expression

0 0 No staining / 0
1 <1 Weak /1

2 1-10 Moderate /2
3 11-33 Strong / 3

4 34 - 66

5 =67

Note: The final score = proportion score + intensity score. 0-2 — negative result, 3-8 — positive result

Table 3. Assessment of HER2/neu Expression

HER2/cTatyc Criteria
Negative No staining, or incomplete and weak membrane staining observed in = 10 % of tumor cells
Negative Incomplete weak membrane staining observed in = 10 % of tumor cells
. Weak to moderate complete membrane staining in = 10 % of tumor cells, or complete intense
Equivocal O by
membrane staining in < 10 % of tumor cells
Positive Complete intense membrane staining in > 10 % of tumor cells
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Statistical analysis

Statistical analysis was performed using Statistica
software version 13.5.0.17 (TIBCO Software Inc.).
The Shapiro-Wilk test was applied to assess the
normality of distribution. The degree of correlation
between variables was evaluated using the Kendall
tau rank correlation coefficient.

STUDY RESULTS AND DISCUSSION

In all breast tissue samples of the patients (n = 80),
a morphological pattern of invasive carcinoma of no
special type (NST), grade G3 according to the Not-
tingham grading system (Bloom-Richardson modifi-
cation), was identified. Breast microfragments with
pathologically altered tissue (tissue and cellular atypia
of the parenchyma) showed clusters of pleomorphic
atypical cells (> 300), forming solid structures. The
cytoplasm of these cells appeared as a thin rim; their
nuclei, displaying polymorphism, were eccentrically
located, round in shape, with irregular ("moth-eaten”)
nuclear membranes. The stromal component demon-
strated a weak desmoplastic reaction (Fig. 1).

In the immunohistochemical analysis of sam-
ples from patients with breast cancer (n = 80), no
Her2/neu membrane staining of atypical cells was
detected. ERa and PR according to the Allred score:

0 (PS) + 0 (IS) = 0 (TS) (Immunoreactivity score —
negative). The status (ER, PR, Her2/neu) was de-
fined as triple-negative breast cancer (Fig. 2). At the
same time, immunohistochemical reactions with
antibodies to Ki-67 demonstrated pronounced nu-
clear immunostaining of tumor cells (Fig. 2). The
median proliferative activity level, assessed by Ki-67
expression according to the St. Gallen Consensus
scale (2009), was 76.4 % (95 % confidence inter-
val [Cl] 73.28-79.66) (Fig. 3). However, the value of
this indicator varied depending on the patients’ age.

The median age of patients in the studied co-
hort was 53.9 years (95 % confidence interval [CI]
50.0-57.8) (Fig. 4). Among them, 65 % of patients
were younger and 35 % were older than 50 years. In
all patients, breast carcinoma corresponded to a high
grade of malignancy (grade 3). The distribution by
disease stage is presented in Table 5. Statistical
analysis of the correlation between Ki-67 expression
level and patient age showed a Kendall’s tau coeffi-
cient of —0.449 (p < 0.05), indicating a weak-to-mod-
erate negative correlation.

According to the results of our study, it was found
that the degree of proliferative activity of triple-negative
breast cancer has a negative correlation with patient
age, i.e., in younger women, tumor cells exhibit higher
proliferative activity. Taking into account the charac-

Table 4. Surrogate molecular genetic subtypes of breast cancer

Surrogate molecular genetic subtype

Characteristics

Prevalence

ER-positive

Luminal A

PR-positive
HER2-negative

55%

Ki-67 < 20 %*

ER-positive

Luminal B, HER2-negative

HER2-negative
and at least one of the following: Ki-67 = 30 %

PR < 20 % (percentage of expressing cells)

15%

ER-positive

Luminal B, HER2-positive

HER2-positive
Ki-67 any
PR any

ER-negative

HER2-enriched

PR-negative

15-20 %

HER2-positive

ER-negative

Triple-negative

PR-negative

10-15%

HER2-negative

Note: * - the threshold values of Ki-67 may vary depending on the institutional guidelines [1, 15]. ER - estrogen receptor;

PR - progesterone receptor
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Fig. 1. Patient T., 58 years old. Invasive breast carcinoma of no
special type, G3 according to the Nottingham grading system
(Bloom-Richardson modification). Staining: hematoxylin and
eosin, magnification x200

Her2/neu ER

teristics of our cohort namely, the absence of estrogen
and progesterone receptor expression in tumor cells
we can exclude the influence of these hormones on
proliferative activity. However, in our opinion, thyroid
hormones may play an important role, since one of
their functions is the regulation of cellular proliferative
activity at different sites [16]. It is known that triiodothy-
ronine levels decrease linearly with age, and there are
studies indicating that the use of tyrosine kinase inhib-
itors, i.e., drug-induced hypothyroidism, is associated
with improved survival in patients with non-thyroid solid
malignant tumors [17, 18]. This hypothesis is supported
by the study of Tawfik, et al., which demonstrated that
breast carcinoma cells are capable of capturing T3,
which in turn stimulates their proliferative activity [19].

The result obtained in our study can be explained
not only by the influence of the macroorganism on
tumor biology [20], but also by the genetic character-
istics of triple-negative breast cancer. For example,
when analyzing data from The Cancer Genome At-

PR Ki-67

Fig. 2. Patient T., 58 years old. Invasive breast carcinoma of no special type, G3 according to the Nottingham grading system
(Bloom-Richardson modification); immunophenotype - triple-negative. Imnmunohistochemical staining with antibodies,

counterstaining with hematoxylin and eosin, magnification x200

Table 5. Distribution of patients by disease stage according to TNM classification (UICC, 8th edition, 2018)

Disease stage

Number of patients (%)

Stage IA 4(5%)
Stage IB 0
Stage IIA 44 (55 %)
Stage IIB 8 (10 %)
Stage IlIA 4(5%)
Stage IIIB 8 (10 %)
Stage IlIC 12 (15 %)
Stage IV 0
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Fig. 3. Level of Ki-67 expression in triple-negative breast cancer

las in the TCGA-BRCA (Breast invasive carcinoma)
cohort using the Oncomatrix tool, a higher frequen-
cy of TP53 mutations can be observed in patients
younger than 45 years 42.6 % compared to 37.7 % in
women older than 45 years (Figs. 6, 7) [21]. It is well
established that TP53 mutations are associated with
increased tumor proliferative activity [22]. Thus, ac-
cording to published data, when comparing p53-mu-
tant and p53-wt breast carcinomas, the Ki-67 index
was on average 16 % higher in p53-mutant tumors
(51.77 + 24.53 vs. 35.81 + 19.54) [23]. We hypothe-
size that the higher frequency of TP53 mutations in
younger women is one of the key factors determining
both the greater proliferative activity of the tumor
and the higher incidence of triple-negative breast
cancer. From a clinical standpoint, higher prolifera-
tive activity represents a factor negatively affecting
patient prognosis and relapse-free survival.

Main outcome of the study. In the course of the
analysis of triple-negative breast cancer, a statisti-
cally significant negative correlation was revealed
between the level of proliferative activity of tu-
mor cells and patient age. The Kendall-tau coeffi-
cient was —0.449 (p < 0.05), which corresponds to
a weak-to-moderate negative association.

CONCLUSION

In patients with triple-negative breast cancer,
a weak-to-moderate negative correlation was identi-
fied between the proliferative activity index, assessed

Fig. 4. Age characteristics of the cohort

by the percentage of Ki-67-positive tumor cells, and
the age at onset. A high mitotic potential was ob-
served in younger women, which suggests that age
may serve as an independent prognostic factor. The
phenomenon is most likely associated with a higher
frequency of TP53 mutations, as well as age-related
and physiological features of the tumor microenvi-
ronment. However, this hypothesis requires further
confirmation through large-scale prospective stud-
ies employing molecular biological and molecular
genetic methods.

Age
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Fig. 5. Scatter plot of Ki-67 expression by age in patients with
triple-negative breast cancer
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ABSTRACT

This article provides an overview of current approaches to cancer immunotherapy, with an emphasis on the role of dendritic
cells (DCs), lymph nodes (LNs), and innovative methods of vaccine delivery. Immunotherapy using DC-based vaccines rep-
resents a promising direction, capable of stimulating a specific immune response against tumor cells and forming long-term
immune memory. Tumor-draining lymph nodes (TDLNs) play a key role in immune activation, as they are the sites where
dendritic cells present tumor antigens and activate T-cells. In cancer, unlike viral infections, CD8+ T-cell activation occurs in
two stages, and the effectiveness of this process depends on signals from the tumor microenvironment, which explains why
the immune response to cancer is often weak.

The article also discusses modern strategies for delivering vaccines to lymph nodes, including the use of nanoparticles,
bioorthogonal reactions, and photothermally induced materials. These approaches help overcome the "granularity paradox”,
associated with the need to balance vaccine size for LN penetration and uptake by immune cells. The prospects of adoptive
cell therapy using T-cells from TDLNSs, as well as the role of exosomes and whole-cell tumor antigens in the development of
effective vaccines, are also considered. Combination strategies, such as the use of vaccines together with checkpoint inhibitors
(e.g., anti-PD1), demonstrate potential for enhancing antitumor immunity.

The further advancement of cancer immunotherapy requires the integration of new knowledge about the biology of dendritic
cells, modern methods of cell engineering, and nanotechnology to create personalized and effective antitumor vaccines.
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Jinmdatnyeckmne y3nbl KaK TO4Ka NPUNOXEHUSA NPU UCNONb30BAHUM AEHAPUTHOKNETOYHBIX
BaKLMH: COBPEMEHHbIE CTpaTern ycuaeHnsa MMMYHHOI0 0TBETA

E. M. ®paHuusuu, B. A. baugoekuna™, T. U. Mouceenko, 10. A. Metposa, U. A. NopowuHckas, I. B. XXykoea,
J1. K. Tpenutaku, E. U. CypukoBa

®IbY «HaunoHanbHbI MeLULMHCKUIA UccnefoBaTenbCKuil LIEHTP oHKonoruu» MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoit ®egepauuy,
r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
X valerryana@yandex.ru

PE3IOME

CtaTbsi NpefiCTaBNSET CO60M 0630p COBPEMEHHDBIX NMOAXOA0B K UMMYHOTEpPanun paka, akLeHTMpysl BHUMaHWe Ha ponuv eH-
LpUTHbIX KneTok (OK), numdaTtuyeckux y3nos (JTY) 1 MHHOBaLMOHHbIX METOLOB JOCTaBKU BaKUMH. IMMyHOTepanus ¢ npu-
MeHeHMeM BaKLMH Ha ocHoBe [1IK npeacTaBnsieT co60i NnepcnekTUBHOE HanpaBsJieHne, CnocobHoe CTUMyMpoBaThb cneyudu-
YeCKMIN UMMYHHbI OTBET MPOTMB OMyXOJIEBbIX KJIETOK M (POPMUPOBaTH A0NTOBPEMEHHYIO UMMYHHYIO NamsiTh. [ipeHupytolime
onyxonb numdatnyeckue yanbl (TDLN) urpatoT K/H0O4YeBYHO posib B aKTUBaLMKU UMMYHHOTO OTBETA, TaK Kak UMEHHO B HUX
NPONCXOAUT NpeseHTaL s ONyxosieBblX aHTUTeHOB AEHAPUTHLIMU KNeTKaMu 1 aktusauus T-kneTok. MNpu pake, B oTanyume ot
BMPYCHbIX MHbeKLWMA, akTuBauusa CD8+ T-KNeToK NpoMcxoauT B ABa 3Tana, M ahdeKTMBHOCTb NpoLiecca 3aBUCUT OT CUTHaNOB,
MOCTYNaroLLMX U3 ONYXONEBOIrO MUKPOOKPYXXEHUS, YTO OO BACHSET, MOYEMY UMMYHHbIW OTBET Ha paK 4acTo 6biBaeT cnabbiM.
B cTaTbe Takxe 06CYyX4al0TCA COBPEMEHHbIe CTpaTernm A0CTaBKMU BaKLWUH B TMMdaTnyeckme ysnbl, BKIOYas UCMOSb-
30BaHWe HaHOYacTuL, GMOOPTOroHaNbHbIX peakunin 1 GoTOTEPMUYECKN MHAYLIMPOBAHHbIX MaTepuanoB. 3TN NOAXOAbI
No3BOJIAKOT NPEOAOIIETb «MapafoKC FPaHyNsAPHOCTU», CBA3AHHbI C HEO6XOAMMOCTbIO 6anaHca MeXay pasMepoM BakKLUMH
ANA VX MTPOHUKHOBEHUSA B J1Y 1 3axBaTta UMMYHHbIMU KJ1IETKaMM.

PaccmaTpumBatoTca nepcrnekTMBbl aAanTUBHOWM K/IETOYHOM Tepanuu ¢ ucnonb3oBaHnemM T-knetok M3 TDLN, a Takxe ponb
9K30COM U LiefIbHOKNETOYHbIX OMyX0neBblX aHTUFEHOB B CO3A4aHNN 3 heKTUBHbIX BaKLMH. KOMOMHUPOBaHHbIE MOAXOAbI,
TaKue KakK coyeTaHue BakKLUMH C MHIMGUTOPaMM KOHTPOJIbHbIX ToYeK (Harnpumep, aHTU-PD1), AEMOHCTPUPYIOT NoTeHLMan
ANA YyCUNEHUs NPOTUBOOMYXONEBOIro UMMYyHUTETA.

[anbHeiwee pa3BuTMe UMMYHOTEPANUM paka TPeByeT UHTErpaLmmu HOBbIX 3HAHWI O 6MONOMMK AEHAPUTHBIX KI1ETOK, CO-
BPEMEHHbIX METOA0B KIETOYHON UHXXEHEPUN U HAHOTEXHONIOMUIA ANIA CO3AaHNA NePCOHaNN3NPOoBaHHbIX N 3 HEKTUBHbIX
NPOTUBOOMYXOJIEBbIX BaKLMH.

KnioueBble cnosa: pakK, AeHOPUTHbIE KJTETKW, HVIMdJaTVI‘-IeCKI/Ie Yy3nbl, AeHOAPUTHOKNETOYHasA BakuMHa, HaHOBaKLUWHblI,
9K30COMbI, HEOaHTUreHbl, NepcoHannsnpoBaHHasa MeauLHa
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BACKGROUND

In recent years, cancer immunotherapy has
revolutionized the traditional paradigm of cancer
treatment [1]. Interest in tumor vaccines has been
growing due to their ability to elicit specific immune
responses and to establish durable immune mem-
ory [2]. This progress has opened new opportuni-
ties for the development of more effective cancer
treatment strategies, including the use of dendritic
cells (DCs) in immunotherapy.

Immunotherapy using DC-based vaccines rep-
resents a biologically rational approach that har-
nesses the patient’s immune system to eliminate
malignant cells. The development of DC-based tech-
nologies has become possible owing to the study of
impaired differentiation and functional alterations
of DCs in cancer [3]. DCs, which play a pivotal role in
T-cell activation, constitute the foundation of mod-
ern immunotherapy strategies aimed at restoring
the functional activity of exhausted T cells within
the tumor microenvironment [4]. These advances
have led to a significant increase in the number of
clinical trials of DC-based vaccines over the past
three decades. Most of these vaccines are autol-
ogous and derived from patient monocytes; how-
ever, in recent years, the spectrum of DC subtypes
utilized has expanded.

As a rule, tumor antigens are introduced into
patient-derived DCs ex vivo prior to adjuvant thera-
py. With the advent of personalized medicine, tumor
neoantigens are increasingly being employed to
develop individually tailored vaccines. Therapeu-
tic cancer vaccines based on cells utilize different
sources of antigens, including autologous tumor
cells obtained from the patient, allogeneic cancer
cell lines, and autologous antigen-presenting cells
(APCs). These vaccines mimic natural immune
processes by stimulating an adaptive immune re-
sponse against tumor antigens [5]. However, for
successful immune activation, it is critical to under-
stand the role of lymph nodes (LNs) in this process,
as they are strategically positioned immune organs
where antigens drain from peripheral tissues.

Purpose of the study: to summarize current ad-
vances in the development of cancer immunother-
apy strategies, with a particular focus on the role
of dendritic cells and lymph nodes in shaping the
antitumor immune response.

The Role of Lymph Nodes in the Formation of

the Immune Response

LNs harbor various immune cells, including
APCs, B lymphocytes, T lymphocytes, and natural
killer cells. They are key organs for immune sur-
veillance, regulation, and APC activation [6]. DCs,
with their ability to cross-present antigens, play
a particularly important role in this process. LNs
contain a significant population of phagocytic
DCs, well known for their cross-presentation ca-
pacity [7]. This refers to the presentation of exoge-
nous antigens to CD8+ T cells via major histocom-
patibility complex class | (MHC 1), which results
in the production of cytotoxic T lymphocytes that
specifically destroy tumor cells [8]. An increasing
body of evidence supports that tumor vaccines
targeted to LNs significantly enhance immune re-
sponses [9-12].

Tumor-draining lymph nodes (TDLNs) are the
first LNs reached by tumor cells through lymphatic
vessels. Within TDLNs, DCs capture and present
tumor antigens, activating T cells in the paracorti-
cal zone of the LN. In other words, TDLNs serve as
immune compartments where antitumor immune
responses are generated and regulated [13]. This
makes TDLNs a critical element in the development
of new immunotherapy strategies.

The Two-Step Model of CD8+ T-Cell Activation

in Malignancies

Studies by Prokhnevska N, et al. [14] demon-
strated that CD8+ T cells, which typically combat
infections and tumors, are activated and function
differently in neoplasia compared with viral infec-
tions. In response to malignant tumors, CD8+ T-cell
activation occurs in two stages:

Initial priming: In TDLNs, CD8+ T cells acquire
a "stem-like phenotype". This means they remain in
an immature state, retaining the capacity for long-
term persistence and proliferation. Upon encounter-
ing tumor antigens, CD8+ T cells begin proliferating
within the TDLN. However, unlike their response to
viruses, they do not immediately differentiate into
mature effector cells. Instead, they preserve their
"stem-like phenotype", which allows them to remain
immature for years in human LNs.

Co-stimulatory phase: These immature T cells
gradually migrate from the LN into the tumor. Once
there, they receive additional signals that trigger
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changes in gene activity (transcriptional and epi-
genetic reprogramming), enabling them to become
fully competent "killers" of tumor cells. A range of
activating co-stimulatory receptors expressed on
CD8+ T cells play a crucial role in shaping T-cell
function, such as CD28, NKG2D, 4-1BB, and OX-40.
These receptors transmit signals that enhance
T-cell responses, ultimately supporting T-cell pro-
liferation and survival, cytokine production, and the
generation and maintenance of memory T cells,
despite initial activation through distinct signal-
ing pathways. Each receptor appears to induce
these functions to varying degrees, and this dif-
ferential signaling alters gene expression profiles

and effector functions, creating a unique activation
state [15].

The two-step model of T-cell activation helps ex-
plain why anti-PD1 checkpoint blockade therapy does
not work for all patients. Tcf1+ CD8+ T cells, which ex-
pand in response to anti-PD1, require a CD28 co-stim-
ulatory signal for successful activation [16-18].

CD8+ T cells play a central role in the adaptive
immune response to neoplasia. Their abundance
and activity within the tumor can serve as important
prognostic factors: the higher the infiltration of such
cells, the greater the likelihood of patient survival
and favorable response to therapy, including check-
point inhibitors [19, 20].

Table 1. Classification of Current Approaches in Cancer Immunotherapy

Cate-

gory Approach Example Advantages Limitations
Conjugation of
Chemical antigens with lipids/ DSPE-OVA-Gel Engfgﬁgdéymrzi;ir;ce)de Standardization
conjugation polymers to improve (zhou L, et al.) d gl' P challenges
delivery elivery
c
el
S Phase-transition
5 Nanotechnol- Use of nanoparticles vaccines Dynamic size control, Potential toxicity,
g ogy-based for controlledpdeliver (Wang J, et al.), enhanced immune manufacturing
c platforms y DNA nanoparticles response complexity
S (zha, etal)
€
<
AIternatlve Use of whole-cell a-melittin-NP Broad antigen Tumor heterogeneity,
antigen vaccines, exosomes, (Yu X, etal.), spectrum, limited efficac
sources iPSCs Hy-M-Exo (Xu J, et al.) personalization y
Loading dendritic cells ] Personalized P . )
Ex vivo with antigens prior to s ro%(t:c\a/r?xJILt al) approach, T-cell Labor |n£in§|ve, high
é reinfusion P ! ’ activation
[¢]
s
2 Targeting DSPE-OVA-Gel
] dendritic cells in (Zhou L, et al.) Simplified delivery . . .
© 4 , ]
T In vivo situ (hydrogels, bioorthogonal minimized side CLe';?:iﬁcl(ngffy Iens
bioorthogonal modification effects yp
chemistry) (Qin H, et al.)
2 ACT + Use of T cells from ACT Enhanced immune Low frequency of
© vaccines TDLN or neoantigen- (Okamura K, et al.), response, overcoming neoantigen-specific
% specific T cells OCDC (Li Q, etal.) immunosuppression T cells
S
®
£
-g Strengthened
Checkpoint Combination with PD- ~ DCvax-IT + anti-PD-L1 antitumor response . .
[e] :
© inhibitors L1/PD-1 blockers (Sprooten J, et al.) overcoming Side effects, high cost
resistance
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The tumor microenvironment also plays a criti-
cal role in this process. In the absence of specific
signals, T cells cannot become effective effectors,
which explains why antitumor immune responses
are often weak. Importantly, the signals necessary
for T cells to become cytotoxic do not occur during
the initial priming stage (as in viral infections) but
are generated only after T cells migrate into the
tumor [14]. This finding emphasizes that the tumor
microenvironment is essential for T-cell activation
and that its dysfunction renders antitumor immunity
ineffective.

Thus, antitumor immune activity is primarily in-
duced in TDLNs, which play a key role in shaping
effective antitumor T-cell responses [13, 21, 22].
To date, a wide range of immunotherapeutic ap-
proaches for malignant tumors has been developed,
summarized in Table 1.

Utilization of Lymph Nodes in Inmunotherapy

Currently, the development of cancer immuno-
therapy with antitumor vaccines is progressing in
two directions: the generation of cytotoxic T lym-
phocyte (CTL) populations ex vivo (adoptive cell
therapy) and in vivo through natural immunological
mechanisms occurring within lymph nodes (LNs).

During surgical procedures, tumor-draining lymph
nodes (TDLNs) are usually removed together with
the primary tumor(s) to eliminate potential residual
tumor cells, and the excised LNs are examined for
metastatic involvement [23]. It is now well estab-
lished that extensive LN dissection has provided
little clinical benefit in terms of long-term surviv-
al for patients with colorectal cancer (CRC) with
high microsatellite instability/deficient mismatch
repair [24]. It is assumed that preservation of LNs
may be beneficial for host immune responses
against tumor cells [25]. An interesting study by
Okamura K, et al. [26] investigated the potential of
non-metastatic LNs as a novel therapeutic option
for CRC patients with poor prognosis. The authors
questioned whether TDLN removal deprives the
body of an important antitumor resource and ex-
plored the possibility of using these LNs to improve
immunotherapy outcomes in CRC. Okamura K, et
al. [26] proposed employing LNs for adoptive cell
therapy a method in which T cells are isolated from
patient LNs, expanded ex vivo, and subsequently re-
introduced into the body to exert antitumor effects.

Their results demonstrated that non-metastatic LNs
could serve as a viable source of cells for this ther-
apeutic strategy.

Adoptive cell therapy using neoantigen-specific
T cells represents a promising immunotherapeu-
tic approach. However, the naturally low frequen-
cy of these cells in patients makes their detection
and screening a challenging task, limiting broad
clinical application. To overcome these obstacles,
Li Q, et al. [27] proposed a strategy for preparing
neoantigen-specific T cells for adjuvant therapy
following immunization with dendritic cell (DC)
vaccines loaded with oxidized tumor cell lysates
(OCDC). Theoretically, this strategy offers several
advantages and clinical potential. First, preventive
administration of the OCDC vaccine improves the
condition of immunosuppressed patients, induces
neoantigen-specific immune responses, and facili-
tates the preparation of neoantigen-reactive T cells
by eliminating the need for labor-intensive screen-
ing. Second, OCDC vaccine preparation is simple
and rapid, and pre-vaccination enables timely initia-
tion of patient treatment, thereby increasing the like-
lihood of therapeutic success. Moreover, combining
0OCDC vaccination with neoantigen-reactive T cells
enhances efficacy in patients with non-small cell
lung cancer, CRC, and melanoma, and this approach
could potentially be extended to other immunogenic
tumors.

The development of the second direction in vivo
generation of CTL populations requires novel vac-
cine delivery strategies aimed at enhancing the
immune response.

Modern Strategies for Vaccine Delivery

Given their key role in antitumor immunity, lymph
nodes (LNs) are considered a primary target for can-
cer immunotherapy. Targeted delivery of antigens
and adjuvants to LNs enables modulation of their mi-
croenvironment, thereby enhancing immune respons-
es, and represents a promising avenue in anticancer
vaccine development. Many researchers believe that
efficient and precise delivery of tumor vaccines to
LNs where they are taken up by antigen-presenting
cells (APCs) is a critical determinant for achieving
effective antigen presentation and subsequent induc-
tion of potent antitumor vaccine effects [6, 10, 28].

A major challenge in this context is the design
of vaccine particle size optimized for LN target-
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ing. The so-called "granularity paradox" regarding
LN delivery and subsequent APC uptake remains
a critical issue in the development of effective can-
cer vaccines. On the one hand, a particle size of
10-100 nm is favorable for lymphatic drainage.
Larger particles tend to be trapped in the intersti-
tial matrix, whereas smaller ones are more likely
to enter systemic circulation. On the other hand,
particles ranging from 50—-500 nm are most effi-
ciently internalized by dendritic cells (DCs), with
larger sizes stimulating more robust uptake and
activation. Thus, an optimal balance is required
vaccines must be designed with dimensions that
ensure both enhanced lymphatic drainage and ef-
ficient DC uptake [6, 29].

To address this issue, Wang J, et al. [29] devel-
oped a phase-transition vaccine with dynamically
modulated particle size, based on a thermosensitive
polymer conjugated with a photothermally respon-
sive molecule and an antigen. Initially small in size
(~20 nm), the vaccine drained efficiently into LNs
and then transformed in situ into larger particles
(~480 nm) upon exposure to an external trigger
(laser irradiation). This size modulation promoted
efficient LN DC endocytosis, ultimately leading to
a rapid and robust in vivo antitumor response [29].

A different approach was demonstrated by Zha Y,
et al. [6], who designed a novel tumor vaccine based
on manganese dioxide (MnO,) nanoparticles for LN
delivery. These nanoparticles exhibited an optimal
size (~90 nm), facilitating LN penetration. To en-
hance immune cell uptake, the nanoparticles were
coated with short DNA chains, which increased their
size. This DNA base-pairing strategy for controlling
nanoparticle size, thereby improving antigen pre-
sentation and vaccine efficacy, represents a new
concept for anticancer vaccine development. Im-
portantly, vaccines must not only reach LNs but
also be rapidly internalized by APCs. Otherwise,
they may pass through the subcapsular sinus into
peripheral LN regions and exit via efferent lymphatic
vessels [30]. Nanovaccines meeting both criteria
efficient LN drainage and APC endocytosis hold
significant promise.

In addition to particle size optimization, Qin H,
et al. [31] proposed direct LN targeting via chemical
modification of lymphatic endothelial cell surfac-
es (bioorthogonal reaction). Their results demon-
strated improved delivery of encapsulated antigens
and adjuvants into LNs, leading to a stronger in
vivo CD8+ T-cell response. This strategy resulted in
markedly enhanced therapeutic efficacy, including

Table 2. Comparison of vaccine delivery strategies to lymph nodes

Strategy Particle Size Mechanism of Action Efficacy Clinical Potential
Dynamic size alteration . - Flexibility,

Phase-transition vaccines 20-480 nm under external stimuli nghéngZ?\ZZidtiZ?:rltlc controllable

(laser) Y activation
DNA-functionalized ~90 nm Size control through DNA High, optimal balance of ersonalization, low
nanoparticles base-pairing drainage and uptake toxicity
. . Combination of tumor- . R
Hybrid nanovesicles 30-150 nm derived exosomes and Very high, T-cell activation Multifunctionality

(Hy-M-Exo)

dendritic cell membranes

and Treg suppression

Chemical alteration of
lymphatic vessels to
improve delivery

Bioorthogonal modificatio -

Moderate, tumor-type
dependent

Broad spectrum of
applications
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prolonged survival in mice with metastatic mela-
noma [31].

A summary of the approaches discussed in this
section is provided in Table 2.

Nanovaccines

Several recent studies have shown that the deliv-
ery of nanovaccines to lymph nodes (LNs) activates
both humoral and cellular immune responses to
combat neoplasia [32]. Somatic mutations generate
specific neoantigens — unique tumor antigens that
play a crucial role in antitumor immune respons-
es [33, 34]. However, the number of available tumor-
associated antigens (TAAs) necessary for vaccine
development is limited for most tumor types [35],
and the prediction and identification of individual
tumor-associated neoantigens remain challenging
due to the complexity of the required technolo-
gies [33, 36]. To overcome the lack of knowledge
about specific tumor antigens and to ensure accu-
rate delivery to LNs, various approaches have been
explored.

Adaptive immune responses rely on the abil-
ity of mature dendritic cells (DCs) to migrate to
LNs for further antigen presentation. Considering
this, Zhou L, et al. [37] developed a DSPE-ovalbu-
min (DSPE-OVA) peptide using one-step chemical
crosslinking of DSPE-PEG and the model antigen
peptide OVA. This peptide accumulates in lym-
phoid organs through interaction with endogenous-
ly migrated DCs. To enhance antigen uptake, the
authors created an injectable DSPE-OVA hydrogel
(DSPE-OVA-Gel), which serves as a local environ-
ment for vaccine transport via DCs. The hydrogel is
composed of pH-sensitive DSPE-OVA, granulocyte-
macrophage colony-stimulating factor (GM-CSF) to
recruit and activate DCs, and porous PLGA (poly-
lactide-co-glycolide) microspheres that facilitate
cell attachment. Upon recruitment, the DSPE-OVA
hydrogel efficiently integrates into DC membranes
due to the high affinity of the lipophilic DSPE tail
for cell membranes, thereby enhancing antigen
uptake. This process ensured a high concentra-
tion of OVA without damaging the membrane or
disrupting DC signal transmission. Owing to the
natural ability of mature DCs to migrate to LNs,
OVA-loaded cells effectively reached their target.
In the acidic LN microenvironment, OVA was re-
leased from the cell surface and delivered to local

APCs. This study demonstrates that an injectable
combined hydrogel vaccine significantly enhances
antitumor immunity by ensuring precise antigen
delivery to LNs and stimulating a robust adaptive
immune response.

To address the weak immunoreactivity of LNs
caused by inefficient stimulation of cytotoxic T
lymphocytes, Liu M, et al. [38] developed a nano-
vaccine mimicking high-density lipoproteins
(HDLs), loaded with the chemotherapeutic drug
docetaxel. This platform represents a system for
delivering chemotherapy into the tumor micro-
environment (glioblastoma). The results showed
that dying tumor cells released tumor antigens,
which were subsequently captured in situ by DCs,
initiating the activation of antigen-specific CD8+
T cells that directly induced tumor cell death. The
authors examined the efficiency of LN delivery
and DC uptake of the nanoparticles using fluores-
cence imaging and flow cytometry. The optimized
nanovaccine facilitated simultaneous delivery of
antigens and adjuvants to LNs and sustained
antigen presentation by DCs, which resulted in
a long-term immune response characterized by
increased cytotoxic lymphocyte frequency in lym-
phoid organs and tumor tissue. Immunization with
the nanovaccine significantly suppressed tumor
formation and growth and enhanced the thera-
peutic efficacy of immune checkpoint inhibitors,
particularly in highly malignant melanoma models
in mice.

Compared with vaccines based on specific tu-
mor antigens, whole-cell tumor vaccines contain
a broad spectrum of antigens, thereby avoiding the
costly and labor-intensive process of TAA (neo-
antigen) identification for a specific tumor type.
Importantly, whole-cell tumor vaccines have the
potential to elicit a stronger antitumor immune
response, markedly reducing the likelihood of tu-
mor development and recurrence. Based on this
concept, Yu X, et al. [36] hypothesized that the
ideal LN-targeted nanovaccine should employ
the full spectrum of tumor antigens rather than
individual neoantigens or model antigens. This
approach would enable a sustained immune re-
sponse against multiple tumor antigen epitopes
by activating both CD4+ and CD8+ tumor-specific
T cells. The authors discovered that a-melittin-
NP, a peptide-phospholipid scaffold mimicking
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high-density lipoproteins (HDLs), could serve as an
effective nanovaccine even without specific tumor
antigens or adjuvants. On the one hand, a-melittin-
NP retained the cytotoxic effect of melittin, induc-
ing tumor antigen release at the injection site. On
the other hand, a-melittin-NP of optimal size could
efficiently penetrate LNs and acti vate local APCs.
In experiments using a bilateral B16F10 melanoma
mouse model, administration of a-melittin-NPs
as a whole-cell nanovaccine induced a systemic
immune response, resulting in suppression of pri-
mary tumor growth and even complete regression
of distant tumors [36].

Use of Tumor Cell Lysates as a Source of

Antigens

In several studies, tumor cell lysates, which
contain fragments of tumor cells released during
chemotherapy and irradiation, have been used as
TAAs [39, 40]. However, tumor cell lysates with low
immunogenicity may induce immune tolerance and
reduce the efficiency of antigen uptake [41]. More-
over, the types and quantities of antigens released
as a result of chemotherapy and irradiation vary
among patients, making standardization of this
approach difficult. Therefore, there is a need for
novel strategies for vaccine development that are
not dependent on specific TAAs.

Exosomes as an Alternative Source of Antigens

In recent years, exosomes membrane vesicles
measuring 30—150 nm secreted by cells into the ex-
tracellular environment and involved in intercellular
communication have gained increasing importance
in the development of antitumor vaccines.

Tumor-derived exosomes have been found to
contain multiple TAAs and neoantigens and ef-
fectively deliver them to DCs, thereby stimulating
tumor-specific immunity [42]. Importantly, tumor
exosomes demonstrated superior antitumor effi-
cacy compared with tumor lysates as a source of
antigens [43]. In this study, exosome-pulsed DCs
induced significant inhibition of hepatocellular
carcinoma (HCC) growth and a stronger immune
response characterized by higher T lymphocyte
counts, increased interferon-y levels, and reduced
interleukin-10 and transforming growth factor-B
levels within tumor tissues in both ectopic and or-
thotopic murine models of HCC, compared with
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DCs pulsed with tumor lysates. Furthermore, the
use of tumor-derived exosomes not only mediat-
ed specific cytolysis of HCC cells but also elicited
cross-protective effects against pancreatic cancer
cells [43]. Thus, this combined approach leveraging
a complex array of tumor antigens with efficient
targeted delivery to LNs, where APCs (DCs) and
effector T cells interact renders tumor-derived exo-
somes a highly promising tool for the development
of effective antitumor vaccines.

Hybrid Nanovesicles (Hy-M-Exo)

Building upon this concept, Xu J, et al. [44] de-
veloped hybrid nanovesicles (Hy-M-Exo), created
by fusing tumor-derived exosomes with DC-derived
membrane vesicles and incorporating monophos-
phoryl lipid A. The resulting Hy-M-Exo contained
proteins characteristic of DCs, such as CD86 (an ac-
tivation marker) and CCR7 (a receptor responsible
for LN homing), and showed significant effects
within the paracortical LN region, where DCs and
T cells are located. Hy-M-Exo induced robust DC
activation and stimulated T-cell immune responses
in LNs, leading to strong inhibition of head and neck
squamous cell carcinoma growth in mice. Addition-
ally, the authors found that Hy-M-Exo could sup-
press immunosuppressive regulatory T cells, further
enhancing the immune response. These findings
highlight the potential of hybrid nanovesicles to am-
plify immune responses and inhibit tumor growth.
The authors also proposed that delivering antitumor
agents into LNs via the CCR7-CCL21/19 pathway
(a mechanism regulating LN homing) represents
a promising strategy [44].

Dendritic Cell-Based Vaccines

In parallel, immune surveillance of poorly immu-
nogenic tumors can be enhanced through dendritic
cell (DC)-based vaccines designed to stimulate
antigen-specific immune responses, for example,
by using targeted therapies directed at myeloid
cells. Myeloid cells (including monocytes, macro-
phages, and DCs) are key components of the tumor
microenvironment (TME), performing diverse func-
tions ranging from immunosuppressive to immu-
nostimulatory. The myeloid cell pool is highly het-
erogeneous comprising monocytes, macrophages,
DCs, and granulocytes and exhibits remarkable
plasticity, with the capacity to differentiate into dif-
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ferent phenotypes depending on TME signals [45].
Perez CR and De Palma M [46], investigating the
role of DC subtypes in the TME, placed particu-
lar emphasis on conventional type 1 DCs. These
cells are able to migrate between lymphoid and
non-lymphoid tissues, thereby regulating cytokine
and chemokine distribution, which influences both
inflammation and lymphocyte trafficking. DCs are
considered uniquely capable of cross-presentation,
i.e., presenting exogenous antigens to CD8+ T cells
in lymph nodes [47].

Despite their immunogenic potential, DC-based
vaccines have not yet achieved widespread clinical
application due to difficulties in standardization and
limited efficacy in some patients. In this context,
Sprooten J, et al. [48] found that the major limita-
tion of human DC-based vaccines is the diversity
of their functional states rather than the process
of maturation. The authors identified the most im-
munogenic DC vaccine state, which correlated with
effective antigen-specific immunity and favorable
clinical responses in patients with various tumors.
Surprisingly, their preclinical vaccine DCvax-IT
performed suboptimally: instead of promoting ef-
fector T-cell formation, it increased the number of
PD-L1* lymphoid-associated macrophages (LAMs)
via activation of the type | interferon pathway and
associated genes. Moreover, DCvax-IT stimulated
pre-existing tumor-associated macrophages (TAMs)

Table 3. Alternative sources of tumor antigens

expressing PD-L1, thereby suppressing T-cell ac-
tivity and creating an immunosuppressive envi-
ronment. This mechanism was identified as a key
factor underlying resistance to DCvax-IT. Impor-
tantly, combining DCvax-IT with PD-L1 inhibitors
successfully controlled tumors in immunodeficient
mice phenotypic analogues of human tumors with
T-cell deficiency [48]. These findings demonstrate
the potential to enhance the efficacy of immunolog-
ical interventions in human tumors with impaired
effector cell function.

Induced Pluripotent Stem Cells (iPSCs)

In addition to tumor lysates and tumor-derived
exosomes, induced pluripotent stem cells (iPSCs)
are also being explored as a promising source of
tumor antigens. iPSCs express a broad spectrum
of tumor-associated antigens and can induce im-
mune responses that prevent the development
of various tumor types. However, iPSCs face cer-
tain limitations, including potential oncogenici-
ty, difficulties in delivery to lymph nodes and the
spleen, and limited efficacy in suppressing tumor
growth. Wang R, et al. [49] evaluated the antitumor
effects of exosomes derived from iPSCs and in-
cubated with DCs (DC+EXO) in murine melanoma
models. The immune responses induced by the
DC+EXO vaccine were assessed both in vitro and
in vivo by analyzing T-cell activation and cytokine

Source Description

Advantages Limitations

Cell fragments after chemotherapy/

Tumor cell lysates irradiation

Broad spectrum of antigens

Low immunogenicity,
variability among patients

Membrane vesicles (30-150 nm)

Natural carriers, high Isolation and standardization

Exosomes carrying tumor antigens biocompatibility challenges
Broad spectrum of antigens, Potential oncogenicity
iPSCs Induced pluripotent stem cells potential for personalized difficulties in delivery
therapy
:gr?g\?esicles Combination of tumor-derived su?fr};g;:)nnugggee;lf:t}gry Complex manufacturing
(Hy-M-Exo) exosomes and DC membranes T cells (Treg) process
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levels. After DC+EXO vaccination, T cells isolated
from the spleen exhibited high in vitro cytotoxicity
against melanoma, lung cancer, breast cancer, and
colorectal cancer cell lines. Moreover, DC+EXO
vaccination induced long-term T-cell responses
and prevented melanoma recurrence, while signifi-
cantly suppressing primary melanoma growth and
reducing lung metastases. Finally, biocompatibility
studies confirmed that DC+EXO vaccination did
not cause significant toxicity to normal cells or
tissues in mice.

As shown above, multiple sources of tumor anti-
gens are currently being investigated for the devel-
opment of antitumor vaccines, each with specific
advantages and limitations (Table 3).

Platforms for cell therapy

A promising avenue to increase the efficacy of tu-
mor vaccines is the use of alternative mechanisms
of antitumor cytotoxicity that do not rely exclusively
on CD8+ T-cell activity. Ghasemi A, et al. [50] de-
scribed a cell therapy platform based on mouse or
human dendritic cell progenitors (DCPs), genetical-
ly engineered to express two immunostimulatory
cytokines IL-12 and FLT3L. These modified DCPs
differentiated into type 1 conventional DCs (cDC1s)
and were able to suppress tumor growth, including
melanoma and spontaneously arising liver tumors
in mice, without prior antigen loading or myeloabla-
tive conditioning. The antitumor response resulted
from synergy between IL-12 and FLT3L and was
associated with infiltration and activation of natural
killer (NK) cells and T cells, polarization of macro-
phages toward an M1 phenotype, and induction
of ischemic necrosis in tumors. Importantly, the
immunity induced was dependent on endogenous
expansion of cDC1s and interferon-y signaling, but

not on CD8+ T-cell cytotoxicity. Moreover, cytokine-
expressing DCPs interacted effectively with GD2-tar-
geted CAR-T cells, enhancing their proliferation and
cytotoxicity against intracranial gliomas in mice,
highlighting the potential of combining DCPs with
adoptive cell therapy.

CONCLUSION

It is now clear that lymph nodes (LNs) not only
maintain immune homeostasis but also act as
central hubs for dendritic cell-mediated antitumor
immunity. Recognizing LNs as therapeutic targets
has enabled modern immunotherapy to advance
toward the development of innovative dendritic cell
vaccines (DCVs). Current strategies aim to improve
precision of vaccine delivery into LNs, either by
modulating particle size or by modifying lymphatic
vessels, and to diversify sources of tumor antigens
for dendritic cell presentation. The integration of
tumor cell lysates, exosomes, hybrid nanovesicles,
dendritic cell-based vaccines, induced pluripotent
stem cells, and cell therapy platforms provides new
opportunities to strengthen immune responses,
minimize side effects, and enhance personaliza-
tion. Combination approaches, including checkpoint
blockade, offer a way to control tumors with effec-
tor-cell deficiencies and to overcome resistance of
poorly immunogenic cancers. Despite the progress,
challenges remain potential toxicity, selection of
the most effective tumor antigens, antigen deliv-
ery, standardization of personalized vaccines, and
large-scale production. Nevertheless, the diversifi-
cation of dendritic cell-based vaccine strategies is
expected to enable effective immunotherapy across
the wide heterogeneity of malignancies and clinical
contexts.
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South Russian Journal of Cancer. 2025. Vol. 6, No. 3. P. 77-78

On the 70" Anniversary of Elena M. Frantsiyants

Elena M. Frantsiyants, Doctor of Biological Scienc-
es, Professor, Deputy General Director for Scientific
Work at the National Medical Research Center for
Oncology, and Honored Healthcare Worker of the
Russian Federation, celebrate her 70" birthday on
September 23, 2025.

Dr. Frantsiyants is a distinguished scientist, patho-
physiologist, and biochemist whose contributions to
the understanding of the fundamental mechanisms of
tumor development are invaluable. Born in Taganrog
into a family of educators, she chose her path early,
dedicating her life to science. After graduating from
the Faculty of Biology and Soil Science at Rostov State
University in 1978, Dr. Frantsiyants began her profes-
sional career at the Central Research Laboratory of
Rostov State Medical University. In 1985, she joined
the Rostov Scientific Research Oncological Institute,
where she progressed from senior researcher to head
of the Biochemical Laboratory (1990-2000), and later
to head of the Laboratory for the Study of the Patho-
genesis of Malignant Tumors (2014-2017). Since
2017, she has served as Deputy General Director for
Science.

Her scientific interests center on the pathogenesis
of tumors, particularly the role of antioxidant systems

in carcinogenesis and tumor growth. Her pioneering

research has uncovered novel aspects of metabolic
restructuring that contribute to tumor initiation and
progression. These findings laid the groundwork for
the introduction of biochemical markers into clinical
practice for predicting disease course and evaluating
antitumor treatment efficacy. Moreover, she devel-
oped a set of biochemical techniques for the indi-
vidualization of targeted cancer therapies. Dr. Fran-
tsiyants has also made significant contributions to
understanding hormonal imbalances and mediator
dysfunctions in the development of malignancies.

Currently, she leads research at the National Med-
ical Research Center for Oncology focusing on mito-
chondrial dysfunction in malignant tumor growth, and
the experimental development of targeted therapies
and dendritic cell vaccines.

Her extensive body of work includes over 1,000 sci-
entific publications, 205 patents, and 8 monographs,
such as Lipid Peroxidation in the Pathogenesis of
Tumor Disease (1995), Complex Treatment of Primary
Malignant Glial Tumors of the Cerebral Hemispheres
(2014), Cytological, Morphological and Immunohis-
tochemical Diagnostics of Central Nervous System
Tumors (2015), Pathogenetic Aspects of Metastatic
Liver Damage: An Experimental Study (2022), and
Neuroendocrine and Metabolic Aspects of Melanoma
Pathogenesis: An Experimental and Clinical Study
(2023).

Over her more than 40-year tenure at the National
Medical Research Center of Oncology, Dr. Frantsiyants
has emerged as a leading expert in basic oncology
research. She serves as a scientific consultant, su-
pervises graduate and doctoral candidates (7 Ph.D.
and 7 doctoral dissertations), and holds positions as
Deputy Chair of the Academic Council and member
of the Dissertation Council at the National Medical

Research Center for Oncology.
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Anniversary. On the 70th Anniversary of Elena M. Frantsiyants

Professor Frantsiyants is not only a brilliant and a person of warmth, grace, and the rare ability to bal-
passionate scientist endowed with deep knowledge,  ance scientific achievement with a fulfilling family life.

intellectual rigor, and analytical prowess, but also

o o

The staff of the National Medical Research Center for Oncology and the editorial board of the South
Russian Journal of Cancer extend their heartfelt congratulations to Dr. Frantsiyants on her anniversary! We
wish you continued health, prosperity, new scientific accomplishments, and boundless energy in the pursuit
of your goals. May your research continue to serve society and earn the recognition it so richly deserves. You

have rightfully earned deep respect and admiration from your colleagues and students alike!
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On the 55 Anniversary of Oleg I. Kit

On August 31, 2025, the scientific community and
colleagues sincerely congratulate Oleg lvanovich Kit,
Academician of the Russian Academy of Sciences,
Doctor of Medical Sciences, Professor, and General
Director of the National Medical Research Centre for
Oncology, on his 55" anniversary!

Dr. Oleg I. Kit is an outstanding oncologist and
a recognized leader in the field of healthcare orga-
nization and higher medical education. His 30-year
scientific and practical activity at the National Medical
Research Centre for Oncology is reflected in more than
1,000 publications, including 21 monographs, 15 study
guides, and 236 patents of the Russian Federation.

Dr. Kit is the Editor-in-Chief of the scientific and
practical journal South Russian Journal of Cancer,
which is reviewed by the Higher Attestation Commis-
sion. He is also a member of the editorial boards of
the journals Voprosy Onkologii, Russian Journal of
Oncology, Oncology. P. A. Herzen Journal of Oncolo-
gy, Problems of Hematology/Oncology and Immuno-
pathology in Pediatrics, Biomedicine, Science in the
South Russia, and Cardiometry.

Under the leadership of Dr. Kit, over a 15-year peri-
od, an authoritative scientific school in the field of on-

cology and oncosurgery was formed, oriented toward
the development and implementation of innovative
surgical approaches and treatment methods based
on an in-depth study of the molecular-genetic, patho-
genetic, and immunological mechanisms of malig-
nant neoplasms. He is the initiator of the introduction
of organ-preserving, reconstructive, and minimally
invasive operations, as well as the improvement of
surgical techniques aimed at the prevention of post-
operative complications.

Dr. Kit made a significant contribution to the cre-
ation of modern infrastructure for oncological re-
search, including the organization of a unified patho-
logical and anatomical center and the establishment
of a comprehensive depository of tumor samples
and DNA and RNA isolated from them, which made
it possible to conduct large-scale genetic research.
Under his leadership, studies are being conducted on
the molecular profiling of pancreatic neuroendocrine
tumors, the identification of prognostic markers of
cardiotoxicity, the determination of molecular-genetic
predictors of the course of gliomas, as well as pre-
clinical trials of new antitumor agents.

For the development and implementation of an in-
terdisciplinary strategy in the treatment of colorectal
cancer, in 2016 he was awarded the Prize of the Gov-
ernment of the Russian Federation in the field of sci-
ence and technology and was given the title of "Lau-
reate of the Prize of the Government of the Russian
Federation in the field of science and technology".

As the Chief Freelance Oncologist of the Ministry
of Health of the Russian Federation in the Southern
Federal District, he devotes great attention to raising
the professional level of physicians. For the devel-
opment of oncological care and the improvement
of cancer treatment in the Southern Federal District,
in 2020 Dr. Kit was awarded the N. N. Trapeznikov
Medal "For Contribution to the Development of On-
cology Service".
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Since 2015, Dr. Kit has been Head of the Depart-
ment of Oncology of Rostov State Medical University.

Dr. Kit is the Chairman of the Academic Council and
the Dissertation Council for the defense of doctoral
and candidate dissertations at the National Medical
Research Centre. Under his supervision, 21 doctoral
and 23 candidate dissertations have been success-
fully defended.

The large-scale work of O. I. Kit in the field of ed-
ucation, science, practical medicine, organizational
and public activity has been recognized by numerous

o

state, ministerial, and public awards, including the
badge of distinection "Excellence in Healthcare", the
Medal of the Order “For Merit to the Fatherland" Il de-
gree, the Medal "For Merit to Russian Healthcare", the
Medal of the Order "For Merit to the Rostov Region’,
and a Letter of Gratitude from the President of the
Russian Federation.

His high professionalism, sense of duty, attentive
and benevolent attitude toward people have earned
him authority and respect among the scientific com-
munity, colleagues, students, and patients.

o

The staff of the National Medical Research Centre for Oncology and the editorial board of the South

Russian Journal of Cancer sincerely congratulate Dr. Kit on his anniversary! We wish You good health, well-

being, inexhaustible energy, new scientific achievements, and continued success in your responsible and

multifaceted work! May your knowledge and experience continue to serve the advancement of Russian

science and healthcare.
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