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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.
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3.1.6. OHkonorus, nyyesas Tepanus

OPUT'MHANIbHAA CTATbA
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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.

KntoueBble cnoBa: AKT, c-RAF, GSK-3B, VEGFR2, mTOR, MenaHoMa KOXW, MporHo3
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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
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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

12



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
CUrHaNbHOTO NYTH, TPAHCKPUMLMOHHBIX U POCTOBbIX (aKTOPOB B Pa3BUTUN PeLUANBOB MENaHOMbl KOXM

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.
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