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HOBOIOAQHEE NO3OPABJIEHUE OT NMABHOIO PEOAKTOPA

Jlopozcue opy3vs, xonneau!

Coscem ckopo 2025 rog cTaHeT UCTOPHEH. YXOMAIINI rof ObUT O0TaThIM Ha PamOCTHBIC CO-
OBITHS, CBSI3aHHBIC C HAIIMM XKypHanoMm. Haykomerpudeckue nokazarens « CHOMPCKOTO OHKOJIO-
THYECKOTO0 JKypHaia» 3HAYMTEIbHO BeIpOCin. [Iponsolen ckadok MOYTH B /1Ba pa3a JBYXJIETHETO
nmnakt-gaxropa B Bl PUHLI, yBennunics nmnaxt-¢paxrop B B/l Scopus, sxypHai Ob11 OTHECEH K
HauBBICIIEMY TIEPBOMY ypoBHIO «bemnoro crimckay u Borien B epByto kareroputo BAK. «Cubup-
CKUI OHKOJIOTMYECKUM JKypHaJD» 3aHUMAET JIOCTOMHOE MECTO B Psily U3IAHUM, KOMIIETEHTHO OT-
paKaromrx Bce MHOrooOpasnue OHKOJIOTHYecKuX mpobieM. Hay4unbie paOOTHUKH M TPAKTHKYIOIIUE
CTHELUAIUCTBI BUJAT B HEM HaJIe)KHOTO TIOMOIIHUKA B PO ECCHOHATBHON AEATEIbHOCTH.

T'onoBoii pyOesx — 3T0O Beceraa MoBoA HE TOJIBKO MOABECTH UTOTH, HO M IPUCTATIBLHO BCMOTPETh-
cs B Oynymee. JKypHaily MpencTONT pemrath Bce OoJiee CIOXKHBIE 33/1a4, TUKTyeMble HOBBIMU
HCTOPUYECKUMH yCIoBHAMHU. OHH BKIIIOYAIOT B ce€0sl UCIIOIB30BaHUE HOBEHIINX TEXHOJIOTHH B
PeIaKIMOHHO-U3aTENbCKOM Mpoliecce, JalbHENIIee MOBBILIEHNE HAYYHOTO YPOBHS KypHaa,
o0oraieHue ero TeMaTuku, YKpeIuIeHUEe CBSI3€el ¢ UnTaTessiMu U Ap.

MB!I XOpOLIO IIOHMMAEM, YTO PE3yJIbTaThl HAIIEr0 M3JaHUS 3aBUCST OT CIaKEHHOW paldoTh
aBTOPOB, PELIEH3EHTOB, pelakuru. biarogapum Bcex, KTO MPUHUMAJ y4acTHE B MOJITOTOBKE BbI-
myckoB 2025 rona, ¥ HaJeeMcsl, YTO HAIIU CBSI3H C TOAaMH OYAyT TOJIBKO KPEHYTh.

[Tyctp HacTynatonuii 2026 101 OTKPOET HOBBIE BOZMOXKHOCTH U MEPCIIEKTUBBI, OY/IET IEAPHIM
Ha IPUSTHBIE COOBITUS U CYACTINBbIE MOMEHTHIL. JKenaro BaM 30pOBbsI, yAauu, pealnu3alli CaMbIX
CMEJIBIX TUTAHOB U 3aMBICIIOB.

C Hauayuwumu nodjcelanusmu,
2/1a8HbIU pe0aKkmop
«Cubupcko2o OHKOI02UYECKO20 HCYPHALA»

axaoemux PAH, npogeccop EJIL Yoiinzonos
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NEW YEAR MESSAGE FROM THE EDITOR-IN-CHIEF

Dear friends and colleagues,

New Year is right around the corner. The past year was rich in joyful events related to our journal.
The scientometric indicators of the Siberian Journal of Oncology have increased significantly. The
two-year impact factor in the Russian Science Citation Index (RSCI) database nearly doubled, the
impact factor in the Scopus database increased, and the journal was assigned to the highest level
of the White List and entered the first category of the Higher Attestation Commission (HAC). The
Siberian Journal of Oncology is a respected Russian peer-reviewed journal covering all aspects of
oncology, making it a valuable, reliable source for researchers and practitioners.

A year’s milestone is always an opportunity not only to take stock of the past but also to look
closely to the future. The journal faces increasingly complex challenges dictated by new histori-
cal conditions. These include the use of cutting-edge technologies in the editorial and publishing
process, further enhancing the journal’s scientific standard, expanding its subject matter, and
strengthening its ties with readers.

The success of our journal relies on shared responsibility of authors, reviewers, and editors.
We thank everyone for successful 2025 publications and we hope that our partnership will only
grow stronger over the years.

May the coming year 2026 open up new opportunities and prospects, and be filled with pleas-
ant events and happy moments. I wish you health, good luck, and the fulfillment of your boldest
plans and ambitions.

Best regards,
/éﬂ/ /

Prof. E.L. Choynzonov
Editor-in-chief
Siberian Journal of Oncoloy
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Poccus, 634009, . Tomck, nep. KoonepatneHbIn, 5

20IAQY BO «HaumoHanbHbI nccrnenosaTenbckuini TOMCKUI NONUTEXHUYECKUI YHUBEPCUTET»
Poccus, 634050, r. Tomck, np-T JleHnHa, 30

SOrAQY BO «HaumoHanbHbIN nccnenoBaTtenbCckin TOMCKUIA rocyaapCTBEHHbIV YHUBEPCUTET»
Poccus, 634050, r. Tomck, np-T JleHnHa, 36

‘OrbOY BO «Cubupckuii rocynapCTBEHHbIN MeauUMHCKMIA yHUBepcuTeT» MuHagpasa Poccumn
Poccus, 634050, r. Tomck, MOCKOBCKMI TpakT, 2

SHUL, «Kyp4aToBCKUIA MHCTUTYT»

Poccus, 123098, r. Mockea, nn. Akagemuka Kypyatosa, 1

AHHOTauusA

BBepeHwme. MaTuneTHAs BbhxuBaemMocTb 60nbHbIX pakom nerkux (PI1) coctaenseT 22 %. YcnewwHbln ncxos
60pb6bI ¢ 3TMM 3aboneBaHMeM BO MHOTOM 3aBWUCUT OT €ro BbISIBNEHUS HAa paHHUX cTagusax. Passutue PJ
onpegensercs akTtopamy pucka: KypeHuem, npodeccuoHanbHbIMU SKCNO3NLMAMK, UHEKUMAMN, reHe-
TUYECKOW NpeapacnonoXeHHOCTbO, HanM4YMeM XpoHuYeckux 3abonesanHuii n ap. MNpuHATME BO BHUMaHue
(haKToOpOB prCKa NO3BONUT NMOBbLICUTL APPEKTUBHOCTL aBTOMATU3NPOBAHHBIX ra30aHANUTUYECKNX KOMMNIEKCOB
AvarHocTuky PJT no BelabixaemMoMy BO3ayxy. Takme KOMNAeKChbl ABNSIOTCA NEPCNEKTUBHBLIMU AN MPUMEHEHNS
MacLUTabupyemMbIx anropMTMOB HENpOCeTeBON 06paboTkM AaHHbIX ANS HEMHBA3MBHOW AnarHocTuku PI1 Ha
paHHWX cTagusx. Llenb nccnepoBaHunsa — oueHka ahheKTVBHOCTN METOAA ANArHOCTMKM paka Nerkoro no
BblIbIXaEMOMY BO3[yXy Ha OCHOBe AaHHbIX 0T 100 foOpOoBOMbLEB 1 YNyyLLEHNE Ero XapaKTEPUCTUK NyTeM
NPUMEHEHNS MyNLTUMOLANbLHOIO NOAX0AA, YHYUTHIBAIOLLErO COCTaB BblAbIXxaeMoro Bosayxa v hakTopbl pucka
3abonesaHus. MaTepuan u Mmetoabl. B 6a3y gaHHbIx, Hapsay ¢ npobamu Belgblxaemoro Bo3ayxa, Bkova-
NUCb AaHHble aHaMHe3a. [ns 06paboTkn AaHHbBIX MPUMEHSINNC HENPOHHbIE CETY C BapuaLumnen apxXuTekTyp,
obecneunBatoLme ynyyweHme nokasarenen achHeKkTMBHOCTU AnarHocTukn. Habop gaHHbIx Ans obyyeHus
HeNpoCeCTEBbIX KraccuukaTopoB BkoYan npobbl BbiabixaeMoro Bo3ayxa ot 100 o6poBornbLEB, U3 HUX
47 300pOBbIX NLL N0 AaHHBIM AUcnaHcepusauun 1 53 naumeHTta ¢ Mopdonornyecku nogreepxaeHHsIM PI1. B
KadecTBe hakTopoB pucka 3abonesaHnsi aHanNM3NpoBanucb Bo3pacT, hakT KypeHUs 1 Hanuumne XpoHU4ECKon
o6cTpykTMBHOM GonesHu nerkux (XOBJT). PesynbTathl. VIHTerpaums gaHHbIX, BKIOYAKLWMX COCTaB BblAbl-
XaeMoro Bo3ayxa u paktopbl pucka PI1, npu o6paboTke eanHON HEMPOHHOW CETbIO MPUBOAMWT K YBEMUYEHNIO
ee nepBoHayanbHON MOHOMOZANbHON apXUTEKTypbl Ha 3 %. Y4eT cpaBHUTENbHO HEBOIMbLLOro KonuyecTsa

#=7 0O6xoackuin Aptem BuktopoBuy, art707@yandex.ru
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CLINICAL STUDIES

(haKTOpPOB pu1CKa, TaKMX Kak BO3pacT, Nnor, KypeHue 1 Hannune XOBJ1, n03BoNsieT NOBbICUTbL YyBCTBUTENBHOCTb
knaccudukatopa Ha 1,89 %, cneumdmyHocTb — Ha 6,39 %. Jlyuwme nokasatenu ob6obLyaoLLen cnocobHOCTH
HEepOCETEBOIo KraccugukaTtopa OCTUrATCS MPU ABYXMNOTOYHOW rMOpUAHON MOAENN C HOpManu3aumnen.
3akntroyeHune. YUeT AaHHbIX aHaMHesa, Takux Kak Bo3pacT, KypeHue u Hanuune XOBJ1, 4ONONHUTENBHO K
nokasatensiMm cocTaBa BblObIXaeMOro Bo3gyxa B €AMHOM HepoCeTEBOM KraccudukaTope no3Bonser no-
BbICUTb TOYHOCTb AMAarHOCTUKN paka Nerkoro rno BblAbIXxaeMOMy BO34yXy B cpegHeM Ha 4 %. 3ToT adhdpekT
N pacluvpeHmne yunTbiBaeMblx (hakTOpPOB prcka Npu AMarHoCTMKE paka Mnerkoro rno BbiAbIXaeMoMy BO34yXy
MO3BOMSAT MOBBLICUTL AOCTOBEPHOCTb PE3YNBTATOB CKPUHMHIA.

KnioueBble crioBa: pak nerkux, HeMHBa3uBHasi AUarHOCTUKA, BblAbIXaeMbl BO3AyX, (hakTopbl pUCKa,
MyJbTUMOAANbHbIE AaHHbIE, UCKYCCTBEHHAsA HEMPOHHAA CeTb, NOKa3aTenu 3(p(PeKTUBHOCTH.

EFFECTIVENESS OF LUNG CANCER EARLY DIAGNOSIS
BY ANALYSING EXHALED BREATH COMPOSITION USING
NEURAL NETWORK AND MULTIMODAL APPROACH

A.V. Obkhodskiy'?, E.V. Obkhodskaya'3, V.S. Lakonkin'?, E.O. Rodionov'4,
D.E. Kulbakin', D.V. Podolko?, V.l. Sachkov'3, V.l. Chernov'?5,
E.L. Choynzonov'#

'Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences
5, Kooperativny St., Tomsk, 634009, Russia

2National Research Tomsk Polytechnic University

30, Lenin St., Tomsk, 634050, Russia

3National Research Tomsk State University

36, Lenin St., Tomsk, 634050, Russia

4Siberian State Medical University, Ministry of Health of Russia

2, Moskovsky trakt, Tomsk, 634050, Russia

SNational Research Center «Kurchatov Institute»

1, Akademika Kurchatova St., Moscow, 123098, Russia

Abstract

Background. The five-year survival rate of lung cancer patients remains extremely low, with the average rate
of 22 %. Early detection of this disease can improve survival rates and reduce mortality. Lung cancer develop-
ment is influenced by various risk factors, with smoking being the most significant, followed by other factors
like occupational exposure, infections, genetic predisposition, presence of chronic diseases, etc. Considering
risk factors is crucial for improving the efficacy of automated gas analysis complexes for lung cancer diagnosis.
These complexes are promising for the application of scalable neural network data processing algorithms for
noninvasive diagnosis of early stage lung cancer. Purpose of the study: to evaluate the effectiveness of the
multimodal lung cancer detection method by analyzing the exhaled breath composition from 100 volunteers
using simultaneous assessment of the exhaled breath composition and risk factors. Material and Methods.
Along with exhaled breath samples, the study database also recorded all volunteers’ medical history data.
Neural networks with a variety of architectures were used for data processing. The dataset for training neural
network classifiers included exhaled breath samples from 100 volunteers, including 47 from healthy subjects
and 53 from patients with morphologically confirmed lung cancer. Data determining the age group, smoking
status and the presence of chronic lung diseases were analyzed as risk factors for lung cancer. Results. The
integration of data, including exhaled breath composition and lung cancer risk factors, into a single neural
network results in a 3 % increase in its original monomodal architecture. Taking into account a relatively small
number of risk factors, such as age, gender, smoking status and COPD, increases the classifier’s sensitivity
by 1.89 % and specificity by 6.39 %. The best generalization performance of the neural network classifier is
achieved with a two-stream hybrid model with normalization. Conclusion. By incorporating diverse patient
history data, such as age, smoking history, and chronic diseases, in addition to exhaled air composition data,
into a unified neural network classifier, the accuracy of the exhaled air method for lung cancer diagnosis
can be increased by an average of 4 %. This improvement, coupled with the expanded range of risk factors
considered in the future application of the exhaled air method for lung cancer diagnosis in medical practice,
will improve the reliability of population screening results.

Key words: lung cancer, non-invasive diagnosis, exhaled air, risk factors, multimodal data, artificial neural
network, performance indicators.
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KINMAHUYECKUE UCCNEOOBAHUA

Beenenne

B MupoBO# CcTpyKType NPUYMH CMEPTHOCTH OT
3II0Ka4eCTBEHHBIX HOBOOOPA30BaHMI Ha PaK JIETKOTO
(PJI) mpuxomutes okoio 25 % ciaygaeB. HecmoTps Ha
3HAUUTEIIbHBIC JOCTHKCHHUS B 00JIACTH IUATHOCTUKU
U JICYCHUS, ISITUIICTHSS] BBDKUBAEMOCTD MAIIEHTOB C
PJI cocraBusier 22 % [1].

Kypenne tabaka sBisSeTCS TIAaBHOW MPUIHHOMN
OCHOBHBIX THCTOJIOTUYECKHX THUIIOB Paka JIErKOTOo
[2]. OtHOCUTENBHBIN puck pa3Butusd PJI y xpoHu-
YECKUX KYPHIBIIUKOB 110 CPAaBHEHUIO C HHUKOTZA HE
KypHUBIIUMHU JToApMH cocTaBisteT 20—50 %, mpu 5Tom
JUTATEBHOCTh KYPEHUS SBIAETCS JTOTIOTHUTEIBHBIM
(axTopom pucka. Jlaxxe y OBIBHIMX KYPHIIBIIUKOB C
OOJIBLIMM CTaKEM MOBBIILICHHE PUCKa BO3ZHUKHOBE-
Husi PJI coxpaHseTcss Ha NPOTSHKEHUU BCEU >KU3HM.
ONMUIEeMHOIOTHYECKHE UCCIIeTOBAHMS TTOATBEPKIAI0T
MIPUYMHHYIO CBSI3b MEK/Ty TACCUBHBIM KYPEHHEM U T10-
BhIIeHNEM pucka pazsurtus PJI va 20-30 % [3, 4].

[1710CKOKIIETOUHBIH paK JETKOTo Yalle aCCOIUUpPO-
BaH C XpOHUYIECCKON OOCTPYKTHBHOM OOJIC3HBIO JISTKUX
(XOBJI), uto mposiBisieTcsa 6osee BHICOKOM YacTOTOM
€ro BBISIBICHUS, CHHKEHHEM OOLIeH BBDKHBAEMO-
ctu [5, 6]. HenaBHue uccienoBaHus mokas3aiu, 4TO
XOBbJI y nut, HUKOT/IAa He KYPHBIIHX, SBIISCTCS He-
3aBUCHMBIM TIpeauKkTopoM 3aboneBaemoctu PJI [7].
BripaxkeHHOCTh OpOHXMAIBHOW OOCTPYKIMHU TPSMO
KOPPEIUPYET C 4aCTOTON BOSHUKHOBEHUS paKa JIeTKO-
ro [8]. Hammmure XOBJI y OHKOIOTHYECKHX TTallieHTOB
ACCOIIMUPOBAHO C XY/IIITHUMHU KJIMHUYECKUMH U XUPYP-
THYECKUMH HCXOJaMH, YTO TIOMYEPKUBAET HEOOXO M-
MOCTb COBEpIICHCTBOBAHUS CTpaTeruil ckpunuura PJI
y JIUI], OTHOCSIIIMXCS K 9TOW TPYTIe PUCKA.

CymiecTByIOT ApyTrHe MOATBEPKACHHBIE (DaKTOPHI
pucKa, BIUAIOIIME HA MosiBieHue u paszputue PJL
[IpodeccronanbHble KAaHLIEPOTCHBI OTBETCTBEHHEI 32
5-10 % ciryuaes paka serkoro [9]. HauGonee 3naun-
MBIM UCTOPHUIECKUM (PaKTOPOM SIBIISIETCS BO3/IEHCTBIE
acbecTta, 00BbeTMHSIONIETO TPYIITY IPUPOTHBIX CHITH-
KaTHBIX BOJIOKOH (aMduOos! u xpuzotuin) [10]. Ponb
MH(EKIIMOHHBIX areHTOB B KAaHIIEPOTCHE3e JIETKUX
TaKKe aKTHBHO n3ydaercs. [lepenecerHast THEeBMOHUS
aCCOLIMUPOBAaHA C TOBBIIIEHHEM PUCKA paKa JIETKOTO
Ha 30-57 %, BeposATHO, BCIAEACTBUE XPOHUUYECKOTO
BOCHAJIEHNUs, OKMCIUTEIBLHOIO CTPecca U MOBpEXIe-
wus JJHK. Uadexmus Chlamydia pneumoniae noBbI-
maet puck Bo3HukHoBeHus PJI mpumepno B 1,5 pasa.
TyOepkyres Jerkux MOBBIIIAET PUCK paKa JIETKUX Ha
48-76 %, r1aBHBIM 00pa30M 3a CUET UH Ty IIUPOBAHHO-
r'O XpOHUYECKOTO BocmaneHus u pudposa [2].

Taxum 00pa3om, pak JIETKOTO MPECTABIISET CO-
0oif MHOTO(AKTOpHOE 3a00JieBaHUE, MOSBICHUE U
pa3BUTHE KOTOPOTO OMNpEAesseTcs] B3aUMOAEHCTBU-
eM MOAUQUIMPYEMbIX (aKTOPOB pHcKa (KypeHHeE,
poQeCCHOHATBHBIC IKCIIO3UIINN, WHPEKITNH, OXKH-
peHHE) U HEMOTUPHUIINPYEMBIX (aKTOPOB, BKIFOUAS
T€HETUYECKYIO MPEIPaco0oKEHHOCTh U HaJIn4ue
XPOHUYECKHX 3a00seBanuii nerkux. [loHnmanme aTux
B3aMIMOCBSI3€H W MPHUHATHAE BO BHUMaHWE (haKTOPOB

CUBUPCKIM OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 7-18

PHUCKa MO3BOJISAT MOBBICUTH 3(PPEKTUBHOCTH AHA-
THOCTHYECKUX METO/I0B, IPUMEHSIEMBIX JJIsl PAHHETO
BBISIBJICHUSI, TPOPHUIAKTUKY ¥ HHAUBUAYaTU3UPOBAH-
Horo JiedueHus PJI, Bkilrouass aBTOMaTU3UPOBAHHBIE
ra3o0aHaJUTHUYECKHE KOMIUIEKCHI THAarHOCTHKH 3J10-
KaueCTBEHHBIX HOBOOOPA30BaHMUH 110 BBIABIXAEMOMY
BO3/IyXY, HCTIOJIB3YIOIINX aJTOPUTMBI HEMPOCETEBOTO
aHanm3a gaHHeix [11, 12].

["a30BbIe CEHCOPBI M Fa30aHANTNTHYECKUE KOMILICK-
Cbl Ha X OCHOBE BCE Yallle UCIOJIB3YIOTCS B 31PaBO-
OXpaHEHHWH, B TOM YHUCIIE B OHKOJOTHH, Oraromaps
UX TMOTEHIMANY JUIsi HEMHBa3UBHOW THATHOCTHKH U
HEMPEePBHIBHOIO MOHUTOPUHTA COCTOSTHUS MAlMEHTOB.
ITpu 3TOM COXpaHsAOTCS MPOOIEMBl ¢ Ka4YeCTBOM M
COIVIACOBAHHOCTBIO JIAHHBIX, OJIyJaeMbIX STUMH KOM-
ruiekcamu. [Iporeccsl npeaBapuTeabHOi 06paboTKu
JAHHBIX C CEHCOPOB TPEOYIOT BCECTOPOHHEH BepH-
(UKaLUK U MTOBBIIIEHUS JOCTOBEPHOCTH ITyTEM KOM-
TUICKCHPOBAHMS Pa3HOPOIHBIX JaHHBIX [13, 14]. dus
9TOTO MOTYT TIO/IONTH JJaHHbIE aHaMHe3a MallieHTOB,
omnpezensonue 0000IeHHbIe (aKTopbl PUCKa paka
nerxoro. Hapsiy ¢ naHHBIMH, XapaKTepU3YIOIUMU CO-
CTaB BBIJBIXaEMOI'0 BO3yXa, HA BXOJ HEMPOCETEBOro
KJaccu(puKaTopa ra30aHaJIUTHIECKOTO KOMITIIEKCa MO-
TYT II0/1aBaThCsl JAHHBIE aHAMHE3a, TAKHE KaK BO3PACT,
¢axr kypenus u Hanmnuue XOBJI, B pesxume mporecca
MYJIBTUMOJIAIBHOTO O0yUYeHHsI U NPUMEHEHUS Hel-
poceTeBoro Kiaccu(uKaropa B ra30aHATUTHYECKUX
komruiekcax [13, 15-18]. Muarerpanus pasHOpOIHBIX
JAHHBIX, TTOJly4aeMBbIX C Pa3HbIMU HACTPOUKAMHU JHa-
THOCTHYECKOTO 000pynoBaHus, MOjelel Iry0oKoro
00yueHMs U KIMHUYECKHUX JaHHBIX TAKXKE [1OBBILIAET
TOYHOCTb U MHTEPIPETUPYEMOCTh MOJEIECH HEMl-
poceTeBbIX KiaccH(PUKAaTOPOB, OTKPBIBASK MyTh IS
NEPCOHAIN3NPOBAHHOM OLIEHKH PHCKOB, OIITUMU3UPO-
BaHHOTO JICUCHUS M paHHETo BhIABICHMS [19, 20].

Heab ucciieqoBaHusi COCTOsUIa B BBISIBICHUU
3aKOHOMEPHOCTEH, OKa3bIBAIOLINX BIMSHUE HA I10-
BEITIICHUE d(PGEKTUBHOCTH METOAA PaHHEW IHUarHo-
CTHKH paKa JIETKOTO Ha OCHOBE aHaJIM3a BbIbIXaeMOT0
BO3lyXa U HelpoceTeBOl 00pabOTKH JaHHBIX, B TOM
YHCIIe aHAIM3UPOBAIICS TOTEHIIMA MHTETPALIUH 1na-
THOCTHYECKOM MH(OpMALUH C TOJIYyIPOBOJHUKOBBIX
ra30BbIX CEHCOPOB U KIIMHUYECKUX JaHHBIX, HAIPS-
MYIO WM KOCBEHHO OMPEACISIIONNX (HaKTOphl PUCKa
paka JIerKoro.

MarepuaJj 1 MeTObI

B xoze nccnenoBanust 0ToOpaHsl poObI BBIbIXAC-
Moro Bo3ayxay 100 yenoBek. Bee yuacTHukM uccie-
JIOBaHUs pazjienieHbl Ha 2 rpynibl. [lepBas rpynmna— 53
MalreHTa ¢ MOP(OIOTUYECKH MOATBEPKACHHBIMH
3JI0Ka4€CTBEHHBIMU HOBOOOPA30BAHUSAMM JIETKUX
T1-4T0-3MO0-1. BceM nanuenTam npoBeIEHO KOM-
TUIEKCHOE 00CIieIoBaHme, KOTOPOE BKITIOYAJIO BUIEO-
OpOHXOCKOTHIO (MCIIOB30BANIACh YHIAOCKOTNYIECKAS
croiika EVIS EXERA II cepuu 180, pupmbr Olympus
C IPUMEHEHHEM CTaHAAPTHBIX BUJICOOPOHXOCKOIIOB),
KOMITBIOTEPHYIO TOMOTpaduio Ha armapare Siemens
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Magnetron Essenza 1,5 T 1 MaraHuTHO-pe30HaHCHYO
Tomorpaduro Ha arnapare Siemens Somatom Emotion
OpraHoB rpyaHON KieTku. Bepudukanus nuaraosa
OCYILIECTBIICHA 110 TAHHBIM MOP(OJIOTUIECKOTO HCCITe-
JOBaHUS OMOTICHITHOTO MaTepralia — BO BCEX CITydasx
TIOATBCPIKIACH HEMEJIKOKJICTOUHBIN pakKk € paBHBIM CO-
OTHOIIIEHHEM IIJIOCKOKJIETOYHOTO HEOPOTOBEBAOILIETO
paka u aJleHOKapIIMHOMBI JIETKHX.

I'pynna 2 Bxiroyana 47 4yenoBek, y KOTOPbIX HA MO-
MEHT IIPOBEICHUSI HCCIIe/IOBAaHMS He ObLIIO B aHAMHE3e
JAHHBIX O HAJTMYHH 37I0Ka9eCTBEHHBIX HOBOOOpa30oBa-
HUH 110 pe3ynbTaTaM KIMHHYECKOT0, PEHTTEHOIOTnye-
CKOTO U JIaboparopHoro oOcnemnoBanmii. Kpurepuem
WCKJTFOUEHHMSI M3 TPYIIIHI 2 SIBISUIOCH HATMYHE JTF000TO
37I0Ka4eCTBEHHOTO HOBOOOpa30BaHUS B aHaAMHE3e,
Bo3pacT 1o 18 jet, octpas uHpekuus, 06ocTpeHune
XPOHHYECKUX 3a00JIeBaHUH, Tpedyrolee Teparmnu
AHTUOMOTHUKAMH, OEPEMEHHOCTh FIJITM KOPMJICHHUE
rpyneto. Jnst cOopa u XpaHEeHHUs! JaHHBIX O Tpodax
BBIJIBIXaEMOT'0 BO3/yXa OT BCEX YYaCTHHKOB HCCIIE/I0-
BaHUS IPUMEHSIIICS T'a30aHATUTHYECKAN KOMIUIEKC Ha
OCHOBE Ha0Opa HECENEKTHBHBIX TOTYTTPOBOTHIKOBBIX
cencopos [11, 12].

B uccrnenoBanuu nmpoBoamiIoch 3 SKCHEPHUMEHTA,
B KQXKIOM U3 KOTOPBIX MPUMEHSIICS OJUH M TOT XKe
Ha0Op MaHHBIX, BKITFOYAIONTUH TTPOOBI BEIIBIXaEMOTO
BO3MyXa OT 47 370POBBIX TOOPOBOJBIIEB U 53 TaIu-
CHTOB C PaKOM JICTKUX. 9KCHCpI/IMeHTI)I MMPpOBOANIIUCH
IPY OTHUX M T€X K€ HACTPOHKaX Tra30aHATUTHIECKOTO
KOMITJIEKCa, HO C WICTIONIb30BaHUEM Pa3IMYHBIX HEH-
POCETEBBIX MOAXOAOB K MHTErPalli KIMHUYECKHUX
JaHHBIX. Kinnanueckne JaHHbIC BKJIIOYaJik, KpOME
JAHHBIX O BBIJIBIXaEMOM BO3JyXe, TaHHBIC aHAMHE3a
(MeTamaHHPBIE) BCEX YIaCTHUKOB UCCIIETOBAHMSL.

B mepBoMm skcriepumenTte kinaccudukanus mpoo
OT 3JI0POBBIX JOOPOBOJIBLIEB U MAIIMEHTOB C PAKOM
JIETKUX [TPOBOAMIIACH TOIBKO HA OCHOBAHUH JIaHHBIX
0 Tpo0ax BBIIBIXaeMOTO BO3/lyXa, T.€. TMPUMEHSIICS
MOHOMOIAJTEHBIH IMTOIX0A K 00yUIeHUIO HEUPOCETEBO-
ro kiaccudukaropa. JlaHHbIE MPEICTaBISIOT cOOO0H
ouu(poBaHHBIC 3HAYCHHSI CHT'HAJIOB C TIOTYTIPOBOIHH-
KOBBIX CEHCOpPOB. Bo BTOpOM 3KCIIepUMEHTe JaHHBIC
aHaMHe3a IO/IaBaJINCh B OTHOM BXOTHOM CJI0€ BMECTE
C IAHHBIMH O BBIJIHIXaEMOM BO3JyXxe. B TpeTbem sKcrie-
PUMEHTE UCIIONIb30BaJIach ABYXIIOTOUHAsI THOpUIHAS
MozeIb HEHpoceTeBoro kinaccuukaropa, a JaHHbIC
aHaMHe3a T0/1aBajiiCh BO BTOPOM TOTOKe. JlaHHBIE O
BBIJIBIXaEMOM BO3/[yX€ BO BCEX DKCIIEPHUMEHTaX HOP-
MUpPOBaHbI HA quana3oH ot 0 g0 1, 9ToObI UX Tpaau-
EHTHI ITpY 00YUEHUN HEHPOCETEBOT0 KilacCu(pHrKaTopa
COOTBETCTBOBAJIM TPAJINEHTAM JaHHBIX aHaMHe3a H
o0ecreyrBai BO3MOYKHOCTH CPaBHEHHS PE3YIIBTaTOB
1-To dKCTIepUMEHTa C IBYMSI IPYyTUMH.

Knuanveckue qaHHbIe IO 3J0POBBIM JOOPOBOIIb-
[[aM Y TTAlAEHTaM C PAKOM JIETKHX pa3ZielieHbl Ha JIBE
KaTeropuy MPU3HAKOB: JeMorpaduyeckre U aHaM-
Hectrueckue (Tadmn. 1). CoctaB mpr3HAKOB BKITIOYAI
BO3PACT, 1101, (PaKT KypeHHUs U HAJTMYHE XPOHUIECKON
o0cTpykTuBHOH Oosne3nu jerkux (XOBJI).

Jlns wHTETpanmuy BCeX MPHU3HAKOB W3 TalNl. 2 C
JAHHBIMU O TIP00aX BBIABIXaEMOTO BO3/yXa B paMKax
MYJIBTUMOZAIIBHOTO MOAX0/a MPH 00y4YeHUH HEHpo-
CeTEeBOro Kiaccu(pukaTopa MPOBOAMIACH UX TPEA-
BapuTenbHass oOpaboTka. J{ns nmpusnaka «Bo3pact»
MOYKHO IMPUMEHSITh KaK MUHUMAaIIbHO-MaKCHMAIIbHYIO
HOpPMaJIM3allUIo, TaK U OOBIYHOE JeJICHHE 3HAYCHUS
Bo3pacta Ha 100. /15 ocTanbHBIX MPU3HAKOB HC-
MOJIb30BAJIOCH IBOMYHOE IMpeoOpa3oBaHUe AaHHBIX

Ta6nuua 1/Table 1

XapakTepucTuka cpaBHUBaeMbIX rpynn
Characteristics of the compared groups

3n0poBkie 100poBoIbIEI (47 mpod BeIbIXaeMoro Bo3ayxa)/Healthy volunteers (47 exhaled breath samples)

Kareropus npusnaka/  Homep npusnaka/
Attribute category Attribute number

[Mpusnak/
Attribute

Bospacrt: 25-70 ner, cpexnuii Bo3pact — 45,8 rona/

Ilen]a)oerrll)li@mehgmn/ ! Age: 25-70 years, average — 45,8 years
graphic 2 Ion: myx — 24, sxen — 23/Gender: men — 24, women — 23
AHaMHECTHYCCKHIA/ 3 Kypenue: kypsimux — 6, Hekypsimux — 41 /Smoking: smokers — 6, non-smokers — 41
Anamnestic 4 XOBJI/COPD -0

ITarmmenTs! ¢ pakom Jerkux (53 mpoOsl BeIIbIXaeMoro Bo3myxa)/Patients with lung cancer (53 exhaled air samples)

Kareropus npusnaka/  Homep npusnaka/
Attribute category Attribute number

[Mpusnak/Attribute

Bospacrt: 42-78 ner, cpexnuii Bo3pact — 63,0 roma/

Ilel\l/l)oerrii(bf:eh?éﬂﬂ/ ! Age: 4278 years, average — 63,0 years
grap 2 Ion: myx — 23, sxen — 30/Gender: men — 23, women — 30
PN —— 3 Kypenwue: kypsimux — 19, Hekypsmux — 34/Smoking: smokers — 19, non-smokers —34
A . XOBJI: quarno3 XOBJI — 16, 6e3 aquarnosa — 37/
namnestic 4

COPD — with diagnosis — 16, without diagnosis — 37

Hpnmeqam/le: TabIuIa COCTaBICHa aBTOpaMH.

Note: created by the authors.
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Ta6nuua 2/Table 2

dopmaTbl KOQUPOBOK ANA NpeABapUTeNbHON 00PaboTKM AaHHbIX
Encoding formats for experimental data set preprocessing

Howmep npusnaka/  HaummeHnoBaHue npusHaka/

Attribute number Name of the attribute
1 Bospact/Age
2 ITon/ Gender
3 Kypenne/Smoking
4 XOBJI/COPD

Ipumeyanue: Tabnua cOCTaBICHA aBTOPAMH.

Note: created by the authors.

(one-hot encoding). ®opmMaThl TPUMEHSIEMBIX KO-
POBOK TIPU3HAKOB TSI TIPEIBAPUTEIIEHON 00pabOTKH
IKCIIEPUMEHTAIILHBIX JIaHHBIX TIPUBENICHBI B TA0M. 2.

C yueToM MpUHSTOH KOAUPOBKH Ha BXOJ Helipoce-
TEBOTO KIACCU(PHUKATOPA B IKCIICPUMEHTaX 2 1 3 BMe-
CTE CO 3HAYCHUSIMH CUTHAJIOB C TTOJTYTPOBOJHUKOBBIX
CEHCOPOB TOJIABATNCh COOTBETCTBYIONIUE JaHHbBIC
aHaMHe3a O 3I0POBBIX JOOPOBOJIBIAX M TTALIUEHTAX C
PaKoM JIETKUX B BUJE [TOCIIEI0BATEILHOCTH KoI0B. Ha-
puMep, KogoBas rmocieaoBarenbHocTh (0,42, 0, 1, 1)
HHTEPIPETHPYETCS CIeMyonmuM obpa3om: 42 roxa,
KeHIMHa, KypuT, Hanmnune XOBJI.

Metonnka anaansa

JlocTOBEpHOCTHh BXOJHBIX JAHHBIX HAIPSIMYIO
BiMsieT Ha 3 (HEKTUBHOCTD U TOYHOCTh HEHPOCETEBBIX
MOJIEIICH, TIO3TOMY B XO/I€ MCCIIEI0BAHMS IIPOBOANIIAC
UX JIOTIOJIHUTENIbHAs HOPMHUPOBKA, T.K. U1 0TOOpa
Ipo0 BBIABIXaEMOT0 BO3/1yXa IPUMEHSIIOCH [1Ba ra3oa-
HAJIMTHYECKUX KoMILIeKca. J{ist mpoBeneHns HOpMu-
POBKH IPUMEHSIIUCH YCPEAHEHHBIE TPOOBI OT OHOTO
1 TOTO e 37I0pOBOTO J0OpoBoIbIa (ZD), koTopsie, B
CBOIO OYepeTh, OBUIH PACCUUTAHBI TTO TPEM TIPOOaM ¢
rxomruiexca Ne 1 (1P) u ¢ kommekca Ne 2 (2P).

B kadecTBe 5TalIOHHOTO UCIIOIB30BANICS KOMILIIEKC
Ne 1, T.x. ero uaMepuTeNbHbIE KaHAIbl HACTPOCHBI
Ha OOJIBIIYI0 YyBCTBUTEIBHOCTD U [UIS U3MEPUTEIb-
HBIX KaHaJIOB KoMIuiekca Ne 2 B jmanpHEWIIEM MpH

dopmar KOTUPOBKH MpPU3HAKA/
Attribute encoding format
0,25-0,78
1 — my>xuuna, 0 — xermmHa/1 — man, 0 — woman

1 — xyput, 0 — He kyput/1 — smokes, 0 — does not smoke
1 — ¢ mnarHo30M, 0 — 6e3 muarHo3a/l — with diagnosis, 0 — without diagnosis

KaTuOpOBKE MOXKET OBITh MPUMEHEHO ammapaTHoe
ycuiieHHe. BeIuucieHHble B X0Je 3TOW MpOLenyphl
HOpMUpYOIre GYHKIINYA TPUMEHSUINCH B JabHEH-
meM 1t 00paboTKH BCeX Mpod OT MAIIMEHTOB C PaKOM
JIETKUX U OT BCEX 37I0POBBIX JOOPOBOJIBIIEB, OTOOPaH-
HBIX C TIOMOIIBIO KoMIuiekca Ne 2.

[Ipumep cpaBHEHUS YCPETHEHHBIX (OPM CHTHa-
JIOB TI0O COOTBETCTBYIOIIEMY MOIYIIPOBOTHUKOBOMY
cercopy u3 kommekca Ne 1 u Ne 2 mpaBeneH Ha
puc. 1. OTHOCHTENBHOE OTKJIOHEHHE, IPUBEICHHOE
K JIMana30Hy MEXJy JBYMs CPEIHUMH 3HAYCHUSIMH
wisZD _1PuZD 2P, cocrasnser ot 15 10 22 %. [is
HOpPMAaJTLHOU PabOThI HEHPOCETEBOTO KiIaccu(hruKaropa
B IlaJ'[LHCﬁIHeM OTHOCHUTECJIbHOC OTKJIOHCHHUEC MCKIY
CPEeIHUMH 3HAYCHUSMU JOJDKHO HaXOIUThCS B JIHa-
naszoHe ot 1 10 2 %.

I{OpMHpOBKa CUI'HAJIOB C Tra30aHAJIUTHUYCCKUX
KOMIIJIEKCOB MPOBOAMIACH B CIEAYIONIEH mocie-
JOBAaTEJIbHOCTH: CHayalla OCYIIECTBIISIICS MOHUCK
JIOKAJIbHBIX MUHUMYMOB, CUTHAIIBI Pa3elisuIuCh Ha
10 OTHEeNbHBIX BOJH B COOTBETCTBHH C HAaWACHHBIMH
MHUHUMYMaMH, Jajic€ NMpOBOAMIMCE alllIpOKCUMalus
Ka</I0M BOJTHBI OT/ICJIbHBIM KYOHUECKHM ITOJIMHOMOM
1 «CIIMBaHUE) CUTHAJIA CO CMEIIIEHUEM MTEPBBIX TOUEK
B K@XJOU BOJTHE CUTHAJA. TakuM o0pa3oMm, B pe3yib-
TaTe anmpoKCUMAIMU JOCTUTAIOCh MaKCUMAallbHOE
OTHOCUTEIIFHOE OTKJIIOHEHUE, paBHoE 2,78 %, u cpea-
HEKBaIpaTUYHAs IPUBEIICHHAS TIOTPEITHOCTD, PaBHAS
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1215
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Puc. 1. ®opmbl ycpeaHeHHbIX
curHanos ¢ ceHcopa Ne 1 ans

Jecsatuanoe 3Hauenue koaa ¢ AL/
Decimal value code from ADC
S
o
——
——

10.0
L5 0 knaccos ZD_1P n ZD_2P po
\\ ’ kanubposku. MpumedaHme:
Lo s PVCYHOK BbIMOMHEH aBTopamu
Fig. 1. Averaged signal shapes

OTHOCUTEILHOE OTKJIIOHEHHUE,
MPUBEJICHHOE K Auamna3ony, % /
Relative deviation reduced to range, %

0 200 400 600

[NopstnkoBbiii HOMep 3HaueHus koaa ¢ ALIT/
Ordinal number of ADC code

800 from the sensor Ne 1 for classes
ZD_1P and ZD_2P before
calibration. Note: created by the
authors
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= g 2 53 curHanos ¢ ceHcopa Ne 1 ans
=) g 100 L0.25 = = p knaccos ZD_1P n ZD_2P nocne
§ A ©) %«g kanmbposku. MNpumevaHue:
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! ‘ ! .‘ , ’ ~ Fig. 2. Averaged signal shapes
Y 200 400 600 800 from the sensor Ne 1 for
[opsaxoBerit HoMep 3HaueHns koxa ¢ AL/ classes ZD_1P and ZD_2P after
Ordingl mumniber oL ADC eotle calibration. Note: created by the
authors

0,47 %, a B pe3yabTare CMEIIEHUS MEPBBIX TOUYCK B
KaXJIOM OTACNBbHON BOJIHE CUTHAJIa MaKCHUMAJIbHOE
OTHOCUTEJIBHOE OTKJIOHEHUE cocTaBuio 1,79 % ans
cpenHux 3HadeHui kitaccoB ZD 1PuZD 2P o Bcem
ceHcopam, Kak MoKa3aHo Ha puc. 2.

[IpoBenenue mporeaypsl HOPMUPOBKHU CUTHAIIOB C
ra30aHaJUTHYECKUX KOMILIEKCOB MO3BOIMIIO YCTpa-
HUTH OTIINYHS B UX TPAlyHPOBKE, KOTOPbIE BHOCHIIN
BKJIaJ] B ipu3HaK nuddepernnanuu npod BeIIbIXae-
MOTO BO3/IyXa JJIsl OTHOTO KJIacca MPoO BBIIBIXAEMOTO
BO3/yXa, HO OTOMPAaeMbIX Pa3HbIMUA KOMIUICKCAMH —
No 1 u Ne2.

Pe3yabTarsl u 00cyxkneHune

ITo pe3ynbraTaM MepBOro SKCIEPUMEHTA, B paM-
Kax KOTOPOTo NMPOBOAMIACH HEHpOCEeTeBasl KJIACCH-
(ukanus 370pOBBIX JOOPOBOJIBIICB H MAIMEHTOB C
paKoOM JIETKUX C IPUMEHEHHEM TOJIbKO JIaHHBIX O
COCTaBE BBLABIXAEMOTO BO3AYXa, ONPEAEICHBI TOU-
HOCTb, YyBCTBUTEJILHOCTD U CHELU(PUIHOCT METOAA
nuarHoctuku, pasaeie 83,00; 86,79 u 78,72 % coot-
BeTcTBeHHO. [lopor pa3znenenus mpod OT NaMeHTOB
C PaKoM JIETKUX U 3I0POBBIX JOOPOBOJIBIIEB ONPEe-
JIeH ¢ noMmollpto aHanuza ROC-xapakTepuCTUKU U

cocraBun 0,484. Beanunna AUC-ROC cocraBuia
0,888 (puc. 3).

IIponiecc 0OydeHuss HEHPOHHOW CETH TPOBOAMICS
mpu BeImojHeHUU 20 31mox u 3aTeM mpepbiBaics. C
TaKoW HACTPOWKOM HeHpOHHas ceTh 00ydasach He J10
KOHEYHOM XapaKTePUCTHKH 0 TOUHOCTH Kiiaccu(u-
karuu. OHaKO B Tporiecce OOy4eHHUs HaOIonanach
xXoporiass 00600marmas cnocoOHOCTh BERIOPAHHOM
MOJIEJIM HEUPOHHOM CETH U HE MOSBISAIOCh MHIUKA-
TOPOB, YKa3bIBAIOIIUX Ha ee nepeodyueHue. Ha puc. 4
MpUBEJCHA JUarpaMMa pacrupenelieHus npod mpu
MIPOBEICHUH TIEPEKPECTHON TIPOBEPKU HEUPOCETEBOTO
Kiaccu(ukaropa Mo MaHHBIM TOJBKO O COCTaBE BBI-
JIBIXaeMOTO BO3IIyXa.

B pesynbrare BTOporo sKCrepuMeHTa, B KOTOPOM
Ha BXOJ] HEHPOCETEeBOro KiaccupuKaTropa MOMUMO
JTAHHBIX C CEHCOPOB MapaylIeNbHO MTOJAI0TCS TaHHbIE,
onpeneisomue GakTopbl pUCKa B KOJUPOBAHHOM
BUJIC, OTPECIICHBI TapaMeTPbl TOYHOCTH, YyBCTBU-
TETBHOCTH U crieruduuHocTH, paBHbe 83,005 86,79
u 78,72 % cootBercTBeHHo. [lopor pazaenenus mpod
OT 37I0POBBIX JTOOPOBONIBIIEB W MAITUEHTOB C PAKOM
nerkux cocraBui 0,644 (puc. 5). Benuunna AUC-
ROC cocrapuna 0,896.

10 } — —
b rJ_f /”’/
Z os ]
S s
A 0.6 £
e
3 il Puc. 3. ROC-xapakTepucTika Knaccu-
% 04 = e duvkaTopa npu guddepeHumauymum 1-in
E ’,/' 1 2-1A rpynn 4o6poBOMbLEB TOMLKO MO
S e [aHHbIM O COCTaBe BblAbIXaeMoro Bo3-
£ 021 i xa. MpumedaHne: pucyHok
2 -~ | 0606wWweHHas ROC-xapakTepucTika/ Ay P pucy
> Py — - BbIMNOSIHEH aBTOPaMM
= - ‘ Summary ROC (AUC = 0.888) . .
- : Fig. 3. ROC-curve of the classifier
0.0+ ====< KoHTponbHas nuHus/Control line . o
: \ \ ) ‘ ‘ when differentiating groups 1 and 2 of
0.0 02 0.4 06 08 1.0 volunteers based only on data about
—_ exhaled breath composition
Crewudurarocts/Specificity Note: created by the authors
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lMprMeyaHne: pucyHOK BbINOMHEH aBTOpamMu
Fig. 4. The exhaled breath sample classification cross-validation diagram for all healthy volunteers and patients with lung cancer.
Note: created by the authors
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breath composition and risk factors
fed in parallel to the input of the neural
network. Note: created by the authors

Ha puc. 6 noka3zaHna jguarpaMma KjiacCU(pUKAIUH
JIOOpOBOJIBLIEB OJHOBPEMEHHO TIO JaHHBIM COCTaBa
BBIJIBIXaeMOT0 BO3/1yXa U aHaMHe3a. B kauecTBe naH-
HBIX aHaMHE3a HCIOJIb30BAIUCH CBEIEHUS O IOJIE,
Bo3pacre, (pakre kypenus u Haauunu XOBJI. TToka-
3aTeNy KauecTBa HEHPOCETEeBOM Kiaccu(UKalMU BO
BTOPOM KCIIEPUMEHTE M3MEHSIOTCS HE3HAYUTEILHO
10 CPAaBHEHHUIO C TEM, KOTJa HCIIOJIb3YIOTCSl TaHHbIE
TOJILKO O COCTaBE€ BBIABIXa€MOTO BO3/yXa, KaK B
[I€PBOM 3KCIIEPUMEHTE.

B TpeTtbeM skcniepuMeHTe HEHpOHHAs ceTh Oblia
MOIU(HUIMPOBAHA, UCIOIb30BAJIACH JBYXIIOTOYHAS
apxurtektypa (puc. 7). Moaenb nMeeT IBE HE3aBHCH-
MbI€ BETBH, KOXK/Jasi U3 KOTOPBIX 00padarbiBacT CBOM
THUI BXOAHBIX AaHHBIX. [IepBbIii moToK 00padaTsiBacT
JJaHHBIE C CEHCOPOB O COCTABE BBIZI0XA C TOMOIIBI0 1D-
CNN. Bo BTOpoM mmoToke 00padaTeIBalOTCs JaHHBIC
aHaMmHe3a (Bo3pact, 1o, GakT KypeHHs U HaJIn4ne
XOBJI) nonHoCBsI3HBIME cosivu. [Tocne o6paboTku
BEKTOPBI MIPU3HAKOB M3 JIByX BETBEH OOBEIUHSIOTCS
orepanuel KOHKaTeHALMH U IOJAI0TCs HA BBIXOIHBIC
CJIOH.

CUBUPCKIM OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 7-18

IIpu nepekpecTHON NMPOBEPKE ONPEIEIEHBI Clle-
JYIOIIUE MOKa3aTeld KauecTBa Kiaccudukanuu ¢
MOMOLLBIO IBYXIIOTOUYHOM HEUPOHHOM CETH: TOUHOCTh —
87,00 %, 9yBCTBUTENBHOCTE — 88,68 %, crienmdud-
HOCTh — 85,11 %. [Topor pasaeneHus: 100pOBOJIBIICB
OJTHOBPEMEHHO I10 JIAHHBIM BBIJIBIXa€MOT'0 BO3/1yXa U
aHaMHe3a B JIBYXIIOTOYHOM KJlacCu(UKaTope, onpeie-
neHaeld MmetogqoM ROC-amanm3a, cocraBui 0,530.
Bennunna AUC-ROC coctasmita 0,952 (puc. 8), uto
TOBOPHUT O XOPOIIIEM Ka4eCTBE KJIAaCCHU(PUKATOPA.

IIpoBeieHHBIE PKCIIEPUMEHTHI C HAOOPOM TPOO
BBIJIBIXa€MOTO BO3/[yXa OT HECKOJIBKUX Ta30aHAUTH-
YeCKHX KOMIUICKCOB M JAaHHBIMHA aHAMHE3a ITO3BOJTHIIN
pacHIpUTh UCCIACAOBAHUE, OIEHUTH BOCIPOU3BO-
JIMMOCTh TOJIYYEHHBIX PE3YJIBTATOB U OMPEICIUTh
HaNpaBJICHHUS PA3BUTHS TUATHOCTHYECKOTO METO/a.
AHaM3 TaHHBIX 3TOPOBBIX TOOPOBOJIBIIEB U TTAITHCH-
TOB C PAKOM JIETKUX TPOBOIUJICS C UCIIOIb30BAHUEM
€JMHBIX METOJOJIOTHYECKUX TOJX0/I0B 00paboTKH
JIAaHHBIX TPU 00ECTIeYeHUN eIMHCTBA M3MEpeHUH
CcOoCTaBa BBIIBIXaEMOTO BO31yXa, YTO OOECIICUHIO
COIOCTaBUMOCTbD [TOKa3aTeiel KauecTa Kiiaccurka-
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Puc. 6. Ouarpamma knaccudukauum npod npu nepekpecTHom NpoBepKe AN BCEX 300POBbIX 40OPOBOMbLEB M BOMbHBLIX PakoM NMerkmx
Mo [aHHbIM O COCTaBe Bbi[bIXaeMoro Bo3ayxa v dhaktopax pucka, nogaBaeMbiM napansieflbHo Ha BXOA HepOHHOMN CEeTU.
MpuMeYaHue: pUCyHOK BbINOSTHEH aBTOpaMu
Fig. 6. The exhaled breath sample classification cross-validation diagram for all healthy volunteers and patients with lung cancer based
on exhaled breath composition and risk factors fed in parallel to the input of the neural network. Note: created by the authors
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Fig. 7. Adapted neural network architecture for experiment 3. Note: created by the authors

TopoB. [lomyueHHbIe pe3ybTaThl BCeX YKCIIEPHUMEHTOB
CBezleHbI B Ta0II. 3.

Ha ocHOoBaHMU Pe3yJIbTaTOB HCCIIEI0BAHMS MOXKHO
CJENIaTh BEIBOJI, YTO UCIIOIL30BAHUE JOMOIHUTEILHEIX
JTAHHBIX aHAMHE3a 1 JIBYXITOTOYHON apXUTEKTYPhI HEel-
POHHOM CETH MO3BOJISIET ABTOMATU3UPOBATH MTPOIIECC
MPEIBAPUTEIIBHON TUATHOCTUKH U IIPH STOM YBEIIH-

14

YUTh TOYHOCTH Kiaccu(ukauuu B cpeaHeM Ha 4 %,
YyBCTBHUTENBHOCTh — Ha 1,89 %, cneunpuuHocts —
Ha 6,39 %, AUC-ROC — na 0,064. [Ipu naTerpanyun
JAHHBIX O COCTABE BBIJBIXaEMOT0 BO3/lyXa U IaHHBIX
aHaMHe3a B KOJUPOBAHHOM BHJIE B OJHOM BXOAHOM
CJIoe HeWPOHHOW CeTH TOBHIIIEHUS d(Hh(HEKTHBHOCTH
KJ1accu(pUKaTOpa HE MPOUCXOIUT.
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Ta6nuua 3/Table 3

CBoAHble AaHHbIe UccneaoBaHUs
Summary data of the research

ITapamerp/ DxcnepuMeHT 1/
Parameter Experiment 1
Tounocts/Accuracy 83,00 %
UyBCTBHTEIBHOCTE/Sensitivity 86,79 %
Crneuunduunocts/Specificity 78,72 %
AUC-ROC 0,888

HpI/IMC‘IaHI/ICZ Ta6111/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

3akiaouenne

VccnenoBanus BKIIOYAJIN TPU TUArHOCTUUECKUX
CIIEHapHsl C y4acTHEM 3JIOPOBBIX JOOPOBOIBIEB U
MaLUEHTOB ¢ pakoM Jerkux [-IV ctaguu. Pe3ynprarsl
9KCIEPUMEHTOB MPOIEMOHCTPUPOBAIIU CPABHUTEIb-
HO BBICOKYIO TOYHOCTH KiIacCU(pUKAIMU KaK MpH
MIPUMEHEHUH TOJBKO JAHHBIX C Ta30aHATUTHYECKUX
KOMITJIEKCOB, TaK U UX MYJIbTHMOJAJIBHON MHTErpa-
LMK C MOKA3aTeasiMU aHaMHE3a, ONpPEeAeIISIIOIINMHI
(axTops! pucka. KommuectBo 00ydaeMbIX 371eMEHTOB
B HCXOTHON MoJieny cocTtaBmio 223 714, B monnduu-
poBanHO# — 230 618, 4TO COOTBETCTBYET YBEITUUEHUIO
Mojen Ha 3 %. AHanu3 pe3yabTaToB HIKCIIEPUMEHTOB
MOKa3aJl, YTO MHTErpaLusl MmokKasareyieii anamuesa u
aJanTanus apXUTSKTYPBI HEHPOHHOM CETH TSI BX 00-
PpabOTKH MO3BOJISIIOT MOBBICHTH 3 (HEKTHBHOCTH KJ1ac-
cudUKaIK: TOYHOCTh BO3pOCia B cpeaHeM Ha 4 %o,
qyBCTBHUTENbHOCTh — Ha 1,89 %, cneunduyuHocTh —
Ha 6,39 %, 3nauenne AUC-ROC — na 0,064. B To xe
Bpems 0ObEeIMHEHNE MTOoKa3aTeiel aHaMHe3a ¢ JlaH-
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TY3 «ObnacTHOW KMMHNYECKUIA OHKONMOTNYECKUIA AnCraHcep»

Poccus, 432017, . YnbaHoBCK, yn. 12 CeHTs6p4, 90

20IrBOY BO «YnbsHOBCKUIA roCcyAapCTBEHHbIN YHUBEPCUTET»

Poccus, 432017, . YnbsHOBCK, yn. apxutektopa Jlneyaka, 2/1

SOrBOY BO «Camapckuin rocyaapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET»
Poccus, 443099, r. Camapa, yn. Yanaesckasi, 89

AHHOTauusA

Llenb nccnenoBaHus — BbiSIBNIEHNE PaHHUX NPEANKTOPOB HECOCTOATENBHOCTU MEXKULLEYHbLIX aHACTOMO30B
nocne reM1MKONaKTOMUIA 1 pe3ekummn ToncTon kuwkn. MaTtepmuan u metoabl. VccnegosaHne, nposefeHHoe
B YNbsHOBCKOM 06nacTHOM OHkonoruyeckom gucnaHcepe ¢ 2019 no 2024 r., BKMoYano peTpocnekTUBHbIN
aHanu3 gaHHbIX 583 naumMeHToB, KOTOPbLIM BbINOMHEHbI NNIAHOBLIE FTEMUKONAKTOMUMN 1 PE3EKLUM CUTMOBUAHOMN
KWLLKN. VICKMoYeHbl NauneHThl ¢ fieTanbHbIM UCXO40M OT COMyTCTBYHOLLEN NaToNorMm 1 3KCTPEHHLIMU one-
paumnamun. OueHKa oCnoXHeHUn nposoauniace no knaccudgukaumm Clavien—Dindo, a pacnpoctpaHeHHoCTH
onyxonu — no knaccugukaumm TNM. CTaTncTmyeckuin aHanm3a BKoYan MeToabl CPaBHEHNSI KONMMYECTBEHHbIX
1 KaTeropvarnbHbIX JAaHHbIX, OLEHKY LLAHCOB M MOCTPOEHNE NPOrHOCTUYECKON MOLENM C MOMOLLIbIO NOTUCTU-
yeckow perpeccun n ROC-aHanusa. PesynbTaTtbl. 3Ha4MMbIMK NapameTpaMmu, BIUSIOLLMMUN Ha PUCK HECO-
CTOSITENbLHOCTM TONICTOKMLLEYHOro aHacToMo3a (HTKA), 6binm Hanunyme konoctomel Ao onepauum (p<0,001),
BbINOMHEHWe MynbTropraHHow pesekumm (p<0,001), ypoBeHb anbbymuHa ao onepauum (p=0,001) n Ha 1-e cyT
nocne onepaumu (p<0,001), ypoBeHb anbbymuHa Ha 5-e cyT (p=0,032), KonnyecTBo HENTPOUNOB Ha 5-e cyT
nocne onepauuu (p=0,012), npogomxuTensHocTb onepaummn (p=0,048). BeiBoabl. Yactota HTKA coctasuna
48 (8,24%). Mpu MHOrohakTOpHOM aHanM3e 3Ha4YMMbIMU NapaMmeTpamm ee pa3BUTUS ABNAOTCA CTaaus, Kpu-
Tepun T 1 HanNW4e MeTacTasoB NEPBUYHOW OMYXOMNK, NPOAOIMKUTENBHOCTL ONepaLun, CPOK rocnuTanMaaumu,
KorocTtoma o ornepawun, MynbTropraHHas pesekums, ocrnoxHeHus no Clavien—Dindo, o6bem KpoBoTEYEHUS,
TUN onepauun, anbbymunH Ao onepauun, anbbymuH Ha 1-e 1 5-e cyT nocne onepauuu, HerTpodunel Ha 1-e
n 5-e cyT nocrne onepauun, NMMM@OLUTLI Ha 1-e CyT nocne onepaummn, HeMTPOPUNBEHO-NUMMOLUTAPHLIN
nHaekc Ha 1-e n 5-e cyT nocne onepaumu.

KnioueBble cnoBa: pe3ekuus TOJICTOWN KULUKN, HECOCTOATENBLHOCTb TOJICTOKULLIEYHOrO aHacToOMO3a.

#=7 ToHeeB EBrenui AnekcaHpgposud, e.toneev@inbox.ru
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NON-SPECIFIC RISK FACTORS FOR PREDICTING
INTESTINAL ANASTOMOTIC LEAKAGE FOLLOWING
RIGHT/LEFT HEMICOLECTOMY AND SIGMOIDECTOMY:
DEVELOPMENT AND INTERNAL VALIDATION OF A MODEL

E.A. Toneev'? D.D. Prokhorov? M.O. Pavlov? E.A. Rodionova3, Z.F. Gasanov®

'Regional Clinical Oncology Center

90, 12 Sentyabrya St., Ulyanovsk, 432017, Russia
2Ulyanovsk State University

2/1, Arkhitektora Livchaka St., Ulyanovsk, 432017, Russia
3Samara State Medical University

89, Chapaevskaya St., Samara, 443099, Russia

Abstract

Objective. This study aimed to identify early predictors of intestinal anastomotic leakage following
hemicolectomies. Material and Methods. We conducted a retrospective analysis of 583 patients who
underwent elective hemicolectomies and sigmoid resections at the Ulyanovsk Regional Oncology Center from
2019 to 2024. Patients with fatal outcomes from comorbid conditions or emergency surgeries were excluded.
Complications were assessed using the Clavien-Dindo classification, while tumors were evaluated using the
TNM classification. Statistical analysis involved methods for comparing quantitative and categorical data,
assessing odds ratios, and developing a predictive model using logistic regression and ROC analysis. Results.
Statistically significant risk factors for intestinal anastomotic leakage were: colostomy before surgery (p<0.001);
multiorgan resections (p<0.001); albumin levels before surgery (p=0.001) albumin levels on day 1 after surgery
(p<0.001); albumin levels on day 5 after surgery (p=0.032), neutrophil counts on day 5 after surgery (p=0.012),
and operation time (p=0.048). Conclusion. In our study, the incidence of intestinal anastomotic leakage
was 48 (8.24%). Multivariate analysis identified the following statistically significant factors for developing
anastomotic leakage: cancer stage, T-spread of the primary tumor, presence of metastases, operation time,
length of hospital stay, preoperative colostomy, multiorgan resection, Clavien—-Dindo complications, blood
loss volume, type of surgery, albumin levels before surgery, albumin levels on day 1 and day 5 after surgery,
neutrophil counts on day 1 and day 5 after surgery, lymphocyte counts on day 1 after surgery, and the
neutrophil-to-lymphocyte ratio on day 1 and day 5 after surgery.

Key words: colon resection, intestinal anastomotic leakage.

Beenenue

B Hacrosiiee Bpemst XUpypruieckoe BMelaTesb-
CTBO y OOJBHBIX CO 3JI0KAY€CTBEHHBIMH HOBOOO-
pa30BaHUSIMM TOJICTOW KHILKH SIBJI€TCS Hanbosee
ONTUMaJbHBIM MeTomoM JiedeHus [1-3]. Hecmotps
Ha COBEPIIEHCTBOBAHNE XUPYPTrUUECKUX TEXHOIOTUI
1 METO/IMK NTEPHONEPAIIIOHHOTO BEIEHNS TALIEHTOB,
OCTaeTCsl PsAJl HEPEIIEHHBIX MPOOIEeM, B YACTHOCTU
HECOCTOATEIbHOCTb TOJCTOKUIIEYHOTO aHACTOMO3a
(HTKA) nocne peszekuun 000104HON KUIIKH [2, 4].
B psane pabot 3apyOeHbBIX U OTEUECTBEHHBIX aBTO-
POB paccMaTpPUBAIOTCS BOIPOCHI 110 CUCTEMAaTU3ALIH
(haKTOpOB pUCKA HECOCTOATEIBLHOCTH aHACTOMO3a U
pa3paboTKe HIKaJIbI MPOTHO3UPOBAHUS BEPOSTHOCTH
JAHHOTO OCJIOKHEHHMSI, YIOOHOH Uil TPUMCHEHHS B
KIMHUYEeCcKoW mpaktuke [5]. Mcnonb3oBanue mnpo-
FHOCTHUYECKOM LIKaJIbl IO3BOJIUT CBOEBPEMEHHO
CTPaTU(QUIMPOBATH MAIUEHTOB MO0 YPOBHIO PHUCKA,
oOecrieunTh OoJiee TIIATENbHBIM KOHTPOJb 328 0OJb-
HBIMH BBICOKOT'O PHCKa M TEM CaMbIM CBOEBPEMEHHO
BBISIBUTH HECOCTOSITENILHOCTh AHACTOMO3a 10 Pa3Bep-
HYTOW KIIMHUYECKOU KAPTUHBI.
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Lean ucciaeoBaHusi — CO3IaHUE U OLICHKA (-
(heKTUBHOCTH MPOTHOCTUYECKON MOJEITH HECOCTOSI-
TEJIbHOCTU aHACTOMO3a I10CJIE€ I'€MUKOJIIKTOMUU U
PE3EKINN CUTMOBH/THOW KHIIKH.

MarepuaJj u MeTOAbI

Hccnenoranue nmpoBeieHo Ha 0a3e XUPYPrudecKo-
ro otaeneHns abgoMuHaabHoN oHkonoruu I'Y3 «O0-
JIACTHOM KJIMHUYECKUN OHKOJIOTUYECKUI AUCTIAHCED,
T. YibstHOBCK, B ieproxn ¢ 01.01.2019 mmo 01.05.2024.
B peTpocriekTuBHBIN aHATN3 BKIIOYEHO 582 marueHTa
rocJie NpaBOCTOPOHHEN WJIM JIEBOCTOPOHHEN T'eMH-
komkromun (ITIK/JITK) u pesekumun cUrMoBHIHOM
KknkH [6]. Bo Bcex cirydasix Obi1 chOpMUPOBAH MEXK-
KHIIeYHBIH aHacToMOo3 (meo-kommaeckwii mpu [1T'K,
kosto-konnueckuit npu JIIK/pesekunn curmsr), He-
COCTOSAITETILHOCTh KOTOPOTO SIBJISLIACH OLICHUBACMBIM
ucxoloM. B uccieqoBaHue BKIIOUEHBI MALMEHTHI, Y
KOTOPBIX XUPYPTUUCCKUNA JOCTYI BBITTOJTHSIICS Yepes
CTaHIAPTHYIO CPETUHHYIO JTAITAPOTOMUI0. AHAIH3 Me-
JTULUAHCKON TOKYMEHTALUU TPOBOIUIICS 110 €AUHOMY
pazpaboTaHHOMY TpOTOKONy. llareHTsI, KOTOphIe
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HE COOTBETCTBOBAIIU KPUTEPUSIM, OB HCKIIFOYCHBI
n3 uccnenoBanus. Kpurepun BKITFOYEHHS: 3JI0Kaye-
CTBEHHOE HOBOOOpa3oBaHue 000109HON Kummku [-111
CTa/IMN; TUIAHOBOE XMPYPIUYECKOE BMEIIATeNbCTBO;
BO3pacT W moj. KpuTepuu HCKIIOUCHUS: Tajina-
TUBHBIE BMEIIIATEIIbCTBA; ONEPAaIliH, BHITIOIHEHHBIC
10 TIOBOJY AKCTPEHHBIX M HEOTIOKHBIX COCTOSHUM.
OCJIO)KHEHUS OLIEHUBAJINUCH 10 KJIACCU(DUKAIIUKN XH-
pypruueckux ocinoxuenuii Clavien—Dindo [7]. Cra-
JTUPOBAHKE OITyXOJIEBOTO MPOIECCa BBHITIOIHSIIOCH IO
ximaccudukarun TNM 8-ro mepecmotpa [8].

[Ipu nocTyruieHHH B OT/IENICHHE TTAlIMEHTaM, BO-
HIeIIIMM B HCCIe0BaHUe, U3MEPSUIN POCT U BecC,
paccUYMTHIBAIU WHJEKC Macchl Tena. llpoBonumuck
CTaHJAPTHBIE KIIMHUKO-JTa00paTOpHBIE METO/IbI HCCITe-
noBaHus. J{Jsl onpeiesieHus CTeNIeHn MHTOKCHUKAIMN
HCTIOJIb30BASIM HEUTPODMITbHO-TUM(POLUTAPHBIN WH-
nexc (HJIN), pacueT KoToporo npoBoauiu o Gopmy-
ne: HJIW = uucno HeWTpohrIToB/9ucio TMMQOITUTOB.
XUpypruveckoe BMENIATEIbCTBO BBITOIHSIOCH 10
OHKOJIOTUYECKUM IPUHIIUIIAM, C BHITIOJTHCHUEM JINM-
dbomuccekiyu D2.

[Ipu craTucTruyeckoM aHalIM3e MOMydYeHHBIX J1aH-
HBIX CpaBHEHHWE TPOIEHTHBIX J0Jel Mpu aHaln3e
YeTBIPEXIOJbHBIX TAOIUIl CONPSKEHHOCTH BBbI-
MOJIHSIIOCH ¢ TMOMOIIBI0 Kputepus > [Tupcona (mpu
3HAYCHUAX 0XKHU1aeMOro siBiicHus Ooee 10), TOUHOTO
kputepusi Ouiepa (Mpu 3HAYCHUSIX 0KUJIACMOTO
sienenust Menee 10). [locTpoenue nporuocTuyeckoit
MOJIENTN BEPOSTHOCTH OIPEIECIIEHHOTO MCXO/Aa BHI-
MTOJTHATIOCH TIPU TOMOIIH METO/a JIOTHCTHYECKOM
perpeccun. Mepoii onpeIeIeHHOCTH, YKa3bIBaOILIEH
Ha Ty 4YacTh JIUCIEPCUU, KOTOPAsi MOXKET OBITh 00b-
SICHEHA C TIOMOIIILIO JIOTUCTHYECKOHN Perpeccuu, Ciry-
xun kodddurment R? Haitokenkepka. JIas omeHkn
JUArHOCTUYECKOW 3HAYMMOCTH KOJUYECTBEHHBIX
MIPU3HAKOB TMIPH MPOTHO3HPOBAHUH OIPEIACICHHOTO
nucxoaa npumensuicst Meron aHanuza ROC-KpuBBIX.
Paznensromee 3HaueHne KOJTMYECTBEHHOTO MPHU3HA-
Ka B Touke cut-off ompenensnock mo HauBHICIIEMY
3Ha4eHuto uHjekca fOnena. Crarucruyueckuii aHau3
BBITIOJTHEH C MTOMOIIBI0 porpamMmebl StatTech v.4.2.5
(pazpadotunk — OO0 «Crartex», Poccus).

[Tocne mocTpoeHus JTOTUCTUYECKON perpeccuu
ObLIT BBITIONTHEH Bootstrap MCXOMHBIX JTAHHBIX 0
1 500 mauuenToB. Kaxkoe MmoaenupoBaHue NpUBOAUT
K HOBOH BBIOOPKE TOTO KE pasMepa, 4TO U UCXOTHBIN
Habop AaHHBIX (582 marpenTa), KOTOpbIid TeHepupyeT-
Cs1 B TIPOLIECCE CIIyYaiiHOTO 0TOOpA (C 3aMEHOM ) JIUIT U3
HCXOJHOM BEIOOpKH. Ha 0cHOBE momy4eHHOM MoIenn
BBITIOJTHEHO ITOCTPOEHUE JIepeBa MPUHATH PeIIeHU
ripu oMoy mporpamMmbl IBM SPSS Statistics v.26.0
(International Business Machines). 13 nony4enHoi
Bootstrap-mozenu noctpoeHa JioructTuieckas perpec-
CHsl, KOTOpasi CPaBHUBAJIACH C UCXOIHOM JI0 TIOJTHOTO
HUX COOTBETCTBUS. MoJIeJIh JJOTUCTHYECKOM perpeccuu
IpOIIIJIa MaITHHHOE 00y4YeHre Ha HICKYCCTBEHHOM HH-
temiekre (M) ¢ ontumuzanueit 4yBCTBUTENBHOCTH
U CHENU(PUYHOCTH U KOHTPOJIEM Iepeo0ydeHus/He-
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nooOyuenusi. Ha ocHoBe 00y4eHHOH JIOTHCTHYECKON
perpeccuu 1 nocnieaywomumx Bootstrap-Bei00opKax mo-
CTpPOEHA MMPOTHOCTUYECKAsI MOZEIb TPOTHO3UPOBAHUS
pHCKa HECOCTOSTEIFHOCTH MEKKHIIIEYHOTO aHACTO-
MO03a, KOTOpasi pa3MelleHa B BUIEC MWHTEPAKTHBHOIO
NPHJIOKEHHs Ha MHTEPHET-pecypce B 00ILEM I0CTYTIE.
[IporpaMMupoBaHue BBIOIHSAIOCH IPU TTOMOIIA
R 4.3.0 (r-project.org).

Pesyabrarsl

Menuana Bo3pacTa MCCICAYEMBbIX MAalMEHTOB
cocraBmia 67,8 rona, cpean KOTopeix 246 (42,3%) —
myxuansbl, 336 (57,7%) — xenmuHbl. OCHOBHBIE
KJIMHUKO-aHAMHECTUYECKHE JaHHbIC AIMCHTOB MPE-
CTaBJICHBI B Ta0MI. 1.

[Ipu ogHO(DAKTOPHOM CTATHCTUYECKOM aHAIIN3E
KIIMHAKO-aHAMHECTHYECKIX ITapaMeTPOB B 3aBUCUMO-
CTH OT HAJIMYHUSI HECOCTOSITEIBHOCTH CTATHCTUYECKU
3HAUYMMBIX TTOKa3aresnedl He BoisiBieHo. [Ipu ananuze
OHKOJIOTUYECKUX MTapaMeTPOB MAIMEeHTOB CTAaTUCTHYC-
CKH{ 3HaYNMBIMHU OBUTH PacTipoOCTPAHEHHOCTD ITEPBHY-
Ho#t onyxosiu 1o T, HaM4ue MetacTa3oB (Tadi. 2).

[Tpu onHO(AKTOPHOM CTATUCTUYECKOM aHalln3e
o0beMa XMPYpPru4ecKoro BMelaTesnbeTBa (Tadim. 3)
00Hapy)KeHBI 3HAYNMBbIE PA3IUYHs MEXIY BUIAMH
onepanuii (p=0,039): HECOCTOATETLHOCTE JaIle OT-
Meuajach Mocje JIGBOCTOPOHHEH T'eMUKOIIKTOMHUU
M0 CPaBHEHHIO C PE3EKIHEH CHUTMOBHUIHON KHIIKH
(mapuoe cpaBuenue, p=0,032).

IIpu omHOaKTOPHOM CTATHCTHYECKOM aHaJIH3e
XUPYPTUUECKHX MapamMeTpoB (Tabdi. 4) 3HAYMMBIMU
nokasatesisiMi, B 3aBucuMocTH oT Hanmuns HTKA,
SIBIISUTHCH: BPEMs OTI€PAIlid, CPOK TOCITUTAIIN3AIINH,
KOJIOCTOMA JIO OTIEpAIlH, MYJIETHOPTaHHAS PE3EKITHS,
o0beM kpoBoriorepu. [Ipu cpaBHEHUH pacnpeiesieHHs
XUPYPTrUYECKUX OCIOXKHEHUH MO KiacCcu(UKaLUU
Clavien—Dindo B 3aBHCHMOCTH OT HAJIMYHUSI HECOCTOSI-
TETHHOCTH aHACTOMO3a C HCITOJIF30BAaHHEM TOYHOTO
kputepus Oumepa momydeHo p<0,001 (tabdm. 5).

[Tpu onHO(AKTOPHOM CTAaTUCTUYECKOM aHalln3e
71a00paToOPHBIX MapaMeTPOB MOJYUYEHBI CIEIYIOLIHEe
3HaYMMble HHIUKATopbl pazsutrs HTKA: anpOymuH
0 ormeparnuu, arbOyMuH Ha l-¢ m 5-¢ cyT mocie
omnepanuu, HeUTpodwiIbl Ha 1-e U 5-¢ cyT mocine
ornepauuu, TMMQPOLUTHI Ha |- CyT mocIie onepanuH,
HelTpodpmibHO-TUMonuTapHbii uaaekc (HJI) va
1-e 1 5-e cyT moce ormeparuu (Tadm. 6).

Ha ocHOBaHMM TOJNYYEHHBIX JAHHBIX METOJOM
OMHApHOH JIOTHCTHYECKON perpeccun pazpaboraHa
MIPOTHOCTUYECKAst MOJIEITb JIJISl OIIPEICIICHUS BEPOSIT-
HOCTH HECOCTOSITETTHHOCTH MEKKHUIIIETHOTO aHACTOMO-
3a (meo-kommueckoro mpu [1I'K; xomo-komngeckoro
npu JII'K/pe3ekuuu curmbl) B 3aBUCUMOCTH OT Ha-
JMYUST KOJOCTOMBI IO ONEPALUH, MYJIbTHOPTaHHON
peseknun, aap0yMrHA 710 ONepaniu, HeUTpoPIIoB
Ha 5-¢ CyT MOCJIe ONepanny, aTp0yMiuHa Ha 1-¢ 1 5-¢
CYT TOCJIEe ONepalui U MPOJOKUTEIBHOCTH OTepa-
uu (Tao. 7). [Tnomaas mox ROC-kpuBoii coctaBuia
0,940 £ 0,024 ¢ 95 % AU: 0,892-0,987. ITomyueHHas
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Ta6nuua 1/Table1

KnuHuko-aHamMHecTUYeckune napamMeTpbl uccnegyembix rpynn naumeHToB
Clinical and anamnestic characteristics of the patient groups

HecocrositensHOCTh
MEKKHIIIEYHOTO aHACTOMO3a/

[Noka3arens/Parameter Kareropnn/Categories Intestinal anastomotic leakage p
Het/No Ha/Yes
Bospact, Me (Qi—Qs)/ 67,85 67,71 0.678
Age, Me (Q1-Q3 %) (62,23-73,04) (59,32-77,01) ’
XKen/Female 311 (58,2 %) 25 (52,1 %)
Toa/Gender Myx/Male 223 (41,8 %) 23 (47,9 %) 0,408
Jedurmur/Underweight 15 (2,8 %) 1(2,1%)
Oskupenne/Obesity Hopma/Normal 381 71,3 %) 37 (77,1 %) 0,697
Osxupenue/Obesity 138 (25,8 %) 10 (20,8 %)
CaxapHsIii 1uabet/ Het/No 447 (83,7 %) 42 (87,5 %) 0.492
Diabetes mellitus JNa/Yes 87 (16,3 %) 6 (12,5 %) ’
[uneproHnyeckas 60e3Hb/ Het/No 286 (53,6 %) 28 (58,3 %) 0.525
Arterial hypertension Ja/Yes 248 (46,4 %) 20 (41,7 %) ’
Her, 1 49 9
NBC/Ischemic heart disease I[Z/g:(s) ?‘9‘2 gz:6 ;3 ?2 gz:g ;3 0,160
. . Her/No 394 (73,8 %) 35 (72,9 %)
XCH/Chronic heart failure Jla/Yes 140 (26,2 %) 13 (27.1 %) 0,896
WMT, kr/m?, Me (Q1-Q3)/ 26,67 25,18 0,058

BMI, kg/m?, Me (Q1-Q3) (23,68-30,11) (21,89-28,81)
Ipumevanns:: UBC — nmemudeckas 6one3ns cepaua; XCH — xpoHHueckas cepiedHas HeI0CTaTOYHOCTh; Ta0IMIa COCTABICHA AaBTOPAMH.

Note: created by the authors.

Ta6nuua 2/Table 2
OHKomnoruyeckue napameTpbl
Oncologic characteristics

HecocTosATenpHOCTh MEKKHIICYHOTO aHACTOMO3a/
Intestinal anastomotic leakage

Iokazarens/Parameter p
Het/No JHa/Yes
I 35 (6,5 %) 2 (4,2 %)
A 94 (17,6 %) 8 (16,7 %)
1B 79 (14,8 %) 6 (12,5 %)
Cranus/ 1nc 86 (16,1 %) 9 (18,8 %) 0.161
Stage 1A 82 (15,4 %) 4 (8,3 %) ’
1IB 61 (11,4 %) 4 (8,3 %)
1ic 54 (10,1 %) 5(10,4 %)
IVA 43 (8,1 %) 10 (20,8 %)
T1 15 (2,8 %) —
T2 50 (9,4 %) 3 (6,2 %)
pT T3 393 (73,6 %) 29 (60,4 %) 0,005
T4a 56 (14,2 %) 10 (33,3 %)
T4b 20 (14,2 %) 6 (33,3 %)
NO 309 (57,9 %) 28 (58,3 %)
pN N1 153 (28,7 %) 11 (22,9 %) 0,498
N2 72 (13,5 %) 9 (18,8 %)
MO 495 (92,7 %) 38 (79.2 %)
M M1 39 (7,3 %) 10 (20,8 %) 0,001

HpI/IMC‘IaHI/IeZ Ta6n1/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.
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Ta6bnuua 3/Table 3
O61bem onepaTMBHOro BMeLLaTeNibCTBa

Extent of surgery
HecocToATenbHOCTh MEKKHIIEYHOTO aHACTOMO3a/
Buy oneparuu/Type of surgery Intestinal anastomotic leakage p
Her/No Ha/Yes
ITpaBocToponnss remuxomkromust/Right hemicolectomy 253 (91,3 %) 24 (8,7 %)
JleBocToporHsst remukosskTomust/Left hemicolectomy 66 (86,8 %) 10 (13,2 %) P ‘*fg’ggg
Pesexnnst curmoBuaHOM kummkn/Sigmoid colon resection 218 (95,2 %) 11 (4,8 %) P75

Ipumeyanue: Tabnua cOCTaBICHA aBTOPAMH.

Note: created by the authors.

Ta6nuua 4/Table 4

Xupypruyeckue napameTpbl uccriegyeMbiX NaLMeHToB
B 3aBUCMMOCTU OT HANIMYUSA HECOCTOATENIbHOCTU MEXKULLIEYHOro aHacToMo3a

Surgical parameters of the patients depending on the presence of intestinal anastomotic leakage

HecocTosaTeabHOCT MEKKHUIIIEYHOTO aHACTOMO3a/

IMokazaresns/Parameter Intestinal anastomotic leakage p
Het/No Ja/Yes
Bpewmst onepanun, mun, Me (Q1-Q3)/ 100,00 130,00 0.002
Operation time, min, Me (Q1-Q3) (80,00-130,00) (90,00-180,00) ?
Cpok rocriuranuzanuu, 181, Me (Q1-Q3)/ 13,00 21,00 <0.001
Length of hospital stay, days, Me (Q1-Q3) (11,00-15,00) (17,00-30,25) ’
VYnaneno mumdoysnos, Me (Q1-Q3)/ 11,00 10,00 0.576
Number of lymph nodes removed, Me (Q1-Q3) (6,00—-15,00) (6,00-15,00) ’
Pasmep onyxomu, mm, Me (Q1-Q3)/ 50,00 50,00 0.834
Tumor size, mm, Me (Q1-Q3) (40,00-70,00) (40,00-70,00) ?
O0weMm kpoBorotepu, mit, Me (Q1-Q3)/ 100,00 225,00 <0.001
Blood loss volume, mL, Me (Q1-Q3) (100,00-300,00) (100,00-500,00) ’
Het/N 511 (95,79 34 (70,8 ¢
KomnocToma 1o onepanmmn/Preoperative colostomy crmo (93,7 %) (70,8 %) <0,001
Ia/Yes 23 (4,3 %) 14 (29,2 %)
. Her/No 496 (92,9 %) 41 (85,4 %)
1T Protect lost 0,064
peBeHTHBHAsI Kojoctoma/Protective colostomy Jla/Yes 38 (7.1 %) 7(14.6 %) ,
. . Het/N 505 (94,6 ¢ 24 (50,0 9
MynsrropranHas pesekius/Multiorgan resection I[?Yes 29 25’4 %/)0) 24 ES0,0 02; <0,001

Ipumeyanne: TabnuIa COCTaBICHA AaBTOPAMH.

Note: created by the authors.
Tabnuua 5/Table 5

Knaccudmkauma xupypruyeckux ocnoxHeHun no Clavien—Dindo
Classification of surgical complications according to Clavien-Dindo

HecocToaTeapHOCT MEKKHUIIIEYHOTO aHACTOMO3a/

INoka3zarens/Parameter Intestinal anastomotic leakage p
Het/No Yes/No

Grade 0—1 335 (62,4 %) 0(0,0 %)
Oc10XKHEeHUs Sexsll 96 (17.9 %) 00,0 %)
Clavien-Dindo/ Grade IIIA 30 (5,6 %) 3(6,7 %)

Clavien-Dindo Grade I1IB 42 (7,8 %) 32 (71,2 %) <0,001
complications Grade IVA 21 (3,9 %) 4 (8,8 %)
Grade IVB 2 (0,4 %) 0 (0,0 %)
Grade V 11 (2,0 %) 6 (13,3 %)

IMpumedanus: p — mo TouHoMy kputeputo dumrepa; Tabnuma coCTaBIeHa aBTOPAMH.

Notes: p — according to Fisher’s exact test; created by the authors.
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Ta6nuua 6/Table 6

INNabopaTopHbie napameTpbl UccrneayeMbiX NauneHToB
B 3aBUCMMOCTU OT HaNIMYUSA HECOCTOATENIbHOCTU MEXKMLLIEYHOro aHacToMo3a

Laboratory parameters of the studied patients
depending on the presence of intestinal anastomotic leakage

ITokasarens/Parameter

AnpOymuH 110 oneparud, r/i1, Me (Q1-Q3)/

Serum albumin before surgery, g/L, Me (Q1-Q3)
AnpOymuH Ha 1-e cyT nocune onepauu, r/11, Me (Q1-Q3)/
Serum albumin on postoperative day 1, g/L, Me (Q1-Q3)
AnpOymuH Ha 5-¢ cyT nocue onepanu, 1/11, Me (Q1-Q3)/
Serum albumin on postoperative day 5, g/L, Me (Q1-Q3)

OO0mmmit 6emok g0 onepanuw, r/1, Me (Q1-Q3)/
Total protein before surgery, g/L, Me (Q1-Q3)

OO6mwmii 6enok Ha 1-e cyT mocne oneparuw, /71, Me (Q1-Q3)/

Total protein on postoperative day 1, g/L, Me (Q1-Q3)

OO0mmii 6eok Ha 5-e cyT mocne omeparud, /71, Me (Q1-Q3)/

Total protein on postoperative day 5, g/L, Me (Q1-Q3)
I'emorobun 10 oneparmu, M + SD (95 % JIN)/
Hemoglobin before surgery, M + SD (95 % CI)

T'emormo6uH Ha 1-e cyT mocie onepanuu, /1, Me (Q1-Q3)/
Hemoglobin on postoperative day 1, g/L, Me (Q1-Q3)
I'emorno6un Ha 5-¢ cyT nocne onepauuu, Me (Q1-Q3)/

Hemoglobin on postoperative day 5, Me (Q1-Q3)
Heitrpoduier no onepanuu, %, Me (Q1-Q3)/
Neutrophils before surgery, %, Me (Q1-Q3)
Hetitpodunst Ha 1-e cyT mocie oneparmu, %, Me (Q1-Q3)/
Neutrophils on postoperative day 1, %, Me (Q1-Q3)
Hetirpoduisl Ha 5-¢ cyT nocie oneparuu, %, Me (Q1-Q3)/
Neutrophils on postoperative day 5, %, Me (Q1-Q3)
JInmdounTst 1o onepannu, %, Me (Q1-Q3)/
Lymphocytes before surgery, %, Me (Q1-Q3 %)

JImmdouuTsl Ha 1-e cyT mocne onepamun, %, Me (Q1-Q3)/
Lymphocytes on postoperative day 1, %, Me (Q1-Q3)

JlumpounTsl Ha 5-¢ cyT mocie onepaiuu, %, Me (Q1-Q3)/
Lymphocytes on postoperative day 5, %, Me (Q1-Q3)

HJIN no omepamun, Me (Q1-Q3)/
NLR before surgery, Me (Q1-Q3)
HJIN na 1-e cyt nocne onepaunu, Me (Q1-Q3)/
NLR on postoperative day 1, Me (Q1-Q3)
HJIN Ha 5-¢ cyt mocie onepanuu, Me (Q1-Q3)/
NLR on postoperative day 5, Me (Q1-Q3)

HecocTosTennbHOCTh MEKKHUIIIEYHOTO aHa-

cToMo3a/
Intestinal anastomotic leakage p
Her/No JHa/Yes
37,50 33,40
(34,42-40,70) (31,70-35,67) <0,001*
37,20 31,85 <0.001*
(34,50-40,92) (29,68-33,83) ’
38,59 31,50 .
(33,82-41,97) (30,30-41,50) <0,001
70,50 70,70 0811
(66,70-73,80) (67,50-73,28) ’
59,30 59,45
(55,30-63,60) (56,33-65,17) 0,540
58,10 57,00
(54,00-62,65) (52,35-61,77) 0,268
113,61 +21,38 108,77 £ 20,09 0.131
(111,80-115,43) (102,94-114,61) ’
111,00 107,00 0305
(98,00-125,00) (99,75-116,25) ’
108,00 104,00 0307
(96,00-121,00) (95,75-116,00) ’
4,50 4,69
(3,40-5,83) (3,74-6,21) 0,234
7,60 9,90 .
(5,60-10,10) (6,99-12,40) <0,001
4,67 6,46 *
(3,40-6,24) (4,50-9,72) <0,001
1,70 1,67
(1,39-2,20) (1,29-2,03) 0,438
1,40 1,08 o
(1,00-1,80) (0,80-1,30) <0,001
1,50 1,21
(1,14-1,90 %) (1,00-1,88) 0,054
2,52 3,00
(1,82-3,68 %) (2,15-4,07) HEY
5,37 9,37 *
(3,39-8,52 %) (5,69-13,35) <0,001
3,11 5,09 *
(2,24-4,58 %) (2,72-8,04) <0,001

IMpumeuanns: HIIN — nefirpodunbpHo-TM(OIUTapHBI HHACKC: TaOlHI[a COCTaBICHA aBTOPAMU.

Notes: NLR — neutrophil-to-lymphocyte ratio; created by the authors.

MoJIeNib OblIa cTaTucTUYecKu 3HaunMol (p<0,001).
[ToporoBoe 3Hauenue norucrudeckoil Gpynkuuu P B
Touke cut-off, KOTOpOMy COOTBETCTBOBAJIO HAUBBICILIEE
snayenue nHaexca IOnena, cocrasuio 0,143. Heco-
CTOSITEIBHOCTh MPOTHO3UPOBAach MPHU 3HAUECHUU
JIOTHCTUYECKOH (yHKIUH P BbIlIe JaHHON BETUYMHBI
WM paBHOM . UyBCTBUTEIBHOCTD U CIICHIU(UIHOCTD
mogzenu coctaBuan 80,9 u 92,5 % cooTBETCTBEHHO.
[TomyuenHnast perpeccuoHHast MOZEIb SBJISIETCA CTa-
tuctrdecku 3HaunMon (p<0,001). Mcxons u3 3naue-
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HUs Koo dunmeHTa aerepMuHanuu Haiimpkenkepka,
MoJIeITb 00BsicHsET 60,7 % HaOIHOIaeMON JTUCTIePCHH
HAJIMYUS HECOCTOSATEIBHOCTH.

ITociie mpumenerust Bootstrap u oO0ydeHus Jo-
TUCTHYECKOH PEerpeccuyl MpU MOMOIIU MAIIMHHOTO
00yuYeHUs] UCKYCCTBEHHOI'O MHTEJICKTA IMOCTPOCHA
ROC-kpuBasi, miomane noa koropoit cocrasuina 0,97
(puc. 1) npotus 0,94 B HCXOAHOW MOJEIH, YTO CBH-
JIETEIBCTBYET O BHICOKOW COTIIACOBAHHOCTH JTaHHBIX
Bootstrap-monenu u ucxomHoit mogenu (puc. 2).

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(6): 19-30
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Ta6nuua 7/Table 7

INoructuyeckas perpeccus
Logistic regression analysis

HeckoppeKkTHpOBaHHBbIH TOKa3aTeb/

CKOppEeKTHPOBAHHBIH TIOKa3aTeNb/

Tpenukropsi/Predictors Unadjusted Adjusted
COR; 95 % 1 p AOR; 95 % 11 p
Konocroma no: a/ 8,478;3,951-18,192  <0,001% 20,937; 6,424-68,238  <0,001%
Preoperative colostomy: yes
MyaBTHOpIAHAas PESCKILA; 12/ 16,655; 8,406-32,983  <0,001*  156,867; 37,450-657,208 <0,001*
Multiorgan resection: yes
AJLOYMHH CHIBOOTKH KPOBH 10 Oriepari/ 0,785;0,717-0,859  <0,001* 0,792; 0,689-0,910 0,001*
Serum albumin before surgery
AnbOyMHH CHIBOPOTKH KPOBH
Ha l-e cyT nocie onepanuu/ 0,801; 0,748-0,857 <0,001%* 0,792; 0,695-0,902 <0,001*
Serum albumin on postoperative day 1
AsbOyMUH CHIBOPOTKU KPOBH
Ha 5-e CyT moce orneparm/ 0,833; 0,783-0,885 <0,001* 0,905; 0,825-0,992 0,032*
Serum albumin on postoperative day 5
Heiitpoduivt kpoBH Ha S-¢ €T mOCIE ONEPAMM/ 1 174 1 04 259 <0,001* 1,134; 1,027-1,251 0,012%
Blood neutrophils on postoperative day 5
Bpewms oneparin/Operation time 1,008; 1,003-1,013 0,004* 0,991; 0,982-1,000 0,048*

HpI/IMe‘IaHI/ICZ TaGHI/IHa COCTaBJIEHA aBTOpaMH.

Note: created by the authors.
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Puc. 1. ROC-kpuBas, xapakTepu3aytoLLias 3aByucMMOCTb BEPO-
SITHOCTW HECOCTOSITENBHOCTU MEXKULLEYHOrO aHacTomo3a oT
3Ha4YeHMS NOrMCTUYEcKon dyHkumm P.
[MprMeyaHne: pucyHOK BbINOMHEH aBTOpPaMm
Fig. 1. ROC curve characterizing the dependence of the probabil-
ity of intestinal anastomotic leakage on the value of the logistic
function P. Note: created by the authors

an

as

yscrauresswocrs | Sensitivy

s AUC =0.97

Puc. 2. ROC-kpuBasi nornctmyeckom perpeccun Bootstrap-
mopenu. MNprmeyvaHne: pUCyHOK BbIMOMHEH aBTopamu
Fig. 2. ROC curve of the logistic regression bootstrap model.
Note: created by the authors
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[Ipu mocTpoeHnn KaauOpPOBOYHON KPUBOH BHY-
TPEHHEW BaJMJIAIUH TTOYYEHBI CIeTyIOIne pe3yib-
TaThl, MpeJacTaBleHHble Ha puc. 3. KanuOpoBounas
KpHBasl UCHOJB3YETCS JUJIsl OLIEHKH TOYHOCTHU MPO-
THOCTHYECKOHM MOJIENTN Ty TeM CpaBHEHHS ITpeCKa3aH-
HBIX BEPOSITHOCTEH ¢ (DaKTHIECKUMH HCXOAaMH. MBI
MOCTPOMIIN 3Ty KPHUBYIO, YTOOBI MTOHATH, HACKOJIBKO
XOpOIIO Halla MOJIeNIb COOTBETCTBYET pealbHBIM
JaHHBIM. Ha rpadyike BUITHBI TPH JIMHAW: JINHUS, TIPEI-
CTaBJISIONIAs MICANTbHYI0O TOYHOCTH IpeICKa3aHui,
TUHUS «Apparenty», OKa3bIBarollas KaIuOpOBKY Ha
o0yJaromnux JaHHbIX, U JuHUA «Bias-corrected», ot-
pakaromasi OTKOPPEKTHPOBAHHYIO MOJIENb C yUETOM
CMeIleHUs. bIu30CTh OTKOPPEKTUPOBAHHON KPHUBOU
K UJeaqbHOW JMHUHM CBUJIETEIBCTBYET O TOM, UTO
Halla MOJIENb TOYHO IMpPEeJICKa3bIBAET UCXOABI U XO-
pOIIIO OTKaTMOPOBaHa, YTO MOATBEPIKIAET €€ BHICO-
KYIO IIPOTHOCTUYECKYIO IIEeHHOCTh. CpeaHsist OmmoKa
kannOposku (Mean absolute error) cocrasmset 0,01.
OT0 3HaUEHHUE yKa3bIBAET HA CPEIAHIO0 BETUUNHY OT-
KJIOHEHHMSI TIPEJCKAa3aHHBIX BEPOATHOCTEH OT (haKTH-
YECKUX pe3ynbTartoB. Huskas cpemHss ommoKa, Kak B
9TOM CITy4dae, CBUJETEIBCTBYET O XOPOIIIEM KauyeCTBE
KanuOpoBkH Monenu. OTpunaTenbHOe 3HAYCHUE UH-
TepcenTa yKa3bIBaeT Ha IEPEOIICHEHHOCTb MOJIEBHBIX
MIPOTHO30B, TOJIKHUTEIFHOE — Ha UX HEJOOIECHEH-
HOCTb. B 11eiom, nHTepcenT Ha JaHHOM H300paskeHUH
HE YKa3bIBaeT Ha 3HAYUTEIbHOE CMEIlIeHHE POTHO30B
MOJIETH. DTO 3HAUUT, YTO MOJIEJIb B CPEAHEM JIOBOJILHO
TOYHO OIICHWBAET BEPOSITHOCTH, 03 CYIIECTBEHHOMN
TIEPEOTICHEHHOCTH UM HEJJOOTIeHEHHOCTH. OTKIIOHE-
HUS OT IMaroHajJu MUHUMAJIbHBI M HE YKa3bIBAIOT HA
CHCTEMaTHYECKYI0 OIHMOKY B MPOTHO32aX.

Ilocne BBIMOTHEHHS BBIIIEONUCAHHBIX AHAIM30B
MOJIYYE€HHOH MPH TTOMOIIN MAIIUHHOTO O0y4YeHUs
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Puc. 3. Mpadwmk kanmbpoBOYHOW KpMBOK

noructuyeckon perpeccum Bootstrap-
MOZenv Npy BHYTPEHHEN Banuaauum.
[MprMeyaHne: pucyHOK BbINOMHEH
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Fig. 3. Calibration plot of the logistic
regression bootstrap model in internal
validation. Note: created by the authors

Mean absolute eror=0.01 n=1500
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Puc. 4. Homorpamma ctpatudmkaLumm pycka pasBuTnS HECOCTOATENBHOCTY MEXKULLEYHOTO aHacToMO3a.
MpuMeyaHue: pucCyHoK BbINOSIHEH aBTOpaMu
Fig. 4. Nomogram for risk stratification of intestinal ana stomotic leakage. Note: created by the authors

JIOTUCTHYECKOH perpeccuun Bootstrap-moznenu pas-
paboTana HOMOTpaMMa IO CTPAaTH(UKAIIUA PUCKA
Pa3BUTHSL HECOCTOSITEILHOCTH MEKKHIIIEYHOTO aHa-
CTOMO32, YTO IMO3BOJISIET CBOEBPEMEHHO MPOBOAMTH
JIOTIOJTHUTEIJIbHBIC METO/IbI BU3yaJIU3allMOHHON 1na-
THOCTHKH (puc. 4).

C 1ernpIo IpoBEPKH Mpe/cKa3aTeIbHOM CrIocoOOHO-
CTH MOJIeSTU OBLTH OCYIIECTBIICHBI JIOTTOTHUTEILHBIC
CTaTUCTUYECKHE METOABI. BbbUT MCIOIB30BaH METOq
LASSO wumu Ridge perpeccun ¢ menbio OleHKH Xa-
PaKTepUCTHKH ONIMOKH MOJICIH, TIE MCIONb3yeTCs
METOJI KpOCC-BaJIMAAIIUH /ISl BRIOOpa ONTHMAaIbHOTO
3HAUEHMA NTapameTpa peryiaspuszanun A (puc. 5).

[Tocne atoro mer poBenu DCA-aHanmm3 (puc. 6)
C 1I€JIbI0 OLICHKH B3aMMOOTHOLLIECHHUS 3aTPaT U BBIFOJ
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Halle Mojeiau. JTO MOMOIJIO BBISIBUTH CTaOMIIb-
HOCTh MOJIEJIM HAa Pa3HBIX IOABBIOOPKAX JaHHBIX.
Kpocc-Banmumanus mo3Bosuiia yBHIAETh, YTO MOJIEITh
OCTaeTcs ycroiunBoi, a 3Hauenuss RMSE moutu e
MEHSIOTCS MKy Onmokamu. Jlanee Obuia cozaana Ma-
TpHIIa OIUOO0K (puc. 7), KOTOpas IO3BOJIHIIA OI[CHHTH,
HACKOJIKO TOYHO MPOTHOCTHYECKAst MOJEIb PACCUH-
ThIBaeT Mcxobl. 1o pesynbraram ananusa Decision
Curve (DCA) MOXHO BBIICTTUTH HECKOJBKO KITFOUEBBIX
BBIBOJIOB, OTPAKAIOLINX KIMHUYECKYIO MOJE3HOCTh
MOJIEJT! TPOTHO3UPOBAHHS:

— MOJieNlb paboTaeT JIydllle, 4YeM CTPaTerHH «JIe-
YUTh BCEX» WIIM «HE JICYUTh HUKOroy». Ha rpaduke
BUJIHO, YTO NP HU3KHX MIOPOTOBBIX 3HAYECHUSIX PUCKA
JWHHAS MOJETH PAcIojiaraeTcs BBIIE 00EUX DTHX

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(6): 19-30
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Puc. 5. LASSO-perpeccus kpocc-Banuaaummn napamerpa peryns-
pu3aumnn. NpumeyaHne: pUCcyHOK BbINOMHEH aBTOpamMu
Fig. 5. LASSO regression with cross-validation of the regulariza-
tion parameter. Note: created by the authors
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Puc. 6. DCA-aHann3 nporHoCTUYECKON MOAEenu.
[MprMeyaHne: pucyHOK BbINOMHEH aBTOpamMm
Fig. 6. Decision curve analysis (DCA) of the prediction model.
Note: created by the authors

Puc. 7. MaTtpuua owmbok NporHoCTUYECKOW MOAENN.
[MpumeyaHue: pucyHOK BbINOMHEH aBTOpamu
Fig. 7. Confusion matrix of the prediction model.
Note: created by the authors
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cTpareruii. 3TO 03HAYaeT, YTO MOJEIb MOMOTAET
TOYHEE OMpPEIeNATh MAIlIeHTOB, KOTOPHIM JEHCTBHU-
TEJTHHO TPeOyeTCs TOTIOTHUTEIHPHOE HAOTIONECHUE ITH
BMEIIATEIbCTBO;

— TpaKTHYecKasl LeHHOCTh MoJeiau. YuCThIi
BEIUTPBIII COXPAHSETCS Ha BCEM JMana3oHe 3Haue-
HUH prcka. ITO TOBOPUT O TOM, YTO €€ IPUMEHEHHE
MOXCT CHU3UTH YMUCJIO HCHYXHBIX BMCIIATCILCTB U,
Ha000POT, CBOEBPEMEHHO BBISIBUTD TE€X, KOMY OHU JICH-
CTBUTEIBHO MoKa3aHbl. OCOOEHHO ATO aKTyaJIbHO ITPH
0TOOpE MaIMEeHTOB C HU3KUM B YMEPEHHBIM PHUCKOM;

— ompeeneHne pabouux Noporos prucka. Hanboss-
1ast KIIMHAYeCKast TI0JIb3a HaOJI0IaeTCsl B TUANa3oHe
HU3KHX U CPEJIHUX 3HAYCHHUH. DTO MO3BOJISET IPUMe-
HSATH MOJIEITb JUISI PAHHETO BBISBICHUS MMallHEHTOB, Y
KOTOPBIX MOYKET Pa3BUThCS HECOCTOSITEIIBHOCTb, EIIe
[0 MOSABJIICHUA ABHBIX KIMHUYCCKUX IMPU3HAKOB,

— KIMHUYECKOE MPUMEHEeHHe. MoJiesTb MOKHO HC-
MOJTb30BaTh KaK JOMOJHUTEIHHBIH HHCTPYMEHT IMPH
MpUHATHU penrennii. OHa TTOMOTAaeT WHIWBHIYaTH-
S3UPOBATh TAKTUKY BCIACHUA IMALMCHTA, OIMPCACIUTDH
00beM HaOIIOAeHNsT 1 HEOOXOIUMOCTD MPOPUIIAKTH-
YECKUX MEPOIIPHUATHHA.

Taxum o6pazom, ananmnz DCA moarepxaact, 9To
MMPEIJIOKCHHAA MOACIIb ABJIACTCS MMOJIC3HBIM UHCTPY-
MEHTOM JIJIsI IPOrHO3UPOBAHMSI HECOCTOSITENBHOCTH Y
MAIIMEHTOB U MOXKET OBITh 3(PPEKTUBHO HCIIOIH30BaHA
B KJIIMHUYECKOW TIPAKTHKE, 0COOSHHO IS TAIIMEeHTOB
C HU3KUM U YMCPCHHBIM PUCKOM.

Ha npeacraBieHHON BU3yalnu3aluyd MaTpPULIbI
omnbok (Confusion Matrix) ayis nepBoHauaIbHOR
BEIOOPKH B 582 ciyyasx OTOOpa)KeHBI CIEAYIOIIHEe
pe3yibTaThl: MPaBUIbHBIC MPEJICKa3aHus Kiacca
0 (True Negatives) — B JIeBOM BEpXHEM YTy [TOKa3a-
HO, YTO MOJIEJIb MTPAaBUIBHO Kiaccuduuuponana 531
cirydaii kak kiace 0 (OTCyTCTBHE HECOCTOSITEIIbHOCTH);
JIOKHOTIONIOKHUTETbHEIC pe3ynbTarhl (False Positives) —
B [IPaBOM BEPXHEM YIIIy yKa3aHO, YTO MOJEIb He-
BEpHO MpezacKasaia 6 ciaydaeB Kak Knacc 1, korga Ha
camoM Jiesie 3To ObLT Kitacc 0; TOXKHOOTPHIIATENbHBIE
pesynbraTel (False Negatives) — B J1eBOM HIDKHEM
yIIIy 0TOOpaxeHsl 3 cirydas, Tie MOJIesb IpejicKkas3anna
kiacc 0, HO Ha caMOM Jelie 310 ObuI Kiace 1 (Heco-
CTOSITETILHOCTH ); IPAaBUIIBHBIC ITPEJICKa3aHus Kiacca |
(True Positives) — B mpaBOM HIDKHEM yTITy TIOKa3aHO,
YTO MOJIEITh TIPABUIIHHO KJaccuduitmponana 42 cirydas
Kak knacc 1. Takum 06pa3oM, MOTyUYEHBI CIICAYIOIINE
JaHHBIE ITpH aHasn3e pesyasraroB Confusion Matrix:
TOYHOCTh — 98,45 %, uyBcTBUTENBHOCTD — 93,3 %,
crieruuaHOCTE — 98,9 %.

Takum 00pazom, 10Ka3aHO, 4TO TpeIaraeMas Mo-
JIeJTb SIBJISICTCSI HAYYHO COCTOSITEIbHOM U MOXKET OBITh
3¢ (HEeKTUBHO HCIIONB30BaHA JIJISl MPOTHO3UPOBAHUS
HTKA, obecrnieunBasi BEICOKHH YPOBEHb TOYHOCTH
1 MOJIC3HOCTH B NPUHATHU KIMHUYCCKUX pemeHI/H‘/i.
[Ipencrasnenue Mozieny B BHJIe HOMOTpaMMBI TI03BO-
nsieT 3(h(HEeKTUBHO HCIIONB30BATh €€ B KIIMHUYECKOH
MIPAKTHKE.
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B nocnemnee Bpemst B Mupe HaOIHOIACTCSI YCTOM-
YuBasi TEHJICHIHS pocTa 3a00JeBaeMOCTH PAaKOM
TOJICTOU KUTIKH [9]. B HacTosmee BpeMs OnTHMah-
HbIC PE3yJIbTAThI JICUCHHSI 00ECIIeUMBACT PE3CKIIHSI
TOJICTOM KUIIKH C OlTHOMOMEHTHBIM BOCCTAHOBIICHUEM
€CTECTBEHHOTO accaxa mo Heil. CaMbIM cephe3HBIM
OCJIO)KHEHHEM JaHHOHW OIepanuu SBISETCS HECO-
CTOSITEIBHOCTH IIIBOB MEXKHIIIEYHOTO aHACTOMO3a,
4acToTa KOTopoi coctasisieT oT 1 1o 10 %, mpuuem
oT 45 10 92 % neTanbHBIX UCXOIOB CBS3aHbI C pa3-
putrem HTKA [10].

B nuteparype umeeTcss 10CTaTOYHOE KOJTHMUECTBO
MyOJMKAIHiA, B KOTOPBIX OIICHUBAIOTCS PA3IMIHBIX
(axrops! pucka HTKA. CBoeBpeMeHHast AUAarHOCTHKA
9TOTO OCIIOKHEHHS MTPEACTABIAET COOOH CIOKHYTO 3a-
Jiaqy JyIst TI0O0TO XUpypra. ITO CBSI3aHO C OTCYTCTBU-
€M MaTOTHOMOHUYHBIX KIMHUYECKUX MPOSBICHUM, a
nedeOHasi TAKTUKA B OCHOBHOM 3aBHCHT OT PacIIoiio-
YKEHHUSI aHACTOMO3a M pacTIpOCTPAHEHHOCTH BOCIAIIHU-
TEJILHOTO TIpoliecca B OproliHoi mojtoctu [11].

B Hammem uccnenoBaHuu BeLyIUMU MPETUKTOPAMU
HTKA, koTOpbl€ 0Ka3aauch 3HAYUMbIMU IIPU MHOTO-
(hakTopHOM aHANMM3E, OBUTH HAIMYHE KOJIOCTOMBI 10
OTIEPAaTUBHOT'O BMEIMIATEIbCTBA, MYJIbTHOPTAaHHAS
pe3eKIus, MoKa3aTesin aibOyMUHA ChIBOPOTKH KPO-
BH JIO OTIepalvi, Ha 1-e u 5-e CyT 1mocie oInepaiu,
YPOBEHb HEUTPOPHUIOB HA 5-€ CyT ITOCJE OTNEpaIiu
U TPOAOKUTEIHFHOCTh OMEPAaTUBHOTO BMEIIATETh-
cTBa. Ha ocHOBEe MONYy4YEHHBIX JaHHBIX CO3/aHA
MIPOTHOCTHYECKAsT MOJIENIb C YyBCTBUTEIHHOCTHIO H
crieruuaHOCTRIO — 80,9 1 92,5 % COOTBETCTBEHHO.
M. Parthasarathy et al. [11] nposenen ananmu3 17 000
pe3eKLuii, KOTOPbI IPOAEMOHCTPUPOBAIL, YTO ypO-
BEHb CHIBOPOTOYHOTO aJhOyMHHA HTPAET BaXKHYIO
pOJIb B Pa3BUTHH HECOCTOSITENHHOCTH, ITOKa3aTelb
Huxe 40 1/1 ABIsUICS 3HaYMMbIM. B Harmiei pabote
OBLIO OMpEe/eNieHO, YTO YPOBEHb albOyMHUHA UIpail
Ba)KHOE 3HAUCHUE KaK 10 ONEPALMU, TaK U B TIOCIICO-
TIepaIMOHHOM TIEPHOJIE, U ero OoJiee HU3KUN YPOBEHb
on1 y marmentoB ¢ HTKA.

OnHuM 13 (PaKTOPOB, BIUSONIMX HA PUCK PA3BUTHS
HECOCTOATEIbHOCTH MEKKHILIEYHOTO aHACTOMO34, SIB-
JIieTCs IpeioTepaoHHas komocroma. Ee popmupo-
BaHMeE JI0 OCHOBHOM OTIepaIly YaCTO CBU/IETEITLCTBYET
0 PacIpOCTPaHEHHOCTH MaTOJIOTHYECKOTro Tpoliecca
U CHMKCHHOM CIIOCOOHOCTH TKaHEH K 3a)KHBIICHUIO.
VY Takux ManueHToB penapaTuBHbIE IPOIECCHl MOTYT
OBITH OCNIA0JICHBI, YTO JOTIOJHUTEIFHO YBEIMIUBACT
BEPOSITHOCTH OCTIOXKHEHUH [12].

[Ipoao/KUTENBHOCTE OTIEPATUBHOTO MOCOOMS
WUrPAeT 3HAYUTENbHYIO POJIb B PA3BUTUU HECOCTOS-
TEFHOCTH aHAaCTOMO3a, T.K. YeM JIOJBIIE JIITUTCS
XUPYPTUIECKOE BMEIIATEILCTBO, TEM OOJIBIIIE OTIepa-
LIMOHHAS TPaBMa U CTPECCOBASI HATPY3Ka HA OPTaHU3M
MaluyueHTa. ITO HEraTUBHO CKA3bIBACTCS HA PE3yJibTa-
TaxX, 0COOEHHO €CITH BMEIIATEIILCTBO COIIPOBOYKIAETCSI
3HAYUTENBHON KPOBOTIOTEPEH WM MOTPEOHOCTHIO B
nepeauBaHuy KposH [5, 13].
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Ilo HammM JMaHHBIM, BaXXHBIM acIIEKTOM B JHa-
THOCTHKE 1 TPOTHO3UPOBAHUH OCIIOKHEHUH SIBIISETCS
MOHHUTOPHUHT YPOBHS HEHTPO(HIOB B 00ILIEM aHAIN3E
KpoBH. HeWTpoduisl SBISIOTCS KIIOYEBBIMH MapKe-
pamu BOCTIAJIEHUS], U WX TTOBBIIIICHHE MOXKET IPOWC-
XOJUTbH J0 MOSIBJICHUS PAa3BEPHYTON KIMHUYECKOU
KapTHHBL. DTO JIeJaeT X MOJIE€3HbIM MHCTPYMEHTOM
JUTSl pAHHETO BBISBIIEHHSI BOCIIAJIUTEIBHBIX ITPOLIECCOB
Y CBOEBPEMEHHOM TMAarHOCTHKH, YTO OCOOSHHO BaYKHO
B KoHTekcTe npodunaxtuku HTKA [14, 15].

Buenpenune monesneit mporHo3upoBaHus SABISETCS
OJTHUM M3 CaMbIX NEPCIEKTUBHBIX HAlpaBICHUHN B
XUPYPTUU, OHHU TTO3BOJIAIOT OLEHHUTH OXKHUIAAEMBII
PHCK MTOCIICOTIEPAITIOHHBIX OCIIOKHEHHIA, TIPOBOIUTH
UX CBOECBPEMEHHYIO AMAarHOCTHKY M MPOQUIAKTHKY
u obecrieunBarh HanOojee OIATOMPHUSATHBIA HCXOI
XUPYPrHUECKOTO JICYCHUS.

S.A. Rojas-Machado et al. [16] pa3paborana mpo-
raoctuaeckas moaesis PROCOLE nnist orieHkH prucka
HECOCTOSTETLHOCTH aHACTOMO3a I10CJIE ONepanuii Mo
noBoAy koyopekTanbHoro paka. Munexkc PROCOLE
OCHOBAH Ha IMPeIoTIePAIIMOHHBIX ¥ HHTPAOTIepaI[iOH-
HBIX (haKTOpax v MO3BOJISET MPOTHO3UPOBATH PUCK JUISI
Ka)/10ro KOHKpeTHoro naruenTa. [Togxozas! B co3na-
HUM Hamiel nmpormoctudeckoit mkansl 1 PROCOLE
0Ka3ajduch CXO0XHU. B MCIaHCKOM HcClIeOBaHUH
noctpoeHa ROC-kpuBas ¢ AUC=0,82. [lo namum
nanubM, y ucxonnoit mojenu AUC pasen 0,94, y
ROC-kpusoii norucruueckoii perpeccun Bootstrap-
moaenn AUC=0,97. JlaHHbIE ITOKa3aTeIN IO3BOJISIIOT
YTBEpKIaTh, YTO HAIIIa MOJIENTb UMEET OOJBIIYIO MPO-
THOCTUYECKYIO LIEHHOCTb.

W3BecTHa mikana, pa3paboTaHHasl HccienoBare-
JMHU U3 AMEPUKAHCKOW KOJUIeruu Xupypros [17],
KOTOpasi UIMEeT BBICOKYIO MMPOTHOCTHYECKYIO IEH-
HOCTb, HO aHAJIM3UPyEMbIe JaHHBIE MOTyYESHBI ITOCIe
poOOT-acCUCTUPOBAHHBIX ONEPAalUi U BKIIOUAIH B
ceOs aIMEeHTOB C JICBOCTOPOHHEH pe3eKInei ToICToN
KuInKu. Ha Hamr B3misi, maHHas mIKaia sSBIsSeTCS
crierpUIHON 1 TPeOyeT CEphE3HOTO OCHAIIICHUS KITH-
HUKH JUUTs] CBOETO UCIIOJIBb30BaHUS, YTO OTPAaHUYUBAET
€€ MIPUMEHEHHNE B PYTUHHON KIIMHUYECKOM MPaKTHKE.
HanporuB, Hata MoAeTh SIBISIETCS] YHUBEPCAITBHOH, C
COIMOCTABUMOM MPOTHOCTUYECKOM IIEHHOCTHIO.

3akuouenne

[IpuMeHeHMe NMPEeAIOKEHHOU NPOrHOCTUYECKOM
MOJIEJIM II03BOJIIET CBOEBPEMEHHO OLIEHUBATh BE-
POATHOCTH HECOCTOSTEIBHOCTH MEXKHUIIEUYHOTO
aHacToMo3a M Ha3Ha4YaTb HEOOXOAMMBIH 00beM 00-
cienoBanuil. Ilo pesynpraram ucciaeqoBaHus paspa-
0oTaHa KIMHUYECKasi HOMOI'paMMa AJIsl OLEHKH PUCKa
HECOCTOSITEIbHOCTH MEKKHUIIIEYHOTO aHAaCTOMO3a
nocJyie MpaBOCTOPOHHEH/IEBOCTOPOHHEH TeMHKOIIK-
TOMHMH M PE3EKIHMH CUTMOBUIHOW KWIIKH, MIPOE-
MOHCTPHPOBABILAsI BHICOKYIO UYBCTBUTEIBHOCTH U
CHEIU(PUIHOCTD.
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AHANN3 AJNIUTENBbHOIO HABNIOAEHUA
3A SPDPEKTUBHOCTbBLIO U BE3OIMNACHOCTbLIO PEXXKUMOB
YMEPEHHOIO rmMnoO®PAKLUMOHUPOBAHUA OO3bl
NMPU CNACUTENbHOW NTYYEBON TEPANUU NOCIE
PAOUKANIbHOWU MPOCTAT3KTOMUMU

H.O. KysHeuos', P.B. HoBukos?, C.H. HoBukog?, E.E. CamapueBa?, H.[l. Unbun?,
K0.0. Mepexko?, ®.E. AHTnnos?, M.IO. NloToBumMkoBa?, K0.C. MenbHUK?,
O.N. NoHomapeBa?, C.B. KaHaeB?, A.M. BenseB?

'®IrbOY BO «[Mepsbii CaHkT-MNeTepbyprcknin rocyaapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET

um. akag. V.M. Maenosa» MuH3gpasa Poccuu

Poccus, 197022, r. Cankt-lNeTepbypr, yn. JleBa Tonctoro, 6-8

20I'bY «HaumnoHanbHbIN MeAULMHCKUIA nccreaoBaTenbCKuin LeHTp oHkonorum um. H.H. Metposa»
MwuHsgpasa Poccun

Poccus, 197758, . CankT-INeTepbypr, noc. NecoyHbli, yn. JleHnHrpaackasi, 68

AHHOTauus

BBeneHue. Broxvmnyeckun peunamns nocne pagukanbHon npoctataktomuum (Pl3) octaetcs ogHon m3
rMaBHbIX KIMTMHWYECKMX NPOBnemM B NevYeHnn paka npeacrarenbHon xenesbl. CnacurenbHas nyyesas Tepanvs
(CJ1T) siBnsetcs obLLenpuHATEIM METOAOM NEYEeHNs NPU HanMyMm peLmMamnBa, OAHaKo oTAaneHHble pe3yrnsraTbl
NMPUMEHEHNS PEXMMOB YMEPEHHOTO rMNoPaKkLMOHNPOBAHNSA 403bl OCTAOTCA HEAOCTATOYHO U3YYEHHbIMMU,
B CBSAI3M C YeM ONTMMAarbHbIN peXxmum ppakuMoHMpoBaHNS [03bl OCTaeTca NnpeaMeToM anckyccun. MNpu atom
NPUMEHEHVE PEXMMOB YMEPEHHOIO MMnodpakuMOHMPOBaHNS A03bl NMO3BOMSET CYyLLIECTBEHHO COKpaTUTb
0O6LLYI0 NPOAOIMKUTENBHOCTb Kypca NnedeHus. Llenb nccnegoBaHust — oueHka otaaneHHon aekTMBHOCTH
1 6e30NacHOCTM YMEPEHHOro rmnodpakumoHnpoBaHusa Ao3sbl npy CIIT Ha obnacTb noxa yaaneHHown npea-
ctatenbHow xenesbl (JTYTTXK). MaTepuan n metoabl. B nccnenosaHune BkNoYEHO 42 naumeHTa, Nony4nBLINX
kypc CIIT B pexxume 19 dpakumuin no 3 Ip (COM 57 'p), cpeaHsAs NpoaormKMTENbHOCTL HabnogeHus — 94,6
mMec. OueHnBanmncb BUOXMMUYECKUI KOHTPOIb, CTENEHb Ny4eBOM TOKCUYHOCTH (Mo KpuTepuam RTOG), a Takke
AVHaMMKa YPOBHS Ka4eCTBa XXM3HW NPV NMOMOLLM BanuaMpoBaHHbLIX OMPOCHMKOB. Pe3dynbTaTbl. YMepeHHoe
rMnopakuMoHnpoBaHme 403kl 06ecneqmno cTabunbHbIN OHKONOrMYECKUIN KOHTPOMb Y BOMbLUNMHCTBA NaLum-
€HTOB, C YOOBNETBOPUTENBLHLIMY NOKa3aTeNnsiMu BbDKMBAEMOCTU U KQYECTBOM XU3HWU. PaHHAS TOKCUYHOCTL
I-1l cTeneHn co CTOPOHbLI MOYEBOTO My3bIPSA U NPAMON KULLKM oTMeYanack y 57,2 n 59,6 % nauneHToB COOT-
BETCTBEHHO. Tshkenas TokenyHocTb (Il cteneHb) 3apeructpuposara B 1 (2,4 %) HabnogeHun, B TO BpeMms
KaK GOMbLUMHCTBO Ty4YeBbIX OCMOXHEHWI BObINn NpeacTaBneHbl NEerkon 1 cpegHen CTeneHbio TAXKECTU N He
notpeboBany MHTEHCUBHOW MEAUKaMEHTO3HOW KOppeKUMn. YpPOBEHb KayecTBa XXU3HW, OLEHMBAEMbIN MO
wkanam IPSS, QoL 1 ICIQ-SF, B npouecce 1 nocne 3aBepLUeHNsi nevyeHns octaBarncs cTabunsHeiM. 3aknto-
YyeHwue. [lonrocpoyHble AaHHbIE NOATBEPKAALOT, YTO NPUMEHEHWE YMEPEHHOTO rMnodpakLMOHMPOBaHNS 0O3bI
npun CINT Ha obnacTe NYTK AeMOoHCTpUpYeT BbICOKMI ypOBEHb 3h(PEKTUBHOCTM 1 BriaronpuATHbLIN npoduns
6esonacHocTu. NonyyeHHble pesynbTaThl MO3BOMAIOT paccMaTpmBaTh AaHHbIN PEXUM Kak 060CHOBAHHYIO U
yAOGHYI0 AN NaUMEHTOB ansTepHaTUBY TPpaguLMOHHOMY (hpakLMOHUPOBaHMIO O03bI.

KnioueBble cnoBa: pakK npep,CTaTeanoﬁ Xene3bl, cnacuTenbHas nyydyeBas Tepanus, ymepeHHoe runocbpaK-
UMOHUpPOBaHUe, paguKaribHasa NPOCTaTIKTOMUA, BUOXMMUYECKUI peunauB, TOKCUHHOCTb, Ka4eCTBO XXU3HWU.

#=7 KysHeuoB Hukuta OneroBuy, alkealol27@gmail.com
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Abstract

Background. Biochemical recurrence following radical prostatectomy remains a key clinical
challenge in prostate cancer management. Salvage radiotherapy is the standard therapeutic
approach in this setting, but long-term outcomes of moderately hypofractionated dose regimens
are still insufficiently explored, making the optimal fractionation scheme a subject of debate.
Moreover, the use of moderate dose hypofractionation regimens allows for a significant reduction in the overall
duration of treatment. The purpose of the study: to evaluate the long-term efficacy and safety of moderately
hypofractionated salvage radiotherapy to the prostate bed. Material and Methods. This retrospective study
included 42 patients who underwent SRT at a total dose of 57 Gy in 19 3 Gy daily fractions. The median
follow-up time was 94.6 months. Outcomes assessed included biochemical control, radiation-induced toxicity
(RTOG criteria), and the dynamics of quality of life using validated questionnaires. Results. Moderate dose
hypofractionation provided stable oncological control in the majority of patients, with satisfactory survival
outcomes and quality of life. Grade |-l early toxicity was noted in 57.2 % and 59.6 % of patients for the
urinary bladder and rectum, respectively. Severe toxicity (Grade Ill) was reported in only one case (2.4 %),
whereas most radiation-induced complications were mild to moderate and did not require intensive medical
management. Quality of life, as assessed by the IPSS, QoL, and ICIQ-SF scales, remained stable during
and after treatment. Conclusions. Long-term data confirm that the use of moderate hypofractionation during
salvage radiotherapy to the prostate bed demonstrates a high level of efficacy and a favorable safety profile.
The obtained results allow this regimen to be considered a justified and patient-convenient alternative to
traditional dose fractionation in clinical practice.

Key words: prostate cancer, salvage radiotherapy, moderate hypofractionation, radical prostatectomy,

biochemical recurrence, toxicity, quality of life.

Benenne

Pak npencrarenshoii sxeness! (PIDK) 3anumaert Be-
JyLIMe MO3UIHHU B CTPYKTYpe OHKOJIOTHYECKOii 3a00-
JIEBAEMOCTH MYKIHH, 0COOCHHO B Pa3BUTHIX CTPaHaX
[1]. HecmoTps Ha 3HAYUTETHHBIN MPOTPECC B 00TACTH
JMAarHOCTHKH M JICYCHUSI, 4aCTOTa PEIUAMBOB TI0CIIEC
PIT3 octaercs Beicokoi, nocturas 30-50 % B TeucHne
niepBbix 10 siet [2—4]. OaHuM H3 KI04eBbIX (PaKkTopoB,
OTIPENIEISIONINX PUCK TIPOTPECCUPOBAHUS, SBISIETCS
HaJM4Yue MO3UTHUBHOTO Xupypruaeckoro kpas (I1XK)
WY TIEPUHEBPATIbHON MHBA3MH, HATTMYNE KOTOPBIX MO-
KET CIIOCOOCTBOBAThH PA3BUTHIO MECTHOTO PELUNBA
B 00JIaCTH JI0KA YIAICHHOU MPEICTATeTFHON Kee3bl
(JIVIDXK) [5]. CriacutensHas mydeBas tepamnus (CJIT)
SIBIISICTCSI OCHOBHBIM METOJIOM JICUCHUSI MAIlMEHTOB
¢ OMOXMMHYECKUM PEIMIUBOM IOCIE PaJuKaIbHON
npocrarakromuu (PI1D), obecnieunBaronnm BRICOKHE
(80—87 %) moxa3zarenu MATHIETHEH BEDKHBAEMOCTH
0e3 mpr3HaKOB OMOXMMHUYECKOH mporpeccuu [6].
Knaccuueckuii pexxumM GpakilmOHUPOBAHHS JO3bI ITPU
MIPOBEJICHUH TIOCIICOTIEPAIIMOHHON JTUCTAHITHOHHOM
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mydeBoit Tepanuu ([1JIT) mpeamonaraer ucmoap30Ba-
HUE pa30BOi ouaroBoii 10361 1,82 I'p ¢ obmyueHnem
1o COJl 6674 I'p, uto TpeOyeT MpOoBeICHUS HE MECHEES
35 ceancos JJJIT u yBenuuuBaeT NpoJoHKUTEIBLHOCTh
nedeHust 10 2 Mec [6—8]. AbTepHaTHBOM CTaHIAPTHOU
JUIT siBsiercst 00ydYeHHe B pekUMe THIoQpaKiro-
HUpPOBaHU J103bl, Tpu koTopoM COJl moaBoauTes ¢
oonbiueit PO/] 3a MeHbILIee KOIUYeCTBO (QPAKIIHIA, 4TO
COKpaIIllaeT CPOKHU JI€UCHNS. B KiIMHNYecKol pakTHKe
AKTUBHO U3y4alOTCs pa3IMyHbIe PeXXUMBI THTO(paK-
MUOHUPOBAHUS 103bI, BKiItouass ymepenuoe (POl
2,5 I'p) u skcrpemansHoe (PO/>4,0 ['p) runodpax-
[IUOHUPOBAHHE, PEATN3yeMOE B paMKaX CTEPEOTaKCH-
geckoit mydesoit Teparmmu (CTJIT) [9].

PesynpraThl KpymHBIX paHJOMHU3UPOBAHHBIX
UCCIIEAOBAHUI MOATBEPAUIN COMOCTABUMYIO d(-
(heKTHBHOCTB U O€30MaCHOCTh YMEPEHHOTO THITO(PpaK-
IIUOHNPOBAHUS JO36I TI0 CPABHEHHUIO C KIIACCHIECKIM
pexumom JUJIT [6, 7, 10]. OnHako mupokoe KIUHU-
YeCKOE HCII0JIb30BaHUE PEXMMOB YMEPEHHOIO I'd-
no(pakMOHUPOBaHMs 103kl ipu nposeaenun CJIT
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OTPAHUYUBAETCS PAJOM HEPEUIEHHBIX BOIPOCOB:
HEJ0CTAaTOYHO M3y4eHbI A(h(HEeKTUBHOCTH U Oe3011ac-
HOCTh pa3nuyHbIX cxeMm runodpakunonuoi CJT u
€€ BO3MOYKHOTO COYETaHHUs C aHJIPOTeHHOM JenpuBa-
nuei [11]. B 3aBucuMocTH OT paguo0HOIOTrHYECKAX
xapakrepuctuk PIDK, B mepByto ouepenb HU3KOTO
3raueHus o/f (1,3-2,0 I'p), omyxoias 1eMOHCTPHPYET
MOBBIIICHHYI0 YyBCTBUTEIBHOCTh K THIIO(PPAKIINO-
HUpOBaHHOMY o0my4enuto [12, 13]. Oto oObscHseT
WHTEpEeC K U3yYeHHU0 0e30nacHOCTH U 3(PPEeKTHBHO-
CTH Pa3INYHbIX PEKUMOB I'MIIOPPAKIMOHUPOBAHUS
no3el ipu mposeaenun CJIT [14, 15] u saBuseTcs
OCHOBAaHHUEM ISl BBIIIOJIHEHUSI MPEICTaBIECHHOTO
PETPOCIIEKTUBHOTO aHAJIN3a.

Lesab uccienoBaHusl — aHAIU3 AOJITOCPOUHBIX
nokaszareseit 3pHeKTUBHOCTH U 0€30MacHOCTH Clia-
CUTEJIbHOM JIy4EBOU TE€palUU B PEKUME YMEPEHHOTO
rUNoQpaKkMOHUPOBaHUs 036l HA 00nacTs JIVIDK.

MarepuaJj 1 MeTObI

B npencraBineHHBIM PETPOCIEKTUBHBIN aHAIN3
BOIIUTM JaHHbIC HaOmoneHus 3a 42 OONbHBIMH, KO-
TopeIM B Tiepuof ¢ MapTta 2014 o despans 2019 1. B
OI'BY «<HMUILI onkonoruu um. H.H. TlerpoBa» MuHn3-
npasa Poccun Ob1T IpoBeieH Kypce MmociieoneparioH-
Ho JtyueBoii Tepanuu Ha obnacts JIYIDK B pexxume
YMEPEHHOT0 rUnoQgpakMoOHNpoBanHus 103bl. [Tokasa-
aus s nposeaeHus CJIT na obmacts JIVIDK Obutn
CIIEIYIOIMNMU: JUATHOCTUPOBAHHBIN OMOXMMHUYECCKUN
PELUINB [TOCIIE ONIEPAaTUBHOTO JICUEHUS; OTCYTCTBHE
MPU3HAKOB OPAYKEHHS PErMOHAPHBIX TUM(PATHIESCKUX
y3mnoB (PJIY) mo pe3ynbraram THCTOJIOTHYECKOTO
HCCIIEZIOBAHUS OTIEPAIMOHHOTO MaTepuasa; BO3pacT
nanuenTta 18 et u crapuie. [IpoTuBonokazanus st
nposeaenus CJIT na obmacts JIVIDK: BeipakeHHast
CTPHUKTypa BE3UKOYPETPAIBHOIO aHACTOMO3a, MpH-
BOZSAIIASA K KIMHUYECKH 3HAYMMBIM HapyIICHUSIM
MOUEHCITyCKaHMs; MPEIIeCTBYIOIEe JTydeBOe BO3-
JeiicTBUe Ha 00JacTbh Majoro Tas3a, MCKIOYalolee
BO3MO)KHOCTBH 0€30I1aCHOTO IOBTOPHOTO OOJIyUCHHUS;
OCTpble MH(EKIHMOHHO-BOCIAIUTENIbHbIE IPOLECCH
B 00JacTH TpeArnoiaraeMoro oOIydeHUs; TSKebIe
XPOHUYECKUE BOCTIATIUTENIbHBIC 3200I€BaHHS TPSIMON
KHIIKHW; JUCCEMUHUPOBAHHBIHM OITyXOJIEBBIH MpoLecc,
MTOATBEPKIEHHBIN C TTOMOILBIO COBPEMEHHBIX METOZIOB
BH3yaJIN3aIlUH, TAKIX KaK TO3UTPOHHO-3MUCCHOHHAS
tomorpadus (II9T-KT) ¢ npocrarcnenupuyeckum
MeMmOpanubiM antureHoM (IICMA) u mynbTunapa-
METPHIECKOW MarHUTHO-PE30HAHCHOM ToMoTpaduei
(Mn-MPT), Bxirouast mopaxenne PJIY nnm nanuume
OTJaJIEHHBIX METaCTa30B.

Bce nmanments! nonyunnu kype CJIT B xauecTBe
CaMOCTOATENLHOTO MeToA1a JJedeHus. OTHOBpeMEHHast
aHaporeH-nenpuBanuonnas tepanus (AT) ma mo-
MEHT 00JTyueHHs He Ha3Hauanack. [Ipu 5ToM Han4me
B aHaMHe3e 3aBepieHHoro kypca AJIT 1o nannmanuu
CJIT He aBAsIOCH KpUTEepUeM HCKIOoUeHUsA. Bee
MAIUECHTHI, BKIIOYCHHBIE B UCCIIECIOBAHUE, KOTOPHIE
Ha kakoM-n0o 3tame no CJIT yxe momydanmu Kypc

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 31-39

A/IT, kK MOMEHTY Hadajia 00IydeHHS 3aBEPIIIITH KypC
ropMoHoTepanuu. bBuoxumudeckuii peruuB B HaIlIeM
WCCIIEZIOBAaHUH OILEHUBAJICS COTJIACHO CTaHIAPTHBIM
TIOAXO0/1aM, TPUHATHIM B KIIMHUYECKOHM PaKTHKeE, — IO~
BBILICHUE YPOBHS POCTATUYECKOTO CENU(HUECKOTO
aatureda (I1CA) Berre 0,2 HI/MII ¢ TTOCIIEAYIOIIHM
poctoM. JIoKabHbIE PEUINBbI TUArHOCTHPOBAIUCH
¢ nomomnipio [IDT-KT ¢ ITICMA, meuennsim *Ga miu
8F, a Tarxoke Mii-MPT o6macti manoro taza. OCHOBHO#
3agadell MpOBOAMMOIO aHaIN3a ObUIA OLEHKA BBIKHU-
BaeMOCTH 0e3 IPU3HAKOB OMOXMMHUYECKOTO PEIIUINBA.
BceM marmenTam, BomeanM B uccaeaonanue, CJIT
obnactu JIYIDK npoBoagunach Ha TMHEHHBIX yCKOPH-
TeJSIX 3JIEKTPOHOB B pexxume 19 dpaximii c PO/ 3 I'p,
5 mueit B Henemo, 1o COJL 57 ['p. OxBuBaieHTHAS OMO-
noruuecku dpdexruBHas no3a (EQD2), paccuntannas
¢ yuetom ko3durimenta o/, paHoro 1,5, cocraBuia
73,2 I'p. [IpemtydeBast moAroTOBKA BKIFOUYANA B CE0S
JMETY U KOHTPOJIb 32 HAIIOJIHEHUEM MOUYEBOIO ITy3bIpsI
u npsiMoit kuky nepe KT-ronomerpueil u kaxapiM
CeaHcoM JlyueBol tepanui. [Tnanuposanue ryyeBoi
TEpanuy OCYLIECTBIUIOCH C HCHOIb30BaHUEM IPO-
rpammHoro obecrieaenus Calypso v.4.0 (Varian), mpo-
BOJIMJIOCH TIIATEIbHOE OKOHTYPHUBAHHUE KaK 1[EJIEBOTO
o0beMa MUILICHH, TaK ¥ MPUICTAONINX KPUTHYECKUX
CTPYKTYyp. B umcio opraHoB pucka BXOAMIN MoOYe-
BOW Iy3bIPb, NMpsIMasi KUIIKA M TOJOBKH OCIpEHHbBIX
KocTe. OrpaHWYeHHs MOTIIOMIEHHON JT03BI dTUMH
AHATOMHYECKUMH 00pa30BaHUSIMU OINpPEICISUIA B
cootBercTBUM ¢ pekoMenanusamMu QUANTEC [16].
OxonrypuBanue rpauun JIYIDK npoBogunock Ha
ocHoBauny pexkomermarmii RTOG [17]. Onenka myde-
BBIX PeaKInii U ocTokHeHuH noce 3asepuerns CJIT
OCYILIECTBIISIACH B COOTBETCTBUH C OOIICTPUHITHIMU
kputepusmu RTOG [18]. lns o1leHKHM KauecTBa KHU3-
HHU UCIIOJIb30BajMCh 1IKajibl: International Prostate
Symptoms Score co mkanoit Quality of life (IPSS-
QoL) — mexxayHapoaHas 1IKaia OLEeHKH CHMITOMOB
KauecTBa MOUYCHCITYCKaHUSI U MX BIMSHUS Ha Kade-
CTBO KM3HHM O0nbHBIX, International Conférence on
Incontinence Questionnaire Short Form (ICIQ-SF) —
OTIPOCHMK T10 OIIEHKE BIMSIHUA HeIep KaHUs MOYX Ha
KaueCTBO JKHU3HU.

Craructudeckas 00paboTKa JaHHBIX IPOBECHA C
ucrnonb3oBanneM IBM SPSS Statistics Bepcun 27.0.
XapakTepucTHKa KOJIMYECTBEHHBIX MEPEeMEHHBIX,
pacnpeneaeHHbIX HOpMaIbHO, TPOBEIEHA C HCIIONb-
30BaHMEM CPEJHET0 3HAYCHUSI, CTAHAAPTHOTO OTKIIO-
HEHMS U pa3zMaxa. XapaKkTepUCTUKA KOINIECTBEHHbIX
MEPEMEHHBIX, HE COOTBETCTBYIOIINX HOPMaJIbHOMY
pacnpeeneHuio, IpoBeieHa ¢ UCIOIb30BaHUEM Me-
JIUaHbl, HWKHET0 M BEPXHETO KBAPTHUJISI M pa3Mmaxa.
ITpoBepka JaHHBIX HA COOTBETCTBUE HOPMAJIbHOCTU
pacripeziesieHus puBe/ieHa B Tau. 1. XapakTepucTu-
Ka Ka4eCTBEHHBIX ITIEPEMEHHBIX ITPOBECHA C UCIIONb-
30BaHUEM KOJIMUYECTBA U MPOLEHTHOHN A0IH. AHANIN3
BEPOSITHOCTH BBDKHBAEMOCTH NMPOBEJCH C HCIIOJNb-
30BaHMeM Metona Kamman—Maiiepa ¢ mocTpoeHneM
KPUBOM BBIKMBAEMOCTH.
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PesyabTarsl

B wnccienoBanne BkioueHO 42 maiUeHTa B BO3-
pacte ot 52 mo 79 net (cpemumii Bo3pacT — 64,91 +
+ 5,98 ropma), momyuusmnx CJIT B pexxume ymepeHHo-
ro runopaKMoOHUpOoBaHus 103bl. CpeaHHUN UHJICKC
Macchl Tena — 26,26 + 3,10 xr/m?. Bpems ¢ MomeHTa
oTIepalliy 10 Hadaia JIydeBoro jeueHus ot 2 10 120
Mec npu Meauane 13,5 mec u nentpaibHoMm 50 %
oxBare oT 8 10 25,5 mec.

Mennana ucxonnoro yposHs [ICA nepen CJIT co-
craBuna 0,55 HI/MJI Tpu MEXKBapTHIIEHOM pa3Maxe
0,29-1,53 ar/ma. Cpemssist MPOIOIKUTEIIEHOCTE Ha-
OJrofeHus 3a IalyeHTaMu coctaBmia 94,57+ 19,37 mec.
Kimauko-mMopdosoruueckue XxapakTepucTHKU 00JTb-
HBIX TPEJICTABJICHEI B Ta0. 2.

IIpu cpemrem BpeMeHH HAOIOACHIS 33 OOTHHBIMU
94,6 Mec BBDKMBaeMOCTh O3 MPU3HAKOB OMOXHUMHU-
4eckoro penuauBa cocrasmiia 64,3 %, oOmias BbI-
xKuBaeMocTh — 81 % (n=34) Ha MOMEHT TIOCTIETHETO

Ta6bnuua 1/Table 1

MNpoBepka faHHbLIX HAa COOTBETCTBME HOpMarbHOMY pacnpeneneHuto
Normality test using the Shapiro—Wilk test

[Tapamerp/Parameter

Bo3spact/Age

Wupnexc macepl/Body mass index

Bpewms nocne onepanmu (mec)/Time after surgery (months)

[ICA no PIID (ur/mn)/PSA before RP (ng/ml)

Bpewms nabmonenus (mec)/Follow-up time (months)

Kpurepnit Illammpo—Yunka/Shapiro—Wilk test

Craructuka/ CreneHb cBOOOIBI/

Statistics Degrees of freedom PRI
0,989 40 0,960
0,953 40 0,100
0,708 40 0,0001
0,777 40 0,0001
0,986 40 0,894

Ipumeuanns: IICA — npocrarnueckuii cnenndudecknii anturen; PIID — pangukanbHas NpoCTaTIKTOMHES; TAOIHIA COCTABICHA ABTOPAMH.

Notes: PSA — prostate-specific antigen; RP — radical prostatectomy; created by the authors.

Ta6bnuua 2/Table 2

KnuHuko-mopdonornyeckme xapakrepucTuku 605bHbIX
Clinicopathological characteristics of the patients

CpenHee 3HaUCHUE + CTAHAAPTHOE
OTKJIOHCHHE (MUHUMYM—MaKCUMyM)/
Mean + SD (min—max)

MenuaHa [HIKHUA—-BEPXHUNA KBapTUIIb]
(MUHEMYM—MaKCUMyM)/
Median [lower—upper quartile] (min—max)

Bupn PIID/Type of RP

Kpurepuit pTNM/pT criterion

Cymma [mucona/Gleason score sum

Mopdonornyeckue XxapakKTepHuCTHKN/
Morphological characteristics

[MepuneBpanbhast nuBasus/Perineural invasion

Bospacr, net/Age, years 6422;3;398
VMT, kr/m/BML, kg/m? 26&3? :;;10
Bpewmst HaOmonenus, Mec/ 94,57 + 19,37
Follow-up time, months (52-131)
Bpewmst ot PIID no CJIT, mec/ 13,5 [8-25,5]
Median time from RP to SRT, months (2-120)
[ICA nepen CJIT, ar/mi/ 0,55 [0,2—1,6]
PSA before SRT, ng/mL (0,052-6)

[Mo3amunonnas/Retropubic
Jlamapockomnudeckas/Laparoscopic
PobGort-accuctupoBannas/Robot-assisted

10 (23,8 %)
26 (61,9 %)
6 (14,3 %)

pT2 16 (38,1 %)
pT3a 10 (23,8 %)
pT3s 16 (38,1 %)
6 10 (23,8 %)
7(3+4) 7 (40,5 %)
7(4+3) 6 (14,3 %)
8 4(9,5 %)
9-10 5(11,9 %)

17 (40,5 %)
[losutuBHEI xupyprudeckuii kpait/Positive surgical margin
OtcytcerByet/Not identified 25 (59,5 %)
®doxkansHbi/Focal 12 (28,6 %)
[potsokennsrit/Extensive 5 (11,9 %)

Tpumeuanus: UMT — unzexc macesl tena; [ICA — npocrarnueckuii criennduyeckuit anturen; PI1D — pagukanbHas MpOCTATIKTOMUS;

CJIT — cnacuTenbHas TydyeBas Tepamus; TaOIHIA COCTABICHA aBTOPaMH.

Notes: BMI — body mass index; PSA — prostate-specific antigen; RP — radical prostatectomy; SRT — salvage radiation therapy; created by the authors.
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BepoATHOCTE BELEHEAHILE, Y Survival probability %4
-

$yaxma bespelMIMEHOrO EBIFMEaNA Recurrence-free survival

Puc. 1. BepknBaemocTb 6€3 npu3HakoB
Bmoxnmmyeckoro peumanea.
[MpumeyaHune: pucyHOK BbINOMHEH
aBTopamu
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Fig. 1. Survival without signs
of biochemical recurrence.
Note: created by the authors

nabmonenus. CmeptaocTs oT PITDK coctasmma 11,9 %
(n=5), 3 (7,1 %) OONBHBIX yMEpIH OT MPUYHH, HE
cBsa3anHbix ¢ PIDK. buoxumuueckue peuuauBbl 3a-
(ukcupoBansl y 15/42 (35,7 %) manueHTos.

Ananmm3 BeDKHBaeMocTd 1o Karman—Maiiepy mo-
Ka3aJl CPEHIOK OIICHKY BPEMEHU BBDKHBAEMOCTH 03
MIpU3HAKOB OroxuMu4ieckoro peruausa 101,4 mec npu
95 % AN 91,7-111,0 Mec 1 cpeqHIO0 OIIEHKY BpeMe-
HU o0mmiel BepkuBaemoctu 118,7 mec mpu 95 % U
111-126,4 mec (puc. 1). BeposTHOCTH BEIKUBaHUS 0€3
peuuauBa 2 roga coctasinsieT 100 %. ITo npowmectuu 2
JIET, BEPOSITHOCTH O3PEIIUIMBHOTO BBKUBAHUS CHIDKA-
etcs k 3 romam 10 94 %. 1o mpormrecTBUH S5 €T BEpPOSIT-
HOCTh 0€3pEIUANBHOIO BEDKMBaHUS cOCTaBIsET 88 %0,
6 et — 80 %. ITo mpomrecTBuu § €T HAOMIOACHHUS BEPO-
SITHOCTB O€3peInIMBHOM BEIKUBAEMOCTH CHUIKAETCS 710
57 %, ocTaBasich Ha TAKOM e ypoBHe nanbie. Cirygan
OMOXUMHIYECKOTO PEIMINBA MTOKa3aHbI Ha puC. | B BUIE
15 BepTUKANBHBIX YEpPT MO MPOIIECTBUU O-IETHETO
Mepro/Ia 10 KOHEYHOU TOUKH HAOIO/ICHHS.

PanHs15 TOKCHYHOCTD CO CTOPOHBI MOUEBBIBOISIITIX
nyted (MILJIT) I u Il crenenu 3apeructpupoBaHa y

31,0 u 26,2 % manueHTOB COOTBETCTBEHHO, Y OCTANb-
HBIX (42,9 %) manueHToB MPU3HAKOB JIy4E€BOTO MOpa-
JKEHHS MOUEBBIBOJISIICH CUCTEMBI HE OTPEIEIISIIOCh.
PaHHsI1 TOKCMYHOCTb CO CTOPOHBI MPAMOW KUIIKH [
cTenenn otmedena y 42,9 % nanuentos, Il crenenn —y
16,7 %, y octanbubix (40,5 %) NalMeHTOB JTy4eBbIX pe-
aKIIUI CO CTOPOHBI IPSIMOM KUIIIKH HE OMPEICIISIIOCH.
[lo3mHuMe OCIOKHEHNS CO CTOPOHBI MOYEBBIBOSIIINX
nytei | crenenn BoisiBieHs! y 33,3 % manueHTos,
IT crenenn —y 16,7 %. Y nonosunst (50,0 %) Ha-
OroIaeMbIX MAUEeHTOB Mpu3HakoB no3aner MILIT
He oTMeuanock. [lo3mHIe OCI0KHEHUSI CO CTOPOHBI
MPSIMOM KHTIIKK BO3HUKaNH peske: | crenern y 19,0 %
naruenTos, Il crenenu — B 1 (2,4 %) HaOnroACHUY.
BonpmmucTBo manmentos (78,6 %) He nuMenu mpu-
3HAKOB IMO3JIHUX OCIIOKHEHHH CO CTOPOHBI MPSIMOM
kumka (Tabm. 3).

[TosydeHHbIEC JTaHHBIC CBUCTEILCTBYIOT O IPH-
emJieMOM Tipoduie 0e30MaCHOCTU HMCCIIEAYEeMOro
pexxuMa 00my4eHus. BoIbITMHCTBO MAIIMEHTOB Tiepe-
HECJIH JieueHHe 0e3 BhIPAKEHHBIX MTOOOYHBIX AP PeK-
TOB, a BBISBJICHHBIC CITydad IMO3HUX OCIOKHEHUH

Ta6nuua 3/Table 3

YacTtoTa BO3HMKHOBEHUM pa|-||-|e|7| TOKCUYHOCTU U NO3OHUX Ny4YeBbIX OCNOXHEHUM Co CTOPOHLI
Mo4eBbIiBOOALWMNX nyTeﬁ u npﬂMOﬁ KULLKN

Incidence of acute toxicity and late radiation-induced complications in the urinary tract and rectum

XapakTep HeenaTeJIbHbIX

AnaroMo-(yHKIHOHATbHAs CHCTEMa/ nocxencruii JIT/ Crenens 1/ Crenens I/ Crenens I11/
Anatomical and functional system . Grade I Grade II Grade IIT
Adverse events following RT
o Pannne/Acute 13 (31 %) 11 (26,2) 0
Mouenonoas/Genitourinary Mosme/Late 14 (33.3 %) 7(16.7 %) 0
Kenymouno-kurreanas/Gastrointestinal Pannue/Acute 18 (42,9 %) 7(16.7 %) 0
TTo3nuue/Late 8 (19 %) 0 1(2,4 %)

Ipumeuanus: JIT — mydyeBast Tepanust; Tabiauia cCOCTaBjIeHa aBTOPAMHU.

Notes: RT — radiotherapy; created by the authors.
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Ta6nuua 4/Table 4

[OnHamMmuka nsmeHeHusi megmanbl 6annoB IPSS, QOL, ICIQ-SF
Longitudinal changes in median scores of IPSS, QoL, and ICIQ-SF

[Mapamerp/Parameter Hcxonusrit ypoBens/Baseline
IPSS 6,0
QOL 1,0
ICIQ-SF 2,0

ITpumeuanue: Tabnuia coOCTaBICHA aBTOPAMH.

Note: created by the authors.

COOTBETCTBOBAJIM JIETKOW U YMEPEHHOM CTEIeHH, 3a
nckmoueHuem 1 (2,4 %) HabmoneHus.

KadecTBo *KHM3HM ManMeHTOB, KOTOPOE OLEHUBA-
nock 1o mkanam IPSS-QoL u ICIQ-SF, cymectBenno
HE MEHSIOCh Ha MPOTSHKEHUH BCETO epro/Ia HadIro-
nenusi. Heooxogumo otmetnts, uto vy 33 (78,5 %)
maruerToB nocie PIID ormedanmoch Hemep)kaHUe
MOUYH JIETKOW U CPEJIHEN CTeleHH BhIpakeHHOCTH. Ha
MOMEHT IOCJIETHETO HAOTIOIEHHSI OTMEUECHO HE3HAUH -
TenabHOe yBenuueHue nokaszareneid IPSS u ICIQ-SF.
Bemnunna QoL ocraBanach HEM3MEHHOW Ha BcCeX
JTamax, 4To CBHJIETEILCTBYET O COXpPAaHEHUU IpH-
eMJIEMOT'0 YPOBHSI KauecTBa JKU3HU Yy OONBIIMHCTBA
MalueHToB (Tadm. 4).

Ob6cy:xnenue

[IpoBeneHHBIN PETPOCIEKTUBHBIN aHAJIN3 yKa3bl-
BaeT Ha BBICOKHE MTOKA3aTeN! UINTENFHOTO (CpenHee
BpeMs HabmoneHus — 94,6 Mec) GHOXUMHUYECKOTO
koHTpoIs — 64,3 % mocne CJIT B pexxume yMEpeHHOTO
runoQpakuoOHUpoBanust 103bl. 110 gaHHBIM cHcTe-
Marrdeckoro o63opa C. Roukoz et al. [19], 5-nmetHss
BBDKHUBAEMOCTH 0€3 OMOXUMHYECKOTO PEITHINBA ITOCIIE
obmyuenwnst JIYITK coctasmsier 47-78,6 %. Ctourt ot-
METHUTb, YTO HaIlIe UCCIEA0BAHUE OTHOCUTCS K YUCITY
padoT ¢ Hanbosee IUIMTETEHBIM ITEPUOIOM HAOTIOICHUS
TIPH UCTIOTB30BaHUH THodpakinorunpoBarnaoit CJIT.
Hampumep, B ¢aze I/II uccnenosanus A. Gladwish
et al. [20] ¢ pexxumom 51 I'p/17 dpakumii u meguanoi
HaOroIeHNst 2 To1a OMOXUMUYECKHUN PEIUIUB HAOITIO-
nancst y 17 % manueHToB IpU MHUHUMAIEHOM PHCKE
MO3AHUX OCJOKHEHHH, TOTAAa KaK B MCCIIEIOBAHHUH
C.J. TxaueBa u coaBr. [21] TpexuieTHsIst Oe3peanBHAs
BBDKMBAEMOCTb B TPYIIE TUIOPPAKIHOHUPOBAHHON
CJIT nocturna 89 %. Hamu pe3ynbrarsl OATBEPKAA-
10T BBICOKYIO 3 dextuBHOCTS CJIT, mpu aTOM cenyer
OTMETHUTh, YTO BO3HHUKHOBCHHE PEIHIUBA 3a4aCTYIO
OTMEYaJIOCh Ha MO3AHUX CPOKaxX HaOmoaeHus. Takum
obpazom, CJIT B pexxume runodpakiimoOHUPOBAHUS
obOecrieunBaeT BHICOKHME MMOKA3aTeIN JTUTEIHHOTO
nepruojia BKMBAEMOCTH 0e3 TPU3HAKOB OMOXHMHU-
YEeCKOro penuanBa. BaXXHO OTMETHTH, UTO Hapsay ¢
BBICOKOH 3()(hEKTHBHOCTHIO MCIOIB3YEMBIN PEKUM
nposenerus CJIT xapakrepusyercs OJarompusTHBIM
npodunem 6e3onacHoctu. OcTpas yyeBasi TOKCHY-
HOCTH B OOJNIBIIMHCTBE ciy4yaeB He mpesbimana [-I1
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Ilocnennee nabdmoneHue/

3asepmenne JIT/End of RT Lo 05 Tl
7,0 7,0
1,0 1,0
3,0 3,0

crerienu no kputepusim RTOG. B pannem nepuoze
CHUMIITOMBI CO CTOPOHBI MOYEINON0BOW cucTembl [-II
CTeNeHH oTMeueHbl B 57 %, cO CTOPOHBI MPSIMOi
KUIIKA — B 59 % HaOmroneHnii. Y 1MoI0BUHEI ITAI[HEH-
TOB TPOSIBIIEHUH MO3IHUX JIyYEBBIX OCIOKHEHUH HE
BO3HUKIO, B 14 (33 %) cnyuasx MIUIT I crenenu ne
TpeboBasia Koppekuuu, B octasmmxcs 7 (16,7 %) ciy-
Yasix — KOPPEKTUPOBAIach MEJUKaMeHTO3HO. [To3nHne
ocnoxuaenus JIT 11 crenenn nabmroganmice y 1 (2,4 %)
0O0JBLHOTO B BUJE KPOBOTECUEHHs, MOTPEOOBABIIE-
ro Xupypruueckoro jedeHus. OTCyTCTBHE YacCThIX
ocnoxkHenuil 11l creneHu u BbIIE MOATBEPKIAAET
0€30MMacHOCTh TUTTO(PAKITMOHUPOBAHHOTO PEXUMA
CJIT. [lomy4yeHHbIe HaMH JaHHBIE O OE30MACHOCTH
CJIT B peskiMe yMEPEHHOTO TUIO(PPaKINOHUPOBAHHUS
JI03bl COOTBETCTBYIOT JIUTEPATYPHBIM JIaHHBIM U CBHU-
JETEJILCTBYIOT 00 OTCYTCTBUM YBEIMUYEHHUS! YaCTOTHI
BO3HUKHOBEHUS TIO3HUX JTyYEBBIX OCIOKHEHHH MPH
yBeinuennn POJI. Tak, B KpyImHOM HCCIeT10BaHUU
RADICALS-RT ormeueno, uto tsokenbie (III-IV crt.)
ayuesble noBpexaeHus nocie CJIT JIVIDK Berpeua-
IOTCSI KpaitHe pe/Iko Kak mpu cranaapTHoM (66 [p), Tak
U IpH runodpaxkuronHoM (52,5 ['p) pexume moasese-
HUS 103bl, @ pa3JIn4Ms B 4ACTOTE JIETKOW U YMEPEHHOU
TOKCUYHOCTU MHUHUMaNbHBI [22]. B ynoMmsiHyTOM
Beime uccienoBanun C.J. TkaueBa U COaBT. Takxe
HE BBISIBJICHO YBEJIMYEHUS MO3/IHEH TOKCUYHOCTH MPH
rUNOQPaKIHOHUPOBAHUN MO CPABHEHUIO C KJIACCH-
4yecKuM pexxuMoM [21]. OTMedeHHass HaMU KpaiiHe
HH3Kas 9aCTOTa BOSHUKHOBEHNUS TTO3THUX OCIOKHEHUH
(2,4 % III ct.) cormacyercs ¢ ONMBITOM MPUMEHEHHS
COBPEMEHHBIX TeXHONIOrui Ty4eBoil Tepanuu (IMRT/
IGRT, VMAT), n03BOJNSIOIMX CHU3UTH Harpy3Ky Ha
NpSIMYIO KUILKY [23].

KagecTBo *KM3HM MAMEHTOB B HAIlleM HCCIIEHO-
BaHUHU OCTABAJIOCh CTaOWJIBHBIM: Moka3atenb QoL
MPUHLUUITHAIBHO HE U3MEHWJICS, JTUILb HE3HAUYUTEIb-
HO BO3POCIIM CyMMapHble 0autel 1o mkanam [PSS u
ICIQ-SF. Iloxy4yennsle pe3yabTaThl COOTBETCTBYIOT
JTAHHBIM TPOCHEKTUBHBIX HAOIIOACHUH, B KOTOPBIX
ykazpiBaercs, uro CJIT JIVIDK He npuBoauT K BbI-
PaKEHHOMY yXYIILEHHIO ()YHKLIMOHAIBHOTO CTaTyca
MOYETOJIOBOM CUCTEMBI MJIA MIPSAMOM KUIIIKU. B yact-
HocTH, B uccienoBanuu RADICALS-RT aBrops! He
OTMETWJIM KJIMHUYECKH 3HaYMMOTO CHUXKEHHUs Kaue-
ctBa *ku3Hu uepe3 1 rox nocne CJIT, kak u pasnnanii
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B 0€30MAaCHOCTH MEXIY IpyNIaMy CTaHJAPTHOTO U
rUMo(GPaKIMOHUPOBAHHOTO pekuMa o0rydeHus [22].
Taxum 006pazoM, MOKHO TOBOPUTH O TOM HYTO, MPH-
MEHEHHE YMEPEHHOTO THMO(QPaKIMOHUPOBAHUS HE
COIIPOBOXKIAETCSI POCTOM TOKCHYHOCTH; €ro Oe3omac-
HOCTb COIIOCTaBHMa C PEKUMOM KJIACCHUECKOTO (ppaK-
LIUOHUPOBAHUS JI03bI, YTO IOATBEP)KICHO aHAJIN30M
JaHHBIX JuTeparypsl [19].

3akioueHue

[Tosny4yeHHble pe3ynbTaThl MOATBEPKAAOT, YTO
nposenenue CJIT na obmacts JIVIDK B pexnme
YMEPEHHOTO THIo(pakuuoHupoBanus 1036l ¢ POJ]
3Ip o CO/ 57 I'p 3a 19 dpaxumii siBnsiercs 3dpdek-
TUBHOW M OE30TacHOM aabTepHATHBON TPATUITNOH-
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BKIAl ABTOPOB

Ky3nenoB Hukura QuieroBud: cratucruueckas oopaboTka MarepHaia, HaliMcaHue TeKCTa CTaTbi, HHTePIPETaLusl Pe3yJIbTaToB.
HoBuxoB Poman BiaagumupoBud: pa3paboTka KOHLIENIUK HayqYHOH pabOThl, KpUTHYECKHI IIEPEeCMOTp U IPaBKa YepPHOBHKA CTAThU,
yTBEp:KIEHHE MTyOIHKyeMOi BEpCHH CTaThU.

HoBukoB Cepreii HukonaeBu4: pa3zpadoTka KOHIENIMN HAy4HOI pabOThI, KpUTHYECKUI TIEPeCMOTp U MpaBKa YePHOBHKA CTAThU,
YTBEp:KIEHHE MyOIHKyeMOi BEpCHH CTaThU.

CamapueBa Exarepuna EBrenbeBHa: crarucrudeckas o0padoTka MaTepralia, HallMCaHHe TEeKCTa CTaThH, HHTEPIPETAIUS Pe3ylib-
TaToB.

Nnbnn Hukonaii /ilMuTpueBud: cratucTrieckas o0paboTka Marepraa, HamucaHue TeKCTa CTaTbu, HHTePIPETaLUsl Pe3y/IbTaToB.
Mepexko IOpuii OneroBuu: crariucrudeckas 00paboTka MaTepuasa, HalMCaHHe TeKCTa CTaTby, HHTEPIPETALUs Pe3yIbTaToB.
AnTunoB ®uiaunn EBrenbeBuy: craructuyeckas oo6paboTka MaTepuaa, HalMcaHue TEeKCTa CTaThbH, HHTEPIPETALNs Pe3y/IbTaToB.
Tl'otoBunkoBa Mapust FOpbseBHa: craructiyeckas o0padoTka MaTepuasa, HalMCaHUe TEKCTa CTaThH, MHTEPIPETALHs Pe3y/IbTaTOB.
Mensnuk FOQumust CepreeBHa: aHaiu3 Hay4HOW pabOTbI, KPUTHUECKHH MEPECMOTpP C BHECEHHEM L[EHHOTO MHTEJICKTYaJbHOIO CO-
JepKaHusl.

IMonomapesa Oubra UropeBna: ananu3 Hay4yHOM pabOThI, KPUTHIECKUI EPECMOTP ¢ BHECEHHEM LIEHHOTO HHTEIJIEKTYaJIbHOTO CO-
JepKaHusL.

Kanaen Cepreii BacuiibeBuu: HayqHOE peaKTHPOBaHUE.

BeasieB Anexceii MuxaiijioBu4: Hay4uHOE pPEIaKTHPOBAHMUE.

Bce aBropbl 0100pHiM (GHHAIBHYIO BEPCHIO CTAThH NEpe MyOINKaIMel, BBIPA3UIIH COIIACHE HECTH OTBETCTBEHHOCTD 32 BCE ACTICKThI
paboThl, MOJPa3yMEBAIOILYI0 HAJUISKAIEEe U3yUSHHE U PEILICHHE BOIIPOCOB, CBS3aHHBIX C TOUHOCTBIO H JJOOPOCOBECTHOCTBIO JIFO0OH
4acTu pabOThI.
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AHANU3 KNMMHUYECKUX NPOABIIEHUN
HEUPO®UEPOMATOS3A 1-I0 TUMA Y BOJIbHbIX
N3 PECMNYBJITUKUN BALLKOPTOCTAH
C «IN-FRAME» OENELUUAMU B N'EHE NF1

P.H. MyctacdhmH', M.A. BepmuweBa?, A.C. KapyHac?, 3.K. XycHyTanHoBa?

'®IrbY BO «balukupckuii rocyqapCTBeHHbIN MEQULUHCKAIA YHUBEPCUTET»

Poccus, 450008, r. Yda, yn. JlleHuHa, 3

2NHCTUTYT BMOXMMUM 1 TeHeTMKM — 06ocobrneHHoe CTPyKTypHOe nogpasaenerHne ®rbHY
«Ydumckuin begepanbHbln ccriegoBaTenbCkun LeHTp» Poccuiickon akagemumn Hayk
Poccus, 450054, 1. Ydpa, np-T OkTabps, 71

AHHOTauus

BeeaeHue. Hepodnbpomaros 1-ro Tvna (HP1) — HacneaCTBEHHBIN ONyXoneBbIi CUHAPOM, KOTOPbIN NPOSiB-
NSeTCA MHOXECTBEHHbIMU Heonnaamamu (Hempodunbpomamm) n naTHaMK LBeTa «kode ¢ MOroKoM» . Xapak-
TepHbIMU A8 nauneHToB ¢ HP1 aBnstoTca nopaxeHne onopHO-ABUraTernbHON CUCTEMbI, MHTENNeKTyanbHas
He[oCTaTOMHOCTb U 3N10KaYecTBeHHble HoBoOOpasoBaHms. HP1 obycnoeneH repMuHanbsHbIMY MyTauusMm
B reHe NF1, BbIsIBNeHME KOTOPbIX MOXET CTaTb OCHOBOW AMNsi MATOreHeTUYeCcKoro riedeHns onyxorneBoro
cvHgpoma. CornacHo pagy uccregoBanuii, ansa 6onbHbix HP1 ¢ «in-framex» geneuusamn, npyBoasLnuMn K
BbINaAeHNI0 aMUHOKUCIIOT, XapakTepHbl bonee nerkne oopmbl 6onesHmn 6e3 Herpocdmbpom. Llenb nccnego-
BaHuA — naeHTudukaums geneumven B reHe NF1 6e3 cosura pamMkn cHMTbIBaHMs y naumeHtos ¢ HO1 13 Pe-
cny6nukn ballkopTocTaH; xapakTepucTrka 0CO6EHHOCTEN KIMHMYEeCKon cumnToMaTukn HP1 y gaHHom rpynnbl
nauneHToB. MaTepuan n metoabl. [poBeaeH aHanna ambynaTopHbix kapT 6onbHbIX HP1 13 Pecnybnuvkm
BalikopTocTaH, 06beKkTMBHOE knuHM4eckoe obcnefoBaHe cammnx naunmeHToB, CEKBEHMpOBaHMe obpasLoB
ux OHK ¢ ngeHtndurkaumen geneuun B reHe NF1 6e3 cosura pamkm cumTtbiBaHus. Beino nceneposaHo 26
nauneHToB B Bo3pacTe oT 3 A0 69 neT (12 xeHwuH n 14 Mmyx4ynH). PesynbTaTbl. PeTpocnekTnBHbIN aHanms
ambynaTopHbIX KapT 1 uccnegoBaHue cammx 60MnbHbIX Nokasanu, YTo YactoTa BcTpedaemoctn HO1 B pecny-
onuke 1:7403,6 uenoek. oeHTndunuympoBaHsl 2 aeneuun 6e3 casura pamky cunTbiBaHus B reHe NF1y 6
naumeHToB ¢ HP1 n3 3 HepoacTBeHHbIX cemert: NF1:NM_000267.3:exon21:¢.2674_2679del:p.S892_K893del
(Y 2 6ornbHbIX OAHOBPEMEHHO C MUCCEHC-MyTaumen B ToM xe ak3oHe: NF1:NM_000267.3:exon21:c.A2687G:p.
D896G); NF1:NM_000267.3:exon27:¢.3526_3528delAGA:p.Arg1176del. OnncaHbl KNMHUYeCKMe NposiBNeHns
H®1 y naumeHToB C BbISBAEHHLIMY MyTaLUsSMN U UX CPaBHUTENbHANA XapakTepucTnka co BCeMU BOMbHbIM
H®1 B pecnybnuke. B obwen rpynne 6onbHbix HO1 13 PE 6onee peako obHapyxmBaoTcs Hempodunubpombl
N 310Ka4YeCTBEHHbIE OMYXONW, FMMOMbl 3PUTENbHBLIX HEPBOB, KOTHUTUBHbIE HapylUueHWs. 3aknto4veHue. Y
naumeHToB ¢ H®1 n3 Pecnybnukm BawkopTocTaH ¢ BbisiBNeHHbIMU HaMmu geneuuavn B reHe NF1 6e3 casura
paMKM CYNTbIBAHUSA HE OBHapPYXeHbl KUCTbI U OMYXOMnyW rOIOBHOrO Mo3ra, NnekcudopMHble HEMPOUOPOMBbI
1 mMuombl. Hamu Bnepeble NpPOBeAeH aHanu3 paHee He ONMCaHHbIX B HAYy4YHOW nuTepaTtype AeneLunin B reHe
NF1y 6onbHbix H®1 6e3 copura paMku CHUTLIBAHNSA U BbISIBNEHbI FeHO-heHOTUNYECKME KOPPensaLum, YTo
cornacyercs ¢ pedynsrataMu Apyrnx HayYHbIX MCCeOoBaHUi.

KnioueBble cnoBa: reH NF1, reHo-(hbeHOTUNMYECKMEe KOppensauum, MyTauum, Henpodubpomaros 1-ro Tuna,
Herpodubpombl, onyxonu, «in-frame» geneuuu.

#=7 MycTtacdumH Pyctam HauneBuuy, ruji79@mail.ru
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ANALYSIS OF CLINICAL MANIFESTATIONS
OF NEUROFIBROMATOSIS TYPE 1IN PATIENTS
WITH IN-FRAME MUTATIONS IN THE NF1 GENE

FROM THE REPUBLIC OF BASHKORTOSTAN

R.N. Mustafin', M.A. Bermisheva? A.S. Karunas?, E.K.Khusnutdinova?

'Bashkir State Medical University

3, Lenin St., Ufa, 450008, Russia

2Institute of Biochemistry and Genetics, Ufa Federal Research Centre, Russian Academy of Sciences
71, Prospoect Oktyabrya, Ufa, 450054, Russia

Abstract

Background. Neurofibromatosis type 1 (NF1) is a genetic disorder that is characterized by multiple light brown
patches of skin (café-au-lait spots) and neurofibromas. It can lead to an increased risk of malignant tumors,
cognitive impairment, and skeletal abnormalities. NF1 is caused by heterozygous mutations in the NF1 gene,
and identifying the specific mutation can form the basis for pathogenetic treatment of tumor syndrome. Several
studies indicate that patients with the NF1 in-frame deletions tend to have a milder form of the disease that is
characterized by the absence of neurofiboromas. The purpose of the study was to identify in-frame deletions
in the NF1 gene in patients from the Republic of Bashkortostan as well as to characterize the clinical symptoms
of NF1 in this group of patients. Material and Methods. An analysis of outpatient records of NF1 patients from
the Republic of Bashkortostan was conducted, along with an objective clinical examination of the patients and
DNA sequencing to identify in-frame deletions in the NF1 gene. Twenty-six patients (12 females and 14 males)
aged 3 to 69 years were studied. Results. The retrospective analysis of outpatient records and examination
of NF1 patients showed the NF1 incidence of 1:7403.6 people. Two in-frame deletions in the NF1 gene were
identified in 6 patients with NF1 from 3 unrelated families: NF1:NM_000267.3:exon21:c.2674_2679del:p.
S892_K893del; NF1:NM_000267.3:exon27:¢.3526_3528delAGA:p.Arg1176del. The clinical manifestations of
NF1 in patients with identified mutations and their comparative characteristics with all NF 1 patients in the Repub-
lic were described. In the general group of NF1 patients from the Republic, a rarer detection of neurofibromas
and malignant tumors, optic nerve gliomas, and cognitive impairment was revealed. Conclusion. In patients
with NF1 from the Republic of Bashkortostan with in-frame deletions in the NF1 gene, no brain cysts or tumors,
plexiform neurofibromas, and optic nerve gliomas were detected. Although the mutations we identified have
not previously been described in the scientific literature, our analysis of clinical features is consistent with the

findings of other authors regarding the presence of phenotypic correlations with in-frame deletions.

Key words: NF1 gene, genotype-phenotypic correlations, mutations, neurofibromatosis type 1,

neurofibromas, tumors, in-frame deletions.

Beenenne

Heiipodubpomaroz 1-ro tuna (H®1) sBisercs
TSKEJIBIM MOHOTEHHBIM 3a00JIEBAHUEM U3 TPYIIIBI
HACJIEICTBEHHBIX OIYXOJEBBIX CHHIPOMOB U BCTpE-
YaeTcsl, COrJIacHO NMPOBEJEHHOMY METaaHaln3y, C
yacTtoToil 1 Ha 3 164 yenoBeka, BapbUpys B pa3HbIX
crpa"ax ot 1:2132 no 1:4712 [1]. IIpuuunoit HO1
SIBIITOTCS TePMUHAIBHBIC MyTaruu B rede NF' 1. [Ipo-
IyKT sKcrpeccun reHa NF'[ — ['Tda3-akTuBUpyomuit
6enok HeripopudpomuH. OCHOBHBIM (DYHIMOHATILHBIM
nmoMeHoM naHHoro Oernka cirykut GRD (GAP-related
domain), HETaTHBHO pearupyroNuii Ha aKTUBHOCTH
nporoonkoreHoB RAS (RAt Sarcoma) [2]. B cTpykTy-
pe aToro OesnKa HIASHTU(HUIIMPOBAHBI TAKKE IUCTEHUH/
cepu Oorareiii fomeH (CSRD) u Sec14 (homology-
like, pleckstrin homology-like and syndecan-2 binding
domain) momensl [3]. ['en NFI nmokamu3oBaH Ha
17q11.2 u coctout u3 57 3k30HOB [4]. YV OOJbIINH-
ctBa OonpHbIx HD1 ompenensitoT MHOXKECTBEHHBIE
CBETIO-KOpUYHEBbIe TisiTHA Ha Koxke (CALM — café-
au-lait macules), pasmepamu 6osee 5 MM y AeTel u

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2025; 24(6): 40-47

Oomee 15 MM y B3pocbiX. JlaHHBIC TISITHA SBISIOTCS
OITYXOJIEBBIMU Pa3pacTaHUSIMHU MEJAHOIIUTOB B KOXKe
BCJIEJICTBHUE «JIBOMHOrO yaapa» rea NF/, conmacHo
teopuu Knyacona [5]. Takke XapakTepHbIMU [JIs
H®1 sapnsitorest apyrue onyxosieBble MPOSIBIEHUSA, K
KOTOPBIM OTHOCSITCS y3enku Jluma pamgyxHoi 060-
JIOUKH 133 (raMapToMbl), HeHpohuOpoMBbI (KOJKHBIE,
MOJKOXKHBIC W/WUIH TIEKCU(DOPMHBIE) U TIHOMBI
3pUTeNbHBIX HEpBOB. KpoMe Toro, y mamueHToB ¢
H®1 BBISBISAIOT OUCTIIA3UI0 KIMHOBUJIHOM KOCTH,
MCeBA0APTPO3, HCTOHUEHUE KOPTUKAIBHOIO CJIOA
JUIMHHBIX TpyOUaThIX Koctei [6]. IIpu Hanmuunu aByx
u Oosiee U3 BbILICIEPEUNCICHHBIX IPU3HAKOB, B COOT-
BETCTBHH C KpUTeprsMu HarmoHabHBIX HHCTUTYTOB
3nopoBbst (National Institutes of Health — NIH), nua-
THO3 HelipopubpomaTosa 1-ro THIa ycTaHaBIMBACTCS
KJIMHUYeCKH. [Ipy HamM4IMm moaTBEP K ACHHOTO CITydast
H®1 y kpoBHBIX POACTBEHHUKOB JOCTATOYHO 1 TIpH-
3HaKa Oose3nu [7].

Paznuyaercst yactora KIMHAYECKUX MPOSBICHUM,
xapaktepHbix s HO1, Hanpumep, KOKHBIC /WU
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MOAKOXKHBIE HEHPo()HOPOMBI BBISBIAIOT OoJiee 4eM y
99 % manueHToB [7], COOTBETCTBYIOIINUE KPUTEPUSIM
NIH cBeT0-KOPUYHEBBIEC IISITHA ONPEACISIOTCS Y
96,5 % 6onpHbIX HD 1, BECHYIITYaTOCTH OIMBIIIEUHBIX
1 maxoBeIx oomacreit —y 90 % [8]. Y3zenku Jluma BbI-
aBIIOT y 70 %, a ekcudopmMHbIe HeHpohuOpoMBbI —
y 50 % OGonpabix H®1 [7]. [TTHOMBI 3pUTENBHBIX
HEPBOB HIACHTU(DHUIUPYIOTCS ITaBHBIM 00pa3oM Mo
pesynsratam MPT y 27 % naunenTtos. Omyxonu ro-
JIOBHOTO Mo3ra onpenessitor y 10 %, ruaponedanmio —
y 7,7 % [9], stmnencuto — y 8,1 % OGompHbIXx HD1
[10]. Beicokocnenupuunabivu aiiss HO1 sipistiroTest
3]I0KaUY€CTBEHHBIC OIMyXOJU U3 000J0YeK nepude-
puueckux HepBoB (MPNST), naentuduuupyemsie y
13 % mammento ¢ H®1, kak nmpaBuio, B pe3ysabrare
MEPEePOKICHHSI YKE CYIIECTBYIONIHNX TUIEKCU(POPM-
HbIX Helpopudpom; MPNST ominuatorcst BBICOKON
JeTabHOCTRIO [11].

[ToMrMO OTTyXOJNEBBIX MPOSBICHUN, HHTEIJICKTY-
aTBHBINA HeUIUT BBIABIAIOT ¥ 40 % O0ompHBIX HD1
[12], ckonmo3 MO3BOHOYHHKA PA3IUYHON CTETICHU —
y 26,6 %, 4TO pEeBBIIIAET PACIPOCTPAHEHHOCTD JIaH-
HOM CKeJIeTHOW aHOMaJIny B 001el momyssiiuu [13],
HU3KHHA pocT —y 24 % [14], nceBmoaptpoz —y 5 %
[7], KOoTOpBIi pa3BUBAETCS BCICACTBUE 00pa30BAHMUS
«(nuOPO3HBIX raMapTOM» JITMHHBIX TPYOUaThIX KOCTEH
C MOTepel reTepo3UroTHOCTU reHa NF/ B JaHHBIX
TKausX [ 15]. Xapakrepras ;s HO1 qucra3us kpeuia
KJIMHOBUTHOW KOCTH OTIpeeIsieTcs B cpenaeM y 9 %,
acummetpust una —y 10 %, makpouedanus —y 25 %
[16], anomManuu yepemna, OPUBOISIIUE K JULIEBOMY
musmopdusmy, —y 53 % manuentoB ¢ HO1 [17], me-
dhopmanms rpyaHOH KiIeTKH — Y 3,5 % 6onbHBIX HD1,
YTO 3HAYUTEIHHO BBINIE, YeM B OOMICH MOMYJISIIHN
(0,3 %) [18].

B nHacrosmee Bpems B 6aze nannbix ClinVar conep-
KUTCS mHPopMaIust o 14 556 repMuHATBHBIX MyTa-
nusx B reae NF I, cpenu KoTopeix 4 255 matoreHHkbIe,
967 BeposATHO NaTOreHHbIe, 5 429 ¢ HeonpeAeIeHHBIM
3HaueHueM, 3 443 BeposTHO HOOPOKAYECTBEHHEIE,
278 mobpokadyecTBeHHBIC U 694 KOH(PIUKTHOTO 3HA-
yeHusi. Cpeair BCEX TUIOB MYTallMil MpeoOdsiagaroT
onHOHYKJIeoTuaHbIe 3aMenbl (n=108 34), ogHako
OOJIBIIIMHCTBO M3 HUX OTHOCSATCS K KaTErOPHUH C
HEOTpeaAeIeHHBIM 3HaY€HUEM, BEPOSTHO T00Opo-
Ka4eCTBEHHBIX U C KOH(IUKTHOW IMaTOT€HHOCTHIO,
MIOCKOJIbKY Ha ypOBHE Oelika MpOosBIISIOTCS MUCCEHC-
MyTauuu. B 1o e Bpems BbisiBicHO 2 453 nesnenuu,
OOJBITUHCTBO M3 KOTOPHIX — ITaTOT€HHBIE.

XoTs B OONBIIMHCTBE HAYYHBIX IyOIHKAINN
He OBUIO ONMMCAaHO B3aMMOCBSI3H CIIEHIH(PUUYCCKUX
Mytauuid B rene NFI ¢ 0cOOCHHOCTSIMU KIMHHUYE-
ckux nposasienut HO1 [2—4, 6], ectb oTnenbHble
JIaHHBIe, yTBepKaatomue ooparnoe. Tak, TpexHy-
KIICOTH THAS JIeelus Oe3 CABUra paMKH CUATHIBAHHS
NF1:exon22:¢.2970-2972del(p.Met990del) mpuBoaut
Kk pasutuio HO1 c Gonee nmerkum teueHuem, Oe3
BHIUMBIX HEHPODHUOPOM (KOXKHBIX HITH TUIEKCH(POPM-
HbIX) [19]. lannas MmyTanus nmosaHee Obliia WACHTH-
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(unmpoBaHa B APyrom ucciegoBanuu y 0onsHoi HO1
TaKXe C JIETKUM TE€UCHHEM, 0e3 pa3BUTHUS KOXKHBIX
U TUIeKCH()OPMHBIX HEHPO(UOPOM, YTO MO3BOJISET
NPEANONIOKUTh HAalIMUUE IeHO-()EeHOTHIINYECKHUX
koppemnsuii [20].

Heanb uccaenoBanus — UACHTU(GUKALMA JeCUN
B reHe N1 6e3 caBuTa paMKH CUUTHIBAaHUS y TIAITHCH-
toB ¢ HO1 u3 PecniyOmnuku bamkoprocran; xapakre-
pHUCTHKa 0COOCHHOCTEH KIMHUYECKOH CHMIITOMATHKH
H®1 y nanHoii rpynmnsl mauueHTOB.

MarepuaJj ¥ METObI

s onucaHusi KIMHUKO-3MUAEMHOIOTHYECKUX
ocobennocteit HO1 B perrnone mpoBejieH aHaln3
amMOymaTopHBIX KapT OomsHBEIX HO1 n3 Pecmy-
O0nmuku bamkoprocTtaH, COCTOAIMMUX HA ydeTe y
Bpada-reretrka B ' BY 3 «PecmyOnukanckuii MeuKo-
TeHETUYECKUH [IEHTP» C YCTAaHOBJICHHBIM JHAarHO30M
H®1. [IpoananmsupoBano 546 amOyIIaTOPHBIX KapT C
WCTIOJIb30BAHNEM KIIMHUKO-T€HEAIOTHIECKOT0 METOA
JUTSL OTIpe/IeTIeHNs JIOIH CIIOpPaJINYEeCKUX CIydaeB Ha-
clIeIoBaHus OOJIE3HHU OT OTLIA M OT MaTepy B CEMbSIX €
H®1. Taxoxe mpoBeieHo 00BEeKTUBHOE 00CIeI0BaHNE
125 manueHTos.

J171s1 BELSIBTICHUSI BHY TPUTEHHBIX JISTICINiA Oe3 C/IBH-
ra paMKH CUUTBIBAHUS OBbUIH B3SITHI 00Pa3Lbl KPOBH Y
26 nanuenToB, BeiaeseHa JJIHK u npoBeneHo cekBeHU-
poBanue reHa NF'/ Ha aBTOMaTHICCKOM CEKBEHATOPE
ABI Genetic Analyzer 3500 («Applied Biosystemsy)
no nporokony «Amersham Pharmacia Biotech» DY-
Enamic™ ET Terminator Cycle Sequencing Kit.

st craructuueckoli 0O0pabOTKY JaHHBIX MPO-
BE/ICH aHAJIN3 YETBIPEXIOIbHBIX TaOJUI] COMPSIKEH-
HOCTH Ha caiite https://medstatistic.ru/calculators/
calchi.html. ITpoBeneHo cpaBHEHHE 0COOCHHOCTEH
KIMHUYecKux nposiieHnit HO1 y GobHBIX ¢ BBISB-
JICHHBIMU «in-framey JenenusMu ¢ o0Iel rpymnmoi
oonmpHBIX HD1 u3 Pecnybnuku bamkoprocran. Y
MAIIEHTOB OBLJIO B3SITO MOOPOBOILHOE WH(MOPMHUPO-
BaHHOE coIiacue Ha 00CIIeJOBaHNE B COOTBETCTBHUH C
npoTtokojioM. OnrcaHue U MpeCTaBlIeHUE pe3yibTa-
TOB CTATHCTUYECKOTO aHAJIHM3a COOTBETCTBYIOT PyKo-
BOCTBY «CTaTUCTHYCCKUH aHAN3 U MeTOombI» [21].
B coorBeTcTBUM € laHHBIM PyKOBOJCTBOM B CTaThe
UCIIONB30BAINCH « ETMHBIE TPEOOBAHUS K PYKOITUCSM,
NpeiCTaBIIEMbIM B OMOMEIULIMHCKUE KYPHAJIbI»
MeXTyHapOIHOTO KOMHUTETa PEJaKTOPOB MEAMIINH-
ckux xypHanos (ICMJE). Mcnonp3oBanuch ypoBEeHb
3HAYMMOCTH P U KPUTEPHH ¥, yKa3aHa LeJlb aHAJIN3a,
MIpHUBEJeHa ONKcaTelbHas CTATHCTUKA IS KaXKI0TO
13 aHAJIM3UPYEMBIX ITPU3HAKOB, TOPOTOBAs BETHYHHA
0-omMOKH ypoBHs 3HauMMocTH p = 0,001.

Pesyabrarthl

B Pecny6nuke barmkopTocTan 3aperucTpupoBaHo
546 conpHbIXx HD1 13 434 cemeit, uTo ¢ yueTom Ha-
cesteHus pecnyonuku Ha 1 staBaps 2025 . (4 042 377
yenoBek) cocrapiser 1:7403,6. Bersisiieno 300 (55 %)
CriopaanvecKux cirydaeB u 246 (45 %) HacnemoBaHHBIX
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OT OZTHOTO U3 poauTeNei (YCTaHOBJICHO ITyTeM aHaIn3a
amMOyJIaTOPHBIX KapT ¥ COCTaBJICHUS POJOCIOBHBIX).
Pacrnipenenenue manyueHTOB 110 STHUYECKOMY COCTABY
COOTBETCTBYET OCOOCHHOCTSIM PErHOHa, COOTHOIICHHE
MYKUHUH M )KEHIIMH cocTaBisieT npumepHo 1:1 (52 %
xeHIUH u 48 % myxuuH). [IUrMeHTHBIE TSATHA
oTIpeIeNIeHBI y BeeX 00mpHBIX HD1, y 325 manueHToB
(59,5 %) ObLTM OOHAPYKEHBI KOYKHBIE HITU TIOIKOXKHBIC
Heiipodudpomsl, y 34 (6 %) — muiekcudopmMHbIe HEil-
podudpomsl, y 80 (15 %) — KOTHUTHBHBIE HAPYILLIECHUS,
MPNST onucanst y 2 (0,37 %) 6ompabix HOI.

VY 4YacTH ManMeHToB ONpeeNeHo TopakeHne ro-
JIOBHOTO MO3ra, Bhi3biBatowiee y 20 (3,7 %) 6onbHBIX
AMHIIETICHIO, Y 23 (4 %) — ruaponedanuto, y 28 (5 %) —
KHCTY TOJIOBHOIO Mo3ra, y 22 (4 %) — omyxoiu ro-
JIOBHOTO MO3Ta, y 35 (6,4 %) — ITIMOMBI 3pUTEIBHBIX
HepBoB. Cxonuo3 ompeneneH y 97 (18 %), Huzkmii
poct —y 75 (14 %), nepopmanus rpyIHON KIETKU —
y 31 (5,7 %), nceBnoapTpo3 KocTel roneHe —y 15
(3 %), mm3mopdmam mma — y 49 (9 %) manueHTos.

B pesynbrare cekBeHnupoBanus 57 3k30HOB reHa NF'/
y 6ompHBIX HD 1 13 Pecnybnukn barmkoprocraH BhIsSB-
JIeHBI cIeAyroIue «in-framey nenermu. beut mpoBenex
MOWCK MAaTOTCHHBIX BAPHAHTOB — MYTAIMH B 9K30HAX
reHa NFI. B pe3ynbrare 3TOro Hai/leHbl OMMCaHHbBIE
u3MeHEeHUs B reHe NFI, sBiasiomuecs: npudyuHaMu
H®1. [TosnyueHHble 1aHHbIE HE UCKJIIOYAIOT HAJIUYMS
OIHOHYKJICOTU/IHBIX 3aMEH B MHTPOHAX, KOTOpPbIE HE
SIBJIIOTCSI HATOT€HHBIMH, TIO3TOMY HE YUUTHIBAJINCH B
KaueCcTBE BEPOATHBIX MPUIMH 3a00JICBAHUS.

I'exkcanykneorunnas neneuuss NF1:exon2l:
c.2674 2679del:p.S892 K893del onrOBpeMeHHO
C HAJINYMEM MHUCCEHC-MYTallid B TOM e HK30HE:
NF1:NM _000267.3:exon21:c.A2687G:p.D896G
oIpejiesieHa y JKeHIINHBI B Bo3pacTte 34 seT. Panee B
MHUPOBOI HaydHOU JInTeparype 00e TaHHbIe My TaIlH y
00pHBIX HD 1 He 66U OTIFICaHbI, OTCYTCTBYIOT OHH U
B 0aze nannbix ClinVar. Hecmotpst Ha oHOBpeMeHHOE
oOHapykeHHue IBYX MyTaluii B rene NF'I, y nanHon
TIAIIMEHTKY HE BBISBICHBI BUANMBIE HEHPOPHOPOMBI 1
MHOYKECTBEHHBIE CBETIO-KOPUIHEBHIE IISITHA Ha KOXKE.
VYV ee marepu, 57 JNeT, cO CIOPAAUUYECKUM CIIyHaeM
H®1 (to ecth BHOBB Bo3HuKIIMM H®D1 B pesynbrare
MYTalll{ B MOJIOBOW KJIETKE OAHOTO U3 POJUTENCH),
¢ TeMH ke MyTauusmu, onpenesneHsl CALM, nus-
Mop¢usm nurma, anomanuss Kumepnu, aucnnasus
COEIMHUTEILHON TKAHU ¢ HECTA0OWIBHOCTBIO IIIEMHBIX
MTO3BOHKOB, MHOKECTBEHHBIMH MTOJIKOKHBIMHU HEHPO-
¢ubpoMamu, KOTOpbIe CTalM MOSBIATHCA B 23 roza
nocie poaos. JlanHas Haxoka oOHapy’KeHa BIIEPBHIE,
M CBEJICHHS O YacTOTE €€ BCTPEYaeMOCTH, COINIACHO
MHUPOBBIM 0a3aM JaHHBIX, OTCYTCTBYIOT.

TpexnykneorunHas neneuuss NF1l:exon27:
¢.3526 3528del:p.Argl176del onpenenena B aByX
HEpOJICTBEHHBIX CeMbsiX y 4 OosnbHBIX. B mepBoii
ceMbe y My>XuuHbl, 63 net (cnopaguueckuii HO1),
onpenenensl MHOKecTBeHHbIE CALM U mOJKOXKHBIE
HelipouOpomel. Y ero ceiHa, 31 roga, BBISBICHBI
CALM, BpokaeHHas rupolieains, SMuierncus, 6e3
BUJAUMBIX HEUPO(UOPOM (KOKHBIX MITH TTOIKOKHBIX ).

Ta6nuua 1/Table 1

XapaktepucTuka KnuHunyeckux nposisneHnin H®1 y 6onbHbix n3 Pecnybnuku BawkoprocTtaH
C BbIfIBNIeHHbIMM «in-frame» myTauuamm

Characteristics of clinical manifestations of NF1 in patients from the Republic of Bashkortostan
with identified in-frame mutations

ITon (Bo3pact) marueHTa/
HaclieoBaH#e/
Patient's gender (age)/inheritance

Knmnanueckune nposiBnennst/Clinical manifestations

HazBanwue BBIsSIBIEHHOI MyTaIm/
Name of the identified mutation

CALM, Hu3kuii pocrt, nepopMarus rpyJHoi KIeTKH,

Ken (34)/ot matepu/
Female (34)/from mother

XKen (57)/ cnopanuaeckuii/
Female (57)/sporadic

KOTHUTHBHBIE HAPYIICHHs/
CALM, short stature, chest wall deformity,
cognitive impairment
CALM, MHOXXeCTBeHHBIE HEHPOHUOPOMBI, TM3MOPHU3M
JINIA, JUCTUIA3Us COSIUHUTEILHON TKAHH, AHOMAIIHS
Kumepmn/
CALM, multiple neurofibromas, facial dysmorphism, con-

NF1:exon21:c.2674_2679del:
p.S892 K893del +
NF1:NM_000267.3:exon21:c.
A2687G:p.D896G

nective tissue dysplasia, Kimerle anomaly

Mysx (63)/ ciopaauueckuii/
Male (63)/sporadic
Myx (31)/oT oTma/

Male (31)/from father
JKewn (69)/ot marepn/
Female (69)/from mother

CALM, MHOXECTBEHHBIC HEUPOPUOPOMBI/
CALM, multiple neurofibromas
CALM, BpoxeHHas ruaporiedans, Smuierncus/
CALM, congenital hydrocephalus, epilepsy
CALM, MHOXECTBEHHBIC HEUPOPUOPOMBI/
CALM, multiple neurofibromas

NF1:exon27:¢.3526 3528del:
p-Argl176del

CALM, MHOXXECTBEHHBIC HeHpopuOpoMsl, ruaporedanms,

Myx (40)/ot matepn/
Male (40)/from mother

KOTHUTUBHBIE HAPYIICHHUS, AU3MOPHH3M JIHna/
CALM, multiple neurofibromas, hydrocephalus, cognitive

impairment, facial dysmorphism

l'lpnMeanue: TabNMIa COCTaBICHa aBTOpaMH.

Note: created by the authors.

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2025; 24(6): 40-47

43



CLINICAL STUDIES

MyTanus NF1:exon27:¢.3526 3528del:p.Argl176del
nAeHTH(UITPOBaHA B IPYTOI HEPOJCTBEHHOH CEMbE Y
JKEeHIWHBI, 69 neT (HacnenoBanne HO1 ot marepn), ¢
MHOYKE€CTBEHHBIMH CBETJIO-KOPUYHEBBIMH IIATHAMHU Ha
KOYKE€ U MHOYKECTBEHHBIMH KOXKHBIMH U MTOJJKOKHBIMHU
Helipopubpomamu. Y ee chiHa, 40 jet, ¢ Haclien0Ba-

HueM H®1 or marepu ¢ CALM — MHOXKeCTBEHHBIE
KOXKHBIE M TIOJIKOKHBIE HEHpohuOpoMEI, THIporieda-
71sl, YMEPEHHbIE CHIKEHHE NHTEIUIEKTa, TU3MOPHU3M
nuna, Kocornmasue. B taba. 1 00600meHsl JaHHBIE O
KJIMHUYecKuX npu3Hakax HO 1y GonbHBIX ¢ Aenenus-
MU B reHe NF'] 0e3 ciBUTra paMKH CYHTHIBAHUS.

Ta6nuua 2/Table 2

KnuHunyeckne ocobeHHoCcTU Henpodnbpomartosa 1-ro Tmuna y 6onbHbIX u3 Pecnybnukn BawkoprocTtaH
B CPaBHEHWUW C MUPOBbLIMU JAHHbLIMU

Clinical features of neurofibromatosis type 1 in patients from the Republic of Bashkortostan
in comparison with global data

Yacrora y 60nmpHbIX HD1 B
mupe [1] (n=2 594 817)/
Prevalence rate in patients
with NF1 worldwide [1]
(n=2 594 817)

2568 869 (99 %) [7]

Yacrora y 60mpHbIx HO1
u3 Pb (n=546)/
Frequency in patients with
NF1 from the Republic of
Bashkortostan (n=546)
325 (59,5 %)

Kpurepuii ¥, 3HaueHHE P
IIPU CTENICHU CBOOOIBI 1/
1 test; p-value at
1 degree of freedom

1*=46,664; p<0,001

Kimnandeckue nposiBiieHust/
Clinical manifestations

Hetipodudpomsr/Neurofibromas
ITnexkcudopmubie HeiipohudpombI/

0 0 2 .
Plexiform neurofibromas 34 (6 %) 1297 408 (50 %) [7] 1*=48,016; p<0,001
MPNST 2 (0,37 %) 337326 (13 %) [11] x*=11,060; p<0,001
Tmuomer 3pI/ITCHI>;I1];IOXr;CSpBOB/OptIC nerve 35 (6.4 %) 700 601 (27 %) [9] -16,004: p<0,001
Omnyxoiu roJoBHOTO Mo3ra/Brain tumors 22 (4 %) 259 481 (10 %) [9] *2,765; p=0,097
Kucra romoBaoro mo3ra/Brain cyst 28 (5 %) - 1*=5,128; p=0,024
Onuencus/Epilepsy 20 (3,7 %) 210 180 (8,1 %) [10] 1=1,418; p=0,234
I'unponedammsa/Hydrocephalus 22 (4 %) 199 801 (7,7 %) [9] x> 1,418; p=0,234
Kornutnszsle HapyeHus/ o 0 " )
Cognitive impairment 80 (15 %) 1037 926 (40 %) [12] 1*=15,674; p<0,001
Jledopmariys rpyIHOM KiteTKu/ 0 o . o
I — 31 (5,7 %) 96 008 (3,7 %) [18] ¥°0,116; p=0,734
Ckonnos/Scoliosis 97 (17,4 %) 690 221 (26,6 %) [13] 1=2,914; p=0,088
Huskwit poct/Short stature 75 (13,8 %) 622 756 (24 %) [14] ¥*=3,25; p=0,072
[ceBmoaprpos/Pseudoarthrosis 15 (3 %) 129 741 (5 %) [7] ¥*=0,521; p=0,471
Jusmopdusm nuna/Facial dysmorphism 49 (9 %) 1375253 (53 %) [17] 1=39,841; p<0,001
Maxkpouedanus/Macrocephaly 28 (5 %) 648 704 (25 %) [16] 1*=15,686; p<0,001

Ipumeyanue: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.
Ta6bnuua 3/Table 3

CpaBHuTeNnbHaa xapakTepuctmka nposiBneHuin Hepodubpomarosa 1-ro Tuna y 60nbHbIX
¢ «in frame» aeneunsimm ¢ obLuen rpynnon Bcex 6onbHbIX U3 PB
Comparative characteristics of the manifestations of neurofibromatosis type 1 in patients
with in-frame deletions with the general group of all patients from the Republic of Bashkortostan
Kputepwii y? ¢ monpaBKoii
Weiitca; 3snauenne p
MIPU CTETIICHU cBOOOIBI 1/

YacroTa y OOJBHBIX C Yacrora y 00JIBHBIX
«in framey nenenusiMu u3 Pb (n=546)/

Knuanveckue nposiBieHus/ u3 Pb (n=6)/ Frequency Frequency in patients

Clinical manifestations in patients with in-frame  from the Republic ¢’ test with Yates'
deletions from Republic of Bashkortostan correction; p-value

of Bashkortostan (n=6) (n=546) at 1 degree of freedom
Heiipodudpomsr/Neurofibromas 4(67 %) 325 (59,5 %) »*=0,004; p=0,950
T'uaponedanust/Hydrocephalus 2 (33 %) 23 (4 %) 1*=5,879; p=0,016
Onunencust/Epilepsy 1(17 %) 20 (3,7 %) 1*=0,340; p=0,560
Jumopdusm nuna/Facial dysmorphism 2 (33 %) 75 (14 %) x=0,617; p=0,433
Jedopmanus rpyauoii kinetkn/Chest deformity 2 (33 %) 31 (5,7 %) ¥*=3,905; p=0,049
Koruutupabie HapymeHus/Cognitive impairment 2 (33 %) 80 (15 %) *=0,494; p=0,483

Ipumeyanue: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.
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Ob6cy:xnenue

Xapakrepuctuka ocodennocteit HO1 y 6onpHBIX
n3 Pb cBHUIETENBCTBYET O TOM, YTO TIO CPABHEHHIO C
MHPOBBIMH JJAHHBIMH B HAaIIEH pPeCITyOINKe 3HAYNMO
pexe ompenenstorces HeHpopuOpoMbl (KOKHBIE U
nosikokHbIe ), MPNST, oMbl 3puTebHBIX HEPBOB,
WHTEIUIEKTYaIbHbIN nedurur (Tadmn. 2). Kpome Toro,
HaMHU MICHTU(HUIIIPOBAHBI KUCTHI TOJIOBHOTO MO3Ta
y 5 % mnanumentoB u3 Pb — B npoananusupoBaHHOi
JUTEpaType OTCYTCTBYIOT JAHHBIE O 4acTOTE UX
Bcrpeuaemoctu npu HO1. lpyrue xapakrepHbie AJis
H®1 nposBrienns y 601pHBIX u3 Pb — 0€3 3HaunMbIX
OTJIMYMIA OT MHPOBBIX JaHHBIX [7, 9—14, 16-18].

Hanee ObLT mpOBENIEH CPABHHUTENBHBIN aHATU3
KiMHU4ecKux nposisienuii HO 1 y 60abHBIX B 3aBUCH-
MOCTH OT HaJIM4HUs/OTCYTCTBHS «in-frame» MyTanui.
YcTaHOBIIEHO, YTO Y MAIUEHTOB ¢ «in-frame» MyTa-
IUSMH HE OOHapy>KeHO TIeKcH(OPMHBIX HEWpohu-
OpOoM, TJIMOM 3pHUTEIILHBIX HEPBOB, OITYXOJICH M KHCT
TOJIOBHOTO MO3Ta M CKOJIF03a, TI0 CPABHEHUIO C 001Iei
rpymmoit 6ompHEIX H®1 u3 Ph. Yactora smumencun,
n3Mopdusma una, ruaponedaiii ¥ KOTHATHBHBIX
HapyLIeHUH B 3aBUCUMOCTH OT HAJIMYUS/OTCYTCTBUS
«in-frame» MyTanuii JOCTOBEPHO HE OTIWYAIACH
(tabmn. 3). dust Bcex 60mpHBIX W3 Pb (n=546) rene-
TUYECKUH aHATN3 HE TIPOBOAUICS, HO nuarao3 HO1
y BceX OONBHBIX OBbUI yCTaHOBIECH (IIyTeM aHaJIn3a
aMOyJIaTOPHBIX KapT) B COOTBETCTBHH C HPUHSATHIM
NIH kputepueM mocTaHOBKH Auarfo3a. Hamboiee
xapaktepHoit as 6onbHbIX HO1 u3 Pb ¢ myranueit
NF1:exon27:c.3526 3528del:p.Argl176del okazanack
rugponedanus (y AByX HEPOACTBEHHBIX MAllMCHTOB
c HD1).

Hamu BmepBbie oOHapykeHbl MmyTamuu NF1:
c.2674 2679del:p.S892 K893del mu NF1:
c.3526 3528del:p.Argl176del, xoropsie He ObLIH
paHee UIeHTU(PHUITMPOBAHEI, YTO aKTYAIIN3UPYET AaH-
HyT0 paboTty. OOHapYy)KEHHBIE TeHO-PECHOTUITTICCKIE
koppesiin 00sibHBIX HD 1 13 PB ¢ aTMu MyTanmsmu
CBUJIETENBCTBYIOT O BIMSHUY JI€TELIUN OJJHON aMHHO-
KHCIIOTHI B T€HE Ha pa3BUTHE 0ojee MATKHUX KIIWHH-
YECKUX MPOSBICHUH O0JIE3HHU, UTO OBIIO OTPAKEHO B
MPENIECTBYOIIUX TyOIUKAIMSIX B OTHOILICHUH JIPY-
rux myTanuii B rene NF'/. Tak, B uccnenoBannu u3 Be-
JIMKOOPUTAHMH y MAIMEHTOB C «in-frame» nemenueit
p-Met992del Taxoke onmmucaHbl TeHO-(PEHOTHITHYECKIE
Koppensiuu B Buje creproro teuenuss HO1 ¢ orcyr-

JINTEPATYPA/REFERENCES

1. Lee T.J., Chopra M., Kim R.H., Parkin P.C., Barnett-Tapia C.
Incidence and prevalence of neurofibromatosis type 1 and 2: a systematic
review and meta-analysis. Orphanet J Rare Dis. 2023; 18(1): 292. doi:
10.1186/513023-023-02911-2.

2. Thomas S.L., Deadwyler G.D., Tang J., Stubbs Jr E.B., Muir D.,
Hiatt K.K., Clapp D.W., Vries G.H. Reconstitution of the NF1 GAP-related
domain in NF1-deficient human Schwann cells. Biochem. Biophys. Res.
Commun. 2006; 348 (3): 971-80. doi: 10.1016/1.bbrc.2006.07.159.

3. Bergoug M., Doudeau M., Godin F., Mosrin C., Vallée B., Bénédetti H.
Neurofibromin Structure, Functions and Regulation. Cells. 2020; 9(11):
2365. doi: 10.3390/cells9112365.

4. Mo J., Moye S.L, McKay R.M., Le L.Q. Neurofibromin and suppres-
sion of tumorigenesis: beyond the GAP. Oncogene. 2022; 41(9): 1235-51.
doi: 10.1038/s41388-021-02156-y.

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2025; 24(6): 40-47

CTBHEM HeWpohrOPOM (KOKHBIX HITH TIEKCH(POPMHBIX
[19]); emuaMYHBIE Cy4Yan KOTHUTUBHOTO Ae(HUINTA,
JnepopManys rpyaHOM KIETKH, HU3KUH POCT, CKOJIO3
1 Makpouedanus orMedeHsl y nauuentos uz CLIA
[22]. IIpu uccnenoBanuu nanuentos ¢ HO1 u3 Typ-
nuu ¢ myTtarueit ¢.2970 2972delAAT:p.Met992del
TaKKe OIpenesieHa cTepTas KIMHUYecKas KapTHHA
tonbpko ¢ CALM, 6e3 neiipopudpom [23]. [Tomyuen-
HBIC IaHHBIC O CXOIHBIX KIIMHUYECKUX IPOSBICHUIX
H®1 y manueHTOB M3 pa3HbIX CTpaH ¢ MyTalUeil B
reHe NF'1¢.2970 2972delAAT:p.Met992del no3Bomsi-
10T TOBOPHUTD O TeHO-(PECHOTUITUUECKUX KOPPEISLIUIX
npu «in frame» mytanusx. Hamu BepBbie noxydeHbl
JaHHBIE, PACIINPSIOLINE BO3MOKHOCTH AUATHOCTUKU
H®1, T.x. B IpyTUX MCCIEIOBAaHUSIX HE OOHAPYKEHO
MyTalui, HAeHTUPUIUPOBAHHBIX HamMu. Omnpene-
JIEHHE MOJIEKYJISIPHBIX MeXaHnu3MoB pa3Butus HOI
SIBJISICTCS] OCHOBOM [UIS1 HA3HAYEHMS TaTOTEHETHYECKON
Teparuy Mpu TaHHOM 3a0oseBannu [24].

3akiouenne

Yacrora H®1 B Pb cocrasuna 1:7403,6, uro 6oiiee
4yeM B 2 pa3a peke CpeHEMUPOBBIX CTATUCTHYECKUX
naHHbeIX. Kpome Toro, aHaiam3 CUMITOMOB, Xapak-
tepHbIX 111 HD1, mokasan, uro HelpopuOpombl
(KOKHBIE, TTOJIKOKHBIE U TUIEKCH(DOPMHBIE), 3IT0Kaue-
CTBEHHBIC OITyXOJIM M3 000JI0UeK TMepudepruIeCKux
HEPBOB, TJIMOMBI 3PUTENBHBIX HEPBOB M HHTEIJIEKTY-
aNbHBIN Ae(OUIHT OBLTH OOHAPYIKCHBI Y TTALUCHTOB U3
PB nocroBepHO pexe 1o CpaBHEHUIO C pe3yJbTaTaMu
aHaiu3a H®1 B gpyrux crpaHax. BersiBieno pas-
BUTHE KUCT TOJOBHOTO Mo3ra y 5 % OonbHbix HO1
u3 PB. CekBenupopanue oopasios JJHK namuenTos
TI03BOJTUIIO BIIEPBBIC BEISIBUTS 2 «in-frame» MyTauuu:
NF1:exon21:c.2674 2679del:p.S892 K893del n
NF1:exon27:¢.3526 3528del:p.Argl176del. Buep-
BbIE OMMCAHO J[BA CIy4as HAJUYMs OJHOBPEMEHHO
Muccenc-mytanuu NF1:NM_000267.3:exon21:c.
A2687G:p.D896G c «in-framey» nmenmenneit B Tom
ke dk30He (NF1:exon2l:c.2674 2679del:p.S892
K893del). OOHapykeHHbIC HAMU JaHHBIC COOTBET-
CTBYIOT pe3ynbraraMm uccieposanuiit HO1 gpyrux
aBTOPOB 0 T€HO-()EHOTUITUYECKHIX KOPPEIAIHSIX «in-
frame» nenmeruii B rene NF'/. [lomydeHHBIC TaHHBIC
MOTYT CBHJICTEILCTBOBATH O POJIM THIIA MyTallU{ B
naroreHeze H®1 u ucnonb3oBarbes 11 pa3paboTKu
METO/IOB €70 JIEUCHHUS.

5.De Schepper S., Maertens O., Callens T., Naeyaert J.M., Lambert J.,
Messiaen L. Somatic mutation analysis in NF1 café au lait spots reveals two
NF1 hits in the melanocytes. J Invest Dermatol. 2008; 128(4): 1050-53.
doi: 10.1038/sj.jid.5701095.

6. Gutmann D.H., Ferner R.E., Listernick R.H., KorfB.R., Wolters P.L.,
Johnson K.J. Neurofibromatosis type 1. Nat Rev Dis Primers. 2017; 3:
17004. doi:10.1038/nrdp.2017.4.

7. Ly K.L., Blakeley J.O. The diagnosis and management of neu-
rofibromatosis type 1. Med Clin North Am. 2019; 103(6): 1035-54. doi:
10.1016/.mcna.2019.07.004.

8. Miraglia E., Moliterni E., lacovino C., Roberti V., Laghi A., Mora-
marco A., Giustini S. Cutaneous manifestations in neurofibromatosis type
1. Clin Ter. 2020; 171(5): 371-77. doi: 10.7417/CT.2020.2242.

9. Glombova M., Petrak B., Lisy J., Zamecnik J., Sumerauer D.,
Liby P. Brain gliomas, hydrocephalus and idiopathic aqueduct stenosis in

45



CLINICAL STUDIES

children with neurofibromatosis type 1. Brain Dev. 2019; 41(8): 678-90.
doi: 10.1016/j.braindev.2019.04.003.

10. Wu F, Ji X., Shen M., Cheng P., Gao Y., Liu W., Chen J., Feng S.,
Wu H., Di F, Li Y., Wang J., Zhang X., Chen Q. Prevalence, clinical
characteristics and outcomes of seizures in neurofibromatosis type 1: A
systematic review and single arm meta-analysis. Epilepsy Res. 2024; 208:
107476. doi: 10.1016/j.eplepsyres.2024.107476.

11. Lim Z., Gu T'Y, Tai B.C., Puhaindran M.E. Survival outcomes
of malignant peripheral nerve sheath tumors (MPNSTs) with and without
neurofibromatosis type I (NF1): a meta-analysis. World J Surg Oncol.
2024; 22(1): 14. doi: 10.1186/s12957-023-03296-z.

12. Crow A.J.D., Janssen J.M., Marshall C., Moffit A., Brennan L.,
Kohler C.G., Roalf D.R., Moberg P.J. A systematic review and meta-analy-
sis of intellectual, neuropsychological, and psychoeducational functioning
in neurofibromatosis type 1. Am J Med Genet. A. 2022; 188(8): 2277-92.
doi: 10.1002/ajmg.a.62773.

13. Wang D., Zhang B.H., Wen X., Chen K.H., Xiao H.T., Xu X.W.,
Li Q.F. Clinical features and surgical treatments of scoliosis in neurofi-
bromatosis type 1: a systemic review and meta-analysis. Eur Spine J. 2024;
33(7): 2646-65. doi: 10.1007/s00586-024-08194-w.

14. Virdis R., Street M.E., Bandello M.A., Tripodi C., Donadio A.,
Villani A.R., Cagozzi L., Garavelli L., Bernasconi S. Growth and pubertal
disorders in neurofibromatosis type 1. J Pediatr Endocrinol Metab. 2003;
16(s2): 289-92.

15. Stevenson D.A., Little D., Armstrong L., Crawford A.H., East-
wood D., Friedman J.M., Greggi T., Gutierrez G., Hunter-Schaedle K.,
Kendler D.L., Kolanczyk M., Monsell F., Oetgen M., Richards B.S., Schin-
deler A., Schorry E.K., Wilkes D., Viskochil D.H., Yang F.C., Elefteriou F.
Approaches to treating NF 1 tibial pseudarthrosis: consensus from the Chil-
dren’s Tumor Foundation NF1 Bone Abnormalities Consortium. J Pediatr
Orthop. 2013; 33(3): 269-75. doi: 10.1097/BPO.0b013e31828121b8.

16. Chauvel-Picard J., Lion-Francois L., Beuriat PA., Paulus C.,
Szathmari A., Mottolese C., Gleizal A., Di Rocco F. Craniofacial bone
alterations in patients with neurofibromatosis type 1. Childs Nerv Syst.
2020; 36(10): 2391-99.

17. Luna E., Janini M., Lima F., Pontes R.R.A., Guedes F.R., Geller M.,
Silva L.E., Motta A.T., Cunha K.S. Craniomaxillofacial morphology altera-
tions in children, adolescents and adults with neurofibromatosis 1: A cone
beam computed tomography analysis of a Brazilaian sample. Med Oral
Patol Oral Cir Bucal. 2018; 23(2): 168-79. doi: 10.4317/medoral.22155.

18. Francis L., Subramanyam R., Mahmoud M. Severe spinal and
chest deformity secondary to neurofibromatosis. Can J Anaesth. 2016;
63(4): 488-89. doi: 10.1007/s12630-015-0543-4.

19. Upadhyaya M., Huson S.M., Davies M., Thomas N., Chuzhanova N.,
Giovannini S., Evans D.G., Howard E., Kerr B., Griffiths S., Consoli C.,
Side L., Adams D., Pierpont M., Hachen R., Barnicoat A., Li H., Wallace P,
van Bierviiet J.P, Stevenson D., Viskochil D., Baralle D., Haan E., Ric-
cardi V., Turnpenny P, Lazaro C., Messiaen L. An absence of cutaneous
neurofibromas associated with a 3-bp inframe deletion in exon 17 of the
NF1 gene (¢.2970-2972 delAAT): evidence of a clinically significant NF1
genotype-phenotype correlation. Am J Hum Genet. 2007; 80(1): 140-51.
doi: 10.1086/510781.

20. Quintans B., Pardo J., Campos B., Barros F., Volpini V., Carrace-
do A., Sobrido M.J. Neurofibromatosis without Neurofibromas: Confirma-
tion of a Genotype-Phenotype Correlation and Implications for Genetic
Testing. Case Rep Neurol. 2011; 3(1): 86-90. doi: 10.1159/000327557.

21. Jlane T., Anemman J{. OCHOBBI OTIUCAHHSI CTATUCTUYECKOTO aHa-
JIM3a B CTAThX, MyOIMKYEMbIX B OMOMEIUIIMHCKIX XKypHaiax. PykoBos-
ctB0 «CTaTHCTHYECKNH aHAIN3 M METO[bl B IyOIMKyeMOil IuTeparype
(CAMILI)». Memummuckue Texaonoruu. Ornenka u Bsioop. 2014; 1: 11-16.
[Lang T., Altman D. Basic statistical reporting for articles published in
clinical medical journals: the SAMPL Guidelines. Medical technologies.
Assessment and choice. 2014; 1: 11-16. (in Russian)]. EDN: TIXQTT.

22. Koczkowska M., Chen Y., Callens T, et al. Genotype-Phenotype
Correlation in NF1: Evidence for a More Severe Phenotype Associated with
Missense Mutations Affecting NF1 Codons 844-848. Am J Hum Genet.
2018; 102(1): 69-87. doi: 10.1016/j.ajhg.2017.12.001.

23. Gunes N., Yesil G., Geyik F., Kasap B., Celkan T, Kebudi R.,
Tiiysiiz B. Neurofibromatosis type 1: Expanded variant spectrum with
multiplex ligation-dependent probe amplification and genotype-phenotype
correlation in 138 Turkish patients. Ann Hum Genet. 2021; 85(5): 155-65.
doi: 10.1111/ahg.12422.

24. Mycmaghun P.H. BO3MOXHOCTH TMAarHOCTUKH H JICYCHUS HEHPO-
(ubpomarosa 1-ro tuna B Poccun. CuOMpCKuii OHKOIOTMYECKHUI Ky pHAIL.
2023;22(3): 119-24. [Mustafin R.N. Prospects for diagnostics and treatment
of neurofibromatiosis type 1 in Russia. Siberian Journal of Oncology. 2023;
22(3): 119-24. (in Russian)]. doi: 10.21294/1814-4861-2023-22-3-119-
124. EDN: WTIXDC.

Tocrynuna/Received 13.12.2024
Onobpena nocie perensuposanus/Revised 18.11.2025
[Tpunsra k myonukarmu/Accepted 01.12.2025

CBEOEHWUA OB ABTOPAX

Mycradun Pyctam HanneBud, kanuaar OHOJIOrMYECKUX HAyK, JOLEHT Kadepbl MEIMIIUHCKON TeHETHKH 1 (hyHIaMEHTAIBHOW MeIn-
ael, OT'BY BO «bamkupckuii rocynapcTBeHHbIH MeanIMHCKH yHuBepcuTe™ (. Y da, Poccus). SPIN-kox: 4810-2535. Researcher
ID (WOS): S-2194-2018. Author ID (Scopus): 56603137500. ORCID: 0000-0002-4091-382X.

BepmumeBa Mapuna AjekceeBHa, KaHMIaT ONOIOTMYECKUX HAyK, CTAPIIMI HAyYHBIH COTPYIHUK, IHCTHTYT OMOXUMUY ¥ TeHETH-
K1 — 06ocobnenHoe cTpykTypHoe noapasaeneane @TBHY «Y dumcknii GenepaiibHblii HccneoBaTeIbCKuii IeHTp» Poccuiickoii aka-
nemu Hayk (T. Ya, Poccust). SPIN-kox: 6220-2619. ORCID: 0000-0002-0584-3969.

Kapynac Anexcanapa CTaHncJIaBoBHA, JOKTOP OMOJIOTMYECKNX HayK, INIABHBII HAYYHBIH COTpYAHUK 1aboparopun, HcTHTYT OHO-
XHMHHU U TeHETHKH — 000cobienHoe cTpykrypHoe nozapasaeneane ®IBHY «Ydumckuii dhenepaibHbIi HCclie0BaTeIbCKUI IEHTPY»
Poccuiickoii akanemun Hayk (r. Yda, Poccns). SPIN-kom: 4882-6737. ORCID: 0000-0002-2570-0789.

XycHytanHoBa Jib3a KamuiieBHa, T0KTOp OHONOrHYeCKUX HayK, podeccop, wieH-kopp. PAO, akanemuk AHPB, rnaBHblii HayIHBII
COTPYAHUK 1abopaTopuu, MTHCTUTYT OMOXUMHHU U TEHETHKH — 000co0IeHHOE cTpyKTypHOE nonpasaencane ®I'BHY «Y pumckuii dene-
PpaJIbHBIN HCCIIEI0BATENBLCKUHN LIEHTP» Poccuiickoll akageMun HayK; 3aBelytomast Kadeapoil reHeTHKH U pyHIaMEeHTaIbHOI MeTUIIUHBI,
OI'BOY BO «Y dpumckuii yHuBepcHTeT HayKu U TexHosoruit» (1. Yda, Poccust). SPIN-kox: 7408-9797. Researcher ID (WOS): A-4810-
2013. Author ID (Scopus): 35381528600. ORCID: 0000-0003-2987-3334.

BKNAQ ABTOPOB

Mycrapun Pyctam HanneBuu: pa3paboTka KOHICIIIIMH HAyYHOH CTaThH, pa3paboTKa Au3aifHa UCCIeJOBAaHHS, CTATHCTHYECKAst 00-
pabotka, cOop Marepuaa uccieroBaHus, cOop u 00pabOoTKa TaHHBIX, TOX00D M aHAJIH3 JINTEPATYPHBIX HCTOYHUKOB, PEAKTUPOBAHUE,
KPUTHUYECKHI IEPECMOTP ¢ BHECEHNEM IIEHHOTO HHTEIUIEKTYaTbHOTO COMCPKAHMUS.

bBepmumena Mapuna AjiekceeBHa: pa3padoTKa qu3aiiHa NCCIeA0BaHUs, 00paboTKa pe3yIbTaToB HCCIeIOBAHMS, KPUTHIECKHUI mepe-
CMOTp C BHECEHHEM [IEHHOTO HHTEIUIEKTYaIbHOTO COAEPIKAHMS.

Kapynac Anexcanapa CraHuc1aBoBHA: 00paboTKa pe3ylbTaTOB MCCIECIOBAHMS, KPUTHUECKUI MEPECMOTP ¢ BHECEHHEM IIEHHOTO
HMHTEIUIEKTYaTbHOTO COJCPKAHMUSL.

XycHyTauHoBa JJb3a KamuiaeBHa: odmiee pyKOBOJICTBO MPOEKTOM, pa3paboTka An3aifHa mcciaeqoBaHus, 00paboTka pe3yibTaToB
HCCIEN0BaHNs, KpUTHIECKUH IIEPECMOTP C BHECEHHEM [IEHHOTO HHTEIUIEKTYaIbHOTO COACPKAHMS.

46 SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(6): 40-47



KINMAHUYECKUE UCCNEOOBAHUA

Bce aBrops! 0100pHiH pUHATIBHYIO BEPCHIO CTaThH Iepe]| MyOInKanuei, BRIpa3wiIi COIVIacHe HECTH OTBETCTBCHHOCTD 3a BCE ACIIEKTHI
paboThI, MOIpa3yMeBaONIyI0 Ha/UIeKallee N3yYeHHEe U PEelIeHHe BOIPOCOB, CBI3aHHBIX ¢ TOYHOCTBIO M JOOPOCOBECTHOCTBIO JIFOOOMH
4acTH pabOThI.

Qunancuposanue

Omo uccnedosanue ne nompedo6ano OONOIHUMENIbHO20 HUHAHCUPOBAHUSL.

Kongpnukm unmepecos

Asmopul 3as61510m 06 OMCYMCmMEUU KOHGIUKMA UHIMEPECO8.

Hugpopmuposannoe coznacue

Bce nayuenmul noonucanu nucemenHoe uHghopmuposantoe coaiacue Ha nyoIuKayuio OaHHbIX 8 MEOUYUHCKOM
JHCYpHAILe, 8KIIOUAS €20 INIeKIMPOHHYIO 8EPCUIO.

ABOUT THE AUTHORS

Rustam N. Mustafin, PhD, Associate Professor, Department of Medical Genetics and Fundamental Medicine, Bashkir State Medical
University (Ufa, Russia). Researcher ID (WOS): S-2194-2018. Author ID (Scopus): 56603137500. ORCID: 0000-0002-4091-382X.
Marina A. Bermisheva, PhD, Senior Researcher, Institute of Biochemistry and Genetics, Ufa Federal Research Centre, Russian Academy
of Sciences (Ufa, Russia). ORCID: 0000-0002-0584-3969.

Alexandra S. Karunas, DSc, Chief Researcher, Laboratory, Institute of Biochemistry and Genetics, Ufa Federal Research Centre,
Russian Academy of Sciences (Ufa, Russia). ORCID: 0000-0002-2570-0789.

Elza K. Khusnutdinova, DSc, Professor, Corresponding Member of the Russian Academy of Education, Academician of the Academy of
Sciences of the Republic of Bashkortostan, Chief Researcher, Laboratory, Institute of Biochemistry and Genetics, Ufa Federal Research
Centre, Russian Academy of Sciences; Head of the Department of Genetics and Fundamental Medicine, Ufa University of Science and
Technology (Ufa, Russia). Researcher ID (WOS): A-4810-2013. Author ID (Scopus): 35381528600. ORCID: 0000-0003-2987-3334.

AUTHOR CONTRIBUTIONS

Rustam N. Mustafin: study concept and design, statistical data processing, drafting of the manuscript, collection of research material,
data collection, selection and analysis of literary sources, literature review, processing of research results, writing of the manuscript,
editing, critical revision with the introduction of valuable intellectual content.

Marina A. Bermisheva: development of research design, processing of research results, critical revision with the introduction of
valuable intellectual content.

Alexandra S. Karunas: processing of research results, critical revision with the introduction of valuable intellectual content.

Elza K. Khusnutdinova: general management of the project, development of research design, processing of research results, critical
revision with the introduction of valuable intellectual content.

All authors approved the final version of the manuscript prior to publication and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work were appropriately investigated and resolved.

Funding

This study required no funding.

Conflict of interests

The authors declare that they have no conflict of interest.

Voluntary informed consent

Written informed voluntaries consents were obtained from the patients for the publication of data in medical
Journal.

CUBMPCKUM OHKONMOTUYECKWI XKYPHATT. 2025; 24(6): 40-47 47



NABOPATOPHbIE N SKCTTEPUMEHTAJIbHbBIE NCCJTIEOOBAHUA
LABORATORY AND EXPERIMENTAL STUDIES

DOI: 10.21294/1814-4861-2025-24-6-48-58 [®)sY 20 |
Y[IK: 618.19-006.6-08:615.28:577.218

[nsa untnposanus: LLlaeabyduHosa A.K., Mbpazumosa M.K., LibiezaHoe M.M., Mapbykos E.IO., Jlumesikos H.B.
OKCnpeccus reHOB 3KCLM3MOHHOM penapaLyu B OnyXomny MOMOYHO Xenesbl NPy NMPOBEAEHU HE0abIOBAHTHON XMUOTEpanui.
Cubmpckuin oHkonorudeckuit xypHan. 2025; 24(6): 48-58. — doi: 10.21294/1814-4861-2025-24-6-48-58

For citation: Shagabudinova A.K., Ibragimova M.K., Tsyganov M.M., Garbukov E.Yu., Litviakov N.V. Expression
of excision repair genes in breast tumors during neoadjuvant chemotherapy. Siberian Journal of Oncology. 2025; 24(6): 48-58. — doi:
10.21294/1814-4861-2025-24-6-48-58

3KCMPECCUA N’EHOB 9KCLUM3UMOHHOW PENAPALIUN
B ONMYXOJIM MOJIOYHOW XENE3bl NPU NMPOBEOEHUN
HEOAOQBIOBAHTHOWU XUMUOTEPAMUN

A K. WarabyauHoBa, M.K. U6parumoBa, M.M. LibiraHos,
E.1O. Map6ykos, H.B. JlutBsikoB

Hayu4Ho-uccnegoBaTenbCKU MUHCTUTYT OHKOMOrMK, TOMCKUIM HaUMOHanbHbIM MCCNefoBaTenbCKui
MeaVLMHCKMIA LeHTp Poccuiickon akagemmnm Hayk
Poccus, 634009, r. Tomck, nep. KoonepatueHbin, 5

AHHOTauuA

OCHOBHbIE MPOTUBOOMYXOSEBbIE NpenapaThbl (B YAaCTHOCTW, aHTPALMKIIVHBI U TakcaHbl), MPUMEHSIEMbIE MPY
HeoaabIOBAHTHOW Tepanuu paka MoroyHon xenesbl (PMXK), cnocobHbl NpyBoAUTbL K BO3HUKHOBEHMIO MO-
BpexaeHu IHK onyxoneBbIx KNeTok. B cBoto ovepenp, akTnBaumnst CUCTEM 3KCLM3MOHHOM penapaunm B 3TuX
KneTkax MOXeT CHUXaTb 3¢pheKTUBHOCTb NEYEHNs1, CMOCOBCTBYsI BOCCTAHOBIMEHWIO MOBPEXAEHNI 1 PA3BUTUIO
PEe3NCTEHTHOCTU. B 3TOI CBA3M M3yYeHNE YPOBHS 3KCMPECCUM MEHOB 3KCLIM3VOHHOWM penapauun sBnsetcs
NnepcnekTUBHbLIM HanpaeneHMeM A51s BbISBNEHUS NoTeHUManbHbIX NPEAMKTUBHBLIX MapKkepoB 3eKTUBHOCTH
neYeHnst M NoTeHUManbHbIX MPOrHOCTUYECKMX MapKepOoB reMaToreHHOro metacrasnpoBaHus. Llenb uccnepo-
BaHUA — OLIeHKa YPOBHS 3KCMPeCcCcum reHoB 9KCUU3NOHHOW penapauun (MOP) B onyxony MonoyHom xenesbl
noMuHansHoro B HER2-HeraTtBHOro noatvna B npowecce neyeHus Npu npuMeHeHnn cTaHaapTHbIX CXeM
HeoaabloBaHTHON xuMmnoTepanun. MaTtepuan u MeToabl. icnonb3oBaHbl NapHble 06pasLbl GUONCUAHOTO
mMaTtepuana 4o fiedeHns U OnyxorieBon TKaHW nocne HeoaabioBaHTHOM xumwuoTepanumn (HXT) anga kaxagon
nauMeHTKN. DKCNPECCUOHHbIA NaHAWadT OMyXonu OUEeHUBArncst Npu NnoMoLLyu NOfHOTPAHCKPUNTOMHOIO
MUKPOMaTPUYHOIo aHanmaa c ucnonb3oBaHneM mukpouunos Clariom™ S Assay, human (Affymetrix, USA).
PesynbTathl. [1pu oueHKe n3MeHeHUs ypoBHSA akcrnpeccun AP B 0nyxonu MomnoyHou xenesbl 40 neveHns
aHTpaUVMKINH-CoAepXKaLlMMm CXeMamMm B 3aBUCUMOCTM OT oTBeTa Ha HXT Habntoganoch 3Ha4nMoe n3MeHeHme
ypoBHsi akcnipeccun 3 reHoB (DDB1, FAN1, GTF2H3); 0o neyeHnst TakcaH-cogepxaluymMmy cxemamm — 5 reHoB
(CDK2AP2, MMS19, DDB1, CCNL2; TDG). lNpun oueHKe N3MEHEHNs1 YPOBHS 3KCNPECCUn reHOB 3KCLU3NOH-
HOW penapauuu B OMyXOMn MOJTOYHON XKernesbl Nocre NeYeHnst aHTpaumKiMH-cogepxatimmm cxemamu HXT
B 3aBMCKMMOCTH OT CTaTyca reMaToreHHOro MeTactasmpoBaHusi Habnaanocb 3Ha4YMMOe U3MEHEHUE YPOBHS
akcnpeccumn 5 reHoB (RFC1, RAD23B, CCNH, POLB, RPA4); nocne neyeHns TakcaH-cogepxXaLimmm cxema-
mMu — 7 reHoB (PARP1, NTHL1, ERCC8, XAB2, DUT, CCNL2, MNATT). Ananu3 BMB nauveHTok no3sonun
BbISIBUTb 3HAYMMbIE U3MEHeHUs YpOoBHS akcrnpeccun reHoB NTHL 1, XAB2 v DUT B onyxonu npu npyMeHeHnn
TakcaH-cogepxawmx cxem HXT. 3aknrouyeHume. VigeHTMdULMPOBaHbI NOTEHLMANbHbIE 3KCNPECCUOHHBbIE Map-
Kepbl MPOrHO3MPOBaHMsi reMaTOreHHOro MeTacTa3vpoBaHUs OMyXonu MOMoYHON xene3bl HER2-HeraTuBHOro
NoATMNa Npu HasHa4YeHUn TakcaH-coaepXkalumx cxem HXT.

KnroyeBble cnoBa: pakK MOIOYHOM Xene3bl, HeoaabBaHTHas XuMmuoTtepanus, HOHHOTpaHCKpMﬂTOMHbIﬁ
aHanus, 3Kcnpeccuor||-|bu7| npodunb onyxonu, rematoreHHoe metacrtasmpoBaHue, NPoOrHo3.

#=7 W6parumoBa MapuHa KoHcTaHTUHOBHa, imk1805@yandex.ru
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EXPRESSION OF EXCISION REPAIR GENES IN BREAST
TUMORS DURING NEOADJUVANT CHEMOTHERAPY

A.K. Shagabudinova, M.K. Ibragimova, M.M. Tsyganov,
E.Yu. Garbukov, N.V. Litviakov

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences
5, Kooperativny St., Tomsk, 634009, Russia

Abstract

The main anticancer drugs (particularly anthracyclines and taxanes) widely used in neoadjuvant breast cancer
therapy can cause DNA damage in tumor cells. Activation of excision repair systems in these cells can reduce
treatment effectiveness, promoting damage repair and the development of resistance. Therefore, studying the
expression level of excision repair genes is a promising approach for identifying potential predictive markers
of treatment efficacy and potential prognostic markers of hematogenous metastasis. This study assessed
changes in the expression level of excision repair genes in luminal B HER2-subtype breast tumors during
treatment with standard neoadjuvant chemotherapy regimens. Material and Methods. Paired biopsy samples
(pre-treatment and post-NAC tumor tissue) from each patient were used. The tumor expression landscape
was assessed using full-transcriptome microarray analysis with Clariom™ S Assay, human microarrays
(Affymetrix, USA). Results. A study assessing the excision repair gene expression in breast tumors before
therapy with anthracycline-containing regimens found that the expression levels of 3 genes (DDB1, FAN1,
GTF2H3) changed significantly depending on how the patients responded to neoadjuvant chemotherapy.
Before treatment with taxane-containing regimens, 5 genes CDK2AP2, MMS19, DDB1, CCNL2, TDG
showed significant changes. The assessment of the excision repair gene expression in breast tumors after
therapy with anthracycline-containing regimens found that the expression levels of 5 genes (RFC1, RAD23B,
CCNH, POLB, RPA4) changed significantly depending on hematogenous metastasis status. After therapy
with taxane-containing regimens, 7 genes (PARP1, NTHL1, ERCC8, XAB2, DUT, CCNL2, MNAT1) showed
significant changes. Analysis of metastasis-free survival of patients revealed statistically significant changes
in the expression levels of NTHL1, XAB2 and DUT genes in the tumor after taxane-containing treatment.
Conclusion. Potential gene expression markers for predicting hematogenous metastasis of HER2-negative

breast tumors treated with taxane-containing NAC regimens were identified.

Key words: breast cancer, neoadjuvant chemotherapy, full transcriptome analysis, tumor expression

profile, hematogenous metastasis, prognosis.

Beenenue

Jleuenne paxa monounoi xenessl (PMIK) Tpebyer
KOMIUIEKCHOTO TO/IX0Ja M B OONBIINHCTBE CIy4acB
BKJIIOYAET CHCTEMHYIO HE0aJbIOBAHTHYIO XHMHOTE-
pammro (HXT) [1]. OcnoBHoit niensio HXT sBiseTcst
JOCTHKEHHE TIOTHOTO TAaTOMOP(OIOTHYECKOTO OTBETA
(pCR) oryx0111, OTHAKO BEPOSITHOCTb TAKOTO NCXO0/1A 3a-
BUCHT OT MOJIEKYJISIPHOTO TIOATUIIA IEPBUYHOMN OITyXOJIN
n Haomonaercs B 145 % ciryqaes. Hanbosnbias yacto-
ta pCR Haomonaercs npu HER2-mozutueHOM PMOXK,
TOrja Kak NMpH JIOMHUHAJIBHOM A MOJATHUIE AaHHBIN
nokazarens munumaiet [2]. Ans HER2-uerarusnoro
(HER2-) PMX BepositHOCTh pCR OCTaercs oTHOCH-
TEJIbHO HU3KOM, & HAJIMUUE OCTAaTOYHOIO 3a00J1€BaHUs
3aTpy/AHSAET IPOTHO3MPOBAHNE NCX0/1a 3a00I€BaHMs, B
OTJINYNE OT JAPYTMX MOJEKYJISPHBIX MOATHUIIOB [3].

B cBoto ouepenp, JIHK, kak OCHOBHOI HOCHUTEIIb
TeHETHYECKOM HH(DOPMAIINH, UTPAET KIIFOUYEBYIO POJIb
B 00ecreueHnr HOPMaJbHOW JKU3HEAESATEIbHOCTH
KJICTOK, YTO HANpsIMYIO 3aBHCHUT OT COXPAaHCHHS €e
cTpykTrypHO# menoctHocTH. OnHako JIHK mocrosH-
HO TIOJIBEPTAeTCs MOBPEXKJICHUSAM, BBI3BAHHBIM KaK
BHEIIHUMH (BKJIIOYas XMMHUOTEpAINHIo), TaK U BHY-
TpeHHUMHU (pakTopamu (PErTMKaTHBHBIN CTpeCC U Ap.)

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2025; 24(6): 48-58

[4]. Ang ycTpaHeHUs TaKUX HOBPEXKACHUM B KJIETKAaX
CYIIECTBYIOT CIIEIIHAIN3UPOBAHHBIE MEXaHU3MBbI, Ha-
NpaBJICHHBIC Ha UX OOHAPYKEHNE U BOCCTAHOBIICHHE.
OHUM U3 TAKUX MEXaHU3MOB SIBISICTCS ITPOLIECC IKC-
[IU3MOHHON peraparyy, KOTOPBIH 3aKITI0YaeTCs B BBI-
SIBJICHUU U yJIaJIEHUH MOBpexaeHHbIX yuacTkoB [JHK,
YTO CIIOCOOCTBYET MOJICPIKAHUIO €€ CTAOUIIBHOCTH U
(bYHKIHMOHATBHON LETOCTHOCTH [5].

[Ipu 3TOM A5 OMyXOJIEBOM TKaHW BCE HE TakK
OJTHO3HAYHO. AKTHBALIMSI MEXaHU3MOB SKCLIU3HOHHOU
pernaparyy B OITyX0JIEeBBIX KIETKaX MOKET OKa3bIBaTh
HEraTUBHOE BIUsiHUE HAa 3()()EKTHBHOCTH TEpaIuw,
Croco0CTBYs BOCCTaHOBIIEHUIO moBpexaennit JIHK,
BBI3BAaHHBIX XUMHOTEPATICBTUIECKUMHU areHTaMH1 WITH
paauanMoOHHBIM BO3JeHCTBHEM [6]. DTO TMPUBOIUT
K TIOBBIIIEHUIO YCTOMYMBOCTU OIYXOJIU K JICUCHUIO
U CHUXKEHUI0 BeposiTHocTU poctmxkenust pCR. Ta-
KM 00pa3oM, aKkTHUBAIUS CHCTEMbI YKCIU3MOHHON
penapanuy B OMyXOJeBOW TKaHHW acCOIMUpPOBAHA C
HEeOJIaronpusATHBIM IPOTHO30M U MOXKET paccMaTpu-
BaThbCsl Kak (axTop, orpaHuuuBaromuii 3¢dexrus-
HOCTb ITPOTHUBOOITYXOJIEBOU TEPAITHH.

B cBsa3u ¢ atum miiss HER2-nerarusaoro PMOK,
JIUIIEHHOTO ONpUMeHeHus TapretHol antu-HER?2-
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Teparnuy, mpodiieMa JeKapCTBEHHOW YCTOMYHUBOCTH
cTouT ocoberHo octpo. IloaToMy KpaliHe BakeH
MMOWCK MPOTHOCTHYSCKUX MapKEePOB TMOJTHOU WIIH
YaCTUYHOU PErpecCUM OMYXOJH, YTO MO3BOJUT
ONTUMHU3UPOBATH BBEIOOpP HEOAIBIOBAHTHOTO JicUe-
HUS JJTS KaXKJ10M naneHTku [7]. B mocneaHue roas
aKTUBHO DPa3palaThIBAIOTCS MOAXOABI K TOBBIIIE-
Huto 3ddexruBHocTH Tepanuun HER2-HeratusHOTO
PMX 3a cuer komOuHupoBanus cranaapraoit HXT
C HOBBIMH IIpenapatamu. Hampumep, mokazaHo, 4to
nmobasienne naruouTopa PARP (omamapu6a) k HXT
MPOIEMOHCTPUPOBAIIO MOBBIIIEHNE YacTOThI pCR y
JaHHOU Kateropuu manueHTok [8]. [Ipu sTom maxke
WHTEHCUBHBIE PEKUMBI JICUCHHS] HE TapaHTUPYIOT
Pa3BUTHSA MTOIHOM perpeccuu omyxond [8], moaTomy
I TOYHOTO TIPOTHO3MPOBAHUS W TOI00pa OITH-
ManpHOro pexxuma HXT HeoOXonumbl HaJCKHBIC
MOJICKYJISIPHO-OMOJIOTHYECKIE MapKephl YyBCTBU-
TETHHOCTHU OITYXOJIIH.

B macrosiiee Bpemsi OTHUM U3 MEPCIEKTUBHBIX
HAaIpaBJICHUN B MOUCKE TaKUX MapKEpPOB SIBISETCA
OIIEHKa SKCITPECCHUY TeHOB, CBA3aHHBIX C perapariei
JIHK B onyxonu [9]. Dkcnipeccrst STUX TEHOB UMEET
Ba)XHOE MPOTHOCTUYECKOE 3HAUCHUE, IOCKOJIBKY
OTpaXkaeT CIIOCOOHOCTH OITyXOJIEBBIX KIIETOK yCTpa-
HTh noBpexaeHust JJHK, BbI3BaHHbIE JIeUEHUEM.
Hampumep, noBsimennas 3xcupeccust rena ERCCI
(KOMTIOHEHTa CUCTEMBI SKCLIM3HMOHHON peraparun)
ACCOLIMUPYETCS C HEOIArOMPUSTHBIM MPOTHO30M H
CHIKCHHOH A(h(DEKTHBHOCTHIO XUMHUOTEPAITHHU TIPH
PMX [10]. Takum oOpa3oM, YPOBEHBb DKCIIPECCHUH
JTAHHBIX TCHOB MOYKET CITYXKUTH KITFOYEBBIM ITOKa3aTe-
neM 3G PEKTUBHOCTHU MPOBOJUMON Teparuu.

eap ucciienoBaHusl — OLICHKAa YPOBHS JKC-
MIPECCHH TeHOB JKCIHU3MOHHOHN pemnapamuu (I'DP)
B ONYXOJIM MOJOYHOW JKeJie3bl JIIOMUHAIbHOTO B
HER2-neraruBHOro nojTHNa B IPOLIECCe JIEUEHUS TTPH
MPUMEHEHUH CTAaHAAPTHBIX CXEM HEO0aIbIOBAHTHOU
XUMHOTEPAITHH.

MarepuaJi 4 METOABI.

B perpocnektuBHOE HCClIEIOBAHUE BKIIIOYEHBI 42
OonpHBIE (Tabn. 1) ¢ Mopdoaoruyecku BepupuIu-
pOBaHHBIM pakoM MOJIOUHOH skesne3bl T1-4N0-3MO
(ITA-IIIB ctagumn) nromunanbaoro B HER2-
HEraTUBHOTO IMOJITHIA, B Bo3pacTe 24—68 net (cpen-
Huii Bo3pact 47,1 + 0,3 rona). JlromuHansHEIN B

HER2-neraruBHbIN ogTHn onpeaensics kak ER +,
PR + wnn -, Ki67>30 %.

B coorBerctBum ¢ «Consensus Conference on
Neoadjuvant Chemotherapy in Carcinoma of the
Breast, April 26-28, 2003, Philadelphia, Pennsylvania»
B HE0a,IbIOBAHTHOM PEKHME MAIIMEHTKH NOoTydau 4—8
KypcoB xumuoTepanu o cxemam FAC (propyparmn,
nokcopyoutis, nukiodocdan), AC (mokcopyoumyH,
rmkiodocdan), CAX (mukmodocdan, TOKCOpyOUIIvH,
kanerutadut), ACT (nokcopyourius, ukiodocda,
takcotep), AT (1okcopyOuIMH, TAKCOTEP) K MOHOTE-
parmro TakcoTepoM. D(PPEeKTUBHOCTH TpeaoTeparu-
OHHOHM XMMHOTEpANH{ OIEHUBAJIACh TI0 KPUTEPHUIM
BO3 n MexyHapogHOTO MTPOTHBOPAKOBOTO COO3a
(International Union Against Cancer) ¢ MOMOIIbO
VY3U n/nnu mammorpaduu, KOTOphIe TPOBOTUIIUCEH 10
neveHus, nocie 2 kypco HXT u nepen onepanuei.
PeructpupoBanuck mojgHas perpeccus, YaCTHIHAS
perpeccust (yMeHbIIeHHE 00beMa OITyX0oJIu 0oJiee ueM
Ha 50 %), ctabunu3amnus (CHIKEHUE 00beMa MeHee
yeM Ha 50 % nnu yBenuueHue He 6osiee ueM Ha 25 %)
U TIporpeccupoBanne (yBeTnueHue 00beMa OImyXOoH
6omee uem Ha 25 %).

B 3aBHCHMOCTH OT MPUMEHSEMBIX CXEM HE0abIo-
BaHTHOM XMMHOTEPATNH BCE MALIMEHTKH Pa3/ieIeHbl Ha 2
rpynmebl. B cocras 1-# rpymmsr (n=29) BOIIIH ManyeHT-
ku, momyunBime HXT mo cxemam CAX (tmkinodocdan,
nokcopyounus, kanenuradbun), ACT (nokcopyOurmH,
mukiodocdan, Takcorep) u FAC (propypatui, Jokco-
pyOuruH, nukinodochamun). [larmenTkam 2-i rpymmbt
(n=13) Ha3HAUEHO MpemoINepParMOHHOe XUMHOTEpa-
neTuueckoe yeyenne no cxeme AT (oxcopyOury,
TaKcoTep), a TAKXKE TAKCOTEPOM B MOHOPEKHME.

TecTupoBaHHE PKCIPECCUU PEIENITOPOB ACTPO-
rena, nporectepona u HER2neu BeimoxaeHo B co-
OTBETCTBUU C OOHOBICHHBIMH PEKOMEHIAIMSIMHU TIO
KIuHu4yeckoi npakruke [11, 12]: momunansubiM B
HER2-neratuBubiM noarurioMm cuntaics ER+, PR+,
HER2-, Ki67>20 %. B cooTBeTCTBUU C IU3aHHOM
uccinenoBanus (puc. 1) B Ka4ecTBE HCCIEAYEMOTO
MaTepualia UCIO0JIb30BaHbl apHble OMOICHUIHBIC
oryxoJjieBbie 00pasipl (~10 MM®), B3ATHIC 10 JICUSHUSI
mon KoHTponeM Y3U, u omepamroHHBIA MaTepHa
(~60—70 mm?) mocite HXT. O6pasits! Oy Xoiu moMelia-
mm B pactBop RNAlater (Ambion, USA) u coxpansinu
nipu Temneparype -80 °C (mocie 24-4acoBoii HHKyOa-
1w npu +4 °C) anst ganeHeimero Boiaenenus PHK.

Boinenenne PHK/Total RNA
extraction
RNeasy mini Kit

BuorncuiiHbIii MaTepHaJx
10 Jedenns/ Tumor

IomHoTpaHCKPHIITOMHB I MUKPOMAT PIMHBIN
anam3/Whole-transcriptome microarray
analysis

biopsies (n=42)
Ouenka nenoctHocT/ RNA
integrity assessment
R6K ScreenTape , TapeStation
(Agilent Technologies, USA)

OnepalHOHHbIH MaTepHaJI
nocae HXT/ Surgical
resection material (n=42)

>

Clariom™ § Assay, human (ThermoFisher Scientific, USA)
Affymetrix GeneChip® Scanner 3000 7G (Affymetrix, USA)

"

CraTHcTHYecKas 00padoTKa pesyabTaToB/Statistical
analysis
Statistica 13.0 (StatSoft Inc., USA)
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Puc. 1. insaiiH nccnepgosanus. NpumeyaHune: pucyHoK BbIMOMTHEH aBTopamMm
Fig. 1. Study design. Note: created by the authors
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Ta6nuua 1/Table 1

KnuHuko-mopdonornyeckme napameTpbl 60nbHbIX PMX, BKnOYeHHbIX B uccneaoBaHue
Clinical and morphological parameters of breast cancer patients included in the study

Knmanko-mopdonornueckuii mapamerp/Clinical and morphological parameter

Bospacrt (1iet)/Age (years)

MeHcTpyanbHbIi cTaTyc/
Menstrual status

Tucronoruueckuii Tumn/
Histological type

Pa3mep omyxonu/
Tumor size

Jlmmporennoe meracrazupoBanue/
Lymphatic metastasis

ITpemenonaysa/Premenopause
IToctmeHomnay3a/Postmenopause
WuBa3uBHBIN MpoTOKOBLIi pak/Invasive ductal carcinoma

Yucio 60IbHBIX/
Number of patients
16 (38,1 %)

26 (61,9 %)

29 (69,0 %)

13 31,0 %)

31 (73.8 %)

<45
>45

MHBa3uBHEII 10BKOBBIN pak/Invasive lobular carcinoma 4 (9,5 %)
Hpyrue Tamer/Other types 7 (16,7 %)
Tl 3 (7,15 %)
T2 35 (83,3 %)
T3 1 (2,4 %)
T4 3(7,15 %)
NO 15 (35,71 %)
N1 19 (45,24 %)
N2 3(7,15 %)
N3 5 (11,9 %)

T'ucronoruyeckas dpopma/
Histological form

VYuunentpuueckas/Unicentric
Mynsrunentpudeckas/Multicentric

27 (64,3 %)
15 (35,7 %)

CAX 11 (26,2 %)
FAC/AC 16 (38,1 %)
Cxema HXT/NAC scheme Taxcorep/Taxotere 10 (23,8 %)
AT/ACT 5(11,9 %)

IIporpeccuposanne/Progression 12,4 %)
Henocpectaentias Crabumisamus/Stabilization 13 (30,9 %)
>bexusrocts HXT/ Yactnunas perpeccusi/Partial regression 27 (64,3 %)

Response to NAC . ?

[Momnas perpeccus/Complete regression 1(2,4 %)

Cpenree BpeMst HAOMIOICHHS 32 TAI[HEHTKaMHU, Mec/ 63,412

Average observation time for patients, month (M + SE)
Yacrora MeracrasupoBanus/Metastasis rate
Yacrora peruauBupoBanus/Recurrence rate

Ipumeuanue: Tabnuia COCTaBICHA aBTOPAMH.

Note: created by the authors.

PHK wu3 onmyxoneBoii Tkanu Bbiiemnsiy u3 42 map-
HBIX 00pa3loB OMmyXonu 10 jedeHus u nocie HXT
¢ ucnonp3oBaHueM Habopa peareHToB RNeasy Plus
mini Kit (Qiagen, Germany, #74134). llemocTHOCTB
PHK onienuBanack ¢ MCIOJIb30BaHUEM KallUJUISIPHOTO
anextpodopesa (TapeStation (Agilent Technologies,
USA), nabop R6K ScreenTape (Agilent Technologies,
USA #5067-5367)).

N3yyanuch reHbl SKCUU3UOHHON penapanuy Hy-
KJIEOTUJIOB U OCHOBAHMIA:

— NER: rensr kommutekca Cul4-DDB (RBX1, DDBI,
DDB2, CUL4A4, CUL4B), reasl XPC-koMIiekca
(XPC, RAD23A4, RAD23B, CETN2); cemeiicTBO
KPOCC-KOMIUIEMEHTUPYIOIINX T€HOB 3KCIIM3MOHHOM
penapauuun ERCC (ERCCI-ERCCS); renbl o01ero
TpanckpunuuonHoro ¢axropa IIH (GTF2HI-GT-
F2HS5), CDK7, MNATI, CCNH, XPA; cemeicTBO
TeHOB perTuKaMonHoro nporenHa A (RPAI, RPA2,
RPA3): reHbl, KOOUPYIOUIME KAaTAJIUTHUYECCKYIO H
BcriomorarensHble cyobeannuipl JJHK-nonmumepasst
sncuion (POLE, POLE2, POLE3, POLE4), a Takxe

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 48-58

(min-max: 5-148)
18 (31,7 %)
3 (7,15 %)

JHK-nmomamepasst nensra (POLD1, POLD2, POLD3,
POLD4); Tenbl, KOMUPYIOITIE Pa3InIHbIE CYOBETNHI-
1161 (hakTopa perukanyu C (RFCI-RFCS5), ren PCNA,
red JIHK-nurassr 1 (LIG]);

— BER: rensl, konupytomue JJHK-rmukosunasy
(NEIL2, NEIL3), a Takxe amypuHOBYIO/alTUPUMHU-
IUHOBYIO »HAOHYKIeasy (APEXI, APEX2), OGGI;
NTHLI; PNKP; XRCCI; POLB; PARPI; PARP2;
POLL; LIG3; SMUG1; MPG,; TDG; PCNA; FENI.

Hns mpentudukanmu nuddepeHnnaIbHO dKC-
npeccupyeMbIx TeHoB (/131") ncnonp3o0BaHo Iporpam-
MHoOe obecnieuenue Transcriptome Analysis Console
(TAC) 4.0. ITonpaBka Ha MHO)KECTBEHHBIE CPAaBHEHUS
FDRpval<0,05. ITopor A3I" ycraHosneH Ha 3Haue-
Hue P-val<0,05 (FoldChange: >2 wmm <-2). Ananms
ANOVA, ckoppeKkTHpOBaHHbIHN eBayes, ncmonb30Ban
st unentugukammuu 2T, Ananus eBayes koppek-
tupyetr nucnepcuto ananuza ANOVA ¢ nomoibsro
AMITUPUIECKOTO 0alleCOBCKOTO MOJIX0Ma, KOTOPBIH
HCITONIb3YeT MHPOPMAITI0 U3 BCEX HAOOPOB 30HIOB
JUISL TIOJTYYEeHUs] YIYyYIIeHHOW OLIEHKH TUCIIEPCHUH.
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Habop 30H10B cuntaercst BeIpakeHHBIM, ecnu 50 %
00pa3IoB B HaOope NaHHBIX UMEIOT 3HaueHuss DABG
(obHapy:xeHo BrIIe pona) Hke mopora DABG. Jlns
DABG ycranosineno 3nadenue 0,05 Pos/Neg AUC
Threshold >0,7.

Cratuctuueckass oOpaboTka MpoBOAUIIACE C
HCIIOJIB30BAHUEM I1aKeTa NPUKIAJHBIX IPOrPaMM
«Statistica 13.0» (StatSoft Inc., USA). CpaBHenune
4acTOT MO Ka4eCTBEHHBIM JAaHHBIM aHAJIM3UPOBAIH
IIPH TIOMOIIX JBYXCTOPOHHETO Kputepus Puiepa.
3HayeHHEe OUAla30Ha W3MEHEHHs! KOJIMYECTBEHHOU
pasHulpl ypoBHs auddepeHnnanbHON IKCIPecCHn
reHOB (IIPU CPaBHEHUM MEXy IpylIiamMH) yKa3aHO
kak Fold change. Kpurepun 6e3meracrarnueckoit
BBDKMBAEMOCTH OBIJIM IOCTPOCHBI COIIACHO METOY
Kannana—Maiiepa, cpaBHEHHE BBIKUBAEMOCTH TPYTII
IIPOBOJIMIIOCH C TIOMOIIIBIO JIOT-PAHTOBOTO TECTA.

Pesyabrarsl

Ouyenka ypoensa Ixcnpeccuu 2eHoe

IKCUUZUOHHOIL penapayuu ¢ Onyxoau

MOOYHOIL Jicene3bl 00 JleHeHU

[Ipu ouenke ypoBHS 3KCIPECCUU FEHOB 3KCIHU-
3MOHHOM penapaiuy B OMYXOJW MOJOYHOM >KeJe3bl
JI0 JI€YEeHUs C yuyeToM Ha3zHaueHHOU cxembl HXT
(aHTpaLMKINH-COAEPKAIINE U TaKCaH-COACPKAIINe

PEKUMBI) BBISIBICHBI 3HAYUMBIE Pa3Iudus YPOBHS
skcnpeccuu renoB GTF2HS5, CDK7, RBXI, RPA3,
CETN2, RFC (ta0mn. 2).

[Janee oneHeH ypOBEHb DKCIPECCHHM T€HOB JKC-
[IU3MOHHOMN perapanuy B Oy X0JIH MOJIOUHON KeJIe3bl
nociye jedeHus ¢ yuetom cxeMmbl HXT. BrisiBiena
3HaYMMas pa3HULa YPOBHA dKcipeccuu reHa RFCI
(11,58 m 12,63 npu aHTpaNMKINH-COASPKAITUX H
TakcaH-coaepxaiux cxemax HXT cooTBETCTBEHHO;
Fold Change -2,08, p=0,0052).

H3menenue ypoens skcnpeccuu 2eH08

IKCYUZUOHHOIL Penapayuu 8 ONyXoau Moa104YHOl

Jrcenesnl 6 3agucumocmu om omeema na HXT

Ha cnenyromiem sramne Oblia MpoOBEICHA OIICHKA
M3MEHEHHUS YPOBH:I SKCITPECCHUH T€HOB SKCITU3NOHHOM
pemapanyy B OIyXOJIH MOJOYHOM KeJe3bl IPH MpH-
MeHeHun pasnuusbix cxeM HXT B 3aBucumMocTtu or
OTBETAa Ha JICUCHUE.

B o00mieit rpymie nanueHToK 00beKTHBHBINA OTBET
(JacTruHasT perpeccus OIMyXOiH) Habmromancs y 28
(66,7 %) 0ONBHBIX, OTCYTCTBHE O0BEKTHUBHOTO OTBETA
(cTabunu3anus ¥ MPOrPECCUPOBAHKE OIMYyXOJIEBOTO
npomnecca) — y 14 (33,3 %) nmanuentok (tabdn. 3).
CpaBHeHHE YPOBHSI DKCIPECCHH M3y4aeMbIX T€HOB
B OITyXOJW TMAIMEHTOK ¢ OOBEKTUBHBIM OTBETOM Ha

Ta6bnuua 2/Table 2

09T rpynnbl 3KCLUM3MOHHOM penapaunuy B ONyXosiM MONIOYHOW Xerne3bl AN BCeX NaLMeHTOK, BKIOUYEHHbIX
B UccnegosaHue, OO fie4YeHus1, B 3aBUCMMOCTU oT cxembl HXT

Differentially expressed of the excision repair group in breast tumors for all patients included in the study
before treatment, depending on the NAC regimen

Cxembst HXT/NAC regimen
T'en/Gene AHTPAILUKINH-COAEPKAIINE/ Taxcan-cozeprkarumne/ Fold Change P-val
Anthracycline-containing Taxane-containing

GTF2HS5 8,84 10,22 -2,6 0,0157
CDK7 12,71 13,93 2,33 0,0143
RBX1 13,35 14,49 -2,22 0,0151
RPA3 11,92 13,06 2,2 0,0064
CETN2 13,36 14,37 2,02 0,0068
RFCI 11,92 12,93 -2 0,0189

HpI/IMe‘{aHI/ICZ TabNuIa COCTaBIICHA aBTOpaMu.

Note: created by the authors.

Ta6nuua 3/Table 3

Yucno naumeHToK ¢ Hanu4Ynem u OTCyTCTBMEM 061beKkTuBHOro orBeta Ha HXT npn nppumMmeHeHnn
CTaHAAPTHbLIX CXeM Jie4eHusa

Number of patients with and without an objective response to NAC using standard treatment regimens

Cxembr HXT/NAC regimen

AHTpaIMKINH-COIEpKALIIE/
Anthracycline-containing (CAX, ACT, FAC, AC)

Crabunuzamnus
YactuuHas perpeccus/
Partial tumor U IIPOrpeccupoBaHue/ Bcero/
. Stabilization Total
regression .

and progression
20 9 29
8 5 13

Takcan-conepskaiue (AT, TakcoTep B MOHOPEIKUME)/
Taxane-containing regimens (AT, Taxotere in monotherapy)

HpI/IMe‘IaHI/IﬂI * — TOJIBKO CTaGI/IJ'II/ISaI_II/Iﬂ OITyXOJIEBOI'O IIpoLecca; T&6J'II/II_I8_ COCTaBJIEHA aBTOpaMH.

Notes: * — only stable disease; created by the authors.
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Ta6nuua 4/Table 4

O3T rpynnbl 3KCLUUM3MOHHOW penapauyy B ONyXosin MOJIOYHOM Xene3bl NpU NPUMEHEeHUU CTaHAAPTHbIX
CcXxeM Npu Hann4Mm o6 beKkTMBHOro oteeTa Ha HXT
Differentially expressed excision repair genes in breast tumors with standard regimens in patients exhibit-
ing an objective response to NAC

Cxemsl HXT/NAC regimen
Ten/Gene AHTpanUKIMH-COIEPXKAIIHE/ Takcan-conepxaniue/ Fold Change P-val
Anthracycline-containing Taxane-containing
ERCC3 10,38 9,24 2,2 0,0322
XPA 10,43 11,52 2,14 0,0061
PARP2 10,33 11,51 -2,26 0,021

[prmedanne: TabiuIa COCTaBICHA aBTOPAMH.

Note: created by the authors.

Ta6bnuua 5/Table 5

A3l 3kcuM3MoHHONM penapauun B onyxXosin MONo4YHOM xene3bl B npouecce HXT npu npumeHeHumn
aHTPaLUMKIUH-COAEePXKALMX U TaKCaH-CoAepXKaLMX CXeM B rpynmne nauyMeHToK ¢ OTCYyTCTBUEM
06bEeKTMBHOro OTBeTa Ha NpeAonepauuoHHoe fieyeHue

DEG of the excision repair in breast tumors during NAC using anthracycline-containing and taxane-con-
taining regimens in a group of patients with no objective response to preoperative treatment

Cxembt HXT/NAC regimen
Ten/Gene AHTpaIMKINH-cOnepIKaIme/ TakcaH-cozepsKanie/ Fold Change P-val
Anthracycline-containing Taxane-containing
EXOG 8,86 7,03 3,54 0,0374
CETN2 11,86 13,05 -2,29 0,0373
CDK7 12,07 13,72 -3,15 0,0328
LIG3 8,55 10,35 -3,49 0,0134
RFCI 9,63 11,54 -3,76 0,0255
RADS0 9,3 11,66 -5,13 0,0173

HpI/IMe‘{aHI/Ie: TabJIMIa COCTaBIeHa aBTOpaMu.

Note: created by the authors.

Ta6nuua 6/Table 6

09T 3KCUM3NOHHOW penapauvm B oNyXosiM MOJSIOYHOM Xerle3bl B 3aBUCMMOCTM OT OTBETa Ha fieyeHue
npy NpUMeHeHUM aHTPaUMKIUH-cogepxawmnx cxem HXT

DEGs of the excision repair in breast tumors depending on the response to treatment
with anthracycline-containing NAC regimens

OOBEKTUBHBIH OTBET/

OtcyTrcTBHE 00BEKTHBHOTO OTBETA/

DS Objective responce Lack of an objective answer e P-val
DDBI 10,85 9,22 3,11 0,0153
FANI 8,84 7,19 3,16 0,0213

GTF2H3 9,65 8,31 2,53 0,0028

HpI/IMe‘IaHI/IeZ Ta6n1/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

HXT npu npuMeHeHUH aHTpalUKIMH-COJAEPKAIINX
1 TaKCaH-COAEPIKAIIUX CXEM IO3BOJUJIO BBISBUTH
TeHBI SKCIM3HOHHOH penapauuu ¢ auddepeHnuaib-
Holt skcripeccueit: ERCC3, XPA, PARP2. J1ns reHOB
XPA, PARP2 noka3zaHo 3Ha4UMOE TIOBBILICHUE YPOBHS
akcripeccud, it reHa FERCC3 — 3HaYUMOE CHUKCHIE
YPOBHSI DKCIIPECCUH B OITyXOJIM MPH HAJIMYNAU 00BEK-
tuBHOTO oTBeTa Ha HXT (Tadm. 4).
CpaBHUTENBHBIN aHANIN3 YPOBHS DKCIPECCUH
M3y4aeMbIX T€HOB B IPYIIIE MAIEHTOB C OTCYTCTBUEM
O0OBEKTHBHOTO OTBETA HA MPEAOTCPAMOHHOE Jiede-

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 48-58

HUE TIPY NIPUMEHEHUHU aHTPAIUKIHNH-COJIePKAIIUX H
TaKCcaH-COEPKAIINX CXeM ToKa3aj, 9to nuddepeH-
UATBHYIO YKCTIIpeccuio uMeroT relsl EXOG, CETN2,
CDK7, LIG3, RFCI, RADS50. 1ns rena EXOG noka-
3aHO 3HAYNMOE CHIKCHHE YPOBHS IKCIIPECCHH, TOT/IA
KaK Ui OCTAJIbHBIX T€HOB — 3HAYMMOE TTOBBINICHIE
YPOBHS 3KCIPECCUU B OITyXOJIM IPU OTCYTCTBHH OT-
Bera Ha HXT (Tabum. 5).

Hanee nns obeux rpynn manueHToK (1-s rpyn-
Ma — aHTPaLMKIWH-COAEepKAIIUe CXeMbl, N=29; 2-1
rpymma — TakcaH-CofieprKale cxemsl, h=13) Obuia
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Ta6nuua 7/Table 7

O93T akcuM3MOoHHONM penapauun B ONyXosiu MOJIOYHOM Xere3bl B 3aBUCUMOCTU OT OTBETa Ha Jle4yeHue npu
NpUMMeHeHUU TakcaH-cogepxawmx cxem HXT
DEGs of the excision repair in breast tumors depending on the response to treatment with taxane-contain-
ing NAC regimens

OOBEKTUBHBIN OTBET/

OTcyTcTBHE 0OBEKTHBHOTO OTBETA/

G CIE Objective responce Lack of an objective answer oL CliERE P-val
DG 9,01 7,81 2,31 0,0180
CDK24P2 7,5 8,61 2,17 0,0183
MMSI19 7,42 8,69 -2,41 0,0142
DDBI 11,01 12,45 2,72 0,0272
CCNL2 8,33 9,95 -3,09 0,0078

IIpumeuanue: Tabnuia cocraBieHa aBTOPaMHU.

Note: created by the authors.

Tabnuua 8/Table 8

O3l 3KkcuM3NOoHHOMN penapauuu B onyxonu MOJIOYHOM Xerne3bl B 3aBUCUMOCTHU OT cTatyca remaToreHHoro
MeTacTtasnpoBaHuda nNpu NnpuMeHeHn aHTpPauUuKnuH-cogepXxalux cxem HXT

DEGs of the excision repair in breast tumors depending on the status of hematogenous metastasis when
using anthracycline-containing NAC regimens

EcTb remaroreHHOe MeTacTa3upoOBaHUE/
T'en/Gene .
Hematogenous metastasis

RFC1 12,01
RAD23B 12,43

CCNH 12,84

POLB 12,07

RPA4 6,57

HpnMeanue: TabNuIa COCTaBIICHA aBTOpaMu.

Note: created by the authors.

Her remarorennoro MeTaCTasanBaHHﬂ/ Fold P_val
No hematogenous metastasis Change
9,47 5,78 0,0176
10,03 5.3 0,0486
11,27 2,96 0,0301
10,54 2,88 0,0483
7,71 -2,22 0,0217

Ta6nuua 9/Table 9

O3l 3KcuM3NOHHOMK penapauuun B onyxonu MOJIOYHOM Xerne3bl B 3aBUCUMOCTHU OT cTatyca remaToreHHoro
MeTacTasnpoBaHua Npu NnpuMeHeH TakCaH-cogepxxawmnx cxem npe.qonepau,MOHHoﬁ XnMuoTtepanun

DEGs of the excision repair in breast tumors depending on the status of hematogenous metastasis when
using taxane-containing preoperative chemotherapy regimens

Ectb remarorennoe MeTaCT&L’inOBaHPIe/

Ten/Gene Hematogenous metastasis
PARPI 9.45
NTHLI 7,58
ERCCS 742
XAB2 6,7
CCNL?2 9.44
DUT 11,13
MNATI 12,56

Hert remaroreHHOTO MeTacTa3upOBaHHs/ Fold P_val
No hematogenous metastasis Change
8,15 2,45 0,0497
6,48 2,14 0,0142
6,33 2,13 0,0199
5,51 2,29 0,035
8,24 2,29 0,037
10,32 2,01 0,0187
13,86 2,47 0,0035

Hpnmeqam/le: TabJInIa COCTaBICHa aBTOpaMH.

Note: created by the authors.

MPOBEJIeHa OIeHKa W3MEHEHHS YPOBHS IKCIIPECCUU
TeHOB SKCITU3MOHHOM pernapanuy B OMyXOJIH B 3aBU-
cumoctu ot orBeta Ha HXT. B 1-ii rpynmne HaGmtona-
JIOCh 3HAUMMOE CHUKEHHE YPOBHS IKCIPECCHUU T€HOB
DDBI, FANI, GTF2H3 B onyXoiu Npu OTCyTCTBUU
00BEKTUBHOTO OTBETA Ha JedeHue (Tadm. 6). Bo 2-i
rpymnrne HabIonaI0ch 3HAYMMOE MOBBIIIIEHUE YPOB-
Hs skcnpeccun renoB CDK2AP2, MMS19, DDBI,
CCNL2; a Taxxe 3HaUMMO€ CHU)KEHUE YPOBHS DKC-
npeccu TeHa 7DG B OMyXOJHU TIPA OTCYTCTBUU 00B-
eKTUBHOTO OTBETAa Ha JeueHue (tabm. 7).

54

H3menenusa ypoensa sxcnpeccuu 2eHoe
IKCYUZUOHHOU Penapayu 6 ONyXoau MOaI04YHOI
JHcenesvl nocie 1eueHus 6 3a8UCUMOCHU Om
cmamyca 2emamozeHHo20 Memacmazuposanus
Janee my1st 00enx rpymil NalMeHTOK ObLTH OLCHEHBI
W3MEHEHUS YPOBHS SKCIIPECCUU T€HOB SKCIU3UOHHON
perapaiiy B OITyXOJTH MOJIOYHOH JKeITe3bl IO CIIe JIede-
HUS B 3aBUCUMOCTH OT CTaTyca TéMaToreHHOro MeTa-
crasupoBanus. B 1-1i rpyrine HaOM0Aa10Ch 3HAYUMOE
CHIDKEHUE YpOBHs dKkcnpeccuu reHoB RFC1, RAD23B,
CCNH, POLB w 3Ha4MMO€ MOBBIIICHUE YPOBHS HKC-
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npeccuu resa RPA4 nipu OTCYyTCTBUU FeMaTOTEHHOTO
MeTactazupoBanus (Tadu. 8). Bo 2-ii rpymme Habmroma-
JIOCh 3HAYMMOE U3MEHEHUE YPOBHS IKCIIPECCUH I'EHOB
PARPI, NTHLI, ERCCS, XAB2, DUT, CCNL2 (cHu-
xenue) u rena MNAT (moBbIlLIeHNE ) IPU OTCYTCTBUU
reMaTOreHHOTO MeTacTazupoBanus (Tadm. 9).

Ouyenka npozHOCMUYecKoll 3HAYUMOCHIU

Hns Besiaennsix 191 B omyxonu nocne HXT B
3aBHCHMOCTH OT CTaTyca reMaTOTeHHOTO MeTacTa3u-
poBaHUs ObITa OIleHeHa Oe3MeTacTaTHuecKas BEDKH-
BaeMocTh (bPB) 00MbHBIX B 3aBUCUMOCTH OT YPOBHS
skcpeccunt 12 renoB (RFCI, RAD23B, CCNH, POLB,
RPA4, PARPI1, NTHLI, ERCCS, XAB2, DUT, CCNL2
u MNATI).

B pesynbrare ananusa ypoBHa bPB manueHTok,
KOTOPBIM MPUMEHSUIUCH aHTPALMKIMH-CONCPKAIINE
cxembl HXT, He 0OHapyeHO CTaTUCTHYECKOH 3HA-
YIUMOCTH YPOBHS SKCIIPECCHH BISIBICHHBIX TIOTESHITH-
ATBHBIX YKCTPECCHOHHBIX MapKepOB TEMaTOTCHHOTO
MeTacTazupoBanus. OaHako mokasaHo, uro bPB maru-
CHTOK, KOTOPBIM MPUMEHSIIUCH TaKCaH-COMIEepKaIlne
cxeMbl HXT, cTaTucTHuecKn 3HAUMMO CBsi3aHA C
ypoBHeM dkcripeccun 3 renoB: NTHLI (p=0,029),
XAB2 (p=0,041) u DUT (p=0,010) (puc. 2).

CornacHo MONYYEHHBIM JIJaHHBIM, MPU THUIT0IK-
cupeccnn reHoB NTHL I u DUT nabmonaetcs 100 %
BEDKHMBAEMOCTE 0€3 MCTaCTasupoOBaHUA Ha IPOTA-
JKEHUH Bcero rnepuoja Haomonenus (log-rank test:
v=2,17, p=0,029 u ¥*>=2,56, p=0,010 cooTBeTCTBECH-
HO). [Ipu runmoskcnpeccnn rena XAB2 Oe3meracra-
THYECKasi BBDKUBaeMocCTh cocraBmia 82 % (log-rank
test: ¥>=2,04, p=0,041).

Oo6cy:xneHue

s BBISIBICHHBIX T€HOB MMEETCS! 3HAYNTEIbHOE
KOJIMYECTBO HCCIIEA0BAHNM, TOATBEPKIAIONINX UX
csa3p ¢ PMOK. Tak, M. Anurag et al. [13] ycranos-
JIeHa KOPPeJsiIMs MEKIY CHHKCHHEM 3KCIPECCHH
renoB CETN2 u ERCCI w3 myTH 3KCIU3HUOHHOM
penapannu vykiaeotTuaoB (NER) u rena NEIL2 w3
MYTH SKCIM3UOHHOM penaparmu ocHoBaHuii (BER) ¢
pesucterTHOCTHIO ERT PMOK K sHIOKpHHHOMY Jleue-
HUIO U3-32 HAPYIIEHUS PETYISALNHN KJIETOYHOTO ITUKIa
U, CJIeI0BATENIbHO, TIOBBIIIEHUS YyBCTBUTEIBHOCTH K
unrudutopam CDK4/6.

Ilyrem anann3a OonpbIMX HAOOPOB JaHHBIX
m3 COSMIC (Catalogue Of Somatic Mutations In
Cancer) NEIL2 6b1 obHapyxkeH cpeau 20 mydmmx
reroB penapanuu JJHK, xotopeie nHanbomnee vacrto

NTHL1
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Puc. 2. Kpusble 6e3ameTactaTmyeckon BbhkvBae-
MOCTV B 3aBUCUMOCTU OT YPOBHSI 9KCMPECCUM
reHoB NTHL1 (p=0,029), XAB2 (p=0,041) u DUT
(p=0,010).

MpuMeyaHve: pucyHoK BbINOIHEH aBTOpaMm
Fig. 2. Metastasis-free survival curves depending
on the expression level of the NTHL1 (p=0.029),
XAB2 (p=0.041) and DUT (p=0.010) genes.
Note: created by the authors
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JEMOHCTPHPOBAII COOTBETCTBHE IIOTEPH YHCIIA KO
C TIOHMKAFOTIEH peryrsiueii. To HaOmroneHne mpes-
rioyiaraet, uto NEIL2 MOXKET UTpaTh POITh OITyXOJIEBOTO
cynpeccopa U MOXeT OBITh MCIIOIb30BaH B KA4eCTBE
Onomapkepa reHOMHOH HecTabunbpHoCTH [14].
Takke ycTaHOBJIEHO, YTO OJHOHYKJICOTHIHBIN
rosmmmopdusM 1804270 (pacrookeH B HHTPOHHOU
obnactu 1 rena NEIL2) mOTeHIIMAIBHO BIUSET HA
Peryisluuio SKCIpeccu AaHHoro reHa. CHUKeHue
skcrpeccun NEIL2, BbI3BaHHOE TOIUMOP(HHU3MOM
rs804270, MOXeT orpaHNYNBaTh (PYHKIHMOHAIBEHYIO
aKTUBHOCTH T€Ha, YTO, B CBOIO Odepelib, CIIOCOOHO
MPUBECTH K YBEJIIMUECHHUIO TCHOMHOW HECTAOMIBLHOCTH
BcleAcTBUE HakorwieHus nopexaenuit JJHK [15].
L. Tang et al. [16] BoIsiBieHa cBsi3b TeHa CDK7 C
MOJIEKYJISIPHBIMU TIOATHUTIAMH paKa MOJIOYHOH Kelle-
3bl: ypoBeHb Oesika CDK7 Obul 3HAYUTENBHO BBIIIE
npu momuHanbHoM 1 HER2+ PMIK no cpaBHeHuio
¢ tpumiHeratusHeiM PMOK [16]. Kpome Ttoro, pe-
3yAbTaThl OAHO(MAKTOPHOTO aHaM3a MOKa3aiu, 4TO
runepakcrpeccuss CDK7 cBsizana ¢ Hu3kol oOmieit
BeDKHBaeMocThio mipu PMIK (p=0,0323, HR=2,08).
AHAJIOTHYHBIN PE3yabTaT MPEICTABICH B IPYTOM HC-
CJemoBaHNM: TOBBIMICHHAs dKcnipeccus CDK7 mpu
PMX xoppenupyeT ¢ HeO1aronpusTHBIM IIPOTHO30M
[17]. Takxe B MUpPOBOH JIUTEpaType OTMEYaeTcs,
yTo Bo3aericTBue Ha CDK7 Oka3bIBaeT BhIpaKEHHOE
BIHMSHHUE HA MPOJUQEpaIuio, MUTPAIIIO, HHBA3HIO,
CTBOJIOBOCTh M JIEKAPCTBEHHYIO YCTOWYUBOCTD OITY-
XOJIEBBIX KJIETOK NMPH TaKUX 3JI0KaYECTBEHHBIX HOBO-
00pa30BaHUsX, KaK paKk MOJIOUYHOH xkenesbl [ 18], pak
nerkux [19], renatouenmtonspHas kapuuHoMa [20],
pak MMTOBUIHOM *kene3bl [21], pak mopKeTy109HON
xKenesbl [22], pak *KemTqHoro my3sips [23], kojgopek-
TalbHBIN pak [24], ocTteocapkoma [25] u ap. [18].
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Kak 6b110 0T™MEueHo BbitIe, B pabote H. Yousefi et
al. [26] mabmromanachk Turepakcnpeccus rena RBX/
B moMuHaibHOM B moarune PMIXK. Kpome Toro,
ob1a orMeueHa teraenmus RBX1 (kak wactu E3-
youksutuaianrazsl ROC1/RBX1) k nogasnenuio pocra
OITYXOJIEBBIX KJIETOK MTOCPEICTBOM ITOCIIEIOBATEIBHOM
WHIYKITUH alloTTO3a U KIETOYHOTO CTapEHHUS.

N. Luo et al. [27] npeacraBieHa MOJieib MPOTHO-
3UPOBAHUS PUCKA METACTa3UPOBAHNUS B PETHOHAPHBIE
muMmpoysasr mpu PMXK. OTHOmIEHNEe maHCcoB ISt
reHa DUT coctaBuiio >1, 4To TOBOPUT O €ro MOTEH-
[UAJIBHON POJIM B peaju3allii MeTacTa3HupOBaHUS.
ABTOpBI OTMEUAIOT, UTO BBICOKAS HKCIIPECCUS TeHA
DUT cBsizaHa ¢ HU3KOH BBDKHBAaE€MOCTHIO OOJIBHBIX
PM2K. DTr maHHBIE COTIIACYIOTCS C THIIOTE30M O TOM,
YTO BBIMICYNIOMSHYTBIE T€HBI MOTYT CIY)KHUTH IPO-
THOCTUYECKUMU MapKepaMu BBDKUBAEMOCTH, acco-
[IUUPOBAHHBIMH C OTJIAJICHHBIM METACTa3uPOBaHHEM
y nanueHTok ¢ PMXK.

TaxuMm 06pa3oM, TOTYIEHO YACTHIHOE TIOATBEPIK-
JICHUE CBSI3U BBISBJICHHBIX B PE3YyJIbTATE HACTOSIICH
pabOoThl I3BMEHEHUH IKCIIPECCUU TEHOB AKCITM3HOHHON
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TP aHAJIN3€ MUPOBBIX JTUTEPATYPHBIX JAHHBIX.
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Poccus, 367027, . Maxaukana, yn. Axmena Maromenosa, 2A

AHHOTauusA

BBepneHue. CyllecTBeHHaa [onsi NauMeHTOK ¢ pakomM MonoyHon xenesbl (PMXK) n pakom snyHukos (PA)
SIBMSTCS HOCUTENAMW MyTaUMWA B reHax HacneacTBEHHbIX OMyXoneBbIX CMHAPOMOB. Hanbonee yacTto Ha-
cnencTtBeHHble hopmbl PMXK 1 PA ceasaHbl ¢ gedektamu reHoB BRCAT n BRCA2. Tpu 3TOM CnekTp MyTauui
pasnuyaeTcs y NpeacTaBuTeneit pasnuyHbIX HAPOAOB, OTpaxast 0COBEHHOCTN FrEHETUYECKOTO rpy3a. HaceneHne
[arectaHa obnagaeT yHUKanbHbIMU rEHETUHECKUMI XapaKTepUCTUKaMI BCIeACTBUE UCTOPUYECKMX U AEMO-
rpacpuyeckmx chakTopoB. Pecnybnvka siBnsieTcs o4HUM 13 Hanbonee MHOrOHaLMOHanbHbIX pernoHoB PO, roe
XMBYT NpeacTaBUTEN MHOTOYUCIIEHHBIX STHOMMHIBUCTUYECKMX Fpynn (aBapckas, NnesrnHckas, AapruHckas,
nakckasi u Aip.), YTo NO3BOMSIET NPEANONOXNUTbL CyLLLEECTBOBaAHME NOBTOPSIOLLMXCS MNATOrEHHbIX FEHETUYECKUX
BapWaHTOB, T.€. Hanm4une «addekTa OCHoBaTeNs», y NpeacTaBuUTeNel AarectaHckmMx Hapoaos. Llenb nccne-
[O0BaHUMN — N3yYeHNe MoMneKynsipHol anuaemuonorumn cemeriHoro PMXX/PA B Pecny6nuvke OarectaH. MaTe-
puan u meTtoabl. B uccnegosaxue BknoveHo 610 NnauneHToK — npeacTaBUTENbHUL, PasnnyHbIX HAPOAHOCTEN
Pecnybnukn OarectaH. Kogmpytowme nocneposatensHocTy reHoB BRCA1, BRCA2, PALB2, ATM, TP53,
CHEK2, NBN, BRIP1, BARD1, RAD51, RAD51B, RAD51C, RAD51D, RAD54L 6binv npoaHanu3npoBaHbl
METOL0M TapreTHOro BbICOKOMPOM3BOAMTENBHOIO CEKBEHMPOBaHNS. PesynbTaTthl. B nccnegosaHHom rpynne
Hambornee yacTbiM/ NaToreHHbIMU BapuaHtTamu 6einn BRCAT ¢.66dup, ¢.115T>C [p.Cys39Arg], ¢.4709del,
BRCA2 p.GIn3299Ter 1 ¢.5621_5624del. Cpeau opyrx reHoB NOBTOPSIOLLMMCS ObIN TONbKO OAMH NaTOreHHbIN
annenb— CHEK2 ¢c.817_818del [rs1474786480]. laeHTMdULMPOBaAHO HECKOBLKO 3THOCNELMEUYECKMNX Bapy-
aHToB reHoB BRCA1 n BRCA2, LOMUHMPYIOLLMX B TEX UMW UHBIX 3THUYECKUX rpynnax Pecny6nvkm JarectaH: y
naLumneHTOK Ne3rMHCKOro npoucxoxaeHus npeobnagan annens BRCA1 ¢.66dup (7/12 (58 %) Bcex BapraHTOB
BRCA1/2 B paHHOM aTHNYecKom rpynne), y AapruHok — BRCA1 ¢.4709del (4/12 (33 %)). Y nauneHTok aBapcKkon
rpynnbl BbISIBIEHO HECKOMNBbKO YaCTblX BapUaHTOB, BCE 13 KOTOPbIX OTHOCUNUCE K reHy BRCAZ2: p.GIn3299Ter

#=7 CokoneHko AHHa MeTpoBHa, annasokolenko@mail.ru
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(8/21 (38 %) Bcex BapuaHtoB BRCA1/2 y aBapueB), ¢.5621_5624del (5/21 (24 %)), p.Arg2659Lys (3/21
(14 %)). Y nakueB Takke Habnioganca founder-adpdekt B oTHoweHun reHa BRCA2: Bce cnyyan myTauui
BRCA1/2 npepnctaBneHbl ogHum annenem BRCA2 c.429del. Bapnant BRCA1 p.Cys39Arg BcTpeyancs y
npeacTaBUTENBHUL, HECKOMbKMX HAPOAHOCTEW: KyMbIKOB, aBapLeB, AaprvHUEB. Y nauneHTok TabacapaHckoro
NPOUCXOXKAEHMUS MaTOreHHbIe BapuaHTbl He BbisSiBMEHbI. 3akntoveHue. PazHoobpasvie BbisSiBNEHHbIX MyTaLuii
oTpaxaeT ANMTerNbHbIE MUTPaLMOHHbBIE NPOLIECCHI M STHUYECKYH YHUKANbHOCTb AareCTaHCKMX Monynsaumii.

KnioueBble cnoBa: BRCA1, BRCA2, larecTaH, HacnenCTBEeHHbIM paKk MOJIOYHOM Xene3bl U IYHUKA,
3dpchekT ocHoBaTens, aTHocneuncuyeckne reHeTu4eckme BapuaHThbl.

SPECTRUM OF PATHOGENIC VARIANTS ASSOCIATED
WITH HEREDITARY BREAST AND OVARIAN CANCER
IN THE REPUBLIC OF DAGESTAN

M.M. Ibragimbekova'?, M.A. Murachuev?, G.A. Yanus*®, B.N. Buttaeva®,
A.A. Romanko?, A.E. Lomakova®, E.V. Belogubova®, E.V. Preobrazhenskaya®,
M.V. Syomina3, E.N. Suspitsin*®, A.P. Sokolenko*®, E.N. Imyanitov*®

'Dagestan State Medical University

1B, Abubakarova St., Makhachkala, 367015, Russia

2LLC Clinic Medicine

71, Atsy Abdullaeva St., Makhachkala, 367000, Russia
3Republican Cancer Center

24, Gaidara Gadzhieva St., Makhachkala, 367000, Russia
4Saint Petersburg Pediatric Medical University

2, Litovskaya St., Saint Petersburg, 194100, Russia

5N.N. Petrov National Medical Oncology Research Center, Ministry of Health of Russia
68, Leningradskaya St., Saint Petersburg, 197758, Russia
5Republican Bureau of Pathology

2a, A. Magomedova St., Makhachkala, 367027, Russia

Abstract

Background. A significant proportion of patients with breast cancer (BC) and ovarian cancer (OC) are
carriers of pathogenic variants in the genes of hereditary cancer syndromes. Most often, hereditary forms of
BC and OC are associated with alterations in the BRCA1 and BRCAZ2 genes. At the same time, the spectrum
of mutations varies among representatives of different ethnic groups, reflecting the features of the genetic
load. The population of Dagestan has unique genetic landscape due to historical and demographic factors.
The republic is one of the most multinational regions of the Russian Federation, where representatives of
numerous ethnolinguistic groups live (Avars, Lezgins, Dargins, Laks, etc.), which suggests the existence of
recurring pathogenic genetic variants, i.e., the presence of a “founder effect” among representatives of the
Dagestan peoples. The aim of this work was an in-depth study of hereditary breast and ovarian cancer in
the Republic of Dagestan. Material and Methods. The study included 610 patients representing various
nationalities of the Republic of Dagestan. The coding sequences of BRCA1, BRCA2, PALB2, ATM, TP53,
CHEK2, NBN, BRIP1, BARD1, RAD51, RAD51B, RAD51C, RAD51D, and RAD54L were analyzed using
targeted high-throughput sequencing. Results. The most frequent pathogenic variants in the study group were
BRCA1 c.66dup, ¢.115T>C [p.Cys39Arg], c.4709del and BRCAZ2 p.GIn3299Ter and ¢.5621_5624del. Among
other genes, only CHEK?2 ¢.817_818del pathogenic allele was recurrent. Several ethnospecific variants of the
BRCA1 and BRCAZ2 genes were identified, which were dominant in certain ethnic groups in the Republic of
Dagestan. In patients of Lezgin origin, the BRCA1 c.66dup allele was predominant (7/12 (58 %) of all BRCA1/2
variants in this ethnic group), and in Dargins, BRCA1 ¢.4709del (4/12 (33 %)). Several recurrent variants
were identified in Avars, all of which in the BRCAZ2 gene: p.GIn3299Ter (8/21 (38 %) of all BRCA1/2 variants
in Avars), ¢.5621_5624del (5/21 (24 %)), p.Arg2659Lys (3/21 (14 %)). A founder effect was also observed in
the Laks: all cases of BRCA 1/2 mutations were represented by a single BRCAZ2 allele (c. 429del). The BRCA1
p.Cys39Arg variant was found in several ethnic groups: Kumyks, Avars, and Dargins. In patients of Tabasaran
origin, pathogenic variants were not identified. Conclusion. The diversity of the identified mutations reflects
the long-term migration processes and ethnic uniqueness of the Dagestan population.

Key words: BRCA1, BRCA2, Dagestan, hereditary breast and ovarian cancer, founder effect, ethnicity-
specific variants.
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Beenenne

Ha nonio cemeiiHoro paka MOJOYHOM KeJe3bl
(PMX) u paka smunukoB (PS) mpuxomuTcs mopsiaka
4-8 % cmyuaeB PMXK u 25-30 % ciyuaes PSl. Bor-
SIBIEHHE MOHOTEHHBIX pasHoBuaHocTeil PMOK u P51
I03BOJIAET IEPCOHATIM3UPOBATH TEPAIHIO U CINIAHUPO-
BaTh [TPOBEICHUE POPHIAKTUIECKIX MEPOTIPUATHIA Y
KIIMHUYECKH 37I0OPOBBIX POJICTBEHHUKOB — HOCUTENEH
naroreHHbIx ayuieneii [ 1]. Cemeiinbiii PMOK/PS npen-
CTaBJIEH PSIJIOM CXOJHBIX ayTOCOMHO-TOMHUHAHTHBIX
COCTOSIHHH, JJTs1 KOTOPBIX XapaKkTepeH «3PPeKT OCHO-
Baress» (founder effect). B 6ompmmHCTBE PETHOHOB
MHpa B CTPYKType MyTaluii, 00yCIOBINBAOIINX
pasButue cemeitHoro PMIK/PA, npeobnanator mo-
BpexeHusi reHoB BRCA /2, XOTsl U3BECTHBI TPUMEPHI
founder-rmoBpexIeHUI B MHBIX T€HAX, pACIIPOCTPaHCH-
HBIX CPEJTN OTJIENIbHBIX STHUYECKHX TPy (Harprumep,
runoMopHble MyTanuu B rene 7P53: p.Arg337His
y Opa3uiblLeB MOPTYTaJbCKOTO MPOUCXOXKICHUS U
p-Argl181Cys y u3pamibckux apados) [2].

B nomynsammsx, XxapakTepu3yIOmnXcst BRIpayKeHHBIM
«a¢peKToM 0CHOBATENS», BKIIOUAs U CIaBIHCKOE Ha-
cenenue Poccrn, OONMBIIMHCTBO CITyyaeB CEMEHHOTO
PMOX/PS1 acconumpoBaHO BCETO JIUIIH ¢ HECKOJIILKAMHU
MyTanusmu B reHax BRCA1/2 [3-5]. Do nenaet Bo3-
MOYKHBIM OCYIIIECTBIICHHE «CTYIIEHYAaTOTr0» aJlrOpUT™Ma
JUATHOCTHKH: MPOBEACHUE JIEIIEBBIX M JIOCTYITHBIX
ITIIIP-TecToB Ha YacThie MyTallUU C MOCIETYIOIIUM
NGS-ananu3oM HETaTUBHBIX cIydaeB. BmecTe ¢ TeMm,
MHOT'OYHCJIEHHBIE HAPOTHOCTH HECTIABSIHCKOTO THUYE-
CKOTr'0 NMPOUCXOKIAeHUS, Hacestolue Poccuiickyro ®e-
JIepaIio, 9acTO MPAKTHIECKH HE OXapaKTePHU30BaAHbI
B OTHOIIIEHUH CIIEKTPa M CTPYKTYPBI MyTallli B TeHAX
BRCA1/2 v uHBIX TeHAX HACJICJICTBEHHOTO paKa.

B panee mpoBeneHHOM HCCIIETOBAaHUU OOIHHBIX
PMX/P, mpuHamimexxamux K psay HapOTHOCTEH
CesepHoro KaBkasa, BBISIBIEHO HECKOJIHKO OTHOCH-
TEJILHO STHOCTICHN(UUECKUX TeHETHUECKUX Je(eK-
ToB. Tak, oOHapy»eHbI naroreHHble ayenu BRCA,
xapakTepHble Ml kapadaeBieB (¢.2907 2910del)
u deueHien (¢.3629 3630del). Takxe BBISBICHBI
stHOcnenuduyeckue Bapuantel BRCA2, B 4yacTHO-
CTH, «kabapauHo-Oankapckuit» (c.7868A>QG), Tpu
«kabapauaCcKEX» (€.993 994del, ¢.6486 6489del,
¢.8437G>T), «unrymckwuit» (c.5351dup) u «oceTnn-
ckuii» (c.6341del) [6].

B paay npounx permonos CesepHoro Kaskasa
JHarecTan oTimyaeTcs 0COOCHHO KOMIIEKCHBIM THHU-
YECKUM COCTABOM: BBIJCIISIIOT 1O MEHBIIEH Mepe 26
KOPEHHBIX HAPOJHOCTEH, HACEISIOMINX ITOT CYyObEKT
Oeneparnuu. Hanbonee mHOrouncineHHsl (~1 MiH
YeJIOBEK) TOBOPSIIHE Ha S3BIKaX aBapO-aHIUKCKO-
1I€3CKOM BETBU HAXCKO-IareCTAaHCKOU SI3bIKOBOM CEMBbU
aBaplbl ¥ POJICTBEHHBIE UM MaJIOYHUCIEHHbIE HApOI-
HOCTH aHJUHCKOW (aHAMHIIBI, aXBaXIlbl, OArysaisbl,
OOTIHXITEI, TOMOOEPUHIIBI, KapaTUHIIBI, THHAJBI
yaMallaJbl) M [e3CKON (IUIOMIbI, THHYXIBI, TyH-
3HUOIIBI, OCKTHHIBI ¥ XBAPILIUHBI) S36IKOBOM TPYIIIHL.
Ha s3pikax HaXCKo-JarecTaHcKol Ipymibl TOBOPST
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JTAPTUHIIBI ¥ MAJIOYMCIICHHbIE HAPOAHOCTH KalTaroB
u KyOauuHues (~0,5 MIIH); J€3rHHOA3BIYHBIC HAPO/IBI
(~0,75 muH): Ne3rUHBI, JIaKIbl, TabacapaHbl, aryibl,
PYTYIBITBI U TaXyphl; yedeHIsl Jlarecrana (~0,1 mirH).
K xopeHHbIM xuTeisIM J[arectaHa OTHOCSITCS TAKXKe
TIOPKOSI3BIYHBIE KYMBIKH (~0,5 MJIH) U KapaHOTrai1bl
(~0,036 muH), a Takxke azepOaiipkaHIbl [larectana
(~0,13 mun) [7].

CTOnb CTIOKHBIM STHOTEHE3 CBsI3aH C reorpaduye-
CKUMH 0COOCHHOCTSIMH PECITYOITHKH, €€ CIIOKHBIM HCTO-
PHYECKUM Pa3BUTHEM, 0COOCHHOCTSMH PETHOHAILHON
KyJBTYPBl U TOJIUTUKO-3KOHOMUYECKOTO YCTPONUCTBA
[8]. Kpome Toro, Ha MOMyNSIIMOHHO-TEHETUYECKOE
pa3sHooOpa3ue pernoHa okasaja BIUSHHE HEXapak-
TepHas i 1pyrux HapoaHoctei CeBepHoro KaBkaza
KyJbTYpHasl 4epTa OOJBIIMHCTBA ATHUYECKHUX TPYIII
JHarecrana —sHaoramus: Opaku 00OBIYHO 3aKITIOYAIUCh
BHYTPH POJIOBBIX 00BEIMHEHUH, TYXyMOB [9].

Knuanko-reneTnueckre paboThl 1o U3y4EeHHUIO Ha-
CJIeJICTBEHHBIX 3a00s1eBanuii B PecriyOnuke [larecran
CKYIHBI M YaCTO OTPaHUYMBAIOTCS OTMCAHUEM OT/CIb-
HBIX CEMEWHBIX CITy4aeB PEIIeCCHBHBIX 3a00JIeBaHMIA
[10-15], umerorest u citydan «3ddexra OCHOBATEIS,
3aTparvuBarollero onpe/esieHHbIe PaiOHBI PeCcmyOH-
k. Hampumep, B psange aBapckux cen bomimxckoro
paiiona JlarecraHa MCKJIFOUMTEIBHO BBICOKA YACTOTA
MYTalliH, aCCOIMUPOBAHHOM C PEIKUM PETIeCCHBHBIM
HEPBHO-MBIIICYHBIM 3a00s1eBaHueM (uchepiuHona-
tueit) [13]. B HeKkOTOpBIX ciyyasix pacnpocTpaHeH-
HocTh founder-ansensi BBIXOIUT 3a Mpenesbl OXHON
STHUYECKOUW TPYIIbI: TaK, YaCThId Cpedu aBaplieB
BapHaHT B reHe A RSB, acCOIMUPOBaHHBIN ¢ MYKOIIO-
nrcaxapuo3oM VI Tura, ObUT BBISBICH H Yy OZHOTO
nakckoro nanuenTa [ 14]; pacripoctpanennsblii B Llen-
TpansHOM A3un BapuanT [IVS1+1G>A (c.-23+1G>A)
B reHe GJB2 BBIABISUICA KaK Y aBapCKHX, Tak U y
JAPTUHCKUX OOJIBHBIX PElleCCUBHON HEWPOCEHCOPHON
Tyroyxoctsbio [ 15]. Takum 06pazoM, MOXKHO ITpeArona-
raTh KOMIUIEKCHYIO MOJIEKY/ISIPHYTO SIINAEMHUOJIOTHIO 1
B OTHOIIEHUH ayTOCOMHO-IOMUHAHTHOTO CEMEWHOTO
PMX/PSI cpeau narecranckux OOJIBHBIX, C OT/ICIbHBI-
MU PErHOHAIBHBIMHU «04araMi» pacipoCTPaHEHHOCTH
founder-BapuanToB.

Ienbro uccjegoBaHUs SBHIOCH YIIIyOJIeHHOE
M3y4EHUE MOJIEKYIISIPHOU AMTUAEMHOJIOI Y CEMEHHOTO
PMOX/PSI B Pecriy6nuke larecran.

MarepuaJj u METObI

B nacrosmiee nccienosanue BkiodeHo 610 maru-
eHTOK (Tabi. 1) ¢ quarno3zamu PMOK unu P51, kotopeie
Habmronanvck B ['BY PJ] «PecmyOnukaHCKwii OHKOJIO-
TrUdIecKuii meHTp» (. Maxaukasna) B mepuoxn ¢ 2021 mo
2025 1. JlanHble 00 3THUYECKON NPUHAJICKHOCTH U
CEMEWHOM OHKOJIOTHYECKOM aHAMHE3€ MOIyUCHBI U3
AHKET MallUEHTOK. DKCIPECCUOHHBIN MOATUI Kap-
IIMHOM MOJIOYHOM KeJye3bl (PerenTop-Tmo3uTHBHBINA
WA PEENTOP-HETAaTUBHBIN) OMPENSIsICS B XOJIE
CTaHJAPTHOTO UMMYHOTHCTOXUMHUUYECKOTO aHaIu3a.
B rpynny P Brmrouann manueHTOK ¢ BEpUPHIUPO-

61



LABORATORY AND EXPERIMENTAL STUDIES

Tabnuua 1/Table 1
XapakTtepucTtuka nccnegyembix rpynn PMX un PA

Characteristics of the BC and OC groups

[Mapamerp/Paremeter PMX (n=428)/BC (n=428) P (n=182)/0C (n=182)
MennanHslif Bo3pact (quamnaszon)/Median age (range) 47 (22-83) 56 (18-83)
3HO! y poacreenHrkoB niepoit tuaun/Cancer! in first-degree relatives
Ja/Yes 69 8
Her/No 261 41
Het manusix/No data 98 133
[Moxarun/Subtype
JlromuHanbHbI/ Luminal 71 —
Tpwkabl HeraTuBHBIN i ER-HerarnBHBIH/
Triple-negative or ER-negative 138 B
Het manusix/No data 219 -
Oranueckas rpymnma/Ethnic group
ABapisl/Avars 130 16
Haprunner/Dargins 77 10
Jlesrunsr/Lezgins 50 16
Kymbikn/Kumyks 75 6
Jlakisr/Laks 28 1
Tabacapansl/Tabasarans 13 7
Jpyrue wn HeyrouneHusle/Other or non-specified 55 126

IpumMedanus: | — OTHOCSIIHECS K CIIEKTPY OITYXOJIeH, aCCONMUPOBAHHBIX ¢ MyTarsimu BRCA1/2 (PMIK, P51, pak momkenyIoqHOH Kelesbl, pak

npe,uCTaTeanoﬁ JKEJIE3BI, paK )Kenym(a); Taﬁnnua COCTaBJICHA aBTOpaMH.

Notes: ' —related to the spectrum of tumors associated with BRCA1 and BRCA2 mutations (breast, ovarian, pancreatic, prostate, or gastric cancers);

created by the authors.

BAHHBIM JINArHO30M CEPO3HOM KapLUHOMBI BBICOKOM
CTEIEHHU 3JI0Ka4€CTBEHHOCTH.
MoJtekynapHO-TeHETHUECKOE UCCIE0BAaHUE MPO-
BOJWIN B JIAOOPATOPUM MOJIEKYJISIPHOM OHKOJIOTMU
HMMUII onkonorun um. H.H. Ilerpona (r. CaHkT-
[etepOypr). B xauecrse ncrounuka JJHK nucnonszo-
BaHBI JIHKOIUTHI niepudepudeckoit kpoBu (n=530)
WU THCTOJIOTHYECKHe 00pa3iel u3 apxusa ['BY PJ]
«Pecmybnukanckoe maroJoroaHaTOMUYEcKoe OI0po»
(r. Maxaukana) (n=80). [TarueHTKH, IPOIIEANINE OY-
Hoe 00ceioBanue, Aaid HHHOPMUPOBAHHOE COITIacHe
Ha MPOBEACHUE TeHETHYECKOro aHaiu3a. Hykinenno-
BBI€ KUCIIOTHI U3 JIEHKOIIUTOB BBIJIEISITH C TOMOIIIBIO
CTaHJAPTHON (QEeHONI-XIT0POPOpPMHON OunCTKH. JlIst
skcrpakuuu JJHK u3 cpe3zos mapaduHOBBIX OI0KOB
HCTIONB30BAI KOMMepueckre HaOopel ExtractDNA
FFPE (xat.: #BC103, EBporen). MonekymnspHO-
TeHETUYECKHUI aHAJIN3 BBIITOIHSIICS METOJIOM TapreT-
HOTO BBICOKOIIPOM3BOJUTEIHLHOIO CEKBEHUPOBAHMUS
(NGS, next-generation sequencing). Bo Bcex 00-
pasuax ObUIM NMPOAHAIU3UPOBAHBI KOOUPYIOLIHUE I10-
caengoBaTeabHOCTH TeHOB BRCAI, BRCA2, PALB2,
ATM, TP53. B 153 cny4asix JOMOJHUTEILHO OBUIA
[IPOAHAIN3UPOBAHBI HK30HBI U 3K30H-UHTPOHHBIE I'pa-
guel resoB CHEK?2, NBN, BRIP1, BARDI, RADS51,
RADSIB, RAD51C, RAD51D, RADS54L.
[Moaroropky u oboramenue 6ubnuorex JJTHK
OCYIISCTBIISLIIA C HCIONIb30BaHHEM HaOopoB KAPA
HyperPlus Kit (Roche) mo nmpoTtoxomy nponsBoanTe-
ns1. s oboramieHusi OMOMMOTEK MPUMEHSITH TIOJTh-
30BaTeNbckue OmoTnHMIUpoBanHbie 30Ha61 (HITK
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«CunaTOM»). [IpOTOKONT MTPOOOITOATOTOBKH BKITFOYAIT
CTaHJAPTHBIC ITAIbl: (PEePMEHTATHBHYIO (hparMeH-
tammio [IHK, pemapariuio KOHIIOB ¥ TOIHAECHUIH-
poBaHUe, TUTUPOBAHUE aaNTEPOB, aMIUTA(UKAIIHIO
OMONMOTEKH U J1Ba payH/1a THOPUIU3AINH C 30HIaMH
C TTOCJIEAYIONTNM 3aXBaTOM THOPUIHBIX KOMIIEKCOB
C TIOMOIIBIO CTPENTABUMHOBBIX MATHUTHBIX YACTHIL.
Bubnmorexn cexBennpoBanu Ha miarpopmax NextSeq
550 (Illumina) u GenoLab M (GeneMind) B pexume
MapHbIX IpouYTeHU 110 150 HUKIOB B Ka’KIyI0 CTOPO-
Hy. buonndopmarnveckas 00paboTKa MPOBOAMIACH B
coorBeTcTBUM ¢ GATK Best Practice mig mnerexiuu
repMHUHaIbHBIX BapuaHToB [https://gatk. broadinstitute.
org/hc/en-us/articles/360035535932-Germline-short-
variant-discovery-SNPs-Indels-]. [{ist moncka kpyt-
HBIX Jenenuii/uacepuuii 5k30H0B (LGR, large gene
rearrangements) HCIOJB30BAJIM OJIb30BATEIbCKUN
anroputM Ha ocHoBe GATK GermlineCNVCaller
[https://gatk.broadinstitute.org/hc/en-us/
articles/30332042623131-GermlineCNV Caller].
LGR, BbIsiBIIcHHBIC TTyTeM OMOMH(POPMATUYECKOM
o0paboTkn NGS-npoureHuii, BepupuuIrpoBaIn Me-
TomoM 1 poBoit karnenbHO TP

AHHOTAIMIO BAPUAHTOB OCYIIECTBISIIA C HC-
noJib30BaHueM pecypca Annovar [https://annovar.
openbioinformatics.org/en/latest/]; ans naTepnpera-
IIUU TTATOT€HHOCTH PEIKNX MHCCEHC-BapUaHTOB HC-
MOJIL30BaIIM TaKke pecypce InterVar [http://wintervar.
wglab.org/] — HHCTpYMEHT JJIsl KITMHUYECKOH HHTEp-
NpeTaluu CUKBEHCHBIX BAPHAHTOB Ha OCHOBE PEKO-
mernammiit ACMG/AMP 2015.
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Ta6nuua 2/Table 2

YacTtoTa natoreHHbix BapuaHtoB BRCAT1 n BRCA2 B 3aBUCMMOCTM OT KIMMHNYECKUX XapaKTePUCTUK
Frequency of BRCA1 and BRCA2 pathogenic variants depending on clinical features

ITapamerp/Paremeter
PMX/BC (n=428)
</=40 net/</=40 years (n=107)
>40 ner/> 40 years (n=321)
</=50 net/ </=50 years (n=244)
>50 net/>50 years (n=184)
OTSATOIIEHHBI CeMEHHBIH OHKOJIOTUYECKNN aHaMHe3/
Family history of cancer (n=69)
CeMeiHbII OHKOJIOTHUECKUI aHAMHE3 HE OTSITOIICH/
No cancer family history (n=261)
ER-nonoxutensHbii/ ER-positive (n=71)
ER-orpunarensubiii/ER-negative (n=138)
PA/OC (n=182)
</=40 net/</=40 years (n=14)
>40 net/>40 years (n=168)
</=50 net/</=50 years (n=58)
>50 net/>50 years (n=124)
OTATOIIECHHBINA CeMEHHBINA OHKOJIOTHYECKUN aHaMHe3/
Family history of cancer (n=8)
CeMeHbII OHKOJIOTMYECKUI aHaMHE3 HE OTATOIIEH/
No cancer family history (n=41)

HpI/IMe‘IaHI/IeZ Ta6111/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.

CrarucTrdecKkuii aHaIu3 NPOBOAMIIN C UCTIONB30-
BaHHEM IporpaMMHOTO obectieueHns SPSS Statistics
26: nus cCpaBHEHHUS YacTOT MAaTOTEHHBIX ajllesel
B Pa3MYHBIX KIMHUYECKHUX I'PyNIax MPUMEHsIICS
KpUTEpUi Y% IJIsl CPaBHEHHs CPEIHEro BO3pacTa —
t-KpuTepuil Ui He3aBUCUMBIX BEIOOPOK.

Pesyabrarsl

Yacmomul namozenHvIX 6apuUanmos

y nayuenmox ¢ PMZK u PA

U KNUHUYeCKUe XAPaAKMepucmuKu

VY Gonpabix PMXK uacrora mytauuit BRCAI co-
craBwia 18/428 (4,2 %), BRCA2 — 29/428 (6,8 %)
(Tabm. 2). Y mamueHToK ¢ MaHH(ecTanmen 3abdoe-
Banusa g0 50 jer wactora myrtanuii BRCA2 Owbuta
JIOCTOBEPHO BBIIIE, YeM Yy OOJIbHBIX cTapiie 50 jiet
(¥*=10,82, p=0,001). ns BRCAI craructudecku
3HAUYMMBIC Pa3THYHSA B YaCTOTE MATOTCHHBIX BapH-
AHTOB HAONIOMAINCH Y TTAITMEHTOK MOJIOXKE U CTapIIe
40 ner (%*=6,3, p=0,012). OTATOIICHHBIN CEMEHHBIIH
OHKOJIOTUYECKUN aHAMHE3 aCCOIMUPOBAIICS TOIBKO
C HOCUTEJIBCTBOM IIaTOI€HHBIX ajuiesnei rena BRCA2
(*=4,96, p=0,03), Ho e BRCAI. Myrauuu rexa
BRCA2 oquHaKOBO YacTO BBISBISUINCH Y MALMEHTOK
C 3CTPOTeH-TIO3UTUBHBIMH U ACTPOTEH-HETaTUBHBIMH
KapImHOMaM#. HarpoTuB, Bce BBISIBICHHBIE CITydan
BRCA1-acconmupoBannoro PMIXX ¢ moctymHbBIMH
JTAHHBIMU UMMYHOTHCTOXMMHYECKOTO aHAJIM3a ObLIH
ACTPOTCH-HETaTUBHBIMH.

VY 6onbHbIX PS wactora myranuii B renax BRCA 1
u BRCA?2 Oblta cormoctaBuMoii: BeIgBIeHO 20 ITa-
toreHHbIx ayened BRCAI (11 %) u 18 (9,9 %) —
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BRCAI BRCA2 Bcero/Total
18 (4,2 %) 29 (6,8 %) 47 (11,0 %)
9 (8,4 %) 9 (8,4 %) 18 (16,8 %)
9 (2,8 %) 20 (6,2 %) 29 (9,0 %)
10 (4,1 %) 25 (10,2 %) 35 (14,3 %)
8 (4,3 %) 4 (2,1 %) 12 (6,5 %)
2 (2,9 %) 9 (13,0 %) 11 (16,0 %)
11 (4,2 %) 14 (5,4 %) 25 (9,6 %)

- 4 (5,6 %) 4 (5,6 %)

6 (4,3 %) 7 (5,1 %) 13 (9,4 %)

20 (11,0 %) 18 (9,9 %) 38 (20,9 %)
3 (21,4 %) - 3 (21,4 %)
17 (10,1 %) 18 (10,7 %) 35 (20,8 %)
12 (20,7 %) 3(5,2 %) 15 (25,9 %)

8 (6,5 %) 15 (12,1 %) 23 (18,5 %)
2 (25,0 %) 1 (12,5 %) 3 (37,5 %)
5(12,2 %) 3(7,3 %) 8 (19,5 %)

BRCA2. Opnako ux pacnpezaesnenue y 0ombHbix RS
Pa3IUYHbBIX BO3PACTHBIX IPYII OTANYanock o PMIK.
B gactHOCTH, ¥ O0NBbHBIX P — HOCHTENEH MyTammii
BRCAI nponeMoHCTpHpOBaHa accoyanus ¢ oomnee
MOJIOJIBIM BO3pacToM MaHudecTanuu 3a00JieBaHUs
(12/58 20,7 %] vs 8/124 [6,5 %] no 50 ner u craprie
50 et cootBeTcTBeHHO; ¥*=8,19 p=0,004). Y HOCHTE-
et BRCA2 xoppensiiii ¢ 6oiee MOJIOIBIM BO3PAaCcTOM
HE BBISBJICHO; Y MalUMEHTOK crapiie 50 jeT yactora
MyTanuii OblJIa BEINIE, OHAKO 3TOT PE3yIbTaT ObLI
CTaTHCTUYECKU HEeIOCTOBepHBIM (¥*=2,13, p=0,14)
(tabmn. 2). Cpeanuti Bo3pacT naiueHTok ¢ P —Hocure-
JIeH MaToreHHbIX BapuaHToB BRCA 1 ObLI TIOCTOBEPHO
HUKE BO3pacTa Haudaja 3a00JIeBaHMsS y TMAIMEHTOK
¢ mytammsiMua BRCA2 (49,5 £ 9,4 vs 57,6 + 8,4 misa
BRCAI n BRCA2 cOOTBETCTBEHHO; t-KPUTEPHM ISt
HE3aBHCUMBIX BBIOOPOK, p=0,007).

[latorennsie Bapuantbl PALB2 u ATM oOHapyxe-
Hb1 y 4 marmenTok ¢ PMXK (0,9 %); eme onye BapuaHT
PALB? 6v11 BeIsIBIICH Y O01pHOM PA. TToBTOpSstIOIIECS
BapUaHThl HE OOHAPYXKEHBI. AHAIIN3 KOJUPYIOIIUX
MocJIe10oBaTeIbHOCTEH ApYrux u3BecTHbIXx PMIK-
ACCOLIMMPOBAHHBIX TeHOB y 153 manuentok ¢ PMIK
(n=86) u P (n=67) mo3BOMII BBISIBUTH €11le § HOCH-
Tenel naroreHHsIx ayuieneit: CHEK?2 (n=4), RAD51D
(n=2), BARDI (n=1), NBN (n=1).

Cnexkmp namozeHHbIX 6APUAHMOG

y 6onvnvix PMZK u PA

Bcero BrisiBiieHo 98 ciyuaeB HOCUTENBCTBA MATO-
TeHHBIX BaPHAHTOB HMICCIIEIOBAHHBIX TeHOB (Talum. 3).
IToBTOpsITOMIMECS BapuaHTHI (OOHAPYKCHHBIC JTBA W
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Ta6bnuua 3/Table 3

CneKTp naToreHHbIX BapUaHTOB, BbIAIBJIEHHbIX Y npeﬂCTaBMTEHEﬁ Pa3fINYHbIX 3THOCOB ,an'ECTaHa

Pathogenic variants observed in different ethnic groups of Dagestan

Haponnocts [larecrana/
Ethnic group of Dagestan

ABapupl/
Avars (n=146)

JapruHusy/
Dargins (n=87)

Jlesrunsl/
Lezgyns (n=66)

Kymbrixn/
Kumyks (n=81)

Jlakup/Laks (n=29)

be3 yrounenus
STHUYECKON MPUHAIICIKHOCTH/
Non-specified (n=181)

[prmeyanne: Tabiua COCTaBICHA aBTOPAMH.

Note: created by the authors.
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[Marorennsrit Bapuant/Pathogenic variant

BRCA2 ¢.9895C>T [p.GIn3299Ter]
BRCA2 ¢.5621_5624del
BRCA2 ¢.7976G>A [p.Arg2659Lys]
BRCAI ¢.80G>T [p.Cys27Phe]
BRCAI c.115T>C [p.Cys39Arg]
BRCA2 ¢.3847 3848del
BRCA2 c.7558C>T [p.Arg2520Ter]
PALB2 ¢.2255 2258dup
RADS51D c.363del
BRCAI c.4709del
BRCAI c.115T>C [p.Cys39Arg]
BRCAI c.4096+1G>A
BRCA2 c.1796_1800del
BRCA2 ¢.3545_3546del
BRCA2 ¢.7806-1G>C
BRCA?2 ¢.9413dup
BRCA2 exon 1 dup
BRCA2 ¢.7977-1G>C
PALB?2 ¢.2718G>A [p.Trp906Ter]
BRCAI c.66dup
BRCA2 ¢.7558C>T [p.Arg2520Ter]
BRCAI c.1462dup
BRCAI c.4165_4166del
BRCA2 ¢.8395del
PALB2 ¢.2587-1G>A
PALB?2 ¢.3285dup
BRCAI c.115T>C [p.Cys39Arg]
BRCA2 ¢.9895C>T [p.GIn3299Ter]
BRCAI ¢.191G>A [p.Cys64Tyr]
BRCAI ¢.4709del
BRCAI c.66dup
BRCA2 ¢.7806-1G>C
ATM ¢.5609dup
BARDI ¢.2300_2301del
BRCA?2 ¢.429del
RADS1D c.898C>T [p.Arg300Ter]
BRCAI c.115T>C [p.Cys39Arg]
BRCA2 ¢.9895C>T [p.GIn3299Ter]
BRCAI ¢.3629 3630del
BRCA2 c.5586del
BRCA2 ¢.5621_5624del
BRCAI ¢.53T>C [p.Met18Thr]
BRCA1 ¢.80G>T [p.Cys27Phe]
BRCAI c.1016dup
BRCAI c.1462dup
BRCAI ¢.2158G>T [p.Glu720Ter]
BRCAI c.3604del
BRCAI c.4165 4166del
BRCAI ¢.4327C>T [p.Argl443Ter]
BRCAI ¢.5073A>T
BRCAI exon 24 del
BRCA2 c.1381G>T [p.Glu461Ter]
BRCA2 c.1813del
BRCA2 ¢.2808_2811del
BRCA2 ¢.7806-1G>C
BRCA2 ¢.8140C>T [p.GIn2714Ter]
BRCA2 ¢.8269G>T [p.Glu2757Ter]
CHEK?2 c.817_818del
CHEK?2 c.444+1G>A
CHEK?2 ¢.592+3A>T
NBN ¢.2140C>T [p.Arg714Ter]
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dbSNP ID

151555289997
1s80359526
rs80359027

rs1064793052
1s80357164
1s80359405
rs80358981

rs730881935

rs80357164
rs80358178
rs276174813
rs80359388
rs81002860
1876659435

rs81002874
rs180177122
rs80357783
rs80358981
rs80357599
rs80357572
rs80359709
rs761214886

rs80357164
rs1555289997
rs55851803

rs80357783
rs81002860

1s750413473
rs587781945
1s750621215
rs80357164
rs1555289997
rs80357589

rs80359526
rs80356929
rs1064793052
rs80357569
rs80357599
rs80356875
rs886040150
rs80357572
rs41293455
rs80356853

rs587782159
rs80359306
rs80359351
rs81002860
rs80359058

151474786480
rs121908698
1s587782849
rs730881864

Yuciio HocuTeNeH/
Number of carriers
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Oosee pasza B U3y4aeMoil BEIOOpKe) cocTaBuiau 67/98
(68 %); Ipr STOM PEKypPEHTHBIE AJIIeITH TPe00IIaTamn
kak cpenu mytanuit BRCAI (76 % Bcex BapuaHTOB),
tak 1 BRCA2 (76 %). Hanbonee pacnpocTpaHeHHBIMA
aTOreHHbIMU BapuaHnTaMu BRCA [ SBIANINCH aJIenn
c.66dup, c.115T>C [p.Cys39Arg], c.4709del; BRCA2 —
p-GIn3299Ter, ¢.5621 5624del. Cpenu npyrux reHOB
MOBTOPSIFOIIUMCS OBLT TOJILKO OIMH MAaTOTeHHBIN Ba-
puant — CHEK?2 ¢.817 818del [rs1474786480]. dus
HEKOTOPBIX BapHAaHTOB ObLIa MPOJIEMOHCTPUPOBAHA
BBIp@KEHHAs dTHUYECKas crnenupuaHocTh. B dact-
HOCTH, y TIAIIMEHTOK JIE3THHCKOTO MPOUCXOKJICHHUS
npeotianan amienb BRCAI c¢.66dup (7/12 (58 %)
Bcex BapuaHToB BRCA 1/2 B TaHHON 3THUYECKOH IrpyI-
nie), y aapruaok — BRCAI ¢.4709del (4/12 (33 %)).
VY NanueHTOK aBapCKOM IPYIIIbI BBIIBIEHO HECKOJb-
KO YacThIX BapHaHTOB, BCE OHM OTHOCHJIMCH K TEHY
BRCA2: p.GIn3299Ter (8/21 (38 %) Bcex BapuaHTOB
BRCA1/2 y aBaprieB), c.5621 5624del (5/21 (24 %)),
p-Arg2659Lys (3/21 (14 %)). Y nakieB Takxe HabOIr0-
nancs founder-a¢dexr B oTHOmeHUn reva BRCA2:
Bce ciyvan myTtanuii BRCA1/2 Oblnu npeacTaBiIeHbl
onauM asuiesieM BRCAZ2 c¢.429del. OquH U3 OTHO-
CUTEIBHO YacThIX BapuaHToB BRCAI, p.Cys39Arg,
BCTpEUAJICs Y IPE/ICTABUTENLHHI HECKOJIBKUX HAPOJI-
HOCTEH: KyMBIKOB, aBapIieB, JAPIHHIEB. Y MalEHTOK
TabacapaHCKOTO MPOVMCXOKICHHS ITaTOTCHHBIE BapH-
AHTBHI HE BBISBIICHBI.

Oo6cy:xnenue

Hacrosimee ucciieoBanne mnpencTaBisieT co0oit
MEePBbIA CUCTEMATUYECKUIM aHAIU3 CIIEKTpa MaToreH-
HbIX ajeneid renoB BRCAI u BRCA2 y npencraBu-
TEJbHUIl HAaOO0JIEE MHOTOUUCICHHBIX 3THHYECKUX
rpynn Jlarecrana. B pesynbrare TecTUpOBaHUS CITy-
yaeB PMOK u P Mbl BBISIBUIIM HECKOJBKO 3THOCIE-
mudraeckux founder-amneneit. J{ns rena BRCAI ato
«J1e3rUHCKU (¢.66dup) u «naprunckuin» (c.4709del)
amnenu. Bapuant BRCAI c¢.66dup BcTpevaercs y
nanueHTok 3 CesepHoii Epomnsl (Humepnannsr,
benprus), a Taxoke B [lakucrane, HO, YIUTBIBAs, YTO
HaceJIeHUE ITUX CTPAH HE UMEET T€HETUIECKOTO HITH
ATHOJIMHTBUCTHYECKOTO POJICTBA C JIE3THAMH, MOXKHO
MIPE/INOJIOKUTh HE3aBUCHMOE MPOUCXOXKICHUE ITOM
MyTaIliy B u3ydaeMoit rpytire [16]. «J/lapruackuti
BapuaHT paHee He OIMCAaH B JIUTEPaType U OTCYTCTBYET
B IIOIYJISIIIMOHHBIX 0a3ax JaHHbIX. B aBapckoii BEIOOP-
Ke, HalpOTHB, OTMEUYEH BhIpakeHHbIH founder-ad ekt
JUIs. TATOTEHHBIX ajieneid reHa BRCA2: noMuHu-
PYIOLIIUMH aJIesIMHU SIBIOTCS ¢.5621 5624del,
p-Arg2659Lys u p.GIn3299Ter, B COBOKYITHOCTH CO-
crapysitoue 70 % BceX BBISIBICHHBIX B 3TOU rpyIie
MMaTOTEHHBIX BApWAHTOB. TPaHKUPYIOUIUH BapHaHT
p-GIn3299Ter panee onrcaH y YeUSHCKHUX MAITUEHTOK
[6]. Kpome Toro, B X0/1e paboThI IBaXK bl OOHAPYKEH
amnens BRCAI ¢.3629 3630del, Takxke n3BeCTHBIN
Kak «4edeHckui» founder-BapmanT [6]. DOTH Ha-
OmroneHus, MO-BUANMOMY, OTPaXKAIOT OIPEJIeIIeHHOEe
POACTBO HapOJIOB, TOBOPSIINUX HA SI3BIKAX HAXCKO-

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2025; 24(6): 59-69

JIareCTaHCKOM CeMbH. Y MalMeHTOK JIAKCKOM I'PYIIIbI
TaKXXE BBISBJICH MOBTOPSIONTHIiCS BapuaHT BRCA2
c.429del, oOHapykeHHBIN y TpeX M3 YeThIpeX IMalu-
eHToK — HocuTenbHul, PMOK/PS-acconmupoBaHHbIX
BApUAHTOB. Y KYMBIKOB B CIIEKTPE MOBPEXKICHUI
npeobnanaror BapuaHTel BRCAI, B 9aCTHOCTH TH-
nomopdubie Muccenc-BapuanTel B RING-momene —
p-Cys39Arg u p.Cys64Tyr. Y nanueHToK-TabacapaHok
(MEe3ruHOA3BIUHBIN 3THOC) MATOICHHBIC BapHAHTBHI
HE BBISIBIICHBI, YTO, OJHAKO, MOXKET OBITh CBS3aHO C
MaJIOUUCICHHOCTBIO MCCIe0BaHHON rpyniibl. CTo-
UT OTMETUTH, YTO B OTIIMYHE OT HEKOTOPHIX JAPYTUX
HapoJHoCTeH, npoxuBaomux Ha CesepHoMm Kas-
Kase, JUIsl IPeACTaBUTEIeH JareCTaHCKMX 3THOCOB
HE XapaKTepHa LUPKYJILUS YacThIX «CIABSIHCKUX)»
amneneit BRCAI [17]. Bkinaa KpymHBIX TepecTpoeK
(LGR, large gene rearrangement) B ClIeKTp MyTalui
TaKXe OTHOCUTENILHO HU30K: OOHAPY>KEHO BCETO ABa
Clly4ast HOCUTEJIbCTBA 3TUX ITOBPEKACHHH, 10 OTHOMY
B KaxoM u3 reHoB BRCAI n BRCA?2.

B nannoii pabore uaeHtuduimposano 12 ciy-
YaeB HOCUTENILCTBA MMATOITEHHBIX BapUAHTOB JPYTUX
u3BecTHbIX PMJK-accounnpoBaHHBIX T€HOB, CpEeaU
KOTOPBIX IIOBTOPSONIMCS OBIJT TOJIBKO OJTMH BApHUAHT
CHEK?2 ¢.817 818del. Eme ogun Bapuant CHEK?2,
BBISIBJICHHBIN B JJAHHOM HCCIIENOBaHUM, ¢.592+3 A>T,
10 HAILIUM HAOJIIOACHUSIM, PACIIPOCTPAHEH Y Pa3HbIX
Hapoaos CesepHoro KaBka3za (1aHHbBIE HE OITYOJIHUKO-
BaHbl). YacToTa matoreHHbIX amieneit PALB2 B rpymme
PMX cocraBuna 0,7 %, 4To CpaBHUMO C UCCIEI0BA-
HHUEM paclpoCTPaHEHHOCTH MYTALUi B 3TOM I'eHE Y
TIPEICTaBUTEIBLHUIL CaBIHCKOTO ATHOCA [18].

OrpannyeHneM HacTOAIIEr0 WCCIEAOBAHUS SB-
JSIETCSL OTCYTCTBUE TOUHBIX AaHHBIX 00 dTHUYECKOU
MIPUHAUIEKHOCTH 3HAYUTEIBHON YaCTH MAIUEHTOK C
P51, 9T0 00yc0BIIEHO 0COOEHHOCTAMU (POPMUPOBAHUS
BBIOOPKH: OOJIBIIMHCTBO 00PA31I0B OBLTH MOTYUYECHBI U3
apxuBa Peciry0iIrKaHCKOTO TaToI0r0aHaTOMUYECKOTO
0ropo 0e3 MOJHBIX KIMHUKO-AEMOrpaduuecKuX JaH-
HbIX. Kpome Toro, HHTEpIpeTanuio MoaydeHHbIX pe-
3yJIBTATOB OCJIOXKHAET BaprualOebHas IEHETPAHTHOCTh
MyTaliii B pa3jIM4YHbIX JOMeHax reHoB BRCAI/2 B
OTHOIIEHUH prckoB pa3sutust PMXK u PA [19,20]. Oto
MOXKET BIMATH Ha HAOJIONAeMbli CIIEKTp MyTauui B
3aBUCUMOCTH OT YHCJICHHOIO COCTaBa MCCIEoYeMbIX
IpyNI, KIMHIYECKUX XapaKTePUCTHK BKIIIOUEHHBIX
MalMeHTOK U MPOMOPLIHUOHAIBHOIO COOTHOLIEHHUS
PMX u PA B kaxnoii stHuyeckoit rpymnme. Tem He
MEHEE caMble YacThIe a1 , HEPCUCTEHINS KOTOPBIX
Habmromaercst B Jlarecrane, B HaleM MCCIEIOBaHUH
BCTpeYaInch Kak y nanuenTok ¢ PMK, rak u ¢ P51, 6e3
3aMETHOTO MpeodiaiaHusl B TOH MM WHOH IpyIIe.

OTHHUECKas crenu(uKa CIeKTpa MaTOTeHHBIX
aliesied TeHOB TPEeapacIoiokeHHocT kK PMIK/
PS5 moxeT ompenensiTh 0COOEHHOCTH KJIMHUYE-
CKUX NPOsIBJICHUHN 3a00seBaHusl. MHOTOYHCICHHBIC
MCCJIEIOBAHUS JAEMOHCTPUPYIOT YETKYIO CBS3b
MEX/y FeHETHUYECKUM CTaTyCOM M MOJIEKYJSPHO-
OHMOJIOTMYeCKUMH XapaKTepucTUKamMu omyxoneil. Taxk,
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M3BECTHO, UT0 BRCA [-acconripoBaHHbIE KapIITHOMBI
MOJIOUHOM KeJe3bl B TMOAABIISIONIEM OOJBITHHCTBE
SBIISIFIOTCSI TPYOKIBI HETAaTUBHBIMH, B TO BpPeMs Kak
JUTSL HOCHUTEJIeH nmaTtoreHHbIx amiened BRCA2, ATM,
PALB2, CHEK? xapakTepHo nipeodiialaHie peLenTop-
MMO3UTUBHBIX HOBoOOpaszoBauuii [18, 20-22]. Cy-
IIECTBEHHBIE PA3IUYMS OTMEYEHBI U B OTHOILICHUH
opras-cnenuduueckux puckos. Hanmpumep, kymymns-
TUBHBIN puck pa3zBuTus PA k 80 ronam ams Hocuteneit
BRCAI 6onee yem BIBOE MPEBBITIACT aHATOTHYHBIN
nokazarens s BRCA2. ns PMXX kymymnsiTUBHBIE
pucku conoctaBuMsbl (60—70 %), omuako mist BRCA
UK 3200JIeBAEMOCTH MIPUXOAUTCS HA O0JIee MOJIOIOH
BO3pacT (MeanaHa Bo3pacta Ha 5—8 jiet MeHsblie) [23,
24]. Pe3ynbraThl HACTOSILIETO UCCIEIOBAaHUS COIvIa-
CYIOTCS C 3THUMHU HAOIOJICHUSAMHU U IEMOHCTPUPYIOT
JIOBOJILHO yOETUTEIbHYIO BO3PACTHYIO CTparuguKa-
LMIO YaCTOTHI BBISIBIIEHUS MTaTOT€HHBIX BapUaHTOB. B
rpynne PMOK 3Hauumble pa3iauyuus B 4aCTOTE MyTa-
i BRCA I mposIBISITACE Y MaMEeHTOK 110 40 et u
crapuie 40 net, a BRCA2 — no 50 u crapure 50 ner.
V 6onbHbIx PS HabOmromanach CHIbHAS acCOLAALUs
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C MOJIOJIBIM BO3PACTOM Y HOCHUTEIHHUI] BAPUAHTOB
BRCAI, vHo He BRCA2. OTMeTHuM, YTO B HAIIIEM HC-
CJIeIOBaHUM 3HAYMMOE MpeoliaaHne MaTOreHHBIX
amneneit BRCAI nabmiomanoch y JE3THHOK, TOTIA
KaK y aBapOK 3HAUYUTEIHHO Yallle BCTPEUAIOTCS MMaTo-
re"Hble ayuiean BRCA2. DTy pa3nuyust MOTYT UMETh
MPAKTUYECKOE 3HAUEHHE [Tl pa3pabOTKH THOCIICIHU-
(hudecKHX aNroOpUTMOB T€HETHUECKOTO TECTUPOBAHHS
1 TPO(DUITAKTUIECKIX MEPOTIPUSITHH.

CoBpeMeHHBIE TEHOMHBIE TEXHOJIOT MU TTO3BOJISIOT
OIICHUTH PACIIPOCTPAHEHHOCTH MATOTEHHBIX AJIICNeH
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AHHOTauusa

Llenb nccnegoBaHus — onpegeneHve MHAMBKUAYyarnbHbIX KOMOUHaUWMA COAepXKaHNs B CbIBOPOTKE KPOBM
acTpagmona v nporectepoHa (E2 n Pg), aHtuten knaccoB A n G npotus Bp, E2 n Pg, n aHTungnotunmye-
ckux aHTuTen knacca G k E2 n Pg, 3Ha4Mmo accoummpoBaHHbIX C BO3HUKHOBEHWEM paka MOJTOYHOW XXenesbl
(PMX) y »eHwuH B noctmeHonay3e. Matepuan n metoabl. O6cnefoBanvch 763 HeEKypsALWME XKEHLUMHBbI:
206 3gopoBbix 1 557 6onbHbIXx PMXX | cTagnm oo Havana nevennsi. CogepkxaHne B CbIBOPOTKE FOPMOHOB U
aHTMTEnN onpeaensnu ¢ NOMOLLBbI KOHKYPEHTHOTO U HEKOHKYPEHTHOro MMMYHO(EPMEHTHBIX METOAOB CO-
otBeTcTBeHHO. CART-aHanus (Classification and Regression Trees) nony4eHHbIX pe3ynbTaToB BbIMNONHANN
¢ nomoupto nporpammbl Statistica 13.0. PesynbTatbl. OnpegeneHsl 7 rpynn B AepeBe peLleHnin Mo UHAW-
BUAyanbHbIM koMBuHauuam IgG,-E2, E2, IgA -E2, Pg u IgG,-Bp, 3Haunmo accoummpoBaHHbIM C PUCKOM
PM>X. Bbicokune ypoBHM E2 B KOMBGMHaLMK C BbICOKUMU YpoBHAMU IgG,-Bp valle o6Hapyxusanu y 60sbHbIX
PMX, yem y 300poBbIX XeHLWWH (54,2 vs 26,7 %; p<0,001; OR=3,3 [2,3-4,7]), TaK e KaK 1 HN3K1e ypOBHM
Pg B koMBUuHaLMM ¢ HU3KMMK ypoBHAMM IgG,-Bp 1 co cpeaHumm yposHamu I9G,-E2 (9,9 vs 3,9 %; p=0,01;
OR=2,7 [1,3-5,8]). B octanbHbIx 5 rpynnax pasnuyHblie KOMOMHaLMM BbICOKMX U HU3KMX YPOBHEN UCCNeno-
BaHHbIX )akTopoB BCTpeyanuch Yaile (72,4 %) y 300pOBbIX XeHLWMH, YeM y 6onbHbix PMXK (36,4%). Co-
aepxxaHue B cbiBopoTke E2 n Pg He cBA3aHO C ypOBHSAMM MCCNeA0BaHHbIX aHTUTEN Y aHTU-aHTUTEN. YPOBHM
AHTUNANOTUNMNYECKMX aHTUTEN HE KOpPenupoBanmv ¢ ypoBHSIMU COOTBETCTBYOLLMX MANOTUMUYECKNX aHTUTEN.
3akntoueHune. BriuaHne E2 n Pg Ha BosHukHOBeHME PMIK nposiBNAanock Tonbko B kKoMGuHaumax ¢ 19G,-E2,
IgA,-E2 n IgG,-Bp. AHanus aHtuTen npotus E2, Pg 1 Bp 1 cOOTBETCTBYIOLLIMX aHTU-AHTUTEN PEKOMEHyeTcA
ONS MccrnefoBaHNs UMMYHOMOMMYECKNX MEXaHN3MOB BO3HVKHOBEHWNS XUMUYECKN UHAYLIMPOBAHHbBIX TOPMO-
HO3aBUCKMbIX OMyXOren y YernoBeka.

KnioueBble cnoBa: aHTUTENa, 3CTPaguors, NporecTtepoH, 6eH3o[alnupeH, pak MOJIOYHOM Xene3bl.

#=7 NoneHok Enena NeHHagbeBHa, egpolenok@mail.ru
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Abstract

The study aimed to determine the personal combinations of blood serum estradiol and progesterone (E2
and Pg), classes A and G antibodies against E2, Pg and Benzo[a]pyrene (IgA,-E2, IgA,-Pg, IgA,-Bp; 19G,-
E2, 19G,-Pg, 1gG,-Bp), class G antiidiotypic antibodies to E2 and Pg (IgG,-E2, 19G,-Pg) levels associated
with breast cancer in postmenopausal women. Material and Methods. There were investigated 763 non-
smoking women: 206 healthy and 557 breast cancer patients (BCP) with | stage BC before treatment. The
blood serum levels of hormones and antibodies were studied using competitive and non-competitive enzyme
immunoassay, respectively. Statistical analysis of the results was performed using Statistica 13.0 Software,
Classification and Regression Trees (CART-analysis). Results. There were revealed 7 groups according to
personal combinations of 19G,-E2, E2, IgA,-E2, Pg, and IgG,-Bp associated with BC risk. High E2 levels in
combination with high IgG1-Bp levels were revealed in 54.2 % of BCP vs 26.7 % of healthy women (p<0.001;
OR=3.3 [2.3—4.7]). Low Pg levels in combination with low IgG,-Bp levels and average 1gG,-E2 levels were
more often found in BCP than in healthy women (9.9 % vs 3.9 %; p=0.01; OR=2.7 [1.3-5.8]. The various
combinations of high and low levels of studied factors in others 5 groups were found in 72.4 % of healthy
women and in 36.4 % of BCP. Concentrations of E2 and Pg were not correlated with studied antibodies and
anti-antibodies levels. Levels of antiidiotypic antibodies were not associated with corresponding idiotypic
antibodies. Conclusion. The effect of E2 and Pg on breast cancer development was demonstrated only in
combination with 1IgG2-E2, IgA1-E2, and IgG1-Bp. Immunoassay of antibodies and antiantibodies to E2, Pg

and Bp is recommended for research of chemical induced hormone-depended human carcinogenesis.

Key words: antibodies, estradiol, progesterone, benzo[a]pyrene, breast cancer.

Beenenne

Pak momounoii sxene3sl (PMIK) ocraeTcst ocHOBHO#
OHKOJIOTMUYECKOM MAaTOJOruel JKEHCKOIO HaCEeJeHUs
P® u npyrux crtpan [1, 2]. Hecmotps Ha pocT 3a-
OoJsieBaeMOCTH, CMEPTHOCTH OT PMIK cHmkaeTcs
Onmaronapsi ee paHHEMY BBISIBICHUIO W TOBBIIICHUIO
s dexTuBHOCTH NedenHus. Jns cHmKeHus 3adoe-
BAaEMOCTH TIPOJOJIKAETCS TIONCK METMKaMEHTO3HBIX
cpenct npoduinaktuku PMIK, B yacTHOCTH cpesu
CEJIEKTUBHBIX MOJYJISTOPOB CTPOrEHOBBIX pELEI-
TOPOB M MHTHOUTOPOB apomarassbl [3—6]. OnHoil u3
OCHOBHBIX IPOOIIEM, CIIEPKUBAIOIIINX PA3BUTHE ITOTO
HampaBJIeHNs, ABISAETCS OTCYTCTBUE HANEKHBIX I10-
Ka3aHUM 1715 UX TPUMEHEHHUS y 3[10POBBIX KEHIIUH —
MH()OPMATUBHBIX KPUTEPUEB PHCKA BOSHUKHOBEHUS
PMX. Vcnonb3oBaHne TaKuX KPUTEPUEB MTO3BOJIUIIO
ObI MOBBICUTh APPEKTUBHOCTH PAHHETO BBISBICHHUSI
PMX u cHusuth 3abosieBaeMOCTh OJyiarojaps Ha-

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2025; 24(6): 70-81

3HAYCHUIO0 XUMHOTPOPHUIAKTUICCKIX CPEJICTB MPU
MHUHUMU3AUUU OCJIO)KHEHUH. B ciydasx ceMelHoro
PMX pexomeHnnyercsa aHanu3 MyTalMil B reHax
BRCAI, BRCA2, PLB2, CHEK2, ATM [7] Hapsny
C OLIEHKOW 00pa3a >KW3HU, TOPMOHAIBHOTO CTaTyca,
JCHCUTOMETPHEH MOJIOUHOMU JKeNe3bl U IPYTuX (ax-
TopoB. Jns mynerudakropasix PMIK HeoOXonumbl
JOTIOJHUTEIIbHBIC (PEHOTUIIMYECKUE TPEAUKTOPDI.
OcHoBaHUEM ISl NIOUCKA TAKUX MPEIUKTOPOB
SBJISUTMCH XOPOIIO M3BECTHBIE JAHHBIE O KIIFOYEBOM
3HaYEHUH B KaHIIEpPOTE€HE3e MOJOYHOM XKeye3bl re-
HOTOKCHYECKUX META0OJIUTOB XMMHUYECKUX KaHIe-
POTEHOB OKPY’KAIOIIEH CPEIIbl, B 9aCTHOCTH OeH30[a]
nupena (Bp) u annorennoro scrpaanona (E2). O0na-
pyXeHsl acconmanuu odpaszoBanus JJHK-angykros
9TUX HU3KOMOJIEKYISPHBIX COEJUHEHHUH C PUCKOM
BozHUKHOBeHUs1 PMXK [8—12]. Bynyun xoBaneHTHO
CBSI3aHHBIMH C MaKpOMOJIEKYJIIPHBIMU HOCUTEISMH,
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MeTtabonutel Bp u E2 craHoBsiTCS ranTeHaMu, CIio-
COOHBIMU MHJTyIIUPOBATh CUHTE3 COOTBETCTBYIOIIUX
crieruraecknx antuten. Y 6ompabpx PMIXK 06HApY-
JKCHBI MTOBBIIIICHHBIC YPOBHU aHTUTEI POTUB Bp 1 E2
10 CPaBHEHMIO CO 3/I0POBBIMU JKeHIIMHaMU [13].

Bwmecre ¢ TeM, U3BECTHBI B3aUMOYCHIIMBAKOLIUE
addextsl Bp n E2 Ha KIETKHM MOJIOYHOHN JKEe3bl.
Hekoropsie MeTaboauThl Bp mposiBiisiin 3¢TporeHo-
BYIO WJIM aHTHAICTPOTEHOBYIO aKTUBHOCTbH, B YaCT-
HOCTH, UHAYLHMPOBAIM WU YTHETAJId aKTUBHOCTH
B-ramakto3mmasbl, cBsa3bBasch ¢ ER [14]. E2 cTu-
MynupoBan obpazosanue Bp-JAHK amgnykroB B ER
sKkcrpeccupyromux kinetkax jguanun MCF-7 mpu ux
o0paboTke coBmecTHO ¢ Bp [15]. Hamu oOnapyxe-
HBI [IPSIMbIE KOPPEJILIMA MEXY YPOBHIMH aHTUTEI
npotuB Bp u E2 B chIBOpOTKE 3M0POBBIX KEHITUH
u 6onpHBIX PMIK, 0/1HaAKO OJIHOBPEMEHHO BBICOKHE
WX YpOBHHU BCTpedaluch yame y OonbHbIX PMIK,
4yeM y 310poBbIX Jull [16]. OueBUIHO, COBMECTHBIE
crienupuIHBIC UMMYHHBIC PEaKIIMA Ha YKa3aHHbBIC
COEIMHEHHS OTPAKAIOT UX yYacTHE B KaHIIEPOTeHEe3e
MOJIOYHOM KeJie3bl U OJHOBPEMEHHOE 00pa3oBaHHe
JHK-annykroB ¢ Bp u E2.

B criBopoTke 6016HBIX PMOK BEISBIICHBI aHTHTETA
npotuB peuentopoB ERa B OonbImmx KonmuyecTnax,
YeM y 3I0OPOBBIX KeHIIHH [ 17], a TakKe aHTUUANOTH-
MUYECKUE aHTUTEeNA, ClielIn(pUIHBIe K MOHOKIIOHAITb-
HbIM aHTuTenaMm nporuB E2 u Pg, Mmonynupyromue
collepKaHUE ITUX TOPMOHOB Y 3IOPOBBIX KCHITUH
Oosbiie, yeMm y 0osibHbIX PMOK [18].

Takum 00pa3zom, B paboTax MoKa3aHO MOTECHIHAITb-
HOe 3HaueHue antuten npotus Bp, E2 u Pg, a taxxe
AHTHUUINOTHIINICCKUX aHTH-aHTUTENI K E2 u Pg B
ompeseneHnn pucka Bo3uukHoBenus PMIXK. Oxgnako
IIPH 3TOM aHTHUTENIA PA3HBIX KJIACCOB HMMYHOTIOOY-
JINHOB ONMUCaHbI MO OTAEIbHOCTH; HE YUYUTHIBAIOCH
y4yacTHE CaMUX FOPMOHOB B COBOKYITHOCTH C aQHTH-
Tenamu B uHAYKIuu PMOK; mpoBoamiiock cpaBHEHHE
3JI0POBBIX JKEHIIUH CO BCEH KOropTo 00sbHBIX PMIK,
a He ¢ OOJIbHBIMU B HAYAITbHBIX CTAIUSX OMTyXOJIEBOTO
pocTa, 9To OBIIO HE COBCEM KOPPEKTHO B MOMCKAX
nH(pOpMaTUBHBIX NpenaukropoB PMIK. OueBuano,
YTO pe3yIbTUPYIONIAsl OIEHKA B3aMMOCBS3CH mepe-
YHCJICHHBIX (PaKTOPOB C PUCKOM BO3HUKHOBeHHsE PMOK
3aBHCHUT OT WH/INBUYATbHBIX KOMOMHAIUH MX COep-
JKaHUS B CEIBOPOTKE KPOBH 30POBBIX JKeHITUH. [Ipn
OJTHOBPEMEHHOM y4YacTHH B KaHIIEPOTE€HE3€ MOJIOYHOM
JKeJIe3bl CTUMYITHUPYIOIIEE WM YTHETAIOIIEee JecTBHE
OJIHUX MOKET HHMBEJIHPOBATHCS WJIM YCHIMBATHCSA
BIUSIHAEM JIPYTHX. B UTOre KOMOMHAIINH TOJIBKO He-
KOTOPBIX M3 HCCIIETyeMbIX (JaKTOPOB MOTYT OKa3aThCs
3HAYUMO aCCOLMUPOBAHHBIMU C puckoMm PMIK.

Jis o1leHKr KOMOMHHPOBAHHOTO BIUSHHSI CTEPO-
HHBIX TOPMOHOB, UIMOTUITMYECKUX U AHTUUAUOTHITU-
YECKUX TOPMOH-CIIEIU(DUIECKIX aHTUTEN U AHTUTEI
MPOTUB XUMHUYECKUX KAHIEPOTCHOB OKPYKAIOIIEH
Cpeasl Ienecoo0pa3Ho 00CiIe0BaTh 3J0POBBIX H
60pHBIX PMOK B mocTMeHOIAy3€, 9TOOBI HCKITIOUNUTh
MUKIMYECKHUE KoJIeOaHUs TOPMOHAIBHOTO CTaryca,
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u ucnonb3zoBarh CART-ananu3 (Classification and
Regression Trees Analysis), mpruMeHsSE€MBIiI B OHKO-
JIOTHH JIISl PEeIIeHHs] TTOAO0HBIX JIUArHOCTHYECKIX
3amau [19].

Hean nccaenoBanusi — onpeeicHIE UHIUBHLY-
QJIbHBIX KOMOMHALNI COIEpKaHuUsl B CBIBOPOTKE KPOBU
E2 u Pg; anturen kmaccoB A u G mpotus Bp, E2 u
Pg; antunauorunuyeckux antuten kiacca G k E2 u
P, 3HaunMO accoMMPOBAHHBIX ¢ BO3ZHUKHOBEHHEM
PMIX y skeHIIUH B TOCTMEHOMAY3€.

MarepuaJj ¥ METObI

Wccnenosanu ChIBOPOTKY KpOBHU 763 HEKYpSILIUX
JKEHILHUH B moctMmeHonay3e. M3 Hux 206 ycioBHO
3/IOPOBBIX KEHIINH, COCTABUBIINX I'PYIITY CPABHEHUS
(Bo3pact — 57,7 = 5,8 roga), u 557 >keHITUH, OOJb-
Heix PMXK | craguu (Bo3pact — 65,6 + 8,0 net). Bee
JKSHIIUHBI UCCIIeNyeMOl rpynibl noctynam B Kys-
Oacckuii OHKOJIOTHYECKUH quctancep, I. Kemeporo, ¢
MIEPBUYHO yCTAHOBJIEHHBIM AMAarHO30M: MIHBa3uBHAS
KaplIrHOMa MOJIOYHOM >Kesle3bl HecTelu(pUIecKoro
tuna. [Ipu nanpHelimem o0cie0BaHUT Y HUX ObLIN
BBISIBJICHBI CIIEYIOIIAE MOJIEKYIIIPHO-OMOIOTHUECKUE
noatunsl PMOK: mromuHaneabin A — 48,7 %, 1roMu-
HanbHbI B HER2 orpunarensusiit — 40,9 %, momu-
HanbHEI B HER2 nonoxurensusiii — 1,4 %, HER2
MOJIOKUTEIbHBIN HemtoMUHANBHBINA — 0,7 %, TpUKIbI
HeraTtuBHBIN (penorur — 7,4 %. Bce OonmpHBIE paHee
HE TOJIyYaJId CHENHabHOTO MPOTHBOOIYX0JIEBOTO
JIeYeHUs], B TOM 4YHCJIe TOpMOHOTepanuio. B rpymmy
CpaBHEHUsS OBLIM OTOOpPAHBI KEHIUHBI MO CIIEAYIO-
M KPUTEPUSM: OTCYTCTBHE KaKOTO-JTHO0 3JI0Kaue-
CTBEHHOTO HOBOOOPA30BaHUs, MATOJIOTHH MOJIOYHOM
JKeJle3bl, HeKypsIIne, MPOKUBAIOIINE Ha TEPPUTOPUHI
KemepoBckoit obiact.

ConeprkaHue B CBIBOPOTKE CTEPOUIHBIX TOPMOHOB
OTIPEIETISIN C TIOMOIIBI0 KOMMEpPUYECKUX HaOOpOB
«Ummyno®PA-Dcrpanuony, «Ummyno®@A-IIT»
(«MImmyHOTEX», . MOCKBA) COITACHO MHCTPYKIHSIM.
Wnuotunuueckue anturena kiaaccoB A u G mpoTus
Bp, E2 u Pg (IgA -Bp, IgA -E2, IgA -Pg, 1gG, -Bp,
IgG -E2, IgG -Pg) nccnenosanm ¢ nomompro ELISA
[20], ucnons3ys amcopObmpoBaHHBIE Ha TIIACTHKE
KOHBIOTAThl YKAa3aHHBIX TallTCHOB C OBIYbUM CBIBO-
POTOYHBIM aJTbOYMHHOM M TPOSIBIISIS CBSI3aBIIMECS
MMMYHOTJIOOYJIMHBI KO3bUMHE aHTHTEIaMH TPOTHB [gA
u IgG demoBeka, MEUCHHBIMH TIEPOKCHIAA30H XpeHa
(Invitrogen, CLIA). AHTUMIMOTHITHYECKUE aHTHTEIIA
knacca G, cnenuduunsie k E2 u Pg (IgG-E2, 1gG,-
Pg), onpenensim ¢ momotbto ELISA [20], uconb3yst
aZicopOMpoBaHHbIe Ha IMJIACTHUKE MOHOKJIOHAJHHBIC
anTuTena npotus E2 u Pg B Habopax « IMMyHODA -
Ocrpaguon», «MmyHODA-II («IMMyHOTEX», T.
MockBa) B KaueCTBE aHTHTCHOB U TMEPOKCH/IA3HBIC
KOHBIOTAThI KO3bHX aHTUTEN poTHB IgG uenoBeka. B
TIPE/ICTaBICHHON paboTe He UCCIeA0BAIN COJIepKaHue
B CBIBOPOTKE KPOBH JIPYTUX UMMYHOJIOTHYECKHX (PaK-
TOPOB, MOTEHIMAIEHO YYaCTBYIOIIHNX B KAHIIEPOTeHE3e
MOJIOYHOH JKeNe3bl: aHTHUINOTUITNIECKUX aHTUTEI
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k Bp (IgA,-Bp u 1gG,-Bp) u anTuuanorunmuyeckux
anturen knacca A k E2 u Pg (IgA,-E2 n IgA -Pg).
[Monydennblie pe3ynbTarbl 00padaThiBaIu C IO-
MoIIbI0 Tporpammel Statistica 13.0 (StatSoft Inc.,
USA). B 6a3y naHHBIX ObUIM BHECEHHI ITOKa3aTe-
JI1 YPOBHEW WCCIEOBAaHHBIX aHTUTEN (YyCIOBHBIE
SIUHUIIBI, V.€.) U COAepKaHne ropMoHOB (pmol/L)
OT 3JIOPOBBIX KeHIIMH 1 OosibHBIX PMIK. Halro-
JlaeMbIii tucbananc BEIOOPOK (cooTHomeHue 1:2,7)
moTpedoBall CTpaTuUIIMPOBAHHOTO Pa3/IeICHUs
MaHHbIX Ha obOydaromnnyro (608 maOmiomenwuii: 164
3I0POBBIC >KeHITUHBI U 444 6ompHBIX PMIK) 1 TecTo-
Byt0 (154 HaOmronenwst: 41 3q0poBast sxeHIHA 1 113
6onpHBIX PMOK) BeIOOpKH B mpomnopuuu 80:20 %.
Hna xoppexnun aucbaiiaHca HCKIIOYUTEIBHO K
oOyJarommM JaHHBIM TpuMeHeHa Texanka SMOTE
(Synthetic Minority Over-sampling Technique) c
HCTIOb30BaHMEeM Oubnmuoreku imbalanced-learn
(Python 3.11) npu mapamerpe k neighbors=5, arto
ITO3BOJIMJIO CHHTE3UPOBaTh 280 TOTIOTHUTEIBHBIX
00pa3Ii0oB MUHOPHUTAPHOIO Kjacca u cPopMupo-
BaTh COAJIAHCUPOBAHHYIO O0YYarONIYI BBIOOPKY
ooveMom 890 HaOmoneHult (445 370pOBBIX JIUIl U
445 6ompapIx PMOX), TOTHA KaK TecToBast BRIOOpKaA
(n=154) coxpannia ucxomubii aqucbananc. Ha oopa-
0OTaHHBIX 00YyYAIOIIUX JAHHBIX C UCIIOIH30BAHUEM
10 moTeHIIMaTbHBIX TPETUKTOPOB (8 UMMYHOJIOTH-
YECKHUX U 2 TOPMOHAJIBHBIX TTOKA3aTes ) TOCTPOEHO
CART-nepeBo (Classification and Regression Trees)
B MporpamMMHO# cpexae Statistica 13.0 (Momynb
«MHOTOMEpHBIE JAepeBbs KIACCU(DUKAIIUNIY) CO

CJIEAYOILMMU TapaMEeTPAMU: KpUTEPUI BETBIICHUS —
uHAekc JPKUHU, MUHUMAaJIbHOE YHCIIO0 OOBEKTOB B
TEPMHHAJILHOM Y3JIe — 15, MakcuMmanbHasi IyOnHa
nepeBa — 7 ypoBHEU. 1715l OLIEHKH pa3IMuMil MEXy
UCCIIEYyEMbIMU TPYIIIAMHU MCIIOJIb30BAIM HEnapa-
METpUYECKHi KpuTepuil ¥* ¢ mompaskoil Meiitca
Ha HEINPEPhIBHOCTh BapUaLlUM, T.K. PaCIpeaeIeHNE
MOJIYYEHHBIX II0KA3aTeeil HOCUIO HEHOPMAJIbHbIN
xapakrep comacHo W-kpureputo Hlanupo—Yuika.
Kputnueckuit ypoBenb 3Hauumoctu — p<0,05.
Accouuanuu UcCiIeLyeMbIX I0Ka3aTeIed ¢ pucKoM
BO3HUKHOBeHUI PMJK orieHMBaM ¢ IOMOIIIBIO BEJIHU-
yiHbl oTHOIIEHUs mancoB (OR) ¢ noBepuTeabHBIM
untepsaioM (CI) npu 95 % ypoBHE 3HAYMMOCTH.

Pesyabrarsl

Pesynprarel MofeapoBaHus pacpeaAeIeHUs 310-
POBBIX JKeHIIWH 1 60mbHBIX PMOK B coOTBETCTBHY C
OTIpeZIeTIEHHBIMU TTapaMeTpaMu HCCiIeoOBaHHBIX 10
(aKTOpOB CHIBOPOTKH KPOBH («IEPEBO PELUICHUI 110
CART-ananu3y) npezacraeiensl Ha puc. 1. [Toctpo-
eaHoe CART-gepeBo gocTumio IyOWHBI 5 ypoBHEH
¢ obpa3oBaHueM 7 TEpPMUHAIBHBIX y3JIOB, J€MOH-
CTPHUPYSI CIOKHYIO HEPAPXUI0 UMMYHOJIOTHYECKUX
Y TOPMOHAJIBHBIX MapKepoB. AHaJIN3 BETBIEHUS I1O-
Kasall, YTO HavaJIbHOE pa3/ie]icHHe B KOPHEBOM y3JIe
onpenensock yposaeM IgG -Bp ¢ noporoseiM 3Ha-
uenuem 7,6 y.e. Onna yactsb xoroptsl ¢ IgG -Bp<7,6
y.e. (n=409) nanpasisiach B JEBYIO BETBb, a Apyras
¢ IgG-Bp>7,6 y.e. (n=481) — B mpaBy10 BETBb JICPEBA.
[Tocnemyromyie ypoBHU BETBIIEHUS TIOCIIEIOBATEIHEHO

N=890

n (%)

P /HW 445 (50,0)
PMDK / BCP 445 (50,0)

<76 1gG,-Pg >16
N=409 0, ‘N=48]
n (%) p<0.001 n (%)
3AP/HW 255 (624) 30P/HW 190 (39.5)
PMX / BCP 154 (37.6) PMX / BCP 291 (60,5)
1gG,E2 E2
<34 >34 <=79 >79
N=162 n (%) p<0,00] N=247 n (%) N=137 n (%) p<0'001 N=344 n (%)
30P/HW 12 (75.9) 30P/HW 132 (53,5) 30P/HW 84 (61,.3) 3P /HW 106 (30,8)
PMX /BCP 39(24,1) PMDK / BCP 116 (46,5) PMDK /BCP 53 (38,7) PMX / BCP 238 (69,2)
IgG,-E2 IgA-E2
<=54 >54 <=2,6 >2,6
= N=6| N=80 N=57
R O g0 | n (%) n OB | o001 n Ch)

3P /HW 87 (46,8)
PMX /BCP 99 (53,2)

3MP/HW 45 (73.8)
PMK /BCP 16 (26,2)

3MP/HW 62 (71,5)
PMXK /BCP 18 (22,5)

IP/HW 22 (38.6)
PMIK /BCP 35 (61,4)

Pg
<=645 >645
N=62 n (%) p<0_00] N=890 n (%)
30P/HW 17 (27,4) 30P/HW 70 (56,5)
PMDK /BCP 45 (72,6) PMDK /BCP 54 (43.5)

Puc. 1. CART-aHanu3 uccrnegyemMblx aHTUTEN 1 FOPMOHOB B chanaHcMpoBaHHoW obyyatoLLei Bbibopke 445 300poBbix xeHwuH (30P) n
445 GonbHbIX pakom MorodHol xenesbl (PMXK). MNMprMeyaHye: pycyHOK BbINOHEH aBTOpamu
Fig. 1. CART-analysis of studied antibodies and hormones in balanced training sampling of 445 healthy women (HW) and 445 breast
cancer patients (BCP). Note: created by the authors
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BOBJICKAJIM OCTAJIbHBIE [TAPAMETPBI, yUUTHIBAEMBIE ITPU
[IOCTPOEHUH MOAEIH.

Cpenu 409 sxenumn ¢ Hu3kumu yposusmu I1gG -Bp
(£7,6y.e.) 62,4 % ObL1H 3M0pOBBIMH, a 37,6 % — 00JTb-
HbeIMU. [lanbHelimee ux pasnesneHue 3a(uKCUpOBaHO
1o ypoBHsaM [gG -E2. Cpenu 162 sKeHIUH ¢ HU3KUMH
yposusamu IgG -E2<3,4 y.e. 3m0poBbIX ObLI0 75,9 %,
a OompHEIX — 24,1 %. U3 247 KeHIIWH ¢ BRICOKUMU
yposrsamu 1gG-E2>3,4 y.e. 53,4 % ObL10 310pOBBIX
n 46,6 % — OonpHBIX. B cBOIO Ouepens, sTa rpymnma
paszenuiach Ha JIBe ¢ 0ojiee BHICOKHMHU YPOBHSIMHU
IgG,-E2>5,4 y.e. (61 4enosek: 73,8 % 310pOBBIX K
26,2 % 6onbubIx) U ¢ IgG-E2 B unreppane 3,4 — 5,4
y.e. (186 gemoex: 46,8 % 310poBbIX U 53,2 % 60Ib-
HbIX). [locneanss rpymnma cocrosana u3 2 MOATPyII,
pa3IUYAIONINXCS IO conepkannio Pg: n3 62 yenoBek
¢ am3kuMu Pg<645 pmol/L 3n0poBsix 0110 27,4 %,
a 0ONBHBIX — 72,6 %; u3 124 yelloBeK ¢ BHICOKUMU
Pg>645 pmol/L —56,5 u 43,5 % cOOTBETCTBEHHO.

IIpaBas BeTBb JnepeBa pPELIEHUN C BBICOKUMU
ypousmu IgG -Bp>7,6 y.e. cHauana pasnenunace 1o
conepskanuto E2. V 344 genoBek 0HO OBIIIO BEICOKHM,
>79 pmol/L. Cpenn HUX 370pOBbIX 0Kazanoch 30,8 %,
a 00sbHBIX — 69,2 %. [pyrira ¢ HU3KUM coJiepKaHUEeM
E2<79 pmol/L paznenunach Ha gBe MOATPYIIBL: C
HU3KMMHU ypoBHAMH IgA -E2<2.6 y.e. (80 uyenoBek —
77,51 22,5 % COOTBETCTBEHHO) U C BRICOKUMH yPOB-

Hamu IgA -E2>2,6 y.e. (57 yenosex — 38,6 u 61,4 %
COOTBETCTBEHHO).

Takum ob6pazom, ¢ momomipio CART-ananu3a
BBISIBJICHBI 3HAUMMBIC PA3NTHUUS MEKITY 3A0POBBIMU
JKeHIuHaMu 1 0oibHBIMEH PMOK 1o vactore wHIH-
BUJyaJbHBIX KOMOWHAImMi 5 n3 10 uccrnemoBaHHBIX
daxropor ceiBopotku: 1gG -Bp, IgG,-E2, E2, Pg u
IgA -E2. Ocranbnbie dakropsr (IgA -Bp, 1gG -E2,
IgA -Pg, IgG -Pg u 1gG,-Pg) ne yuactsoBamu B ¢op-
MHUPOBaHUHU ATUX Pa3NWYNi WIH UX yd9acThe OBbLIO
He3HaunTeNbHBIM. Mcronb3ys atot anroputm CART-
aHaJan3a, MOCTPOUIIN MOJIENb PaCIpeIeICHHS 310PO-
BBIX KEHIIHMH 1 001bHBIX PMK ¢ yueToM 5 3HaYMMBIX
(hakropoB. B pesynbrare MOJTYYHIN TOYHO TaKOE HKe
pacmpenencHue (IepeBo pemeHnii), kak Ha puc. 1, a
HMMEHHO: 7 pa3JInYHbIX HHAUBUIYaJIbHBIX KOMOHUHAIIUI
5 3HaYUMBIX PAKTOPOB, MTO-PA3HOMY TIPE/ICTABICHHBIX
B MOJIEJIN Y 3JIOPOBBIX JIHII U 00bHBIX PMOK.

B Tabmuie 1 moka3aHo MpenCcTaBUTEIHLCTBO KakK-
JIOW M3 3TUX KOMOMHALIMN B CPAaBHUBAEMBIX TPyIIIax.
VienbHbIN BEC 3A0POBBIX KEHIIUH ObLI BBIIIC, YEM
oonpaBIX PMXK (p<0,001, OR=0,3), npu Hamu4uu B
CBIBOPOTKE KPOBH CIICAYIONTUX KOMOMHAIINHA YPOBHEH
aHanu3upoBaHHbIX (akropos: IgG -Bp<7,6 y.e. +
+1gG,-E2<3.,4 y.e. (mozunus 1); IgG -Bp<7,6 y.e. +
+ 1gG,-E2>5,4 y.e. (mosunus 4); IgG -Bp>7,6 y.e. +
+ E2<79 pmol/L + IgA -E2<2,6 y.e. (no3umus 5).

Ta6nuua 1/Table 1

Yucno u yactoTa MUHAUBUAYaNbHbIX KOMOUHALWUIA UCcCrefOBaHHbIX aHTUTEN U TOPMOHOB NO
cbanaHcupoBaHHoM obyuyatoulein Bbioopke B CART-aHanu3e y 340pOBbIX XKEeHIWMH U 60nbHbIX PMX

Number and frequency of revealed personal combinations of studied antibodies and hormones according
to balanced training sampling in CART-analysis of healthy women and breast cancer patients

KomOuHanuu aHTUTEN 1 TOPMOHOB/
Combinations of hormones and antibodies

1. 1gG -Bp<7,6 + 1gG -E2<3 4

2.1gG,-Bp<7,6 + 1gG,-E2 3,4-5,4 + Pg <645

310pOBbIE JKEHIIHBI/
Healthy women (n=206)  Stage I BC (n=557)

PMX I craguu/ v (p)
OR (95 %CI)

51,9 (<0,001)

3.1gG,-Bp<7,6 + 1gG,-E2 3,4-5.4 + Pg>645
4.1gG -Bp<7,6 + 1gG,-E2>5,4
5.1gG -Bp>7,6 + E2<79 + IgA -E2<2,6
6.1gG -Bp>7,6 + E2<79 + IgA -E2>2.6

7.1gG,-Bp>7,6 + E2>79

2 (p) 1-2
1-3
1-4
2-3
24
34
5-6

HpnMeanMe: TabJIMIa COCTaB/ICHA aBTOpaMu.

Note: created by the authors.
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12 ereny 39 (858 %) 0.3 (0,2-0,4)
oUsT U1 027’1(()(05’,1?)1)
62 (14,0 %) 18 (4,0 %) 20534(&0:%0 41))
22 (5,0 %) 35 (7,9 %) 126’2 ()((;f;))g)
106 (23,8 %) 238 (53,5 %) 21;35;;0‘091))
42,9 (<0,001)
11,3 (<0,001)
0,03 (0,87)
12,9 (<0,001)
24,6 (<0,001)
4,5 (0,03)
19,6 (<0,001)
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Ta6nuua 2/Table 2

Yucno n yactota MHANBMAYANbHbLIX KOMOUHALMI UCCe0oBaHHbIX aHTUTEN U FOPMOHOB B (hakTU4YeCKOM
BbIGOPKE Yy 300POBbIX XKEHLMH M OONbHbIX PAKOM MOJIOYHOM Xene3bl

Number and frequency of revealed personal combinations of studied antibodies and hormones in real
sampling of healthy women and breast cancer patients

3110pOBBIE JKEHIIHHBI/

KomOuHanuu aHTUTEN 1 TOPMOHOB/ Healthy women PMX I cramun/ v (p)
Combinations of hormones and antibodies (n=yZO 6) Stage | BC (n=557) OR (95 %CI)
39,4 (<0,001)
- - 0, 0,
1. 1gG -Bp<7,6 + 1gG,-E2<3 4 55 (26,7 %) 49 (8,8 %) 0.3 (02-0.4)
2.1gG,-Bp<7.,6 + IgG,-E2 3,4-5,4 + Pg <645 8 (3,9 %) 55(9,9 %) 6.4 (0,01)
. -Bp=7, 5 A=, = ’ 2 2,7 (1,3-5,8)
0,19 (0,66)
- - ! V) 0,
3.1gG -Bp=<7,6 + 1gG,-E2 3,4-5,4 + Pg>645 26 (12,6 %) 62 (11,1 %) 0.9 (0.5-1.4)
7,9 (0,005)
o - 0, 0,
4.1gG,-Bp=7,6 + 1gG-E2>5,4 19 (9,2 %) 21 (3,8 %) 04 (02-0.7)
19,6 (<0,001)
5.1gG-Bp>7,6 + E2<79 + IgA -E2<2,6 29 (14,1 %) 25 (4,5 %) 03 (02-0.5)
6.1gG -Bp>7,6 + E2<79 + IgA -E2>2.6 14 (6,8 %) 43 (7,7 %) 0.1 (0,78)
. . 3 = | 8 > ’ 1,1 (0,6-2,1)
46,3 (<0,001)
- 0, 0,
7.1gG,-Bp>7,6 + E2>79 55 (26,7 %) 302 (54,2 %) 33(23.47)
X (p) 1-2 25,3 (<0,001)
1-3 9,7 (0,002)
1-4 0,15 (0,69)
2-3 5,0 (0,02)
2-4 13,6 (<0,001)
34 3,1 (0,08)
5-6 8,7 (0,003)

Ipumeyanue: Tabnuia cOCTaBICHA aBTOPAMH.

Note: created by the authors.

He 0b110 pa3nuuuii Mo MpefCcTaBUTEIBCTBY 3710~
poBEIX U 6ombHBIX PMIXK (p>0,05, OR~1) npu Ha-
smanu komOuHanuit: IgG -Bp<7,6 y.e. + IgG,-E2 B
uHTepBaie 3,4 — 5,4 y.e. + Pg>645 pmol/L (no3uuus
3)ulgG -Bp>7.6 y.e. + E2<79 pmol/L + IgA -E2>2,6
y.e. (mo3umus 6). 3HauuTeapHO dame (B 2,2 pasa)
6sun mipencrasneHsl 6onpHbie PMXK (53,5 %), uem
310poBbIe skeHIMHEI (23,8 %; p<0,001, OR=3,7), mpu
BBICOKHMX YpoBHsX IgG -Bp>7,6 y.e. B KoMOuHanuMu ¢
BBICOKHM cofepkaaneM E2>79 pmol/L (rmo3umus 7).

Pasnuuns mo mpencTaBUTEIbCTBY 3A0POBBIX U
OOJIBHBIX JKEHIIUH MEX]y BBIJICJICHHBIMHA B MOJICIIb-
HoMm CART-ananuze 7 BappaHTamMu UHAUBUTYaIbHBIX
KOMOMHAINN aHATM3UPYEeMbIX (DaKTOPOB, IPUBEICH-
HEIC B TA0J. 1, TO3BOJIAT OOCYIUTH UX TIOTCHIINATHHYIO
POJIb B KaHIIEPOTEHE3€ MOJIOYHON HKEJIEe3bI.

[Janee uccnenoBaiu NpeaCTaBUTEILCTBO ITUX 7 Ba-
PUAHTOB MHINBUAYIbHBIX KOMOWHAITNH 5 3HAUNMBIX
(hakTOopoB CEIBOPOTKH, BRIIBICHHBIX CART-aHamm3oMm,
B Koropre u3 206 310pOBBIX KEHITUH U 557 OOJBHBIX
PMX, yyacTByromux B JaHHOM HcclleloBaHUU. BbI-
SICHAJIOCH, UTO U T€, U IPYTHE Pa3JeNIII0TCS Ha TaKne
ke 7 KoOMOWHAINN aHTUTE U TOpMOHOB (Tab:. 2). Hu
B OJTHOM ciy4ae He OOHapy»KEHO KaKoro-Iubo Jipy-
TOr0 WHAWBUYAILHOTO COUYCTAHUSI UCCIICAOBAHHBIX
(bakropoB. bornee Toro, paznmuuns Mexy (haKTHIESCKH
00CJIeTOBaHHBIMHU KEHITUHAMH TIO TIPEICTaBUTEIh-
CTBY Ka)KJIOM M3 3THX KOMOUHAIIUN [TOYTH ITOJHOCTBHIO

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2025; 24(6): 70-81

coBmnajanu ¢ paccuntaHHbIMU 110 CART-aHamuzy.
Koppensiiun Mexay (pakTHYECKUMH B PacueTHBIMU
JMaHHBIMU ObLTH 3HaYUMBIME (p<0,001) c rs=0,99 TUIA
3110poBbIX U T =0,97 Ju1st GONBHBIX XKEHIIMH. Pazmians
MEX]Ty MPEICTABUTEIILCTBOM KaX 101 U3 7 KoMOWHa-
IIUH UCCIIEOBAaHHBIX (DAaKTOPOB MEXIY 370POBBIMH
1 OOJILHBIMU 110 TA0J1. 2 TOXKE MOIHOCTHIO COBMA/IAIH
¢ npuBeneHHbIMU B Ta0m. 1. [Ipu sTOM KOMOUHAIHS
BBICOKMX ypoBHei IgG -Bp>7,6 y.e. u E2>79 pmol/L
y 60mpHBIX PMJK BeTpeuanacs B 2 pasa gare, 4eM y
3MOPOBBIX xkeHmuH (54,2 vs 26,7 %, p<0,001).

HUccnegoBanue 3HAYMMOCTU BBIACICHHBIX B
CART-ananuze 5 ¢axTopoB, O KOTOPBIM 3J0POBBIC
JKeHIHEI U OonpHble PMOK nMenu cratucTuyeckn
3HAUUMBIC Pa3I4dMsl, TTOKA3aJI0, YTO, HECMOTPS Ha
onpenenstouyto ponb IgG -Bp B navansHoMm pas-
nenennn CART-nepeBa, aHainu3 o0IIed BaXKHOCTH
npu3HakoB (Gini Importance) BBISIBHI JOMUHUPOBA-
Hue E2-acconnnpoBanubix (akropos (puc. 2).. Hau-
OobInyro 3HauuMocTh npossuian 1gG,-E2 (100 %),
E2 (90 %), IgA -E2 (68 %). Ha 4-m MecTe okaszascs
Pg (59 %), a ucxonuwiii paznenurens IgG -Bp 3ansn
cenpmyro mo3uruio (51 %). Bmecte ¢ Tem, BEIsiC-
HUJIOCh, YTO YPOBHH 3THX (DaKTOPOB KOPPEIUPYIOT
MEX]Ty COOOM U C YPOBHSIMU JIPYTUX UCCIIETOBAHHBIX
(haKTOpPOB CHIBOPOTKH KPOBH Y 3[I0POBBIX JIUI] 3HAYUMO
(p<0,01), HO C pa3HOI CTETICHBIO:

— 1gG,-E2 ¢ IgG,-Bp (r=0,43);
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Puc. 2. BaxHOCTb 3Ha4MMbIX (hakTOpOB, BblAEMNEHHbIX B AepeBe
peweHuin no CART-aHanuay.
MprmeyaHve: pucyHoK BbINOMHEH aBTOpaMm
Fig. 2. Importance of significant factors identified in the decision
tree based on CART analysis. Note: created by the authors

— E2 ¢ IgA -E2 (r=0,33);

— IgA -E2 ¢ IgA -Bp (r=0,61), c IgA -Pg
(r=0,67);

—IgG,-BpclgA -Bp (r=0,31), c IgG-E2 (r =0,81),
¢ IgG,-Pg (r=0,66).

Conepxanue Pg He ObUTO B3aMMOCBSI3aHO HU C
OJTHIM U3 UCCIIEJIOBAHHBIX (haKTOPOB.

Crenyer OTMETHTH XOPOUIYIO BOCIIPOHU3BOJIU-
MocTh nonydeHHo CART-monenn Ha HE3aBUCUMOMA
TecToBOW BbIOOpKe. Ha oOyuaromieit BeiOopke (164
310poBbIe JKeHIUHBI U 444 6oapHBIX PMK) ToOuU-
HOCTB cocTaBisiia 69,4 %, 9yBCTBUTETLHOCT — 71,5
%, crerupuunocts — 67,4 %, F1 mepa — 0,700. Ha
TecToBOM BhIOOpKE (41 37m0poBast keHmuHa U 113
OosbHBIX PMOK) moimydeHsl cXxokue pesyasTarsl: 66,2;
65,5; 68,3 % 1 0,740 cOOTBETCTBEHHO.

Oo6cy:xnenue

VY 310pOBBIX XeHIUH 1 00apHBIX PMIK I cramumn
HCCIIEIOBAIIN CoZieprKaHue B ChiBopoTke 10 pakTopoBs:
2 CTEpOUTHBIX TOPMOHOB, 6 MANOTUITMYECKIX aHTUTET
npotuB kinaccoB A u G mpotus Bp, E2 u Pg, a Takxke
2 aHTUMIUOTUIIMYECcKUX aHTHTen Kiacca G k E2 u Pg
u ¢ momotnipio CART-ananmza onpenenunyn HanOomee
3HaYMMbIE UHIMBU/yaIbHbIC KOMOMHALIMY — [I0TCHLIU-
anbHbIe npenukTopsl PMOK.

[TouTH nonHOE coBMaIeHNE TaHHBIX O NPEICTaBU-
TEJILCTBE BBIACICHHBIX KOMOMHALMH U Y 310POBBIX, U
y OOJBHBIX B (JaKTHIECKOM KOTOPTE 0OCIICIOBAHHBIX
JKEHIIMH C PAacUYeTHBIMH JaHHBIMHU CBUJETEIIbCTBO-
BaJI0 00 aJeKBaTHOCTH MOCTPOCHHON MOJENH acco-
uuanuil ykazanuelx ¢axtopo no CART-ananusy.
Bricokme 3HaueHHS K03DOUITUSHTOB KOPPEISITUN
mexay Humu (r.=0,97, p<0,001) moareepkaatOT 310
YTBEp)KICHHUE.

CormocTaBieHHUE MTPEICTABUTEILCTBA KAXKI0H U3 7
KOMOMHAIMHU y 3110pOBbIX 1 0onbHBIX PMXK (Tadmn. 2)
MO3BOJISIET CliesIaTh MPEAIOJIOKEHUS O POJIM HC-
CJIeIOBaHHBIX ()aKTOPOB B BO3HHMKHOBeHUU PMIK.
Cpenu KEHILUH ¢ ONHOBPEMEHHO HU3KUMH YPOBHIMHU
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IgG -Bp<7,6 y.e. n IgG -E2<3,4 y.e. (komOunanus 1)
YIENbHBIN BeC 3M0POBEIX (26,7 %) ObLT OObIIE, YEM
OonmbHbIX (8,8 %), a npu noseiennyn yposHs 1gG,-
E2 no 3nauenuit 3,4-5,4 y.e. npu TexX ke HUBKUX
ypoBHsx IgG -Bp otu nokasarenu cocrasuiu 3,9 u
9,9 % COOTBETCTBEHHO, B KOMOMHAIIUH C HU3KHM CO-
nepxxanreM Pg<645 pmol/L (komOunamnms 2); 12,6 u
11,1 % coOoTBETCTBEHHO, B KOMOMHAITUU C BHICOKUM
coaepkanueM Pg>645 pmol/L (komOunanus 3). Paz-
JYUS MEKIY HUME ObLTH 3HaYnMbIMH (1-2, p<0,001;
1-3, p=0,002; 2-3, p=0,02). Y >keHITUH C HU3KUMH
ypoHsamu IgG -Bp<7,6 y.e. B komOuHauu ¢ 6onee
BbICOKMMH ypoBHaAMH [gG-E2>5.4 y.e. (komOunanus
4) nons 6ompHEIX PMOK okasamack MeHbIIIE, 4eM 310~
poBeIx (3,8 vs 9,2 %). DT0 03HAUAITO, UTO TTPH HUZKUX
snauenusnx IgG -Bp Bospacranune yposns IgG,-E2 ¢
3,4 no 5,4 y.e. ObUIO aCCOUMHMPOBAHO C MOBBIIICHUEM
pucka PMXK (OR ¢ 0,3 0 2,7), a nanbHefimiee Bo3pac-
tanue yposus IgG,-E2 Bbiie 5,4 y.e. — ¢ nonmkeHnem
pucka PMJK (OR=0,4). To ectb Bnusuue IgG,-E2 na
Bo3HHKHOBeHNE PMK y *KeHIIMH ¢ HU3KUMU YPOBHSI-
mu 1gG -Bp ObL10 ByX(a3HbIM — CTUMYJIUPYOILEM
TIpH Bo3pacTanuu ¢ 3,4 10 5,4 y.e. ¥ TOPMO3SIITUM IIPH
BO3pacTanuu donee 5,4 y.e.

CormocrasieHue KoMOMHAIMNA 2 U 3 ¢ OAUHAKO-
BbIMHU ypoBHAMH [gG -Bp u IgG,-E2, HO ¢ pasabivMu
ypoBHSAMH Pg CBHUAETENHCTBOBAJIO O TOPMO3SIIEH
Bo3HuKHOBeHHe PMIXK ponu Pg: npu HU3KOM ero co-
nepxxanun (Pg<645 pmol/L) OR=2,7, a npu BEICOKOM
OR=0,9. B 5 un 6-ii xombunauusx yposnu IgG -Bp
ObuTH BBICOKUMHU — 7,6 v.e., a E2 — muskumu <79
pmol/L. Cpeau »eHIIMH ¢ OTHOBPEMEHHO HU3KUMU
ypoBHaMu IgA -E2<2.,6 y.e. nons 310pOBBIX Oblia
oompie, gem OonbHBIX (14,1 vs 4,5 %; OR=0,3),a c
O/THOBPEMEHHO BBICOKMMH ypoBHsMH IgA -E2>2,6
y.e. oHU ObUIH paBHBIMH (6,8 vs 7,7 %; OR=1,1). Pas-
JIMYHSL 110 STUM KOMOMHALIMSIM OKa3aJIuCh 3HAUMMbIMU
(p=0,003), 9TO CBHAETEIHCTBOBAIO O CTUMYIUPYIO-
el ponn IgA -E2 y )KEHIIMH ¢ HU3KMM COZIEPKaHUEM
B cbIBOpOTKe E2 B KOMOMHALIMY C BLICOKUMHU YPOBHSI-
mu IgG -Bp. OnHOBpeMEHHOE MOBBINIEHHUE YPOBHEH
IgG,-Bp u E2 (xomOunamus 7) BcTpeyanocs y 26,7
% 3m0poBbIX KeHIuH 1y 54,2 % OompHeIx PMIK
(OR=3,3;2,3-4,7).

[TosmyueHHble pe3yabTaThl COOTBETCTBYIOT H3BECT-
HBIM IIPEACTABICHUSAM O CTUMYIMPYIOLUX KaHIIepore-
HE3 MOJIOYHOM kene3bl PyHKImIX E2 u Topmo3smumx
— Pg. Bmecre ¢ Tem, BBISICHUIIOCH, YTO CTUMYJIMPYIO-
miee feiictBre E2 mposBIsiiock y aKEHIUH C BBICOKUMH
yposHsimu IgG -Bp. 310 HE MPOTUBOPEYMIIO TaHHBIM,
IOJly4YEHHBIM HaMU PaHee, O MOBbIIIEHNHU prucka PMIK
MIPY OIHOBPEMEHHO IMOBBIIIEHHBIX YPOBHAX aHTHUTEIN
npotuB Bp u E2 [16], nockoneky conepxanue E2
B CBIBOPOTKE 3[JOPOBBIX JKEHIIUH KOPPEIUPOBAIIO C
ypoerem IgA -E2, a IgA -E2 — ¢ IgA -Bp (p<0,01).
ITo-Buaumomy, anTuTeNna npoTuB Bp, nupKyaupyromue
B CBIBOPOTKE, IEHCTBUTENBHO YCHIINBAIOT TPAHCIIOPT
Bp u3 okpykaromiei cpeabl B KpoBb, Kak ObUIO IO-
Ka3aHO B DKCIEPUMEHTaX in Vvitro (M3 amMKaIbHOTO
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MIPOCTPAHCTBA MOHOCJOS SMUTEIUAIBHBIX KIETOK B
6azanpHOe) [21], 1 crTOCOOCTBYIOT HaKOIUIEHHIO Bp
B OopraHax-MHUIIeHSX in vivo [22]. Takum oOpazom,
JIOCTUTAeTCs IBOWHOE, B3aUMOYCHJINBAlOIIee KaHIle-
porenHoe neiicteue Bp u E2 [14, 15].

VY KeHIWH ¢ HU3KUM coepkanueM E2 B komOu-
HaIlUH C OIHOBPEMEHHO BBHICOKMMHU YPOBHSIMH aHTH-
ten npotuB Bp u E2 (mo3unust 6) 3nauenne OR Ob110
Boie (1,1), 4eM y JKEeHIIUH C BBICOKUMHU YPOBHSIMU
aHTHTeN NpoTHB Bp 1 HM3KMMU — npotuB E2 (mmo3u-
mus 5), y kotopsix OR=0,3 (p=0,003). To ects npu
«uenocrarke» E2 u anturen npotus E2 noBeimenne
YpPOBHEH aHTUTEN NPOTUB Bp HE MpUBOAMIIO K OBHI-
meHuto pucka Bo3HukHoBeHust PMIK. Topmo3siee
KaHILIepOreHe3 AeHCTBHUE IOBBIILIEHHOTO COIEPKAHUs
Pg nposiBIIsIOCHh TOMBKO Y KEHIIMH ¢ HU3KUMH YPOB-
usamu IgG -Bp u cpennumu yposusamu 1gG,-E2 B
nHTepBane 3,4-5,4 y.e. (komOuHanms 3).

HHTepecHo, uTo Hanbosee BXKHBIMA (PaKkTopaMu
B pa3JielIeHny UCCIIEeJOBAHHOM KOTOPTHI XKEHIIUH Ha
310poBBIX U 00NbHBIX 0 CART-ananu3y sBIsIMCh HE
E2 u Pg, a antnuanorunnyeckue anrurena 1gG,-E2.
WupykTopamu nx 00pa3oBaHus y 3JI0POBBIX KEHIHH
MOTYT OBITh COOTBETCTBYIOIIME HIAUOTHUITUYCCKHE
anTurena npotus E2, cormacHo KjiaccuuecKon Teopum
00 nMMmyHOormueckux cetsx Mepue [23]. Oxnaxo
HaM HE yAaJoChb HalTH KOPPESLHOHHbIE B3aMMOC-
B3 MeX1y ypoBHsamu IgG-E2 u anTHTeN NpOTHB
E2. Iosenenue 1gG,-E2 MoxeT ObITh OTBETOM Ha
coMmarnueckue mytauuu ER, xapakTepHble 115 3710Ka-
YeCTBEHHOU TpaHchopmarmu kietok mpu PMXK [24].
B srom cnyuae anturena noprus ER Teopernuecku
MOTYT MPOSIBIISIT ce0s1 KaK aHTUMIMOTUIINYECKHE. /1
Vitro yCTaHOBJIEHO, YTO aHTUUIUOTUIINYIECKUE aHTUTE-
J1a, pearupyoie ¢ MOHOKJIOHAJIbHBIMU aHTUTEIaMU
npotus E2, nemonctpuposanu E2-nogoousie a3 dek-
ThI [25]. 13 ceiBopoTku GosbHBIX PMIK BbIIEICHBI
antutena npotus ER, crumynupyroue npoiudepa-
mmto ER-akcenpeccupyronmux kiaerok PMXK [17], maToT
3¢dexT OJOKMPOBAJICS CEIICKTUBHBIM MOJY/ISITOPOM
ER [26]. [lo-BuguMomy, aHaiu3 aHTUUIAOTUIINYEC-
cknx anTuTea K E2 wimm anturen k ER, nefictBuTeb-
HO, HE MEHEE BayKeH, 4yeM ornpejiesienre E2 B kayecTBe
(haxTopa prucka BozHuKHOBEeHHS PMOK.

Takum 00pa3oM, yCTaHOBIEHO, YTO U3 § Hccie-
JIOBaHHBIX UMMYHOJIOTHYECKUX (AKTOPOB TOIBKO
IgG -Bp, 1gG,-E2 u IgA -E2 mposiBunn cebs xax
npenuktopsl PMXK cosmectro ¢ E2 n Pg. Onnako B
HacToswlel paboTe He OBIJIO YYTEHO MOTEHIUAIBHOE
ydacTHe B UMMYHO-TOPMOHAJIBHOW PETYIISLUM 3J10-
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OCOBEHHOCTHU 3KCMNPECCUN CYBBEAUHUL
WHTErPUHOB oV 1 3 B MEPBUYHON ONYXONU
NMPU MNPOrPECCUPOBAHUU PAKA MOJIOYHOW XENE3bl

M.B. 3aBbsanoBa'?, I'.A. Ky3HeuoB?, E.C. NpuropbeBa’, J1.A. TawunpeBa',
A.B. 3aBbsinos?, B.E. NonoBa?, B.B. AnucaHos’, E.C. Nygosa'?,
B.M. NepenbmyTep’

"HayyHo-1ccrnenoBaTenbCkuii UHCTUTYT OHKONOrMK, TOMCKMIA HauMoHarbHbIN UccrneaoBaTenbCKuii
MeauUMHCKUI ueHTp Poccuiickon akagemumn Hayk

Poccus, 634009, r. Tomck, nep. KoonepatusHbin, 5

20IrbQY BO «Cubupckuii rocynapCTBEHHBIN MeaUUMHCKMIA yHUBepcuTeT» MuHaapasa Poccumn
Poccus, 634050, r. Tomck, MOCKOBCKMI TpakT, 2

AHHOTauus

[MprunHOM cMepTH OT paka MOMOYHOW XKene3bl HEPeaKO ABMSTCA MeTacTasbl B OTAaneHHble opraHbl. Me-
XaHn3M Nofo6HOro MeTacTasupoBaHnst MOXeT ObiTb CBSI3aH ¢ abeppaHTHON aKcnpeccuen cybbeauHuL, nH-
TErpuMHOB OV 1 B3 B KNeTkax nepenyHoOn onyxonu. Llenb nccnegoBaHua — oueHKa HanmMuns u nokanmaaumm
aKcnpeccum cyobeamHNUL, MHTErpUHOB av 1 33 B KNeTKax NepBUYHOM OMYXOMNu NPy pake MOMOYHOW XXenesbl.
MaTepuan u metoasbl. Viccnegosanvch GuonTartsl NEPBUYHOIO OMYXONeBoro y3na. B nccneposaHune Bkrio-
yeHo 49 xeHwwmH B Bo3pacTte 50,0 [43,0; 60,0] net ¢ nHBa3MBHbLIM MPOTOKOBbLIM PaKOM MOFOYHON Xernesbl
T1-4N0-3MO. [nsa oueHkn akcnpeccum mapkepoB Estrogen receptor, Progesteron receptor, c-erB-2 (Her2/
neu), Ki67, CD51 (uHTerpuH aV), CD61 (MHTerpuH $3) npumeHanca Metoq uMmyHornctoxumum. PesynbTa-
Thbl. MI3yyanucb ocobeHHocTu akcnpeccun nHiterpuna aV (CD51) u unterpuHa 3 (CD61) B 3aBMCMMOCTM OT
OCHOBHbIX KIMHWYeCKMX napameTpoB. Kputepun T4 n Hanmdme metactaTMy4eckoro nopaxeHus permoHarnbs-
HbIX TMMOY3MOB OKa3anucb acCoOLUMPOBAHHBIMU C HANVYNEM B LUTOMMA3Me KNETOK NEPBUYHOW ONyXOmnu
akcnpeccun cybbeamnHuubl nHTerpuHa aV. Kputepuit N3 6bin accoummpoBaH C HanuMyMem 3KCnpeccumn B
uMTonnasme KneTok NepBUYHOM ONyxonu cybobeamHuLbl uHterpunHa 3. B cnyvasax ¢ Hann4nem n otcyTCTBU-
€M remMaToreHHbIX MeTacTa3oB MO3WUTUBHAsS LMTONnasMaTnyeckas akcnpeccus cybbeanHuLbl UHTErpuHa
B3 obHapyxmBanacb ¢ npubnManTenbHO OOVMHAKOBOW YacToTon. 3akntoyeHue. Kputepunm T4 n Hanmune
MeTacTaTM4YEeCKOro NopaXeHns permoHarnbHbIX NMMMAOY3M0B acCOLMNMPOBaHbI C 3KCNPEeCccuen B LMTonnasme
KNeToK nepBrYHON onyxonu cybbeanHuubl nHterpuHa aV. Kputepmin N3 accoummpoBaH ¢ akcnpeccuen B
uMTonnasme KneTok NepBUYHON onyxonu cybbeanHuLbl MHTerpuHa 3.

KnioueBble croBa: pak MOfIO4YHOM Xernesbl, Cy6beanmHuua nHTerpuHa aV, cyéseamHuua uHTerpuHa 33,
nporpeccupoBaHue, NMMdQOreHHbIe MeTacTasbl, OTAareHHble MeTacTasbl.

#=7 3aBbsanoBa MapuHa BuktopoBHa, zavyalovamv@mail.ru
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EXPRESSION OF oV AND (33 INTEGRINS IN PRIMARY BREAST
TUMORS DURING CANCER PROGRESSION

M.V. Zavyalova'?, G.A. Kuznetsov?, E.S. Grigoryeva', L.A. Tashireva',
A.V. Zavyalov?, V.E. Popova? V.V. Alifanov', E.S. Pudova'?, V.M. Pereimuter"

'Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences
5, Kooperativny St., Tomsk, 634009, Russia

2Siberian State Medical University, Ministry of Health of Russia

2, Moskovsky trakt, Tomsk, 634050, Russia

Abstract

Distant metastasis is the leading cause of death from breast cancer. The mechanism of metastasis may be
associated with aberrant expression of av and (33 integrin subunits in primary tumor cells. Purpose of the
study: to evaluate the presence and localization of the expression of av and 33 integrin subunits in primary
breast cancer cells. Material and Methods. The study included 49 women with T1-4N0-3MO invasive ductal
breast carcinoma. The median age of the patients was 50 years (range: 43 to 60 years). Biopsy samples of
the primary tumor were examined. The expression of estrogen and progesterone receptors, c-erB-2 (Her2/
neu), Ki67, CD51 (integrin aV), CD61 (integrin 33) were assessed using immunohistochemistry. Results. The
expression of aV integrin (CD51) and 3 integrin (CD61) was studied in relation to key clinical parameters.
The T4 criterion and the presence of regional lymph node metastasis were associated with the expression
of aV integrin in the cytoplasm of primary tumor cells. The N3 criterion was associated with the presence of
the expression of 33 integrin in the cytoplasm of primary tumor cells. The frequency of positive cytoplasmic
expression of B3 integrin subunit was approximately the same in cases with and without hematogenous
metastases. Conclusion. The T4 criterion and the presence of regional lymph node metastasis are associated
with the expression of aV integrin subunit in the cytoplasm of primary tumor cells. The N3 criterion is associated

with the expression of 3 integrin subunit in the cytoplasm of primary tumor cells.

Key words: breast cancer, integrin aV subunit, integrin 3 subunit, cancer progression, lymph node

metastases, distant metastases.

AKTYyaJIbHOCTH

Pax momounoit sxene3sl (PMIXK) siBnsieTcst camoit
4aCcTOM MPUYUMHON OHKOJIOTMYECKOM CMEPTHOCTHU Y
skeHIuH [ 1]. JIeTanbHbIE HCXO/IbI Yallle BOSHUKAIOT B
pe3yibTaTe MeTacTaTHIECKOTO MMOPAKEHUS OT/IAICH-
HBIX OpPraHoB. BEISBICHHE KITFOUYEBHIX MEXaHM3MOB
METaCTa3UPOBAHUS MOXKET MOCITYKUTh OCHOBOM TSI
pa3pabOTKK HOBBIX MPENapaToB JIJIsl TAPTETHOMN Tepa-
1Y paKa MOJIOYHOM KeIe3bl.

B nacrosmiee BpeMs B Ka4yeCTBE y4aCTHHKA METa-
CTAaTUYECKOTO MPOIIECCa PACCMaTPUBAIOT MHTETPUH
avf3 [2]. Uaterpun avB3 siBasieTcsl reTepoauMepoM
1, COOTBETCTBEHHO, COCTOUT M3 CYOBETUHHIIBI OV U
cyobenuauIp! B3. CyObeIUHUIIBI IMEIOT BHYTPHKIIC-
TOYHBIH IIUTOTIIA3MATHUECKUH TOMEH, TpaHCMEeMOpaH-
HBII Y4aCTOK W BHEKJICTOUHBIA CBOOOMHBINA N-KOHEI]
[3]. B nureparype umeroTcs 1aHHbIE 00 3KCIPECCHU
WHTETpHUHA 0v33 Ha TTOBEPXHOCTH CTBOJIOBBIX KIETOK
IIPU MHOTHX 3JIOKAY€CTBEHHBIX HOBOOOPA30BAHUSIX.
DKcmpeccusi JaHHOTO WHTETPUHA acCOLUUPYETCs] CO
CKJIOHHOCTBIO K METACTa3UPOBAHUIO COMHUTHBIX OITYXO-
nei [4—6]. Cuuraercs, 4TO MHUITMAIUS MeTacTaTuye-
ckoro nporecca nmpu PMXK mosxeT ObITH 00ycrioBieHa
B3aUMOJICHCTBHEM MHTETpUHA 0VP3 ¢ abeppaHTHO KC-
[IPECCUPYEMbIM OITYXOJICBHIMU KIETKAMU JIUTAHIOM —
teHacuuHoM C [7, 8]. Takum oOpa3oM, OlleHKa JKC-
MIPeCCUH CyOBeTMHAIIBI MHTETPUHA OV ¥ CYObEINHHUIIBI
UHTErpuHA B3 B KJIETKAX MEPBUYHON OIYXOJIU IMPH

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2025; 24(6): 82-90

paKe MOJIOUHOH Keje3bl MOXKET ObITh MOJE3HOU IS
U3Y4YEHUs] MEXaHU3MOB METACTa3UPOBAHUSL.

b ncenen0BaHus — OLICHKA HAJTMYNS U JIOKAITH-
3al[UH IKCIIPECCUU CyOBEIMHHIl HHTETPUHOB OV 1 B3
B KJICTKaxX MEPBUYHON OIYXOJIM MPU PaKe MOJOYHON
JKEJe3bl.

MarepuaJj 1 MeTOIbI

Bce sTansl uccnenoBaHusi COOTBETCTBOBAIIH 3aK0-
HonatenbeTBy Poccuiickoit denepanuu 1 HOpMaTHUB-
HBIM JOKYMCHTaM HUCCJICA0BATCIbCKUX OpFaHHSaHHﬁ.
HccenenoBanuch 6uontarsl OT 49 yKEHIIMUH, 00IbHBIX
pakoM monouHoi xene3sl T1-4N0-3MO. Bospact
OOJIBHBIX, KOTOPBIE IMOJTyYalld JICYCHHE B MEPHOJ C
2013 mo 2020 . B yeoBusix HUU orkomorun Tomcko-
ro HUMII, cocrasun 50,0 [43,0; 60,0] neT. Beimonaes-
Hasl oreparysi COOTBETCTBOBAJIA PE3CKIIMKU MOJIOYHOM
JKeJIe3bl C TOAMBIIICYHON JTUM(paJTCHIKTOMUCH HITH
paaukaibHOW MacT3kToMuu. 1o mokasaHusM nanu-
CHTKaM Ha3Ha4daJ1aCh a/IbIOBAHTHAas JIyucBas TCparius,
XUMHOTEpANus UJId TOpMOHOTepanus. buonrarsl
OBLIM TPEACTaBICHBl TKAHBIO MEPBUYHON OITYXOJIH.
CraaupoBaHHe OITyX0JIEBOTO MPOTIECCa BHITOIHSIIOCH
Ha ocHoBaHuu TNM-8 kinaccudukaruu Corosa 1o
MEXIYHAPOIHOMY MPOTUBOPAKOBOMY KOHTPOJIO U
knaccudpukanuy BO3 2019 .

s THCTONOTHYECKOTO ¥ MMMYHOTHCTOXHMHU-
geckoro (MI'X) uccremoBaHust UCTIONB30BaN CTaH-
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JapTHYI0 MeTOIuKy. M3ydanuch TONBKO ciydyau ¢
WHBA3UBHOW MPOTOKOBOW KapIIMHOMOW MOJIOYHOM
xene3bl. [ OIeHKH CTEeTeHH 3JI0Kaue€CTBEHHOCTH
npuUMeHsach MoaupuuupoBanHas cxema Scarff-
Bloom-Richardson. Ucnonp3oBanuck aHTuTeENa
Estrogen receptor (kmon 1D5, Dako), Progesteron
receptor (ko PgR636, Dako), c-erB-2 (Her2/neu)
(Polyclonal Rabbit, Dako), Ki67 (kmon SP6, Cell
Marque), CD51 (unTerpun oV, NOIMKIOHAJIBHEIE,
Invitrogen, pa3senenue 1:600), CD61 (unterpun B3,
xiioH JE22-64, Invitrogen, pa3zsenenue 1:100).

Monexynspao-Ononorudeckue moarunsr PMOXK
OTPENEISINCH COIIACHO AKCIPECCUH PELENTOPOB K
sctporeny, nporecrepony, HER2, Ki67. Briaensum
JoMuHalbHbIA A, momuHainbHbli B HER2 orpunia-
TeIIbHBIN, TIoMHHANBHBIN B HER2 nonoxxuTenbHbIH,
HER?2 nonoxxutenbHbIi (He TFIOMUHATBHBIHN ) 1 Oa3alib-
HOIOJOOHBIN (TPOMHOW HEraTUBHBIN) MOJICKYJISIPHO-
OnonornyecKue MoITHITEI HOBOOOpa3oBaHus. bormbHbIe
OBUTH pazzieNieHbl Ha JIBE TPYMIBI — C HATHIUEM WITH
OTCYTCTBHEM METACTa30B B PETMOHAIBHBIX JUMQO-
y3iax (Tabm. 1). Hamuune reMaTtoreHHbIX METacTa30B
YCTaHABJIHMBAJIU B T€UEHWE 3 JIET JUHAMHYECKOTO
HaOroneHus Ha ocHoBanuu nanubix Y3U, KT, MPT.
Knuanko-mopdonornueckue mapaMeTpsl B 3aBUCUMO-
CTH OT FeMaTOr€HHOTO METacTa3upPOBaHMs IPUBECHBI
B Taom. 2.

B nurormazme n Ha MeMOpaHe KJIIETKOK IIEPBUIHOM
OITyXOJIM OLICHUBAJIH HAIWYHE YKCIIPECCUU CyObeIH-

HUILIBI MHTETpUHA 0V 1 CyObeJUHUIBI HHTErpHuHa [33.
st kol U3 n3ydaeMblxX CyObeAMHUI BBIACISIIN
JIOKAJIN3ANNI0 B IUTOIUIA3ME WM COYETaHHUE JIOKa-
JIM3alvy B IUTOIIa3M€E€ U Ha MeM6paHe OITYXOJICBBIX
KIeToK (puc. 1).

g cratuctuueckoil 00pabOTKKU HMCIIONB30Ba-
cs maket mporpamM STATISTICA 10.0. Kputepnii
[Tarmmpo—Buiika IprMeHsIIH 1Sl TPOBEPKU HOpMaJlb-
HOCTHU paclpeselieHus nokasarenei. Yacrory npu-
3HAKOB CPAaBHMBAJIM C MOMOIIbIO t-TecTa. Pasnmuuus
cuuTaIu 3HaYMMbIMU Tipu p<0,05.

Pesyabrarsl

YacToTa cityyaeB ¢ HATMYUEM B LIUTOIUIA3ME Kile-
TOK TIEPBHYHON OIMYXOJIA SKCIIPECCUU CyOhETMHHIIBI
UHTETpHHA 0V HE pa3inyanach B 3aBUCHMOCTH OT
BO3pacTa M COCTOSIHHSI MEHCTPYyalbHOH (QyHKIHU
KeHIMH. B cnywasx ¢ T4 vamie BbISIBISUIACH MTO3H-
THUBHAs DKCTIPECCUS] CyOBEINHUIBI HHTETPHHA OV B
IIATOIIIa3ME OITyXOJIEBBIX KIeTOK. Omyxom 0e3 Takoi
IKCIIPECCHU OOHAPYKUBAIIUCH PEIKE.

YcTaHOBNIEHA CBSI3b DKCIPECCUU CyOBEIMHULBI
WHTETpUHA 0V B IMTOIUIa3ME OITyXOJIEBBIX KJIETOK
C METacTaTH4YeCKNM TOpPaXKEeHHEM PErhuOHapHBIX
muMpoy3moB. OHa BBISBISIIACH Yallle NMPH HATUIHN
METacTa30B B pernoHapHbIX TUM(pOoy3nax. ¥ O0IbHBIX
¢ N3 no3utuBHas 3kcnpeccusi CyObeIUHNLBI HHTE-
rpuHa oV B LUUTOILIA3ME KJIETOK IEPBUYHOM Oy X0JIH
oOHapy>xuBainach B 31 %, B To BpeMs KaK OTCyTCTBHE

Ta6bnuua 1/Table 1

XapaKTepMCTVIKa nccnepyembix rpynn 6ONbHbIX B 3aBUCUMOCTHU
OT Hann4uA nMMq)oreHHOFO MeTacTtasnpoBaHusa

Characteristics of the groups of patients depending on the presence of lymph node metastasis

ITapamerp/Parameter

Bospact/Age, Me [Q1; Q3]

JImmdorennsie meTacTassl/
Lymph node metastases p
Het/No (n=21) Ecte/Yes (n=28)
51,0 [40,0; 60,0] 50,0 [45,0; 60,0] 0,461

CoctostHue MeHcTpyanbHO# (yHknun/Menstrual status

Coxpanena/Saved 10 (48 %) 14 (50 %) 0,445
Menomnay3a/Menopause 11 (52 %) 14 (50 %) 0,445
XapakTeprcTHKa epBHYHOTO omyxoseBoro y3ina/Characteristics of the primary tumor
T1 5(24 %) 7 (25 %) 0,468
T2 14 (66 %) 9 (32 %) 0,009
T3 1(5%) 3 (11 %) 0,227
T4 1(5%) 9 (32 %) 0,010
Cremnens 3nokauectBeHHOCTH/Grade of malignancy

Gl - 2 (7 %) 0,108
G2 19 (9 %) 26 (93 %) 0,001
G3 2 (10 %) — 0,087

Mornekynsipao-reneTndeckuid Tu/Molecular genetic type
JlromunaneHbiit A/Luminal A 4 (19 %) 5(18 %) 0,464
Jlromunaneueiii B HER2 otpunarensabrii/Luminal B HER2 negative 11 (53 %) 13 (46 %) 0,314
Jlromunansnsni B HER2 nonoxunrensusii/Luminal B HER2 positive 3 (14 %) 4 (14 %) 0,500
HER?2 nonoxwuTtensHblii (He mromuHanbabii )/ HER2 positive (non-luminal) 3 (14 %) 3 (11 %) 0,376
bazanpHOMON00HbIH (TpoiiHOIT HeratuBHBII)/Basal-like (triple negative) - 3 (11 %) 0,116

HpI/IMe‘IaHI/ICZ Ta6111/1ua COCTaBJIEHA aBTOpaMH.

Note: created by the authors.
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Puc. 1. MukpodoTo. Skcnpeccus
CyObeNHNL, UHTErPUHOB B MEPBUYHOMN
onyxonu: A — uutonnasmaTtuyeckas
aKkcnpeccusi cybbeauHNULbl MHTErpuHa
aV (CD51); b — untonnasmarunyeckas/
MeMbpaHHasi Korlokanmaaums aKc-
npeccumn cybbeanHubl MHTerpuHa aV
(CD51); B — umtonnasmartumyeckas
aKcnpeccusi cybbeanHNULbl MHTErpuHa
B3 (CD61); I' — umTonnasmartuyeckas/
MeMbpaHHasi Korlokanmaaums aKc-
npeccun CybbeanHuLbl MHTerpuHa 3
(CD61); x400. MNpumevaHwe:
PVCYHOK BbIMONHEH aBTopamm
Fig. 1. Microphoto. Expression of integ-
rin subunits in the primary tumor:

A — cytoplasmic expression of the
integrin subunit aV (CD51);

B — cytoplasmic/membranous colo-
calization of the integrin subunit aV
(CD51) expression; C — cytoplasmic

’5‘.', * x = o 2 y ' expression of the integrin subunit B3
& s U@ty (CD61); D — cytoplasmic/membranous
colocalization of the integrin subunit B3
(CD61) expression; x400.
Note: created by the authors

Ta6nuua 2/Table 2
XapaKTepucmxa uccnegyembix rpynn 0ONbHbIX B 3aBUCMMOCTU OT BO3HUKLLETro
B npouecce AMHaMn4ecKkoro Ha6mo.qe|-|m| oTAaneHHoOro metacrtasmpoBaHus

Characteristics of the groups of patients depending on the distant metastasis during follow-up

OrnaneHHble MeTacTasbl/

TTapamerp/Parameter Distant metastases p
Her/No (n=18) Ectp/Yes (n=31)

Bospact/Age, Me [Q1; Q3] 49,0 [45,0; 53,0] 51,0 [42,0; 61,0] 0,662

CoctostHue MeHCTpyainbHO# dhyHkimu/Menstrual status
Coxpanena/Saved 18 (56 %) 14 (45 %) 0,229
MeHnomnay3a/Menopause 8 (44 %) 17 (55 %) 0,229

XapakTepucTrka MepBUYHOTO omyxoieBoro y3na/Characteristics of the primary tumor
T1 5 (28 %) 7 (23 %) 0,348
T2 7 (39 %) 16 (52 %) 0,189
T3 2 (11 %) 2 (6 %) 0,265
T4 4 (22 %) 6 (19 %) 0,400
Crenens 3nokadectBenHocTn/Grade of malignancy
Gl 1(6 %) 13 %) 0,609
G2 17 (94 %) 28 (91 %) 0,353
G3 - 2 (6 %) 0,145
Monekysipao-renerndeckuii Tur/Molecular genetic type

JlromunaneHbIil A/Luminal A 4 (22 %) 5(16 %) 0,299
Jlromunaneueiii B HER2 orpunarensusnii/Luminal B HER2 negative 8 (45 %) 16 (52 %) 0,318
Jlromunaneueiii B HER2 nonoxurensueiii/Luminal B HER2 positive 2 (11 %) 5(16 %) 0,314
HER?2 nonoxwurensHsiii (He momuHanbHb )/ HER2 positive (non-luminal) 4 (22 %) 2 (6 %) 0,095
basansHononoOHbIH (TpoitHoit HeraruBHbIH)/Basal-like (triple negative) — 3 (10 %) 0,165
NO 8 (44 %) 13 (42 %) 0,445
N+ 10 (56 %) 18 (58 %) 0,445
Kpurepuit N/N criterion N1 5 (28 %) 12 (39 %) 0,218
N2 1(6 %) 2 (6 %) 0,500
N3 4 (22 %) 4 (13 %) 0,205

IIpumeuanue: Tabnuia cCOCTaBICHa aBTOPAMHU.

Note: created by the authors.
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Ta6bnuua 3/Table 3

OcobeHHOCTU LMUTONMa3MaTUYECKON IKCNPEecCUmn cyobLeanHUL bl HTerpuHa aV
B 3aBMCUMMOCTU OT KINUHUKO-Mopcponornyeckmx napametpos PMXK
Features of cytoplasmic expression of integrin aV subunits depending
on clinical and morphological parameters of breast cancer

[uTomnasMarudecKas 9KCIPECcCcus
CyOBbEIUHHUIBI HHTETPUHA O.V/
Cytoplasmic expression of integrin oV

[Mapamerp/Parameter subunits p
Het/No (n=33) Ectp/Yes (n=16)
Bospact/Age, Me [Q1; Q3] 51,0 [39,0; 60,0] 50,0 [46,0; 54,5] 0,678
Cocrosinne MeHCTpyasibHOU (yHKmu/Menstrual status
Coxpanena/Saved 16 (48 %) 8 (50 %) 0,448
Menomnay3a/Menopause 17 (52 %) 8 (50 %) 0,448
XapaxreprcTHiKa epBUYHOro oryxosesoro y3ia/Characteristics of the primary tumor
T1 7 (21 %) 51 %) 0,222
T2 21 (64 %) 2 (12,5 %) 0,001
T3 2 (6 %) 2 (12,5 %) 0,233
T4 39 %) 7 (44 %) 0,002
Crenens 3nokagectBeHHocTH/Grade of malignancy

Gl - 2 (12,5 %) 0,021
G2 31 (94 %) 14 (87,5 %) 0,202
G3 2 (6 %) - 0,159

MonexkynsipHo-reHeTnaeckuii Tun/Molecular genetic type
JlromunaneHbit A/Luminal A 4 (12 %) 531 %) 0,106
Jlromunaneueii B HER2 orpunarensusii/Luminal B HER2 negative 19 (58 %) 531 %) 0,076
Jlromunaneueiii B HER2 nonoxutensabii/Luminal B HER2 positive 4 (12 %) 3 (19,5 %) 0,258
HER?2 nonoxuTtensHbli (He mromuHanbHEN )/ HER2 positive (non-luminal) 4 (12 %) 2 (12,5 %) 0,480
bazansHOMOM00HKIH (TpoiiHoit HeratuBHBII)/Basal-like (triple negative) 2 (6 %) 1(6 %) 0,500
NO 17 (51,5 %) 4 (25 %) 0,042
N+ 16 (48 %) 12 (75 %) 0,037
Kpurepnit N/N criterion N1 11 (33,5 %) 6 (38 %) 0,365
N2 2 (6 %) 1 (6 %) 0,500
N3 39 %) 531 %) 0,025
I'emarorennsie Meractasbl/Hematogenous metastases 24 (73 %) 7 (44 %) 0,024

IIpumeuanue: Tabnuia cocraBieHa aBTOpPaMH.

Note: created by the authors.

MOJ0O0HON dKCIpeccHy BBISBIAIOCH B 9 % ciydaes
(p=0,025). ITo3uTuBHAas 3KcTIpeccHsi CyObeINHUIIBI
HHTErpHHA 0V B LUTOILIA3ME OITyXOJIEBbIX KJICTOK IIPH
BO3HUKHOBEHHUU T€MATOI'€HHBIX METACTa30B BbISBII-
nack B 44 %, a Ipu UX OTCYTCTBUH — B 73 % cirydaeB
(p=0,024) (Tabmn. 3).

CoueraHue SKCIPeCCUr CyObEIUHNIBI HHTEIPHHA
oV B IIUTOIIIa3Me B Ha MeMOpaHe KIICTOK TePBUIHON
OITYXOJIH TaK)Ke 0Ka3aJoCh CBA3aHHBIM C ITapameTpa-
MU MEPBUYHON omyxosid. Y skeHIMH ¢ T4 B TKaHU
HOBOOOPA30BaHUs Yallle MPUCYTCTBOBAJIO COUETAHHE
MIO3UTHBHOM 3KCHPECCUH CyObEIUHULBI UHTETPUHA
oV Ha MeMOpaHe ¥ B IIUTOTUIa3Me OITyXOJIEBBIX KIIETOK
(tabm. 4).

VY 6onbHbIX ¢ N3 yaiie oOHapyKuBajach MO3UTHB-
Hasi 3KcIpeccusi cyObeAMHULBI MHTEIPUHA B3 B LIUTO-
J1a3Me KJIETOK MEPBUYHON OTYXO0JH, B CPABHEHUH CO
CITy4asiMH, KOT/Ia IToJJ00HAs 3KCIPECCHs OTCYTCTBOBA-
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ma—B33,4u 11 % cmyuaeB coorBeTcTBeHHO (p=0,037)
(tabn. 5). Y OONpHBIX C HAJMYUEM M OTCYTCTBHEM
reMaTOTeHHBIX METAacTa30B MO3WTHUBHAS IMTOILIA3-
MaTH9ecKasi IKCIpeccus MHTerpruHa 3 00HApYKH-
BaJlaCh C NMPHUOJIU3UTEIBLHO OJMHAKOBON 4acCTOTOM.
['emaTorennbie MeTacTasbl He OBUTH aCCOLMHPOBAHBI
¢ Jr000H JOKamu3aIueil SKCIPECCU CyObeTMHUIIBI
uHTerpruHa 3.

O6cy:xneHue

W3BecTHO, 4TO MHTETPHH O.VP3 y4acTByeT B mepe-
MPOTPaMMHUPOBAHUH OITyXOJIEBBIX KIIETOK TIPH paKe
MOJIOYHOM JKEJIe3hl, HAACASI NX CTBOJIOBBIMHU CBOM-
crBamu [7]. CyObennHuIa HHTETPUHA 0V y4acTByeT
B MEXaHu3Max, 00eCleynBalouuX BO3MOXKHOCTh
OITYXOJIEBBIX KIIETOK CYIIECTBOBATh HE3aBUCHMO OT
cyOcTpara, 9TO0 00€CTeUunBaeT MPOIECC METACTa3H-
poBanus [2, 9]. Ilo pe3ynapraraM HaIIETo HCCIENO-
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Ta6nuua 4/Table 4

OcobeHHOCTU LMTONMa3MaTuYecKkon/memMopaHHOM KONOKanM3aLuumn aKCnpeccum cyobeamHuLbl
MHTerpuHa aV B 3aBUCUMOCTU OT KITMHUKO-MOPPONorMyeckux napaMeTpoB paka MONOYHOW xene3bl
Features of cytoplasmic/membrane colocalization of integrin aV subunits expression depending
on clinical and morphological parameters of breast cancer

[Tapamerp/Parameter

[urormazmMaruueckas/MeMOpaHHas KOJIOKaIn3a-
LHs] OKCIIPECCHs CyObeJMHUIIBI HHTErpHHA 0.V/
Cytoplasmic/membrane colocalization of integrin p
oV subunits expression

Het/No (n=42) Ectp/Yes (n=7)

Bospact/Age, Me [Q1; Q3] 50,0 [40,0; 60,0] 51,0 [46,0; 56,0] 0,667
CocrostHue MeHCTpyanbHO# (yHknun/Menstrual status
Coxpanena/Saved 15 (36 %) 3(43 %) 0,361
Menomnayza/Menopause 27 (64 %) 4(57 %) 0,361
XapaxTepucTHKa epBUYHOT0 omyxoseBoro y3na/Characteristics of the primary tumor
T1 10 (24 %) 2 (28,25 %) 0,410
T2 22 (52 %) 1 (14,5 %) 0,031
T3 4 (10 %) - 0,190
T4 6 (14 %) 4 (56,25 %) 0,005
Crenens 3nokauectBeHHOCTH/Grade of malignancy
Gl 1(2%) 1 (14,5 %) 0,120
G2 39 (94 %) 6 (85,5 %) 0,396
G3 2 (4 %) — 0,295
Mornekynspao-renerndeckuii Tun/Molecular genetic type
JlromunaneHbIi A/Luminal A 7 (17 %) 2 (28,25 %) 0,244
Jlromunaneubiit B HER2 otpuniarensHbrii/
Luminal B HER2 nepgaLt[ive 28 (59 70) Qs 72) 0,022
JlromuHaneHbelil B HER2 monoxuTenbHbIH/
Luminal B HER?2 positive > (12%) 2(28,25%) 0,131
HER?2 nonoxuTenbHbli (He TIOMUHAIBHBIH)/
HER2 positive (Igon-luminal) ) 5 {U2%) 1 2) 0,441
BazanpHO1mon00HbIH (TpOiHOI HeraTHBHBIIT)/
Ba?al-like (t(rilf)le negative) : 2% 1(14,5%) 0,139
NO 19 (45 %) 2 (28,5 %) 0,199
N+ 23 (55 %) 5(71 %) 0,214
Kpurepuit N/N criterion N1 15 (36 %) 2 (28,5 %) 0,341
N2 2 (5 %) 1 (14,5 %) 0,182
N3 6 (14 %) 2 (28,5 %) 0,175
I'emarorennsie metactassl/Hematogenous metastases 27 (64 %) 4 (57 %) 0,361

Ipumeyanne: TabnuIa COCTaBICHA aBTOPAMH.

Note: created by the authors.

BaHUs kputepuit T4 W HamTU4Me METacTaTHYECKOTO
MOPaXKEHUSI PETUOHAIBHBIX JIUM(OY3TI0B OKa3aIUCh
ACCOLIMMPOBAHHBIMU C MO3UTUBHOMN IKCIpeccuei
cyobenuuuiel nHTerpuHa oV. Kputepuii N3 Obun
aCCOMHMPOBAH C HAJIMYUEM B LUTOILJIa3ME KJICTOK
MIEPBUYHOM OITyXOJIHM SKCIIPECCHH CYOhETUHUIIBI WH-
terpuHa 3. CBs3b dKkcnipeccuu retepomumepa aV3 ¢
J'II/IM(bOI‘eHHI)IM METaCTa3supOBaHUEM IIPU paKe MOJIOY-
HOW KeJie3bl, O-BUIUMOMY, He ciydarina. [lonooHoro
poia acconuaIu OOHAPYKUBAIIU MPHU TIOPAKESHUU
3JI0KQ4€CTBEHHBIMHU OITYXOJIIMHU SIUTEIUAITBHOTO
MIPOUCXOXKIACHU XKEITyIKa, TOJICTOU KHWIIKH, JICTKOTO,
riedeHu, ssmuHuKoB [ 10, 11]. OOHapy»keHHas accolya-

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2025; 24(6): 82-90

NS DKCIIPECCUU CYOBEIMHUI] HHTETPHHOB 0V 1 33 ¢
TM(OTeHHBIM MeTacTa3upOBaHUEM TPEOYET JIOTIOI-
HUTEJIBHBIX UCCIIeJOBaHNN. BriscHeHne MexaHn3Ma
3TOro (heHOMEHa MOXET OBITh MEPCIEKTHBHBIM IS
UCTIONIb30BAHUS B KITHHHKE.

3akJirouenune

B pesynbrare BBINTOJIHEHHOTO HCCIEIOBAHUS
YCTaHOBJICHO, YTO CYObESIUHUITEI MHTETpUHA 0V U 3
M0-Pa3HOMY 3aMHTEPECOBAHbI B POCTE EPBUYHOM OITy-
XOJIM 1 METACTAaTHUYCCKOM NOPAKECHUN PETUOHAPHBIX
TUMQOY3JIOB TPU KApPLIIUHOME MOJIOYHOM JKeIlle3bl.
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Ta6bnuua 5/Table 5

OcobeHHOCTU LUTONNa3MaTUYECKOWN dKCNpeccumn cyobeanmHULbI MHTErpuHa 33
B 3aBMCUMMOCTU OT KINUHUKO-Mopcponornyeckmx napametrpos PMXK
Features of cytoplasmic expression of integrin 33 subunits depending on clinical
and morphological parameters of breast cancer

Cytoplasmic expression
of the integrin B3 subunit/

IMapamerp/Parameter I{urorazmarnyeckast SKCIpeccHs P
CyObeMHUIBI HHTerpuHa 33
Hetr/No (n=37)  Ects/Yes (n=12)

Bo3spact/Age, Me [Q1; Q3] 51,0 [45,0; 60,0] 48,0 [42,0; 56,0] 0,584

Cocrosinne MeHCTpyaibHOHU (yHKImH/Menstrual status
Coxpanena/Saved 18 (49 %) 6 (50 %) 0,476
Memnomnay3a/Menopause 19 (51 %) 6 (50 %) 0,476

XapaxreprcTHKa epBUYHOro ommyxosesoro y3na/Characteristics of the primary tumor
T1 9 (24 %) 3 (25 %) 0,472
T2 19 (52 %) 4 (33,35 %) 0,126
T3 3 (8 %) 1 (8,3 %) 0,500
T4 6 (16 %) 4 (33,35 %) 0,101
Cremens 3mokauectBeHHOCTH/Grade of malignancy
Gl 2 (5,5 %) - 0,215
G2 33 (89 %) 12 (100 %) 0,115
G3 2 (5,5 %) — 0,215
MonexkynsipHo-reHeTnaeckuii Tun/Molecular genetic type

Jlromunansueiit A/Luminal A 6 (16 %) 3(25 %) 0,214
Jlromunaneabiii B HER2 otpunarensabiii/Luminal B HER2 negative 18 (49 %) 6 (50 %) 0,476
Jlromunansueiii B HER2 nonoxurensubiii/Luminal B HER2 positive 6 (16 %) 1 (8,3 %) 0,244
HER?2 nonoxurensusiii (He momuHanbHbIH)/HER2 positive (non-luminal) 4 (11 %) 2 (16,7 %) 0,292
BazansHomonoOusIil (Tpoiinoit HeraruBHEI)/Basal-like (triple negative) 3 (8 %) - 0,156
NO 17 (46 %) 4 (33,3 %) 0,215
. N+ 20 (54 %) 8 (66,7 %) 0,233
KIEH;?&??OE/ N1 13 (35 %) 4333 %) 0,449
N2 3 (8 %) - 0,156
N3 4 (11 %) 4 (33,4 %) 0,037
I'emarorennbie Metacta3sl/Hematogenous metastases 24 (65 %) 7 (58 %) 0,331

HpnMeanue: TabNuIa COCTaBICHa aBTOpaMH.

Note: created by the authors.
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NYYEBASA TEPANUA NOCIE PAOUKAIIbBHON
NMPOCTAT3KTOMUWU. HEPELLEHHBLIE BOINPOCHI -
HA NMPUMEPE KITMUHWYECKUX CNTYHAEB
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Poccus, 249036, r. O6HuHCK, Kanyxckas obnactb yn. Koponesa, 4
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Poccus, 125284, r. Mocksa, 2-1 boTkuHckun npoesa, 3

AHHOTauuA

BBegeHue. HecMoTps Ha akTUBHOE pa3BUTUE U MOCTOSIHHOE COBEPLLEHCTBOBAHNE COBPEMEHHbIX METOA0B
[OMarHoCTVKN 1 NeYveHuns, pak npegcratensHoin xenesbl (PMK) npogomkaeT 3aHumaTs nuampyoLme nosuumm
B CTPYKTYpe 310Ka4yeCTBEHHbIX HOBOOOPAa30BaHWI CPean MY>XCKOro HaceneHus Hawen ctpaHbl. OCHOBHbIMM
MeTOAaMU fieYeHNs MaLMEHTOB C JTIOKanM30BaHHbLIMM U MECTHOpacnpoCTpaHeHHbIMY hopmamu PIDK sBnstoTcs
pagvkanbHasa npoctaraktomus (PI3) nnu nyvesoe (ropMoHonyyeBoe) nedeHune. Bmecte ¢ Tem, 6onee vem
B MOMOBWHE CIy4aeB MOCIe XMPYPruyecKkoro nevyeHns MoxeT notpeboBaTbCcs NpoBeaeHMe nocreonepaLum-
OHHOTO Kypca KOH(OPMHOW ANCTaHLMOHHOM Ny4eBOI Tepanum ¢ y4eTOM MHAMBUAYarnbHbIX (DaKTOPOB pucka.
O6cyxaeHue. [1o HacTosILLEero BpeMeHN NPoaOIKaeTCsl akTUBHAsA ONCKYCCUS OTHOCUTENBHO NMOKa3aHui u
CPOKOB Hayana npoBefeHus nyveson Tepanuu nocne PrN3: B aabioBaHTHOM pexume, T.e. Npu OTCyTCTBUK
Nnpu3HakoB peuuavBa 3aboneBaHusi, HO NPU HanUuUM HebnaronpuSATHLIX PakTOPOB NPOrHO3a, UNK yxe Npu
HanM4yMnm BMOXUMMYECKOTO peLmanBa UM MakpOCKOMUYECKU ONpenensieMon OMyxomnu — «CracuTernbHOW»
nyyeBou Tepanun. Hamu npoBeeH aHann3 Hamboree N3BECTHbIX U KIMHUYECKN 3HAYUMbIX UCCIIEQ0BaHWUIA Mo
naHHol npobneme. OTcyTCTBUE YyOEeauTenbHbIX AaHHbIX O NMPenMyLLiecTBax agbioBaHTHONM Ny4YeBor Tepanum
ONs ynyyweHns BbXXMBaeMocT 6onbHbIx nocrne P13, aaxe npu Hanuuum HebnaronpusaTHbIX akTopoB, No-
TeHumpyeT obcyxaeHne Bonpoca o ee LenecoobpasHoCTU Npy 3aBeOMOM YBEMNUYEHUN pUCKa OCITOXKHEHWN
neYeHns 1 yxyaLweHun kayecTBa Xn3Hy naumeHToB. OnMcaHue KNnuHMYeckux cny4vaeB. Mbl npeactaBnsem
onvcaHve ABYX KNMHUYECKUX CryYaeB NPUMEHEHNS aablOBaHTHOM U «CMAacUTENbHOW» My4YeBOr Tepanuu y
6onbHbIX PIMK nocne pagunkanbHom npoctatakTomun. 3aknrouveHue. [Nocne pagunkanbHOM NPpoCTaTaKTOMUK
agbloBaHTHas nyyeBasi Tepanusi MOXeT ObITb PAaCCMOTPEHA Y MaUMEHTOB C HeBraronpuATHBIMU hakTopamu
pucka pa3BuTusa peuuanea 3aborneBaHus, HO B TO XXe BPEMS «CnacuTenbHasy nyyeBas Tepanvs 3aBeJoMo
CHWXXaET PUCK Pa3BUTUS OCITOXKHEHUIA, MO3BOISAET BbIMOSHUTbL 3CKaNaLmio 403bl B OMyXOMNu 1 NOYTY B NOSNIOBUHE
cnyyaeB n3bexaTb HEHY)XXHOro JOPOroCTOSALLENO NIEYEHNSI U HEOOXOAMMOCTY KOPPEKLMM €70 OCIIOXKHEHWIA.

KnroueBble cnoBa: pakK npep.CTaTeanoﬁ xenes3bl, pagukaribHasAs NPOCTaT3KTOMUA, aAblOBaHTHas nyveBas
Tepanusd, «cnacutesibHasA» nyydyeBas Tepanus, OCNOXHEeHUsA, 3cKanauusa Ao3bl.
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Abstract

Background. Despite advances and improvements in diagnostic and treatment methods, prostate cancer
(PC) continues to be one of the most prevalent malignancies in men. The main treatment modalities for
patients with localized and locally advanced PC are radical prostatectomy (RP), radiation therapy, and
hormone therapy. After surgery, postoperative conformal external beam radiation therapy (EBRT) may be
required in more than half of cases, taking into account individual risk factors. Discussion. Currently, there
is an ongoing discussion regarding the indications and optimal timing of radiation therapy after RP: whether
it should be administered in the adjuvant setting (i.e., when there is no disease recurrence, but unfavorable
prognostic factors are present), or as so-called salvage radiation therapy, in cases of biochemical recurrence
or macroscopically detectable tumors. We analyzed the most well-known international studies devoted to this
issue. The lack of convincing data supporting the benefit of adjuvant EBRT in improving survival after RP,
even in the presence of unfavorable factors, contributes to the ongoing debate about its appropriateness,
given the known increased risk of treatment-related complications and the deterioration in patients’ quality of
life. Clinical case descriptions. We present clinical cases illustrating the use of both adjuvant and salvage
radiation therapy. Conclusion. After radical prostatectomy, adjuvant radiation therapy may be recommended
for patients with unfavorable risk factors for recurrence. However, salvage radiation therapy reduces the
risk of treatment-related complications, allows for dose escalation, and in nearly half of cases, helps avoid
unnecessary and costly treatment.

Key words: prostate cancer, radical prostatectomy, adjuvant radiation therapy, salvage radiation therapy,

complications, dose escalation.

BBenenne

ITo naHHBIM MUPOBOM CTAaTUCTHUKH, pPaK Mpel-
cratenbHOi xene3sl (PITK) 3annMaer BTOpoe MecTo
B CTPYKTypE OHKOJOTHYECKOH 3a00J€BaECMOCTH Y
MY>KYUH U cocTaBiseT okono 14,2 % oT uucna Bcex
BbIsIBJICHHBIX citydaeB [1]. B Poccuiickoit denepaunu
JIaHHBIH IToKa3arelb coctaBiseT 19,1 %, 94To cooTBeT-
CTBYET IIEPBOMY MECTY B CTPYKTYpPE 3a00JI€Ba€MOCTH
3JI0KaYECTBEHHBIMU HOBOOOpaszoBaHusimu (3HO) [2,
3]. Haubonee moaBepKeHbI TaHHOW TATOJIOTHH MYK-
YUHBI B Bo3pacTe crapire 60 et (cpeaHuit Bo3pact —
69,9 Toma), BIOJTHE TPYAOCIOCOOHBIC M COIHAIBHO
aKTUBHBIE JTfonu. HecMoTps Ha pa3BUTHE U COBEPIIICH-
CTBOBaHUE TEXHOJOrUH paHHell nquarnoctuku PITK,
gacToTa MepBUIHBIX 001bHEIX ¢ III 1 IV cramueii ocra-
eTcsl BeCbMa BBICOKOH, cocTanysist 15 u 3,7 % cooTBet-
ctBeHHO. CMepTHOCTE OT PITK exerontno HEYyKIOHHO
pactet (npupoct 11,33 % na 100 ThiC. HaceneHus ) U
MPOAOIKAET 3aHUMATh TpeThe MecTo cpenu Becex 3HO
[2, 3]. B cBsi3u ¢ 5TUM HEOOXOIUMOCTD YIyUIIEHUS
pesynbraroB sgedeHus PIDK ocraercs akryanbHO# u
COLIMAJIbHO 3HAYUMOU TIPOOIEMOH.
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OCHOBHBIMU METOJAMU JICUCHUS IMAI[UEHTOB C
JIOKQJIN30BAaHHBIMUA U MECTHOPACIPOCTPAHEHHBIMU
(hopMaMu OITyXOJIH SIBIITIOTCS paJNKaIbHas IpocTa-
TakTomus (PI1D) unu myueBoe (TOPMOHOIYUYEBOE)
nedeHre. HecMoTps Ha TOCTOSHHOE COBEPILIEHCTBO-
BaHWE U BBICOKYIO 9(P(PEKTUBHOCTH XUPYPTHUECKOTO
JICUCHUS, BAXKHOU MPOOIEMON OCTaeTCs OICHKA
cTaanu 3a0ojeBaHusl Ha dTane AuarHoctuku. Co-
IJIACHO MPOBEICHHBIM UCCIICIOBAHUSM, TOBBIIIICHUE
CTajuu 3a00JeBaHusl y OOJBHBIX WCXOIHO HHU3KOTO
M O4YE€Hb HU3KOTO pucka o pT3a MOXKeT J0CTUraTh
oT 2,5 1o 8 % ciydaes, cymma [mucona >7 — ot 8
70 18 %, a moIoKUTENbHBIH XUPYpPrUdecKuil Kpait
(R1) — oxomno 20 % cmydaes [4, 5]. Uactora R1-
PE3eKINi KOPPEIUPYET CO CTaauei 3a0oJIeBaHMUs,
no nanHbiM J.L. Hoepffner et al. [6], npu pT2 u pT3
IIOJIOKUTEIIBbHBI XUPYPrUYECKUIl Kpail BbISBIIEH B
17,4 u 36,9 % cinydaeB COOTBETCTBEHHO; IIPU 3TOM
4acToTa OMOXMMHUYECKOTO PEIHAnBa CIyCTs 7 JeT
mokeT gocturath 21,3 % [6]. K dakxTopam pucka,
onpezaesromuM ucxon PI1D, otHocsites pT3a-b, R1,
I'mucon 810 [7, 8].
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HeobxonuM TmiaTenbHbII MOHUTOPHHT YPOBHS
npoctarcrenuduyeckoro anturena (ITCA) mocie
XUPYPrUYecKoro BMemareascTa. Kak mpasuiio, ypo-
BeHb [ICA momkeH cTaTh HEOTPEAeIsIeMbIM B TCUCHHE
4—6 Hen nocIie onepanum, NOCKOIbKY IEPUOJ €To MOo-
JTYBBIBEZICHUS U3 CBIBOPOTKU KPOBH COCTABIISIET ~2—3
must. Onpenensemsril ypoeHb [ICA MOXKET yKa3bIBaTh
Ha HaJIM4Me KaKk OCTAaTOYHOM TKAaHU, TaK U OIyXOJH
npeacTarenabHol xkenesbl. [loBeimenne yposus [ICA
BhItre (0,2 HI/MIT SIBISIETCS TPU3HAKOM PEIUIUBA HITH
nporpeccupoBanus 3aboneBanus [9]. Uactora Omo-
XUMHYECKOTO PELUNBA KOPPEITUPYET HE TOJIBKO CO
cTaueil 3a00JIeBaHus, HO M C KOJIMYECTBOM JIOTIOTHH-
TEJIBHBIX (haKTOPOB HEONArompusTHOIO Nporuosa. B
pabote N. Yamaguchi et al. [10] ypoBeHs Oe3pentnans-
HOW BBDKMBAEMOCTH OB 3HAYMMO BHIIIE Y OOJIHHBIX
¢ HanM4#eM 2 u OoJiee HeOIaronpusITHRIX (PaKkTOPOB,
cocrtaBirat 94,8 vs 69,6 % COOTBETCTBEHHO.

Ha mporuo3 6e3pernuInBHON BBEIKHBAEMOCTH
OKa3bIBAIOT BIUSHIE JIOKAIN3AINS U TIPOTSKEHHOCTb
MIOJIOKUTENIHOTO Xupyprudeckoro kpas [11]. Hau-
Ooinee yacto R1 0OHapykXuBaroT B 001aCTH BEPXYILKU
MpeJIcTaTe IbHOH xKelne3bl. 1o taHHbIM psijia aBTOPOB,
B ITOZOOHBIX CITydasx Oe3peruIuBHas S-TeTHIS BEDKHU-
BaeMOCTh cocTaBisieT okono 50 % [12, 13]. Bnusuue
npotsbkeHHocT R1 orneHeno A. Martini et al. [14],
KOTOpBIE TTOKa3alli 3HAYNMOE YBEITMYCHUE YaCTOTHI
pennauBa 3a00JIeBaHMs TIPH MYIBTH()OKATIEHOM HITH
MpOTsDKEHHOM (00Jiee MM PaBHOTO 3 MM) TTOJIOKH-
TEJILHOM XUPYPTUYECKOM Kpae.

C uenplo CHIKEHHSI PHCKa PELUIUBA 3a00I€BaHUs
rrocie PITD MoxeT ObITh TpUMEHEHA AUCTAHITHOHHAS
myuaeas tepanus (JJIT), sbdexruBHOCTE KOTOpOH
JI0KazaHa B OOJIBIIIOM KOJTM4ecTBe uccieaoBanmii. Ho
Ha TPOTSHKEHUH MHOTHX JIET MPOJOJKACTCS AKTHB-
Hasl JUCKYCCHUS O TOM, KOT/]a, KOMY U C KaKOW IEJbIO
Heoboxommmo mipoBoauTh JJIT mocie omeparuu: B
QIBIOBAaHTHOM PEKUME, ITPH OTCYTCTBUHU MPU3HAKOB
peunarBa, HO IPU HAJTMYUH HEOIaronpusITHRIX (ak-
TOPOB TIPOTHO3a (T.€. ¢ MPOPHUIAKTHIESCKON TIEITBIO),
WM TaK HAa3bIBAEMYIO «CTACHUTEIBHYIO» JTyUYEeBYIO
TEPaTHIO — IIPU HATTMYUH OMOXUMHUECKOTO PEIIH/IHBA
(«paHHSs criacUTENbHASN»), UK YK€ MPU HAJTUUYUU
MaKpOCKOIMHMYECKH ONPEesieMO OITyX0JH («0TCpo-
YeHHAs CIACUTEIhbHAs)) JTydeBas Tepartus).

[Ipu nocneonepannonnoit IJIT Heo6xonumo yre-
JSITH 0c000€ BHUMaHHUE BEIOOPY CyMMapHOH O4aroBoi
JI03Bl, BIMSIOMICH Ha YacTOTY Pa3BUTHS PELUIMBA
3a00eBaHus, YTO JIOKA3aHO B PsZe COBPEMEHHBIX
nccnenosanuii. A. Hervas-Mordn et al. [15] ycranos-
JIeHA 3HAYNMasl 3aBUCUMOCTh Mex 1y BenmanHon COJ]
(=66 I'p) 1 yacTOTOM OMOXMMHUYECKOTO IPOTPECCHPO-
BaHMA. B ipyrom paHI0oMH3UPOBAHHOM HCCIIEIOBAaHHH,
orryomukoBaHHOM B 2024 1., 144 GONBHBIX ¢ HATHIHEM
HeOmaronpusTHeIX (hakTopoB nporuosa (pT3—4, R1,
[1CA 6onee 0,2 Hr/mi) pazaenuiu Ha 2 Tpynnsl — 73
vs 71 yenoBeka cOOTBETCTBEHHO. BceMm manueHtam
MpoBeJieH nocieonepanuonubii kype JJIT: B 1-i
rpynne — g0 COI 72 I'p, Bo 2-i1 rpymnmne — g0 COJ]
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66 I'p. Meaunana HabOmroneHust cocrtaBmia 89,5 mec.
[Ipu ananuze noarpynm sckanauus COJl 3HauuMo
yBeIUYUBaia 7-JETHIOW Oe3pelUIUBHYIO0 BBIKH-
BAaEMOCTbH TOJIBKO y MAIEHTOB C MYJIBTH(POKATbHBIM
MIOJIOKUTENBHBIM XUPYPIUUECKUM Kpaem — 82,5 vs
57,5 % (p=0,037) u cymmoii 6amnos no mkaie [nu-
coHa 8-10 6amnos — 66,5 vs 30,2 % (p=0,012) [16].
ITosrTOMY npH omnpejeraeHUu NOKa3aHUul K MpOBese-
HUIO TIocieonepaunonHoro Kypeca JJIT Heobxonum
BbIOOD ONTHUMAaJIBHOM TaKTHUKHU JICUEHUS B KaXKJOM
KOHKPETHOM KIIMHUYECKOM CIIy4ae, C y4eTOM MHOMKe-
cTBa (haKTOPOB, OTIPEEISIONINX PE3YIIBTAT JICUCHHS U
KauecTBO JKU3HU MallMeHTa.

Knunuueckuii cnyuaii Ne 1

B urone 2023 2. 6 Meduyunckuii paouonozuieckuii
Hayunvitl yeump um. A.@. L{vioa (MPHL] um. A.®. L]vi-
6a) — unuan @I'PY «HayuonanroHulli MeOUYUHCKULL
ucciedosamenbekull yeHmp paouonrocuuy Munucmep-
cmea 30pasooxpanerusi PO obpamuicsa Ha KOHCYIb-
mayuro nayuenm b., 50 nem. M3 anamneza uzsecmmo,
Ymo no Mecmy JHCUumenibecmea Ovli YCmAaHo81eH Oud-
eHo3: Pax npedcmamenvrotl scenesvt cT2¢NOMO,
1l ecm. B urone 2021 2. nposedero xupypeuyeckoe jieue-
HuUe 8 00veme paoUKAIbHOU POOOM-ACCUCUPOBAHHOLL
NPOCMAMIKMOMUU € TMA30601L TUMPAOEHIKIMOoMUEL.
Tucmonoeuueckoe 3aknouenue: «... AyuHApHAs
a0eHoKapyuHoMa ¢ nopaxceruem obeux ooeil
npeocmamensHoll JHcelle3vl, NepuHesPalbHbIM, nepu-
BACKYISAPHBIM POCHOM, UHBA3UEU 3a npedenvl Kan-
cynwl acenesvl. Cymma 6annos no Lnucony 7 (3 + 4).
Honoxcumenvnulti xupypeuueckuii kpau. B 1 uz 25
UCCLEO0BAHHBIX TUMPAMULUECKUX V3LAX ONYX0leqblil
pocm (pT3NI, R1)». Ilpu konmponvrom 0bciedosanuu
uepes 1 mec nocne onepayuu yposenv 11CA — menee
0,2 ne/mn. Yuumeieasn nanuuue hakmopos 6vicokoeo
PUCKa peyuousa 3a001e6amust, ¢ CeHmsops no OKmaops
2021 2. no mecmy sicumenvcmea nposeder kypc JJIT
Ha eamma-mepanesmuieckou ycmaroexe « Tepabanmy
Ha obnacms j1024ca npedCcmamenbHoLL JHcenessl, CemMeH-
noix nysviporos 6 COL 70 I'p, pecuonapmvix aumgho-
xonnekmopos 6 COI 46 I p. [locne okonyanus nevenus
nPOBOOUNIOCH QUHAMUYecKoe Habawdenue. Yepes 11
mec nocne 3asepuienus J[JIT ommeyen nocmenenmwiii
pocm [ICA, 6 nosiope 2023 2. eco ypogensb cocmasui
4,2 ne/mn. B cesazu ¢ smum npogeodeno KOMIIEeKCHOe
oocnedosanue. Ilpu MPT opeanos manoco masa ¢
BHYMPUBEHHBIM KOHMPACTUPOBAHUEM « ... 8 001ACMU
YUCMOYPEMPOaHACMOMO3d ONPedeniemcs Y4acnoK
HaKonjleHusi KOHMpACmMHO20 8euiecmaa, pasmepamu
0,9%0,5 cmy. Ho oannvim MIT-KT ¢ “Ga-IICMA:
«...ouaz namono2uieckozo Hakonaenus PPDII 6 nooice
yoanennotu scenesvt, SUVmax 7».

[Ipu ananusze AaHHOW KIMHUYECKOM CUTyalluu U
00CYXJICHUU TaKTUKH JaJbHEHIIETO JICUCHHS MO-
JIO/IOTO TIAlMeHTa BO3HUKAET BOIPOC OTHOCHTEIBHO
HEOOXOIMMOCTH M 1LI€JeCO00pa3HOCTH MPOBEACHUS
anbroBanTHOro kypca JJIT cpa3y nocne onepauuu
pu HeonpeaensiemoM ypoBHe [ICA kpoBu i ciemo-
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BaJIO BBITIOJHUTH «CIIACUTEIHHYIO» TYYEBYIO TEPATIHIO
MIPY BO3HUKHOBEHUH PEIUANBA?

Oo6cy:xnenue

Ha npotskeHnu MHOTHX JIET OPUEHTHPOM JIS ITPO-
BEJICHHSI JTy9e€BOH Tepanmuy TOCIe MPOCTATIKTOMUH
SIBJISUTUCH PE3YJBTAThl JOBOJIBHO KPYITHBIX PaHIOMH-
3MPOBAHHBIX HCCIICIOBAHUH, IPOBECHHBIX Ooee 15
JIeT Ha3aj, B KOTOPBIX HAOMIOgalu yilydlieHue 0e3-
PEIUIMBHON BBDKMBAEMOCTH TOCIIE aIhIOBAHTHOIO
kypca JJJIT. BmecTe ¢ TeM, B TeX K€ UCCIIEIOBAHUSIX
MIPOZIEMOHCTPUPOBAHO 3HAYUMOE TMOBBIIIEHHUE O3/~
HUX OCJIOKHEHHUH CO CTOPOHBI KETyA0UHO-KUIIIEYHOTO
TpaKTa U MOYETIOJIOBOW CUCTEMBI.

B n3BectHOM KimHMYeckoM nccnenoBann EORTC
trial 22911, pe3ynbTarhl KOTOPOTO ONMYOJIMKOBAaHBI B
2005 r., oLIeHMBAIM YacTOTY OMOXUMHUYECKOTO PELH-
muBay 1 005 naruenTos nocine P13 ¢ nocneonepanu-
oHHOM ctaaueit pT2-T3 u HanuureM He MEeHee OTHOTO
(hakTOpa HEOIATOIIPHSITHOTO IMTPOTHO3a (IKCTPAIIPOCTa-
THYECKOEe paclpocTpaHeHue omyxonu, R1, nnBasus
OITyXOJIM B CEMEHHBIE My3bIpbKH ). Bee 6ombHbIe ObLTH
pasnenensl Ha 2 Tpynmbl: 503 B rpymie HaOIIOICHAS U
502 B rpynme ¢ agproBanTHOM JJJIT (AJJIT). AIJIT
B COJI 60 I'p 3a 30 ¢dpaxiuii IpoBOIUIN HA 00JIACTh
JIO’Ka [IPeICTaTeNIbHOM skene3bl. Meanana HaOmoneHust
cocrasmia 5 nert. [1o pe3ynbraram nccienoBaHus BbI-
YKUBAEMOCTE 0€3 OMOXUMITUECKOTO PEIIHBA B TPYIITIC
¢ AJUIT cocraBuna 74 %, a B Tpyrine HaOMIOACHIS —
52,6 % (p<0,0001); 3HAUMMOMN pa3HUIIBI B OOIICH
5-IeTHeW BBDKMBAEMOCTH He MoiaydeHo — 93,1 vs
92,3 % cootrBercTBeHHO (p=0,6796). [Ipn sTOM TIpO-
Benenue AJIJIT yBenwmunBamo 9acToTy KIWHUYCCKH
3HAYMMBIX OCJOKHEHHUH, B TpyIIie HaOIIOAcHUS
ocnoxHeHus I1I crenenu BeisiBEHsI B 2,6 %, B Tpynie
AIUIT — B 4,2 % ciygaes (p=0,0726) [17].

B 2007 r. aBTOpBEI Ha OCHOBAaHHUH TOTO Y€ HC-
CJeJ0OBaHMS OLIEHUIIN BIUSHHUE MOJO0XKUTEIBHOTO
XUPYPrHUECKOTO Kpasi ¥ €r0 JIOKAJIM3aluy Ha YacTOTY
JIOKANBHBIX penuauBoB. [lpn aHamuze pesynbraToB
B TPYIINIE MalMeHTOB C OTPHUIATEIbHBIMUA XHPYP-
TMYECKUMH KpasM{ HE IOJyYeHO CTaTUCTHYECKOU
3HAUUMOCTH TI0 S-JIeTHEeH BBDKMBAEMOCTH 0Oe3 Ouo-
XUMHUYECKOTO PEIMINBA: B TPyIIe HAONIOACHNUS OHA
cocraBmia 67,4 %, mo cpaBHeHHIO ¢ 76,2 % mis
rpynnsl ¢ AJUIT (p>0,1), mpu 3ToM a7st Tpymmmsl ¢
R1 ona cocraBuna 77,6 % (p=0,07). Jloxanuzanus
R1 He Bimsina Ha YacTOTY OMOXMMHUYECKOTO PEIIH/TUBA
(p>0,1) [18]. ABTOpHI cemaIy BBIBO, UYTO IPOBEIC-
nue AJIJIT nocne PIID ymydmaeT BEDKMBaeMOCTb
0e3 OMOXMMHUYECKOTO PELUINBA, a TAKIKE JTOKAIbHBINA
KOHTPOJIb Y MAIUEHTOB C MTOJIOKUTEIHLHBIM XUPYPTH-
YECKMM KpaeM WIH HaJludueM (PakTOpOB BBHICOKOTO
pHCKa POTPECCUPOBAHUSI.

B 2009 1. onyOauKOBaHBI PE3yIbTaThl APYTOTO
kpynHoro uccnenosanust (SWOG 8794), B koropom
MPOAHAIU3UPOBAHO JiedyeHUE 473 MaluueHTOB MOCIe
PII3. Bce GonmbHBIE OBUTH pa3neieHbI Ha 2 TPYIIIEL: B
rpymnrne Haomronenus — 211, B rpynme ¢ AJUJIT — 214
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nanueHToB. JlyueByro Tepanuio npoBoauiau uepes 16
HeJl TI0CIe onepanuy (BHE 3aBUCUMOCTH OT YPOBHS
nocneoneparuonnoro [1CA) Ha oGmacTts jgoxa mpea-
CTaTeIbHON XKeJe3bl, B peXHUMe TPaJUIIMOHHOTO
¢pakunonuposanus, 10 COL 60—64 I'p. Pesynbrarst
CBHUJIETENILCTBOBAJIN O TOM, YTO IIPOBEICHUE ITOCIIEO-
neparrionsoit JJIT B 3 pa3a yBennunBaino nokasarein
6e3pennauBHOi BekHBaeMocTH (p<0,01). ITpu sTom
pasHHULbI B TOKa3aTessiX OOIIeH BBDKMBAEMOCTH HE
nonyuero (p=0,16). OgHako dacToTa KIMHUYECKH
3HAYMMOHN TOKCHYHOCTH ObllIa CYILIECTBEHHO BBILIE B
rpymme ¢ AJJJIT — 23,8 vs 11,95 % [19].

B nonw3y nposeaenust AJIJIT cBunerenscTBoBaIn
U PE3yJbTaThl PaHIOMU3HPOBAHHOTO HMCCIICAOBAHUS
(ARO 96-02), ommyonmukoBarsaoro B 2014 1. B uccre-
JloBaHUE OBIJIO0 BKIIOYEHO 388 OONBHBIX, KOTOPHIM
BeITIoyTHEHA PIID ¢ Ta30Bo# nuMQaaeHIKTOMUCH.
Bce nmauments! umenu (akTopbl HEOIATONPUSTHOTO
nporaosa (pT3—4) u neonpenensemsrii yposeHs [ ICA
(menee 0,2 Hr/MIT) 1 OBUIM pa3felieHbl Ha 2 TPYIIIIbL:
B rpynne AJUUIT — 148, B rpynme vabmonenns — 113
OonbHBIX. Menunana Haomonenus — 111 mec. IToka-
3aHO, YTO Jyd4eBas TEpanusl 3HAYUMO yBEJIUYMBasa
10-11eTHIOIO0 BEDKMBAEMOCTH 0€3 MPorpeccupoBaHus,
KoTopasi coctaBmwia 59 u 35 % cOOTBETCTBEHHO
(p<0,0001). Ilpu nOMONHUTEIHPHOM aHAIU3E BHI-
SIBJICHO, YTO Haln4ue (pakTOpoB HEOIArONPHUSITHOIO
IIPOTHO3a HE BJIMSIIO HA YacTOTY IIPOIPECCUPOBAHMUS
PIDK. ABTOpHI COOOIIAIOT O 3HAYUMOM YBEITMUEHUHT
4acTOTHI OOOYHBIX A dekToB y mamuenTo ¢ AJIT,
koTopas coctaBwia 21,9 % nporus 3,7 % B rpymmne
Habmonenus (p=0,0001). KnuHIYeCcKn 3HAYNMBIC
OCJIOKHEHHSI CO CTOPOHBI JKEIyA0YHO-KUIIEYHOTO
TpakTa HaOmonamuch B 1,4 % ciyuaes nocie AJJIT
Y OTCYTCTBOBAIIM B rpyre HaOmonenus [20].

CTouT OTMETHTH, YTO NPHU ACTAIBHOM AHAIU3E
JTAHHBIX MCCIIEZIOBAHUN B HEKOTOPHIE M3 HHUX OBLIH
BKJIIOYEHBI MALIMEHTHI C OMpeeIsieMbIM YPOBHEM
[1CA: B padote EORTC trial 22911 nannbie 601bpHBIC
coctaBunu 10,7 %, B uccaegoBannu SWOG —32 % B
rpymre Habmonenus, 35 % — B rpy1ime JIy4eBoi Tepa-
nun. Takke He0OXOAMMO YUUTHIBATh U TOT (PAKT, YTO
CO/1, nonBenenHast Ha 00J1aCTb JIOXKa MTPEACTATEIbHON
’Kenesbl, cocTapisuia 60—-64 I'p, 4To HE COOTBETCTBYET
COBPEMEHHBIM IIPECTABIEHUSIM 00 €€ ONTUMaJIbHON
BeinuuHe rpu A JIJIT.

Bmecre ¢ TeM, OTHOCHTENIBHO HEJaBHO OIMyOIu-
KOBaHbI PE3YJbTAThbl COBPEMEHHBIX KPYITHBIX PaHI0-
MHU3HUPOBAHHBIX, KOHTPOJIUPYEMBIX HCCIICIOBAHUM,
BKJTIOUAIOIIHUX OOJBIIOE KOIUYECTBO OOJBHBIX, B
KOTOPBIX MPHU aJIeKBaTHOM Habope OOJIbHBIX HE MO-
JY4EHO yIydlIeHus Oe3peIMBHON BbDKUBACMOCTH
npu nposeneHun AJIJIT, HO B TO e BpeMs, Kak U B
MIPEIBITYINX NCCIEI0BAHUAX, HAOIIOAI0Ch yBEIH-
YEHHE YaCTOThI KIIMHUYECKH 3HAYUMBIX OCIOKHEHUI
CO CTOPOHBI KEYI0YHO-KHUIIIEYHOTO TPAKTA U MOUe-
MIOJIOBOW CHCTEMBI.

OTcyTCTBHE NPEUMYIIECTB HEMEUIEHHOTO Kyp-
ca JIy4eBOil Tepanmuu NMpPOJEMOHCTPUPOBAHO B HC-
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cnenoBannn RADICALS-RT (2020), B koTopoe
OBUTH BKITIOYEHBI TAIIUEHTHI ITOCIIe XUPYPTUIECKOTO
JICYCHHUSI C HATMYHEM, KaK MUHUMYM, OIHOTO (hak-
Topa HebnaronpusiTHOro nporuosa (pT3—4, uHaekc
I'mucona 7-10, R1 nnu npeonepaiiioHHbIN ypOBEHb
[ICA>10 ur/mi). CiyuaiineiM o6pazom 1 396 GonpHbBIX
OBLTH pacripenenieHsl B 2 Tpymmbl: B Tpymme AJJIT —
697, B rpymnIme OTCPOYEHHOH («CHACUTEIbHOI) JIy-
yeBoi Tepanuu — 699. JIuCTaHIIMOHHYIO JTY4YEBYIO
tepanuto nposoxunu B COL 52,5 I'p (20 dpakumit)
wmu 66 I'p (33 dpakmun). Mennana HaOTIOOCHUS —
4,9 rona. Ilpu ananuse pe3ynbTaToOB HE MOTYUCHO
3HAYUMBIX TIPEUMYIICCTB B S-JIETHEH Oe3peUAMBHOMN
BbDKHMBaeMocTH pu nnposefeHnn AJUJIT —85 vs 88 %
cooTBeTcTBeHHO (p=0,56), IpH 3TOM KIIMHUYECKU
3HAYMMasi TOKCHYHOCTH CO CTOPOHBI MOYEBBIBOIAIIEH
crcTeMbl OblJIa 3HAUMMO HUXKE B TPYIIE C OTCPOUYCH-
noit JIJIT —4 vs 6 % (p=0,020) [21].

Cxoxne pe3yabraThl TIOTYYeHBI B PaHIOMH3HPO-
BaHHOM MHoToreHTpoBoM mccienoBannu GETUG-
AFU 17, B KOTOpOM ITPpOaHAIN3UPOBAHBI PE3YIBTAThI
nedeHust 424 60ibHBIX, KOTOPBIM mpoBeaeHa PI1D ¢
TazoBoi MuMbaaeHIKToMue wim 6e3 Hee. Bee 001b-
HBIE UMeTH (PaKTOphl HEOMATONPHUATHOTO MPOTHO3a
(pT3a—4, pNx-0, R1) u ObL1u pa3/iesieHbl B 2 TPYIIIIBL;
B rpynne AJUUIT — 212, B rpynne «crnacuTeIbHON
y4deBoy Tepanun — 212 60pHBIX. JIyueByto Tepanuio
MIPOBO/IMIIN Ha 00JaCTh JIOKa yJAJICHHOH Ipe/cTa-
TETHHOU KeNe3bl U CEMEHHBIX MMy3bIphKoB 70 COJl
66 I'p, pu 3TOM y 4acTH OOJIBHBIX B 00beM 00JTyUeHHS
BKJIIOYJI pernoHapHble TuMdorouiekTopsl 10 COJL
46 I'p (c mpodrIakTHIeCKON TeNbI0). [IATHIeTHSS
BBDKHMBAEMOCTH 0€3 pennauBoB coctaBmia 92 u 90 %
cootBeTcTBeHHO (p=0,42). Knunuyecku 3HaUYNMBbIC
OCJIO’KHEHMSI Ty4EBOW TepanK CO CTOPOHBI MOYETIO-
JIOBOH cHCTeMBbl HaOmMoaamuch y 27 % manueHToB B
rpynre AJUIT uy 7 % B rpymie oTcpodeHHOH TTyde-
Bo# Teparmu (p<0,0001). DpekTHIbHYO TUCHYHKIIHIO
TaKoKe HaOroAay yaie y nauueHToB rpymmst A JJIT —
B 28 vs 8 % cootBercTBeHHO (p<0,0001) [22]

OTCyTCTBUE 3HAYMMBIX PE3yTBTATOB 10 Oe3pern-
JTuBHOU BeDKHBaeMocTH ip A JIJIT mpomemMoHCcTprpo-
Bano B ucciegoBannn TROG 08.03/ANZUP RAVES,
B KoTopoe BKimoueHo 333 6omnbubix PIDK nocne PIID
¢ HaJau9IueM (paKkTOPOB HEOJATOMPHUATHOTO ITPOTHO3a
(pT3a-b, R1). [MaumenTsl ObUIM pachpeeseHbl B 2
rpynmnsl: B rpynne AJUJIT — 166, B rpynmne «cnacu-
TEeNbHOI JTydeBoi Tepanuu — 167. J[UCTaHIIMOHHYIO
JTy4eBYIO TEPAITHIO TPOBOIFITH Ha 00IACTh YIaIeHHOH
npeacTarenbHoi xkenesbl 10 COJ 64 I'p. Mennana
nabmonenus — 6,1 roga. [1aTrieTHsS BEBKMBAEMOCTD
0e3 OMOXMMHUYECKOTO MTPOTPECCUPOBAHNUS COCTABHIIIA
86 u 87 % coorserctBenHo (p=0,15). ITpu sTOM Ha-
CTOTa KJIMHWYECKHU 3HAYUMBIX TTOOOYHBIX A (HEeKTOB
CO CTOPOHBI MOYEIOJIOBOM CHUCTEMBI OblIa HIKE B
rpymnne «cnacurenabHoi» JJJIT — 54 % no cpaBHeHMIO
¢ 70 % npu A UIT. Knnandeckn 3Ha4rMble TOOOYHBIC
3(h(EKTHI CO CTOPOHBI KETYIOTHO-KHIIIETHOTO TPAKTA
OBLTM OMHAKOBO YaCTHIMU B 00eux rpymmax (10 vs

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 91-98

14 % coorBeTcTBeHHO). [Ipr 3TOM Ba)KHO OTMETHUTb,
410 42 % G0BbHBIX BOOOIIE HE HYKIAJIUCh B IIPOBE-
JIEHUH OTCPOYEHHOTO Kypca JTy4eBOH Teparuu BBUIY
OTCYTCTBHSI OMOXMMHUYECKOTO MPOTPECCUPOBAHUS
3a0oneBanus [23].

Takum 00pa3oM, OTCYTCTBUE yOEIMTEIbHBIX
JAHHBIX O npenmMytnecTBax BeimonHeHus AJUJIT mos
YIYUIICHUS] BBDKMBAEMOCTH OOJIbHBIX Tociie PIID,
Jake MPU HAM4YMHM HEeOIaronpusiTHBIX (akToOpoB,
HOTEHIUPYET 00CY>KIEHHE BOIIPOCa O €e L1eecoodpas-
HOCTH TIPH 3aBEJOMOM YBEJIIMYCHUN PUCKA PA3BUTHS
OCJIOKHEHHH JICUEHUS U YXY/IIEHUHU KaueCTBa )KU3HH
MAIEeHTOB.

Knunuueckuii cayuan Ne 2

B ausape 2022 2. ¢ MPHI] um. A.®. [[voi6a — ¢gpu-
qauan @I'BY « HMUI] paouorocuuy Munzopasa P na
Koucyremayuio oopamuicsa nayuenm 1., 71 200. U3
AHAMHE3a U38ECIHO, YO N0 MECHTY HCUMENbCHIEA NPU
KOMNJIEKCHOM 00C1e008aHUl YCMAHO08IeH OUA2HO3:
Pax npedcmamenvnoti acenezvt cT3aNOMO, Il cm.
29 utonst 2016 e. evinoiHeHa paoukaivbHas pooom-
accucmuposantas npocmamakmomus. 1 ucmonocuue-
CKoe 3aKtouenue: Ha (oHe rHcenesucmo-cmpomaibHol
2unepnia3uy npeocmamensHol Hcenesvl 8 Yacmu
pazmenmos umeemcs pocm ayuHapHol adeHoKap-
yunomsl 7 (4 + 3) bannos no Inucony, ¢ epixooom @
napanpocmamuyeckyro Kiemuamky. Hecmompa na
Hanuyue HeOaIazONpUsIMHLIX (QAKMopos, NayueHm
ocmaener noo ounamuveckoe Haoniooenue. C cenmsi-
ops 2017 2. ommeuen pocm [1CA kpoeu do 1,2 ne/ma. B
cessu ¢ uem evinonnena [IIT-KT ¢ “Ga-IICMA: «... no
X0y 00WUX, HAPYIHCHBIX U BHYMPEHHUX NOOB300ULHBIX
cocyoos cnpasa u cresa IICMA-nozumusHble tumgo-
V3716l Makcumanviozo pazmepa 13 % 13mum, ¢ SUVmax
om 8,81 0o 41,31».

09.10.17 2. binonHena canvb8adCHAs pacuiupe-
Has mazosds u 3a0PIOWUHHAS TUMDAOEHIKMOMUSL.
Tucmonozuueckoe 3axniouenue: 6 7 uz 50 yoanennvix
JUMDAMULECKUX V31108 BbISIGNEHbI MEMACMA3bL AOEHO-
KapyuHoMsl npedcmamenbHoll Jcelesvl ¢ Cyomomans-
HbIM 3aMeujeHueM TUMPOUOHOU MKAHU, UHBA3UELL
KAncyivl U OKpyscarowel #Cupogol Kiemuamru u
HAnu4uem onyxonegvix 2M60108 6 NOOKANCYIbHbIX
cunycax. C mnosops 2017 e. nauama 20pMOHATLHA
mepanusi ananoeamu JII'-PI" (unmepmumupyrowuti
pexcum). Hecmompsa na nposedenue copmomepa-
nuu, 8 aneape 2022 2. 6H08b OMMeYeHO NOBbIULEHUE
1ICA xposu 0o 0,58 ne/mn. Ilposedeno nosmoproe
IIDT-KT ¢ ®F-IICMA: «... 6 obracmu yucmypemepa-
Hacmomo3sa cnpasa — oopazosanue 13 %9 um, SUVmax
18,82; Cmpyxmypro uzsmeHneHHbli 00830 OULHBILL TUM-
Gpamuueckuii yzen, pasmepamu 14x12 mm, SUVmax
28, 74».

B MPHI] um. A.®. [[oiba maxmuxa neuenus 00-
cyoscoena Ha MeHCOUCYUNTUHAPHOM KOHCUIUYME C
yuacmuem OHKOL02d, Yporozd, paouomepanesma u
xumuomepaneema. llpunamo pewienue o nposede-
HUU «CnacumenvHouly ayuesol mepanuu. Yuumuvleas
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803pacm nayueHma, pamee 8bINOJIHEHHOE JieUeHUe
(npunuMas 60 enumaHue odvem aumpoouccekyuu), a
makoice pesyromamol oocredosanus (6 m.y. [IIT-KT
¢ BF-TICMA), npunsmo peuieniie o npogedenuu Kypca
yYegou mepanuu ¢ 6KIIOYeHUeM 8 odvem ooyue-
HUs 110J/Ca NPe0CmamenbHoU Heelesvl ¢ TOKALIbHbIM
PeYUOUBOM, CEMEHHBIX NY3bIPLKOS U NOPAHNCEHHO20
auMpamuiecrkozo y3uda.

Ha smane nodecomosxu x neuenuro nposedena
DEHM2EH-MONOMEMPULECKAsL NOOONOBKA HA CHUPATb-
Hom Komnwvromeprom momoepage General Electric
Discovery RT, ¢ npumenenuem hukcupyrowux npu-
cnocobnenutl (n0020106HUK, ukcamop cmon) OJist
CHUDICEHUSL BO3MONCHOCTIU USMEHEHUS. NOTONCEHUS.
nayuenma 6o epems jieuebHol npoyedypsi. llepeo
CcO30aHuemM 003UMempU4ecKo2o NiaHd jle4yeHus Gul-
NOIHEHO NOIMANHOe OKOHMYPUBAHUE HeOOXOOUMBIX
00wemos 0oyyenust: auouMo2o oowvema muwenu (GTV:
nopascenHslil AuMpamuieckuil y3ei, 10KaIbHbIl pe-
Yuous 3a601e8anUs), KIUHUYECKo20 00bema MUueHu
(CTV: nooce npedocmamensvroui xcenezol, GTV + 1 cm),
niaanupyemozo obvema oonyuenus (CTV + 0,7 cm) u
Kpumuueckux cmpykmyp. Boinonneno coemewjerue
usobpascenus: (Fusion), nonyuennoco npu peHmeeH-
monomempudeckoti nooeomosxe u I[1IT-KT. Ilpu
NIAHUPOBAHUU OO3HBIX OSPAHUYEHUL HA KPUMUYECKUe
CMPYKMypbl UCNONIb308AHbL pekomerOayuu Quantec.

Hosumempuueckoe nianuposanue nposoounU Ha
cucmeme naanuposanus Varian Eclipse 16. 1. Onmu-
Muzayus 00306020 pacnpeoeeHusi RPOGOOUNACH OJis
Kasc0020 nojisi 0moeibHO ¢ Yelbio 00CMUNCCHUS.
00HOPOOHOCMU 003bl. I11aHuposanue nposoouLOCh Ha
CYMMAapHyIo ouazosyto 003y 66 I'p na obnacmo nodica
npeocmamenvHou Jcenessl U NOPANCEHHO20 TumMPpa-
MUYeCcKo20 y31d, Ha 001ACIb TOKANLHO2O Peyuousa
na 0o3y 72 I'p. Kpumepuu oyenxu nnana 95—-107 %
om npeonucanHol 003bi.

B nepuoo ¢ ¢gpespans no mapm 2022 2. nposeden
Kypc koHgpopmruou JJIT na nunetinom yckopumene
anekmporos Varian Halcyon, 6 pexcume mpaouyu-
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CBEJEHUA OB ABTOPAX
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PRELIMINARY RESULTS OF THE USE
OF BONE SUBSTITUTE MATERIAL “REKOST”
IN SURGICAL TREATMENT OF BONE TUMORS
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E.N. Meshalkin National Medical Research Center, Ministry of Health of Russia
15, Rechkunovskaya St., Novosibirsk, 630015, Russia

Abstract

Backgtound. Replacement of large bone defects after tumor resection is a significant challenge. The use of
autologous tissue is often limited due to the small volume of available autograft bone and additional surgical
trauma. Although many biological and synthetic substitutes exist, there is still no consensus on the optimal
choice. Recost, a new domestic synthetic bone substitute material, introduced in 2014, is a promising alternative
for reconstructive surgery. The purpose of the study was to analyze outcomes of using “Rekost”, the bone
substitute material, in surgical treatment of bone tumors. Material and Methods. Between 2016 and 2022,
23 patients with bone tumors were treated at the oncology department of the E. Meshalkin National Medical
Research Center, Ministry of Health of the Russian Federation. The study included patients over 18 years
of age with benign and tumor-like bone neoplasms (11/23, 47.8 %), as well as patients with borderline bone
tumors (11/23, 47.8 %), who underwent surgery with the simultaneous use of Recost, a new bone-substituting
material. One patient had osteosarcoma (1/23, 4.3 %). Most patients (20/23, 86.9 %) underwent bone tumor
resection followed by reconstruction with “Rekost” bone-replacing material. Results. All patients are alive with
follow-up periods ranging from 30 to 113 months (mean 62 + 7). Early postoperative pain, assessed by the
Visual Analog Scale (VAS), ranged from 10 % to 50 %, averaging 20 + 10 %. At 12 months postoperatively,
most patients were free of pain (0—20 %). Functional outcomes measured by the Musculoskeletal Tumor Society
(MSTS) score were rated as excellent or good on follow-up: upper limb MSTS scores ranged from 73 to 97 %,
mean 89 + 10 %; lower limb MSTS scores ranged from 57 % to 100 %, mean 81 + 14 %. No intraoperative,
early postoperative, or systemic complications related to the use of “Rekost” material were observed. Late lo-
cal complications occurred in two cases (2/23; 8.6 %) at 6 and 9 months postoperatively. Among patients with
borderline tumors, one patient (1/11, 9 %) developed giant cell tumor recurrence nine months after resection
of the distal radius. One-and two-year recurrence-free survival rates in this subgroup of patients were 92 %,
respectively. Conclusion. Preliminary use of the “Rekost”, domestic bone substitute demonstrates a low rate
of complications and re-surgeries. This material may be recommended for reconstructing defects after tumor
resections in patients with benign and borderline bone tumors. However, the physical and chemical properties
of the material require further study and comparative analysis with traditional reconstruction methods.

Key words: bone tumors, bone substitute materials, “Rekost”, bone defect replacement, intralesional
curettage.
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AHHOTauuA

AkTyanbHocTb. [Tpobnema 3amelLeHnst KOCTHbIX 4edEKTOB NOCIEe BHYTPMOYAroBbIX PE3EKLNIA, BbINOMHAEMbIX
Mo NOBOZAY OMyXOrel KOCTEN, OCTAETCS KIMUHUYECKM 3HAYMMON. BO3MOXHOCTM UCMONb30BaHMSA COBCTBEHHbIX
TKaHel B BOMbLUMHCTBE CryyYaeB orpaHuyeHbl BBMAY Marbix 06beMOB AOCTYMHOW ayTOKOCTM, a Takke [0-
MOSTHUTENBHON TPaBMaTUYHOCTU XMPYPruyeckoro nocobums. Ha AaHHbI MOMEHT npeasioxeHo 6onbLuoe Konu-
YeCTBO KOCTHO-3aMeLLaloLLmnX MaTepmanoB kak 61M0oorMyeckoro NPoNCXoXaeHUs, Tak U CUHTETUYECKMX, B TO
Xe Bpemsi e4MHOro Noaxoaa K BbiIbopy onTumMarnbsHOro BapuaHTa He cyuectsyeT. C 2014 r. npeanoXeH HOBBIN
OTEYECTBEHHbIN CUHTETUYECKUI KOCTHO-3aMeLlaloLWwnii Matepuan « PekocT» Anst UCNonb30BaHNUs B KIMHUYe-
cKkol npakTtuke. [NpeaBaputensHble pesynbTaTtbl AEMOHCTPUPYIOT BECbMa 0OHaAeXMBaoLMe NepcrneKkTUBbI
NPUMEHEHUsI MaTepuana B PeKOHCTPYKTUBHOM xvpypruv. Llenb nccnepgoBaHus — aHanuna pesynsraTtoB Uc-
nonb30BaHNsA KOCTHO-3aMelLLaroLLero matepuana «PekocT» npu XnMpypruyeckoM fedeHnr onyxonemn KoCTen.
Martepuan u metoabl. B otaeneHun oHkonorun «HMWL, nmenn akag. E.H. MewankuHay, r. HoBocnbupck,
¢ 2016 no 2022 r. npoBeaeHo neyeHve 23 naumeHTam. B nccnegoBaHme Obinv BKITHOYEHbI NALWEHTbI CTapLue
18 net ¢ fobpokayecTBEHHbIMU 1 onyxonenofobHbIMM HoBoOOpa3oBaHuaMY kocTen (11/23, 47,8 %), a Takke
naumneHTbl C ONyXomnsMK KOCTEN NMPOMEXYTOYHOIo NnoTeHumana anokadectseHHoctu (11/23, 47,8 %). B ogHom
cryvae guarHoctmpoBaHa octeocapkoma (1/23, 4,3 %). OnepatmBHoe neveHne B nogaensioLlem 60MnbLLINHCTBE
cnyyaes (20/23, 86,9 %) npoBoannocs B 06bemMe BHYTP1OYAroBoi pe3ekLymn ¢ NnacTMKoW NosivypeTaHoBbIM
KOCTHO-3ameLlatoLL MM matepranoM «Pekocty». PesynbTarbl. Bce naumeHTb XuBbl 1 HabnogakTcs B CPOKM OT
30 po 113 mec (B cpegHeMm — 62 + 7 mec). BoneBon cMHapoM no BrU3yanbHo-aHanorosow wkane 6onu (BALL) y
OonblLUMHCTBA NaLMEHTOB B paHHEM MocreonepaLnoHHOM nepuoae Bapbunposan B gvanasoHe ot 10 go 50 %,
B cpegHem — 20 + 10 %. Mo gocTxeHun 12 Mmec nocrne onepawmmn oTMEYEHO OTCyTCTBME BONEBoro cuHapoma
y 6onblunHcTBa naumeHToB — 0-20 %. PyHKuMoHanbHbIR pedynstat MSTS (Musculoskeletal Tumor Society)
Ha OOCTUrHYTbIX CPOKax HabnoAeHWs OLeHMBarnCcs Kak OTIINYHBIV 1 XOPOLUWIA: AN BEPXHEN KOHEYHOCTU — OT
73 0o 97 %, B cpeaHem — 89 * 10 %; Ans HUWXKHeN KoHe4yHocTn — oT 57 go 100 %, B cpegHem — 81 + 14 %.
VIHTpaonepaumoHHbIX, paHHUX MOCreonepaLoHHbIX U CUCTEMHbIX OCITIOXXHEHMWI NPW UCMONb30BaHUN Ma-
Tepuana «PekocT» He Obino. [o3aHne MecTHble nocneonepaLmoHHbIE OCIIOXKHEHWUSI BO3HUKIM B 2 Criydasx
(2/23, 8,6 %,) B cpoku 6 1 9 mec. B nogrpynne onyxoner NpoMexKyTO4HOro NnoTeHumana 3fokaqyeCcTBEHHOCTHY
oTmMeveH oauH cnyyan (1/11, 9 %) peunansa ruraHTOKNETOHHON OMYXOnu, CNycTs 9 Mec Nocrne BHyTPYOYaroBon
pe3eKuMn oucTanbHOro cerMmeHTa Ny4yeBol KocTu. bespeumnanBHas ogHOroanYHas u OBYXNETHSS BbhKMBae-
MOCTb B rpyrnre NpoMeXyTO4YHOro NnoTeHLmana 3nokadectBeHHocT — 92 %. 3akntoyeHue. [NpeaBaputensHbie
pe3yneTaTbl IPUMEHEHNSI OTEYECTBEHHOTO KOCTHO-3aMeLLaloLLEro MaTeprana 4EMOHCTPUPYHOT HU3KUIA YPOBEHb
OCIOXXHEHWI 1 NMOBTOPHbIX ONepaTMBHbIX BMeLLaTenbCcTB. MaTtepuan MoxXeT OblTb peKOMEHA0BaH Ans 3aMelLe-
HVS edheKTOB Mocne BHYTPMOYaroBbiX Pe3eKLmMii y NaLneHToB ¢ JOOPOKaYeCTBEHHBIMU Y MPOMEXYTOYHbIMM
onyxonsiMu Kocten. B To e BpeMs m3nKko-xmummnyeckne ocobeHHOCTU MaTeprana TpebytoT aanbHenwero
N3y4YeHNs 1 CPaBHUTENBHOIO aHanus3a ¢ TPaaMUMOHHLIMM METO4AMY PEKOHCTPYKLMN.

KnioyeBble cnoBa: onyxonu KOCTeW, KOCTHO-3amellaloLmue MaTepuanbl, «PekocTy», 3ameLueHue AecbeKTOB
KOCTewn, BHyTpuo4daroBas pe3eKuus.

Introduction

The replacement of large bone defects after tumor
resection is a major surgical challenge. An ideal bone
graft material should possess properties that closely
match native bone. The 20th century’s standard,
autografts, are ideal but have limitations like donor site
morbidity and limited availability [1]. This has led to
the development of alternatives like allografts [2].

A large number of both biological and synthetic
analogues for replacing bone defects are available
globally. Biological materials include lyophilized
bone tissue, demineralized bone matrix, and coral-
based materials. Synthetic implantable materials
include B-tricalcium phosphate, metals (such as ti-
tanium), polymers (such as protacryl, bone cement,
Kryptonite), porous carbon compounds, and ceramic
implants [3].

The use of synthetic materials helps reduce surgical
trauma and shorten rehabilitation periods. However,
synthetic materials have certain drawbacks that limit
their use in clinical practice. The use of ceramics,
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despite good biocompatibility, can cause trophic soft
tissue disorders in 5 % of cases, necessitating their
removal. Titanium implants, despite their high strength
and biocompatibility, do not solve the problem of
restoring the natural topography of a post-resection
defect [4]. Coral-based materials, despite their com-
pressive strength, have low tensile strength and are
relatively poorly absorbed [5].

Polymethyl methacrylate (PMMA) bone cement is
the most commonly used polymeric material in osteo-
plasty. It is bioinert, easy to handle, biocompatible, and
cost-effective [6]. However, PMMA has unique me-
chanical and biological properties, including the lack
of biological remodeling and osseointegration, poor
adhesion to bone, high polymerization temperatures,
potential monomer toxicity, and excessive rigidity.

To expand the clinical application of bone substi-
tute materials, it is necessary to consider properties that
ensure comfortable use during surgery and sufficient
flexibility to achieve clinical results with minimal cost.
All of the above explains why the problem of creating
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an osteoplasty material that avoids these drawbacks
remains extremely relevant. Today, despite the abun-
dance of bone substitute materials, there is no unified
approach to selecting the optimal option.

In 2014, “Rekost”, a new domestic bone substi-
tute material based on a polyurethane polymer, and
“Rekost-M”, its solid finished form, were introduced
[4]. The material consists of a polymer derived from
polyoxypropylene glycol (average molecular weight
1000), 4,4’-diisocyanatodiphenylmethane, and glyc-
erol. It has pores ranging from 50 to 400 pum. Compres-
sive strength is 25-35 MPa, with adhesion to metal
and bone measured at 60—65 kg/cm?. Before complete
hardening, this bone substitute material is plastic and
moldable, allowing shaping into plates, cylinders, and
other custom implant shapes. Preclinical studies show
that the physicomechanical properties of the solid
form of “Rekost” (strength and expansion) closely
resemble native bone [3]. Clinical results using the
liquid form of “Rekost” at the Republican Hospital
(Kazan) demonstrate positive outcomes in plastic
surgery of paranasal sinus bone wall defects in 33 pa-
tients with various ENT pathologies [7]. Plates made
from this polymer have also shown promising results
in cranioplasty [3]. However, domestic literature lacks
data on using “Rekost” bone cement in orthopedic and
oncological treatments.

Objective of the Study: to analyze the results of
using “Rekost”, a bone-substituting material in surgi-
cal treatment of bone tumors.

Material and Methods

This paper presents the results of a retrospective
case series. Twenty-three patients were treated at the
Oncology Department of the E. Meshalkin National
Medical Research Center of the Ministry of Health,
Novosibirsk, from 2016 to 2022. The study included
patients over 18 years of age with bone tumors who
underwent surgery using “Rekost” bone substitute
material. The study included patients over 18 years
of age with benign and tumor-like bone neoplasms
(11/23,47.8 %), as well as patients with boderline bone
tumors (11/23,47.8 %). One patient had osteosarcoma

(1/23,4.3 %). Most patients (20/23, 86.9 %) underwent
bone tumor resection followed by reconstruction with
“Rekost” bone-replacing material. The following data
were analyzed: primary cancer diagnosis, previous
treatment, location, and nature of the tumors based on
imaging methods (MRI, MSCT, bone scintigraphy).
Statistical processing of the data was performed using
Microsoft Office Excel 2010.

The study group mainly consisted of male patients
(58 % men, 42 % women). Patient ages ranged from 18
to 61 years, with a mean age of 20 years. Patients were
followed for 3 to 8 years, with an average follow-up pe-
riod of 72 months. Histological variants in the benign
neoplasm group were present in 4 cases: solitary bone
cyst; enchondroma, aneurysmal cyst, chondromyxoid
fibroma, desmoplastic fibroma, nonossifying fibroma,
fibrous dysplasia, and osteoblastoma (1 case each). In
6 cases, the primary tumor was a giant cell tumor; in
5 cases, an atypical cartilaginous tumor. One clinical
case involved a patient with osteosarcoma. Tumor
localization primarily involved long and short tubular
bones of the skeleton: meta-epiphyses of the humerus
(6 cases), femur (5 cases), tibia (4 cases), radius (2
cases), metatarsal and fibula (1 case each). Four cases
included tumor lesions in the pelvic region.

Most patients (20 cases) underwent surgical
treatment involving intralesional resection with
osteoplasty. After curettage with sharp spoons and
a high-speed burr, adjuvant treatment of the post-
resection cavity with ethanol was performed. Next,
the bone substitute material “Rekost” was prepared by
mixing the components — fluoropolymer and polyol;
calcium orthophosphate was added to impart a porous
structure (Fig. 1).

After exposure, according to the manufacturer’s
recommendations, the prepared material was placed
into the defect area. The material was injected manu-
ally or with a high-pressure syringe due to the high
viscosity and adhesiveness of the polymer in the first
few minutes after mixing (Fig. 2).

The burr hole was temporarily packed to prevent
polymer leakage into the surrounding tissue during
polymerization. The polymerization temperature was

Fig. 1. A —loading fluoropolymer into a mixing cup; B — mixing the components: fluoropolymer + calcium orthophosphate;
C — adding polyol and mixing; D — the material is ready for use. Note: created by the authors
Puc. 1. A — 3arpy3ka ptopnonumepa B 4allKy AN cMeLuMBaHus; b — cMelumBaHWe KOMNOHEHTOB: pTopnonumep + KanbLmin opToodoc-
at; B — nobasnexHne nonvona v cmewvBaxune; [ — Mmatepuan rotoB k UCNosb3oBaHuio. MpuMeyaHne: pucyHOK BbINMOMHEH aBTopamm
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Fig. 2. A, B — loading the polymer into syringes; C — cortical defect; D — injecting the polymer into the cavity. Note: created by the authors
Puc. 2. A, b — 3arpyska nonvmMepa B Wwnpuw; B — pesekumMoHHOe OKHO;
" — BBeeHWe nonvmMepa B NonocTb. [NpyMeyaHne: pucyHOK BbINOMHEH aBTopamu

Fig. 3. A 49-year-old female patient. Giant cell tumor of the proximal tibia: A —pre-operative x-ray; B — post-operative x-ray;
C — post-operative CT; D — post-operative MRI. Note: created by the authors
Puc. 3. Mauuentka O., 49 net. [lnarHo3: [MraHToKNeTo4YHas onyxorb NPoKCUMarnbHOro Metaguadgunsa 6onbebepLoBon KOCTH:
A — peHTreHorpamma nepeg onepauven; b — nocrneonepaunoHHasi peHTreHorpaMmma;
B — nocneonepaunonHas MCKT; ' — nocneonepaunoHHas MPT. [NpumeyaHune: pucyHOK BbINOIHEH aBTopamu

room temperature, with no pronounced exothermic
reaction; the polymerization time was 16—18 minutes.
After the material ceased expanding and its structure
became compacted, the wound was closed layer by
layer. In all cases, the cortical plate maintained its
integrity, as confirmed by radiographic examination.

In one case, segmental metatarsal resection was
performed, with “Rekost” used as a spacer before
inserting a custom implant. The material was also
utilized to fix a custom short-stem diaphyseal tibial
endoprosthesis. In another case, “Rekost” was used
to reconstruct an acetabular bone defect during revi-
sion hip arthroplasty. All surgeries were performed in
a single stage by a single surgeon.

Postoperative care was standard. Patients received
antibacterial prophylaxis and dressings. Wound heal-
ing occurred by primary intention without signs of
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inflammation. Sutures were removed 1.5-2 weeks
postoperatively. External immobilization was not ap-
plied. Patients were mobilized from the first day, with
verticalization on the second day. Joint mobility exer-
cises began on days 2-3, with partial weight-bearing
resuming two weeks after surgery. Radiographic ex-
amination of the surgical site was performed two days
postoperatively. The maximum postoperative hospital
stay was 14 days, with an average of three days. Local
control was assessed by dynamic observation and imag-
ing studies. The radiographic invisibility of the material
complicates monitoring of cavity filling, necessitating
supplementary imaging such as MRI and CT (Fig. 3).

Results

All patients are alive and are being followed for
periods ranging from 30 to 113 months. Follow-up
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Fig. 4. A 52-year-old female patient. Osteosarcoma of the tibia diaphysis, T2NOMO; A — two days after custom-made endoprosthetic
replacement. Post-operative x-ray; B, C — 3 month after surgery. Aseptic instability of the proximal stem, peri-implant bone lysis.
Note: created by the authors
Puc. 4. MauuenTka Y., 52 roga. QuarHos: Octeocapkoma avacusa 6onbliebepuoBor koctn, T2NOMO: A — 2-e cyT nocne
WHANBMAYANbHOMO 3HAOMPOTE3MPOBAHNS, MOCNeonepaLmoHHas peHTreHorpamma; b, B — peHTreHorpamma 3 mec nocne onepaumu.
AcenTunyeckoe pacliatbiBaHWe NPOKCMMArbHOWM HOXKN 3HAONPOTE3a, NEPUUMMIAHTHBIN NIN3UC KOCTHOW TKaHW.
[MpumeyaHune: pucyHOK BbINOMHEH aBTOpamMu

visits are performed at 3-month intervals during the
first year, then every 6 months. Patients with inter-
mediate tumors are followed at 3-month intervals for
the first two years, then every 6 months. The main
analyzed parameters were: functional recovery of the
operated segment, pain assessment, and the absence
of postoperative complications. Relapse-free survival
was also assessed for tumors of intermediate malig-
nancy potential.

The function of adjacent joints was fully restored
in most cases. Full weight-bearing on the operated
lower limb was allowed after 2 weeks post-surgery.
The functional outcome of the surgical treatment was
assessed using the Musculoskeletal Tumor Society
(MSTS) scoring system [8]. At follow-up periods
ranging from 30 to 113 months, patients’ functional
status was rated as excellent or good: for the upper
limb MSTS scores ranged from 73 to 97 %, mean
89 £ 10 %; lower limb MSTS scores ranged from
57 % to 100 %, mean 81 + 14 %.

Pain intensity measured by the Visual Analog
Scale (VAS) in the early postoperative period varied
between 10 % and 50 %, with an average 20 + 10%.
At 12 months post-operation, most patients reported
no pain, ranging 0-20 %.

No intraoperative, early postoperative, or systemic
complications related to the use of “Rekost” material
were observed. Late local postoperative complications
occurred in two cases (2/23), which is 8.6 %, at 6 and
9 months. In the first case, intra-articular dislocation
occurred when the material entered the left shoulder
joint after osteoplasty of the proximal humeral epiphy-
sis. This was identified in the late postoperative period
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Fig. 5. A 50-year-old male patient. Atypical cartilaginous tumor of
the distal femur. A — Postoperative radiograph — the resection cor-
tical defect is indicated by the arrow; B — MRI of the hip — in the
projection of the resection cortical defect, an oval-shaped area
similar in density to the plastic material is visible along the outer
contour of the bone. Note: created by the authors
Puc. 5. MauneHT A., 50 net. inarHos: ATunmyHas xpsiesasi ony-
XOrnb AWCTanbHON TpeTu 6egpeHHHoN kocTu: A — nocrneonepaum-
OHHasi PeHTreHorpamma: pe3eKLMOHHbIN KOPTUKanbHbIA AedekT
0603Ha4YeH CTpernkoii;

B — MPT, B npoeKumn pe3eKkLUMOHHOro KopTukanbHoro gedekra no
Hapy>XHOMY KOHTYpY KOCTU BU3yann3upyeTcsl y4acToK OBanbHOM
OpMbI, MO NIIOTHOCTM CXOXMIA C NNIACTUYECKMM MaTeprariom.
[MprMeyaHue: pucyHOK BbINOMHEH aBTOpamMm
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because radiographic examination failed to detect the
problem promptly. The patient reported persistent pain
and limited shoulder motion, necessitating revision
surgery. Arthroscopy revealed a foreign body in the
shoulder joint, which was removed, resulting in pain
relief and restoration of upper limb function.

In the second case, “Rekost” was used for the first
time to fix a custom short-stem of the proximal com-
ponent of a tibial diaphyseal endoprosthesis. However,
three months postoperatively, aseptic instability of the
proximal module developed, manifested by pain and
gait disturbance (Fig. 4). The patient underwent revi-
sion surgery with replacement of the endoprosthesis
component with a custom 3D-printed module.

According to follow-up data, one case (1/11, 9 %)
of giant cell tumor recurrence was observed in the
subgroup of tumors with intermediate malignant
potential, 9 months after intralesional resection of
the distal radius. The patient underwent segmental
resection with custom-made wrist arthroplasty. The
one- and two-year recurrence-free survival rates in the
intermediate malignant potential group were 92 %.

In two cases, additional extraosseous lesions were
detected postoperatively near the surgical site, compli-
cating interpretation of postoperative findings. Tumor
growth had to be ruled out. Patients were advised to
undergo MRI of the operated segment to evaluate
potential polymer spread after expansion. Careful
analysis by a radiologist and surgeon confirmed poly-
mer material extension beyond the bone through the
trephine opening. These occurrences were asymptom-
atic due to their extra-articular location (Fig. 5).

Discussion

The main distinguishing features of the new mate-
rial are its high plasticity during polymerization and
low temperature response. Based on observational
results, several considerations for using the material
to repair intraosseous defects arise. The final density
of the material depends on the surrounding environ-
ment. In the presence of liquid (blood), the density
of the polymer corresponds to spongy bone. Without
blood, the material’s density corresponds to compact
bone. Due to the long polymerization time and expan-
sion after cavity filling, controlling material leakage
beyond the resection zone is essential, increasing
surgical time by at least 15-20 minutes. When plan-
ning surgery, including access and resection window
size, adequate closure of the cortical defect must be
ensured to prevent extraosseous material spread. Using
preserved cortical plates is one option to reduce surgi-
cal time. Special caution is required when repairing
epiphyseal defects. Before using the plastic material,
the integrity of articular surfaces must be confirmed to
prevent polymer migration into joint cavities.

A number of peculiarities of radiographic evalua-
tion after defect reconstruction using “Rekost” should
be noted: the radiolucency of the material does not al-
low for a full assessment of the degree of cavity filling,
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while assessment of the condition of the border bone
is most simple and convenient due to the absence of
artifacts. Radiographic progression should be assessed
in strict accordance with the clinical picture. Preser-
vation of radiographic evidence of a residual cavity
during a successful postoperative period may indicate
the success of the surgery. If material leakage beyond
the bone is suspected, an MRI should be performed.

In comparison, synthetic calcium phosphate ceram-
ics are a widely used biomaterial for the treatment
of bone defects due to their biological activity [9].
Clinically, this material has advantages, as it can be
applied minimally invasively, conforming to com-
plex bone architecture. When mixed, the powder and
liquid components form a paste that hardens at the
defect site. The main drawback is the material’s poor
biodegradability.

Based on its physicochemical properties, polym-
ethyl methacrylate (a polymerized acrylic acid ester)
bone cement exhibits excellent compressive strength
and can be used as a temporary structural support. An
additional option is the treatment of malignant bone
lesions, in which the exothermic reaction that occurs
during its hardening (8595 °C) has an antitumor effect
[10]. At the same time, PMMA bone cement has certain
clinical disadvantages: the polymerization process is
accompanied by heating, which can damage nearby
biological tissues and slow down regeneration; the
monomer and contrast agent of PMMA bone cement
have a certain toxicity; the cement is not biologically
active and does not undergo integration into the sur-
rounding bone, which carries the risk of actually turn-
ing into a nidus for infection; removal of bone cement
for further reconstruction can be problematic and lead
to local bone damage. It is also worth mentioning a
rare but formidable complication of cement plastic
surgery —bone cement implantation syndrome (BCIS),
which is characterized by hypoxia, hypotension and
loss of consciousness occurring during cementation
[11-13].

The main applications of PMMA in oncological
orthopedics are filling post-resection defects in pri-
mary and metastatic bone lesions and cement fixation
in endoprosthetics [14]. According to J.W. Park et al.
[15], in 178 patients with metastatic pelvic bone le-
sions, PMMA cement grafting reduced pain in 68 %
of cases. Complications such as bone cement implan-
tation syndrome were recorded in 11 % of cases, and
cement dislocation into the hip joint and surrounding
tissue occurred in 36 %. According to J. Bickels et al.
[16], bone cement has a positive effect on strengthen-
ing the support capacity of tubular bones, withstanding
prolonged dynamic loads.

The polymer material Kryptonite, an analogue
and predecessor of the “Rekost” material, has similar
physicochemical properties to the studied material
and is close in its characteristics to bone tissue. Dur-
ing manufacturing, the manufacturer provides mixing
components and instructions. Kryptonite has a solidi-
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fication temperature of 43 °C and does not cause an
exothermic reaction or local tissue necrosis.

However, there is limited literature data supporting
the use of Kryptonite on a large scale. For example,
the polymer was used in the treatment of intraosseous
lipoma [17]. According to G. Guarnieri etal. [18],ina
series of 16 patients undergoing vertebroplasty (for the
treatment of vertebral compression fractures in osteo-
porosis), two cases of recurrent fractures were recorded
after the use of Kryptonite, both occurring one year
after surgery. A study presented by Z. Bayramoglu et
al. [19] described the results of using the material in
50 patients after median sternotomy. Due to complica-
tions following this approach, sternum integrity was
restored using Kryptonite bone cement and cerclage
sutures. The study authors report increased mechani-
cal strength and reduced short-term pain compared to
standard wire cerclage [19]. Limitations to the use of
this material include its high and uncontrolled expan-
sion rate, as well as its cost, which is 2-3 times higher
than that of standard PMMA [18].

Conclusion

The new bone-plastic material is quite convenient
and easy to use, provided a number of technical con-
ditions are met that do not require expensive equip-
ment support. The material has increased viscosity
and adhesiveness, therefore, for convenient and safe
use, the application of delivery systems through a
high-pressure syringe can be recommended. Dense
filling of the post-resection space, tight contact with
the bone, and the absence of a hyperthermal effect
during polymerization create optimal conditions for
material integration. Polymerization after filling the
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Poccus, 119991, r. Mockea, yn. Tpybeukas, 8, cTp. 2
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«HaumnoHanbHbI MEQUUNHCKUI nccrenoBaTenbCKkui LeHTp paguonoruny MuHsapasa Poccum
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SPoccuiickuin yHuBepcuteT apyx0bl Hapoos

Poccus, 117198, r. Mocksa, yn. Muknyxo-Maknas, 6

"®rAQY BO «HoBocMBUpCKUiA HaLMOHanbHbIA UCCNEA0BATENbCKUIN FOCYAAaPCTBEHHbIA YHUBEPCUTETY
Poccus, 630090, r. HoBocubupck, yn. Muporosa, 2
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AHHOTauus

3nokayecTBeHHble HoBoOOpa3oBaHus (3HO) 9Bns10TCA OAHOM M3 OCHOBHbIX MPUYMH CMEPTHOCTH, Ha GopbOy
C KOTOPOW HaLeneHbl MPUOPUTETHBLIE NPOrPamMMbl U CTPaTErMN Hay4YHO-TEXHOMOMMYECKOro pa3BnUTUs B obnacTu
06LLEeCTBEHHOTO 34paBoOXpaHeHns 1 3nopoBbecbepexeHns. CoBpeMEHHbIE TEXHOMOMUM CKPUHWMHIE OPUEH-
TMPOBaHbI Ha paHHIo anarHocTnky 3HO ¢ uenblo ynyyleHns oTaaneHHbIX pe3ynbTaToB fevyeHns, OgHaKko
OOMbLUMHCTBO M3 HUX XapakTepuayeTcs MHBA3MBHOCTLIO U HU3KOW KOMMMAeHTHOCTbLIO nauneHToB. B cBasn
C 9TMM HeuHBa3uBHasa anarHoctmka 3HO pasnunyHbIX nokanusauui paccMaTpuBaeTcs Kak NepcrnekTMBHOe
HanpasneHve B MONeKynspHon bronorum n oHkonornv. bnarogapst AOCTVXeHUSM B 06nacT MoneKynspHoOn
reHeTuKkn 1 BronHpopMaTVkn NAEeHTUMULUMPOBAH LUMPOKMUIA CNEKTP AMArHOCTUYECKMX, MPOrHOCTUYECKNX
N NpeankKTUBHbIX GMOMapKepoB, aHanu3 KOTOPbIX BO3MOXEH He TOMbKO B 0Opasuax oryxoneBow TKaHW,
HO 1 B nepudepunyeckon kposu. Llenb nccnegosaHma — aHann3 1 0606LLeHe COBPEMEHHbBIX Hay4HO-
NpakTUYECKNX OaHHbIX B 06r1acTn CKPUHUHIOBOW HEMHBA3MBHOW anarHocTrkn 3HO pasnuyHbix nokanusaummn
METOAOM MOMEeKynspHO-6MONOrMyecKoro aHanm3a ¢ OLEeHKOW aTanoB pas3paboTky, BOMPOCOB MPaBOBOrO
perynnupoBaHns 1 MHTErpaLum B CTpaxoBble MeanKko-coumanbHbIe NPOrpaMMbl MIHHOBALMOHHbIX TECT-CUCTEM
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n anarHocTrkymoB. MaTtepuan u meToabl. Matepuanom onsa nccrnefoBaHnsi MOCIYXUIN OTEYECTBEHHbIE U
3apybexHble 6a3bl Hay4HbIX AaHHbIX, B YacTHocTM National Library of Medicine, PubMed, Elibrary, Google
Scholar, a Takke OTKpbITble MHTEPHET-pecypchbl. [MOMCK OCYLLECTBASNCA NO KMYEeBbIM CMOBaM: Cancer;
malignant neoplasm; tumor; diagnostic; non-invasive; early; blood; Blood-based tests; test system; screen-
ing; pancancer; multi-cancer; sequencing; PCR; marker; DNA; cfDNA; multi-cancer early detection; MCED.
AHanuTU4eckmin o63op BKIOYAI OTYETHI O KIMTMHUYECKUX NCCefoBaHUsAX, MeTaaHanusbl, CuctemaTuyeckme
0630pbl, KOTOPTHbIE PaHAOMU3MPOBAaHHbLIE UcCreaoBaHns 3a nepuog ¢ 2008 no 2025 r. PesynbTaTthl. [1po-
[EMOHCTpMpOBaHa TEHAEHLUMS LUMPOKOMACLUTabHOro BHeAPEHNS B KITMHUYECKYHO MPaKTUKY YHMBEPCANbHOM
HeunHBa3MBHOW TexHonorun aetekuun 3HO, B TOM Yncne Ha paHHUX CTaamnsx HeoNNacTUYeCcKoro npoLecca.
PeTpo/npocneKkTuBHbIe MyNbTULEHTPOBbBIE NCCIEA0BaHNUS M METaaHanm3bl, BbINMONIHEHHbIE 3a nocneaHue 15
neT, NPeACTaBnUIn OCTUXKEHNS MEXONCLMMITMHAPHOTO MyNBTUMOAAIBHOIO aHanu3a KNnMHUYECKMX, FeHOMHBIX,
TPaHCKPUMTOMHbIX, AMUIEHOMHBIX U APYTUX AaHHBIX NMPU OLIEHKE pa3HOPOAHbIX KaTeropuii NaLneHToB, caenan
aKLEHT Ha 9KOHOMMYECKYI0 3¢pheKTUBHOCTb padpaboTaHHbIX MeToauk. 3akntoyeHune. OcTaeTcs akTyarnbHbIM
npoBeAeHne KpymnHbIX NOMynALUMOHHO-OPUEHTUPOBAHHBIX NCCNEA0BaHWN C Y4ETOM PacoBON M STHUYECKON
NPUHaANEXHOCTH, MO3BOMSALIMNX BanyaMpoBaTb METOA0MNOMMYECKMe NOAXOAbl N OLEeHWUTb 3PEKTUBHOCTD
MacLUTabHON MHTErpauy HEMHBa3MBHOW CKPUHWUHIOBOW TEXHOMNOTUM ANArHOCTUKMN B OHKOMNOTMYECKYH KITMHU-
YeCKyl MpakTuKy, B TOM YMcne 1 Ans MHOTOHaUMOHanbLHoro HaceneHust Poccuickon ®egepaunn.

KnioueBble cnoBa: pak, HeMHBa3uBHasi, paHHsAs, JHK-guarHocTuka, KpoBb, CKPUHUHT, TECT-CUCTEMA,
MapKep, cekBeHMpoBaHue, lMLP.
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Abstract

Cancer is a leading cause of mortality worldwide and the focus of priority programs and strategies for scientific
and technological development in public health and health promotion. Modern screening technologies are
aimed at early cancer diagnosis to improve treatment outcomes; however most of them are characterized
by invasiveness and low patient compliance. Therefore, non-invasive cancer diagnosis is a promising field
in molecular biology and oncology. Advances in molecular genetics and bioinformatics have enabled the
identification of a wide range of diagnostic, prognostic, and predictive biomarkers, which can be analyzed
not only in tumor tissue samples but also in peripheral blood. The purpose of the study was to analyze and
summarize current scientific and practical data in the field of non-invasive cancer screening using molecular
biological analysis, development of innovative test systems and diagnostic kits, as well as issues of legal
regulation and integration into medical and social insurance programs. Material and Methods. The study
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was based on Russian and international scientific databases, including the National Library of Medicine
using the PubMed electronic resource, Elibrary, and Google scholar search results. Open internet resources
were also searched using the keywords: cancer; malignant neoplasm; tumor; diagnostic; non-invasive; early;
blood; Blood-based tests; test system; screening; pancancer; multi-cancer; sequencing; PCR; marker; DNA;
cfDNA; multi-cancer early detection; MCED. The analytical review included clinical trial reports, meta-analyses,
systematic reviews, and cohort randomized trials for the period 2008—2025. Results. There is a steady trend
worldwide towards the widespread adoption of universal, non-invasive methods for early cancer diagnosis.
Retrospective and prospective multicenter studies and meta-analyses conducted over the past 15 years have
demonstrated advances in interdisciplinary multimodal analysis of diverse patient data (clinical, genomic,
transcriptomic, epigenomic, etc.), emphasizing the cost-effectiveness of these methods. Conclusion. Currently,
large-scale population-based studies considering race and ethnicity are vital for validating methodological
approaches and evaluating the effectiveness of non-invasive cancer screening methods, especially in diverse

nations like Russia.

Key words: cancer, non-invasive, early, DNA diagnostics, blood, screening, test system, MCED, cfDNA.

Beenenne

3nokadectBeHHbIE HOBoOOpazoBauus (3HO) sBis-
IOTCSl MEPOBOM MEAMKO-COLUaTbHO-3KOHOMUYECKON
npoOreMoi, Ha pelieHre KOTOPOW HampaBIICHBI
MIPUOPHUTETHBIE TTPOTPAMMBI M CTPATETHH HAy4dHO-
TEXHOJIOTHYECKOTO Pa3BUTHUS B 00JIaCTH OOIIIECTBEH-
HOTO 3paBOOXpaHEHHS U 310poBbecOepekenust [1].
ComntacHO TaHHBIM MeXTyHapOIHOTO areHTCTBA IO
n3ydeHuto paka (Agency for Research on Cancer,
IARC), B mupe va 3HO npuxoauTcst Kaxaplil 6-i ne-
TanbHbIN ncxon (16,8 %), a Takke Kax bl 4-i ciryyait
CMepTH OT HeHH(pEKUUOHHOW maronoruu (22,8 %).
Kpowme Toro, 3HO sBisroTCsS: 01HOM U3 BEyIIHUX MIPHU-
YUH CMEPTH CPEIN JIUIl TPYAOCIOCOOHOTO BO3pacTa
(3069 ner). B 2022 r. B Mupe 3aperucTpupoBaHO
oxos1o 20 miH HOBBIX ciayuyaeB 3HO, a raxxe 9,7 min
JeTalbHBIX UcXo/10B. [lo gemorpaduueckum mpo-
rHo3aM, K 2050 T. oXXumaeTCsl MPUPOCT BBISABICHUS
HOBBIX ciyyaeB 3HO no 35 muH: 3aboneBanue OyneT
JUArHOCTHUPOBAHO Y Ka)XJAO0TO 5 JKUTENs TUIaHETHI,
MIpHU 3TOM Yy Kaka0# 10-i keHIUHBI ¥ KaxKaoro 12-ro
MY>KYHHBI Oy/IeT 3aUKCHPOBAH JIETAIBHBIN UCXOJT OT
3HO [2].

B cTpykrype mo6anbpHo 3a001€BaGMOCTH M CMEPT-
Hoctu ot 3HO Poccust 3anumaer 5-e mecro (ycrynas
Kwuraro, CIIA, Uanuu u Slnornwn) [3], ¢ eKerogHon
peructpanueii 6oee 600 THIC HOBBIX CITydaeB (Cpemau
kotopbIx Il u IV craguu cocrasnstor >30 %) u Gosee
250 ThIC IETANILHBIX UCXONOB [4]. PaHHsIsI TuarnocTuka
3HO, B ToM uucie HEMHBa3UBHAs, IPUOPUTETHA AJIs
VITy4IIIEHHsI OTAJIEHHBIX Pe3YIIbTaTOB JIEYESHNS 1 CHU-
JKeHHsI CMEpTHOCTH HacesieHus. B cooTBeTcTBIU C pe-
3omonelt BecemupHoi accamOien 30paBooXpaHeHus
(World Health Assembly) no npodunakrike u 6oproe
¢ 3HO BcemupHoit oprannzarueii 3mpaBooxpaneHus
(BO3) pexomennoBanbl pazpaboTka M BHEIpPEHHE
Hay4YHO OOOCHOBAHHBIX MEP M MPOTpaMM CKPHHWH-
ra ans panHed auarHoctuku 3HO [1]. K mpumepy,
AMepuKaHCKOI padodei rpymmoii mo npoduiakThke
3abonesanwmii (The United States Preventive Services
Task Force, USPSTF) Bueapensr naboparopHo-
WHCTPYMEHTAJIBHBIC TTPOTrPAMMbl CKPUHUHTA paKa
MOJIOYHOH kenie3nl (Mammorpadus) [5], paka menku
MAaTKH (U TOJIOTUYECKOE UCCIIEIOBAHNE Ma3Ka IICHKH
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MaTKH ¢/0e3 IETeKIIUKN BUPYyCa MMallUILIOMbI YeJIOBEKa
BBICOKOTO KaHIIEPOT€HHOTO pUCKa) [6], KOIOpEeKTalb-
Horo paka (KPP) (amamu3 kana Ha CKpPBITYIO KPOBbB,
KOJIOHOCKOTIHS) [7], paka MpeacTaTeIbHOM JKeNe3bl
(oLleHKa ypOBHS MPOCTATCIENU(DUISCKOTO aHTUICHA
(ITCA) B kpoBH) [8], a TakKe IeTEeBOW CKPUHUHT paKa
JIETKOTO B TPYIIaxX BBICOKOTO pHCKa (HU3KOIO3HAS
KT) [9]. B Poccun Takke yCcHenrHO MPUMEHSIETCS
J1a00paTOPHO-UHCTPYMEHTAIbHBIN CKPUHUHI paka
MOJIOUHOH JKeJe3bl, IEeUKU MAaTKH, MPEACTATEIbHOM
skenes3bl, KPP, a Taxke paka nuieBona, *enyaka U
JIBEHAIIATUTIEPCTHOM Kumku [10].

Hcnonb3yeMbie UArHOCTUYECKUE UCCIICOBAHMS
MO3BOJISIIOT CHU3UTh CMEPTHOCT ITPH OT/ICIBHBIX HO-
30JIOTHAX, OJHAKO HEKOTOpPbIE METOUKH XapaKTepH-
3YIOTCSI HHBa3UBHOCTHIO M HU3KOH KOMITJIACHTHOCTBIO
MAIEHTOB, & TAKXKE BHICOKUM YPOBHEM JIO>KHOTIOJO-
JKUTEIBHBIX PE3YJbTATOB, TPEOYIOMUX MOBTOPHBIX
BMelarenbeTB. Jis OoapiuHcTBa Ho3o0moruii 3HO
CTpaTeTuy CKPUHHUHTA JINOO OTCYTCTBYIOT, THOO HE
UMEIOT CTaTHCTUYECKH 3HAYMMOUN 3(PPEeKTUBHOCTH,
B CBSI3U C YEM HEOIUIACTHUECKHUH MPOIIeCC HEPEIKO
JTIMaTHOCTHPYETCS Ha PaCIPOCTPAHEHHBIX cTaausX [ 11,
12]. Takum o6pazom, B 00IacTH 31paBOOXPAHCHUS U
310pOBbecOepekeHNsT BOCTpeOOBaHA paHHsISI HCMHBA-
3uBHas quardoctuka 3HO pa3audHbIX JTOKATU3aIHiA,
MPEJICTaBIISIONIast COO0M MEePCIEeKTUBHBIN MIMPOKO-
MacmTaOHBIA METONOIOTHYECKHA CKPHHUHTOBBIN
TIOJTXOJT B UACHTU(UKAIINA CTydaeB 3a00JICBaHMUS.

Hean uccsienoBanus — aHaIU3 U 0000IIEHUE CO-
BPEMEHHBIX HAYYHO-ITPAKTUYECKUX JAHHBIX B 00IaCTH
CKPUHUHIOBOM HeMHBa3uBHOM nuarHoctuku 3HO
Pa3TMIHBIX JIOKATU3AIUH METOIOM MOJIEKYJISIPHO-
OHMOIOTUYIECKOTO aHAIM3a C OIICHKOM ATAIoB Pa3padboT-
KU, BOITPOCOB [TPABOBOTO PETYJIMPOBAHUS U MHTET PALTUH
B CTPaxOBBIC MEINKO-COLMAITBHBIC TPOTPaMMbl HHHO-
BallHOHHBIX TECT-CHUCTEM U TUATHOCTUKYMOB.

Crparerusi NOMCKa JUTEPATYPbI

[Touck nUTEpaTypsl OCYLISCTBISICA B OTEYe-
CTBEHHBIX M 3apyOe)KHBIX 0a3ax Hay4YHBIX JAHHBIX, B
yactHocTd National Library of Medicine, PubMed,
Elibrary, Google Scholar, a Tak:xe B OTKPBITBIX
UHTepHeT-pecypcax. [Iouck ocyImecTBIsIICs M0 KITo-
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4YeBBIM clloBaM: cancer; malignant neoplasm; tumor;
diagnostic; non-invasive; early; blood; Blood-based
tests; test system; screening; pancancer; multi-cancer;
sequencing; PCR; marker; DNA; cfDNA; multi-cancer
early detection; MCED.

MeTo10,10rUM TeHOMHOM CKPUHUHTOBOM

HenHBa3uBHON nuarnocTuxku 3HO

Bnaronapst 1oCTHKEHUSIM B 00JIACTH OMOJIOTHH,
OHKOJIOT'HH, MOJIEKYJISIPHOM '€HETHKH, a TAK)KE TEXHO-
JIOTUSIM MCKYCCTBEHHOTO WHTEIJIEKTa W MAITHHHOTO
00y4eHMs WACHTHU(PHUIUPOBAH ITUPOKUHA CIIEKTp J1a-
THOCTHUYECKUX, MPOTHOCTUUYECKUX U MPEIUKTUBHBIX
OHMOJIOTHYECKUX MapKepOB, aHAIN3 KOTOPHIX BO3MO-
JKeH HE TOJBKO B 00pasnax OIyXOJIeBOH TKaHH, HO U
B pa3IMYHbIX OMOJOIHMUECKHUX JKUIKOCTIX (repude-
pudeckas KpoBb, Moua u T.1.) [13, 14]. Kareropuu
OMOMapKepoB, KOTOPbIE MOTYT OBITh HCCIIEIOBAHBI
B paMKax >KHIKOCTHON OHMOIICHHU, pa3HOOOpPa3HBI U
BKJIIOYAIOT LHUPKyIupyloyto onyxoieryro JHK
(noAHK); muxpoPHK; marpuunyio PHK (MPHK); ne-
rkoupyroryto PHK (akPHK), B wactrocTr vliincPHK
(very long intergenic non-coding PHK, ouens qmmn-
HYyI0 MEXTeHHY0 Hekoaupyrorryto PHK); mupxymipy-
IOIIME OITyXOJIEBbIE KJIETKH; BHEKJIETOUHbIE BE3UKYJIbI;
TPOMOOIIUTHI, MOTJIOIIAIINE UPKYIUPYIOIINE B
COCYIUCTOM PYCJ€ OIYyXOJIeBbIe TPAHCKPHUIITHL; pa3-
JIUYHBIE METa0OIHTHI; ITUPKYIHPYIONINE OITyXOIEBbIE
Oenku u T.4. [15-18].

HawuGosnee nepcriekTUBHON Tpymmoi OnomMapke-
pOB ISl paHHed HeumHBazuBHOM auarHoctuku 3HO
SIBIAIOTCS HUpKyaupytomas onyxoiesasa JIHK,
mukpoPHK, MPHK, nkPHK, koTopbie uMeroT reHom-
HBIC U SMUTCHOMHBIC M3MEHEHUS, XapaKTepHbIE IS
HeomacTuueckux kietok [19, 20]. B HacTosmee
BpeMsi HEMHBAa3WBHASI MOJICKYISPHO-TeHETHYECKasI
OlleHKa OMOMapKepOB NCTIONB3YeTCs s CTpaTnrka-
[IUY TAIIUEHTOB, MOHUTOPHUHTA TEUCHUS OITyXOJICBOTO
mpoliiecca BO BpEeMs U MOCJE JICUCHUS, & TAKKe AJIs
o100 pa MOJIEKYIISIPHO-HANPABIEHHON TEPAIHH B TEX
CITyJasx, KOT/Ia aHAJIN3 OIYXOJIEBOM TKaHW HEBO3MO-
xeH. [Ipumepom NooOHBIX TEXHOJIOTHI MOTYT CITy-
JKUTBH JUArHOCTHYECKHUE TecT-cucTeMbl Guardant360
CDx u FoundationOne Liquid CDx, ogobpennsie B
CIIA YmpaieHreM 1o CaHUTapHOMY HaA30py 3a Ka-
YECTBOM ITHITEBBIX TPOAYKTOB U MeauKaMeHTOB (FDA,
Food and Drug Administration) B 2022 u 2023 rT. co-
OTBETCTBEHHO, JIJI5l aHAJIU3a IIUPOKOTO CIIEKTPa FEHOB
11o/IHK MeTo10M BBICOKOIIPOU3BOUTENLHOTO CEKBE-
unupoBanus (NGS). B Poccuniickoii @enepannn Takxe
AKTUBHO HCTIONI3YIOTCS] MOJIEKYIISIPHO-T€HeTHYeCKas
cTparuuKanus ManueHToB, TUHAMUYCCKUNH MOHHU-
TOPHUHT U MOI00P TApreTHON Teparuy, B TOM YHCIe
C WCTIOJB30BAHNEM METOAMK YKHJIKOCTHON OMOTICHH
Ha OCHOBE TEXHOJIOTUH BBICOKOIIPOM3BOAUTEIHHOTO
cexkBenuposanus u [11[P-ananu3a [21, 22].

YuuThIBas METOAOJIOTUYECKHE OCOOCHHOCTH
KHUJIKOCTHOW OWOTICHH, JJaHHasi TEXHOJOTHs paccMa-
TPHUBAETCS KaK NEPCIEKTUBHBIN METO/ paHHEN AUarHo-
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cruku 3HO, B ToM unciie y 6eCCUMITOMHBIX OOJIbHBIX,
Onarozmapsi cBOel HEMHBA3MBHOCTH M BO3MOXKHOCTH
OJTHOBPEMEHHOTO BBISBICHHUS HEOIIa3Mi Pa3sTUIHBIX
nokanuzanuii [15, 23]. B Hactosmiee Bpemst aKTUBHO
BEIlyTCsI pa3paOOTKU U KIIMHUYECKAsl BaJIUAALMS TECT-
CHCTEM JIJISl TEHETHYECKOTO CKPUHUHT A 3]I0KaU€CTBEH-
HBIX HOBOOOpA30BaHMN pa3IWYHBIX JOKamu3anui. B
Tabn. 1 mpencraBieHbl TECT-CHCTEMbI TEHOMHOW JHa-
THOCTHKH, KOTOpBIE, B OTVINYHE OT MHOTOUUCIEHHBIX
PYTHHHO HCIOJIB3YEMBbIX CKPHHUHTOBBIX J1a00paToOpHO-
MHCTPYMEHTAJIbHBIX METOAMK, MO3BOJISIOT C IPHU-
MEHEHHEM OIHOTO 00pasma neprupepudeckoil KpoBH
BepUPUIMPOBaTh pazinuHble Ho3onorun 3HO, B Tom
yyciie He BKIIOUEHHBIE B YTBEPKAECHHBIE TIPOTPaMMBbI
ckpuHuHra [ 12, 18]. JlaHHbIE TECTBI XapaKTEPU3YIOTCS
BBICOKOH CIELU(UIHOCTHIO U BAPHAOESITLHOM TyBCTBH-
TEIBHOCTBIO, 3aBUCSIIEH OT AU3aiiHa KIMHUYECKOTO
UCCIIE0BAaHNUS, TOMYIALUOHHBIX 0COOCHHOCTEH, IPo-
JOJDKUTETFHOCTH Habronenns u T.1. [ 12, 33]. Oqnaxo
HU OJIHA U3 TEXHOJIOTUH MYJIBTHOITYXOJIEBOU JETEKITUH
HE MMeeT OJ00peHHs AJIsl MHTErpalud U UCIIONb30-
BaHMA B KaY€CTBE CKPUHUHIOBOTO MO/IX0Ja B paMKax
rOCYJapCTBEHHbIX I'APAHTUN U CTPAXOBON MEAULIHBI.
Tem ue menee B 2024 1. B CIIIA (FDA) omoGpeno
HCIO0JIb30BaHNE MOHOOITYXO0JIEBOI TMAarHOCTHYECKOM
tect-cucteMbl Shield™ xommanun Guardant Health
Ha OCHOBE MOJIEKYJISIPHO-TEHETHYECKOTO aHaIu3a
TeHOMHBIX MYTallUii, MaTTepPHOB METHWJIMPOBAHUS U
¢parmentanun AHK mis pannero soisiBienus KPP.
ITo marubIM kKTUHIYECKOTrO nccaemoBannst ECLIPSE,
BiTrogaBmiero 6omee 20 000 y9aCTHHUKOB C TTOBBI-
HIeHHbIM puckoM pa3utus KPP, wyBcTBUTENBEHOCTD
anaym3a n1o/{HK Shield™ cocrasumna 83,1 % mpu 90 %
CHeU(pUUHOCTH: MOJOKUTEIbHBIN pe3yabTar ObLI
3aduKkcupoBad y 54/65 marueHToB, y KOTOpeix KPP
B MOCIEAYIOIEM MOATBEPKAEH JaHHBIMU KOJOHO-
ckorud [34].

Baxxno ormetuts, uto B Poccuu B aBrycre 2023 1.
3apErUCTPUPOBAH MEPBBIA OTEUECTBEHHBIN TECT A
ckpuHuHroBoi nuarHoctuku KPP u mpenpaxoBbix
obOpaszoBanuii Tosictoit kuinku «IIL[P B peanpHOM
BpemeHHu Sept9-SDC2-Met» komnannu bHOIMHK,
OCHOBAaHHBIH Ha aHAJIM3€ METUJIHUPOBAHUS I'€HOB
SEPT9 u SDC2 8 no/IHK. B 2025 r. B. bopo6oBoii u
coaBT. [35] onyOnMKOBaHBI Pe3yabTaThl IPUMEHEHHUS
JaHHOU TecT-cucteMbl y 256 mui (KPP — 18, mo6po-
Ka4eCTBEHHBIC 00pa30BaHUS TOJCTOW KHIIKH — 109,
rpynmna Koutpoist — 129). TectupoBanue o6pasion
nepudepuueckoil KpOBU MO3BOJMIO BBISBUTH BCE
ciyuau KPP, 11/14 cnyuaes anenom u 10/17 ciayuaes
3y04aTeIx 00pa3oBaHUM ¢ OOIIeH CreruPpUIHOCTHIO
B 90,5 %.

B Hacrosiiiee Bpemsi akTUBHO MTPOBOJIATCS MHOTO-
YHUCJICHHBIE T100aIbHbIC MOMYISIUOHHbIC KIMHU-
YECKHME HCCIICAOBAaHNsS, HAIIPABICHHbIE HA OLCHKY
3¢ dekTUBHOCTH, 0€30MaCHOCTH U BO3MOXXHOCTH
MacmTabHOW WHTETpali HEMHBAa3WBHBIX MYJb-
THOITYXOJICBBIX TEXHOJIOTHH AMArHOCTUKU 00pa3IoB
nepugepryeckoil KpOBH B ICHCTBYIOIINE TPOTPAMMBI
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REVIEWS

Ta6nuua 1/Table 1

TecT-cuctembl Ans CKPUHMHIOBOM HeMHBa3uMBHOW auarHocTukn 3HO pa3nuyHbIX Nokanusauum,
OCHOBaHHbIe Ha MOJEeKyNAPHO-TeHeTUYEeCKOM aHanuse obpasLoB nepudepnyeckon KpoBu

Test-systems for screening non-invasive multi-cancer diagnostics based on molecular genetic analysis

Tect-cuctema/
Test-systems

Galleri®

CancerSEEK

Cancerguard™

SPOT-MAS ™

EpiVisio™

cfMeDIP-seq

DEEPGENT™

DELFI

IvyGeneCOR®
Test

112

[TpousBoauTens/
Manufacturer

GRAIL, CIIA/
GRAIL, USA

Exact Sciences,
CIIA/
Exact Sciences,
USA

Exact Sciences,
CIIA/
Exact Sciences,
USA

Gene Solutions,
Borernam/
Gene Solutions,
Vietnam

AnchorDx,
Kuraii/
AnchorDx,
China

Adela Inc.,
CIIA/
Adela Inc., USA

Quantgene,
CIIA/
Quantgene, USA

Delfi Diagnosti-
cs, CIIIA/
Delfi Diagnosti-
cs, USA
Laboratory for
Advanced Medi-
cine, CIIIA/
Laboratory for
Advanced Medi-
cine, USA

of peripheral blood samples

Pesynbrarsl Banuanum
TECT-CHCTEMBI/
Test-system validation

results
Meto/rKa MOJICKYIISIPHO-TEHETHYECKOTO aHaIk3a/ ,
. . =2
Methodology of molecular genetic analysis ; 2 E B2
= a5 - 2
o =]
eEa S 2.2
5378 £33
oz @ o T g
= (=7 /a Q
Q wn ? wn

Amnanu3 narrepHoB Metuiauposanus 10/ JHK merogom
TapreTHOro OUCYIb(GUTHOrO CEKBEHUPOBAHUS/
Analysis of methylation patterns ctDNA using targeted
bisulfite sequencing

>99 %

AHanN3 TeHOMHBIX H3MEHEHHI METOJOM MYJIBTHILICKCHO-
ro [IIP-cexsenuposanus n1o/IHK B coueranuu ¢ umMmy-
HO(EPMEHTHBIM aHATN30M OSIKOBBIX OHOMApKEpOB/
Analysis of genomic changes using multiplex PCR-sequenc-
ing ctDNA in combination immunoassays of plasma protein

>99 %

Amnanu3 narrepaoB metunpoBanus 1o/ IHK meronom
TILIP B pesxrMe peanabHOro BpeMeHH mocie OucynbQur-
Hoii konBepcun JIHK B coueranuu ¢ uMmmyHo(epMeHT-

HBIM aHAJIM30M OEJIKOBBIX OMOMapKepoB/
Analysis of methylation patterns ctDNA using real-time
PCR following bisulfite conversion of DNA in combina-

tion immunoassays of plasma protein

>95%

Coueranue aHanu3a MeTHIMpoBaHus 450 TapreTHbIX

peruonoB (moy4yenusix Chen u coast. (2020) [27]),

HOJITHOTGHOMHOTO METHIIMPOBAHMS, BApHALIMHU JTHHBI
¢parmenToB, abbepaunii urcna konuit JJHK 1 koHIeBbIx

MOTHBOB METOZIOM BBICOKOIIPOU3BOANTEILHOTO TaPreT-
HOT'O M HETyOOKOT0 MOJHOT€HOMHOIO OUCYITbGUTHOTO

cexBeHupoBannn o/ [HK/

Combined analysis of methylation patterns of 450 target
regions (obtained by Chen et al. (2020) [27]), genome-
wide methylation profiles, fragment length variations,

DNA copy number aberrations and end motifs by targeted
and genome-wide bisulfite sequencing ctDNA

>99 %

Amnanus narrepHoB MeTuaupoBanus 1o JHK merogom
TapreTHOro cekseHnpoBanus/Analysis of methylation
patterns ctDNA using targeted sequencing

81,5 %

Amnanu3 nartepHoB MeTuaupoBanust CpG-6oraTsix
yuactkoB 10JIHK metomom cekBeHnpoBaHwMst/
Analysis of methylation patterns CpG-rich regions of
ctDNA using sequencing

>99 %

Amnanu3 reHoMHbIX n3MeHenunit 1o/JHK metomom Bbicoko-
npousBoauTensHoro NGS-uccnenoBanust/
Analysis of genomic changes ctDNA using next genera-
tion sequencing (NGS)

95 %

Anamns narreproB ¢parmenranuy 1o/ {HK metonom
HIOJTHOTeHOMHOTO CeKBEHHPOBAHMS1/
Analysis of cfDNA fragmentation patterns using genome-
wide sequencing

98 %

AHanmu3 naTTepHoB MeTuHposanus o/ IHK/

0,
Analysis of methylation patterns ctDNA 0%

S5 %

70 %

41,4 %

70,8 %

83 %

80,7 %

91,1 %

73 %

84 %

HUcrounuk/Source

[24]

[25]

[26]

[28]

[29]

[30]

[31]

[32]

[18]
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OkoH4yaHue Tabnuubl 1/End of Table 1

Pesynerarel Bamuaanumn
TECT-CUCTEMBI/

Test-system validation 8
results 2
%)
Tecr-cucrema/ IIpousBoauTens/ Mertoanka MOJICKYISIPHO-TEHETHYECKOTO aHaH3a/ , =
Test-systems Manufacturer Methodology of molecular genetic analysis ; z ;r% & E
SEE ff:z 2
= 5% =
5¢8 Egt S
i c% § = (%
© i
Avida Biomed, AHanu3 narrepHoB MeTHinpoBanus 1o/ JHK
Omnil . CHJA/ 'METOJIOM TapreTHoro ceKBeHHpOBagnﬂ/ 89 9% 65 % [12]
Avida Biomed, Analysis of methylation patterns ctDNA using targeted
USA sequencing
Singlera Ge- Amnanu3 narrepaoB metunupoBanus no/{HK merozom
nomics, Kuraii/ OUCYTE(GUTHOTO TAPreTHOTO CeKBEHUPOBAHHS/
PanSeer . . . . 96 % 889 27
Singlera Ge- Analysis of methylation patterns ctDNA using targeted ? & (271

nomics, China

bisulfite sequencing

IMpumeuanns: no/IHK — nupkynupyromas omyxonesast JJHK; TTLP — monumepasnas nennas peaxiusi; DELFI (DNA Evaluation of Fragments for
Early Interception); NGS (next generation sequencing) — cekBeHupoBanue Hooro nokosienus;; SPOT-MAS (screen for the presence of tumor by DNA
methylation and size), cfMethyl-Seq (cell-free DNA Methylome Sequencing); Tabiuiia cocraBieHa aBTOpaMH.

Notes: ctDNA — circulating tumor DNA, PCR — polymerase chain reaction, DELFI (DNA Evaluation of Fragments for Early Interception), NGS
(next generation sequencing), SPOT-MAS (screen for the presence of tumor by DNA methylation and size), cfMethyl-Seq (cell-free DNA Methylome

Sequencing); created by the authors.

ckpunuHra [12]. K npumepy, B ¢epane 2024 r. Ha-
LHMOHAJIbHbIE UHCTUTYTHI 3ApaBooxpanenus CHIA
(National Institutes of Health, NIH) uaunuuposanmm
ceTh KinnHH4Yeckux ucciaegoBanuii «The Cancer
Screening Research Network (CSRN)» st otieHkn
HOBBIX TEXHOJOTHM CKPUHUHIOBON HEMHBAa3MBHOU
muarnoctuku 3HO paznnanbix nokanmsanmii (Multi-
cancer detection, MCD), ocHOBaHHBIX Ha aHAJIU3EC
OITyXOJIECTICIIM(PUICSCKUX MAPKEPOB METOJIOM KHU/I-
KOCTHOM Onoricuw [36].

OnHuME 13 HANOO0JIee TTIEPCTIEKTUBHBIX TECT-CUCTEM
spisitores Galleri® (GRAIL, CIIA) u Cancerguard™
(Exact Sciences, CIIIA), momyuuBIyie B HACTOAIIEE
Bpems ot FDA monynpHOE omoOpeHme B paMKax
cTaryca «mpopbIBHOTO ycTporiicTBay (Breakthrough
Device) u «rabopatopHo pa3pabOTaHHBIX TECTOBY
(laboratory-developed test, LDT), B cBs3u ¢ yem oHU
MOTYT OBITh PEKOMEH/IOBaHBI ¥ HA3HAUEHBI JISHAIITIM
BpauoM B paMKax KIMHUYCCKUX MCCIICAOBAHUI MU
K€ Ha KOMMEpUYeckoit ocHose [36].

Tect Galleri® (GRAIL, CIIIA)

Kommanus GRAIL 6b11a ocHoBana B 2016 T u ¢
MOMEHTA 3aITyCKa MPOEKTOB aKTUBHO BEJET pa3padoT-
Ky ¥ KIIMHU4YEeCKyto Bamaanuio TexHonoruit MCD. 3a
TOJIbI MCCIIEOBAaHNH Y/Ia0Ch ONPENEIHTh, OLIEHUTh
W pacUIMpPHUTh KaTEroOpuu OMOMapKepOB, KOTOPHIE
MOTYT OBITh WCITOJIE30BAHBI B KPYIHBIX KOTOPTHBIX
KIMHUYECKUX UCCICAOBAHUSAX IS COBEPIICHCTBO-
BaHMUSI [TOJIXO/I0B K CKpUHUHTOBOM Auarnoctuke 3HO
Pa3IMYHBIX JIOKAIA3AINH.

Tect Galleri® xommnanunun GRAIL (CIIA) pa3-
paboTaH W BaJUJUPOBAH C MPUBJICUCHUEM Oojee
300 000 yyactHuKOB (Ta0m. 2). JlaHHBIN TECT OCHOBaH
Ha MICCIIEeZIOBAaHUT 00PasIoB reprhepuaeckoil KPOBH C

CUBUPCKIY OHKONOIMMYECKW XXYPHAT. 2025; 24(6): 108-126

UCIIOJIb30BaHUEM METOIMK BHICOKOTIPOU3BOANTEIHHO-
IO CEKBEHHPOBAHMS, IEPEAOBBIX TEXHOIOTHI aHAIM3a
JTAHHBIX ¥ MAIIMHHOTO OOYyYeHUs JUIsi OOHApYKEHUS
6omnee 50 nozomornii 3HO ¢ BO3MOXHOCTBIO HJICH-
TU(UKAIUKA OPTaHHON NPHUHAJJIC)KHOCTH OITYXOJIN
HA OCHOBaHUM aHAllM3a MaTTEPHOB METUIMPOBAHHUS
no/IHK.

OcHOBO# IS pa3paOOTKH, COBEPIICHCTBOBAHMS
U Baymjanuu tect-cuctembl Galleri® mociyxunu
Pe3yNbTaThl MPOCIEKTUBHOTO HCCIICAOBAHMUS CITydaii-
koHTpoib Circulating Cell-free Genome Atlas Study
(CCGA), mposenennoro B repuox ¢ 2016 mo 2024 1.
1 BKItouasiero 15 254 yuactauka c/6e3 3HO u3 142
uentpos CIIA u Kanazpl, ¢ 1eIbI0 OIIEHKU pa3Iny-
HbIx Kareropuil no/[HK metomom BeICOKOTpOM3BO-
JUTEITFHOTO CEKBEHUPOBAHUS U Pa3pabOTKH MOAETH
MaIIMHHOTO O0ydYeHUs IS AeTeKInd U JuddepeH-
nuaryu 3HO. UccnenoBanne CCGA Bkitouaso 3 3a-
paHee onpeneneHHbIX TOANCCIEIOBaHUS C S-IIETHUM
niepuosioM Habronenus [37].

B 1-m moguccnemoBannm «Discovery» (OTKpbITHE)
mpou3BeicHa pa3pabdoTKa MPOTOTUIIOB TecToB U 10
KJIACCU(UKATOPOB MAIIMHHOTO OOYYECHHsS TPU HC-
TOJIb30BAHNUHU 3 PA3IMYHBIX KOMITJICKCHBIX ITOJIXO/IOB
K MOJICKYJSIPHO-TEHETUYECKOMY aHaJTU3y: TMOJIHO-
reHoMHOe OucynbdurHoe cexBennpoBanue 110/JHK
(xnmaccuuKaTop «MOJTHOTCHOMHOE METHIIMPOBAHKEY ),
TapretHoe cexBeHupoBanue 507 renos noJJHK/
JEWKOIUTOB (KJIacCH(PUKATOPHI «OIHOHYKICOTH/I-
HBIH BapuaHT ¢/0e3 KOppeNsuy KIOHAJIBHOTO TeMO-
10332 ), MOJHOTCHOMHOE cekBeHupoBaHue 11oJJHK/
JIeMKOLMTOB/00PA3IOB OMyXO0JIEBOH TKaHU (KJIaccH-
(UKATOPBI «YUCIIO KOTIHA COMaTHYeCKUX BapHAaHTOB
¢/6e3 OIeHKH KOPPEIISAIINHI KIIOHAIEHOTO TeMOTI033a),
«KOHEUYHBIC TOYKH (PPArMEHTOBY, «BAPHALIUU JIUHBI
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Ta6nuua 2/Table 2

3aBepLueHHbIe KNMHUYECcKMe uccnenoBaHus Tect-cuctembl Galleri® (GRAIL, CLLA)
Completed clinical trials of the Galleri® test-systems (GRAIL, USA)

Kinununueckoe
uccaenoBanue/
Clinical trials

YyactHuku/
Participants

15 254 (56 % — nuua c nepBele
nuarHoctupoBanusiM 3HO
(>50 THIIOB) IPU OTCYTCTBHU
crier(puIecKoro JICUeHHsI,

44 % — nuua 6e3 3HO)/

15 254 (56 % — individuals with
the first diagnosed cancers (>50
types) in the absence of specific
treatment, 44 % — individuals
without cancers).

Tomuccnenosanue 1
«Discovery» (OTkpbITHE):

2 800 (1 628 ygactauKOB ¢ >20
tunamu 3HO u 1 172 — 6e3
3HO), pa3neneHHbIe HA TPYIIIIBI
00yueHHs 1 BaJiaaium/
Substudy 1 «Discovery»:

2 800 (1 628 individuals with
>20 types of cancers and 1 172
— without cancers) randomly
assigned to independent training
or validation groups.

TTonuccnenosanue 2: 7 043 —

4 841 (2 836 yuactHuKOB ¢ >50
tunamu 3HO u 2 005 — 6e3
3HO) + 2 202 >xeHuHbI 6e3
3HO, npoxoasiiue cKpu-
HUHTOBYIO MaMMOTpapuro

n3 uccnenoBanus STRIVE
(NCT03085888) [39], pasne-
JICHHBIC Ha TPYIIIBI 00y4CHHS U
Banuaanun/

Substudy 2: 7 043 — 4 841

(2 836 individuals with >50
types of cancers and 2 005 —
without cancers) + 2 202
women without cancer undergo-
ing screening mammography
from the STRIVE study
(NCT03085888) [39] randomly
assigned to independent training
or validation groups.
TTomuccnenosanue 3: 4 077

(2 823 yuactHukos ¢ >50 turna-
mu 3HO u 1 254 6e3 3HO)/
Substudy 3: 4 077 (2 823
individuals with >50 types of
cancers and 1 254 — without
cancers).

[TpocnekTHBHOE MYIBTHIICHTPOBOE 0bcepBannontoe nccinenosanne Circulating Cell-free Genome Atlas Study (CCGA) (NCT02889978) [37], Ceepnast Amepuka, 2016-2024 rr./
Prospective multicenter observational Circulating Cell-free Genome Atlas Study (CCGA) (NCT02889978) [37], North America, 2016-2024
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Llenb uccenoBanust/
Purpose of the study

C60p OHOIOrHYECKHUX 00PA3IIOB Y JIHI

C BIEpBbIE THarHocTupoBaHHeiM 3HO
(KpOBB U OIyXO0JIeBasl TKaHb) M y JIUII Oe3
3HO (xpoBb) 1151 OLIEHKH MOMYJISLIHOH-
HOIi TeTEPOreHHOCTH JIaHHBIX IPYIIIT C
paspabotkoii monernu aerekin 3HO/
Collect biological samples from par-
ticipants with a new diagnosis of cancer
(blood and tumor tissue) and from par-
ticipants who do not have a diagnosis of

cancer (blood) in order to characterize the

population heterogeneity in cancer and
non-cancer participants and to develop
models for distinguishing cancer.
Onenka xapaxrepuctuk no/IHK na
MPOTOTHITHBIX aHAIM3ATOPAX U KIIACCH-
(rKaTOpax MAIIMHHOTO 00yYEHNUs UL
Bepu(UKanNy HanOOJIee IePCIIEKTHBHO-

TO moaxoaa K TeCTy paHHeﬁ JUArHOCTUKHA

3HO pa3nuyHbIX JOKATH3ALHIA/
Evaluated cfDNA features in prototype
assays and prototype machine-learning
classifiers to determine the most promis-
ing approach for an multi-cancer early
detection test.

Pa3paboTka 1 KIMHUYECKAs! BaJIUIALIs
TecTa s paHHero BbisiBieHust 3HO
Pa3INYHBIX JTOKAJIN3ALNi, OCHOBAHHOTO
Ha METO/IC TAPIeTHOTO METHINPOBAHHS
moJIHK/

Development and clinical validation

of the multi-cancer early detection test
based on the method of targeted methyla-
tion of ctDNA.

JlanpHemas KIMHUYeCKast BaUaIus
TecTa Ayt paHHero BbisiBieHust 3HO
Pa3INYHBIX JIOKAJIN3ALNH, OCHOBAHHOTO
Ha METO/IE TAPreTHOIO METHINPOBAHHS
1o/THK/

Further clinical validation of the multi-
cancer early detection test based on

the method of targeted methylation of
ctDNA.

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(6): 108-126

B C3YJIBTaThL HCCJ’IC,E[OBaHI/ISI/

Results of the study Source

Pa3paboran 1 BaJauAUPOBaH TECT VIS
panHero BelsBieHus 3HO paznuu-
HBIX JIOKaJIN3aLHi/

Multi-cancer early detection test
developed and validated.

[37]

Jliis nanpHelmero aHanmusa BeIOpaH
KITaCCH(UKATOP MAIIIHHOTO 00yde-
HHS «IIOJTHOTCHOMHOE METHIHPOBa-
HIE», OCHOBAHHBIH Ha Pe3ylIbTaTax
OHCYIBE(GHUTHOTO CEKBEHHPOBAHNUS
no/THK (mipu 98 % crermpuanocTn
qyBCTBUTEILHOCTH T€CTA COCTABHIIA
39 % B rpynme oOyuenus u 34 %

B TPyIIIC BaIHAAINH), TOYHOCT
IIPOTHO3UPOBAHHUS POUCXOXKICHHS
3HO - 75 %/

A «whole-genome methylation»
machine learning classifier based on
results bisulfite sequencing of ctDNA
was select for further research (39 %
sensitivity in training group and

34 % in validation group at 98 %
specificity), cancer signal origin
prediction accuracy — 75 %.

[38]

Crermuduanocts — 99,3 %, 1yBcTBH-
TeabHOCTh — 43,9 % (I et — 18 %,

I cr. — 43 %, I ct. — 81 %,

IV c1. — 93 %), TOUHOCTH IPOTHO3H-
poBanus npoucxoxaeHus 3HO —

96 %, 007151 TOKHOTIOIOKHUTEIbHBIX
pesynsraros — 0,7 %/

Specificity — 99.3 %, sensitivity —
43.9 % (stage I — 18 %, stage 11 —
43 %, stage 111 - 81 %, stage IV —
93 %), cancer signal origin predic-
tion accuracy — 96 %, the proportion
of false positive results — 0.7 %.

[40]

Creruduaaocts — 99,5 %, 4yBCTBH-
TeabHoCcTh — 51,5 % (I ct. — 16,8 %,
II ct. — 40,4 %, Il ct. — 77,0 %,

IV cr. — 90,1 %), TOUHOCTB IPOTrHO-
3UPOBAHUS MPOHCXOMKICHUS

3HO — 88,7 %/

Specificity — 99.5 %, sensitivity —
51.5 % (stage I — 16.8 %, stage

11— 40.4 %, stage 111 — 77.0 %,
stage IV —90.1 %), cancer origin
prediction accuracy — 88.7 %.

[24]

Hcrounuk/
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Knuanueckoe
HCCIeI0BaHUE/
Clinical trials

ITpoCHEeKTHBHOE MYJIBTHIIEHTPOBOE KOTOPTHOE

MynbTHLEHTPOBOE, POCIIEKTUBHOE, 00CEpPBALIMOH-
Hoe uccnegoBanne SYMPLIFY (ISRCTN10226380),

06CepBaLll/IOHHOC HCCIIEI0BAHUE

[IpocnexkruBHoe MynbruLeHTpoBOE HccienoBanine PATHFINDER

STRIVE (NCT03085888),

(NCT04241796) [41], CILIA, 2019-2020 rr./
Prospective multicenter study PATHFINDER (NCT04241796) [41],

Awnrust, Yoanec (¢ 7 uronst mo 30 nosiops 2021 1)/
Multicentre prospective observational SYMPLIFY

(ISRCTN10226380) study, England, Wales (July 7 to

2017-2022 rr/
Prospective multicenter observational cohort
study STRIVE (NCT03085888), 2017-2022

USA, 2019-2020

November 30, 2021)

YdactHukn/
Participants

99 481 xeHiuHa

0e3 UACHTHPULPOBAHHOTO
3HO, npoxoasiuas
CKPUHUHTOBYIO MaMMorpaduro/
99 481 women without cancers
undergoing screening
mammography.

6 662 yuactHHKOB >50 et Oe3
npu3HaKkoB u cumnromos 3HO/
6 662 participants >50 years
without signs and symptoms of
cancers.

5461 yuactHuk >18 net ¢
noxposperuem 3HO (y 6,7 %
nmuarno3 3HO B nocnenyromem
TOATBEPIKICH )/

5461 participants > 18 years
old with suspected cancer

(the diagnosis of malignant
neoplasms was subsequently
confirmed in 6.7 %)

Llens uccenoBanust/
Purpose of the study

Banupauus tecra ¢ 5-netHum
MIepPUOJIOM HaOIFOIeHNUs/
Validation of the test

with a 5-year follow-up period.

Wurerpamus Tecta B KIMHAYIECKYIO
MIPAKTHUKY C QaHAIM30M BPEMEHH 1 00beMa
JIMarHOCTHYECKHX UCCIEeI0BaHUH, HE0O0-
XOAUMBIX JUISl TOATBEP)KACHUS IUarHo3a
3HO nevamum Bpauom/

Integration of the test into clinical
practice with an analysis of the time and
scope of diagnostic studies required to
confirm the diagnosis of cancer confirma-
tion by the physician.

Onenka 5 peKTUBHOCTH TecTa IS
pannero BoisiBiaeHust 3HO pazinndnbix
JIOKaJIM3a1Hil, OCHOBAaHHOTO Ha Tap-
TETHOM METUIMPOBAHUH, Y AIICHTOB

C CHMIITOMaMH, [OJI03PUTCIBHBIMHU B
otHortieHnu 3HO, HarpaBIeHHBIX AT
o0cIie1oBaHus MPY Meprosie HaOMOICHUS
JI0 AMATHOCTUYECKOTO Pa3PEIICHHS NITH
110 9 mec/

Evaluate the performance of a methyla-
tion-based multicancer early detection
(MCED) diagnostic test in patients with
symptoms suspicious for cancers referred
for examination during the observation
period until diagnostic resolution or up to
9 months.

OkoH4aHue Tabnuubl 2/End of Table 2

Hcrounuk/
Source

Pesynbrarsl HecnenoBaHus/
Results of the study

He obnaposoBaHsbl/
Not made public.

[39]

TTonoxurensusiii TecT B 1,4 %
(92/6662) ciyuaeB, U3 KOTOPBIX

y 38 % (35/92) moaTBepKICHO
3HO. Cneuuduanocts — 99,1 %
(6235/6290). Menuana BpeMeHI

JI0 3aBEPIIEHHS TUATHOCTHIECKOTO
MOVCKA, OTIPEIEISIEMOTO JIEYaIiM
BpadoMm — 79 (37-219) nueii: 57 nHei
(33—143) npu HCTHHHO MOJIOKH-
TeNBbHBIX U 162 (44 — 248) nus npu
JIOKHOTIOJIOKUTETBHBIX CITYYasiX.
TOYHOCTH TPEICKA3AHUSI TIPOKC-
xokaennst 3HO B HCTHHHO TIOJIOKH-
TeNbHBIX ciaydasx — 97 % (33/34)/
A positive test was detected in 1.4 %
(92/6662) of cases. Of these, 38 %
(35/92) of cases subsequently had a
confirmed cancer. Specificity —

99.1 % (6235/6290). Median time to
diagnostic resolution — 79 (37-219)
days: 57 (33—143) days for true
positive cases, 162 (44-248) days for
false positive cases. Cancer signal
origin prediction accuracy in true
positive cases — 97 % (33/34).
TMonoKUTETbHAST MPOTHOCTUYCCKASI
LeHHOCTh — 75,5 %, oTpunarenbHas
MPOTHOCTHYECKAST IICHHOCTD —

97,6 %, 4yBCTBUTEIBHOCTD —

66,3 % (I ct. — 24,2 %, IV ct. —

95,3 %), cneruduanocTs — 98,4 %.
TouHOCTH MpeCcKa3aHus MPOUC-
xoxxaenus 3HO — 84,8 %/

Positive predictive value — 75.5 %,
negative predictive value — 97.6 %,
sensitivity — 66.3 % (stage I —

24.2 %, stage IV —95.3 %), specific-
ity — 98.4 %. Prediction accuracy of
the site of origin cancer — 84.8 %.

[42]

[43]

Ipumeuanns: 3HO — 3noxadecTBeHHBIe HOBoOOpa3oBanust; 1o/ IHK — mupkymupyromas omyxomnesast JJHK; Tabnuma cocTaBieHa aBTopaMH.

Notes: MN — malignant neoplasms, ctDNA — circulating tumor DNA; created by the authors.
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(bparMeHTOBY, «aJIEIBHBIN AUCOATIAHCY) B CPABHEHUH
C aHAJTN30M KJIIMHUYECKHX JaHHBIX (BO3PACT, aHAMHE3
KypeHHs1, CEMEHHBII aHaAMHEe3 paka MOJIOYHOM JKeme3bl/
SIMYHUKOB) U «pan-feature» kinaccuukarop, coueraro-
¥ Bce 3 KOMIUIEKCHBIX ITOIX0/Ia K CEKBEHUPOBAHHIO
B koropre u3 2 8§00 yuactaukoB c/6e3 3HO.

Haubonee BBICOKYIO 4yBCTBHTEIHHOCTh B JHa-
nazone 33-40 % npu 98 % cnenupuyHOCTH TIPO-
JIEMOHCTPUPOBAIH KJIACCH(PHUKATOP CITOJTHOTCHOMHOE
METHJIMPOBAHUEY, «OTHOHYKICOTHIHBINH BapHaHT C
KOppessIreil KIIOHATFHOTO TeMOITI033a» 1 «pan-feature
Kiaccuukaropy». B cBoro ouepesib, 4yBCTBUTENBLHOCTh
KJlaccu(uKaTopa Ha OCHOBAaHUM aHAJIM3a KIMHHYE-
CKUX JaHHbIX cocTaBuia 2,6 %. Ilpu nocnenyromem
OITpe/IeNIeHNH KIIMHIIECKOTO Tipesiesia 00Hapy KeHNs Ha
OCHOBE IIUPKYJIUPYIONICH (hpaKInuu ajiesiel OmyXoiu
YCTaHOBJICHO, YTO KTIOJIHOTCHOMHOE METHIIMPOBAHKE)
SIBIISUTOCH OJTHMM W3 HanOojee YyBCTBUTEINBHBIX, HE
TpeOyIOIHNX CEKBEHUPOBAHUS JICHKOIIUTOB, TP HAHU-
Oosiee HU3KOM TIOKa3areyie KIMHUYECKOTO Npeserna
OOHapyKeHus, a TakKe HanboJiee BEICOKOW TOYHOCTH
nporuo3upoBanus npoucxoxaeHus 3HO Ha ocHoBaHMM
MMapHOTO aHajnu3a 00pa3IoB MepudepuIecKoil KPOBH
1 o1ryXoJieBoi Tkauu 127 6ombHBIX: 75 % (95/127) vs
41 % (52/127) u 35 % (44/127) ans kinaccupukaropos
«YUCIIO KOTUH COMAaTUYECKHX BAPUAHTOB» U «OJHO-
HYKJICOTH/IHBIY BAPUAHT C KOPPEIALNEH KIIOHATLHOTO
TeMOII07332» COOTBETCTBEHHO. B CBs3m ¢ uem s mo-
JIFCCIIeIOBaHMs 2 0TOOpaH MOJX0J, OCHOBAaHHBINA Ha
MeTwinpoBanuu [38].

[Mocnenyromas pa3padoTka u oTOOpP KIIIOYEBBIX
MapKepoB MPOU3BOWINCH HA HE3aBUCUMON KOTOpTE
n3 7 043 yuactaukoB ¢/6e3 3HO ¢ ucnonb3oBaHueM
MeToAa OMCYTh(UTHOTO CeKBEHUPOBAHMS HA TIAHETTH
n3 6onee 100 000 ygactkoB metunmpoanus [40]. B
MOCJIEAYIONIEM 3-M TOMCCIIEI0OBAaHUH OCYIIIECTBIIS-
JIaCh KIIMHUYECKas BAITUIAIMsI pa3paboTaHHOM TaHen
MapKepoB Ha HezaBucUMOU koropte u3 4 077 yyacr-
HUKOB ¢/6e3 3HO ¢ mcmoiab30BaHWEM TEXHOIOTHIMA
MAIIIMHHOTO O0ydYeHUs i1 00pabOTKU Pe3yJbTaToB
TECTUPOBAHUS U MPOTHO3UPOBAHUS ITPOUCXOMKICHUS
3HO (tabn. 2) [24].

[TapannenpbHO B POCIEKTUBHOM HCCIIEIOBAHUH
PATHFINDER [41] oneHnBanack OCymeCTBUMOCTb
nHTerpauun Galleri® B KIMHUYECKYIO MPAKTUKY Y
6 662 nuu crapiiedt BospactHol rpynmsl 6e3 3HO.
Pesynbrarhl TECTHPOBAaHUS OTIPABISUTUCH JIEUaIIeMy
Bpady ¥ YY4aCTHHKAM HCCICJOBaHUS B TeUeHUE ~15
JHEH ¢ MOMEHTa 3a0opa nepudepruueckol KPpoBH.
[Ipy HANMMYUK TTONOKUTEITHHBIX PE3YJIbTaTOB MOCIIE-
Iyrolee AUarHOCTHYECKOe O0CIIeIOBaHUE C IIEIBIO
nonTBepxacHust 3HO KOOpaIuHUPOBAIOCH JICHAIIIM
BpauoM Ha OCHOBAaHUH YTBEPKJICHHBIX CTAHIAPTOB U
MIPOTOKOJIOB 0€3 CIIeHaIbHO pa3padoTaHHbBIX JJIs UC-
CJIEZIOBaHUS alrTOpUTMOB Bepudukarmu. [lokazarensb
BoIsiBIeHHsT 3HO CcOOTBETCTBOBAN YTBEPKASHHBIM
npu ckpuHuHre U coctasui 0,53 % (35/6621) (tadu.
2) [42]. ITocnenyromasi IpOCHEKTUBHASI OLICHKA TECTa
Galleri® st UCTIONB30BaHUS B KAUECTBE CKPHUHUHTA
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npousBonmiIack B ucciaenoBanun SYMPLIFY na
0a3e OosibHUIL HarroHanbHOW Ci1y OBl 3[paBOOX-
panenus (National Health Service, NHS) Anrauu
u Yaneca y 5 461 mauueHta ¢ CUMITOMaMH U IPU-
3HaKaMH, MOJ03pUTENbHBIMH B oTHOmennn 3HO, y
6,7 % W3 KOTOPBIX B MOCIEAYIOIIEM TUATHO3 IMOJ-
TBEPXKJIEH CTaHAapTHBIMU MeTopamu. [lonoxuTens-
HBIM pe3yibTaT TECTUPOBAHHS 3apETUCTPUPOBAH B
5,9 % (323/5461) cimy4aeB, U3 KOTOPBIX WUCTHHHO
MOJIOKUTENbHBIE cocTaBuiu 75,5 % (244/323)
(Tabmn. 2) [43]. Jns unterpauuu tecta Galleri® B
YTBEpKIAEHHbIE nporpamMmbl ckpuHuHra B CIIIA u
AHTITIN WHUITMHPOBAHA NalbHEHINAs MaciTaOHas
MPOCHEKTUBHAS OlEHKA KJIMHUYECKOH 3HAUMMOCTHU
METOJIMKH C TipuBJeucHreM Oosee 190 ThIC. y4acTHU-
koB (Tabn. 3) [44—47]. K npumepy, B ucciieioBaHue
NHS-Galleri [44] ¢ 2021 . BkItOYeHO yKe Ooiee
140 TBIC. OECCUMIOTOMHBIX JIMI[ C LB OLEHKHU
3¢ (ekTUBHOCTH JOOABJICHUS! TECTa K CTAaHIaPTHBIM
nporpaMMaM CKpUHUHTA B OTHOLICHUH CHY)KEHHS 3a-
oomnesaemoctr 3HO 11l u IV cramuii mpu cpaBHeHUH
TPYII BMEIIATENLCTBA (TIPOBOIUTCS aHAIIN3 KPOBH)
Y KOHTpOJIs (KpOBb XpaHUTCA) uepe3 3—4 roaa rnocie
pasnomusanuu. [lepsuunsie pesynsrarsl NHS-Galleri
OynyT npexncrasiensl B 2026 1. [44, 48].

Teet CancerSEEK/

Cancerguard™ (Exact Sciences, CIIIA)

[TepBble MPOTOTHIBI MYJIBTUMOAAIBHON TECT-
cuctembl CancerSEEK/Cancerguard™ kommanun
Exact Sciences coznansl B 2016 T. 1 OlleHEHBI B HC-
cienoBannu DETECT-A, Ha0Op y4acTHUKOB B KOTO-
pbiii ocymecTsisuics B nepuoa 2017-19 rr. (tadm. 4).
TecTupoBaHue 00pa3lOB KPOBHU BHIIOJHAIOCH HA
TaHeIN!, BKIIoYaBIeil 61 aMIuIMKoH 1o ~75 map Hy-
KJICOTHU/IHBIX OCHOBAHMU Ka)K/IbIi1, C HCIIOJIB30BAHUEM
Metoauk [ITIP-cekBenupoBanus 111 ananu3za 16 reHoB
(KRAS, NRAS, PIK3CA u np.), a Takke IMMyHO]ep-
MEHTHOTO aHaju3a /ISl JIeTeKIUH 9 OeTKoBBIX OHO-
mapkepoB (CA15-3, CA19-9 u np.) [49].

B uccnenosannu DETECT-A ananu3 nepudepu-
YeCcKOH KpOBH ObLI MHTETPUPOBAH B CTAHIAPTHYIO
nporpammy ckpwHuHTa 9 911 kermun 6e3 3HO.
Ha nepBom 3tarie ObUI0 BbIsIBIICHO 4,9 % NaIMeHTOB
(490/9911) ¢ nOIOKHUTEILHBIMH PE3YJIBTATaAMH TECTH-
POBaHMA, KOTOPHIM B IOCJIEAYIOIIEM ObUT BBIITOIHEH
3a00p KPOBH 15 TOBTOPHOTO aHAJIN3a, HAIIPABICHHOTO
Ha OI[EHKY CTa0MIIbHOCTH PaHee BISIBJICHHBIX TEHOM-
HBIX [IEPECTPOCK U UCKIFOUCHUS My TaIMii, CBI3aHHBIX
C KJIOHAJIbHBIM T€MOII0930M, IIOCPEICTBOM HCCIIE0-
BaHMS TOJIBKO PaHEe BBIIBICHHBIX MapkepoB. B pe-
3yabTare noATBepxkaeHo 1,35 % ciyuaes (134/9911),
KOTOpbIE aHATU3UPOBAINCE MEKANCIUTIIMHAPHBIM
xomuteToM (Multidisciplinary Review Committee,
MRC) 1o amOymaTopHBIM UCTOPHSIM OOJIE3HH MTAIHEH-
TOB C LIEJIbIO UCKJIFOUCHHUS IIaTOJIOT U, HE CBA3aHHON
co 3HO. Tpernii atan ckpununra Bkitouan [I9T-KT ¢
¢dropaezokcurokosoit (U (116/134) unu apyrue
nmydeBble MeTo/bl auarHocTuku (11/134), koropbie
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Ta6nuua 3/Table 3

Mpoponxarowwmecs KNMHMYecKkne nccnenoBaHus tTect-cuctemol Galleri® (GRAIL, CLUA)
Ongoing clinical trials of the Galleri® test-system (GRAIL, USA)

Kimaunueckoe uccienoBanme/
Clinical trial

IIpocnexTusHoOE, paHI0-
MH3HPOBAHHOE, KOHTPO-
JIMPyeMOe HCCIIeI0BaHIE
NHS-Galleri (NCT05611632,
ISRCTNO91431511) [44, 48],
Benukobpuranus, 2021-2030/
Prospective randomised
controlled NHS-Galleri

trial (NCT05611632, IS-
RCTNO91431511) [44, 48], UK,
2021-2030.

IIpocneKTuBHOE, MHOTOIICH-
TPOBOE MHTEPBEHIIMOHHOE
uccienoBanue PATHFINDER 2
(NCT05155605) [45], CeBepHras
Awmepuxa, 2021-2028/
Prospective multicenter
interventional PATHFINDER

2 (NCTO05155605) study [45],
North America, 2021-2028.

IIpocnexkTuBHOE KOTOPTHOE
00cepBalOHHOE HCCIEI0BAHIE
SUMMIT (NCT03934866) [46],
Jlonnon, BenkoOpuranusi,
2019-2030/

Prospective cohort observational
SUMMIT (NCT03934866)
study [46], London, UK,
2019-2030.

MyJIbTHIIEHTPOBOE TIPOCIIEKTHB-
HOE 00CepBAIMOHHOE KOTOPTHOE
nccienosanne REFLECTION
(NCT05205967) [47], CeBepHast
Awmeprka, 2021-2026/
Multicenter prospective obser-
vational cohort REFLECTION
(NCT05205967) study [47],
North America, 2021-2026.

YuaactHukH/

Participants (n)
142 318 6ecCMMITOMHBIX JIHIL
13 001IeH MOMyISIK AHITHN
(50-77 ner) ¢ panaOMHU3aIIHU-
eil B IpyIIIbl BMEIIATEIbCTBA
(TIPOBOAMTCS TECTUPOBAHUE
Galleri®) mm KOHTPOIIS (KPOBB
XpaHuTcs)/
142 318 asymptomatic
participants from the general
population in England (50-77
years) randomised to interven-
tion group (Galleri® testing
performed) or control group
(blood stored).
35 885 muir, moIeKAIuX
PEKOMEHIOBaHHBIM IIPOrPaM-
MmaMm ckpurnara 3HO B pamxax
CHCTEMBI 3/{PaBOOXPAHCHHUSI
CesepHoit AMepukn/
35 885 participants eligible for
recommended cancer screen-
ing programs within the North
American health care system.

13 035 nur 6e3 3HO (5577
JIET) C BBICOKMM PHCKOM pa3-
BUTHSA paka jierkoro u ap. 3HO B
CBSI3M CO 3HAYHTEIIBHBIM CTAXKEM
KyPEHHs, OIIPE/ICIISEMbIM 10
BaJIMAMPOBAHHBIM [T0Ka3aTEIIIM
pucka/

13 035 participants without
cancers (55-77 years old) with
a high risk of developing lung
cancer and other cancers due to
a significant history of smoking,
determined by validated risk
indicators.

17 000 nu11, COrIacCHBIINUXCS

Ha TECTHPOBAHUE B YCIOBHAX
OOBIYHON KIIMHUYIECKOHN MpaK-
THKH/

17 000 participants agreed to

be tested in routine clinical
practice.

Ienb uccnemqoBanus/
Purpose of the study

Orienka 3pHEeKTUBHOCTH U KIIU-
HHUYECKOM MOJIb3bI B OTHOIICHUH
CHIDKEHHsI 3a0071€BaeMOCTH U
CMEpTHOCTH TIPU 100aBICHUN
TecTa K CTaHJapTaM CKpPHHHHTa
HaceneHus B BexnkoOpuranum/
Evaluate the effectiveness and
clinical benefit in reducing
morbidity and mortality when
adding a test to standard popula-
tion screening in the UK.

Onenka 6e3onacHocTd 1 dhdex-
THUBHOCTHU IIPHMCHEHUS TECTa B
HOMYJISILIAH JIALL, OUTEKAIIIX
PEKOMEHIOBaHHBIM IIPOrPaMMaM
ckpuruara 3HO B CeBepHOit
Awmepuxe/

Evaluate the safety and perfor-
mance of the test in a population
of individuals who are eligible
for guideline-recommended
cancer screening.

Knunnueckas Banuaanus 1 u3y-
YEeHHE BO3MOXKHOCTU BHEAPEHUS
HJKT B nporpaMmbl CKpUHHHTA
paka JIerKoro B IPyIIax BBICOKO-
IO PHCKAa COBMECTHO C aHAIIH30M
00pasioB nepudepuieckoi
KpoBu/

Clinical validation and feasibil-
ity study of LDCT implementa-
tion in lung cancer screening
programs in high-risk groups

in conjunction with peripheral
blood sample analysis.

M3y4eHne onbITa IPUMEHCHHUSI
tecta Galleri® B KIMHHYECKUX
YCIIOBUSIX/

Understand the real-world ex-
perience of Galleri® in clinical
settings.

Jlu3aiiH ucciempoBanms/
Study design

Pesynbrarel TectrpoBanus Galleri® OymyT
IPEIOCTABIICHBI TOJBKO JIMLAM C T10JI0-
JKUTEIIbHBIM CUTHAJIOM paKa U3 IPYIIITbI
BMEILIATeIIbCTBA ISl TOCIE/LYFOLIEro
00CIIeI0BaHMs U JICYCHUS TIPH TTOTBEPXK-
JeHnn rarnosa. OCTanbHbIe y4aCTHUKI
He OytyT MHGOPMHUPOBAHBI O pe3yJbTrarax
TECTUPOBAHHUSI/

Galleri® test results will only be provided
to individuals in the intervention group
with a positive cancer signal for follow-up
investigations and treatment if the diagno-
sis is confirmed. Other participants will not
be informed of the test results.

Bce yuacTHHKH OyayT HHPOPMHUPOBAHEL O
pesynbrarax TectupoBaHus. [Ipu monoxu-
TEJBHBIX pe3yJbrarax Oy/feT IpOBeICHO
00cIe10BaHIE COMIACHO MPE/ICKa3aHHBIM
HO30JIOTHSIM C OLIEHKOH KOJIMIECTBa U
THIIOB AHATHOCTUYECKHX MPOLEAYp, HE00-
XOJIMMBIX JULSI TIOATBEPIKICHNUSI {uarao3a. B
pa3IMYHbIC BPEMEHHBIC TOUKH TakXke Oyzier
[POAHAM3UPOBAHO BOCIIPUSITHE YIaCTHH-
KaMH Pe3yJIbTaToB TeCTHPOBAHNS/

All participants will be informed of the

test results. In cases with positive results,
participants will undergo diagnostic pro-
cedures based on the test returned cancer
signal origin(s) to determine if they have
cancer. The number and types of diagnostic
procedures required to achieve diagnostic
resolution will be assessed. Participants'
perceptions of the test results will also be
analyzed at various time points.

3abop obpasia KpOBHU U MPOBEJCHUE
HAKT npu 1-m Busute. [locaenyromue
€KEro{HOe HaOJIFO/ICHHE 3 Y4aCTHUKAMU B
TEYCHHE 3 JIET IPU OTPULATEIBHBIX PE3yIib-
Tarax HJIKT/

Blood sampling and LDCT testing at the
first visit. Participants will be followed up
annually for 3 years if LDCT results are
negative.

1-neTHuit epruos aKTUBHOTO HAOIIOACHHUS
IyTeM aHAJIM3a JaHHBIX JIEKTPOHHBIX Me-
JIMIUHCKUX KapT + MacCHBHOE HAOJIOIeHNE
MIOCPEJICTBOM CBSI3M C OHKOJIOTHYECKUMHU
perucTpamMu U ApyrumMu 6azamu JaHHBIX/
1-year active surveillance through analisys
of data collection from electronic medical
records + passive surveillance through
relation to cancer registries and other
databases.

TIpumeuanus: 3HO — 31okauectBeHHbIe HOBoOOpa3oBanus; HIKT — HI3K0103HAast KOMIIBIOTEpHAS TOMOTpadust; Tabiviia COCTaBIeHa aBTOPAMH.

Notes: MN — malignant neoplasms, LDCT — low-dose computed tomography; created by the authors.
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MO3BOJIMIIN UIAEHTU(UIUPOBATH NATOIOTHYECKHE U3~
meHeHus B 50 % (64/127) cayqaes. [Ipu nocnemnyro-
meM o0ciieIoBaHuM 64 MallMeHTOB C BBISABICHHBIMUA
MaTOJIOTMYeCKUMHU M3MeHenusmu guarao3 3HO mon-
TBepkJieH B 41 % ciydaeB. TpexaTanHblil aHAIN3 €
HCTIOJIb30BAHUEM ITOBTOPHOTO HCCIIEIOBAHUS KPOBH
Y BU3YaTN3UPYIOMINX METOUK TIO3BOJIHI YBEITHIUTh
Ce(pUIHOCTD UCCIIEIOBAHMS, OTHAKO 3aKOHOMEPHO
CHUKAJ €r0 YyBCTBUTEIBLHOCTH [49].

B o0meil cOBOKYyMHOCTH B UCCIEIOBAHUU
DETECT-A ckpuHHHTOBOE 00CIIeIOBAaHNE C BKIIO-
YEeHHEeM TPEXKOMIIOHEHTHOTO aHaju3a B KOropTe
3 9 911 XeHIIMH MO3BOIWIO UACHTU(PUIUPOBATH
96 ciyuae 3HO (0,97 %): 26 ciy4aeB BBISBICHO
Omaromaps aHanms3y KpoBH, 24 — IO METOIUKAM
CTaHJAPTHOTO CKPUHUHTA, 46 — OBLTH MPOIMYIIEHBI
JBYMsI CKPUHHHTOBBIMHU QJITOPUTMaMHU U BBISIBICHBI
Ha OCHOBAaHMWU CHMIITOMOB U IOCJEAYIOLIEro aua-
THOCTHYECKOTO o0ciemoBanus [49].

[Tapanneasno DETECT-A ucciaegoBanuto, pe-
3yJBTaThl KOTOPOTO ObUIH OMyOauKoBaHbl B 2020 T,
J.D. Cohen et al. [25] B 2018 1. mpescraBieHa yco-
BEpIIEHCTBOBaHHAs BepCUs aHalW3a KPOBHU, Ha-
3BaHHas abOpeBmarypoii «CancerSEEK», xotopas
roJpasymeBasia KOMOMHHPOBAHHYIO OIIEHKY I'€HETH-
YeCKHX ajbTepanuii B 16 qpaliBepHBIX TeHaxX METOI0M
mynbTuIuiekcHoro IIP-cekBenuposanus 1o/IlHK u
YpoBHS 8 OCIKOBBIX OMOMAapKEepOB METOIOM HMMY-
HoepmeHTHOTO aHanu3a (Tadi. 4).

[pu ananuse o0LIENOCTYTHBIX 0a3 TaHHBIX PE3YITb-
taroB cekBeHuposanus J.D. Cohen et al. yctanoBuim,
YTO CYIIECTBYET NPOOHO-CTENEHHAs] 3aBUCHMOCTD
MEXIy KOJIMYECTBOM aMIUIMKOHOB M YYBCTBHUTEIb-
HOCTBIO TECTa € IJ1aTo Mpu ~60 aMIUIMKOHAX, TPEBbI-
LIEHHE KOTOPOTO HE CIIOCOOCTBYET CYIIECTBEHHOMY
MOBBIIICHUIO BbIIBIsIeMOCTH ciyvyaeB 3HO, onHako
YBEITUYUBAET BEPOSTHOCTD JIOKHOTIOJIOKHUTEIIFHBIX Pe-
3ynbTaToB. B utore coznana maHens u3 61 aMIinkona
(xakapIid o ~33 mapbl HyKJICOTUAHBIX OCHOBAaHUH),
crocoOHasi OIeHUTh MyTaruu B 1 933 pa3iaudHbIX
TE€HOMHBIX MTO3UIIHSIX.

Pa3paboranHas TEXHOJOTHS, COTJIACHO TEOPETH-
YeCKHUM T0o/icueTaM Ha Habope nanHbix Karamora co-
Maruueckux Myrtanuid mpu pake (Catalog of Somatic
Mutations in Cancer, COSMIC), moriia 061 00HapY-
#UThb 41 % cinydaeB paka medeHu U 95 % caydaes
paka MmoKeTyI0THOH xemnesbl [S1]. Ha mpaktuke xe
naHelb Ha ocHoBe [I1[P-cexBeHMpOBaHus B CPaBHEHUU
C TIOJIHOT€HOMHBIM CEKBEHUPOBAaHHEM MPOJIEMOHCTPU-
poBaja 3HAYMTEIHHO OOJiee BHICOKYHO YyBCTBHTEINb-
HOCTb, JIETEKTUPOBAB MO KpaiiHed mepe 1 myTanuio
B 82 % cmyuaes, 2 myTamuu B 47 % ciydaeB u 6onee
2 mytauuii B 8 % cinydaeB 3HO (n=805). [lapusrii
aHanu3 o0pa3IOB OIyXOJIEBOW TKaHW W nepudepu-
4yecKkoM KpoBH 153 marnueHTOB MPOJEMOHCTPUPOBAI
HaJIW9Ue WACHTUYHOW MyTaruu B 90 % ciydaes.
[Mpumenenne tecta CancerSEEK mns ananmuza o6-
pasuoB nepudepuueckoit kposu 1 817 mun c¢/6e3 3HO
MIPOZIEMOHCTPHUPOBAJIO BBICOKYIO CHENM(PHUIHOCTD H
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BapHa0elbHYI0 YyBCTBUTEIBHOCTD, 3aBUCSIIYIO OT
tuna 3HO u pacnpoctpaneHHocTH mpouecca (Tadi.
4). BaxxHO OTMETHTB, uTO TecT-cucTeMa CancerSEEK
TaKKe BKJIIOYaJia aJlTOPUTM CTATUCTUIECKOTO aHATTN3a
JUIs KilaccuuKkaiuy 00pasioB U MpecKa3aHus Mpo-
ucxoxaenus 3HO, TOUHOCTH KOTOPOTO COCTaBHIIA
83 % [25].

B pa6ore C. Douville et al. [50] npencrasnen
TecT Ha ocHoBe [II[P-cekBeHUpOBaHUS MOBTOPSIO-
mmxcst aneMeHToB (Repetitive Element AneupLoidy
Sequencing System, RealSeqS), mo3Bosstromuii qeTek-
TUPOBATh AHEYTUIONIUH (MJIH BapHAI[H YUCIIa KOTIHN
XPOMOCOM) B MajJOM KOJIMYECTBE OMOIOTHYECKON
KUIIKOCTH (KpOBH), coneprkarieit okono 3 ir JJHK. Hc-
TIOJTBE3YS OIHY TIapy mpakiMepoB, RealSeqS mo3Bossit
ammaunmposark okoso 350 000 TeHOMHBIX JIOKYCOB
CO CPEIHUM pa3MepoM 43 nmapbl HyKJIEOTHIHBIX OCHO-
BaHUi1. MeTo1 Ha OCHOBE aMITMKOHOB UMeIT OO0JTbIIe
TIPEUMYTIIECTB 10 CPABHEHHIO C TIOTHOT€HOMHBIM H JK-
30MHBIM CEKBEHHPOBAHHEM, BKIIIOUAsi O0iee IpocTon
1 ObICTpBII pabouwnii mporiece, He TpeOyIomni co3a-
HUSI OMOIMOTEK, HU3KYI0 NOTPEOHOCTH BO BXOIHOMU
JHK u ynponieHHbI BBIYMCIUTEIbHBIA aHATIU3.

Tect RealSeqS ncnonszoBancs amst oOHapyKeHHs
a”eymonuy y 883 nanueHToB ¢ 8 paznuyabivu 3HO
u3 Be1Oopku J.D. Cohen et al. [25] ¢ moporom crenu-
(uanoctr B 99 %, momyueHHbIM Tipu aHanmze 1 348
00pas3I[0B T1a3Mbl 310pOBBIX JIHI. OlIeHKa pe3ylIbTaToB
RealSeqS npousBonunack ¢ HCOIb30BaHIEM METOIMK
MAaIMHHOTO 00y4eHus rpu 1 0-KkpaTHON epeKPeCTHOM
poBepKe. bblTo ycTaHOBIEHO, UTO aHEYTIIIOUANS BBI-
SBIISIETCS Yallle, YeM MyTallud B o0pas3lax Iuia3Mbl
OHKoOJIOTHUeCKUX OonbHBIX (49 vs 34 %), BHE 3aBU-
CUMOCTH OT CTaJuu 3a0o0JieBaHus, B 0COOCHHOCTH
npu [ m I cragusax. Kpome Toro, aneyruronans Obuia
oOHapyeHa B 242 (42 %) obpasuax, B KOTOPbIX HE
OBLTH JICTEKTUPOBAHbI MyTalluy B uccienoBanuu J.D.
Cohen et al. [25], ogHako, HAPOTUB, MyTAIMH OBLIH
obnapyxensl B 112 (25 %) obpasmax, B KOTOpPBIX
aHeyTmyIonans He Oblia BeisiBieHa. CoueTaHne aHajm3a
AHCYTUIOUIUH, COMATHUECKIX MYTaIi U 8 OEITKOBBIX
OromMapKkepoB 00€CIEYMIIO BBICOKYIO YyBCTBUTEIb-
HOCTB U crielupuIHOCTh Tecta (Tadm. 4) [50].

Jlnist onpenienieHrst OKOHYATEILHOTO JI3aiiHa MYITb-
tumonanbHoro tecra CancerSEEK/Cancerguard™
koMmaHus Exact Sciences wHUITMEpOBAa TPOCTIEK-
tuBHOE HiccnenoBanne ASCEND-2 ¢ nmpuBiedeHreM
oonee 11 000 yuactHukoB >50 net ¢/6e3 3HO u3
151 nentpa CILIA n EBponsl as1s OLIEHKH KaTeropui
OmoMapKepoB U pa3padOTKH KiaccH(PHUKaTOpOB Ma-
muHHOTO 00y4eHms. B centTsope 2025 1. koMITaHus
Exact Sciences 00bsiBHIIa O BBITyCKE KOMMEPYECKU
noctynaoro B CHIA tecra Cancerguard™, ocHoBaH-
HOTO Ha OIleHKe B NepudepruvecKoil KpOBH YPOBHS
OCTKOBEIX OMOMapKepoB MyTeM WMMYyHO(pEpPMEHT-
HOro aHainu3a u MmetuiaupoBanus 110/JJHK meronom
[TI[P B peanbHOM BpeMEHHU MOCIE OUCYIbPUTHOMN
xouBepcun JHK (Target Enrichment Long-probe
Quantitative Amplified Signal, TELQAS) c mocue-
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nytouield ononHpopmaTuuecKoil GpuiasTpanuei u 0o-
paboTKo# KiTaccu(hUKaTOpOM MAITUHHOTO OOYYEHUSI.
UyBCTBUTENBHOCTD TE€CTA, IO TAHHBIM KJIMHUYECKOTO
BaJIMJAIMOHHOTO MCCcleaoBanus sl 6 Hanboiee
arpeccuBHbIX TUIIOB 3HO ¢ camoli HU3KoM S-nmeTHen
BBIKMBACMOCTBIO (paK MOJKEIYAOYHOHN Kejae3sl,
[UILEBOAA, ICUYCHHU, JIETKOTO, KEIYIKa U SUYHUKOB),
cocraBuna 67,9 % (tabm. 1, 4) [26].

st nanbHENIero NoATBEPKACHUS KIMHUYECKON
TTOJIK3bI M IIMPOKOH HHTETpannu Tecta Cancerguard™
B METOJOJIOI'MU CTAaHAAPTHOIO CKPUHHUHIA KOMIIAHUS
Exact Sciences B coorBercTBHH ¢ ooOpenHol FDA
nporpammoii Investigational Device Exemption
(IDE) mpomoTtupoBasa uccienoBanue Falcon
(NCT06589310) [52] ¢ mmaHupyeMBbIM BKIIOUEHHEM
OoJee 25 ThIC. yIaCTHUKOB /IS OTICHKH TUATHOCTHYIC-
CKUX M JIeUeOHBIX CTpaTeruii, a Takke KIMHUYECKUX
HCXOJIOB JIMII, MPOIIEIINX TECTUPOBAHNE KPOBU B
nepuog 2024-2031 rr. YuacTHUKaM IJIaHUPYETCA
npoBezieHne exerofHoro anHanmsa Cancerguard™ B
TeueHHe 3 JIeT C S5-JIETHUM NEepUOAOM HaOIIONCHUS
B OTpHUILATEIBHBIX CiIydasx. B cBoro ouepenn, HAOOp
KOTOPTBHI KOHTPOJISI OyAeT OCYIIECTBICH Ha OCHOBE
aHalIM3a IEKTPOHHBIX NCTOYHUKOB O MAllMEHTaXx,
He npoxoauBmux Cancerguard™-tecTupoBaHue.
[lepBuunbie pe3ynbsraThl HccienoBanus Falcon OymyT
npeacrasiensl B 2030 1. [52].

KianHuvecKkuii mMOTeHIua HHTerPanuu

B CTAHIaPTHBIE MPOrPaMMbI CKPHHUHTA

TeHOMHOII HEeMHBA3MBHOW TUATHOCTUKH

3HO pa3jiu4HbIX JOKAJTU3AUM I

Jleaenne 3HO TpeOyeT 3HAYUTEITHLHBIX DKOHO-
MHUYECKUX U MEIUKO-COIMATIbHBIX pecypcoB [53]. B
KIIMHIYECKUX UCCIIEIOBAHUSX POJEMOHCTPUPOBAHO,
YTO TEXHOJOTHH HEMHBAa3MBHON CKPHUHHHTOBOW JTHa-
rHoctukn 3HO pa3snuvHbIX JTOKaTU3aIiil Ha OCHOBE
aHaJM3a TCHOMHBIX W SMUTCHOMHBIX MPOIIECCOB B
niepuepUIecKoil KpOBH ITPU UHTETPAIMH B CTAaHIAPT-
HBIE TIPOTPAMMBI CKPHHHUHTA MOTYT CITOCOOCTBOBAaTh
PaCIIMPEHNIO KOTOPTHI MMAIIMEHTOB TPYTIIT PUCKA, TPe-
OYOIINX KJIMHUKO-UHCTPYMEHTAIbHOT'O MOHHTOPHUHT'A
JUTSL paHHEH TUarHoCTUKH, 3(PEKTUBHOTO JICUCHUS 1
npodunakTuk [12].

Kpome Toro, TEXHOIOTHH MOJEKYISIpHO-TeHE-
THYECKOrO MOMYJISIMOHHOTO CKPUHUHIA MOTYT
CYIICCTBEHHO M3MEHUTH OOIIHME MapaJurMbl paHHEH
nuarnoctuku 3HO u npeofoneTs orpaHUyueHus Cyle-
CTBYIOIINX OPTraHOCTIENU()UIHBIX JHATHOCTUYECKUX
METOJIOB, MO3BOJISAS UACHTU(ULIUPOBATh IIUPOKHI
CIICKTP OHKOJIOTMYECKOM MaTOJIOTHH, B YACTHOCTH, HE
OXBaThIBAEMOW TPAJUITUOHHBIMUA METOIAMH UCCIIE/IO-
BaHUsI (PaK MOHKETYI0YHON KeJIe3bl, IMIHUKOB H T.]I.)
[54, 55]. Ilepconanm3npoBaHHBIN TOAXO K JUHAMHU-
YECKOMY HAOJIFOIICHUIO C UCIIOJIb30BAHUEM HEMHBA3HB-
HBIX JMAarHOCTUYECKUX METOAMK, B TOM YHUCIIC Y JIUI]
C HACIIE/ICTBEHHOW OHKOJIOTUYECKON CHHIPOMAIIbHOM
MaToOJIOTHEH, 00ecTIedrBaeT PaHHIO JUATHOCTHKY U
Npo(UIAKTHKY, CHUXAsl YaCTOTY MPOBEICHMsI NHBA-
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3UBHBIX TPOLEAYp W yaydlias KadecTBO KU3HU. B
nonTeepkaenne dddexkrnBaocTr D. Wong et al. [56]
MpoAeMOHCTPUpOBaIU 67,6 % MONOKUTETHLHYTO IPO-
THOCTUYECKYIO LIEHHOCTh paHHero BwiABiIeHuss 3HO
MIpU NOMOIIU MyJabTUMOAanbHOro ananusza noJJHK y
89 manueHToB ¢ OHKOJOTMYECKUM HACJEICTBEHHBIM
cunapomoM Jlu—Dpaymenu.

CornacHo nporHo3am, B CIIIA panHss quarHocTH-
ka 3HO npu nHTerpaniuy TEXHOIOTUH MYJIBTHOITYXO-
JIEBOTO aHaimn3a 00pasloB mepudepudeckoil KpOBU
MO3BOJIUT CHU3UTH (PMHAHCOBBIE PACXO/Ibl Ha JICUCHHE
OHKOJIOTHUYECKUX OOJIbHBIX MPUMEPHO Ha 260 Mipa
noiutapoB B rof [12]. B uccnenosanuu E. Hubbell et
al. [57] monenupoBanue 3(h(heKTUBHOCTH UHTETPAIIH
MYJIBTHOITYXOJI€BON TEXHOJIIOTUY HEMHBA3WBHOM /THa-
THOCTHUKH TP aHAITM3E SITUIEMHOJIOTHUECKHUX TAHHBIX
6a3sl Surveillance, Epidemiology, and End Results
(SEER) npopeMOHCTpUPOBAIO MPOTHOCTUYECKOE
CHIDKEHHUE exerofnoi 3abomesaemoctu 3HO I1I-1V
cranuii B CILIA ma 78 % u cmepTHOCTH Ha 26 %.

OnHako 3KOHOMHUYECKasl 1eNleco00pa3HOCTh M-
POKOTO MPUMEHEHHS MYJIBTHOITYXOJIEBBIX TEXHOJIOTHIA
JTUArHOCTHKH KPOBH 3aBUCHUT OT TaKUX (PaKTOPOB, KaK
3(pexTHBHOCTH aHanm3a (ero 4yBCTBUTEIHHOCTH,
crenuUIHOCTD, YACTOTA JIOKHOMOJIOKUTEIbHBIX
U JIO)KHOOTPULATEIBHBIX PE3yJIbTaTOB), CTOMMOCTh
WCCIIeZIOBaHUs, KOMIUIAGHTHOCTh ITallieHTa B OTHO-
IIEHUN COONIONEHUSI TIOCTIENYIOMNX PEKOMEH A
JUUISI TTOCTAHOBKHM OKOHYATEJIBHOTO JIMarHo3a v T.1. [58,
59]. Kpome TOro, BaxHOM COCTABIAIONICH SIBISIFOTCS
KOppEKTHasi WHTEePIIPETAIs Pe3yIbTaTOB HCCIEI0-
BaHUS U MOCJIEIYIOUIMI AUAarHOCTUYECKOM MOUCK ¢
BO3MO)KHOCTBIO TMHAMHUYECKOTO HAONIONEHUS TIPH
orcytcTBud Bepuduuupyemoro 3HO [60].

Pa3paboTka u kIWHWUYECKas BajduJaIUs Iep-
criekTuBHBIX TecToB Galleri® (GRAIL, CIIA) u
Cancerguard™ (Exact Sciences, CIIIA) nemoH-
CTPUPYIOT METOJI0JIOTUU aHallh3a U OLIEHKU KaTe-
ropuii OMOMapKepoOB, a TaKKe MyTH WHTETPAINU
MYJIBTHOTYXO0JIE€BOW TEXHOJOTHUH HEWHBA3WBHOMU
JUATHOCTHKY B KIIMHUYECKYTO MMPAKTHKY JJIST OIICHKH
ee MpPUMEHUMOCTH U dpdextuBHOCTH. OHAKO HU
OJIHa U3 pa3pabdOTaHHBIX TECT-CUCTEM HE MMEET CO-
OTBETCTBYIOIIETO OOOpPEHUS AJIs UCIOJIb30BAHUS B
paMKax rocyJllapCTBEHHBIX T'apaHTHUH U CTPaXOBOU
MEIUINHBI B 1eNssXx ckpunuara [61]. Kpome Toro,
HECMOTPS Ha CBOIO 3(h(hEeKTUBHOCTH, COBPEMEHHBIC
TEXHOJIOTUU HeMHBa3uBHOU auarnoctuku 3HO pas-
JIUYHBIX JIOKATH3AIUHA TPEOYIOT BATM AN, 0COOCHHO
B OTHOIICHUH JICTEKIIUH PAHHUX CTa (1 3a00JIeBaHUs
[62]. B nHacTosIiee Bpemsi aKTyaau3HpPOBAHO MPO-
BE/ICHHE MIMPOKOMACIITAOHBIX TOMYISLHUOHHBIX HC-
CJIEZIOBAaHUH, TIO3BOJISIOIINX OIIEHUTH 3(h(hEKTHBHOCTH
WHTErpaliyl HEMHBA3UBHON CKPUHUHIOBOM TEXHO-
JIOTUM MYJBTHOIYXOJIEBOM TUArHOCTHKH [63, 64], a
TAKXKe MMOMCK HOBBIX MOJICKYISIPHO-OMOIOrHYECKIX
MapKepOB HEOIIACTUYECKOTO IMpoIiecca, B TOM YHC-
Jie ¢ BOBMOXKHOCTBIO MYJIBTHMOJAJIBFHOTO aHAJIN3a
BapHaliii TEHOMHBIX ¥ HETCHOMHBIX OMOMapKepoB
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C HCIOJb30BAaHUEM PA3TUYHBIX TEXHOJIOTHYECKUX
ronxomoB (ITLP, cekBeHupoBanue) s pa3padOTKH
MUATHOCTHYECKUX Tardopm [65].

3akiaouenune

HenHnBa3suBHBIA MOJEKYIAPHO-TEHETHYECKUI
ckpuaUHT 3HO pasnuyHbBIX JOKamu3aluil Ha OCHO-
BaHWHU aHaIM3a 00pasloB nepudepuveckoil KPOBH
SIBJISICTCS] AKTYyaJIbHOM 3a/1a4eii B 00J1aCTH OHKOJIOTHH,
OMONIOrNH, KITMHUYECKON U MOJIEKY/ISIPHON T'€HETHUKU.
Pe3ynbprarsl MynbTULIEHTPOBBIX HCCIEAOBaHUH, a
TaKKe TOCTHKEHMS B MOJIX0/IaX MYJIBTHMOIAIHLHOTO
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REPURPOSING ESZOPICLONE A NON-BENZODIAZEPINE
GABA-A MODULATOR SYNERGIZING WITH PD-1/PD-L1
IMMUNOTHERAPY TO REPROGRAM THE GLIOMA
MICROENVIRONMENT - A PERSPECTIVE
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Nizhny Novgorod, Russia
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Abstract

Background. Gliomas especially glioblastoma multiforme (GBM) are among the most aggressive primary brain
tumors, characterized by rapid proliferation, metabolic plasticity, and a profoundly immunosuppressive tumor
microenvironment (TME). Dysregulation of chloride homeostasis, glutamatergic excitotoxicity, and aberrant
GABAergic signaling have recently emerged as mechanistic contributors to glioma progression and immune
evasion. Purpose of the Study: to propose eszopiclone, a non-benzodiazepine GABA-A receptor modulator,
as a repurposed adjunct capable of reprogramming glioma metabolism and enhancing responsiveness to
PD-1/PD-L1 immunotherapy. Material and Methods. A narrative perspective review was conducted based
on literature retrieved from PubMed, Scopus, Web of Science, and Science Direct. A total of 312 sources
were screened; 154 articles published between 2005 and 2024 were selected for detailed analysis based on
relevance to GABAergic signaling, glioma metabolism, macrophage polarization, chloride channel regulation,
and immune checkpoint interactions. Results. Eszopiclone-mediated GABA-A activation restores chloride
influx and suppresses depolarization-driven Ca?+/NFAT and PI3K/AKT/mTOR signaling, resulting in G1/S
arrest and enhanced apoptotic susceptibility. Within the TME, GABA-A signaling reduces NF-kB and STAT3
phosphorylation and shifts microglia/glioma-associated macrophages from protumoral M2 (CD206+/IL-10+)
to antitumoral M1 (iNOS+/IFN-y+) polarization, facilitating improved antigen presentation and T-cell infiltration.
Evidence from GABAergic models in melanoma and breast cancer suggests that modulation of this axis
may downregulate PD-L1 expression and potentiate responsiveness to PD-1/PD-L1 inhibitors, supporting a
mechanistic rationale for synergy in glioma. Conclusion. Repurposing eszopiclone introduces a novel neuro-
immuno-oncologic therapeutic concept bridging neuropharmacology and checkpoint immunotherapy. Owing
to its blood-brain-barrier penetration, clinical safety, and receptor selectivity, eszopiclone represents a feasible
candidate for combination strategies with PD-1/PD-L1 blockade. Further preclinical models, retrospective
analyses, and early-phase trials are warranted to validate its immunomodulatory potential and define its
translational relevance in glioma therapy.

Key words: Eszopiclone, GABA-A receptor, Glioblastoma, Tumor Microenvironment, PD-1/PD-L1 inhibitors,
PIBK/AKT pathway, Inmunotherapy synergy, Neuro-onco-immunology.
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AkTyanbHocTb. [iMoma, ocobeHHO MynbTUdOpMHas rmuobrnacToma, sABnsieTcs Haubonee arpeccuBHOMN
chopMOi NEPBUYHON OMyXOmny roNIOBHOMO MO3ra, XapakTepuaytoLencst 6bicTpor nponudepauuert, metabo-
NIMYECKOW MIAaCTUYHOCTHIO U BbIP@XXEHHBIM MMMYHOAENPECCUMBHBLIM MUKPOOKPYeHnem onyxonu (MOO). He-
[aBHO ObINO YCTaHOBMEHO, YTO HapyLLUEHVe romeocTasa XJiopuaa, rinytamarepruieckas 3kCanTOTOKCUYHOCTb 1
aHomanbHas FAMK-epriuveckasi curHanuaaums SBnsTCs MEXaHUCTUYECKUMY chakTopamm, CMoCOOCTBYHOLLIMMI
NPOrpeccupoBaHUIO MMUOMbI U YKITOHEHMIO OT UMMYHHOTO oTBeTa. Llenb nccnegoBaHus — npeacTaBuTb 330-
MNUKIOH, HeGeH3oaMasenHoBbIN MoaynaTop peuentopoB FAMK-A, B ka4ecTBe BCoMoratenbHOro CpeacTsa,
Cnoco6Horo nepenporpamMmmmpoBaTth MeTabonuam rMmoMbl M NOBbILLATL YYBCTBUTENBHOCTb K UMMYHOTEPanum
PD-1/PD-L1. MaTepuan u metoabl. [1poBeaeH 0630p nuTepatypbl, NONy4YeHHOW 13 6a3 AaHHbIX PubMed,
Scopus, Web of Science n Science Direct. Bcero 6b1no npoaHanvanposaHo 312 UCTOYHUKOB; ANs AeTarnbHOro
aHanu3a otobpaHo 154 ctatbu, onybnukoBaHHble B nepuog ¢ 2005 no 2024 r., OCHOBaHHbIE HA N3y4YeHUn
AMK-epruyecko cuctembl, MeTabonuama rnMoMbl, Nonspusauumn Makpodaros, perynsaumm XnopuaHbIX
KaHarnoB M B3aUMOAENCTBUSA UMMYHHbIX KOHTPOMbHbIX Todek. PesynbTaTtbl. AkTuBaums FAMK-A nog gen-
CTBWMEM 330MUNKIIOHa BOCCTaHaBNMBAET NPUTOK XIopuaa 1 NoAaBnsieT Bbl3BaHHbIE Aenonspusanmen curHanbl
Ca?+/NFAT un PISK/AKT/mTOR, 4To npuBOAUT K OCTAHOBKE KNeTo4HOro uukna B pase G1/S v noBbilLEHUIO
BOCMPUNUMYMBOCTU K anonToay. B mukpookpyxeHumn onyxonu curHanusaums FAMK-A cHmxkaeT dpocdopunu-
poBaHune NF-kB n STAT3 u capuraeT nonsipusaumio MUKPOrnnm/rmnomMoaccoLnmpoBaHHbIX Makpodgaros ot
npoonyxonesor M2 (CD206+/IL-10+) k npotnBoonyxoneso M1 (iNOS+/IFN-y+), cnocobcTBys yny4LueHunto
npeseHTauum aHTUreHoB U UHUnbTpaummn T-knetok. [aHHble, nonyyYeHHble OT uccnegosaHun Ha FAMK-
3PrMYecKmx MoZensx MenaHombl 1 paka MOMOYHOW >Kenesabl, CBUAETENLCTBYOT O TOM, YTO MOAYNALNS 3TON
OCU MOXET CHMxaTb akcrnpeccuto PD-L1 n ycunueatb YyBCTBUTENLHOCTL K MHIMGUTOpam PD-1/PD-L1, yto
yKa3blBaeT Ha CUHepreTnyeckuin adhdekT npu rmvome. 3aknroyeHue. [NepenpodunnpoBaHre 330MMKIoHa
npeacTaBnsieT cob6ol HOBYO HEPOMMMYHOOHKOMOTMYECKYH0 TEPANEBTUYECKYH KOHLIENLMIO, OObeaNHSIIOLLY0
HelrpodapMaKonorMi 1 UMMyHOTEpPanUI0 KOHTPOSbHbIX ToYeK. bnarogapsi cnocobHOCTY MpPOHUKaTh Yepes
remaTtoaHuedanuyeckuin 6apbep, KnMHUYeckon 6e30MacHOCTN 1 CENEKTUBHOCTM K peLenTopam, 330MUKIoH
SIBNSIETCS NEepCcnekTUBHbIM KaHanaaToM Ansi KOMOMHUPOBaHHLIX cTpaTteruii ¢ 6nokagon PD-1/PD-L1. Ons
NoATBEPXKAEHMS €ro UMMYHOMOZYUPYHOLLErO NOTEHLMAna 1 onpeaeneHns ero TPaHCNSALMOHHON 3HaYMMOCTK
B Tepanuu rmmoM HeobXxoanMbl AanbHenLWne OKNMHUYECKMe UCCNEeaoBaHMsl, PETPOCTNEKTUBHbIN aHanm3 u
nccrnenoBaHus paHHMX doas.

KntouyeBble cnoBa: 330MMKIOH, peuentop GABA-A, rnmo6nactoMa, MUKPOOKPYXXeHUEe OMyXOoru,
MHrm6uTopbl PD-1/PD-L1, curdanbHbin nyTh PI3BK/AKT, cuHeprus ummyHoTepanuu, HeMPOOHKOUMMMYHOJIOTUS.

Introduction

Gliomas, a heterogeneous group of primary central
nervous system (CNS) malignancies, pose profound
therapeutic challenges in neuro-oncology, with glio-
blastoma multiforme (GBM) exemplifying the most
aggressive and refractory subtype. Despite multimodal
interventions encompassing maximal safe surgical
resection, fractionated radiotherapy, and alkylating
chemotherapy with temozolomide, the median over-
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all survival for patients with GBM remains starkly
limited, typically under 15 months as established in
landmark phase I1I trials [1]. A principal impediment
to efficacious pharmacotherapy is the blood-brain
barrier (BBB), an endothelial tight-junction complex
that impedes the intracranial delivery of most systemi-
cally administered agents, thereby underscoring the
imperative for BBB-penetrant innovations to augment
therapeutic indices and mitigate recurrence [2]. Con-
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temporary genomic and transcriptomic interrogations
have illuminated a central perturbation in GABAergic
neurotransmission within glioma pathobiology [3].
As the archetypal inhibitory neurotransmitter in the
mammalian CNS, y-aminobutyric acid (GABA) ex-
erts its canonical effects through ionotropic GABA-A
receptors pentameric ligand-gated chloride channels
comprising diverse subunits (e.g., a1-6, B1-3, y1-3, 9,
g, 0, m, p1-3) which, upon agonist binding, orchestrate
chloride (Cl) influx, membrane hyperpolarization, and
dampening of neuronal excitability. In gliomagenesis,
neoplastic glia co-opt diminished GABA-A signaling
to engender a pro-oncogenic milieu: downregulation of
key subunits such as GABRB3 and p2 curtails Cl~ con-
ductance, fostering intracellular chloride accumulation
via dysregulated transporters (e.g., NKCC1 upregula-
tion and KCC2 silencing), which sustains a depolarized
membrane potential conducive to calcium-dependent
mitogenic cascades and evasion of inhibitory check-
points [3, 4]. This ionic disequilibrium amplifies
glutamatergic excitotoxicity, wherein tumor-derived
glutamate engages AMPA and NMDA receptors to
propagate autocrine/paracrine loops activating PI3K/
AKT and MAPK/ERK pathways, thereby accelerat-
ing proliferation, migration, and neoangiogenesis a
dysregulated axis mirrored in extraneural solid tumors
[4]. Transcending its neurophysiological remit, GABA
emerges as a multifaceted modulator of oncogenesis,
interfacing with tumor-intrinsic growth regulators
(e.g., suppressing cyclin D1/CDK4 via hyperpolariza-
tion-induced G1/S arrest) and the immunosuppressive
tumor microenvironment (TME) by attenuating NF-
kB-driven cytokine elaboration (e.g., IL-6, TNF-a)
in glioma-associated myeloid cells [4]. This dualistic
prowess positions GABAergic augmentation as a high-
yield oncogenic vulnerability. Preclinical paradigms
substantiate this paradigm, wherein GABA receptor
agonists like topiramate (a dual GABA-A enhancer and
AMPA /kainate antagonist) and baclofen (a GABA-B
agonist) attenuate glioma xenograft progression
by reinstating chloride homeostasis, blunting ERK
phosphorylation, and curtailing vascular endothelial
growth factor (VEGF) secretion [5, 6]. Strikingly,
the repurposing potential of eszopiclone a non-ben-
zodiazepine, high-affinity GABA-A positive allos-
teric modulator (PAM) licensed for chronic insomnia
remains wholly unexplored in neoplastic contexts,
conferring upon this proposition an unprecedented
novelty in glioma therapeutics. Eszopiclone’s salient
attributes, including robust BBB traversal (achieving
cerebrospinal fluid concentrations approximating
80-90 % of plasma levels) and selective potentiation
of al/a2/a3-containing GABA-A heteromers without
engendering tolerance or dependence, uniquely equip
it to redress glioma hyperexcitability [ 7]. This perspec-
tive synthesizes contemporaneous insights (spanning
2018-2025) into GABA’s oncogenic orchestration in
gliomas, delineating the molecular underpinnings of
eszopiclone’s prospective antitumor effects encom-
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passing subunit-specific ClI” channel modulation, ionic
recalibration to thwart depolarized mitogenesis, and
TME recalibration via NF-kB/STAT3 crosstalk and
appraising its translational viability as a synergistic
adjunct to temozolomide and immunotherapies. In
fusing neuropharmacologic precision with oncologic
exigency, we proffer a conceptual scaffold to galvanize
ensuing preclinical validations and clinical forays into
this paradigm-shifting modality.

GABA in Glioma and Beyond

GABA in Glioma:

Downregulation of Inhibitory Signaling

Gliomas, encompassing a spectrum of aggressive
brain tumors such as glioblastoma multiforme (GBM),
exploit a variety of mechanisms to sustain their growth
and invasiveness. One critical adaptation involves
the downregulation of GABAergic signaling, which
normally serves to temper neuronal excitability [3].
Research demonstrates that glioma cells exhibit re-
duced expression of GABA-A receptors, a pentameric
ligand-gated chloride channel composed of various
subunits (e.g., a, B, v, 9, p). This reduction diminishes
inhibitory signaling, creating a hyperexcitable mi-
croenvironment conducive to tumor proliferation [3,
8]. For instance, studies utilizing quantitative real-time
PCR (qRT-PCR) on human glioma samples (n=29) and
peritumoral tissues (n=5) have confirmed that mRNA
levels of most GABA-A subunits except pl and p3 are
consistently detectable but significantly lower in high-
grade gliomas like GBM compared to lower-grade
gliomas, with the notable exception of the 6 subunit.
At the molecular level, the GABA-A receptor’s pri-
mary function is to facilitate chloride (CI") influx upon
GABA binding, hyperpolarizing the cell membrane
and reducing excitability. In normal CNS physiology,
this process counteracts excitatory neurotransmitters
like glutamate. However, glioma cells secrete gluta-
mate in excess, activating AMPA and NMDA receptors
to drive autocrine and paracrine signaling that pro-
motes proliferation and invasion [9]. The concurrent
downregulation of GABA-A receptors exacerbates this
imbalance by limiting chloride-mediated inhibition.
Electrophysiological studies suggest that glioma cells
may retain some functional GABA-A receptors, albeit
atreduced levels, as patch-clamp analyses have identi-
fied chloride currents in certain glioma cell lines [10]
This residual receptor population offers a therapeutic
window enhancing GABA-A activity could restore
inhibitory tone, potentially curbing tumor cell division
and migration. Beyond direct effects on tumor cells,
GABAergic signaling influences the glioma tumor
microenvironment (TME) [11]. Microglia, the resident
immune cells of the CNS, express GABA-A receptors
and respond to GABA-mediated signals. In gliomas,
these cells often adopt a tumor-supportive M2-like
phenotype, secreting pro-inflammatory cytokines (e.g.,
IL-6, TNF-a) and growth factors that bolster tumor
progression [12]. Studies indicate that diminished
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GABAergic inhibition allows unchecked microglial
activation, amplifying inflammation within the TME
[13]. Conversely, stimulating GABA-A receptors
on microglia could suppress NF-kB signaling a key
regulator of cytokine production shifting these cells
toward a less aggressive, potentially antitumorigenic
state [14]. This immunomodulatory effect suggests
that GABA’s role in glioma extends beyond tumor
cells to encompass the broader immune landscape, a
mechanism ripe for therapeutic exploitation.

GABA Subunits and Survival in Glioma

Accumulating evidence highlights the prognostic
relevance of GABAA receptor subunits in glioma.
While their role has been extensively characterized in
medulloblastoma, their function in glioma remains less
defined. Comprehensive transcriptomic analyses using
datasets such as TCGA-LGG and French cohort data
have demonstrated that elevated expression of several
GABAA receptor subunit genes including GABRAZ2,
GABRA3, GABRB3, GABRGI, and GABRG?2 cor-
relates with improved overall survival, particularly in
lower-grade gliomas. Notably, high GABRB3 expres-
sion consistently associated with favorable outcomes
across glioma subtypes, whereas elevated GABRA?2
was linked to poorer prognosis in GBM specifically.
These findings imply a tumor-suppressive role for
GABAergic signaling in glioma pathophysiology,
potentially mediated through enhanced inhibitory
neurotransmission. The observed downregulation
of GABAA receptor subunits in more aggressive
gliomas may thus contribute to tumor progression,
supporting their exploration as prognostic biomarkers
and therapeutic targets in glioma management [15].
The protective effects of these subunits stem from
their contribution to GABA-A receptor functionality.
GABRB3 and GABRA3, integral components of the
receptor’s chloride channel, enhance the efficiency of
CI" influx when activated by GABA, reinforcing cel-
lular hyperpolarization [16]. In glioma cells retaining
these subunits, this process may counteract the depo-
larizing effects of glutamate, reducing the mitotic rate
and invasive potential.

The p2 subunit, while less studied, appears to
confer similar inhibitory benefits, possibly through
distinct conformational changes in the receptor com-
plex that amplify GABA’s effects. These subunit-
specific responses suggest that gliomas with higher
residual GABA-A expression may be more amenable
to therapies that boost receptor activity, a hypothesis
supported by the observed survival benefits [17]. The
immunological implications of subunit expression are
equally significant. High levels of GABRB3 and p2
in the TME may modulate immune cell behavior be-
yond microglia. For instance, infiltrating lymphocytes,
which also express GABA-A receptors, could experi-
ence enhanced inhibitory signaling, potentially altering
their cytokine profiles or cytotoxic activity. While the
precise mechanisms remain under investigation, the
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correlation between subunit expression and survival
hints at an indirect immune-mediated suppression of
tumor growth [18].

GABA in Other Cancers:

Evidence from NSCLC and Beyond

The anticancer properties of GABA are not con-
fined to gliomas but extend to other solid tumors,
such as non-small cell lung cancer (NSCLC). In a
study of 61 snap-frozen NSCLC samples and paired
non-cancerous tissues, qRT-PCR analysis revealed
significantly higher expression of GABRA3 (p=0.030),
GABRE (p=0.036), and GABBR2 (p=0.005) in tumor
tissues compared to controls. Crucially, exogenous
GABA administration suppressed NSCLC cell line
proliferation (e.g., H1299, A549) in a dose- and time-
dependent manner, an effect reversed by the GABA
receptor antagonist CGP35348. Kaplan-Meier sur-
vival curves further demonstrated that high GABBR2
expression, coupled with low GABRA3 expression,
predicted a favorable prognosis (p<0.05), reinforcing
GABA’s regulatory role in tumor biology. In NSCLC,
GABA’s antiproliferative effects mirror those proposed
in glioma. GABBR2, a G-protein-coupled receptor,
mediates inhibitory signaling by reducing cyclic AMP
(cAMP) levels and downstream mitogenic pathways,
such as MAPK/ERK, which drive cell division [19].
GABRA3, despite its elevated expression in NSCLC,
may paradoxically contribute to tumor suppression
when activated exogenously, as chloride influx dis-
rupts ionic homeostasis and induces cell cycle arrest.
In vitro studies confirm that GABA-induced chloride
currents hyperpolarize NSCLC cells, impairing their
metabolic adaptability and triggering apoptosis via mi-
tochondrial pathways, including cytochrome c release
and caspase activation. These findings parallel glioma
biology, where ionic dysregulation could similarly halt
tumor growth. GABA’s influence on the NSCLC TME
further highlights its immunomodulatory potential.
Tumor-associated macrophages (TAMs) and other
immune cells in NSCLC express GABA receptors,
and their activation may dampen pro-tumor inflam-
mation. For instance, GABA-mediated inhibition
of NF-kB in TAMs reduces the secretion of IL-6 and
VEGTF, factors critical for angiogenesis and tumor im-
mune evasion. This shift in the immune milieu aligns
with observations in glioma, where GABA’s effects
on microglia suggest a conserved mechanism across
solid tumors [20].

Linking GABA to Eszopiclone’s Potential

Collectively, these findings across glioma and
other cancers underscore GABA’s wider anticancer
potential, rooted in its ability to regulate tumor cell
proliferation, invasiveness, and immune responses.
Eszopiclone, by virtue of its selective enhancement
of GABA-A receptor activity, stands poised to reca-
pitulate these inhibitory effects in glioma. Its capacity
to penetrate the BBB an advantage over many ex-
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perimental agents ensures delivery to the tumor site,
where it could restore chloride-mediated inhibition
and modulate the TME. The convergence of biological
and immunological pathways activated by GABAer-
gic signaling positions Eszopiclone as a promising
candidate for repurposing, bridging the gap between
neuropharmacology and oncology in the fight against
glioma [7, 21].

Biological and Immunological Pathways

of Eszopiclone in Glioma Inhibition

Binding to GABA-A Receptors

Eszopiclone selectively binds to the a-subunits
(al, a2, a3, as5) of the pentameric GABA-A recep-
tor, a ligand-gated chloride channel integral to CNS
inhibition. This receptor, composed of five subunits
drawn from 19 isoforms (e.g., a, B, v, 0, p), mediates
chloride conductance upon activation by GABA or its
agonists [22]. Structural studies reveal that Eszopi-
clone interacts with the benzodiazepine-binding site at
the a-y interface, enhancing the receptor’s sensitivity
to GABA and prolonging channel opening [23]. This
amplification of inhibitory signaling has been well-
documented in neuropharmacological contexts and is
now hypothesized to extend to glioma cells expressing
functional GABA-A receptors. Evidence from electro-
physiological analyses, such as patch-clamp recordings
in glioma cell lines, confirms the presence of chloride
currents responsive to GABAergic agonists, suggest-
ing that Eszopiclone can directly target residual recep-
tor populations within the tumor [24].

Enhancing Chloride Influx

The binding of Eszopiclone to GABA-A recep-
tors increases chloride (Cl7) influx into cells, driving
membrane hyperpolarization. In normal neurons, this
process reduces excitability by shifting the membrane
potential away from the action potential threshold. In
glioma cells, which retain some GABA-A receptor
expression despite downregulation, this chloride in-
flux similarly induces hyperpolarization, disrupting
the ionic homeostasis critical for proliferation [25].
Molecular studies indicate that glioma cells maintain a
depolarized state due to elevated intracellular chloride
levels, a consequence of altered chloride transporter
activity (e.g., NKCC1 upregulation and KCC2 down-
regulation) [26, 27]. Eszopiclone’s enhancement of
CI entry counteracts this oncogenic adaptation, po-
tentially arresting the cell cycle at G1/S checkpoints,
as observed in other cancer models treated with
chloride-modulating agents. This mechanism aligns
with findings in non-small cell lung cancer (NSCLC),
where exogenous GABA suppresses proliferation via
chloride-mediated effects, highlighting a conserved
pathway across tumor types [20].

Suppressing Excessive Excitation
Glioma cells actively secrete excitatory gluta-
mate, which binds to AMPA and NMDA receptors,
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establishing autocrine and paracrine loops that drive
tumorigenesis. Concurrently, these cells downregulate
GABA-A receptor subunits, such as GABRB3, to
evade inhibitory control, as evidenced by qRT-PCR
analyses showing reduced subunit mRNA in high-
grade gliomas compared to peritumoral tissues. This
imbalance fosters a hyperexcitable niche that acceler-
ates proliferation and invasion [28].

Eszopiclone may restore this equilibrium by
amplifying GABA-A-mediated inhibition, reducing
glutamate-induced depolarization. Preclinical data
from NSCLC cell lines (e.g., H1299, A549) demon-
strate that GABA treatment suppresses proliferation in
a dose-dependent manner, an effect reversed by GABA
receptor antagonists like CGP35348 [20]. This sug-
gests that Eszopiclone, by mimicking GABA’s inhibi-
tory action, could similarly curb glioma cell growth,
leveraging the brain’s intrinsic inhibitory machinery
to counteract excitatory oncogenic signals.

Targeting Specific Subunits

Recent investigations have shed light on the
prognostic significance of specific GABA-A receptor
subunits in glioma, particularly within grade II astrocy-
tomas. GABA, the principal inhibitory neurotransmit-
ter in the central nervous system, has been increasingly
recognized for its role in modulating cell proliferation
through tonic activation of extrasynaptic GABA-A
receptors, especially during development. These re-
ceptors are pentameric chloride channels composed of
various combinations of 19 subunit isoforms, and their
functional properties are highly dependent on subunit
composition. In a study comparing mRNA expression
profiles of all 19 GABA-A receptor subunits in hu-
man glioma tissue (n=29) and matched peri-tumoral
samples (n=5) using qRT-PCR, nearly all subunits
except for pl and p3 were detected, with the lowest
expression levels observed in glioblastomas. Notably,
the 0 subunit was the only one not following this trend,
suggesting a distinct regulatory pattern. Subsequent
immunohistochemical analysis on tissue microar-
rays from 87 grade II glioma cases revealed robust
co-expression of p2 and 6 subunits in both astrocytic
and oligodendroglial tumors, with a particularly strong
correlation in astrocytomas (r=0.86, p<0.0001).

Survival analyses using Kaplan—Meier curves and
Cox proportional hazards models demonstrated that
high p2 subunit expression serves as an independent
prognostic marker for improved overall survival in
astrocytoma patients (p=0.043), while the 0 subunit
showed no significant prognostic value (p=0.64).
These findings underscore the potential biological
relevance of GABA-A receptor subunit composition
in glioma pathophysiology and provide initial evidence
linking specific subunit profiles particularly p2 with
patient outcomes [9-29].

The precise interplay between Eszopiclone and
these subunits remains speculative but is supported
by evidence that higher subunit expression correlates
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with better outcomes, suggesting a therapeutic synergy
exploitable by GABAergic agonists.

Modulating the Tumor Microenvironment

Within the glioma TME, GABA-A receptors
are expressed not only on tumor cells but also on
immune cells, including microglia and infiltrating
lymphocytes. Eszopiclone’s agonistic action on these
receptors modulates the inflammatory milieu, reduc-
ing tumor-supportive signals. Studies on solid tumors
demonstrate that GABAergic signaling influences
TME composition, with agonists decreasing pro-tumor
inflammation. In glioma, microglia the CNS’s resident
macrophages play a pivotal role in sustaining tumor
growth by secreting cytokines and growth factors.
Electrophysiological evidence confirms that micro-
glial GABA-A receptors mediate chloride currents,
suggesting that Eszopiclone can directly alter their
activation state, shifting the TME toward an antitumor
configuration [30].

Suppressing Pro-Inflammatory Cytokines

GABAergic signaling inhibits the NF-xB pathway,
a master regulator of inflammation, in microglia and
other immune cells. In gliomas, activated NF-kB drives
the transcription of pro-inflammatory cytokines, such
as [L-6 and TNF-a, which glioma cells exploit to en-
hance proliferation and immune evasion. Eszopiclone,
by amplifying GABA-A activity, suppresses NF-kB
nuclear translocation, as demonstrated in preclinical
models of neuroinflammation [31].

This reduction in cytokine levels mirrors findings
in NSCLC, where GABA treatment lowers 1L-6 and
VEGF, disrupting tumor-supportive signaling. Molec-
ular analyses reveal that chloride influx via GABA-A
receptors stabilizes microglial membrane potential,
dampening calcium-dependent inflammatory cascades
(e.g., via calmodulin and MAPK). This anti-inflam-
matory effect could weaken glioma’s ability to co-opt
the TME, aligning with broader evidence of GABA’s
immune-modulatory role in cancer [20, 32].

Regulating Glioma-Associated Microglia

Glioma-associated microglia often adopt an M2-
like phenotype, characterized by the secretion of
tumor-promoting factors such as TGF-p and IL-10
[33]. This polarization sustains immunosuppression
and angiogenesis within the TME. Eszopiclone’s acti-
vation of GABA-A receptors on microglia shifts their
phenotype toward a less aggressive state, potentially
resembling M 1-like or neutral profiles.

Studies in glioma models suggest that GABAergic
stimulation reduces M2 marker expression (e.g., CD206,
Argl) while enhancing phagocytic activity, exposing tu-
mor cells to immune surveillance [34]. This phenotypic
switch is mediated by downstream inhibition of STAT3
signaling a pathway linked to M2 polarization following
chloride-mediated hyperpolarization [35]. By disrupting
microglial support, Eszopiclone could destabilize the
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glioma TME, enhancing its vulnerability to endogenous
or therapeutic immune responses.

Indirect Immune Enhancement

By mitigating immunosuppression within the TME,
Eszopiclone may bolster the efficacy of cytotoxic T
cells, a critical component of antitumor immunity.
GABA-A receptors on T lymphocytes modulate their
activation and cytokine production, with agonists
potentially enhancing IFN-y secretion and cytotoxic
granule release [36]. In glioma, where regulatory T
cells (Tregs) and myeloid-derived suppressor cells
(MDSCs) suppress effector T-cell responses, Eszopi-
clone’s reduction of IL-6 and TGF- B could weaken
these inhibitory networks [37]. This mechanism is sup-
ported by evidence from solid tumors, where GABA’s
immunomodulatory effects enhance T-cell infiltration
and activity.

Eszopiclone as a Therapeutic Candidate

Eszopiclone’s suitability as a therapeutic agent
hinges on its robust pharmacological characteristics,
chief among them its ability to enhance GABA-A
receptor signaling with exceptional blood-brain
barrier (BBB) permeability. As a selective agonist,
Eszopiclone targets the a-subunits (al, a2, a3, a5)
of the GABA-A receptor, amplifying chloride con-
ductance and reinforcing inhibitory signaling within
the central nervous system (CNS). This mechanism,
well-characterized in its hypnotic application, relies
on its high lipophilicity and favorable pharmacoki-
netic profile, enabling efficient penetration across the
BBB a critical hurdle in glioma therapy where many
drugs falter. [7, 21-23]. Pharmacokinetic studies
demonstrate that Eszopiclone achieves peak plasma
concentrations within 1-1.5 hours and maintains a
half-life of approximately 6 hours, ensuring sustained
CNS delivery. This property distinguishes it from other
GABAergic agents, such as baclofen, which primar-
ily target GABAB receptors and exhibit limited BBB
penetration without structural modification [38].

At the molecular level, Eszopiclone’s interaction
with GABA-A receptors enhances the frequency and
duration of chloride channel opening, amplifying
the inhibitory effects of endogenous GABA. This
action hyperpolarizes target cells, a process that, in
the context of glioma, could counteract the tumor’s
hyperexcitable state. Furthermore, its selectivity for
a-subunits minimizes off-target effects compared to
broader-spectrum benzodiazepines, reducing the risk
of excessive sedation or tolerance when repurposed at
therapeutic doses for cancer. These pharmacological
attributes CNS accessibility, receptor specificity, and
sustained activity collectively ensure that Eszopiclone
can effectively engage glioma cells and their microen-
vironment, delivering inhibitory signals directly to the
tumor site [21-23].

The therapeutic potential of Eszopiclone is bol-
stered by a convergence of preclinical evidence dem-
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onstrating GABA’s anticancer effects across multiple
tumor types, providing a mechanistic foundation for
its application in glioma. In non-small cell lung cancer
(NSCLC), exogenous GABA suppresses tumor cell
proliferation in a dose- and time-dependent manner,
an effect mediated by chloride influx and reversed
by GABA receptor antagonists like CGP35348 [20].
This suppression aligns closely with Eszopiclone’s
mechanism, as its enhancement of GABA-A activity
similarly induces chloride-mediated hyperpolarization,
disrupting ionic homeostasis and mitotic progression.
In glioma- specific contexts, studies reveal that higher
expression of GABA-A subunits, such as GABRB3
and p2, correlates with improved survival, suggesting
that amplifying receptor activity could yield analo-
gous benefits. Eszopiclone’s ability to mimic these
inhibitory effects positions it as a logical extension of
these findings, leveraging residual GABA-A receptors
within glioma cells to curb their growth [3].

Beyond its direct effects on tumor cells, Eszopi-
clone’s immune-modulatory potential mirrors ob-
servations in other solid tumors. Research highlights
GABA’s role in reshaping the tumor microenvironment
(TME) by suppressing pro-inflammatory cytokines
(e.g., IL-6, TNF-a)) and reprogramming immune cells
like microglia and macrophages. In glioma, where the
TME sustains tumor progression through inflamma-
tion and immunosuppression, Eszopiclone’s capac-
ity to inhibit NF- kB signaling and shift microglial
phenotypes offers a complementary mechanism of
action [39].

This dual biological and immunological impact
suppressing proliferation while enhancing antitumor
immunity echoes GABA’s broader anticancer profile,
as evidenced in NSCLC and other malignancies.
While direct studies of Eszopiclone in glioma models
are pending, the congruence of its pharmacological
action with these established effects provides a robust
rationale for its therapeutic exploration [20].

Eszopiclone’s most striking advantage lies in
its established safety profile, which accelerates its
potential clinical translation compared to novel, un-
tested compounds. As a drug approved by regulatory
agencies like the FDA for insomnia, Eszopiclone
has undergone extensive toxicological and clinical
evaluation, demonstrating tolerability across diverse
patient populations at doses up to 3 mg daily. This
pre-existing safety data mitigates the risks and delays
associated with de novo drug development, enabling
rapid progression to preclinical and clinical trials in
glioma [21-23]. Moreover, its oral bioavailability
and well-characterized pharmacokinetics eliminate
the need for complex delivery systems, a frequent
challenge in CNS-targeted therapies. In the context
of glioma management, Eszopiclone’s potential as
an adjunctive therapy alongside standard treatments,
such as temozolomide, further enhances its appeal.
Temozolomide, an alkylating agent, targets rapidly di-
viding tumor cells but often fails to address the TME’s
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role in resistance and recurrence [40]. Eszopiclone’s
ability to modulate both tumor cell excitability and
immune dynamics offers a synergistic complement,
potentially sensitizing glioma cells to chemotherapy
while counteracting TME-driven progression. This
combinatorial approach aligns with emerging strate-
gies in oncology that integrate tumor-specific and
microenvironment-targeted therapies to improve ef-
ficacy. Additionally, Eszopiclone’s cost-effectiveness
as a generic drug contrasts with the prohibitive expense
of novel biologics, making it an accessible option for
broader clinical adoption.

Clinical Perspectives

The immunosuppressive architecture of the glioma
tumor microenvironment (TME) profoundly limits
the efficacy of immune checkpoint blockade, includ-
ing PD-1/PD-L1 inhibitors such as nivolumab and
pembrolizumab [34]. Within this microenvironment,
myeloid-derived suppressor cells, regulatory T cells,
and M2-polarized microglia collectively establish an
anti-inflammatory, tumor-supportive niche character-
ized by elevated PD-L1 expression, chronic exposure
to IL-6, TNF-a, and TGF-B, and the exhaustion of
cytotoxic CD8" T cells [41]. This cascade suppresses
dendritic cell priming and antigen presentation, allow-
ing glioma cells to escape immune surveillance despite
checkpoint inhibition [42].

Eszopiclone’s engagement of GABA-A receptors
presents a mechanistically novel means to recalibrate
this immunologic imbalance. Through membrane
hyperpolarization and subsequent attenuation of the
NF-kB (p65) and STAT3 (Y705) signaling axes,
GABA-A modulation suppresses transcription of pro-
tumoral cytokines (IL-6, IL-10, TGF-B) and downregu-
lates genes associated with M2 macrophage identity
(CD206, Argl) [43]. Concurrently, eszopiclone may
promote M1 polarization, enhancing iNOS and IFN-y
expression and stimulating chemokine release such as
CCLS and CXCL10 factors crucial for cytotoxic T-cell
recruitment and activation within the TME [44].

These immunologic shifts conceptually mirror the
functional reprogramming observed in GABAergic
modulation of other malignancies, such as breast and
melanoma models, where modulation of PI3K/AKT
signaling impacts PD-L1 expression and restores T-cell
responsiveness [45]. While direct evidence in glioma
remains to be established, the convergence of GABA-A
signaling with immune checkpoints offers a promising
axis for investigation [46]. GABA-A-mediated PI3K/
AKT attenuation has been linked to altered PD-L1
dynamics and may influence post-translational control
via the E3 ubiquitin ligase STUB1, which governs
PD-L1 stability [47, 48]. These mechanisms suggest
that eszopiclone, as a selective, non-benzodiazepine
modulator with excellent blood-brain-barrier penetra-
tion, could enhance the therapeutic efficacy of PD-1/
PD-L1 blockade by mitigating microglial-driven T-cell
apoptosis (via FasL. downregulation) and promoting

133



REVIEWS

durable immune activation [49]. From a translational
perspective, eszopiclone’s favorable pharmacologic
profile rapid CNS bioavailability, minimal tolerance
development, and lack of PD-1 antagonistic interfer-
ence reported with traditional benzodiazepines renders
it an attractive adjuvant candidate for combinatorial
regimens in recurrent glioblastoma, particularly in
MGMT-unmethylated subgroups refractory to mono-
therapy. Preclinical validation through orthotopic
glioma models and single-cell RNA sequencing of
post-treatment TME biopsies could delineate mi-
croglial and lymphocytic responses, defining the
precise immunologic choreography underlying this
neuro-onco-immunologic synergy. Ultimately, this
conceptual framework bridges neuropharmacology
and immunotherapy, proposing that a GABA-A-driven
recalibration of the glioma immune landscape may
revitalize checkpoint responsiveness and dismantle
one of neuro-oncology’s most resilient barriers.

Discussion

Eszopiclone, a clinically approved non-benzodi-
azepine modulator of GABA-A receptors, emerges in
this perspective as a potential neuro-oncologic agent
capable of influencing both glioma biology and its
immunologic landscape. The glioma microenviron-
ment is characterized by an intricate interplay between
metabolic deregulation, excitatory neurotransmission,
and immune suppression, forming a multidimensional
barrier to therapy. Within this context, GABAergic
dysfunction marked by the downregulation of in-
hibitory GABA-A subunits such as GABRB3 and p2
and the epigenetic silencing of KCC2 contributes to
neuronal hyperexcitability and depolarization-driven
tumor proliferation. Eszopiclone’s pharmacologic
restoration of GABA-A signaling reinstates chloride
influx and membrane hyperpolarization, suppressing
depolarization-dependent Ca*" entry and downstream
activation of PI3K/AKT/mTOR and NFAT pathways.
This ionic normalization translates into cell cycle ar-
rest through modulation of cyclin D1/CDK4/6 and
reactivation of the Rb checkpoint, while also inducing
mitochondrial apoptosis via Bax/Bcl-2 balance and
caspase-3/9 activation. These mechanisms suggest that
eszopiclone’s GABA-A agonism may re-establish the
electrophysiological restraint lost in glioma and limit
its unchecked proliferation.

Beyond intrinsic cytostatic effects, eszopiclone may
exert profound immunologic recalibration within the
glioma tumor microenvironment (TME). The TME
of glioblastoma multiforme (GBM) is dominated by
immunosuppressive myeloid-derived suppressor cells,
regulatory T cells, and M2-polarized microglia that
secrete IL-6, IL-10, and TGF-P, thereby sustaining
tumor immune evasion and resistance to checkpoint
blockade. By engaging GABA-A receptors expressed
on glioma-associated macrophages and microglia,
eszopiclone can attenuate the phosphorylation of NF-
kB (p65) and STAT3 (Y705), two central mediators
of protumoral inflammation and M2 polarization. This
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suppression fosters a phenotypic transition toward
M1 macrophages characterized by elevated iNOS and
IFN-y expression, reduced IL-10 and TGF-f secretion,
and augmented antigen presentation capacity. Conse-
quently, eszopiclone may promote a microenvironment
conducive to CD8" T-cell recruitment and activation
through the enhanced production of chemokines such
as CCLS5 and CXCL10, thus counteracting the immune
quiescence typical of gliomas. Parallel observations in
GABAergic modulation within melanoma and breast
cancer models support the hypothesis that manipulat-
ing the GABA-A-PI3K/AKT axis can alter PD-L1
stability and influence tumor-immune crosstalk, po-
sitioning eszopiclone as a potential adjunct to PD-1/
PD-L1 inhibitors in glioma therapy.

Although direct data on eszopiclone’s effect on PD-
L1 expression in gliomas are not yet available, mecha-
nistic extrapolations from related systems suggest that
PI3K/AKT attenuation may indirectly diminish PD-
L1 expression while stabilizing E3 ubiquitin ligases
such as STUBI1, which regulate PD-L1 turnover. This
could, in theory, reduce surface PD-L1 density and
restore cytotoxic T-cell recognition, amplifying the
therapeutic efficacy of checkpoint inhibitors like niv-
olumab or pembrolizumab. Moreover, eszopiclone’s
neuropharmacologic profile its balanced affinity for
al, 02, 03, and a5 subunits, broad extrasynaptic and
synaptic activity, and nearly equivalent CSF-to-plasma
penetration confers advantages over traditional ben-
zodiazepines and zolpidem, which exhibit narrow
receptor selectivity, limited BBB diffusion, and higher
tolerance liability. Importantly, benzodiazepines have
been associated with negative immunomodulatory ef-
fects, including interference with PD-1 signaling and
T-cell activation, a limitation eszopiclone circumvents
due to its distinct scaffold and receptor kinetics.

Mechanistically, the drug’s chloride-restorative
function also bears metabolic implications. By stabiliz-
ing E_Cl at hyperpolarizing levels (= 70 mV), eszopi-
clone curtails the Ca**-driven activation of CREB
and ERK, suppressing downstream proliferative and
angiogenic mediators such as VEGF and MMP-9.
The inhibition of PKM2, a pivotal enzyme in aerobic
glycolysis, may further restrict the Warburg metabolic
adaptation, rendering glioma cells metabolically less
flexible and more susceptible to apoptosis. These
integrated effects electrophysiologic, metabolic, and
immunologic compose a multifaceted rationale for
repurposing eszopiclone as an adjuvant therapeutic.

From a translational standpoint, the absence of
clinical data on eszopiclone in glioma underscores the
need for a stepwise validation framework. Retrospec-
tive cohort analyses could first assess progression-free
and overall survival outcomes among glioma patients
incidentally exposed to eszopiclone for insomnia man-
agement compared with untreated controls, stratified
by MGMT methylation status and GABA-A subunit
expression profiles. These findings would inform pro-
spective preclinical investigations utilizing orthotopic
glioma models to evaluate eszopiclone’s effects on
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tumor growth kinetics, cytokine modulation, microglial
polarization, and T-cell infiltration, ideally corroborated
by single-cell RNA sequencing of post-treatment tis-
sues. Ultimately, early-phase clinical trials combin-
ing eszopiclone with temozolomide or PD-1/PD-L1
blockade could elucidate safety, pharmacodynamic
interactions, and preliminary efficacy, particularly in
resistant, MGMT-unmethylated cohorts where im-
munotherapy alone remains suboptimal. Collectively,
these insights define eszopiclone as a promising neuro-
onco-immunologic modulator that bridges inhibitory
neurotransmission and immune restoration. By harmo-
nizing chloride homeostasis, suppressing excitatory
and angiogenic signaling, and reprogramming the TME
toward an M 1-dominant, cytotoxic phenotype, eszopi-
clone exemplifies how a neuroactive compound can
be rationally repurposed for oncologic synergy. This
integrative model invites a new experimental frontier
where GABAergic modulation complements immune
checkpoint therapy, offering a blueprint for transform-
ing an established hypnotic into an innovative adjuvant
against glioma progression.
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Abstract

Background. Glioblastoma is a highly aggressive, difficult-to-treat brain cancer with a poor prognosis, high
mortality, and a significant impact on quality of life. Despite decades of research, standard treatments can
extend life, but do not cure the disease, making it a focus for new research in neuro-oncology, immunotherapy,
targeted therapy, and personalized medicine. The disease affects people of working age (with peak incidence
between 45 and 70 years of age), causing damage to families and society. High costs of treatment and palliative
care exacerbate the problem. The purpose of the study was to summarize data on modern approaches to
the treatment of glioblastoma and to analyze efficacy and side effects of oncolytic virus therapy. Material and
Methods. The literature review of studies published over the past 10 years was conducted using PubMed,
eLIBRARY, Springer, Google Scholar, etc. databases. Results. Modern glioma therapy uses a multidisciplinary
approach combining surgery, chemotherapy, and radiation therapy. Oncolytic virotherapy for brain glioma is a
promising field because it uses viruses to selectively target to cancer cells while also stimulating an immune
response against the tumor. Current research confirms that oncolytic therapy is effective against a variety
of tumors including those that are resistant to traditional treatments. Clinical studies show that virotherapy
can be a safe treatment because viruses are often engineered to be selective for cancer cells like glioma,
minimizing damage to healthy tissue, although questions remain about optimizing dosage and overcoming
the immune response. Conclusion. Oncolytic virotherapy is a highly promising approach for the treatment
of glioblastoma. Oncolytic viruses are currently in various stages of research, and have promise in animal
models, with the potential to lead to new personalized treatments for solid tumors.

Key words: glioblastoma, virotherapy, oncolytic virus for the treatment of glioblastoma, vaccinia virus,
recurrent glioblastoma, modern approaches to the treatment of glioblastoma.
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0.C. Benrnep'? E.B. Kynuruna3, H.C. BacunbeBa®, B.A. Puxrtep3,
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"HaumoHanbHbIN MeaULMHCKUIA nccneaoBaTtensckuin ueHTp M. E.H. MewankuHa MuHagpaea Poccum
Poccus, 630055, r. HoBocubupck, yn. PeukyHoBckas, 15

2HoBocmMbUpCKMiA HaLMOHanNbHbIN UCCnenoBaTeNbCKUiA rocyAapCTBEHHbIN YHUBEPCUTET

Poccus, 630090, r. HoBocubupck, yn. MNuporosa, 1

SNHCTUTYT XMUYeckor Gronorun 1 pyHaameHTanbHon MmeamumnHel Cubmpckoro otaeneHust Poccuickoi
akagemun Hayk

Poccus, 630090, r. HoBocubupck, np. JlaBpeHTbeBa, 8

AHHOTauusa

BBepeHue. AKTyanbHOCTb MCCenoBaHuii Immobrnactombl 06yCrioBneHa ee BbICOKON arpeCCMBHOCTBIO, MOYTH
100 % cMepTHOCTLI0, OTCYTCTBMEM 3 EKTUBHOTO NTEYEHUS 1 KAaTacTpohYeCKUM BO3AENCTBUEM HA KQUECTBO
KM3HU NauMeHTOB. HecMOoTps Ha AeCATUNETUSA UCCregoBaHUA, CTaHAapPTHasA Tepanus NULLb HE3HAYNTENBHO
NpoAfeBaET XM3Hb, HO He M3ne4YnBaeT BonesHb. ATO AenaeT rmmnobnacTomy ob6nacTbio Noncka NPOpPbIBHbLIX
Hay4HbIX PELUeHUA B HEMPOOHKOOMMKN, UMMYHOTEPaNuKn, TapreTHoOM Tepanuu U NepcoHann3npoBaHHOM
MeguumHe. 3aboneBaHne nopaxaet NoAern TPyAoCcnocobHoro Bo3pacTta (C NnMkoM 3aborneBaeMoCcT Mexay
45 n 70 rogamu), HaHoCS coumarnbHbIi yuep6. Bbicokas CTOMMOCTb fledeHus U NannaTMBHOM MOMOLLM
ycyryonsiet npobnemy. Llenb nccnegoBaHusi — 0606LWMTb U CUCTEMATM3NPOBATL AAaHHbIE O COBPEMEHHbIX
noaxodax K fevyeHunto rmuobnactombl. [MpoBeCcT aHanu3 gaHHbIX MO TepaneBTUYEeCKUM U MOBOYHbIM 3d-
doeKkTam OHKONMUTUYECKMX BUpYcoB. MaTepuan u metoAabl. C NOMOLLbIO 3NTEKTPOHHbBIX PECYPCOB MOUCKOBbLIX
cuctem PubMed, eLIBRARY, Springer, Google Scholar n gp. npoBeaeH 0630p nutepatypbl, cogepxalien
[oKasaTernbHble 3KCNepUMeHTarnbHbIe N KITMHUYECKNE AaHHble No 00cyaaeMbiM BOMpocam, 3a nocrnegHne
10 net. PesynbTaTbl. COBpeMEHHbIE NOAXOAb! K TEYEHWMIO ITIMOM BKITHOUYAIOT XMPYpPruyeckoe feveHme, XMmMmo-
Tepanuvio 1 ny4yeByto Tepanuio. PaspaboTaHHas B HAacTosLLee BpeMs BUPOTEpPanus riamnomM rorioBHOro Mo3ra,
coyeTatoLlan B cebe BbICOKYH CNeundUYHOCTb K OMyXOSieBbIM KIeTKaM U CMOCOBHOCTb CTUMYNMPOBaTh
NPOTUBOOMYXONEBbLI UMMYHHbIN OTBET, NPEACTaBMSETCS YPE3BbIYANHO NepcrnekTuBHon. CoBpeMeHHbIe Uc-
crnepoBaHus AEMOHCTPUPYOT 3WPEKTUBHOCTL OHKONMUTUYECKON Tepanum NPOTUB PasfINYHbIX TUMOB ONyXOnen,
B TOM YMCIE PE3VNCTEHTHbIX K TPAAMLMOHHBIM METOAaM feveHus. besonacHoCTb BUpoTepanuy NoaTBepxaeHa
KITMHUYECKMMU UCCnefoBaHNAMN: OONbLUMHCTBO BUPYCOB M30UpaTenbHO BO3OENCTBYHOT Ha KIETKM IMNOMBI,
YTO CBOAMUT K MMHUMYMY MOBPEXAEHNE 300POBbIX TKaHel. OQHaKo OCTakTCs BOMPOCHI MO ONTMMU3aLMM [03K-
POBOK OHKOSTUTUYECKMX BUPYCHbIX NMPenapaTtoB 1 NpeoaoreHnto NpOTUBOBUPYCHOMO MMMYHHOIO oTeeTa. Kpome
TOro, pa3pabaTtbiBaloTCA MeTOAbI LOCTABKN BUPYCOB K Onyxornsam. 3akrnyeHune. Tepanusi munobrnactomsl ¢
MOMOLLbIO OHKOSIUTUYECKMX BUPYCOB CYUTAETCSA OOHMM 13 Hauboree NepcnekTMBHbLIX METOAOB fieveHus. B
HacTosILLLee BPEMSI OHKONUTUYECKNE BUPYChI MPOXOAAT pasfnnyHble CTaamMmn UCCrefoBaHuin, NpuyemM MHorne
13 HUX MOKa3bIBaOT MHOroobeLlatoLme pedynbraThl Ha XXMBOTHBIX MoAensX. [anbHenwme nccnegoBanns B
3TOM 0BnacT! MOryT NPUBECTU K CO34aHMI0 HOBbLIX MEPCOHANMU3NPOBAHHbIX METOAOB JTEYEHUS, yry4LlakoLwmnx
NPOrHO3 Ansi NAUMEHTOB C CONMUAHBLIMU OMYyXONSAMMN.

KnioueBble cnoBa: rmmo6nacromMa, BUpoTepanus, OHKONIMTUYECKUIA BUPYC AJis JIieYeHUs rnMno6racToMbl,
BMPYC KOPOBLEW OCIbl, peLMauBUpPYLIas rmmobriactoma, COBpeMeHHbIE NOAXOAbI K JIEYEHUIO
rnmo6nacTomsbl.

Gliomas are the most common (80-85 %) primary
brain tumors in adults. The incidence of gliomas is
comparable across European countries, the US, and
Russia, with rates of 6 cases per 100,000 people in
Europe [1], 7 cases per 100,000 in the US [2], and 6
cases per 100,000 in Russia [3]. Over the past 20 years,
the incidence of gliomas has shown a slight increase
globally, primarily due to improved diagnostic tools
like MRI, immunohistochemical testing, etc., and
secondarily, due to the aging of the population [4].
The five-year survival rate for patients with gliomas
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ranges from 5 % to 90 %. This indicator is influenced
by the type of glioma, as well as timely diagnosis and
the patient's region of residence (five-year survival
rates are higher in large cities) [4].

Gliomas can affect people of all ages, and represent
a significant socioeconomic burden. The direct costs
of glioma treatment are the medical expenses, which
include neuroimaging, doctor and specialist visits,
surgery, and hospital stays. Indirect costs are the
non-medical expenses, such as patient transportation,
specialized nutrition, home nursing care, and personal

139



REVIEWS

Table/Tabnuua

Classification of gliomas [9]
Knaccudumkaums rnvom [9]

Gliomas, glio-neuronal

and neuronal tumors/
I'muomsl, rmuro-HelpoHaabHbIE
U HeHpOHAIbHBIE OITYXOJIN

Astrocytic tumors, IDH-mutant (diffuse astrocytomas, glioblastoma)/

Actponurtaphsie onyxonu, IDH-mytanTHbIe (1udy3HBIE ACTPOLUTOMBI, IIHO0IACTOMA)
Astrocytic tumors, IDH-wild type (glioblastoma, IDH-wild type)/

Actponurapuslie ormyxonn, IDH-nuknit tan (rmmobnacroma, IDH-mukwmit i)

Oligodendrogliomas, IDH-mutant and 1p/19q codeleted/
Onuronerapornuomsl, IDH-mMyTanTHEIE 1 MyTaHTHBIE IO 1p/19q
Ependymal tumors/ DneHnanmanbHbIe OIyX0onn

Other gliomas (e.g., choroid plexus tumors)/

Jpyrre niioMbl (HarmpuMep, OIyXOJId XOPOUIAIbHOTO CIUICTEHHS)

Glioneuronal and neuronal tumors (ganglioglioma, dysembryoplastic neuroepithelial tumor)/
[muoneiiponanbHble 1 HEHPOHAIBHBIE OMYXOJH (TAHIIMONINOMA, AU39MOPHOIIIIaCTHYECKast Heli-

po3NUTENNaIbHAs OIyXO0Ib)

HpnMeqa}me: TabJNUIa COCTABICHA aBTOpaMH.

Note: created by the authors.

hygiene products. A survey conducted by the National
Brain Tumor Foundation in 2006 showed that 91 %
of brain tumor patients were working before their
diagnosis, compared to 33 % after their diagnosis.
Among those who cared for patients, 16 % stopped
working, and 62 % reduced their working hours or
took leave. Forty-eight percent of respondents reported
a decrease in family income, and families as a whole
reported a reduction in spending [5, 6]. Accordingly,
even among stable, highly functional patients who
survived glioma, financial burden and disability were
prevalent across all subtypes, treatment regimens, and
family income levels.

The symptoms of gliomas depend on which part
of the central nervous system (CNY) is affected. De-
pending on its location, a glioma can cause headaches,
vomiting, memory loss, seizures, vision problems,
aphasia, and cranial nerve dysfunction. Vision loss in
patients with glioma is caused by a tumor in or around
the optic nerve. Spinal cord gliomas can cause pain,
weakness, or numbness in the limbs by compressing
the spinal nerve roots. Gliomas do not usually metas-
tasize through the bloodstream, but they can spread
through the cerebrospinal fluid [7]. Complex visual
hallucinations have been described as a symptom of
low-grade glioma [8].

Gliomas are classified according to the type of
precursor cells: astrocytomas (diffuse, anaplastic,
glioblastoma), oligodendrogliomas, ependymomas),
and the grade of malignancy (grade 1 is benign, slow-
growing glioma (e.g., pilocytic astrocytoma, and grade
4 is highly aggressive, with infiltrative growth (e.g.,
glioblastoma)) (Table) [9]. In the 5th edition of the
World Health Organization (WHO) classification of
central nervous system tumors, specific molecular
changes were included in the classification of gliomas.
The updated WHO classification, based on histology
and molecular changes, has provided a better un-
derstanding of the clinical, radiological, molecular,
survival, and prognostic characteristics of different
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glioma subtypes, as well as providing precise recom-
mendations for diagnosis and potential prognosis for
patients.

Glioblastoma is the most common

and aggressive type of glioma

The incidence of glioblastoma, the most common
malignant primary brain tumor in adults (45-54 % of
all gliomas), is 3—4 cases per 100,000 per year, increas-
ing after the age of 40 and peaking between the ages of
75 and 84 [10]. Other types of gliomas characterized by
lower malignancy (astrocytomas, oligodendrogliomas)
usually affect patients under the age of 50 [11]. It
has been shown that glioblastoma is more common
in Caucasians than in other ethnic groups [12]. The
five-year survival rate for patients with glioblastoma
is approximately 5 %, making this tumor one of the
most dangerous types of brain cancer [13].

Modern approaches to glioma therapy

There are a number of difficulties in treating
gliomas: verifying the type of tumor, taking into
account the heterogeneous molecular profile of the
tumor; selecting the appropriate therapy; the patient’s
response to the chosen treatment method; achieving
sustained remission; and others. In view of the above,
the development of approaches to personalized therapy
for gliomas is an extremely urgent task for molecular
oncology. Modern methods of treating gliomas depend
on the type of tumor. Below are universal approaches
to treating this CNS malignancy.

Surgical treatment

This type of treatment is used to remove as much of
the tumor as possible in order to improve neurological
functions, most often using minimally invasive micro-
surgical techniques. In addition, surgical resection of
the tumor allows for histological examination, on the
basis of which targeted therapy can be selected. To
prevent iatrogenic postoperative neurological com-
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plications, navigation systems are used during tumor
removal surgery: intraoperative MRI, ultrasound, PET
CT, and others [14]. The use of evoked potentials,
electromyography, or mapping in awake patients under
local anesthesia to monitor and preserve speech and
cognitive abilities allows tumor resection in areas of
the cortex responsible for these functions. Preventing
new irreversible neurological disorders during surgery
is more important than the extent of resection, since
gliomas cannot be completely cured by surgery due to
their growth characteristics [14].

Radiation therapy

This type of therapy is used in patients with gliomas
to prevent recurrence after surgery. The indications for
treatment, timing, dosage, and schedule of radiation
therapy are determined by the diagnosis and prognostic
factors [14]. Despite the improved prognosis for the
course of the disease, radiation therapy has a number
of side effects. In particular, this therapy may cause
damage to the optic nerves, optic chiasm, retina, lenses,
brain stem, pituitary gland, cochlea, and hippocampus
[15]. The use of modern radiation therapy methods,
such as stereotactic or intensity-modulated radiation
therapy, helps to reduce the number of negative effects
of radiation exposure by limiting the area of exposure
and/or selecting the site of exposure more accurately
[14, 15].

Chemotherapy

First-line chemotherapy treatment for newly
diagnosed glioma, regardless of tumor morphol-
ogy, includes temozolomide (TMZ). The presumed
mechanism of action is based on the ability of its
metabolites to methylate guanine bases in DNA. Af-
ter oral administration, the prodrug temozolomide is
absorbed in the small intestine and, due to its small
size, crosses the blood-brain barrier. After entering the
cell, temozolomide undergoes spontaneous hydrolysis,
converting into the potent methylating agent 3-methyl-
(triazen-1-yl) imidazole-4-carboxamide (MTIC).
MTIC methylates a number of nucleosides, primarily
guanine, leading to apurinization and further breaks
in the deoxyribose phosphate backbone, which in turn
triggers apoptosis [15].

To increase the effectiveness of temozolomide, the
principle of chronotherapy is applied, since the level
of expression of genes responsible for cell replication,
genes affecting metabolic rate, and genes responsible
for DNA repair fluctuate throughout the day in ac-
cordance with the circadian rhythm and are regulated
by the suprachiasmatic nucleus of the hypothalamus,
whose activity depends on light levels [16]. It is
known that BMALI1 gene expression in tumor cells
is subject to circadian rhythms [17]. Temozolomide-
induced apoptosis of tumor cells is enhanced during
peak BMALLI expression and appears to consistently
reach a maximum approximately 5 hours after dusk
[18]. Accordingly, accurate calculation of the timing
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of temozolomide administration in accordance with
its pharmacokinetic characteristics allows maximum
therapeutic effect to be achieved by deactivating DNA
repair mechanisms in tumor cells.

It should be noted that temozolomide therapy may
be ineffective due to the varying sensitivity of glioma
cells to this drug. Low sensitivity to temozolomide,
caused by demethylation of the MGMT gene promoter,
whose product is responsible for DNA repair during
methylation, is estimated at 10-15 % in the case of
demethylated MGMT to 40-50 % in other cases in
terms of five-year survival rate [19].

In this regard, it is necessary to search for new
methods of postoperative treatment for patients who
do not respond to temozolomide [20, 21]. In addition,
like most cytostatic drugs, temozolomide has a number
of side effects, the most common of which are nausea,
myelosuppression (manifested by thrombocytopenia
and neutropenia), alopecia, and myoclonic seizures
[22]. The vast majority of patients experience recur-
rence of glioma after therapy [23, 24]. Lomustine,
carmustine (alkylating derivatives of nitrosourea), and
temozolomide are used to treat recurrence, but their
effectiveness is low [25].

An alternative chemotherapy method for treating
recurrent glioblastoma is the PCV therapeutic regimen,
based on a combination of procarbazine, lomustine,
and vincristine. Vincristine belongs to a group of al-
kaloids obtained from the flowering plant periwinkle.
Vincristine binds to tubulin and inhibits microtubule
formation, which leads to disruption of spindle for-
mation and arrest of mitosis. In addition, vincristine
inhibits protein and nucleic acid synthesis by blocking
the use of glutamic acid [26, 27]. The PCV regimen
combined with radiation therapy provides an antitumor
effect, but has pronounced neurotoxicity that exceeds
the neurotoxicity of each component individually [28].
In addition, the drugs included in the PCV regimen are
hepatotoxic, and their effect on the nervous system is
not limited to the central nervous system — various
polyneuropathies have been noted among the side
effects, including dysfunction of the cranial nerves,
causing paresis of the eyes and vocal cords, depriving
the person of the ability to see and speak normally. Ac-
cordingly, this therapy is often used as palliative care
when other methods are ineffective, as it significantly
reduces the patient’s quality of life [29-31].

Antiangiogenic Therapy

Bevacizumab is a recombinant hyperchimeric hu-
manized IgG1 monoclonal antibody that binds to and
inhibits vascular endothelial growth factor, leading to
a reduction in tumor vascularization. Bevacizumab is
approved for the treatment of gliomas both in combi-
nation with temozolamide and radiation therapy and
as monotherapy [32]. In addition, this drug may be
used in combination with irinotecan, a topoisomerase
1 inhibitor [33]. Inhibition of topoisomerase 1 in cells
slows down DNA replication processes, leading to
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reduced production of various agents, including vas-
cular endothelial growth factor. Thus, the combination
of bevacizumab and irinotecan enhances the effect of
the drugs [32—-34]. Limiting angiogenesis in the tumor
slows down the growth of CNS tumors, but in the case
of gliomas, it does not completely stop tumor devel-
opment. A number of side effects of bevacizumab,
including increased blood pressure, rectal bleeding,
and gastric and intestinal ulcers, limit the use of this
drug [34].

Alternative therapeutic approaches

Due to the low efficacy of standard treatment regi-
mens for gliomas and glioblastomas in particular, new
therapeutic methods and approaches are currently be-
ing developed and implemented. Local delivery meth-
ods are aimed at delivering therapeutic agents directly
to the tumor, bypassing the blood-brain barrier, which
allows for maximum concentration of the drug in the
tumor while minimizing possible systemic side effects.
Laser interstitial thermotherapy is the selective abla-
tion of a lesion or tissue using heat emitted by a laser
device. This method is considered less invasive than
open surgery and is a solution for patients who cannot
undergo surgical intervention. Stereotactic injections
are also used to treat brain tumors. The procedure
involves injecting an antineoplastic drug directly into
the tumor. An analogue of stereotactic injections is the
intra-arterial delivery system — this method reduces the
invasiveness of the procedure, as it does not require
trepanation of the skull, and the drug is delivered to
the tumor through arterial access.

Convection-enhanced delivery is a method of deliv-
ering drugs in which a pressure gradient is created at
the tip of the catheter so that substances are delivered
to the brain by volumetric flow rather than diffusion.
To perform the procedure, catheters are inserted into
the interstitial space of the brain through holes drilled
in the skull under imaging guidance. The catheters are
connected to an infusion pump, which is used to create
avolumetric flow pressure gradient. At an infusion rate
0f 0.1-10 pl/min, the drug enters the interstitial space,
displacing extracellular fluid.

Implantable reservoirs allow continuous adminis-
tration of the drug into the tumor over a long period of
time. Currently, the only local drug delivery method
approved by the Food and Drug Administration (FDA)
for the treatment of glioblastoma is the Gliadel (Glia-
del) — biodegradable copolymers (prolifeprosan 20)
impregnated with the alkylating agent carmustine. This
plate, containing 7.7 mg of carmustine, is placed in the
surgical field immediately after tumor removal, with
the number of plates determined individually in each
case and depending on the size of the tumor and the
surgical field. Within 2-3 weeks, the plates dissolve
and the gradually released active substance acts on the
remaining malignant cells. A serious disadvantage of
the Gliadel plate is its rigid structure, which can lead
to trauma to the soft tissues of the brain [35, 36].
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Thus, the lack of a therapeutic strategy that would
allow for a complete cure of glioblastoma is associ-
ated with both the molecular characteristics of the
tumor and the individual response of patients to
chemotherapy drugs. The drugs developed and used
in the treatment of glioblastoma slightly increase the
patient’s life expectancy, but both the drugs themselves
and the methods of their delivery to the CNS are as-
sociated with a high risk of side effects, which may
limit the use of therapy. The question of the ratio of
efficacy to the severity of side effects from the drugs
used remains open, which requires the search for new
methods of CNS glioma therapy.

Virotherapy — the latest trend

in immunotherapy for cancer

Tumor virotherapy is currently an approved can-
cer treatment method based on the use of genetically
modified or natural oncolytic viruses to selectively
destroy tumor cells. Virotherapy is considered a
promising approach, especially for the treatment of
brain tumors (e.g., glioblastoma), where traditional
methods are often ineffective [37]. It has been shown
that cancer patients experienced tumor shrinkage or
regression when infected with certain viruses [38].
Although oncolytic viruses are potentially powerful
therapeutic agents for the treatment of CNS tumors, a
single type of oncolytic virus is not sufficient to destroy
all oncotransformed cells due to the heterogeneity of
tumor tissues and tumor heterogeneity.

Among the factors limiting the effectiveness of vi-
rotherapy, the following can be highlighted: the ability
of tumors to evade the immune response even when it
is additionally induced by the spread of viral particles;
the viscosity of the extracellular matrix, which can
affect the spread of viral particles from cell to cell;
the production of virus-neutralizing antibodies, which
reduce the effectiveness of virotherapy with repeated
injections [39].

To overcome these limitations, oncolytic viruses
can be used in combination with other anticancer
drugs and therapeutic approaches, whose shortcom-
ings, in turn, can be compensated for by virotherapy
[39]. Accordingly, the current tasks of virotherapy
are to select the right type of virus that will be effec-
tive for a specific type of tumor, as well as a method
of delivering the viral agent to the tumor that, on the
one hand, will induce a virus-mediated antitumor im-
mune response, but at the same time will not pose a
danger to the weakened immune system of a cancer
patient [40].

Virotherapy for glioblastoma

In 2021, the oncolytic virus G47A (Delytact In-
jection) was approved in Japan for the treatment of
residual or recurrent glioblastoma [41]. G47A is a
third-generation recombinant herpes simplex virus
strain in which the y34.5 gene has been deleted to
eliminate the neurotoxicity of the virus, and 312 bp of
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the 047 gene has been deleted to improve virus replica-
tion and reproductive capacity, as well as to enhance its
antitumor activity. Insertion of the ECOL-I LacZ gene
into the ICP6 region led to the inactivation of nucle-
otide reductase, which ensured the ability of the virus
to replicate only in tumor cells, thereby improving its
safety profile and increasing its tropism for tumor cells
[41,42]. G47A demonstrated high replication capacity
in various cancer cells, effectively induced specific
antitumor immunity, and showed a high level of infec-
tious safety [42]. During Phase II of the clinical trial,
each patient with recurrent glioma received stereotactic
injections of G47A into the tumor every 4 weeks for a
total of 6 injections. An interim analysis of the clini-
cal trial data showed that the one-year survival rate of
the 13 patients participating in the trial was 92.3 %.
Serious side effects associated with G47A were
observed in only 2 patients — high fever [43]. Later
studies showed that one-year survival was 84.2 %, and
median overall survival and progression-free survival
were 20.2 months and 4.7 months, respectively, after
starting G47A, which sets it apart from other treat-
ments [44]. According to pooled data from 16 studies
of various chemotherapeutic drugs for the treatment of
recurrent glioblastoma, the median overall survival is
5.0 months, and the median progression-free survival
is 1.8 months [45]. Unfortunately, the oncolytic virus
G47A is not effective in all types of gliomas, which is
associated with the high histochemical heterogeneity
of the tumor. In this regard, the search for new variants
of oncolytic viruses that improve the prognosis for
glioma is a very urgent task in molecular oncology.

Newecastle disease virus (NDV) is an oncolytic
virus that selectively replicates in tumor cells without
affecting normal cells. NDV causes cancer cell death
through mechanisms such as apoptosis, autophagy, and
necroptosis, and can also stimulate an antitumor im-
mune response by releasing cytokines and chemokines
that attract immune cells to the tumor site. This feature
makes NDV a promising candidate for oncolytic viro-
therapy of CNS tumors, including glioblastoma [46].
A limitation in the use of this virus for glioblastoma
therapy is the absence of a mutation in the CDKN2A
gene, which is responsible for the ability of tumor cells
to synthesize type 1 interferon. To predict the effec-
tiveness of NDV virotherapy for glioblastoma, tumor
genotyping is used, which is an expensive procedure
that is not always available to patients [47].

ZIKV is a mosquito-borne flavivirus belonging
to the flavivirus genus, Flaviviridae family, which
includes multiple important human pathogens such
as dengue virus (DENV), West Nile virus (WNV),
Japanese encephalitis virus (JEV), and hepatitis C
virus (HCV). ZIKV has an 11-kb positive-stranded
RNA genome with positive polarity that encodes three
structural proteins and seven nonstructural proteins
[45]. The Zika virus primarily affects neural stem
cells and neural progenitor cells (NPCs), leading to
cell cycle arrest, apoptosis, and differentiation sup-
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pression, which has serious consequences for the brain
[44]. Infection with the Zika virus in adults is usually
asymptomatic or causes only mild symptoms, such
as a slight fever and rash, which resolve on their own
within about 7 days. Glial stem cells are the main cause
of drug resistance and recurrence of malignant glioma
[48]. The tropism of the Zika virus for glial stem cells
makes it a very promising oncolytic vector that can
destroy glial stem cells and prevent tumor recurrence,
whereas other oncolytic vectors for the treatment of
malignant glioma do not show a preference for glial
stem cells [49]. However, the main problems with
the clinical application of the Zika virus are safety
and stability. It has been proven that a live attenuated
vaccine candidate containing a 10-nucleotide deletion
in the 3’-untranslated region (A10 3’-UTR) of the
ZIKV-FSS13025 strain, has good oncolytic activity
and is safe for BALB/c nude mice in which human
glial cells were grown [50]. Normal brain cells are
almost unaffected in immunocompetent mice treated
with the A10 3’-UTR of the ZIKV-Dakar strain [51].
Although ZIKV demonstrated a good safety profile
in treating mice with glioma, safety requires further
consideration in clinical application.

rQNestin34.5v.2 is an oncolytic herpes simplex
virus 1 (oHSV) that retains expression of the neu-
rovirulent ICP34.5 gene under glioma-selective
transcriptional regulation. ICP34.5 allows HSV1 to
survive interferon and improves viral replication by
dephosphorylation of the elF-2a translation factor.
rQNestin34.5v.2 dephosphorylated elF-20 in human
glioma cells, but not in human normal cells, resulting
in significantly higher cytotoxicity and viral replication
in the former compared to the latter [52]. Oncolytic
herpes simplex virus type 1 (0HSV) has been one of
the most widely studied OVs: one type of oHSV has
been FDA approved for the treatment of melanoma
[53]. rQNestin34.5v.2 was cytotoxic to all glioma
cells, reducing cell survival to less than 20 % of the
control. On the other hand, no significant cytotoxic-
ity was detected in normal human and mouse cells:
more than 80 % of cells survived after 72 hours of
incubation. rQNestin34.5v.2 replicates in much larger
quantities and has a more cytotoxic effect on glioma
cells compared to normal cells [52].

The measles virus, belonging to the Paramyxo-
viridae family, is a single-stranded RNA virus with
negative polarity. The effectiveness of the measles
virus against glioma stem cells has been demon-
strated in vivo and in vitro. MV-CEA is derived from
the Edmonston strain, an attenuated strain used to
vaccinate humans against measles, and expresses
carcinoembryonic antigen (CEA) to detect viral gene
expression [54]. MV-CEA, which exhibits antitumor
activity through the interaction of fusion proteins and
hemagglutinin, which have a high affinity for overex-
pressed CD46 receptors on glioblastoma cells. This
treatment option was tested in a single study published
on ClinicalTrials.gov. According to the researchers,
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the group of patients who received an injection of this
virus into the tumor bed showed a slight increase in
life expectancy [55].

Parvovirus is a single-stranded DNA virus be-
longing to the Parvoviridae family. H-1PV is a rat
protoparvovirus that is non-pathogenic to humans
and has a cytotoxic effect, causing DNA damage and
cell cycle arrest [56]. In one Phase I/Ila study, no
safety concerns were identified with intravenous or
intratumoral administration of H-1PV to patients with
recurrent glioblastoma followed by tumor resection and
re-administration of the drug into the resection cavity.
In addition, evidence of viral spread within the tumor
and associated immune activation was obtained. One
patient experienced progressive deterioration 2 days
after treatment, and imaging results indicated hydro-
cephalus. Surgical intervention did not reveal increased
intracranial pressure, and it was not possible to estab-
lish a clear etiology or direct link to the treatment. The
patient did not regain consciousness after 6 months and
died after being taken off life support [57].

DNX2401, an oncolytic adenovirus that selectively
targets tumors, has shown promising results in Phase |
clinical trials. Published data indicate that the median
overall survival of patients with glioblastoma receiv-
ing DNX2401 was 9.5 months. It is important to note
that 20 % of these patients lived for more than 3 years
after treatment, indicating a positive and long-term
effect in some patients. In addition, after treatment
with DNX2401, signs of inflammation and necrosis
were observed in the tumor area [58]. Histopathologi-
cal analysis revealed infiltration of CD8+ T cells and
T-bet+ cells. This indicates that DNX-2401 not only
causes tumor regression through direct oncolysis, but
also triggers an antitumor immune response [59].

Toca 511, another potential treatment, is a retrovi-
rus carrying the cytosine deaminase gene. This virus
can selectively replicate in tumor cells, producing
cytosine deaminase. The cytidine deaminase enzyme,
encoded by the Toca 511 gene, converts the prodrug
S-fluorocytosine (5-FC) into the active chemothera-
peutic drug 5-fluorouracil (5-FU) [60]. This enzymatic
process enables targeted chemotherapy within the
tumor, minimizing the potential systemic toxicity as-
sociated with 5-FU. In an earlier study of glioblastoma
patients receiving Toca 511 therapy, the median overall
survival was 14.4 months. In addition, five cases of
complete remission were observed [61].

PVSRIPO, or PVS-RIPO, is the name of a modified
polio virus that has recently shown promise for treating
cancer. PVS-RIPO consists of a genetically modified
nonpathogenic version of the oral poliovirus Sabin
type 1. The internal ribosome entry site (IRES) on the
poliovirus was replaced with the IRES from human
rhinovirus type 2 (HRV2), to avoid neurovirulence.
Once administered, the virus enters and begins repli-
cating within cells that express CD155/Necl5, which
is an onco-fetal cell adhesion molecule that is common
across solid tumors. PVS-RIPO has shown promising
results in the treatment of recurrent glioblastoma: me-
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dian overall survival was 24 months [62]. PVS-RIPO
uses a dual approach to directly destroy cancer cells
and simultaneously trigger an immune response in the
patient. These two mechanisms of action are closely
linked at both the mechanical and biological levels, as
evidenced by the immunostimulatory process of ICD.
ICD is a non-canonical form of cell death caused by
viruses, which promotes an immune response against
antigens present in dead cells. This process involves
apoptosis accompanied by the release of adenosine
triphosphate, the pro-inflammatory cytokine high-
mobility group box 1, and calreticulin. These released
molecules immediately attract dendritic cells, present
antigens to cytotoxic T lymphocytes, and activate
gamma-delta T cells, which leads to a stronger effect
on tumor cells [63].

VV-GMCSF-Lact is a recombinant strain devel-
oped on the basis of the L-IVP strain of the vaccinia
virus. The genome of this virus is represented by
double-stranded DNA, which replicates exclusively
in the cytoplasm, eliminating the risk of its integra-
tion into the human genome [64]. The mechanism of
oncolytic action of the vaccinia virus has not been
fully studied. In general, caspase-dependent apoptosis
is a universal mechanism of cellular defense against
viruses and other intracellular pathogens, including
the vaccinia virus, which prevents the accumulation
of the virus and its transmission to neighboring cells
[65]. In addition, infection with the vaccinia virus also
causes programmed necrosis [66]. The combination of
these two mechanisms of cell death makes the vaccinia
virus one of the main candidates for the development
of oncolytic virotherapy agents based on it [67]. VV-
GMCSF-Lact contains deletions of viral thymidine
kinase and growth factor gene fragments, into which
the genes for human granulocyte-macrophage colony-
stimulating factor and the apoptosis-inducing protein
lactapin have been inserted [68]. Human GM-CSF
induces a local antitumor immune response by at-
tracting granulocytes and macrophages, and stimu-
lates dendritic cell differentiation [69]. Lactaptin is a
proteolytic fragment of human milk kappa-casein that
has oncotoxic activity against tumor cells, causing
their apoptosis via the mitochondrial pathway [70].
Currently, the VV-GMCSF-Lact virus has success-
fully completed Phase I clinical trials as a treatment
for breast cancer, including triple-negative subtypes.
In addition, in vivo experiments on various animal
models have demonstrated the antitumor efficacy of
this virus against human and animal glial tumors, both
as monotherapy and in combination with temozolo-
mide. It has been shown that the most effective treat-
ment regimen for glioblastoma is VV-GMCSF-Lact
virotherapy followed by temozolomide chemotherapy
after 8 days [71, 72].

It has been shown that the simultaneous use of
virotherapy and chemotherapy, probably due to the
heterogeneity of glial tumors, has a less pronounced
therapeutic effect. Indeed, after administration, the
vaccinia virus promotes the activation of cytoplasmic
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ATR kinase [73], which is one of the key enzymes in
the induction of DNA repair [74]. Accordingly, the
simultaneous administration of the oncolytic virus
VV-GMCSF-Lact with temozolomide reduces the
effectiveness of the latter by increasing the reparative
functions of the cell with respect to methylated MTIC
DNA, i.e., by enhancing the mechanisms of glioma
cell resistance to this drug [74].

Since infection of multiple tumor cells with VV-
GMCSF-Lact causes massive virus replication, the
resulting tissue lysis triggers poorly controlled inflam-
mation in the confined space of the skull. To reduce
the side effects of virotherapy, it is most preferable to
administer VV-GMCSF-Lact directly into the tumor
bed after resection [75]. In this case, the virus will
replicate in the remaining tumor cells, improving the
results of surgical treatment.

Thus, therapy with oncolytic viruses is a promis-
ing tool in oncology, combining effectiveness and
relative safety. At the same time, the development of
new treatments and the modification of existing ones
are complicated by the following factors: the low
incidence of gliomas limits the size of patient groups
that could participate in evaluating the effectiveness
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TEXHOJTOIM'U BbICOKOIMNMPOU3BOAUTEJIbHOIO AHAJIU3A
METUIIMPOBAHUA OHK: OT TEHOMA K NMAHENAM rEHOB

A.C. 3yeB', Y.A. BokoBa?, C.A. Bacunbes'

"HayyHo-1ccrnenoBaTenbCKUn UHCTUTYT MEAULMHCKOW reHEeTUKN, TOMCKMIA HauMOoHanbHbI
nccnenoBaTenbCKU MeguUmMHCKUMI LeHTp Poccuiickon akagemum Hayk

Poccus, 634009, r. Tomck, Hab. pekun Ywarnku, 10

2Hay4Ho-uccnenoBatenbCkuii UHCTUTYT OHKOMNOTUKM, TOMCKUIA HaLMOHarbHbIN
nccrnenoBaTernbCkMi MeguuUMHCKMI LeHTp Poccuiickon akageMumn Hayk

Poccus, 634009, r. Tomck, nep. KoonepatusHbin, 5

AHHOTauusA

AxkTyanbHocTb. MetunuposaHue OHK perynvpyeT MHOXeCTBO GMOMOrM4eckux npoLeccoB, onocpenys
HopMarnbHOe pas3BuUTUE OpraHuamMa. HapylleHusi B naTTepHax MeTUNMpPOBaHUSi acCcoLMMpoBaHbl C MHOIO-
YMCMEHHbIMM MAaTONMOMMYECKUMN COCTOSHUSIMW, B OCOBEHHOCTU C HACNEeACTBEHHbIMU U OHKOMOrMYeCcKUMMU
3aboneBaHnsiMU. BaXkHOCTb AaHHbIX aHOManui nog4epknBaeTcs X akTUBHBIM UCMONb30BaHMEM B Ka4ecTBe
KIMHMYECKN 3HAYMMbIX GuomapkepoB Anist cTpaTudmkauum naumMeHToB, MOHUTOPUHIa TedeHus 6onesHu,
paHHeln AMarHOCTMKN W NPOrHo3a oTBeTa Ha Tepanuio. BeisiBrieHne crneumpuyecknx naTtepHoB MeTUmpo-
BaHWS1 BO3MOXHO C MOMOLLbIO TapreTHbIX BbICOKOMPOM3BOAUTENBHBLIX METOAOB, obecnevmBaroLmx oKyc
Ha KItoYeBbIX permoHax uHtepeca. Llenb nccnegoBaHums — aHanus 1 0600LLEeHNE NUTEPaTYPHbIX AaHHbIX,
ONMCbLIBAIOLLNX MPUMEHEHME TEXHOMNOMMIA BbICOKOMPON3BOAUTENBHOrO aHanmasa metunupoeaxus HK, B Tom
yucrne TEXHOSMOIMI, OCHOBaHHbLIX Ha LieneBbix (TapreTHbix) noaxonax. Matepuan v metoabl. [lpoBeneH
cUcTeMaTUYECKUA aHanm3 nNUTepaTypHbIX AaHHbIX No 6aszam gaHHbIx PubMed, Web of Science, Scopus,
MOCBSILLIEHHbIX 0COOEHHOCTSIM NPOBEAEHUS! BbICOKOMNPOM3BOANTENBHOIO aHanusa metunuposaxms AHK npu
OHKOJOrMYECKMX 1 HEKOTOPbIX FEHETUYECKN 0BYCMNOBMNEHHbIX naTonorusax. MpoaHanuamposaHo 113 NCTOYHK-
KoB, oxBaTbiBatoLLmx nepunoa ¢ 2000 no noHb 2025 1., 32 13 KOTOPbIX MCNONb30BaHbI AN HanMcaHus o63opa.
Pe3ynbTatbl. O6006LLEHbI CBEAEHMS O CYLLECTBYHLLMX TEXHOMOMMSAX BbICOKONPOU3BOAMTENBHOIO aHanusa
mMeTunoma, metofax kouesepcuv JHK, nx npenmyLiectsax n orpaHuYeHusix. PaccmMoTpeHbl cyLlecTBytoLLne
MeToAbl TapreTHoro oboralleHust, X CUrbHble 1 cnabble CTOPOHbI, a Takke BO3MOXHOCTU NPUMEHEHNS B Ha-
YYHOW 1 AnarHoCTMyeckon npakTuke. 3aknoyeHue. Onpeaenexuve ctatyca metunuposaHusa JHK nepectano
ObITb MHCTPYMEHTOM (DyHAAMEHTaNbHbIX MCCNeaoBaHUIM, CTaB OAHOW 13 BaXHbIX 0Bnacten TpaHCNsILMOH-
HOW MeauLMHbI, 0COGEHHO B OHKOrornm. CoBpeMeHHble METOAbLI aHanM3a MeTUIIoMa No3BONAIOT BbISIBMSATb
3MNUreHeTUYecKMe MapKkepbl 451 AUArHOCTUKM M MPOorHo3a 3abonesaHuit, BbIbrpaTtb ONTUMarnbHyo Tepanuio,
NPOBOAWTL MOWCK MOMNEKYMSAPHbIX MULLEHEN ANsl TapreTHbIX npenapatoB. Llenesoe oboraweHne OHK no-
3BOJISIET MOBbLICUTH TOYHOCTb U YYBCTBUTENBHOCTL, CHMXAsi MPY 3TOM CTOMMOCTb aHanu3a, a npuMeHeHue
HEKOTOPbIX MOAXOA0B CNOCOOCTBYET NPUITOXEHUIO TAPrETHOMO aHanm3a K CrnoXxHsiM obpasuam. B coBokynHocTu
C rMBKOCTbIO BbIGOpa pErMoHOB MHTEpECa TakMe KadecTBa 00yCNoBNMBaOT NPUMEHEHME LIENEBbIX NOAXOL0B
He TOmMbKO B Hay4YHO-MUCCREea0BaTeNbCKOM, HO U B NMPaKTUYECKOW AEATENBHOCTY.

KnioyeBble cnoBa: mMeTunupoBaHue OHK, anureHeTuka, CeKBeHuMpoBaHue, AMarHoOCTUKa.

#=7 3yeB AHgpen CepreeBud, andrew.zuev@medgenetics.ru
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Abstract

Background. DNA methylation regulates numerous biological processes, mediating normal development.
Alterations in methylation patterns are associated with multiple pathological conditions like hereditary diseases
and cancer, making them valuable clinical biomarkers for patient stratification, disease monitoring, early
diagnosis, and prediction of response to therapy. Highly targeted, high-throughput methodologies focusing
on critical genomic loci enable precise identification of distinct methylation signatures. The aim of the study
was to analyze and summarize literature data describing the use of high-throughput DNA methylation analysis
technologies, including those based on targeted approaches. Material and Methods. A systematic analysis
of literature data was conducted using the PubMed, Web of Science, and Scopus databases, focusing on the
characteristics of high-throughput DNA methylation analysis used in cancer and some genetic diseases. A total
of 113 sources were analyzed, chronologically covering the period from 2000 to June 2025, 32 of which were
used to write the review. Results. The existing technologies for high-throughput methylome analysis, DNA
conversion methods, and their advantages and limitations were summarized. In addition, the current targeted
enrichment methods, their strengths and weaknesses, and potential applications in scientific and diagnostic
practice were discussed. Conclusion. DNA methylation analysis has evolved from a basic research tool
into a cornerstone of translational medicine, particularly in oncology. Modern methylome analysis techniques
facilitate the discovery of epigenetic markers critical for diagnosing diseases, assessing prognosis, guiding
therapy selection, and identifying molecular targets for targeted drugs. Targeted DNA enrichment increases
analytical precision and sensitivity while reducing costs. Furthermore, specialized strategies permit targeted
analysis even with challenging samples. Combined with the flexibility to focus on specific genomic regions,
these advantages make targeted approaches viable not only in academic research but also in routine clinical

diagnostics.

Key words: DNA methylation, epigenetics, sequencing, diagnostics.

Beenenne

Metunuposanune JJHK — snurenernyeckuii me-
XaHHU3M, UTPAIOIIUN KIIIOUEBYIO POJIb B PETYISIUU
JKCIIPECCHU TE€HOB, MOAEPKAaHUH CTAOMIIBHOCTH Te-
HOMa, KJIETOYHOW pEeTUTUKAINU U TU(QepeHITUPOBKE.
Haubonee nzyuennoit monupukanueii JJTHK y uerno-
BEKa SBJIAETCS METWIMPOBAHUE IUTO3MHA B COCTaBE
CpG-aunykieotnnoB B C5 mo3uuuu HUTO3UHOBOTO
KoJIbITa ¢ oOpazoBanueM S-metminurosuHa (SmC).
[Ipucoeaunenne metunsHOM rpymis! (-CHs) k iuTo3u-
Hy nipoucxonut rpu nomoiu JJHK-metunrpancdepas
(DNMT1, DNMT3a u DNMT3b), 9yTo npuBOIUT K
N3MEHEHHIO CTPYKTYPhl XPOMATHHA U, KaK CIIEACTBUE,
K TTO/IaBJICHUIO MJTH aKTUBALINY TPAHCKPHUIIIIUY TEHOB.
[Ipoussognoe SmC — 5-ruApoOKCUMETHIIUTO3NH
(5hmC) — oGpasyeTcst Ipu OKUCICHUU METHIBHON
IPYIIIBI ¥ 100aBJICHUH K HEH THAPOKCUIILHOM IPYIIIbI
1 TaKXKe CYMTAETCS KaK CaMOCTOSTEIIbHBIM dITUTEHe-
TUYECKUM MapKepOM, aCCOLIMUPOBAHHBIM C aKTUBHOM
TPAHCKPUINIUENH U peryiasinueil albTepHATUBHOIO
CIUIAliCUHIa, TaK U MPOMEKYTOYHON CTauel aKTHB-
HOTO JIEMETHUJIMPOBAHUSA. DTH MOIN(DUIIMPOBAHHBIE
OCHOBAHHMSI SIBIISIIOTCSI HANOOJIee pacpoCTpaHeHHBIMU
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SMUTEHETHYECKUMHU MapKepaMu, 00€CTIeYBaIOIIUMHU
KOHTPOJIb HaJ MaTpUYHBIMU NPOIECCaMU, OHTOTe-
HE30M, MHAaKTHUBaLHEeH X-XpOMOCOMBI, FTEHOMHBIM
UMIIPUHTUHIOM U MOJABJICHUEM TPAHCIO30HOB, a UX
HapyIIEHUsI aCCOLUUPOBAHBI ¢ MIMPOKUM CIEKTPOM
MaTOJIOTHH, BKJIIOYasi OHKOJIOTHUECKHE U Helpoere-
HepaTuBHBIC 3a005IeBaHus1, O0E3HN UMIIPUHTHHTA U
npyrue [1].

OnuUreHeTH4ecKre HapyIeHus, B YaCTHOCTH aHO-
Manuu Metuiinporanus JTHK, urpator kpuruueckyo
poJb B maToreHese psiaa 3adoneBanuid. [1pu oHkono-
THYECKUX 3a00J1eBaHUsX qrucOaaHC METUIINPOBAHHUS
MIPOSIBIISIETCSA B JBYX OCHOBHBIX (popmax. C ogHOM
CTOPOHBI, HAOJIIONAETCS TUTIEPMETHIINPOBAHUE TIPOMO-
TOPHBIX PETHOHOB T€HOB-CYNPECCOPOB OITyXOJIEBOI0
pocrTa, 4To MPUBOIUT K MX MHIHOMpoBaHuio. K unciry
TaKUX T€HOB OTHOCSTCSI PEryJasTOPHl KJIETOYHOTO
nukina (RBI, CDKN2A4, CDKN2B, TP53, BRCAI)
[2, 3], ocHOBHO# KOMIIOHEHT amonTOoCOMbl APAF]
[4], a Taxxe ren MLHI, oTBeTCTBEHHBIH 3a penapa-
uuto HecnapenHbix ocHoBanui JIHK [5]. C mpyroii
CTOPOHBI, IMI00AJIbHOE TMIIOMETUIMPOBAHHE ICHOMA
CITIOCOOCTBYET OHKOTEHE3y 3a CUeT peaKTHBALUU
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OB30PbI

OHKOTE€HOB M MOOMJIbHBIX TEHETHUECKUX DJICMEHTOB,
a TaKKe WHAYKIUA XPOMOCOMHOHW HECTaOMIIbHOCTH
[6, 7]. Ipu HelipomeTeHEpATUBHBIX MATOJIOTHUSX,
Takux Kak Oone3nu IlapkuHcona u Anbureiimepa,
AHOMAJIMM METWJIMPOBAHUS BBISIBIICHBI B T€HAX Tay-
oenka (MAPT), a-cunykienHa (SNCA), npeceHnIMHA
(PSENI)m apyTHX KITIOYEBBIX OCITKOB, UTO YKAa3bIBACT
Ha [IyOOKYIO 3MUICHETUYECKY COCTABJISIFOIIYIO B
MeXaHu3Max pa3BUTUs ITHX 3a0oneBanuii [§—10]. Ot-
JIEIIEHYI0 KaTeTOPHIO COCTABIISIFOT OOJIE3HN UMIIPUH-
THHTA, YTHOJIOTHS KOTOPBIX HAMPSMYIO 00yCIIOBIIEHA
aJIeNb-CICIIU()UIHBIMA HAPYIICHUSIMH METUIIUPO-
BaHHUs B JIOKyCax I[EHTPOB MMIIPUHTUHTA. JlaHHBIC
HapyIlICHUs, 3aTParuBarolIie OTIIOBCKAN WK Mare-
PUHCKHH aJIJIelTh, BRI3BIBAIOT IUCOATIAHC B OKCTIPECCHN
AMIIPUHTHPOBAHHBIX T€HOB, UYTO, B CBOIO OYEpPEIb,
KIIMHUYECKH MaHU(PECTUPYET B BUJE CIIEHU(PUUECKUX
HAaCJEICTBEHHBIX CUHIIPOMOB [11].

YcranosneHHas (pyHKIIMOHAIBHAS CBS3b MEXKIY
pa3BUTHEM TATOJOTUUECKUX COCTOSHUU u abep-
panTHbM MetunupoBanuem [{HK omnpenenser ero
3HAYMMOCTh B KAQ4€CTBE BBICOKOCIEIU(PUIHOTO JTHa-
THOCTHYECKOTO Mapkepa. Ero ncronp3oBaHme M03BO-
JISIET POBOAUTH BEPUPUKAITUIO JHATHO3a B CIIOKHBIX
ciydasx. BcectoponHee u3ydeHne poy SIUTreHeTHIe-
CKUX MEXaHU3MOB SIBJISICTCSI HEOOXOMMBIM YCIIOBUEM
JUTS yOTyOJIeHHUsS TIOHUMaHUS MOJICKYJSIPHBIX OCHOB
3a00JICBaHUI W B JOJITOCPOYHOMN MEPCIIEKTUBE CITY-
JKUT PyHIaMEHTOM JIJIsl Pa3paObOTKU MHHOBAIIMOHHBIX
METOJIOB TEpaIluM, HAMPABICHHBIX HA KOPPEKIIUIO
SMUreHoMa. BaxHyro posib B 3TOM NPOLECCE UTPAIOT
TEXHOJIOTUH TapreTHOTO aHaJIN3a, 00eCIIeYnBalOIie
[IeJICHAPAaBICHHOE UCCIICAOBaHNE TPO(IIIT METHITH-
pOBaHMs. YHUBEPCAIBHOCTh JAHHBIX METOJIOB 00Yy-
CJIOBJIMBAET UX IIMPOKOE MPUMEHEHHUE KaK B 00JIaCTH
(hyHIaMEeHTaIbHBIX HAYYHBIX UCCIICOBAHUH, TAK U B
MPAKTUYECKON KIIMHUYECKOM TMarHOCTHKE.

Leabio UccaeT0BaHUSL SIBISIFOTCSI CHUCTEMaTH3a-
UM U aHAJIU3 COBPEMEHHBIX METOJOB TapreTHOTO
oborainieHusi, MpeIHa3HAYCHHBIX ISl aHAJU3a Me-
tunupoBanus JIHK, ¢ oneHkoi ux moTeHIuaia u
OTpaHUYEHU.

MeToabl BEICOKOTIPOU3BOANTEIHHOTO

aHaJau3a metuwiupoBanusa JJTHK

B nacrosimee BpeMst pa3paboTaH IHPOKUIA CIIEKTP
METOJIOB, TIO3BOJISIONINX NCCIIEI0BAaTh METUIIOM KaK
100aJIbHO Ha YPOBHE BCETO T€HOMA, TaK U TAPTEeTHO
Ha YPOBHE KOHKPETHOTI'O JIOKYCa C OJTHOHYKJICOTHUI-
HBIM pazpemieHueM. CoBpeMeHHbIe, HanboJIee 9acTo
[IPUMEHSEMbIE TEHETUYECKHE TOIXOIbI BKIIOYAIOT
MIOJITHOTEHOMHOE OHCYJIb(UTHOEC CEKBCHUPOBAHUE
(Whole Genome Bisulfite Sequencing, WGBS),
Oucynb(UTHOE CEKBEHUPOBAHHE OTPAHMYEHHOTO
Habopa smokycoB (Reduced representation bisulfite
sequencing, RRBS), cellekTUBHBIC T€HETUUYCCKUE
[MaHEJW U METHUJIOUYMIILI, KaXJbli U3 KOTOPBIX
o0NajlaeT YHUKAJIbHBIMH NPEUMYIIECTBAMU H
OTpaHUYCHHSIMHU.
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WGBS — BBICOKOITPOU3BOANTENBHBIN METO, 00€-
CTIEUMBAIONINI HanOoJIee MOTHBIN aHAJN3 TaTTEePHOB
METHIIMPOBAHUS C OTHOHYKJICOTHIHBIM pa3pelieHueM
mo Bcemy reHomy. OCHOBAaHHBIN Ha OMCYITb(QUTHON
konBepcun JIHK ¢ nanpHeliuM MaccoBbIM Mapai-
JIeTbHBIM CEKBEHHPOBAHUEM M OMOMH(POPMATHIECKON
oOpabotkoii, WGBS no3Bonsier npoanaanu3npoBaTh
metuinpoBanue B CpG u He-CpG caiitax. WGBS
SIBJISIETCSI HanOOoJIee MOJHBIM M TOYHBIM METOJIOM
ananuza metwiupoBanus JIHK, nmo3Bonsromum mo-
Jy4aTh JIETAbHBIE SMUTCHETUYECKUE JaHHbBIC IS
(dbyHIaMeHTaIbHBIX HccienoBanuil [12] u xkiumHNYe-
CKOM TIPaKTHKH, HAIPUMEP sl pa3pabOTKH BBICOKO-
CHENM(PUIHBIX U 9yBCTBUTEIHHBIX OMOMAPKEPOB IS
paHHEH AMArHOCTUKA U TUITUPOBAHMSI orryxosiei [13].
OnHako 0oJbIION 00BEM MOJTYYaeMbIX JaHHBIX MPU
WGBS npuBOaUT K BEICOKOM CTOUMOCTH U CIIOKHOCTH
OronHpopMaTnIecKoli 00paboTKH.

I'maBHBIM TIyTeM CHWXEHUS CTOMMOCTH aHAJIA3a
SIBIISIETCSI YMEHBILICHUE KOJIMYECTBA aHATTU3UPYEMbIX
CpG-caiiToB B TEHOME IyTeM O0OTaIlleHUs] OTICIb-
HBIX PETMOHOB I'€HOMAa B aHAIM3UPYEMOM 00pasiie
JHK. OnHnM U3 MOIXOM0B K TAaKOMY OOOTaIeHHI0
aBiserca Mmetoq RRBS. OcHoBanHOe Ha Tex ke
MIPUHITUIIAX, YTO U TOJTHOTEHOMHOE CEKBEHUPOBAHHE,
RRBS umeer sran sH3uMaTHueckol (pparMeHTanu,
OTPAaHUYHUBAIOIINNA aHATU3UPYEMbIE PETHOHBI TE€HO-
Ma CpG-OorareiMu caliTamu. BbicOKOE TOKPBITHE
TaKMX PETHOHOB B COBOKYITHOCTHU ¢ oxBaToM 110 80 %
MIPOMOTOPOB M PETYIATOPHBIX AIIEMEHTOB (0T 2 10 7
MitH CpG-caliTOB) CHIKAET TaKKe BEIYUCIIUTEIBHBIC
3aTparkl, 9T0 0COOCHHO aKTYaIbHO ISt OONBIITNX TT0-
MyJSIIAOHHBIX HCCIIeAoBanmi [ 14].

Hpyrum crocobom ananmza tonsko dactu CpG-
CalTOB B T€HOME SIBJISIETCS METOJl, UCIOJb3YOLINN
MUKpOYHITbl OT kKomnanuu [llumina. M3navanbuo
C03/1aBaeMBbI€ JISI OHKOJIOTMUECKUX 3a7a4 MUKPOUHUTIBI
MO3BOJISUIA OJTHOBPEMEHHO aHAIM3UPOBATH OOJIBIIOE
konnuectBo CpG-caliTOB, YTO OBLIO peaM30BaHO
B co3nannn Metmiounna «GoldenGate Methylation
Cancer Panel I», Bkmouasmero 1505 CpG-caiit 807
TeHOB, PEUMYIIIECTBEHHO N3BECTHBIX CYTIPECCOPOB U
oHKkoreHoB. [Tociennelt Bepcreit MEeTUIIOUUIIOB SIBJIS-
ercst Infinium MethylationEPIC (850K), mo3Bosisito-
1ast mpoananu3upoBarh okono 850 000 CpG-caiiTos,
MOKPBIBas PU 3TOM O0KOJI0 99 % reHHBIX TPOMOTOPOB.
TexHonorusi MUKPOYUIIOB SIBJISICTCSI Hanboliee mpo-
BEPEHHBIM METOJIOM MCCIEAOBAHUS METUIUPOBAHUS
AHK, 4ro memnaer ee craHgapTOoM sl CPaBHEHUS
HOBBIX TEXHOJIOTHA. [JTaBHBIM OTpaHUYECHHEM J1aH-
HOTO METOJIa SIBIISIETCS TOCTYMHOCTh MHUKPOYHIIOB
MIPEUMYIIECTBEHHO IS YeIOBeKa M HEBO3MOKHOCTD
aHaju3a JAPyTux BUAOB. Kpome TOro, MUKpPOUYHUIIBI
UMEIOT OTPAHWUYCHUS B AHAJIM3€ MOBTOPSIONIUXCS
3JIEMEHTOB U PEAKUX aJlIeNen.

Bonee tapreTHpIMU U THOKUMHU BBICOKOIIPOU3BO-
JIUTEIbHBIMU MUHCTPYMEHTAMU SIBJISIOTCSI 1[EJICBBIC
MaHEeIu, KOTOPbhIS, UCIONb3ys THOPUAN3AMOHHBIH
3axBaT U OMCYIb(PUTHOE CEKBEHUPOBAHHUE PETHOHOB,
MOTyT oOecrieunBaTh 0oJiee BBHICOKHUE IIeJIeBBIE I10-
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Puc. 1. BoamoxHble Bruoxmmmuyeckme mogmdmkaumm LMTo3nHa u

TOUKM NPUMOXKEHUSA (DEPMEHTOB U XMMUYECKUX MOANMKATOPOB

koHBepcun OHK. DNMTs-[HK-metuntpaHcdepassl (DNMT1, DNMT3a n DNMT3b), TETs-Tet-MeTUNuMTo3MHAMOKCUrEHa3b,
APOBEC3A-katanutuyeckas cybbeaunHuua 3A pegaktupoarus MPHK anonunonpotenHa B, T4-BGT-6eTa-rntoko3nnTtpaHcdepasa

ara T4, TDG-TuMmHOBasI rivko3unasa. Il

pumMmevaHune: pUCYHOK BbIMNOSTHEH aBTOpaMu

Fig. 1. Possible biochemical modifications of cytosine and the application points of enzymes and chemical modifiers of DNA conversion.
DNMTs-DNA methyltransferases (DNMT1, DNMT3a, and DNMT3b), TETs-Tet-methylcytosine dioxygenases, APOBEC3A-the catalytic
subunit 3A of apolipoprotein B mRNA editing, T4-BGT-phage T4 beta-glucosyltransferase, TDG-thymine glycosylase.

Note: created by the authors

Kas3aTeau MIyOWHBI IMOKPBITHS HMPHU BapHaOeIbHOM
oxBare. TexHOJOTHUSI THOPUAN3AIIMOHHOTO 3aXBaTa
obOecrneunBaeT BBICOKYIO CNIEHHPUIHOCTH O0TOOpa
PETMOHOB UHTEPECA, YTO 1ACT BOSMOXXHOCTD aHAIH3a
penkux annesnei. Pa3MepHOCTh TapreTHBIX MaHesiel
MOJKET BapbHpOBaTh OT aHanu3a 6omnee 3,5 miaH CpG-
caiitoB ¢ nomoripto nanenu Twist Human Methylome
(Twist Bioscience) 10 aHanm3a KOHKPETHBIX PETHOHOB
U CalTOB, HAIpUMEP, MPUMEHSIEMBbIX IJIs1 HOATBEPXK-
JICHHST JTAHHBIX TTOJIHOMETHIIOMHBIX HCCIICTOBAHHM.
TapreTHble SNUTeHETHUECKHUE MaHEIH OTIUYAI0TCS
HH(POPMATUBHOCTBIO, SKOHOMUYHOCTHIO X BO3MOXKHO-
CTbIO HH/IMBULYaJIM3ALUH, YTO [T03BOJISIET IPUMEHATh
UX TOJ KOHKPETHBIE Hay4HbIE M JHArHOCTHUYECKHE
3a7a4i. AHAJIN3 COCTOSIHUSI METHITUPOBAHHS KOHKPET-
HBIX TEHOB, UX PETYJISTOPHBIX 3JIEMEHTOB MO3BOJISIET
MHUHUMH3UPOBATH OMOMH(POPMATHIECKYIO 00padOTKY
1 COKPATHTh BPEMSI IUarHOCTUUECKOTO ITOUCKA.
OO0muM 3TaroM B BBINICOTTUCAHHBIX METOJAX
sBisieTcs: oucynbpurHas momudukanus JHK. O6-
padotka JJHK 6ucynsdurom HaTpus npeodbpasyer He-
METHIMPOBAaHHbIE LIUTO3UHBI B ypaLlWII, HE TOgBEepras
9TOM peakIyu UTO3WHBI, COJEPIKAIINE METHILHYIO
rpynmy (puc. 1). [Tocne 6ucynspuTHON 00pabOTKH
JHK nonsepraercs [1LP-ammn¢ukaimy, B mpotecce
KOTOPOH ypaLuJi B aMIJIMKOHAX 3aMEHSCTCS Ha TAMUH,
a METWINPOBAaHHBIE LIUTO3UHBI OCTAIOTCS LIUTO3MHAMU.
Hcnonp3oBanue 6ucynbGUTHON 00pabOTKH CBSI3aHO C
pAZOM OTpaHMYEHMH, TakMMHU Kak aerpaganus JJHK
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BCJIEJICTBUE XMMHUYECKOTO BO3AECHCTBUSA, MOSBICHUE
apredakToB aMIUTH(DUKAIINN W3-32 HAJTHYUS ypanuia
B coctare JIHK, orcyTcTBue paznuuuii B KOHBEpCHUU
5mC u rugapoxcumerniiTosnna (ShmC), a Taxxe
C BO3MOXHOCTBIO HemonHou kouBepcuu JIHK. Jlms
MIPEOJIONIEHUsI HEKOTOPBIX M3 3TUX OTPAaHUYCHUH B
MOCIIETHAE TOJBI TIPEJIOKEHO HECKOIBKO CITOCOOOB
aHaJIM3a YPOBHS METHIINPOBAHUS 0€3 HCIIONb30BaHHUS
oucynbGuTHON MoAM(pUKAINU, B YACTHOCTH TIpUMeE-
HeHHe sH3uMarnyeckoi kousepcun JJHK.

B xiteTke cymiecTByeT MeXaHU3M TepeBojia MEeTH-
JIMPOBAHHOTO IUTO3MHA B HEMETHIIMPOBAHHOE COCTOS-
Hue ¢ ucnonb3oBanuem pepmenra TET (Ten-eleven
translocation) yepe3 mpoMeKyTOYHBIC TPOAYKTHI:
ShmC, dopmunmurosun (5fC) n kKapOOKCHUIIUTOZMH
(5caC) (puc. 1). PexomOunanTuenii TET ucmons3y-
ercst B TET-accuctrpoBaHHOM MHPUIMHOOPAHOBOM
cekBenupoBanuu (IrTAPS) [14]. Okucnenne SmC
u 5ShmC g0 5caC u mocienyroiiee BOCCTAHOBICHHE
JI0 TUTHAPOYpaInia MO3BOJISIOT Paclo3HaBarh I0-
CJIEJTHIOI0 MOAM(DHUKALIMIO IIUTO3MHA KaK TUMHUH IMPH
CEKBEHUPOBaHHUU. Tako# MOIX0J HUBEIUPYET OMO-
MH(POPMATHUYECKYIO KOPPEKLHUIO, HEOOXOAUMYIO MpU
OuCynp(OUTHOW KOHBEPCHU, a COXPAHECHHE JITUHBI
moutekynsl JIHK 6omnee 10 T.m.H. TO3BOJISET UCIIONB-
30BaTh TEXHOJOTMH, OCHOBAaHHbIE HA JJIMHHBIX MPO-
yrenusx (Nanopore, PacBio) u npumenstronuecs s
(hasmpoBaHUs AMUTEHOMA, TO €CTh MPHUBSI3KA HHPOP-
MaIi¥ O METHIIMPOBAHUH IUTO3MHA TOJIBKO K OTHOM
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13 Mapbl TOMOJOTUYHBIX XpoMocoM [15]. [lonyuenue
JAHHBIX (Da3MpPOBaHUSI MOXKET JOTIOTHUTH TOHUMaHHUE
(hyHKIMI ajuTeTb-CreU(PUUECKUX AUTCHETHYECKUX
MO (UKAIMIA TP Pa3IMYHBIX MATOJIOTUIECKUX CO-
CTOSIHUAX. BO3MOXKHBIM OTpaHUYEHUEM METO/IA SIBIISI-
€TCs 3aBUCUMOCTb 3(H(HEKTUBHOCTH U CTICITUPHIHOCTH
okucienus 6enxkamu TET oT mocTymHOCTH permoHa
XpOMaTHHa, a TAaK)Ke CyMMapHbII aHAIN3 Pa3IMIHBIX
MOU(UKAIUI IUTO3HHA.

CXOZHBIM METOJIOM NETeKIUH MOAU(pHUKAINN
HUTO3WHA SABISETCS (pepMEHTAaTHUBHOE METHII-
CeKBeHUpOBaHue (enzymatic methyl-seq, EM-seq).
JlaHHBII METOJ] OCHOBAH Ha JICUCTBUM TPeX (epMeH-
toB: Tet-metmnuro3uaauokcurenassl 2 (TET2),
karammupyomei okucienue SmC go ShmC, 3arem
5fC wu, nakoner, 5caC, GeTa-nimoko3unTpaHcdepassl
¢dara T4 (T4-BGT), xaranu3upyrouiei rIrOKO3MUIH-
poBanue kak oopazosanHoro TET2, Tak 1 reHOMHOTO
ShmC no 5-B-mmoko3mnokcumerunuTo3nHa (5gmC)
Y KaTaJIUTHIECKON CyOBETMHUIIBI 3 A pelaKTHPOBAHHIS
MPHK anonunomnporenna B (APOBEC3A), nezamu-
HUPYIOILIEH ITUTO3MHBI, HO HE MOAH(DHUIIMPOBAHHBIC
thopmer SMC mmm ShmC [16] (puc. 1). Takoit mogxon,
kak u ripu [rTAPS, crtocoGcTBYeT coXpaHEeHHTO TITHH-
HbeIX ¢parmentoB JIHK, umes nmyumme nokazarenn
KauecTBa OMOJINOTEK B CPaBHEHUHU C OUCYTB(MUTHBIM
cexBeHHpoBaHHeM. COXpaHEHUE TaKUX MPEUMY-
LIECTB MPU UCIIOJIB30BaHUU MaJibix kosimuecTB JTHK
MO3BOJISIET UCTIONIL30BATH MOAXO0J (DepPMEHTATHBHOTO
METWJIMPOBAaHUS KaK B MCCIIEIOBATEIbCKUX, TaK U B
JUArHOCTUYECKUX LENSIX MPU aHaNIU3€ €IUHUYHBIX
kieTok i BHekeTtouno JIHK niist panHero BbisiB-
JICHUS TETaTOICIUTIONSIPHON KapIiHOMEI [ 17].

Hakonern, pa3BuTHe METOJIOB HaHOIMOPOBOTO
CEKBEHUPOBAHUS OT/ENBHBIX MOJIEKYJ CIIENao BO3-
MOXXHOU OpAMYI0 AeTeKuuto Metunuposanus JTHK
0e3 IpeIBapUTEIBHOM OUCYTh(PUTHOM M (pepMeHTa-
TUBHOW MOM(UKAIIUY ITUTO3WHA. [Ipy HAaHOTIOPOBOM
cexkBeHupoBanuu HatuBHas JJHK mpoxomut uepes
OeIKOBBIN KaHaJ (HAHOIIOPY), THIE KaXKI0€ a30THCTOe
OCHOBAHME CO3JACT YHUKAJIbHBII curHai. Pasnuuns
CUTHATYp CUTHAaJIa JUIsl Pa3IMuHBIX MOJIUGUKAINUN
HYKJIEOTH/IOB IMO3BOJISIIOT MPU aHAJIU3€ OTJIMYATh
SmC, 5ShmC u apyrue snureHeTndecKkue Moaudu-
karuu. [Ipu 3TOM HaHOTIOPOBOE CEKBEHHPOBAHHE
103BOJISICT M30exkKaTh mporeccoB moaupukanuu JJTHK
u [IP-amnnudukaium, 410 HUBEIUPYET MOSBIIC-
HUe apTe(aKToOB ATHX ATAIOB MPU aHAIHU3E JaHHBIX.
JlimHa TIPOYTEHHH 10 HECKONBKHUX JECSITKOB THICSY
OCHOBaHHM TO3BOJISIET MOIYYNUTH WH(MOpPMAIHO 00
ajuienb-cneruduuaom Metuiupoanuu JIHK, naBas
BO3MOXHOCTh OOHApYXCHHSI HOBBIX UMIIPHHTHPO-
BaHHBIX PETHOHOB U PETYJISATOPHBIX MJIEMEHTOB, B TOM
YHUCJIE B KOHTEKCTE MEKKJIETOUHOM M MEKTKAHEBOU
reTepOreHHOCTH.

AHaJIHu3 MeTHJIOMA CAUMHUYIHBIX KJIETOK
Ananmu3 Metuioma CAMHHUYHBIX KJICTOK ABJIACT-
Cs MEPCICKTHBHBIM HANPaBJICHUEM S3MUTCHCTUKU,
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00YCIIOBICHHBIM KaK (yHIaMEHTalIbHBIMH OHO-
JIOTMYECKUMHU BOIPOCAMH, TAKMMHU KaK T'€TEpOTeH-
HOCTh, pa3BuTHE M JTUPPEPEHIIMPOBKA KIETOK, TaK
U MPAKTHYECKUM MPHIOKEHUEM B Menuuuue. s
MOCTPOEHMS TEHOMHBIX KapT MeTrinpoBanus JIHK ¢
paspelieHreM Ha YpOBHE OTAEIbHBIX HYyKJICOTHIOB B
€JIMHUYHBIX KJIETKaX UCIOJIb3yeTcst MeTos single-cell
Bisulfite Sequencing (scBS-seq) [18]. OcHoBaHHBIi
Ha OucynedutHoM KoHBepcun JAHK n moctOucysn-
(utHOM TpHCcOoenMHEHNH amanTepoB (post-bisulfite
adaptor tagging, PBAT), Takoif moaxoa mo3BoJsSeT
OTPaHUYHTH MOTEPI0 WHPOPMATHUBHBIX TOCIEI0-
BaTEJIBHOCTEH, KOTOpasi OOBIYHO MPOUCXOAHUT MPHU
00paboTtke OucynbpuroM OUOTHUOTEK C ajanTepamMu.
JanpHelimas npeaMiin@uKanus ¢ BEIPOXKICHHBIMU
rexcarnpaiMepaMy MO3BOJISIET YCHJINTh CUTHAN TPHU
maniom konuuectse JIHK, naBast Bo3MoxkHOCTB IPOBO-
JUTh aHAJIM3 Ha OTHCNBHBIX KiIeTKax. Takol moaxon
XOTb ¥ 00€CIIeYMBACT BHICOKUE [10KA3ATENH [IyOUHBI
cexBeHupoBaHuA U MOKpbITHa CpG-calTOB MPH OTHO-
CUTENBHO MaJloM KosndecTBe uccneayemoit JIHK, Ho
HE T03BOJIsieT n30exaTh apredakToB OUCYIBPUTHON
kouBepcun u I[P, Takux xak ykopouenwme (par-
MEHTOB U CMEIIEHHUE MPEUMYIIECTBEHHO B CTOPOHY
GC-0orarpIX perHOHOB BCJIC/ICTBHE aMILTH(PHKAIIH C
BBIPOXKJICHHBIMH IpaiiMepaMu, a TAKXKe HE TT03BOJISIET
pazmmauth SMC 1 ShmC npu nocneayromeii OnonH-
(dhopMaTuaeckoir 06padboTKe.

Eme oauH moaxox aHain3a eIMHUYHBIX KIETOK
MIPEJCTaBIIEH TEXHOIOTHEN OAHOSAEPHOTO METUIIOM-
HOTO cekBeHupoBaHus (snmC-seq3). DTOT MeTox
BBICOKONIPOM3BOAUTEIBHOTO aHAlIN3a METUIOMA
00beIMHSIET BBIJIEJICHUE U COPTUPOBKY siaep, Ou-
cynsdurHyto kousepcuto JIHK, BeicokoahdexTnBHOE
mynbTHIIekcHOe [I1[P-o0oramenne u cekBeHUPO-
BaHHE C MOMOIIBI0 KOPOTKUX MpodTeHui. OcoOeH-
HOCTBIO METO/Ia CTajla MUHUMH3AIUS TEXHUIECKUX
apredakToB, MO3BOJIUBLIAS YBEIUYHTH MOKPHITHE
u mnyouny cexeHupoBaHusi CpG U CHHU3UTH LIYMBI
KOHBEPCUHU B CPAaBHCHHMU C NPEIABIAYLIUMH HUTEpPa-
IUAMHA MeTofa, a mHTerpanus snmC-seq3 ¢ TpaHc-
KPUIITOMHBIMH JJAHHBIMU M aHAJIU30M KOH(QOpMAaIin
XpOMaTrHa MO03BOJISIET OTHECTH METO/I B 00JIACTb ITPO-
cTpaHCTBEeHHOU reHomuku [19]. Ilo3Bossast u3yuuTh
3MUTCHETHYECKOE Pa3sHOOOpa3ue ¢ OTHOCUTEIbHO
BBICOKMM pa3penieHueM, npuMmenenne snmC-seq3
Ka)KeTCsl 0COOCHHO [IEHHBIM B HEHPOOUOJIOTHY 1 OH-
KOJIOTUH, I7I€ KJICTOYHAsl [€TEPOreHHOCTD OIIPEACISIeT
naroreses 0oJie3Hei.

OjHOBpEeMeHHOE MPOQHUIUPOBAHIE TPAHCKPHII-
toma, metmiioma JIHK u nocrynmHoctu XxpomaruHa
B OZIHOM KJIETKE OBLIO MOKa3aHO paHee ¢ MOMOILBIO
Merona scNMT-seq (cekBeHHpOBaHWE HYKJIEOCOM
OTJENBHBIX KJIETOK, METHIMPOBAHUE W TPAHCKPHUII-
rust) [20]. Tlonyvast naHHBIE 00 SKCIPECCUU TCHOB,
metunupoBanun JAHK u pacnpenenennn GpC-meTok
BO BHeHYyKJIeocoMHbIX yuacTkax JHK, scNMT-seq
[I03BOJISIET HANIPSIMYFO BBISIBILTH 3aBUCUMOCTD MEKIY
metunupoBanueMm JIHK, moctymHocTeio xpomaruHa
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1 3KCIpecCUell TeHOB B OTAENbHBIX KieTkax. He-
cMotps Ha 50 % norepro nokpeitust CpG BeneacTaue
¢unsTpannu caittoB G-C-G u C-C-G, TeXHUYECKYIO
CJIIOXHOCTh IPOTOKOJIa U TpeOOBaHHs TITyOOKOTO
CEKBEHHPOBaHUA (B cpefHeM 16 MIIH pOUYTEHHH Ha
KieTky st BS-seq u 2 mun npoutenuil st RNA-
seq), sSNMT-seq moka3as BBICOKOE pa3peIicHue u
MOKPBITHE MO JIOCTYITHOCTH XpomaruHa (~85 % Tten
reHoB u ~75 % mpomMoTopoB) U MeTwiomy (Oonee 1
MiH Cp(G-caiiToB, OXBaThIBAIOIINX KIIIOUEBBIE PETy-
JISITOPHBIE [TOCIIEI0BATENILHOCTH, 11OCIIE (PUIbTpauu
apTeaKTHBIX MTO3UIINH ), TIO3BOJISIS 1O JAHHBIM O JI0-
ctynHoctu GpC-caiiToB peKOHCTPYUPOBATh TO3ULIUH
HykJeocoM ¢ marom ~200 m.H. [20].

[IpumeHeHne METOROB MHTEIPaTUBHOIO aHAIN3a
SMUTEHETHKN W TPAHCKPUIITOMHUKH TPEIOCTABISET
Oecrnpere/IeHTHBIE BO3MOKHOCTH U151 U3YUCHHUS Pery-
JSIMY T€HOB, AU GEpEeHINPOBKU U TETEPOTeHHOCTH
KJIEeTOUHBIX nomysinuii. CoBMeras B cee pa3anyHble
THUTIBI TAHHBIX, TAKHE METO/IBI CTIOCOOHBI PACKPHIBATh
MIPUYMHHO-CIIE/ICTBEHHBIE CBSA3H MEXIY YPOBHIMHU
peanu3anyy reHeTHYecKoi nH(popMannu, 9To Helo0-
CTHKMMO IIPH PA3JeIbHOM aHAJIU3E.

Takum 00pa3oM, BO3MOKHOCTH aHAJIN3a METHUIIH-
poBanus JJHK npenocraBieHbl IUPOKUM CIIEKTPOM
COBPEMEHHBIX METOJIOB, Ka)KJIbIi U3 KOTOPBIX UMEET
CBOM TIPEUMYIIECTBA U orpaHnyeHwus (tadm. 1). Pas-
BUTHE OTHEJIbHBIX ITANlOB I03BOJSIET IIPEOJOIEBAThH
HEKOTOPBIE HEAOCTATKH METOJIOB, UTO CTIOCOOCTBYET
UX IPUMEHEHUIO [T OoJiee ITyOOKOTO aHalu3a dIu-
reHoma. [IpumepaMu Takux TOCTHKEHUH MOKET OBITh
yKe OMHUCAaHHAs TEXHOIOTHS IMOCTOUCYIb(PUTHOTO
MEUYEeHHS aJarTepaMu, CHIKAIOIIAs TOTEPH YIaCTKOB
JIHK u yBenuuuBaromiast JyIMHy BCTaBKU U CKOPOCTh
KapTUPOBaHUS NPOUYTEHUH [21], UM TEXHOIOTUH JH-
3MMaTH4eCcKOl KOHBEPCHH, CIIOCOOCTBYyIomue Oojee
MTOJTHOMY IPeoOpa3oBaHUI0 MOIUGHUITUPOBAHHBIX
OCHOBaHHH M COXPAaHSIOUINE JUIMHHBIC (pparMeHThI
JHK. OtnensHO CTOUT OTMETUTH pa3BUTHE Ha-
HOIIOPOBOTO CEKBEHUPOBAHUS, TOYHOCTH KOTOPOTO
HW3Ha4YaJIbHO cocTaBisuia okoio 70—80 %, HO ¢ co-
BEpIICHCTBOBAHUEM TEXHOJIOTUH TOCTHUINIA YPOBHS
METO/I0B MacCOBOTI'0 MapalIeIbHOIO CEKBEHUPOBAHUS
[22], oOnagast mpenMyIIecTBOM B COOpPKE FEHOMOB H
(aszupoBaHuy reHoTunoB. HecMoTps Ha 3HAYMTENb-
HBIE PEUMYIIIECTBA, KIIFOYEBBIM OTPAHNYCHUEM BCEX
METO/IOB aHaJIHM3a TEHOMHOTO MPO(UIS METHIUPO-
BaHUS SIBISIETCA UX BBICOKAsl CTOMMOCTh. B cBsI3u ¢
3TUM /151 NTyOOKOTO aHaJIM3a KOHKPETHBIX TEHOMHBIX
PErHOHOB HEOOXOAUMO TapTreTHOE 00OoTaIIeHNE.

MeToabl TAPreTHOr0 000rameHust

Mertosipl TapreTHOTO O0OTaIIeH S TTpeTHA3HAYSHBI
Ut aHanm3a crenuduaeckux ygactkoB JJHK, B Tom
YHUCJIC PETHOHOB, MOIBEPTAIOIINXCS METHIMPOBAHUIO,
U COYETAIOT B ce0E BHICOKYIO TOUYHOCTHh C DKOHOMHU-
yeckoi 3(h(heKTUBHOCTHIO, YTO JENAET UX HICATBHO
MOIXOSIIIIMMHU JIJIsl IPUKIIAIHBIX UCCIIE0OBAHUMI U KITU-
HAYECKOM nuarHocTuku. Hanbomee acto mpumeHsie-
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MBbI€ TEXHOJIOTHH TAPTETHOTO 000TaIEHUS BKIFOUAIOT
rubpuauszanuontoe win [11[P-oboramenwne [23].

[Ipu ruGpuIU3amOHHOM 00OTaIIEeHUH UCTIONb3Y-
FOTCSI OJTHOLICTIOUEYHBIC OJTUTOHYKICOTHIHBIC 30HIbI
JUTSL TAPTETHOTO 3aXBaTa CHEMUPUISCKUX YYaCTKOB
JHK. ['mOpuan3anust MO>KET TIPOMCXOIUTE C 30HIaMH,
MMMOOWIM3UPOBAHHBIMUA HA TBEPION MMOBEPXHOCTH
(Hampumep, Ha MarHUTHBIX YacTHULAX WJIM YHIIE),
WJIU TIPA B3aUMOJICHCTBHH TOCIEI0BATEIbHOCTEH
HYKJIGHHOBBIX KHCIIOT ¥ 30H/IOB B pacTBope. JlaHHBIH
THT 000TaIeHNS 3aBUCUT OT MTAPaMeTPOB JITUTEIHHO-
cTH rudpuau3anuu, pasmepor 3017108, GC-cocrasa,
HO BO3MOKHOCTH OJIHOBPEMEHHOTO aHAJIN3a COTEH
PETHOHOB B OJTHOM 3aITyCKe MO3BOJISIET UCTIONH30BATh
THOPUIN3AMMOHHOE 000TaIeHNE B MACIIITA0OHBIX IT0-
HCKOBBIX MCCJICIOBaHUSAX TeHOMa [23, 24].

OO0orarieHrue ¢ MOMOIIBI0 aMILUTU(DUKAIIMH TIPO-
HCXOJUT C MCIIOJIb30BAHHEM OJUTOHYKICOTHJIOB,
OTPAaHWYMBAIOIINX PETHOHBI HHTEPECA U MO3BOJISIO-
HIMX KPaTHO YBEJIIMYUTh UX KOMMHUHOCTH C IIOMOIIBIO
ITLP. Takoii MeTOA JIydIlle MMOIXOIUT MPHU PadoOTe C
ManbM KonrdectBoM JJHK u mpu Hu3koM KauecTBe uc-
xonmHOU Marputibl. [Ipermymiectsa [T1[P-oboramenus
(6pICTPOTA TOCTAHOBKU PEAKIINU, THOKOCTH BBIOOpA
PETHOHOB /ISl aHAIN3a ¥ DKOHOMHUYecKast 3P dekTus-
HOCTB) TIO3BOJISIFOT IPUMEHSITh METOJT [TPH MHOTUX TH-
nax JUarHOCTHYECKUX (HarpuMep, IS HCCIIe0BaHHS
Ha MyTaIuu B reHax BRCA 1/2) v uccnenoBaTeIbCKUX
3a1a4 (IOATBEPKACHNUE PE3YTBTATOB ITOJIHOTEHOMHBIX
nonxojoB). PazpaboTka MyIbTHILUIEKCHOU MaHEH
[TL[P-o0oramienus TpeOyeT OTHOBPEMEHHOW padoThI
OT JIECSITKOB JIO COTEH Pa3INYHBIX TPaiMEpOB, YCIIO-
BHSI JUTSI KOTOPBIX ONTUMHU3UPYIOTCSI YCPEIHCHUEM,
YTO MPUBOAMUT K OFPAHUYCHHUIO OTOOPA BO3MOXKHOIO
KOJIMYECTBA PETHOHOB MHTEPECa JUIS OIPEIIEIICHHOM
naHeny. OrpaHUYEeHHOE KOJIMYECTBO PErHOHOB TEM
HE MEHEE MOXKET MPUMEHSITHCS B TUATHOCTHUECKUX
«CKPUHUHTOBBIX» LEJAX, TIC OJHOW U3 OCHOBHBIX
3aJ1au SBJISIETCS OBICTPBIN [EIeBON MOUCK TPUYHHBI
naronoruu. [I[puMeHeHne Takoro MeTo/a y>Ke HaIIlIo
OTpakKeHHE B JMATHOCTUYECKOHN MaHeNH s pac-
CTPOMCTB ayTUCTUYECKOTO CIIEKTpa (MaHelb SIcKo),
BBISBIISOINIEH HApyIIEHUS B T'€HaX, BOBJICYCHHBIX B
perymsauuto metunuposanust JHK [23, 25].

Oxaum u3 goctrkeHui Metonos ITLP-o0oramenus
MOKET CUMTAThCS aMILTU(PUKALUS ¢ YHUKAJIbHBIMU
MOJICKYJISIPHBIMH HHAeKkcamu (unique molecular
identifiers, UMIs). Texnonoruss UMIs ycrpanser
omu6Oxu [P myTem MapkupoBKH 10 aMIUTH(UKAIIH
Ka)KJIOW MOJICKYJIBI HyKJIEHHOBOU KUCIIOTHI YHUKATb-
HBIMHU TOCJIEIOBATEIHLHOCTIMU. Takasi MapKUpOBKa
MOMOTaeT OTIMYUTH BapUAHTHBIC aJUICIH, MPHUCYT-
CTBYIOIIIHE B ICXOTHOM 00pasIie, OT OIIMOOK, JTOITyTIeH-
HBIX TPHU TTOATOTOBKE OMOIMOTEKH, 0OOTANCHUH WITH
cexkBeHnpoBaHuu. UMIS MO3BOJISFOT KOHTPOJIUPOBAThH
CMEIICHUS aMIUTH(DUKAIMY U TIOSIBIICHHE [Ty TIIMKATOB,
CBSI3aHHBIE C MMOJATOTOBKOW 00pa3moB meromom [I1P,
a Tak)Ke KOJIMYECTBEHHO OIPEAENNTh abCOIMIOTHOE
YHCIIO0 MOJIEKYJT 0e3 He0OXOMUMOCTH JIETEKTHPOBATh
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REVIEWS

KaXX1yI0 OTACIbHYIO MOJEKYIY WU ONpPeAesiTh
Kon4ecTBo ee kormi. [Ipumenenne UMIs Ob110 1M0-
Ka3aHO MPpU OOHAPYKEHUU TUIICPMETHINPOBAHHBIX
CpG-0CTpOBKOB B IUPKYITHPYIOUIEH BHEKICTOYHOM
JHK nanueHnToB ¢ renaroneumosipHON KapIUHOMON
[26]. Taxoit momxo 00ecIIeur He TOJIEKO MUHUMH3a-
uuto Texuudyeckux 1rymoB P, HO U moBbICcHIT TOY-
HOCTh KOJMYECTBEHHOTO aHAIN3a METWJIMPOBAHUS U
YYBCTBUTEJIBHOCTh OMPEAEICHUS MAJIOTO KOJIMYECTBA
JHK, HeoOXoauMbIX [J1st TMarHOCTHKH PAHHHUX CTaII
renaToues IO PHON KaplIMHOMBI 1O LIUPKYIUPYIOIIEH
BHeksierounon JIHK.

Oo0oraiieHue JJis aHaI1u3a METUIIOMa MOXET TIPO-
BOJIUTHCS SH3UMATHUYECKH, C IIOMOIILI0 ()epPMEHTOB pe-
cTpuKIny. Takoi MeToI OCHOBAaH Ha H30MPATEITHHON
tdbparmenranmu JIHK 1o caiitam, orpaHHIHUBAIOIIIAM
OIpeJieJICHHBIC PEerHoHbl HHTepeca. O0oraiieHue u
0TOOp IENIEBBIX PETHOHOB IMMO3BOJISIOT MPOBOIUTH
aHaIIM3 C Pa3IMYHON CTETIeHBI0 OXBaTa TeHOMa, CO-
XPaHSS PH TOM BO3MOXKHOCTH ONITUMHU3AITNH 32 CIET
KOMOUMHaIuu pecrpukras [27, 28].

Jns oboramieHus 1EIEeBbIX Yy4aCcTKOB I'eHOMa
TaK)Xe MOTYT NPUMEHSTHCS METOJbI, OCHOBaHHBIC
Ha CRISPR-Cas9 rexnonmornu. OCHOBHBIE 3TaIlbl
CRISPR-Cas9-o0orarmieHust BKIIOUal0T H30MpaTeIIb-
HOE CBsI3bIBaHHME HEAaKTUBHOW (opmbl Oesika Cas9
(dCas9) ¢ meneBpIME peTHOHAMH T€HOMA MOCPE/I-
ctBoM Hanpapisomux PHK (sgRNA). Jlanpreimas
AMMYHOIIPEIUITUTAIINS WU UCIOJIh30BAaHUE Mar-
HUTHBIX/CTPENTABUIUHOBBIX MIAPUKOB MO3BOJISICT
0oTOMpaTh (PparMeHThl ¢ BBICOKOH 3(PPEKTUBHOCTHIO
JUTSI YHUKAJIBHBIX JIOKYCOB, B TOM YHCII€ H30aBIIsIsA
oT apTe(haKTOB CEKBEHUPOBAHUS 32 CUET OTCYTCTBUS
srana amruupukanuu [29]. OIHUM U3 METOJOB,
ocuoBanHeix Ha CRISPR-Cas9-o0orarmeHnun, siBis-
ercst CRISPR-Cap, rie npumeHsieTcst TEXHOJIOTUs OT-
puniatenbHoro oboramenus Nanopore Cas9-targeted
sequencing (nCATS). [Tpu 3ToM MeTOIE UCIIONB3YETCS
cucTeMa OMOTHH-CTPENITaBUAMHOBOTO 3axBara (ypar-
meHnToB JIHK, 3’ 11 5° KOHIIBI KOTOPBIX PACILEIISIOTCS
rxomrurekcamu Cas9/sgRNA. 3areM sk30HyKITea3a me-
peBapuBaeT Hecneupuueckue GparMeHThI, IIPH 3TOM
uHTepecyomias oonacte 3ammmaercs Cas9/sgRNA
[30]. YBennuuBass TakuM 00pa3oM MPOIYCKHYIO
CIOCOOHOCTD U CTIEHU(PUIHOCTH OOOTAICHHS C BO3-
MOYKHOCTBIO 0TOOpa MutieHe# /10 200 T.11.0. U OLICHKH
YacTOTHI peAKHX ajuienei 10 1 %, oqHOBpeMEHHO CHU-
JKasi BEPOSITHOCTh BOZHUKHOBEHHSI apTe(haKTOB | 3a-
Tpatsl cekBeHupoBanust, CRISPR-Cas9-o6oramenue
SIBJISICTCST METOJIOM, TIPHJIOKEHUE KOTOPOTO MOXKHO
HaWTH B IMaTHOCTUKE SMUTCHETHIECKOTO (KaK B CITy-
4ae KOJIMYSCTBCHHOW OIICHKM METHJIUPOBAHMS T€HA
MGMT B KIIETOUHBIX JIMHUSAX YeioBeKka U 1uddy3HON
rmuome [30]) u TeHeTHYeCKoTo craryca (HampuMmep,
JUTSI CEKBEHUPOBAHUS T€HA paka MOJIOYHON IKEIIE3bI
BRCAI c moMoI11b10 HAHOITOPOBOT'O CEKBEHUPOBAHUS
[31]) mpu pa3TMYHBIX MATOJIOTHYECKUAX COCTOSHUSIX.

TapreraHoe oborameHne MOXET HE TpeOOBATh
(u3ngeckoro odorameHus: 00pa3oB U BHITTOIHATHCS

156

HETOCPEACTBEHHO BO BpeMsi cekBeHUpoBaHus. [Ipu
HAHOIIOPOBOM CEKBEHHPOBAHWU TEXHOIIOTHS CEJIeK-
TUBHOTO 00OTAIIICHUSI TO3BOJISIET OTOMPATH MOJICKYITBI
JHK 1o ux npuHaAIeKHOCTU K IEJICBBIM PETHOHAM
C IOMOIIBIO BBIYMCIUTENbHBIX METOA0B. C MOMOIIBIO
KapTHPOBAaHMs Hayala CEKBEHUPYEMOMW IOCIeI0Ba-
tenpHOCTH JIHK Ha pedepeHcHbIi reroM OnonHpop-
MaTHYECKUMHU QJITOPUTMaMU B PEaTbHOM BPEMEHHU
NPUHUMAETCS] PELIEHUE O MPOJOKEHUH CEKBEHUPO-
BaHMS [TPY PUHAUISKHOCTH YYaCTKa K pETUOHY WHTe-
peca Wi IpeKparieHuH YTeHNs MTOCIIeI0BaTeTbHOCTH
pY HEBO3MOXXHOCTU KapTHUPOBAaHUS Ha TapTreTHBIH
peruos [32]. IloTeHManbHO Takoe 000TAIIEHUE MO-
JKET UCIIOJIb30BAThCS TIPU aHAIHM3E METHIIOMA, B TOM
YICIIe aJlIeNb-CIIeH(PUIECKOTO OIpeeIeHNs CTaTyca
METHJIMPOBAHUS MIPH TATOJOTUSIX, HO OyIEeT UMETh
OPSIMYIO 3aBHCUMOCTB A (HEKTUBHOCTH OT JAOCTYITHBIX
BBIUUCIIUTEIILHBIX MOIITHOCTEH.

Kak u J1r00bIe Ipyrre MeTo/Ibl, METOIBI TAPTeTHOTO
o0orarieHus UMEIOT CBOY IPEUMYIIIECTBA U HEAOCTAT-
Kk (TalI. 2), 0THAKO OCHOBHOMW UX 3aj[a4ei SBISCTCS
OoTOOp IENEeBBIX yYaCTKOB I'€HOMA C JallbHEUINM
NPUMEHEHNEM BBICOKOTIPOU3BOIUTEILHBIX METOIOB
Y aHAJIM30M ITOJYYCHHBIX Pe3yJIbTaroB. B HacTosiee
BpEMs1 C IOMOIIBIO METOIOB TAPTeTHOTO 00O alleHNUS
CO3/1aHO MHOYKECTBO WH/IMBH/yaIbHBIX MTaHEJIEH 0]
pa3HbIe HO30JIOTHH, B TOM YHCII€ B OHKOJIOTHH, METU-
IIUHCKON TeHETHKE, KapAHOJIOTUH U MHOTUX JPYTUX
00J1acTsIX MEIUIIUHBI.

3akaouenue

Mertunuposanue JIHK sBnsiercs OoCHOBHBIM
SMUTCHETUYECCKUM MEXaHU3MOM, PEryIUPYIOIIUM
AKCIPECCHUIO TEHOB, a €0 HapyIIEHUE CBS3aHO C BO3-
HUKHOBEHHMEM PA3JIMYHBIX TUIIOB naroioruid. CoBpe-
MCHHBIC TCXHOJIOI'MH aHaJIn3a METHUJIOMAa HEPA3PLIBHO
CBsI3aHBI C MeTOaMu IejeBoro odoramenus JTHK.
Pa3ButuHe 3TUX METOOB B HANPABICHUH MTOBBIILICHUS
TOYHOCTH, YYBCTBUTEIHHOCTH U MPUMEHUMOCTH K
CJIOKHBIM KIMHUYCCKUM 06pa3uaM B COBOKYIIHOCTHU
HaIpapJIeHO Ha YJIOBJICTBOPEHHE PACTYIINX TpeOOBa-
HUN KIIMHUYECKOU TUATHOCTUKH U TPAHCISIITMOHHBIX
uccienopanuii. O0orameHue 1eJIeBbIX PETHOHOB
ctano 3 GekTHBHBIM (DaKTOPOM CHIKEHHSI CTOUMOCTH
" IIPOAOJIKUTCIIbHOCTHU CEKBECHUPOBAHUA, 4 BO3MOXK-
HOCTh pa0OTaTh C MPCAHATUTHUECKH CIIOMKHBIMU 00-
pasiiaMu, TAKUMH KaK [IUPKYIUPYOIIas OeCKIeTOTHAs
JHK u JIHK u3 apxuBHOro Marepuaia, paciupser
IMOTCHIMAJ IIPAKTHUYCCKOT'O MPUMCHCHU S KaK T'OTOBBIX
nasesell (0coOOEHHO B OHKOJIOTHH), TaK U IUIaTHOpM
IUIsL CO3JaHUs MONb30BaTeNbekux pemenui. Cyie-
CTBYIOII[ME HA JAHHBI MOMEHT JIHUTEeHETHYECKHE
TIAHeINN MTOKa3aIH CBOIO IIEHHOCTh B OHKOJIOTHH, He-
BPOJIOTHHU, TCHCTUKEC U MHOTUX APYTUX HAIIPABJICHUAX
MEIULIUHBI, TO3BOJSS BBISIBISATH SMUTCHETUYECKUE
MapKepsl U paHHEeH TUarHOCTHKH, IPOTHO3a 3a00-
JIeBaHUH, OTIPEIeTICHNS TyBCTBUTEILHOCTH K TEPATIHH.
DOnureHeTM4ecKre MaHeln TapreTHOTO 00OoTaleHuUs
3aHUMAIOT CBOE OMpPEACICHHOE MECTO B Pa3BUTUU
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HepCOHaHI/IBHpOBaHHOﬁ n Hpe,[[HKTHBHOfI MCIUIIMHBI,
CTaHOBACH HE3AMCHHUMbBIM HHCTPYMCHTOM JIHWATrHO-
CTUKHU Hapgaay ¢ TCHOMHBIMU U TPAHCKPUIITOMHBIMU
TEXHOJIOTUAMU. HpI/I OTOM MHTETpalus JaHHBIX IO~
XOJ0B MMOKAa3bIBACT BA)KHOCTb, AKTYaJIbHOCTb U HC10-
CTAaTOK INOHMMAHUSA BOIIPOCOB, JIC)KAIIUX B OCHOBC
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OPTOTOMNUYECKUE MOAENN B 9KCNMEPUMEHTAIIbHON
OHKOJIOI'nH: OB30OP JINTEPATYPbI.
K 150-NETUIO NEPBON YCNELWHOW CEPUUHON
TPAHCIMNAHTALWKU ONYXOJIN Y XUBOTHbIX

A.l'. MypasoB, M.A. KosanesBa, K.J1. Kpbiwenb, M.H. MakapoBa, B.I'. Makapos

AkumnoHepHoe o6uecTBo «Hay4yHo-npon3soacTBeHHoe obbeanHerne «JOM GAPMALINA»
Poccusi, 188663, INlenuHrpaackas obn., BceBonoxckuii panoH, r.n. Kyasmonosckui, yn. 3aBoackas, 3, k. 245

AHHOTaUuA

AKTyanbHOCTb. TpaHCNNaHTMpyeMble MOAENW C UCMONb30BaHNEM annorpadToB 1 KCeHorpadpToB Omnyxo-
nen YyenoBeka OCTalTCS HE3aMEHUMbIM UHCTPYMEHTOM B 3KCMEPUMEHTANbHON OHKOMOMMW AN U3y4YeHus
MEXaHM3MOB KaHLieporeHesa 1 OLEHKM NPOTMBOOMYXOSIEBOM aKTUBHOCTW NEPCMNEKTUBHBIX CPEACTB JIe4YEeHNSs
3r1oKa4yecTBeHHbIX HoBoOOpa3oBaHwuii. Lienb nccrnegoBaHusi — NPOBECTU TPAOULMOHHbBIM aHanm3 Hay4YHown
nuTeparypbl, NOCBALLEHHOM BO3MOXHOCTAM METOAA OPTOTOMUYECKON TpaHCMaHTaumum y nabopaTtopHbIX Xu-
BOTHbIX C MCMOMNMb30BaHNEM Pa3NUYHbIX ICTOYHMKOB MOSy4YeHWs ONMyXOneBoro Matepuana; onmcarb OCHOBHbIE
NnperMyLLecTBa 1 OrpaHNYeHnsi OpTOTONMYECKMX MOAENEN; NPeACTaBUTb NPaKTUYeCcKMe peKoMeHAaumm, KoTo-
pble MOMOryT UccrnenoBaTensamM B pyTUHHOW NpakTyKe Npy paboTe ¢ OpTOTONMUYECKUMI TPAHCNNaHTUPYEMbIMU
mozensmu. Matepuan n metoasbl. lMovck nybnvkaumi BeinonHsnm B 6azax aaHHbIx PubMed n Google Scholar.
B 0630p Bkntovanu penesaHTHble Nybrnvkaummn, [ocTynHble Ans novucka Ha 30 anpens 2025 r. PesynbTarhbl.
[MokasaHo, YTO MO CpPaBHEHMIO C TPAHCMAHTaLUMeEN CyCneH3nn ONyXOmneBbIX KNETOK, KyNbTUBUPOBAHHbIX in
vitro, TpaHcnNnaHTauus oparMeHToB CONMUAHbLIX Onyxonen obecne4ymBaeT coxpaHeHve KIoHanbHom retepo-
FEHHOCTW OMyXOmyW, KOMMOHEHTOB €€ MUKPOOKPYXXEHMWS 1 BHEKIIETOYHOTO MaTpUKCca, KOTopble NoaaepKUBaoT
3HrpadTMEHT M POCT OMNyxonu. B cpaBHeHWM C NOAKOXKHOW NEPEBUBKON OPTOTONMYECKME Moaenu 6onee To4HO
BOCMPOU3BOAAT CIOXHOE B3aVMOLENCTBME B CUCTEME «OMYyXONb-OpPraHn3M Xo3sivHa» W natoniormieckune
0COBEHHOCTM 3rOKa4eCTBEHHbIX HOBOOOPa3oBaHMIN YernoBeka, BKIoYasi Meractatnyeckyto bonesHb. [o-
CKOMbKY OPTOTOMUYECKME OMYXON HaxXoOsTCA B €CTECTBEHHOM MUKPOOKPYXXEHWUMU, JOKIMHUYECKas OLEeHKa
OTBETa TakUX ONyXonen B AanbHeNnleM ny4dlle TPaHCMUPYeTCsl B paHHMe hasbl KIMMHUYECKOrO U3yYeHus.
3aknro4veHue. BkroueHne opToTonMyecknx Mogenen B nporpaMMbl HEKITMHUYECKMX hapMakoguHaMUYECKNX
nuccnenoBaHui in vivo aeT BO3MOXHOCTb NMOMy4YnTb 6onee nornHoe npeacTtaBneHne o NpoTUBOOMYXONEeBOM
aKTMBHOCTM NMPOBOAMMOrO 3KCNEPUMEHTANbHOIO NeYeHUs], a Takke NoBbILLIAET NPOrHOCTUYECKYHO LLEHHOCTb
N HAOEXHOCTb JOKIMHUYECKMX Pe3yNnbTaToB.

KntoueBble cnoBa: 4OKNMHMYECKOe UccneaoBaHue, KaHLieporeHes, opToTonuyeckas TpaHCNIaHTaUusA,
KNneToYHas NUHUA, oparMeHT CONUAHON ONyxonu, KceHorpadT, nsorpadr.

#=7 MypasoB fpocnaB NeHHagbeBWU4, murazov.yg@doclinika.ru
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ORTHOTOPIC MODELS IN CANCER RESEARCH:
A LITERATURE REVIEW. TO THE 150™ ANNIVERSARY
OF THE FIRST SUCCESSFUL SERIAL TUMOR
TRANSPLANTATION IN ANIMALS

la.G. Murazov, M.A. Kovaleva, K.L. Kryshen, M.N. Makarova, V.G. Makarov

Research and manufacturing company “Home of Pharmacy”
245, Zavodskaya St., Kuzmolovskiy t.s., Vsevolozhsk district, Leningrad oblast, 188663, Russia

Abstract

Background. Transplantation models, including allografts and xenografts are crucial in oncology research
because they help study the mechanisms of carcinogenesis and assess the activity of promising antitumor
agents. Objectives: 1) to conduct a traditional analysis of scientific literature devoted to orthotopic
transplantation in laboratory animals using various sources of tumor material, 2) to describe the main
advantages and limitations of orthotopic models, 3) to provide practical recommendations for researchers
dealing with orthotopic transplantation models. Material and Methods. A search was conducted in PubMed
and Google Scholar bibliographic databases. The review included relevant publications available for search
until April 30, 2025. Results. Compared to transplantation of tumor cell suspensions cultured in vitro,
transplantation of solid tumor fragments ensures preservation of the clonal heterogeneity of the tumor,
components of its microenvironment and extracellular matrix, which support engraftment and tumor growth.
Compared to subcutaneous transplantation, orthotopic models offer a more realistic depiction of the complex
interactions in the tumor-host system and the pathological characteristics of human cancers, particularly
those involving metastasis. Because orthotopic tumors exist within their natural environment, the evaluation
of their response during preclinical research is more likely to be translatable in the initial phases of clinical
trials. Conclusion. Incorporating orthotopic models into non-clinical in vivo pharmacodynamic research
programs improve the predicitve value and dependability of preclinical results and offer a chance to gain a
more thorough understanding of the antitumor activity of the experimental treatment.

Key words: preclinical study, carcinogenesis, orthotopic transplantation, cell line, solid tumor fragment,
xenograft, isograft.
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REVIEWS

OJIMH U3 CO3JaTeleii 9KCIIepUMEHTaIbHON OHKOJIOTUT
B CoBerckoMm Coro3e, paboTaBIIUii ¢ apXHBaMH, CO-
JIepKamyuMA HHPOPMAIIUIO TI0 TeME HCCIICTOBaHUN
M.A. HoBunckoro [2].

Cnycta 150 et TpaHCIUIAaHTUPYEMBIE MOAETH Y
JKUBOTHBIX, B TIEPBYI0 OYepeab y TPHI3yHOB, C UC-
TTOJTE30BAaHHEM aJUTOTPa(TOB (CHHIEHHBIX OITyXOJICH )
U KceHOTpadTOB ONMyXOJeH YeloBeKa OCTAITCS
HE3aMEHHMbIM M Ba)KHBIM MHCTPYMEHTOM B JKCIIe-
PUMEHTAILHOW OHKOJIOTHU JUIS M3YYCHUS MEXaHU3-
MOB KaHI[EpOTeHe3a M OIEHKH MPOTHBOOIYXOJIEBOI
AKTUBHOCTH TEPCIEKTUBHBIX (PapMaKoIOrHueCcKhX
1 He(hapMaKoJIIOTHYECKUX METOJO0B JICUCHHsI 3JI0Ka-
4eCTBEHHBIX HOBOOOpaszoBanuii (3HO) [3-5]. [Ipen-
CTaBJIEHHBIA 0030p 0000IIaeT TaHHBIE JTUTEPATypHI,
MOCBSIICHHBIE TEOPETUYECKUM U MPAKTUIECKUM
acrekTam pa3pabOTKH OPTOTONMHUYECKHX MOAEIeH Ha
JOKJIMHUYECKOM 3Tarle M3y4YeHUsl CPENICTB MIPOTHBO-
OITYXOJIEBOW TEpaIiH.

Leab nccaenoBaHus — IPOBECTH TPAJAUIINOHHBIH
AQHAJIN3 HAYYHOU JIMTEpaTyphbl, IOCBALICHHON BO3MOX-
HOCTSIM METOJja OPTOTONHMYECKOW TpaHCIIaHTAIMH
y J1a00paTOPHBIX KUBOTHBIX C HCIOJIb30BaAHUEM
Pa3NUYHBIX WCTOYHHUKOB MOIYYEHHUS OITyXOJIEBOTO
Marepuaja; onucarh OCHOBHBbIE MPEUMYINECTBA U
OTPaHUYCHHUSI OPTOTOMUYECKUX MOJeINeH; mpeacTa-
BHUTh MPAKTHYECKHE PEKOMEHJIAINH, KOTOPBIE MO-
MOTYT HCCIIEZIOBATEINsIM B PyTHHHOM TPaKTHUKE MPHU
pabore ¢ OPTOTONMUYECKUMH TPAHCIUIAHTHPYEMBIMH
MOJICTISIMH.

[Touck myOmuKaIuii BEIMOIHSIN B 0a3aX TaHHBIX
PubMed u Google Scholar. B 0630p Bkitouanu pene-
BaHTHBIE MyOIMKAINH, TOCTYIHBIE /I TIoncka Ha 30
ampens 2025 1.

Pe3yabrarbl u 00cy:kaenune

B ucropuueckoMm miaHe MoxydeHHEe MHOPETHBIX
suaui Mbled B 30—50-x rr. XX B. ObLJIO Ba)KHBIM
1aroM Ha IyTH U3y4YeHUs NMPUYUH U MEXaHH3MOB
KaHIIEpOTeHEe3a, a TAK)KEe HOBBIX TEPANeBTHYECKUX
ITOIXO/I0B HA CHHTEHHBIX MOJAECISAX Y KUBOTHBIX [6].
B pe3ynbTare 3TUX paHHUX HUCCIEIOBAHUM CIIOXKU-
Jock ob1iee 3a0IyKICHHUE, YTO OIYXOJHU Y TPhI3YHOB
YYBCTBUTEIHHBI K JIEKAPCTBEHHOH TEPATHH U XOPOIIIO
Mo/LIaloTCcs JiedeHnto. Ha camom nene »To He Tak,
u eme B 1987 r. T.H. Corbett et al. ormeTHIH, 9TO
OOJIBLIMHCTBO JICKAPCTBEHHBIX CPEACTB, KOTOPHIE B
TO BpeMsl MOCTYNWIN B KIIMHUKH, 00Jaganu ciadoi
WM «HYJIEBOW» aKTHBHOCTHIO B OTHOIIEHWH OOJb-
IIMHCTBA TPAHCIUIAHTUPYEMBIX COTUTHBIX OITyXOJeH y
Mmbieit [7]. B 1970-x rr. BHepeHne TpaHCIIaHTalluH
OITyXOJIEBOTO MaTepHasa, MoJyYeHHOIo OT YEeJIOBEKa,
AMMYHOJI€QUITUTHBIM MBIIIAM a0 HaJeXIy Ha
MTOBBIIICHUE MPEIUKTHBHON BalMIHOCTH, BOCIIPO-
W3BOJIMMOCTH M TPAHCIMPYEMOCTH JTOKIMHHYECKUX
pe3ynbpTraToB. JTa HaJAekJa ONpapaaiach JHILIb
gacTuyHO. [IprumHa 3TOTO OTYACTH 3aKIFOYaeTCs B
IIMPOKOM PACITPOCTPAHEHUH TOX0/a, OCHOBAHHOTO
Ha TPaHCIUIAHTAIIMH UMMOPTAIIN30BaHHBIX TOMOTEH-
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HBIX KJIETOYHBIX JJMHAH oIryXoJei yenoseka (cell line-
derived xenograft, CDX) [8,9]. B 1969 1. J. Rygaard u
C.O. Povlsen BriepBbI€ yCIIEIIHO BBITIOJIHUIN T€TEPO-
TOIUYECKYIO TPAHCIUIAHTAIHIO (parMeHTa OImyXoin
TOJICTOM KHIITKH MaIenTa OectumycHoi mbitm [10],
YTO IOJIOKUIIO HAYaJI0 Pa3BUTHIO HOBOTO TMOJXOZA C
TpaHCIUIaHTAIMed KCEHOTpadTOB, MOJYYEHHBIX OT
naruenTta (patient-derived xenograft, PDX). ®par-
MEHTBI OITyXOJIH, MTOJYYCHHBIC OT MalMeHTa, TPaHC-
MJIAaHTUPYIOTCS UMMYHOAE(PHUIIUTHBEIM MBITIaM 0e3
MIPEBAPUTEIBHOTO KYJIbTUBUPOBAHUS iN Vitro, 9TO
MO3BOJISIET COXPAHUTh MCXOJHBIC XapaKTCPUCTUKU
omyxonu [11].

MeToabl TPAHCIIAHTAIIMH OMYX0J1€BOT0

MaTepHaJa B HCCJIEeAOBAHUSAX in vivo

OCHOBHBIMH METOJaMHU TPAHCIUIAHTAIIMH OILY-
XOJICBOTO MaTepuaia SBISIOTCS TMOIKOXKHBIN (IKTO-
MMAYECKUH, TETEPOTONMUICCKII) U OPTOTOITMYECKUN
[12—14]. [ToakoxHas (BHyTPUKOXKHAS) TPaHCIUIAH-
Talus — 3TO MPOCTasi B OCBOEHUM TEXHUKA, KOTOpasi
HE CUMTaeTCcs MHBAa3UBHOU npouenypoi. Ilocne Toro
KaK HaOmomaeTcst SHrpaTMEHT OIyXoyH, ee 00b-
€M JIETKO MOXHO M3MEPHUTHh BPYUYHYIO C ITOMOIIBIO
HITAHTCHLIUPKYJIS, YTO TO3BOJISIET d(P(PEKTUBHO OT-
CJIE’KUBAaTh KHHETHKY pocTa omyxonu. OproTtonuye-
CKHe TPAHCIUTAHTATHI TPEJICTABIISIOT COOOH OTTYXOJITH,
nepeBuBaeMble B (PM3UOJIOTHYECKU PEIEBAaHTHYIO
HHUIITY, TO €CTh OPTaH WIN TKaHb, U3 KOTOPOTO OITyXOJIb
pa3BHUBAETCs CIIOHTAHHO Y Y€JI0BEKa WU KUBOTHBIX.
XOTsl ¥ OPTOTONHMYECKAs, M TIOJKOXKHAS TPaHCIUIaH-
Talys UMEIOT CBOM YHUKaIbHBIE MPEUMYINECTBA U
OTpaHUYEHMUs, BEIOOP MEXAY HUMH JOJKEH OCHO-
BBIBATHCS HA ILIEJISIX KOHKPETHOTO HMCCJIEA0BaHUS.
s wccnenoBaHui, HaPaBICHHBIX HA M3yYCHUE
OOIIIX BOMPOCOB OMYXOJIEBOTO POCTa HMJIM PaHHETO
CKPHHWHTA MOJIEKYJI-KaH TU/1aTOB, IPEIIOYTHTENIbHEE
MCTIOJIb30BaTh MOKOKHBIE MOAEIH. /1151 SKCTIepruMeH-
TOB, TPEOYIOIINX «KIMHUYECKH 3HAYUMOU MOIB3b» U
BBICOKOTO TPaHCIISIIIHOHHOTO ITOTEHIINAIa, 0COOCHHO
JUTSL U3YUYEHHUS TPOIECCOB METACTAa3UPOBAHUS WITH
B3aMMOJICHCTBHS OMYXOJIH C €€ MUKPOOKPYKEHHEM,
MIPEMOYTUTENEHEE UCITOJIB30BaTh OPTOTONMHUYECKHE
monenu. [IpemmymecrBa, orpanndeHus u 001acTh
TIPUMEHEHUS TIOIKO’KHBIX 1 OPTOTOITMIECKUX MOJIEIIeH
MIpeCTaBIeHbI B TabIHIIE.

IIpakTHYecKkHue acneKThl CO3AaAHMA

OPTOTONMUYECKUX MojIeJieil

Hcmounuku nonyuenus onyxoneeo20 Mamepuand

[IpoucxokaeHne OIMyXoJIeBOTO Marepuana sBis-
€TCsI OZIHUM U3 HanboJiee BaKHBIX (PaKTOPOB, BIMSIIO-
UX Ha OMOJIOTHYECCKUN (PEHOTHUI aJTOTPAPTOB H
KceHOrpaToB y 1a00OpaTOPHBIX KUBOTHBIX [15].
OCHOBHBIMH HCTOUYHUKAMH TIOJTyUEHHS OITYXOJIEBOTO
Marepua’a Jyis OpTOTONMNYECKON TPaHCIIIAH ALK SIB-
JISIFOTCS CYCIIEH3MUS OITyXOJIEBBIX KJIETOK M MHTaKTHBIE
(hparmeHTsI conuaHOM ormyxomu uenoBeka (PDX) nim
JKUBOTHBIX (M30TpadThI).
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Ta6bnuua /Table

OCHOBHbIe XapakKTepPUCTUKU NOAKOXKHbLIX U OPTOTONNYECKUX Mo,qeneﬁ
The main features of subcutaneous and orthotopic models

[IpenmymecrBa/Advantages

Orpannuenust/Limitations

ITonkoxuas Mmoaens/Subcutaneous model

v' TIpocToTa: HHOKYJISIHUS OIYXOJNEBBIX
KJIIETOK MJIM (DParMeHTOB OITyXOJIH MO
KO>KHO/BHYTPHKO)KHO ITPOBOUTCS OOBITHO

B OOKOBYIO TOBEPXHOCTH T€Ja JKHBOTHOTO.
Mozenb TeXHHYIECKHU IpocTast U OBICTpast B
CpaBHEHHH ¢ opToTOonHYeckoi/Simplicity:
subcutaneous/intradermal inoculation of
tumor cells or tumor fragments usually
carried out into the flank of animal’s body.
The model is technically easier and faster
than orthotopic.

v’ M3MepeHue OIyXOJu: MOIKOKHBIE OITy-
XOJIH JIETKO MAIIBIIAPYIOTCS, YTO TIO3BOJISIET
JIETKO HAOJIONATh 332 UX POCTOM M H3MEPSTh
mTaHreHnupKyneM/ Tumor measurement:
tumors implanted subcutaneously are easily
palpable, allowing for straightforward
monitoring of tumor growth by simple
caliper measurements.

v’ BeIcokuii 9HTpadT™MEHT (IpUBUBae-
MOCTB): ITOAKOKHBIE OIYXOJIM JEMOHCTPH-
PYIOT BBICOKYIO CTEIICHb TPUBHBAEMOCTH,
TpeOyIOT MEHBIIIETO KOINIECTBA KUBOTHBIX
U JIeTIAIOT Pe3yNIbTaThl HCCIe0BAHNS Ooee
npenckazyembiMu/High engraftment (take
rate): subcutaneous tumor often yields a
high take rate, requiring fewer animals

and making it more predictable for study
outcomes.

v DkoHoMHueCcKast 3(HEKTHBHOCTE: TPEOY-
€TCsl MEHBIIIE TEXHUIECKH MOATOTOBICHHOTO
MIEPCOHAIIA, YTO YCKOPSIET MPOIEAYPhI M CHHU-
skaeT 3arparbsl/Cost-efficient: less technically
trained personnel are required, translating to
quicker procedures and reduced cost.

V' AHaTOMHYECKHE PA3IHIHs: TOIKOK-
HBIE OITyXOJIM HE OTPAXKAI0T MHKPOOKPY-
JKEHHE OITyXOJI B HATUBHBIX TKaHSX,

B KOTOPBIX OHA BO3HUKJIA. DTO MOXKET
BIIUSITH HA ITOBEJICHUE OITYXOJIU U OTBET
Ha jteueHne/Anatomical differences:
subcutaneous environment might not
accurately reflect the native tissue from
which the tumor originated. This can
affect tumor behavior and responsiveness
to treatment.

v/ Huskuii MeTacTaTu4eCcKuil MOTEHIH-
QJI: TIOAKOKHBIE MOJICITH PEAKO METacTa-
3UPYIOT, YTO OTPAHIYHMBAET UX MCIIOJIB30-
BaHNE B MCCIIEJOBAHMSIX, TJI€ OCHOBHOM
[ETBIO SBISIETCS N3yUeHNEe MeTacTa-
supoBanmst/Low metastatic potential:
subcutaneous models are less likely

to metastasize compared to orthotopic
models, which limits its use in studies
where metastasis is the primary aim.

v Cnabast CTeneHb BaCKY/ISPH3allii:
TIO/IKO’KHBIE OITyXOJIH He 00pa3yroT, Kak
MPaBHJIO, OOIIMPHYIO COCYAUCTYIO CETh,
XapaKTEePHYIO JUISl OPTOTOMMYECKUX HITH
CIIOHTaHHBIX OIyXOJIeH. DTO MOXKET
BIIUSITH HA JOCTABKY TECTHPYEMBIX 00b-
€KTOB K OIyXOJIM U €€ B3aNMOJICHCTBHE C
MHKpOOKpy>keHueM/Poor vascularization:
subcutaneous tumors might not develop
the extensive vascular network seen in
orthotopically implanted or spontaneous
tumors. This may affect drug delivery and
tumor microenvironment interactions.

v HeomHO3HAYHBII OTBET OITyXOIIH Ha
N3y9aeMOe BMEIIaTeIbCTBO: MPH MO~
KO)KHOHM TIEpEBUBKE OTBET OITYyXOJIN Ha
JiedeHre, 0COOCHHO MPU BO3JIEHCTBUH Ha
OIIPEICJICHHBIC OPTaHBI FIJIH CHCTEMEI,
MOXXET OBITh HHBIM, HEXKEJIH TIPA OPTOTO-
MYECKOH TPAaHCIUIAaHTallUH WITH B YCIIO-
BUSIX OpraHn3Ma uenoBeka/Inconsistent
tumor response to the intervention: some
therapeutics especially those targeting
specific organ or systems, might not
elicit the same response in subcutaneous
models as they would in orthotopic
models or human conditions.

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2025; 24(6): 160-172

O6nacts mpuMeHeHust/
Scope of application

v TIoIKO)KHBIE MOJIENH HICaTbHbI
JUTS TTPE/IBApUTEIILHBIX/Pa3BEIOTHBIX
WCCIIEeI0BAHMI, OIIEHKH TyMOPOTeH-
HOCTH KJICTOYHOH JIMHUX WX OHO-
MEUIIHCKOTO KJIETOYHOTO IIPOIYKTa
WM OLICHKH TIPOTHUBOOITYXOJICBOIT
AKTUBHOCTHU Ha PaHHEH CTauu pas3pa-
6otkn/Subcutaneous models are ideal
for preliminary/exploratory studies,
assessment of the tumorigenicity of a
cell line or biomedical cell product, or
evaluation of antitumor activity at an
early stage of development.

v Heclo)HBIif MOHHTOPHHT POCTa
JIeTIaeT MOIKOXKHBIE MOIEIHN 0CO-
OEHHO MOIXOSIIIMH ISl IPOEKTOB,
B KOTOPBIX MPHOPUTET OTIAETCS
MPOCTOMY, HEHHBa3HBHOMY OTCIIC)KH-
BaHUIO MIPOTPECCUPOBAHUS OITyXOJH/
Ease of growth monitoring makes
subcutaneous models especially
suitable for projects that prioritize
straightforward, non-invasive tracking
of tumor progression.

v Ecnu uccreioBanme mpoBo-
JIATCSI B YCIIOBHUSIX OFOIKETHBIX
OrpaHMYCHHUH U TpedyeTcs Oonee
HKOHOMHYECKHU (P PEKTHBHBIH TTOIXOT
0e3 ymep6a Il OCHOBHBIX acIIeKTOB
POCTa OIMyXOJIH, TIOJJKOXHBIE MOZIEIN
SIBIISIIOTCSI CAMBIMU TTOAXOMISIIN-

mu/ When the study operates under
budget constraints and a more cost-
effective approach is required without
compromising basic aspects of tumor
growth, subcutaneous models are
most suitable.

v" Mogesb MOIXOIHT TSt KPAaTKOC-
POUHBIX HCCIETOBAHHH, KOTOPEHIE HE
TpeOyIoT yrTyOIeHHOTO H3yYeHUS
TIOBEJICHUSI OITYXOJIN ¥ €€ MeTacTa-
suposanus/ The model is suitable for
short-term studies that do not require
in-depth investigation of tumor
behavior and its metastasis.
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Optoronmueckast Mmojens/Orthotopic model

v MHKpOOKpYKEHHE OIIyXOJIH: TPAHCILIAH-
Talus OIyXOJIU B OPTaH/TKaHb, U3 KOTOPOI
OHa BO3HHUKJIA, JIy4Ille OTPAXKAET ECTECTBEH-
HOE MUKPOOKDPYKEHHE H TI03BOJISIET MOBBI-
CHUTb TPAHCIIALMOHHBII OTEHIMAT MOJesn/
Tumor microenvironment: implanting the
tumor in its organ/tissue of origin better
reflects the natural microenvironment and
allows for increased translational potential of
the model.

v\ MeracTaTnyecKkuii OTEHIHAI: OPTO-
TOINYECKUE OIYXOJIN JEMOHCTPUPYIOT BbI-
COKYIO CIIOCOOHOCTb K METAaCTa3HuPOBAHUIO,
YTO Ba)KHO B KOHTEKCTE U3y4YEHHMs MPOLIECCOB
METaCTa3UPOBAHUS WIIH TIPU OLICHKE CPEACTB,
HAlEJICHHBIX HA METACTaTHYECKHUE KIECTKH/
Metastatic potential: orthotopic tumors

show a higher tendency for metastasis,

which is important in the context of studying
metastasis processes or testing drugs
targeting metastatic cells.

v OTBeT Ha JICYCHHE: [IOCKOJIBKY OITyXOJIH
HaXOoATCs B (PU3MOIOrMYECKOIl cpesie U CIo-
COOHBI CaMHM BIMATH HA CBOE MUKPOOKPYIKe-
HHE, OHU MOTYT PEarupoBaTh Ha JICYEHNUE TAK
e, KaK M Y YeJIOBeKa, 4To MO3BOJIIET Ooee
TOYHO NPOTHO3UPOBATH AP (HEKTUBHOCTH B
JATbHEHIINX KIMHUYECKUX MCCIIEI0BAHUAX/
Treatment response: since the tumors are in a
physiological environment and can influence
their own microenvironment, they might
respond more similarly to therapies as they
would in humans, providing a more accurate
prediction of efficacy in further clinical trials.
v/ PaciuMpeHHasi COBMECTHMOCTb C METO/a-
MH BU3YaJM3aLUN: PACTIONOKEHHE OITyXOJIH
B HATHBHBIX TKAHAX IIPU HAJMYUH CHEIH-
AJILHOTO 000pyY/IOBaHUS (HAIIpUMeD, s
OUOJIFOMUHECLIEHTHBIX METO/I0B) MO3BOJISET
HCIIOJIb30BaTh TOYHBIC METOBI IIPHKU3HEH-
HOH BU3yanu3aiuy, odecneunsas 0ojee ry-
60KO€ MOHUMAHUE MEXaHH3MOB OIyXOJIEBOTO
pocTa, aHTHOTeHe3a U OTBETA Ha IIPOBOIMMOE
JKcIepuMeHTabHOe Jtedenne/Advanced
imagining compatibility: with the specialized
equipment (e.g. bioluminescence techniques),
the tumor location in native tissues allows
for precise intravital visualization methods,
providing a deeper understanding of tumor
growth, angiogenesis, and response to
experimental treatment.

Ipumeyanue: Tabnui@ COCTaBICHA aBTOPAMH

Note: the table created by authors
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v TexHHYECKAs CIOKHOCTH: OPTOTO-
MHYeCKast TPAHCIUTAHTALMS SIBIISETCS
TEXHUYECKH CIIOKHOI IPOLIEAYPOIt i Tpe-
OyeT CIelMaNbHbIX HaBBIKOB, 0COOCHHO
P CIOKHOM XUPYPTHIECKOM TOCTYIIE
(TOTOBHOM MO3T, MOKETYI0THAsI JKee3a
u 1p.)/Technical complexity: orthotopic
transplantation is a technically demanding
procedure and requires special skills,
especially with challenging surgical
access (brain, pancreas, etc).

v/ Pasnuuus B CTEIeHH SHrpadTMeHTa
OIyXOJIH: B 3aBHCHMOCTH OT THCTOreHe3a
OILyXOJIH HJTH OCOOEHHOCTEH KIIEeTOIHOM
JIMHUX MOYXKET HaOMIONAThCs Pa3HULA

B 4aCTOTE YCIEIIHOTO SHrpadTMEHTA.

B HEKOTOPBIX CITydJasix UL 0Ty IeHHs
0OBEKTHBHBIX PE3Y/IBTATOB MOXKET I10-
Tpe6GoBaThCsT GOMbIIEE TUCIIO KUBOT-
HBIX WK 00pa3ios/Variability in tumor
engraftment: depending on the tissue type
and cell line, there can be variability in
the successful engraftment of the tumor.
In some cases, more animals or samples
may be required to obtain objective
results.

v' BbICOKasi CTOMMOCTb: U3-3a OTPE0-
HOCTH B CIELIHATH3UPOBAHHOM 000Dy~
JIOBaHHU U HEOOXOIMMOCTH MOJTOTOBKU
KBaTH(HUIIMPOBAHHOTO IIEPCOHANA
OPTOTOIIMYECKHE MOJICIH MOTYT OBITH
nopoxe, gyem noakokHbie/ High cost: due
to the need for specialized equipment and
trained staff, orthotopic models might be
more expensive than subcutaneous

v High cost: due to the need for
specialized equipment and trained

staff, orthotopic models might be more
expensive than subcutaneous.

OkoH4yaHue Tabnuubl/End of Table

v' Mogenb Heo0X0auMa TOra,
KOT7Ia OCHOBHOE BHUMAHHE YIEIIeTCs
M3y9EHHIO B3aHMOZCHCTBHUS OITYXOJIH
C €€ MUKPOOKPYKEHHEM: KICTKAMH
CTPOMBI, PE3UACHTHBIMU U HHUITb-
TPHUPYIOLIUMHE OITYX0JIb HMMYHHBIMU
KJIETKaMU OPraHH3Ma-X03sIMHA H KOM-
MOHEHTaMH BHEKJICTOYHOTO MaTPHUK-
ca/The model is required when the
focus is on studying the interaction of
the tumor with its microenvironment,
including the relationship with
stromal cells, resident and tumor-
infiltrating immune cells of the host
organism, and components of the
extracellular matrix.

v" Mogenb 0cOOEHHO MOJIE3HA TTPH
M3y9ICHHN MEXaHH3MOB METACTa3H-
POBAHHMS WM OLEHKE IPOTHBOOITY-
XOJIEBBIX CPE/ICTB, HALIETICHHBIX Ha
meracraszupoBanue/ The model is
particularly beneficial when studying
metastatis mechanisms or evaluating
antitumor agents targeting metastasis.
v' Mojenb He3aMEHUMa, ECIIH
HEOOXOAMMO OLEHUTH, KaK OITyXOJIb
KOHKPETHOH JIOKAIH3ali1 Pearupyer
Ha JIedeHne, 0COOSHHO MPH MOCIe-
JyIOoIIeil TPaHCISLUH PE3yIbTaToB

B KIIMHHYecKue uccienosanus/The
model is essential if it is necessary

to assess how a tumor of a specific
location responds to treatment,
especially when findings translated to
further clinical trials.

v Hccnenosanusi, B KOTOPBIX UC-
HOJIB3YIOTCS IIEPEIOBBIC alapaTHbIC
METOBI IPIKU3HEHHOM BU3yaIn3a-
LUK POCTA OPTOTOMUYECKHX OIYXO0-
JIei, SIBIISIOTCS G0JIee COBEPIICHHBI-
mu/Studies equipped to use modern
imaging techniques for intravital
visualization of orthotopic tumor
growth are more advanced.
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OproTonuueckas TpaHCIUIAHTALUsl CYCIIEH3UU
omyxoneBbix kietok (cellular orthotopic injection,
COI) ocobenno 1enHa, Korjga TpeOyoTCs mpeaBa-
pUTENIbHbIE MaHUITYISILUN C KIETKAMH, TaKHe Kak
KyJIBTUBHPOBAHHUE €X Vivo, 3KCIO3ULUS K (hapMaxo-
JIOTHYECKH aKTUBHBIM CpPEICTBAaM, PEIaKTHPOBAaHUE
TEHOB MJIM F€HETUYECKUI CKpUHUHT. McIoiib30BaHue
CYCIICH3HH KJIETOK JIeJIaeT SKCIIEPUMEHT 00JIee «TOMO-
T€HHBIM), TIO3BOJISISI TOUHO «I03HPOBATH) OITyXOJIEBYIO
Harpy3Ky (KOJIM4YeCTBO TPAHCIUIAHTUPYEMBbIX KJIETOK)
Ha KaK70e YKHBOTHOE U M30eraTh HEKOTOPHIX CHCTeMa-
THYCCKUX OHII/I60K Ha 5Tare nNoJiy4CHus U IOATrOTOBKHN
OITyXOJIEBOTO MaTtepuana Juist Tpancrantauuu. Cy-
CIICH3HUSI OITYXOJIEBBIX KJIETOK MOXKET OBITh ITOTy4YeHa
13 KOMMEPYECKH JOCTYIHBIX HMMOPTAIN30BaHHBIX
CHUHTEHHBIX U KCeHOTeHHBIX (CDX) KIIETOUHBIX INHUH,
KYJIBTUBHPYEMBIX i71 Vitr0, aCHIUTHBIX BAPHAHTOB OITY-
XOJIY MJTH Iy TEM MEXaHU4ECKON 1/UiH (pepMeHTaTHB-
HOM amcconmanui (pparMeHTOB CONMTHON OIYXOJIH.
OCHOBHBIM HEIOCTAaTKOM HCTIONB30BAHUS CYCIICH3UH
OITYXOJICBBIX KJICTOK ABJIACTCS BBICOKUM PUCK BbI-
TEKaHHs WHOKYJISITa Yepe3 KaHaj, C(hOpMHUPOBAHHBIH
unioi (puc. 2). OT0 NPUBOAUT K T'€MATOTCHHOMY H
MPSIMOMY WMILTAaHTAIITHOHHOMY PaclpOCTPaHESHHUIO
OITyXOJIM B OPIOITHOM MOJOCTH U apTedakraMm MeTa-
craszupoBanus [ 16, 17]. Heckonbko (hakTopoB, Takux
KaK HEOIITUMaJbHbIE XHPYPruuecKue MpoLeaypsl U
HEMOJXOASIINN 00beM HHBEKITUN WIIN pa3Mep Wb,
MOTYT YBEIUYUTh PUCK BBITEKAHUS KJIETOK. YTOOBI
CHHM3UTh PUCK BBITEKaHHS KJIIETOYHOTO HHOKYJISITA, UC-
TOJB3YIOTCS TAKHE TTOIXO/Ibl, KAK COBEPILICHCTBOBAHHE
XUPYPrUYECKON TEXHUKH M BBITIOJIHEHUE MaHHITYIS-
LMK OJTHUM OTIEpPaToOpOM, J0OaBIEHHE K CYCTICH3UH
KIIETOK COIOOMITU3UPOBAHHOTO MaTpuKkca 0a3zanbHOM
MeMOpaHBbl, CEKPETHPYEMOT0 KJIETKaMHU CapKOMBI
Mbimu DHreabopera—Xonma—Pos (Matpurens®,
Corning Life Sciences u ero aHajaoru) B pa3inaHON
KOHIIEHTPAIINH, UCIIOJIh30BaHME BATHOTO TAMITOHA JIIS
Ha)XaTHsl HA MECTO UHBEKINU B TeueHne >20 c [18,
19]. CToHuT OTMETHTBH, YTO B HEKOTOPBIX padoTax ObLI0
MOKa3aHo, yTo Marpuresp® He CIOCOOCH MPeI0TBpa-
TUTh UCKYCCTBEHHOE PACIIPOCTPAHEHHE OITyXOJIEBBIX
kieTok [20]. Kpome toro, mockonbky Marpurens®
MPEJICTABIISAET COOOM MaTpUKC 0a3aabHONH MEMOpaHHI,
€ro KayecTBO HECTaOMIIBHO, YTO MOYKET MPUBECTU K
BapHaOeIbHOCTH MOTy4aeMbIX Pe3ynbTaroB [21].

[IpoGnemsl, comnpsikeHHBIE ¢ KyJITHBHPOBAHUEM
KJICTOK, TAKUE KaK OIINOOYHAS UICHTU(DUKAIMS KIle-
TOYHBIX JIMHUH, 3apa’keHHEe MHKOILIa3MOM, a Takxke
TeHOTUITYECKasi U JEHOTUITIECKasi HECTaOUIBHOCTB,
9acTO WTHOPHUPYIOTCS HAYYHBIM cOoOImecTBoM [22].
B nacrosimee BpeMsi BeIyTcsl MHUPOKHE ae0aThl M0
MOBOJLYy JOCTOBEPHOCTH PE3YNIBTATOB, MOIYyYaeMBbIX C
HCIOJBb30BAaHUEM HMMOPTAIU30BAHHBIX KJIETOYHBIX
JINHUH, U3-32 BO3MOKHOCTH KJIOHAJIbHOH CEJIEKLIUU U
apTe(haKkToB, CBI3aHHBIX C KYJIbTUBUPOBAHUEM in VIlr0.
KrnerouHsle TMHUN ananTUPYIOTCS K MCKYCCTBEH-
HOM Cpefie POCTa «Ha IUIACTHKE» 0e3 CTpOMajIbHBIX
W COCYAHCTBIX KOMIIOHEHTOB, HMMYHHBIX KJIETOK,
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Puc. 2. AptedakTbl BHYTPUGPHOLLMHHOMO 1 3aBGPHOLLMHHOMO pacnpo-
CTpaHeHWs OMyxonu B pesynbTaTe BbITEKaHUS MHOKYNsSTa U3 mecta
nHbekuun. A-D — TpaHcnnaHTaumus CycneHaun KneToK CUHreHHOWN
NPOTOKOBOW ageHOoKapLUMHOMbI nogxenyaouHown xenessl PANO2
BMecTe ¢ Matpurenem® (1:1) B Teno-xBocT opraHa Mbiwam C57BL/6.
KpacHbIM Kpyrom oTMedeHa nepBuYHAas OMyXofb NOMKeNnyao4HON
xenesbl; 6enoii cTpenkoi 0603HayYeH onyxonesblii y3en B obnactu
nocrneonepaumoHHon paHbl; E-G — TpaHcnnaHTaums cycneHsum
CUHIEHHOW KapLMHOMbI SIYHMKA NOZ, Kancyny CyMKV SUYHIMKA Y KpbIC
Wistar. MNpumeyaHue: pucyHOK BbINONHEH aBTopamu
Fig. 2. Artifacts of intraperitoneal and retroperitoneal tumor dissemi-
nation due to inoculum leakage from the injection site. A-D —
transplantation of cell suspension of syngeneic pancreatic ductal
adenocarcinoma PANO2 together with Matrigel® (1:1) into the
body-tail of the organ in C57BL/6 mice. Red circle — the primary
pancreatic tumor; white arrow — the tumor node in the area of the
postoperative wound; E-G — transplantation of syngeneic ovarian
carcinoma suspension under the ovarian bursa capsule in Wistar
rats.Note: created by the authors
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UHOUIBTPUPYIOIIMX OMYyXOJb. M3BecTHO, 4TO M3-32
CEJICKLINOHHOTO JIaBJICHUS NPU KYIbTHUBUPOBAHUHU
in vitro KJIE€TOYHAs JIMHUSI, KaK MIPAaBUIIO, HE COXpa-
HSE€T MCXO/IHbIE MOJIEKYJSIpHBIE XapaKTePUCTUKU U
reTepOreHHOCTh MaTePUHCKON OIMYXOJIH, U3 KOTOPOi
OHa ObUIa monmydeHa n3HavansHO [23]. Kpome Toro,
MeXaHu4Jeckasi u/mim (hepMEeHTaTUBHAS THUCCOIHA-
LU SIBJISIETCS CTPECCOBBIM COOBITHEM MJIS OIyXO-
JIEBBIX KJIETOK, KOTOPOE HapyIlIaeT MEXKIETOUHYIO
KOMMYHHKALMIO U €CTECTBEHHOE B3aUMOACHCTBHE C
KOMTIOHEHTaMHu CTpoMEI [ 17]. KineTounsle cycnieH3nu
HE MMEIOT HAaTUBHOM TPEXMEPHON apXUTEKTYpPhI, KO-
TOpasi, O-BUIUMOMY, Ba)KHAa JJIs1 IOJTHOM peannu3auuu
HUX CIOHTaHHOTO METACTaTMYeCKOTO MOTEHINaia.
L. Thorel et al. [24] mpoBemnu KpyITHOE CPAaBHUTEIEHOE
HCCIIE0OBAHNE C UCIONb30BAaHUEM 7 MOJENEHN CBET-
JIOKJIETOYHOW KapUHUHOMBI SIMYHHKA (4 KJIETOYHBIC
JIMHWY, JBa OPraHOMU/1a, MOJTYUYECHHBIX OT MAllUEHTa, 1
onHa PDX-mozens). ABTOpBI TPOIEMOHCTPHUPOBAIIH,
YTO MOJENU KIJIETOYHBIX JUHUU HE TMOAXOMAT IJIs
MPOTHO3UPOBAHHUSI OTBETA OMYXOJH U pa3paboTKu
[I€PCOHAIN3UPOBAHHBIX METOJIOB JICUEHHUSL.

B panee nmpoBeieHHbIX HCCIIEIOBAHUSX [TOKA3aHO,
YTO OPTOTOTONMYECKAs] TPAHCIUIAHTALNS OIYXOJIH B
Buze ¢pparmenToB (surgical orthotopic implantation,
SOI) siBnsieTcs MpeAnoYTHTENbHON, TTOCKOIBKY OHU
coziepKaT KOMIIOHEHTBI CTPOMBI, BHEKJIIETOYHOTO Ma-
TPUKCA U CEKPETHUpPyeMble OHOIOTNYECKH aKTHBHBIE
BemecTa. Mogenu SOl MUHYTOT 3TaIl JUCCOUAIINN
kyetok. I1o JaHHBIM psiaa aBTOPOB, TPAaHCIUIAHTALTHS
(parMeHTOB obOecreunBaeT CHUKEHUE JaTEHTHOIO
nepuoaa 0 IOSBICHHUS M3MEPSAEMBIX OIYXOJIeH,
YBEITMYMBACT SHIPAPTMEHT U yCHIIMBAET UX MeTa-
crarudeckuil moreHnuan [25, 26]. Ummianrtamnus
(parMeHTOB OMyXOJH (a HEe KJIETOYHOH CyCIICH3MH)
SIBJISICTCS] KIIMHUYECKU Oojiee 00OCHOBAHHBIM MOJ-
XOZOM K CO3JaHHUI0 OPTOTONHMYECKHX MOJEJeH y
Mbiieit [27]. TpancnmanTupyemMbie GparMeHThI OITy-
xonu yenoBeka (PDX) B mesmoM mydie coXpaHsoT
FeHETUYECKUE U AIUTCHETHYECKUE 0COOEHHOCTH
MaTEPUHCKOM OIyXOJH 10 CPaBHEHHUIO C KJIETKaMH,
KYJIETUBUPOBAHHBIMU i1 vitro. PDX-monenu pacrtyr
B TpEeXMEpPHONH MHUKpOCpejae, KOTopasi BKJIIOYAaeT B
ce0st COCYAMCTYIO CETh, 00ECIICUNBAIOILYIO JOCTABKY
IIATATENbHBIX BEIIECTB U KUCIOPOAA in Vivo, a Tak-
K€ CTPOMAaJIbHbIE 1 MMMYHOKOMIIETEHTHBIE KIETKH
OpraHu3Ma-x03sIMHa, KOTOPBIE B3aUMOJICHCTBYIOT U 00-
MEHHBAIOTCSI UHPOPMAIMEH ¢ OITyX0JIEBBIMH KJIETKa-
Mmu [28]. B citydae oproTonuueckoi TpaHCIUIAHTALUA
KceHorpadToB omyxosel yenoBeka (patient-derived
orthotopic xenograft, PDOX) cBexas omyxosnesas
TKaHb MOXET OBbITh MOJy4YeHa W3 MEPBUYHBIX WIIH
METACTaTUYECKUX OYaroB OMYXOJM HATUBHBIX WIH
[IPEIJICUCHHBIX MTALMEHTOB BO BPpeMs ONE€paLUH, IpU
OMOTICHY MJIM U3 CBEKETO ayTOIICHITHOTO Marepraia.
Takoke pacipocTpaHeH MOAXO/, KOI/1a HHTEepeCyomas
OITyXO0JIb CHAaYaJ1a TPAHCIUIAHTUPYETCS TOIKOKHO WITH
OPTOTONNYECKHU HECKOJIBKUM >KHBOTHBIM-IOHOPAM B
BH/JIE CYCIIEH3MH CHHTEHHOW MJIM KCEHOT€HHOM KJle-
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Puc. 3. ®parmeHTbl CONUAHON ONyXonu, NOAroTOBMAEHHbIE AfA
OPTOTOMNMYECKON TPaHCMnaHTaumum Mblllam.
MpuymeyaHue: pucyHoK BbINOMHEH aBTOpamMu

Fig. 3. Solid tumor fragments prepared for orthotopic transplanta-
tion into mice. Note: created by the authors

TOYHOM JIMHUM, KyJIbTUBUPOBAHHOM in Vitro, a 3aTeM
chopMHpOBaHHAsI CTOKOBAs OITYXOJIb pa3pe3aeTcs Ha
(parMeHTB! U UCIOJIB3YETCS B OCHOBHOM 3KCIIEPH-
MmeHTe [16, 29-32]. OObuHO A7 CepUiiHOMN TpaHc-
TUTAHTAIUH WM TPAHCIUIAHTAIIUY C IIEITBI0 U3YUEeHUS
MIPOTUBOOITYXOJIEBOW aKTHBHOCTH MOKHO HOJIYYHTb
20-50 TpaHCIUTAaHTUPYEMBIX (ParMEHTOB U3 OJHOTO
OIIYXOJIEBOI'O TPaHCIUIaHTaTa (HYJIEBOIO Iaccaxa,
P0). I1pu aTom KpaiiHe BaKHO HU30eraTh HEKPOTHYE-
CKMX yd4acTKoB omyxosu [33]. Pexomenayercs uc-
T0JIb30BaTh (PPAarMeHTHI OMyXOJH pasmepom 1-3 mm?
(~30 wmr) [3, 16, 31, 33]. [na cHWKEHHUS pHUCKA CHU-
CTeMaTU4eCKOoi omMOKN (QparMeHT OMmyXOoNu s
TPaHCIUIAHTALUN KOHKPETHOMY >KHBOTHOMY JOJDKCH
BEIOMPATHCS CITyYailHBIM 00pa3oM W3 Bcero Habopa
MTOJITOTOBJICHHBIX (hparMeHTOB (puc. 3).

Takum 00pa3om, IJ1s1 OPTOTOIMMYECKON TPAHCILIAH-
TallUy MPUEMIIEMO HCIOJB30BaTh KaK (parMeHThI
OIyXOJICH, TaK U KIJIETOYHbIE CYCIICH3UH, KaXIbIli U3
METOJOB MMEET CBOM NPEUMYILECTBA U HEJOCTATKH.
Br100p Mekly MICTOUHHKaMHU OITyXOJICBOTO MaTeprasia
JIOJDKEH OCHOBBIBATHCS HA KOHKPETHBIX LEJIAX Ucclie-
JOBaHHS M XapaKTePUCTUKAX U3y4aeMON OIyXOJIH.

Cnocoo6vl puxcayuu hpazmenma onyxonu

6 yeneeom opeane uau MmKaHu

Jnsa duxcaunn dparmMeHTa OMyXOidH HCIIOJB3Y-
FOTCSl TP OCHOBHBIX METOJ/IA: C IMIOMOIIBIO IIOBHOTO
Marepuaja; OeCIIOBHBIN METOM; METOA TKAHEBOU
aAre3uu C UCIOJIH30BAHUEM MEJMIMHCKOTO TKaHe-
BOTO KJjies.. MeTo/ HaJlo)KeHHS LIIBOB MOApa3yMeBaeT
MpsIMOE TMO/IIMBaHue (parMeHTa OMyXOJId K OpTaHy
WY TKaH!. Yarie BCero NCTIoIb3yeTcsl HUTh Pa3MepoM
7-0 wim 8-0 [29, 34]. /laHHBI METOJ] TEXHUYECKU
CIIOKEH, TpeOdyeT cneunaibHOro 000pya0oBaHUs
(XUpYpru4ecKuil MUKPOCKOIT), a TaK)Ke XOPOITUX
XUPYPrUYeCKUX HABBIKOB TepcoHana. becmoBHas
TEeXHHMKA 3aKJII0YaeTcss B (POPMUPOBAHUH KapMaHa
(monocTn) B TKAHU OpraHa, TAe MPOUCXOIUT UMMOOH-
nu3anus pparMenTa 6e3 HaJIOKeHHUS ILIBOB, YTO MOYKET
CHU3UTH PUCK KPOBOTEUEHUS W TIEPUOTICPAIIMOHHBIX
ocnoxHeHUH [35-37]. MeTon ¢ MCMOIB30BaAHUEM
TKAHEBOTO KJIEsl SIBJISICTCSL XOPOIUEH aJbTepHATUBOU
JUISl MCClIeIoBaTesie, KOTOpble MaJlo 3HAKOMBI C
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MUKPOXHPYPrHYECKUMHU MeTonamu (puc. 4) [29, 38].
TxaneBble OMOpa3maraemMbple [TUAHAKPHUIIATHBIE KIIEH
IIUPOKO MCIIOJB3YIOTCS B XUPYPIUYCCKON MPAKTUKE.
[{nanakpuiaTbl OBICTPO MOJIMMEPHU3YIOTCS B TCUCHHUE
5-60 ¢ B IpUCYTCTBUU CIIa0BIX OCHOBAHMIA, HAIIPH-
Mep BOJbI Wi KpoBH. HeoOXoquMo OTMETHTH, 4TO
MaHaKPUIIATHBIE KIIEW MOTYT MPOSIBIIATH IPSMBIE ITH-
ToTokcuueckue 3dexrol. Peakius nmosumepusanun
KJIes! SIBJIICTCSI 9K30TEPMUYECKOH, a BBIICISIONICECS
TEIUIO BBI3BIBAET MOBPEK/ICHHE KIETOK, M0 KpaiHen
Mepe B UCCIICIOBaHUSX in vitro [39].

Ilepuonepayuonnutii yxo0 u odecneuenue

Onazononyuus HcueoOmMHbIX

M3-3a BO3MOXKHBIX MPOOJIEM, CBSI3aHHBIX C OJa-
TONOJYyYHEeM JKUBOTHBIX, TpeOyercs yOoeauTenbHoe
000CHOBaHHUE HCIOIB30BAHHUS OPTOTOIMYECKUX MO-
Jienieil, OCHOBaHHOE Ha HAayYHOH HEOOXOAMMOCTH U
COOTBETCTBHUHU JAHHOM MOJIEIH HUCCIE0BATEECKOMY
BOIIPOCY, YTOOBI YPaBHOBECHUTH MOTCHIIMAIBHYIO
MOJIB3Y AJIS 37I0POBbSI YeNIOBEKa MIIN HayYHBIX 3HAHUH
1 NOTEHLIMAIBHBINA Bpe AJIsl )KUBOTHBIX. [TockonbKy
OpTOTOTIMYECKAs TPAHCIUIAHTAINS SBISETCS WHBA-
3UBHOM MPOLETYPON U MOJpa3yMeEBAET OlEPATUBHOE
BMEIATEIbCTBO (32 UCKITFOYCHUEM TPaHCIIaHTAIlMN
OIIyXOJIe MOJIOUHOMW JKelle3bl, KOKHU), HEOOXOAUMO
YUHUTHIBATh OJArornoiydyue KUBOTHBIX U MPOBOIUTH
MIPOIIEIYPHI C 0COOO0H TIIATEIHPHOCTEIO, YTOOBI CBECTH
K MHUHUMYMY JuckoMopT, 60ib u crpaganus. Co-
miacHo nupektuse EBponeiickoro Coroza 2010/63/EU,
BCE MPOLEIYPbI, IPOBOJUMBIC Ha YKUBOTHBIX, JOJDKHBI
OBITh KITACCU(UIIUPOBAHBI KaK JIETKHE, YMEPEHHBIC
i sokenble [40]. [lpumenenve Takoi kinaccupuka-
LM K OPTOTONMYECKAM MOJIEIISIM C MHOYKECTBEHHBIMU
BO3MOXHBIMH HEXeNaTeIbHbIMU 3 dekramu npea-
CTaBIIACTCS 3aTPyAHUTETHHBIM.

Pexomenmarmmn OBSERVE (The Oncology Best-
practices: Signs, Endpoints and Refinements for in
Vivo Experiments) npeaocTaBsiOT MOJHBIH HA00D
MPaKTUYECKUX M KOHKPETHBIX PEKOMEHJAIui 10
coBepireHcTBoBaHUIO Moneneit 3HO y MbImmei as
HCClieioBaTeNei, BETEpUHAPOB U COTPYIHHUKOB, yXa-
JKUBAIOIIUX 32 )KUBOTHBIMHU [41]. B pamkax pykoBo-
ctBa OBSERVE noapoGHO paccMOTpeHbI BOIPOCH
HaJJexamiel TOJTOTOBKH M COBEPIICHCTBOBAHUS
KOHKPETHBIX METOJOB TPAHCILUIAHTAIIMU OIMYyXOIHU
(BHYTpHMIJIETOUHAS, OpPTaHbl OPIOMIHON MOJOCTH U
Ip.), @ TAaKXKe OMHUCAHBI KIMHUYECKHE OPraHOCIICHH-
(bnyeckue prU3HAKH, KOTOPHIE MOTYT OBITh CBSI3aHBI
C KOHKPETHBIM THUTIOM OITYXOJH, U CIIOCOOBI OIICHKU
ITHX MPHU3HAKOB.

OTHYecKre HOPMBI TPEOYIOT MCIOIb30BaAHUS
aHeCTe3WH, MYIbTUMOAAIBHON 00e300mnBarome
Tepanuu U APYTUX Mep Al 00ecTIiedeHns TYMaHHOTO
oOpalieHus ¢ KUBOTHBIMHU. TOJIBKO NP HAIHYUU
MPSMBIX J0KAa3aTeNbCTB BIUSHUS MPOTHBOOOIEBON
Teparuy Ha pa3BUTHE IKCIIEPUMEHTAITLHON TTATOIOTHHI
HEe0o0X0omnMOo pa3paboTaTh albTePHATHBHBIN IIJIAH TI0
obnerueHnto 6onu/quckoMdopTa JKUBOTHBIX COBMECT-
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Pwuc. 4. OpToTonuyeckas TpaHCMnaHTauns METOAOM TKaHEBOM
apresun. A — coukcaums dparmeHTa onyxonu (benas ctpenka) Ha
NMOBEPXHOCTUN XBOCTa NOAXENYAO4HON Xenesbl Mbiun C57BL/6
¢ nomoubto knest «Cynbtakpunary, Poccus; B — dmkcaums
dparmMeHTa onyxonm Ha NOBEPXHOCTMN NIEBOW AOMN MEYEHN MbILLN
C-NKG c nomolubto knes Histoacryl®, Vicnanus; C — makpo-
CKOMMUYECKNI B ChOPMUPOBAHHON OPTOTOMNYECKON OMYyXOnu
nogenyaoyHow xenesbl; D — makpockonuueckuii Bug chopmu-
POBaHHOW OPTOTOMMYECKOW OMyXonu nevexun; E — mukpockonu-
Yyeckas kapTuHa dparmeHTa OpTOTOMUYECKON OMyXOnu noaxe-
nyAoYHOW xenesbl. Okpacka reMaToKCUITMHOM 1 303nHOM, x400;
F — Mukpockonunyeckas kapTvHa dparmeHTa opToTONNYecKomn
onyxonu neyeHn. Okpacka reMaToKCUIMHOM 1 3031MHOM, *400.
[MpumeyaHne: pucyHOK BbINOMTHEH aBTOpamMu
Fig. 4. Orthotopic transplantation by tissue adhesive method.

A — fixation of a tumor fragment (white arrow) on the surface of
the pancreas tail of a C57BL/6 mouse using Sulfacrylate glue,
Russia; B — fixation of a tumor fragment on the surface of the left
lobe of the liver of a C-NKG mouse using Histoacryl® glue, Spain;
C — macroscopic view of formed pancreatic orthotopic tumor;

D — macroscopic view of the formed orthotopic tumor in the liver.
E — microscopic image of a fragment of an orthotopic pancreatic
tumor. Hematoxylin and eosin staining, x400; F — microscopic
image of a fragment of an orthotopic liver tumor. Hematoxylin and
eosin staining, x400. Note: created by the authors
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HO C BETepUHAPHBIM NepcoHasoM. OproTonuyeckas
TpaHCIIAHTALMS OITYXOJIH AOJ>KHA BBIIOIHSITHCS KBa-
TUQGUITUPOBAHHBIM TIEPCOHAIIOM C UCTIOIH30BaHUEM
METOAOB aCENTUKHU U HAJJIEKALUM IEPHUONEPALU-
OHHBIM yXO7IOM (TTpO(UITAKTHKA THIIOTEPMHUH, JIETH-
npatanun). UToObl yMEHBIIUTH [10CIICOTEePAIIOHHbIH
00JIeBON CHHJPOM, pa3Mep pa3pe30B JIOJKEH ObITh
MHUHUMAJIbHBIM, CIEIYET UCTIOIb30BaTh WUIJIBI MO-
XOJIAIIETO pa3Mepa U MUHUMAJIbHBIA 00beM JIJIsl BBe-
JICHHSI KJICTOYHOH CycrieH3uu. YToOBI Ipej0TBPaTUTh
CIIy4aliHYI0 JUCCEMUHALUIO OITYXOJIEBBIX KJIETOK, IPU
ONEPATUBHOM BMELIATENILCTBE HACTOSTEIBHO PEKO-
MEH/TyeTCs MCTIONIb30BaTh JIBAa HA0OPa XUPYPTUIECKAX
WHCTPYMEHTOB: JUJISI MAHUNYJISIIUN C OMYyXOJIEBOU
TKaHbIO; JUIsl MAHUITYJISIIIUI C HEOITYX0JI€BOM TKaHbIO.
NHTpamaMMapHyio TpaHCIUTAHTAIHUIO (B KMPOBYIO
KJIETYATKy MOJIOYHOM JKeJe3bl) MpearouTuTeIbHee
BBITIOJIHATHh B TPETHIO WM YETBEPTYIO Mapy Keles,
TaK KaK B 3TOM 00JacTH ¢ MEHbIIEH BEPOSITHOCTHIO
BO3HUKHYT OCJOKHEHUS, U BIUSHUE HA HOPMaJIbHBIC
(hyHKIIMK OpraHu3Ma OyJeT MUHIUMaIbHBIM. CliemyeT
n30eraTh UMIUTAHTAIlMN B KpaHHUaJIbHbBIE (TIEPBEIE) 1
Kay/laJbHbIE MOJIOYHBIE JKeJe3bl (ISITYI0 Y MBIIIeH,
MIECTYI0 Y KPBIC), €CIIK B OTOM HET SBHOW HayIHOU
HEOOXOMMOCTH, TaK KaK POCT OIYXOJH B 3TOW 30HE
MOXKET 3aTPyJAHUTH epeaBIkeHue )KUBOTHOTO [41]. C
y4EeTOM BO3MOYKHOM TIEpH- 1 TIOCTOIIEPAIIMOHHOM Trbe-
JIV )KUBOTHBIX, @ TAKIKE BAPHA0ETHHOCTH SHIPah TMEH-
Ta (4aCTOTHI IPUIKUBIICHHS ) HEOOXOIMMO PACCMOTPETh
BONIPOC 00 YBEIHUYEHUH pa3Mepa BHIOOPKH.

Memoovt npuscu3HeHHOIl 6U3YATUZAUUU

pocma opmomonuiecKux onyxoeii

B oTinume oT mogKoKHBIX M HEKOTOPBIX OPTOTOIH-
YeCKUX OIyXO0Jed MOBEPXHOCTHOM JIOKaIU3auuu (Mo-
JIOuHas XKeje3a, Koxka), MPHKU3HEHHOE HaOIoIeHue
332 pOCTOM OOJBIIMHCTBA OPTOTOIMUYECKUX OIMyXOJeh
HEBO3MOXHO 0€3 3BTaHa31H )KUBOTHOTO. [lo3TOMy mpn
OTCYTCTBHUH CIIEUAIILHOTO aNlapaTypHOIo OCHaIle-
HUS B OKCIIEPUMEHTAX ¢ OPTOTONMWYECKUMH MOJEIISIMHU
JU1s1 HAOMIOIEHHSI 32 POCTOM OITyXOJIEH M ITOCTPOEHUS
KHHETHYECKHUX KPUBBIX HA OTIPE/IEICHHBIX BPEMEHHBIX
TOYKAX BBIMTOJHAIOT IBTAHA3HMIO YAaCTH KUBOTHBIX B
rpymnmnax [19]. Inst npuku3HeHHON BU3yaiu3aiuu ad-
JIOMUHAJTLHBIX OITyX0JIel HanOoJiee MPOCTHIM U JOCTYII-
HBIM CHOCOOOM OLICHKU SHIpa)TMEHTa U U3MEPEHHMS
pa3MepoB OPTOTONNYECKHUX TPAHCIUIAHTATOB ABJISIETCS
KOHTPOJIbHAS JTAapOTOMUSI B KOHKPETHBIN JEHb MTOCIIE
MIEPEBUBKH C MOCIETYIOMNM U3MEPEHUEM JINHEWHBIX
pa3MepoB OITyXOJIH MTAHTCHIHPKYIeM [42].

Pa3nnunele anmapaTHble METOABI BH3yalU3aluu
MTO3BOJIAIOT MPOBOJAUTH CEPUIHBIE U3MEPEHMSI OIly-
XOJIM B T€UEHHE NIepro/ia HaOIIOICHNS, IPEIOCTABIISAS
LIEHHbIE JTAHHBIE O pa3Mepe OIyXOJIEBOTO odara H
HPOrpeECCUPOBAHUH Mpouecca. MeTo bl ONTUYECKOU
BU3YyaJIM3al[lM, TaKhe Kak OMOJIOMHHECIEHTHas
BHU3yaJHM3alsl BCEro KUBOTHOTO (in vivo imaging
system, [VIS), yacto ucnons3zyrorcs dnaromapst cBo-
eil cnenMUIHOCTH U YHUBEPCATBLHOCTH, TOCKOIBbKY
KJIETKM MOXHO JU0O0 TpaHCHHUIUPOBATH T'€HAMU
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OMOTIOMHHECIICHTHBIX (DEPMEHTOB, MO0 TIOMETHTH
(hiryopecteHTHBIM 30H10M [43]. B pyTHHHO# MpakTHKe
HanOoJIee MMPOKO MCTIOIB3YETCS METO HAOTIONCHUS
32 OPTOTOIMYECKIMH OTTYXOJISIMH, KOTOPBIN 3aKITI04Ya-
€TCs B HCTIOJIb30BAHUH KJIETOK, TPAaHC(HUITMPOBAHHBIX
monudepaszoil — GepMEeHTOM, KOTOPBIH H3JIydaeT
CBET IPH B3aUMOJACHCTBUU CO CBOMM CyOCTpaToM,
morudepunoM. CyocTpar BBOOUTCS B OPraHU3M, UTO
MO3BOJISIET HEMHBA3KUBHO IOJIyYaTh W300pakeHUs U
OIIpEeeNsiTh MHTEHCUBHOCTD CBETA B ONPEAEICHHON
oOnacTu Ay1st OlleHKH pocTa ommyxon |38, 44]. Cnemyet
YUUTBIBATh, YTO JIFOObIE METOABI ONTHYECKON BU3Yya-
JIM3AIH TTOJIBEPIKEHBI PACCEUBAHMUIO M TTOTJIOMICHHIO
ceera. [loaTomMy onTuyeckas BU3yanu3arusi MOKET
OBITh 3aTpy/IHEHA U3-3a NTyOHHBI TKAHEH U, KaK IPaBH-
JI0, IPUMEHNMa TOJILKO K MEITKUM TpbIzyHaMm. TouHoe
M3MEpEHHE OITyXO0JIel CTAHOBUTCSI 0COOCHHO CIIOKHON
3aaueil py HaOIIOICHUH 32 POCTOM OPTOTOIMYECKUX
TPaHCIUIAHTATOB, KOTJa OITyXOJIM HAYMHAIOT PACTH 32
npezesiaMi HOpMajaIbHOTO aHATOMUUECKOTO IIPOCTPaH-
CTBA, IOCKOJIbKY OHU MOT'YT IOCTUIaTh OOJIBIINX Pa3-
MEpOB, HE MPEMATCTBYS NePEIBUKEHUIO KUBOTHOTO
WIN ero ’ku3HecrocobHocTH. bompmas omyxois He
TOJILKO YBEJTMYHBAET PAcCEMBAHKE, HO U «IIOJICTPau-
BAaETCsD» TIOJI CBO€ MUKPOOKPYIKEHHE, UTO MPUBOIUT K
M3MEHEHUSIM B KpOBOCHaOXeHUH, pH 1 okucIuTesb-
HBIX CyOCTparToB, KIIOYEBBIX KOMIIOHEHTOB, KOTOPHIC
PEryIUpYIOT peaKkuy OKCUIopeayKTa3 (Jronudepas).
Kpowme toro, B 00b1IMX OITyX0JsX HOPMHUPYIOTCS He-
KPOTHUYECKHE OYary, HapylaeTcs KpoBOCHaOXKEHHE,
BBI3bIBAIOIIEE TUIIOKCUIO M aHOMAJIbHBIH METa00IN3M,
YTO MOXET NPUBOAUTH K CHUKCHUIO KOHLIEHTPALUU
monudeprHa ¥ aKTUBHOCTH (DEPMEHTOB, YMEHbIIIE-
HUIO (ITyOPECLEHTHBIX CUTHAJIOB U JIO)KHOMY CHH-
JKCHUIO HHTEHCUBHOCTH (ryopecueHimu [45]. Beuny
BBICOKOM cTOMMOCTH 00opynoBanue s [VIS moxer
OBITH HEIOCTYITHO AJISl HAYYHBIX OpraHU3aLHH.

K. Doyle et al. [44] B skciepuMeHTax ¢ OPTOTO-
MUYECKO MoJIenblo HelipoOmactombr NB1643 ycra-
HOBUJIH, YTO POCT OILYXOJIHM XOPOILLIO OTCIIEKHUBACTCS C
HOMOIIIBIO YJIBTPA3ByKa C IPUMEHEHUEM YIIBTPa3ByKO-
Boro garumka Wisonic Piloter Veterinary 615 MI 1.
XOTs 9TOT JATYUK 00NIa1aeT MEHBIIICH pa3periaromnieit
CITOCOOHOCTEIO, ueM AaTuuku 22—55 MI'1i, on 3aMeTHO
JIeIIeBIIe U TOCTyMHee. MHOTrOYHCIIEHHbIE HCCIIEI0Ba-
HUS [TPOJIEMOHCTPHPOBAIIH YCTICIITHOE HCTIONB30BaHHIE
yIABTpa3ByKa JUIsi MOHUTOPHHIA POCTA OITYXOIH 71 VIVo
C PaBHBIMH HJIM NPEBOCXOASIIMMHU PE3yIbTaTaMH 110
CPaBHEHHUIO C OJHOH TOJBKO OMOIIIOMHUHECIICHTHON
BH3yanu3anueid. [lo maHHBIM aBTOpPOB, HE OBLIO CY-
IIECTBEHHOM PAa3HUIBI B BO3MOXKHOCTSIX BU3yaIM3a-
IIUU TIPY yABTPa3ByKoBOM uccienoBanuu (Y3M) mo
cpasuenuto ¢ [VIS, a Y3U-MOHUTOPHUHT B TUHAMUKE
crocoOcTByeT Oojiee TOUHOH MACHTU(PHUKALUKN U W3-
MEPEHUIO OITyXOJIH.

Komnbrorepnas romorpadus (KT) ucnons3yercs
y 4eJIOBEKa ISl ONPEACICHUS JOKAIN3ALUH U XapaK-
TEPUCTUKHU OIyXOJeH, HAOIIOACHNS 3a MHBA3HEH U
METaCTa3UPOBAHUEM, a TAKXKE INITAHUPOBAHUS JIeueo-
HOT'O BMEIIATEIbCTBA U JIeKapcTBeHHOU Tepanuu. KT
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OOBIYHO TI0X0 KOHTPACTUPYET C MATKUMH TKAHSIMHU.
M.S. Myers et al. [45] ycTaHOBWITH, 9TO, HECMOTPS Ha
COIOCTAaBUMYIO CKOPOCTH U 00JIe€ BEICOKYIO TOUHOCTH,
cambIM OonbinuM HemocTarkoM KT mo cpaBHEeHHIO ¢
OHMOIIFOMUHECIICHTHBIM METOIOM SIBIISIETCS TO, 4YTO OHA
TpeOyeT NpeABapUTEIbHBIX aHATOMUYECKUX 3HAHUH,
0co0eHHO 0e3 MCTOIh30BaHUsI MAPKUPOBAHHBIX 30H-
JI0B. ABTOPBI MTOKA3aJIM, YTO U3MEPEHHSI C TOMOIIIBIO
OHMOJIFOMUHECIICHIIUH 3HAYUTEIILHO PA3INYAr0TCS U HE
OTPaKalOT PEaNbHBIA POCT OIYXOJIH B OPTOTOIIHYE-
ckoit mogenn LNCaP. C apyroit ctoponsl, KT ouens
TOYHO OIIEHWBAJIAa peasibHBI pazmep U GopMy OIry-
XOJH B IUHAMHUKE B IByX OPTOTOMHYECKUX MOJEISIX
paka npejcTarenbHOH xemne3bl. [[o MHEHHIO aBTOPOB,
KT 6omee mpeamodTtuTeNbHa, KOTJa HEBO3MOXKHO
IIPOBECTH OMOIIOMUHECIIEHTHYIO TPAHC(HEKIINIO UITH
(iryopecleHTHYI0 MapKHUPOBKY TPAHCILIAHTHPYEMOTO
OITyX0JIEBOTO Marepuana [45].

B skcnepuMeHTaabHONW OHKOJOTMM MarHUTHO-
pe3onancHast tomorpadus (MPT) mokeT ObITh UCTIONB-
30BaHa JUIs OMPEICICHUS pa3Mepa, MECTOIOIOKEHUS,
COCY/IMCTON WHBAa3WU W TE€TEPOTEHHOCTH OITYXOJIH.
OTOT METO/ XOPOIIO MEPEHOCHUTCS Tab0paTOPHBIMH
JKUBOTHBIMH, a TOBTOPHOE UCCJIE0BaHNE HE BIMSET Ha
Oraromnosny4ue >KUBOTHBIX MJIM POCT oIyxoiu [14].

B cpaBHeHuu ¢ onTryeckol BU3yanu3aue MeTos
MO3UTPOHHO-IMHUCCUOHHOH TOMOTpaduu, COBMEIIICH-
Hoii ¢ KT (IT9T/KT), npeamonaraeT UCIoib30BaHHE
JOPOTOCTOSIIUX PAAUOAKTUBHBIX COCIUHCHUN U
TpeOyeT CTPOTUX IMOIX0I0B K 00ecIeueHuto Oe3orrac-
HOCTH M HEOOXOAMMOCTH JIOTUCTHKH PaHOAKTUBHBIX
n3otonoB. B 1o xe Bpems meron [IDT/KT He TpeOyeT
MIPeIBApUTEIILHON TeHETUYECKOW MOU(UKAIIMHU OITy-
XOJIEBBIX KJIETOK U TIPEIOCTABIISIET TOMOTPAPHUECKYIO,
AHATOMUYECKYI0 U MOJICKYISIPHYIO WHPOPMAIUIO
C BBICOKHM pa3zpemnieHueM. Vcronb3oBaHue paano-
akTuBHOTO M30TOMA "*F-hropaesokcurirokossl (['¥F]
@®/I') rapaHTHPYET BHICOKYIO TPAHCIISITHOHHYIO MOTII-
HOCTB HCCIIE/TOBAHHIA, IPOBOTUMBIX C TIOMOIIIBIO 3TOTO
Metona. Bo Bpems uccnenoBanus metogom [1DT/
KT ¢ [¥F]®/I romoganue U corpeBaHue MbIIICH, a
taroke Bpems noronienus [*F]OI B 1 yac moryT
3HAYUTENBHO YIAYUIIUTh BU3YATH3AIMIO OITyXOJeH,
[TOCKOJIBKY YCJIOBHSI CKAHHPOBAHUS CHJIBHO BIUSIOT
Ha KoHTpacTHOCTH [13T [32, 46].

[IpenmytiecTBa ¥ HEAOCTATKH OCHOBHBIX METOJIOB
HEWHBAa3UBHOW NMPUKU3HEHHOW BU3yaju3allMH, UC-
MOJIb3YEMBIX B JOKIMHUYECKUX HUCCICHOBAHUAX, UX
YYBCTBUTEILHOCTb, IPOU3BOAUTEIBHOCTD, pa3peliaro-
I1ast CocOOHOCTH omnHcaHkl B pabote M. Baker [47].
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3akJilouenue

Cnycta 150 net nocine nepBoil ycrenHoun cepuii-
HOW TpaHCIUIAaHTAIIMW OMYXOIU in Vivo BBIOOD TIOJI-
XOJIAIIENH IKCIEPUMEHTAIILHOW MOJIENIA C yYacTHEM
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OITyXOJIEBBIX KIJIETOK, KYJIHTHBUPOBAHHBIX in Vitro,
TpaHCIUTaHTalus (PArMEHTOB COJHMIHBIX OMyXOJeh
o0ecrieunBaeT COXpaHEHHE KIOHAIBHOM TeTeporeH-
HOCTH OITyXOJIM, KOMIIOHEHTOB €€ MUKPOOKPY>KEHHUS
Y BHEKJIETOYHOTO MaTPUKCa, KOTOPBIE MTOAICP>KABAIOT
SHTPaTMEHT U POCT OIMYXOJIH.

3HavueHre MecTa TPAHCIUIAHTAIINHA OCOOCHHO BaK-
HO, TaK KaK POCT OIyXOJH, €€ METaCTa3MpPOBAHHE U
(hapMaKOKMHETHKA TECTUPYEMBIX TIPOTHBOOITYXOJIEBBIX
CPEZICTB 3aBUCAT OT aHATOMUYECKUX ¥ (PU3HOIIOTHYe-
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WCCIIEIOBAHUY i1 Vivo ISl yTITyOJICHHOM OLIEHKH I1PO-
THUBOOIIYXOJICBOM aKTUBHOCTH 3KCIEPUMEHTAJIBHOTO
JICUEHUS, & TAKOKE JJIST TOBBIIICHUS POTHOCTHYECKOM
[IEHHOCTH U HAJC)KHOCTU JTOKIMHHUECKUX pe3ylbTa-
TOB. COBEPILICHCTBOBAHUE TEXHUKU OPTOTOMHYECCKOM
TPaHCIUIAHTALMU U METOI0B HEUHBAa3UBHOW BU3YyaJIH-
3allMM POCTA OIYXOJIM Hapsily C CO3AaHUEM KPYIHBIX
oubnuorex (6M00aHKOB) (QparMeHTOB OIMyXOJeil
yenoBeka (PDX) mo3BoisieT UCHONb30BaTh JIaHHBIC
MOJIEITH JUTS TIPOCTIEKTUBHOTO ()OPMYIHUPOBAHUS KU~
HUYECKUX TMIOTE3 U TPAHCISILIMOHHBIX UCCIIETOBAHHUNA
B OHKOJIOTHH.
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PEOKOE HOBOOEPA30BAHUE MOJIOYHOW XENE3bl:
KNMHWYECKWNIA CITYYAU AODEHOMUOIMUTENUOMbI

T.C. Bepectok', M.B. EpmowieHkoBa'?, B.H. Mankuu'?, A.6. CemeHoBa',
B.B. AuaeHko', B.I'. LlaTanos', O.U. UcaeBa', M.A. BoraTbipéBa’,
O.N. CtapueBa'?, K.P. 9muHoBa?

TBY3 «'KB um. C.C. KOguHa A3M»

Poccus, 115446, r. Mocksa, KonomeHckun np-g, 4

20rAQY BO «[epBbii MockoBCKUiA rocyqapCTBEHHbIN MeguumHckmin yHuBepceuteT um. .M. CeveHoBay
Poccusi, 119435, . Mocksa, bonbluas MNMuporosckas yn., 2/4

AHHOTauus

AKTyanbHOCTb. AJEHOMMO3NUTENMOMA MOJTOYHON Xernesbl — pefkas 4obpokayecTBEHHAsA ONyXorb, Xapak-
Tepusytowaaca AByxdasHon nponudepaumen annTennanbHbiX 1 MUOSNUTENUANbHbIX KNETOK AO0MNbKOBOrO
1 NPOTOKOBOIO KOMMOHEHTOB MOJTOYHOMN enesbl. HecmoTpsa Ha JoO6pokavyeCcTBEHHYIO NPUPOAY, adeHOMMWO-
3NUTENMOMa MOXET NOABEPraTbCs 3r10Ka4eCTBEHHOM TpaHCcopMaLMy, YTO AeNaeT PaHHIOK ANArHOCTUKY 1
BOBPEMS Ha4YaToe fieveHne 0CobeHHO akTyarnbHbIMU. B HacTosiLLiee BpeMs HET YCTaHOBMEHHbIX KITMHUYECKMX,
PEHTIEHONOMMYECKNX U MOPEOSIOTMYECKNX KPUTEPMEB ANS PAHHErO BbISABIIEHWSI STOrO TUMA OMyXOnu, YTO
3aTpyAHSAET ONArHOCTUKY 1 TpebyeT rMCToNormyeckoro nccregoBannst onyxoni. OnncaHue KNMHUYeCKoro
cnyyas. MauuenTka C., 39 ner, obpatmnack B OHkonorndeckui ueHTp Ne 1 FbY3 «I'KB um. C.C. FOgnHa O3M»
no NoBoAdy HOBOOGPAa30BaHMSA MOJTOYHOW Xenesbl, BbISIBIEHHOrO Npu NiiaHoBoM obcnegoBaHuu. o gaHHbIM
YNbTPa3ByKOBOrO MCCreaoBaHnst Oblnio NpeanonoXeHo Hanuume cdmbpoageHombl. [py rmcTonornyeckom
nccrnenoBaHum TpenaH-bruonTaTta onyxonu Obinia AnarHoCTUpoBaHa ageHomMmuoanuTenuoma. lNauneHTke Bbl-
norHeHa cekToparnbHas pe3ekuus MpaBor MOITOYHOW Xemne3bl, TMCTONOrMYeckMe U UMMYHOTMCTOXUMUYECKNE
nccrnenoBaHUs onepauvoHHOro MaTepuana noaTeepannv MarHo3 ageHOMUOINUTENNOMBI. 3aKItoyYeHue.
AJEHOMNO3NMTENMOMA MOSIOHYHOM XXene3bl — peaKas OrMyxosib C YHUKAIbHbIMI FTMCTONOrMYECKUMN XapaKTepu-
cTvkamu. [lnarHo3 yctaHaBnmBakT HA OCHOBAHUM MTMCTOMNOrMYECKOro U MMMYHOTMCTOXMMUYECKOTO UCCNEeao-
BaHUSA. OCHOBHbIM METOAOM Fe4YeHUs ABMAETCS XMPYypruyecknin. Heobxoaumbl AanbHenwme nccrnegoBaHns
AN N3yYeHns naToreHesa.

KnioueBble cnoBa: ag€eHOMMO3INUTENIMOMA MOJIOYHOW Xene3bl, CeKTopanbHaa pe3eKuusi, pak MOsIo4YHOMN
XKene3bl, UIMMYHOIrMCTOXUMMNYECKOE UccregoBaHue.

#=7 bBbepecTok TaTbsiHa CepreeBHa, berestok_t@mail.ru
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CASE REPORTS

ADENOMYOEPITHELIOMA OF THE BREAST: A CASE REPORT

T.S. Berestok', M.V. Ermoshchenkova’?, V.N. Galkin'?, A.B. Semenova',
V.V. Didenko’, V.G. Shatalov', O.l. Isaeva', M.A. Bogatyreva', O.l. Startseva'?,
K.R. Eminova?

'S.S. Yudin City Clinical Hospital, Moscow Department of Health

18A, Zagorodnoe shosse, Moscow, 117152, Russia

2].M. Sechenov First Moscow State Medical University, Ministry of Health of Russia
8-2, Trubetskaya St., Moscow, 119992, Russia

Abstract

Background. Adenomyoepithelioma of the breast is a rare benign tumor characterized by biphasic proliferation
of epithelial and myoepithelial cells of the lobular and ductal components of the breast. Although benign,
adenomyoepithelioma has a potential for malignant transformation; therefore its early detection is crucial.
Currently, there are no established clinical, radiological and morphological criteria for early detection of this
type of tumor, which can complicate diagnosis and requires histological examination of the tumor. Description
of the clinical case. A 39-year-old female patient presented to the Oncology Center No. 1 of the S.S. Yudin
Clinical Hospital with the breast neoplasm detected during a routine examination. Ultrasound examination
showed fibroadenoma. Histological examination of the trepan biopsy specimen revealed adenomyoepithelioma.
The patient underwent a sectoral resection of the right breast. Histology and immunohistochemistry confirmed
the diagnosis of adenomyoepithelioma. Conclusion. Breast adenomyoepithelioma is a rare tumor diagnosed
by histology/immunohistochemistry, with surgery as a main treatment. Further research is needed to study

the pathogenesis.

Key words: adenomyoepithelioma of mammary gland, sectoral resection, breast cancer,

immunohistochemical examination.

Beenenne

CortacHO COBpeMEHHOM KilaccH(pUKaLum, Oy X0oIu
MOJIOYHOM YKeJe3bI MTOIPa3AeIISIFOT Ha SITUTETHAIbHBIE,
ME3CHXHMAJIbHBIC, (PHOPOITTUTETHAIBHBIC, OITYXOJIH
COCKa, 3]I0Ka4eCTBEHHBIE JIMM(OMBI, METACTATHUECKHE
OITYXOJIM U OIYXOJIA MOJIOUHOU JKEIe3bl Y MYKUHH
[1]. AneHoMHOATUTEINOMA MOJIOYHOM Keae3bl —
penkuii BUI JOOPOKAYECTBCHHON OMYXOJIH, KOTOPAs
Pa3BHBACTCS IPEUMYIIECTBEHHO Y KEHILMH, TIPH 3TOM
B HacTosilee Bpems, o ganHeiM B. Gafton et al., 3a-
PErUCTPUPOBAHO TONBKO 2 ciyyas y MyxuuH [1, 2].
OOBIYHO aICHOMHOATIHTEIHOMBI BCTPEUAIOTCS Y JIHIT
crapiue 60 JeT, OTHAKO U3BECTHBI CIIyYau BBIBICHHS
OITyX0NM y OoJiee MOJIOABIX MAalMEHTOK, B MUPOBOH
JIUTEpaType 3apETUCTPUPOBAHBI CITyYaun aICHOMUODIIH-
TEJMOM B IIMPOKOM BO3pacTHOM mauamnaszoHe (16—86
net) [3]. Tak, B OTe4eCTBEHHOH JIMTepaType OMHcaH
penxwuii cirydyaii 1oOpoKauecTBEHHOM aIeHOMHOITHTE-
nuoMel y 16-netueit nanuentku [4]. I'ucronoruuecku
a/ICHOMHOATIMTEINOMA XapaKTepu3yeTcs mponundepa-
el SMHUTENNaNbHBIX U MUODTIHTEINATBHBIX KIETOK
JIOJIBKOBOTO M ITPOTOKOBOTO KOMITOHEHTOB MOJIOYHON
JKEJIe3bl, TT03TOMY JIAaHHBIH BUJI OIYXOJIH OTHOCHUTCS
K TIOJTHUITY AITATEINATbHO-MHUOSTUTEIHAIBHBIX OITy-
xoneit moouHo# sxenessl [1]. B 2021 . E. Rakha et
al. yTouHwM Kiaccu(UKaIM 3TOr0 THUIIA OIYXOJIH,
pasnenyB ee Ha MOATHUIIBI: 100POKaueCTBEHHYIO, aTh-
MMUYHYI0 W 3JI0KAY€CTBEHHYIO aJICHOMHUOSTUTEIHOMY
[5]. B HacTosmee BpeMst KITHHIYECKUE, PEHTTCHOJIOTH-
YeCKHe ¥ TUCTOIOTHYECKHE TAHHBIC ISl TMarHOCTHKH
3a00JIeBaHNsI OTPAHUYCHBI M HE SIBJISOTCS CIeUupry-

174

HbIMU. B OONBIIMHCTBE Cly4yaeB aJeHOMHUODIIHTE-
JMOMa TPOSBISIETCs Kak 0e300Je3HEHHOE, IIOTHOE,
XOpOIIO OTTpaHUYEHHOE 00pa30BaHKE B BUAE y3Ia, C
HEUYETKUMHU KPasMH, B CPEJHEM 10 2 CM B THMaMETpE.
bonb 1 quickoMpoOpT BCTpevyaroTcsi peiko U 0OBIYHO
CBsI3aHBl ¢ OOJBIIMMH pa3MepaMH OMYXOJIU MIIH BOC-
NaauTeNbHBIMU H3MEeHeHusIMU. Ha Mammorpamme ajie-
HOMMO3IHTEINOMA YacTO MPEICTABIECHa KaK XOPOLIO
OTIpaHUYEHHOE, OBAJILHOE, IJIOTHOE 00pa3oBaHue,
MHOTJIA ¢ MUKPOKAJIbLIMHATAMH, a YJIBTPa3BYKOBOE
UCCIIEI0BaHIE MOJIOUHBIX YKeJe3 TIOKa3bIBaeT HEOIHO-
POZIHOE T'MIIO3XOT€HHOE WIIM CMELIAHHOE 3XOTCHHOE
00pa3oBaHUE ¢ YETKUMHU MM HEYETKUMH I'PaHULIAMH,
Kak IpaBmIio, Oe3 Mpu3HaKoB BacKyIsipu3anuu. [1atomo-
roaHaTOMHYECKasi JUarHOCTHKA aIeHOMHOITUTEIHOMBI
MOJIOYHOM KeJIe3bl SBISETCS CIIOKHON 3afauei u3-3a
IeTepOreHHOCTU OIYXOJIH, Psia TUCTOJIOIHYECKHX
NaTTepHOB M HEJOCTATOYHOTO oObeMa MaTepuala
npu 3abope TpenaH-OMOITaTa, MOITOMY JTOBOJIBHO
4acTo OJHOI OMOICHM HEIOCTAaTOYHO AJISI YCTaHOB-
KM TOYHOTO JHWarHo3a aJeHOMHOIIUTEINOMBI [6—8].
OCHOBHOHM TaKTHUKOW JledeHus1 T0OPOKaYEeCTBEHHBIX
U 3JI0Ka4Y€CTBEHHBIX aJCHOMHODIUTEINOM SIBISIETCS
XHpypruueckas B 00beMe yaajaeHusI OMyXOJH € IHPO-
KAMH Kpasmu pe3ekiun (wide excision) B mpenenax
30pPOBBIX TKaHe [9—13].

st onpenesieHust 3J0Ka4eCTBEHHON TpaHCchop-
Mal¥ UCIONB3YI0T Mopdonornueckue Npu3HaKH,
TaKue Kak siepHasi aTUIHs, BBICOKAs MUTOTHYECKas
AKTHUBHOCTb, HEKPO3bl 1 MH(WIBTPATUBHBIN THII PO-
cta. OHAKO HET YeTKUX KIMHMYECKUX KPUTEPUEB,
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MO3BOJISIONIUX OTIWYHUTH JOOPOKAYECTBEHHBIE U
3JI0Ka4eCTBEHHBIE a[EHOMHUOATHUTEINOMBI, 9TO 3a-
TPYIHSIET MEePBUYHYIO TUATHOCTHUKY 3a00JeBaHUS
[14]. AneHOMHOATIUTEINOMY TPYAHO OTJIIMYUTH OT
JIPYTUX JTOOPOKAYECTBEHHBIX OITyXOJICH MOJOYHOM
JKeIe3bl, TAKUX KaK BHYTPUIIPOTOKOBAs MAITMIIOMA,
KaHaJbIIeBast aJlcHOMa M CKJICPO3UPYIOIMNH aJeHO3,
1 3JI0KAYECTBECHHBIX HOBOOOPA30BaHUiT; OKOHUATEb-
HBII IMarHO3 YCTaHABIMBAIOT TATOMOP(OIOTUIESCKI
[15-17]. U3-3a penkocTu 3a00I€BaHUS TOYHBIC Ya-
CTOTa M PacIpPOCTPAHEHHOCTh OCTAIOTCS HESICHBIMH,
u OoJbIas 9acTh WH()OPMAINK B TAHHOM CTAaThE T10-
JydeHa 13 0030poB 00 OTAETbHBIX HEOOJBIINX CEPUIX
KIIMHUYECKHX CITy4aes.

B nanHOI1 cTaThe npencTaBieHbl 0030p IUTepaTy-
PBI O TUATHOCTUIECKUX METO/IAaX, BApUAHTAX JICUCHUS
Y TIPOTHOCTHYECKHX (PaKTOpax aJICHOMUOITUTEITHOMBI
MOJIOUHOH JKeJe3bl, a TAKXKE KIMHUYECKUH CITydaid.

0030p auTEpaATYpPHI

Mopdosoruueckuii METO SIBJISIETCSI CTaHIaPTOM
JUarHOCTUKH aJCHOMHOAMUTEINOMBI, OJJHAKO B
HEKOTOPBIX paboTax cooOuiaeTcsi 0 MOJIOBUHE HE-
MOATBEPKACHHBIX CIIy4aeB aJleHOMHOBIUTEINOM 10
pe3yibTaTaM IJIaHOBOTO TUCTOIOTHYECKOTO HCCIIE0-
BaHUs ollepallMoHHOro Marepuaia [6, 13]. CornacHo
KJIACCU(HUKAIINH OITyXOJIeld MOJIOUHOM skene3sl BO3,
anenomuosnuTennoma (AME) — HoBooOpa3oBaHme ¢
SMUTENNATBHO-MUOATHTENANTBHON poudepauei
(00BIYHO TOOPOKAYECTBEHHOE), XapaKTePHU3YIOIIEecs
HEOOBIINMHU, BHICTIIAHHBIMH 3IUTEIHEM IIPOCTPaH-
CTBaMHU C KJIETKAMHU BHYTPEHHETO IIPOCBETA IPOTOKOB
u npoiudepanreil HeMOCTOAHHO yBEIUYEHHBIX U
OTYETIIUBO 3aMETHBIX JIOMHUHAJIBHBIX MHUOAIHUTEIH-
aJbHBIX KJIETOK [1].

Y. Fukudome et al. mpejcTraBuny ONBIT TUATHO-
CTHKH JJOOpOKauyeCTBEHHON aJIEHOMHOSTUTETUOMBI Y
JIBYX MaIMeHTOK [6]. ABTOpPBI HE MOTJIU MOJHOCTHIO
HCKJIIOYHUTH AUATHO3 KapIMHOMBI MOJIOYHOM KeJIe3bl
y HalMEHTOK, B CBSI3U C YeM Oblila BBHINOJIHEHA Jua-
FHOCTUYECKAsI CEKTOpaJIbHAsl PE3EKLIUS MOJIOUHOH JKe-
ne3bl. [To pesynpraram miaHoBOTO THCTOIOTHYECKOTO
HCCIIeIOBaHUs ONIEPAlMOHHOTO MaTepuasia He ObLIo
BBISIBJICHO NPU3HAKOB 3JI0KAY€CTBEHHOCTH HH B MPO-
TOKOBBIX 3MUTEIHANIBHBIX, HI B MUO3IUTEINAIbHbBIX
kieTkax. Ha ocHOBaHMYM JaHHBIX MOP(OIOTHIECKOTO
1 UMMYHOTHUCTOXMMUYECKOTO HCCIIEI0BaHUH yCTaHOB-
JIEH JMarHo3 J00pOKaueCTBEHHOW aJeHOMMOIIINTE-
momsl. E. El-Helou et al. cooOmmmnu o kitmHYecKoM
cllydae aJIecHOMHUOSTIUTEINOMBI Y TIAIIMEHTKH 66 JeT
[3]. [To maHHBIM UHCTPYMEHTAIBLHOTO HCCIICAOBAHMUS
o0HapykeHO 00pa3oBaHUe MATKHUX TKaHEH, pa3mepa-
MU 18x7%15 mm, 10 pe3ynbTaraM TpenaH-OHOTICHH —
bubpoamenomMa MOJIOUHON Jkene3nl. [lanmenTke
BBITTOJIHEHA MacTaKkToMus. [Ipu mianoBoMm ructosno-
THYECKOM HCCIIEZIOBAHUN JUArHOCTUPOBaHa aJeHO-
muodnurenuoma. S. Jayakar et al. onmcanm cimyuait
manuenTku 35 net [18]. [To maraeM Y3U B mipaBoi
MOJIOYHOI JKeJIe3€e BBISBICHO YETKO OYepueHHOe rere-
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POTEHHOE THIIEPIX0TEHHOE 00pa30BaHKe, pa3MepaMu
28%37 MM, ¢ IpU3HAKaM1 KPOBOTOKA, KIIMHUYECKU U
IIUTOJIOTHYECKU COOTBETCTBYyIOIIEe (puOpoagcHOME.
BrinonHeHna cekropaiibHas pe3eKIus MOJIOYHOH Ke-
JI€3bl, IPU IUTAHOBOM TUCTOIOTMYECKOM UCCIIEAOBAaHUU
BBISIBIIEHA JJOOPOKauECTBEHHAS OITyXOJb, COCTOSIIIAS
U3 MPOoUQepalui AMUTEITHATBLHBIX U MHUOSITUTEIHU-
aJBbHBIX KJICTOK (aJCHOMUAIHUTEINOMA), TPU3HAKOB
aATUNUU WIN 3JI0KAY€CTBEHHOCTU HE OOHApYKEHO.
Jns muddepennunaniu 100poKadeCcTBEHHBIX U 3710~
KaueCTBEHHBIX (DOPM HEOOXOAMMO HCTIOIB30BAHUE
HMMYHOTHCTOXUMUYEcKoro uccinenoBanus (UI'X).
Takue mapkepsbl, Kak p63, IN1aJKOMBIIICYHBIH aKTHH
(SMA) u nuTokepaTuHbl, OOBIYHO HUCIOIB3YIOT IS
UACHTH(UKAITIN MAOATTUTETHATBHBIX U AT TETHAIb-
HBIX KOMITOHEHTOB [15—17].

310KadyeCcTBEHHAsI alCHOMHUOAMUTEINOMA
(AME-M) — aneHOMHOSIIUTENHNOMA C KapIIMHOMOM,
MIPH KOTOPOH 37I0Ka4eCTBEHHOE 00pPa30BaHNE MOXKET
BO3HHKATH W3 MPOCBETHBIX IMHUTEINATBHBIX, WA U3
MHUOBIUTETNATBHBIX KOMIIOHEHTOB, WJIH U3 000UX
TUNoB kietok. Korma 3mokauecTBEHHBIMU SIBIISIOT-
Csl KaK DTIHUTENHANbHbBIE, TAK U MUOJIHTEINAIbHbIC
KOMITOHEHTBI, UCTIONB3YIOT TEPMUH «ITHUTEINATLHO-
MHUO3MUTENNaIbHasg KapuuHomay. AME-M moxet
JIEMOHCTPHUPOBATh IIUPOKHIA CIIEKTP MOpQoIoruye-
ckux npusHakoB. [Ipy AME co 310KauecTBEHHBIM
M3MEHEHHEM IPOCBETAa W/WIH MHUOIIUTEIHAIEHOTO
KOMITOHEHTa PacloO3HAIOT THUCTOJIOTHYECKUN BUA
AME, nipu 3T0M TIepex0/] B KapIIHHOMY HaOIFOIaeTCs B
BUJIE IIUTOJIOTUYECKOHN aTUITNH, YBEIIMYCHHSI MUTO30B
M HEKpo3a B 3JI0OKa4eCTBEHHOM KommoHeHTe. Korma
3JI0KauyeCcTBEHHAs TpaHchopmaius 3aTparuBaeT B
OCHOBHOM JMHUTENHUANTBHBII KOMIIOHEHT, OHA MOXKET
BKJIIOYATh MPU3HAKA UHBA3UBHOU KAPIIUHOMBI MOJIOYU-
HOM JKeJIe3bl HecTeu(pUIeCKOTo THITa, HHBA3HBHOM
JTOJTEKOBOY KapIIMHOMBI ¥ KAPIIMHOM OCOOBIX THIIOB.
Korna 3nokauectBeHHas Tpanchopmanusi BKIIOYAET
MHUOSITUTEIINATBHBINA KOMIIOHEHT, TPEe00IaIatoT IpH-
3HAKW MUOJITHUTEIHOKIIETOYHOTO paKa; TaKue CIrydan
XapaKTepU3yIOTCA Ype3MEPHBIM POCTOM BEPETEHO-
00pa3HBIX W ATUTSIUOUTHBIX MUOITTUTEIINATBHBIX
KJIETOK C MPO3PavHON HIIM 303MHO(DHIBHON LHUTO-
1a3MOH, SIAEpPHON aTUNUEH W YaCThIMU MHUTOTHYE-
cknmu (purypamu. Hepeako mHBa3WBHBIN KOMIIOHEHT
KapIIHHOMBI OTHOCUTCS K METAIUIACTUYECKOMY THUITY.
HexoTopsie aBTOpBI COOOIIANH O TIOCKOKIETOYHOM
pake, aJleHOCKBaMO3HOH KapIIMHOME HU3KOH crerie-
HU 3]I0KaY€CTBEHHOCTH, BEPETEHOKIETOYHOM pake,
KapIIMHOCApPKOME W MaTPUKC-TPOIYIHPYIOLIe Kap-
uuHome [1].

E.H. Belhaddad et al. npeacTaBunm KIMHUYECKUN
npuMep nauueHTku 34 net, y kortopoil npu Y3U
MOJIOYHBIX JKEJIe3 BBISBJICHO THIIO3XOT€HHOE 00pa-
30BaHME C JIOJIBUATBIMHU KpasiMu 0e3 KalbIMHATOB,
paszmepamu 20%20x15 mm [9]. [1o pesynbraram ructo-
JIOTUYECKOTO MCCIIeIOBaHNUS O0OHAPYKEHA OITyXOJb C
JIBYXKOMIIOHEHTHOH TIpoJTudepaItneii S TenaIbHbIX
U MHUOSIUTENNAIBHBIX KiIeToK. Pesynprarer NMI'X-
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CASE REPORTS

WCCIIEZIOBAHUS TTOKA3aJIH MOJOKHUTEIBHYIO0 PEaKIIHIO
Ha SMA, p63, uurokeparud 14+, nqutokepatuH 5+
(MuosnuTenManbHbIi KomnoneHT) U AE 1/3 (anute-
JIUAJIbHBIN KOMITIOHEHT). ['opMOHasIbHBIE PEeLEenTOPhI
(RE, RP) u Her2/neu He oOHapykeHBI. ABTOPBI ITpe/I-
BapUTEIHHO TUATHOCTUPOBAIN aJICHOMHUOSITHTEINOMY,
BBITIOJTHEHA CEKTOpasIbHAs PE3EKITUS MOJOYHOM JKe-
JIC3BI, IO JAHHBIM T'HCTOJIOTMYCCKOIo MCCIICIOBaHUA
OIEepaIOHHOTO MaTepuaja JIUarHo3 MOATBEPIK/ICH.
[Tocne 2 mer HaOMIOAEHUS TPU3HAKOB PEIUANBA U
MIPOTpeCcCUPOBaHUS 3a00ICBaHIS HE 00OHAPYKEHO.

B GonbmmmHCTBE CilydaeB aJIecHOMHOATHTEINOMBI
MIPE/ICTaBIISIIOT CO00# I00pOKaYeCTBEHHBIE HOBOOOPa-
30BaHMUsI, HO UMEETCS PUCK TIOSIBIICHHS HOBOH OITYXOJTH
MIOCJIe XUPYPTUUYECKOTO JISUSHUS WITH, PEXKE, 3IOKade-
CTBEHHOH TpaHchopmarn uepe3 6 mec — 5 net [10,
19]. YcranoBineHo, uTo 00a KOMIIOHEHTA OITYXOJIH, KaK
MHUODIUTENHATBHBIN, TaK ¥ MUTEINATBHBIN, MOTYT
TOJIBEPTaThCs 3IT0KA4eCTBEHHOU TpaHc(hopMaIim Kak
OTJIENBHO, Tak 1 omHOBpeMeHHO [ 13, 20]. G. Oda et al.
[21] mpuBOAAT KIMHUYECKUM ciTydait 53-1eTHel nam-
SHTKH Yepe3 2 To/ia ocje XUPYyPrudeckoro JCYSHUsI 1o
MOBOAY TOOPOKAuECTBEHHON aleHOMHUOITUTEITNOMBI
MIPaBO MOJIOYHOH JKeJIe3bl B 00beMe CEKTOpPaTbHOU
pesexiun. [To pe3ynbraTam MIaHOBOTO THCTOIOTHYE-
CKOTO HCCJICIOBAaHUS JUArHOCTUPOBAHO TTOBTOPHOE
Pa3BHUTHE aJIECHOMHUOIIUTEINOMBI C TTpoTH(eparue.
3110KauecTBeHHAs TpaHc(opManys ObliIa OTpeeIeHa
BCJICACTBHE BBISABJICHUA HI[epHOﬁ ATHUITNH, BBICOKOI'O
KoJM4YecTBa MUTO30B (mpubim3utensHo 10/10 noneit
BBICOKOH MOIIIHOCTH ) M HHBa3UBHOTO POCTa 00pa3oBa-
Hus, RO. Yepes 8 Mec marueHTKa MOBTOPHO 00OpaTH-
JIach ¢ kanobdamu Ha 00pa3oBaHNeE B 30HE PE3EKIIHH.
BrIinonHena moBTopHas ornepamus, Mo pe3yabraram
IJIAHOBOTO THCTOJIOTHYECKOTO UCCIIEIOBAHMSI OTIepa-
LMOHHOTO MaTepraia 00HAPYKEeH PEIUANB aIeHOMHO-
SIUTETHOMBI CO 3JI0Ka9eCTBEHHOU TpaHChopManuen
U TUIOCKOKJICTOUHOM U GEpEeHIIUPOBKOM.

Cpenu 0TeueCTBEHHBIX ITYOIHKAIHI TAKKE IMEIOT-
Csl JaHHBIE O 3JI0KAaYeCTBEHHON TpaHC(hopMaIiu HO-
BOOOpa30BaHUI MOJIOUYHOM KeJIe3bI, HAOTIOMACMBIX B
Te4eHUe JIMTENIbHOTO nepuoaa. JI.X. Myxmamarraie-
€Ba U COAaBT. [22] onucanu ciay4ail petuauBUPYIOIIETO
TEUECHUS OIMyXOJU MOJIOYHOH Kelle3bl, THCTOIOTU-
qecKui (PeHOTHIT KOTOpOH TpaHchOopMUpOBAIICS U3
J00poKaueCcTBeHHON (hHOPOaIEHOMBI B 37I0KAUECTBEH-
HYIO aJICHOMHOATIUTEINOMY. B CBSI3M ¢ arpeccHBHBIM 1
PEIUINBUPYIOIINM TEUSHUEM ITAIlUSHTKE BBITIOTHEHA
MacTIKTOMUS cripasa. [1o pe3ysisraram miaHoBOTO TH-
cronoruyeckoro u UI"X-uccrnenoBanus BeISIBICH pPOCT
3JI0KaYE€CTBEHHOW BEPETEHOKJIETOUHOM HEOIUIa3Uu C
y4acTKaMHU HEKPO3a U MaTOJIOTHYECKUMHU MUTO3aMU;
OTMeYajach IMOJIOKHUTEIbHASI PKCIIPECCUs MapKepa
SMA, nnaexc npommdeparnyu Ki67 cocraBun 15 %.

[Ipu oOHapyKEHUU OMYXOJIEBOTO POCTa B Kpasx
PE3EeKIIMU PEKOMEHI0BaHA peornepanus (MacT3KTO-
MU WM pepe3eKns kpaes). s 3mokadecTBeHHOM
aJICHOMHOATINTEIINOMBI B 3aBUCHUMOCTH OT Pa3MepOB
OITyXOJIM U (paKTOPOB MPOTHO3a MO JIAHHBIM THCTOJIO-
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ruueckoro u UI'X-uccinenoBanuii MOKET OBITH I10-
Ka3aHO aJIbIOBAHTHOE JICUCHNE: JICKAPCTBEHHAS WIIH
JydeBas Tepanusi, OAHAKO KaKIbId CIydall peKOMEH-
JIOBAHO paccMaTpHuBaTh MHANBHAYaIbHO [15]. Mccne-
nmosanue W. Haque et al. [11], xoTopoe Bkiitowaso 110
OOJTEHBIX, IPOJIEMOHCTPHUPOBAIIO, UTO S-JTETHSIS 00IIast
BBDKHBAaEMOCTb Y BCEX MAIIMEHTOK CO 3JI0Ka4eCTBEH-
HOM aJICHOMHUOIIMUTEINOMOM cocTaBuia 74,4 %. U3
110 ciydaeB ajbprOBaHTHAs JICKAPCTBEHHAS TepaITHs
npuMeHeHa B 26 %, ropMoHanbpHas — B 8 % H Ityde-
Basi — B 36 % 0e3 yiydmeHus o0miei BBDKHBaeMOCTH,
M03TOMY BOIIPOC O L1e1ecO000pa3HOCTH abIOBAHTHOM
TEpAIuU OCTAETCS IUCKYTaOCIbHBIM.

3rmokauecTBEHHAs aJICHOMUOATIUTEIIMOMa XapaK-
TepHU3yeTCsi BRICOKUM PHUCKOM OTJJAJIEHHOTO METacTa-
3UPOBAHMUS B JIETKUE, IIIUTOBUIHYIO JKEJIE3y, KOCTH U
rojoBHOU Mo3r [10, 16, 19]. Pernonapaoe meracta-
3UpPOBAHHUE BCTPEYACTCS PEIKO U OMUCAHO TOJIBKO B
oJHOM ucciieoBanui [ 15]. B cBsi3u ¢ 3TUM HEKOTOpBIE
ABTOPBI MPHUIILIU K BBIBOJLY, YTO ITPH BBISIBIICHUH 310~
Ka4eCTBEHHON aJ[CHOMHO3MUTEINOMBI TPEITOYTH-
TelbHEE OyJEeT BBITOJHEHHE OWMOICHUU CTOPOXKEBOTO
muMmdarndeckoro y3na [3, 16, 23]. B uccnenoanuu
K. Moro et al. [10] maruenTke 64 ner ¢ moOpoxade-
CTBEHHOM aJICHOMHUODITUTEINOMOM JIEBOM MOJIOYHOM
JKEJIe3bl BBIMIOJIHEHA CEKTOpalibHAS PE3EKIIHs, MPU
MOP(OIOTHYECKOM HCCIICAOBAHHUH TTOTYYCHBI JAHHBIE
0 3JI0Ka4E€CTBEHHOH omyxoun. [TanueHTKe BhINOIIHEHA
mactakromust, u ripu T X-uccienoranun (Ki67 —44 %,
SKCIIpeccus pS3) IMarHoCTUPOBaHA 3710KaY€CTBEHHAS
afgeHomuosnuTenroma. Yepes 8§ Mec oOHapyKeHBI
Meracrasbl B jJerkux. [IposeneHo 9 KypcoB moauxu-
muorepanuu 1o cxeme FEC ¢ mocnenytoreii 1003k-
TOMUEH, U uepe3 9 MeC BBISBICHBI MHOKECTBCHHBIC
MeTacTa3bl B JISTKUE, IPABYIO ITOYKY, IPaBbIil HAIIO-
YEYHUK, SMYHUKHU U OPIOTITHYTO0 I0JI0CTh. Cleaytomas
JIMHHMSI JICKAPCTBEHHOU TEpaIuy 3pUOYTMHOM ITOKa3a-
J1a HedPPEKTUBHOCTD, C TOCIICYIOIIUM JIETATbHBIM
ucxonoM. [Ipu BCKpBITUH BBISIBICHBI METACTa3bl B
MHUOKap/ie, TOYKaxX ¥ TOJIOBHOM MO3Te.

Z. Zhang et al. [24] onmcany KIMHUYECKUHA CITY-
yail marueHTKu 64 JeT, oOpaTUBIICHCS ¢ )Kamo0aMu
Ha 0e300J1e3HCHHOE 00pa30BAHKE B JICBOW MOJIOYHOM
JKelle3e, CYIIECTBYIOIIee B TEUSCHHE ro/ia ¢ OBICTPHIMHU
TEMIIaMH POCTa B TIOCTIeTHUE 6 MEC 1 TNaMETPOM I10
JTAHHBIM MaMMoTpadun — 4 cM. BriroiHeHa pe3eKius
JIEBOW MOJIOUHOM KE€JIE3bl, U MO pe3yibTraram IJIaHo-
BOTO THCTOJIOTHYECKOTO MCCIEeIOBaHHS OOHApYyKeHa
MPOTOKOBAsI KapIUHOMA In Sifu, B CBSI3U C YEM BBI-
MOJIHEHAa MACTAKTOMHUS C OMPEIEICHHEM CTOpOKe-
Boro yimMdarudeckoro ysina. [Ipu rucrosoruyeckom
WCCIICIOBAHUH MOJIOYHOM JKeJe3bl IMarHOCTUPOBAHA
HU3KOIU (B hepeHIIMpOBaHHAs 3JI0OKaYeCTBCHHAS aJle-
HOMHOSTUTEINOMA C JOKAJIbHOW MHUKPOWHBAa3UEH
(0,1 cm), 3110KaUECTBEHHOH JeTeHEpAINe MUOATTUTE-
TSI B OTTYXOJIH U XOPOIIIO BUAUMBIMU MHTOTHUECKUMHU
(urypamu. B Teuenue 1 roma HaOmroneHHs peru-
JINBa W TPOTPECCUPOBAHUS 3a00JICBaHUS HE OBLIO.
P. Parikh et al. [25] npencTaBieHO KIMHUYECKOE Ha-
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

OmronieHue 7 MaueHToK ot 33 10 82 JeT, U3 KOTOPhIX
TOJIBKO Y OJHOW OOJIBHOW, 62 JET, IPU MIIAHOBOM
00CIIe/I0BaHNH 0OHAPYKEHA aICHOMHUOIITUTEIINOMA C
KapuuHoMoi. [Tpu rucrosornueckom uccieqoBaHun
TperaH-ononTara oOHapyKeHa KapTHHA aTUITHYHOTO
AMUTETNATBHO-MHOATIUTETHAIIEHOTO HOBOOOpa3oBa-
HUs. BEITIOTHEHA CEKTOpabHAS PE3EKITUS MOJIOTHON
JKEJIE3bI, TIPU TUCTOJIOTHYECKOM HCCIICIOBAHUH OTIC-
pallMOHHOTO MaTepualia JUAarHOCTUPOBAHA 3JI0Ka-
YeCTBeHHas aJieHoMuodnuTennoma RO, mo jpaHHBIM
NI'X — TpoitHOTO HETaTUBHOTO THIIA. BBIJIO PEKOMEH-
JIOBAaHO KOMIUIEKCHOE JICUCHHE C BKIIFOUEHUEM JICKap-
CTBEHHOMH U JTy4eBoil Tepanuu. [larmenTka oTkazanach
OT JICYCHUS, U 32 TIEPUO HAOIIOIEHHSI TTPOTPECCUPO-
BaHUS 3a00JI€BaHMUS BBISABICHO HE OBLITO.

B perpocnekruBHom nccnenosannu H.M.A. Alqu-
daihi et al. [16] oToOpano 15 manueHTOK, cpeau
koTOpbiX y 40 % BBIsABICHBI J0OpOKadeCTBEHHBIC
HOBOOOPA30BaHUS 1O PE3yIbTaTaM THCTOJIOTHIECKOTO
HCCIIeIOBaHus TpenaH-o0nonTaroB. OTHAKO 10 Pe3yiib-
TaTaM IJIAHOBOI'O THCTOJIOTHYECKOTO UCCIEAOBAHUS
OIepaIMOHHOIO MaTepuaia y Bcex 15 manueHTox aua-
THOCTHPOBAHA aICHOMHODITUTEIIOMA C KaPIIITHOMOM.
[Tsath (45,5 %) 3 11 cnyyaeB ObUTH TPOHHBIMH HeTa-
TUBHBIMH OIYXOJIIMU. ABTOPBI CUUTAIOT, YTO TAKUE
HETUIMYHBIC MPU3HAKHU, KaK BBIPAXKCHHBIN SIIEPHBII
m1eoMopdu3M, MUTOTHYECKAs aKTHBHOCTH, HEKPO3,
WHBA3MBHBIN pocT 1 U3 2 KOMIIOHEHTOB MOpaKEeHUS,
MOTYT HE IPOSIBIISTHCS IPU TUCTOJIOTMUYECKOM HUCCTIe-
JIOBaHUH TPETaH-0UONTaTa, IO3TOMY PEKOMEH IOBAaHO
WCCIIEZIOBAaHUE OIMYXOJIH TTOTHOCTHIO.

Knunuueckuii cnyuaii

Ilpeocmasnen kKaunuveckutl cayuai nayueHmsu,
39 nem, naxooswetics na obcneoosanuu ¢ OHKONO-
euyeckom yeumpe Ne 1 I'BY3 «'Kb um. C.C. FOouna
H3M» no noeody onyxoneuonozo obpazosanus 8
npasou MONOYHOU Jicese3e, OUACHOCMUPOBAHHO20 KAK
000poKayecmeenHas adeHOMUOINUMETUOMA.

U3 anammesza uzgecmuo, umo enepauvie onyxoms ObvLid
0OHapyIHCceHa npu NIAHOBOM OUCHAHCEPHOM 00C1e008a-
nuu. B mapme 2024 2. no mecmy sicumenvcmea binonme-
Ho Y3U monounvix srcenes, npu Komopom 0OHaApY*CeHbl
NPUHAKU YUOPOZHO-KUCTIO3HOU MACMONATUL U NPeO-
NONOACUMETLHO (PUOPOAIEHOMbL NPABOLL MOIOUHOU Jice-
nezvl Ha 12 wacax yciosHoeo yugeporama, pasmepamu
6%3 mm. Pexomenoosano nabdarodenue. OOHako 0
oanvHeuue2o 00C1e008aHUSA U TeYeHUs NAYUeHKA Ca-
MocmosmenvHo oopamuaacy 6 OHKONOSUYeCKUll YeHmp
No 1 TRY3 «I'Kb um. C.C. FOouna J{3M».

O6bexmuHO MOTOUHDLE JHCENLE3bL CUMMEMPUYHDBIE,
Ne 2, nmo3z I cmenenu. Kooicnvie nokpogwl, cockogo-
apeonapHbie KOMNJIEKCbL ¢ 00eUx CMOPOH He UIMEHEHDI,
8blOeIeHUll U3 COCKO8 Hem. B npasoii monounoil jice-
Je3e Ha epanuye 8epXHUX Keaopanmos npu 2nyooxou
nanLnayuu HeuemKo Onpeoensidcs 30Ha Yi1omHe s,
Juamempom 1 cm (pacyeneno Kax Henaibnupyemoe
0bpazosanue), cmewaemas no OMHOWEHUIO K OKpY-
AHCArOUWUM MKAHAM, Oe3001e3HeHHAs NPU NAbRAYUL.
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Pezuonapnvie numpamuueckue y3ivt narbnamopHo
He YBelUUeHbL.

Ilpu Y3U monounvix sncenes uepes 4 mec nocie
nepsuunoco oocredosanus. BI-RADS-4a cnpasa, Bl-
RADS-2 cresa. Oxo-kapmuna ¢pudOpo3HO-KUCO3HBIX
UBMEHEeHUll MOJOUHBLX Jicelle3 ¢ Npeobiadanuem
Jrcenesucmotn mxanu. B npaeoti monounoti gcenese
na 12 wacax ycnosnozo yugheporama onpeoensemcs
2UNnodX02eHnoe 00pazosanue 08aIbHOU GopMbvlL ¢
uemKum posHuiM Konmypom, pazmepamu 1,0%0,4 cm,
nepugepuieckum KposomoKom, npeonoi0HCUMenIbHO
dubpoadenoma, ommeuern HeKOMOPbHIU POCM 8 OUHA-
muke om mapma 2024 2., svlnoanena mpenan-oOuoncust.
Axcunnsaprvle mumgamuneckue y3ivl ¢ COXPAHEHHOU
oughghepenyuposxoii (puc. 1, 2).

Ob3opuas mammozcpaghust MoAOUHbIX dcene3 8 2
NPOEeKYUAX uepes 4 mec nocie nepeuyHo20 oociedo-
BAHUS 8 NPABOU MOTOUHOLL HCele3e GU3YANUSUPVIONCSL
eOUHUYHblE MelKUe MeHU KUCTMO3H020 Xapaxkmepa,
pacceanHble kKanoyuHamol. Omoenvhble y3108ble 00pa-
308aHUS, 30Hbl ACUMMEMPUU CIMPOEHUS U NepeCcmpoli-
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Pwuc. 1. Y3-kapTuHa runoaxoreHHoro o6pa3oBaHusi Ha rpaHuLe
BEPXHUX KBaJPAHTOB NPaBO MOMNOYHON Xenesbl.
[MprMeyaHue: pucyHOK BbINONHEH aBTopamm
Fig. 1. Ultrasound image of hypoechoic lesion at the border of the
upper quadrants of the right breast. Note: created by the authors

Pac. mon.xen TIS0.4 MI0D.8

Puc. 2. [lonnnepoBckoe kapTMpoBaHWe: AEMOHCTPaLUs
nepuceprnyecKoro KpoOBOTOKaA.
[MpymeyaHne: pucyHOK BbINONTHEH aBTOpamMu
Fig. 2. Doppler mapping: demonstration of peripheral blood flow.
Note: created by the authors
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Puc. 3. Mammorpammbl B TpsIMOW U KOCOW NPOEKLMSX.
MpumeYaHve: pucyHoOK BbINOSHEH aBTOpaMm
Fig. 3. Mammograms in straight and oblique projections.
Note: created by the authors

TIS0.1 MI0.6

Pac. mon.xen.

Puc. 5. Y3-kapTHa nokannaauyoHHON UMbl B MPOEKLMM OMyXOmnu.
lprmeYaHne: pucyHoK BbINOMHEH aBTOPaMm
Fig. 5. Ultrasound image of the needle’s location in the projection
of the tumor. Note: created by the authors

KU CmMpyKmypbl He Onpeodensiomcs. AKCuinapHvle
auMGamuyeckue y3ol U3YATUIUPYIOMCIL C JHCUPO-
BbILMU BOPOMAMU, 8 BUOUMOU YACTNU AKCUTLTAPHASL 00-
nacmu 6e3 ocobennocmeni. Rg-kapmuHna ocmamounsix
DUOPO3HO-KUCTOZHBIX USMEHEHUL 0DEUX MOJIOYHBIX
arcenes. BI-RADS-2 cnesa u cnpasa (puc. 3).

Ilo danHblM namonoe0anamomMuiecko2o uccie-
008aHUsL Mpenan-ouonmama onyxoau onpeoeisiiucy
(pacmenmuvl MOLOUHOU dicene3bl ¢ HAPYULEHHOU
aApXumeKmoHUKoU 3a C4ém paspacmanus Onyxoi,
cocmosiugeli U3 NIOMHO PACHONONCEHHBIX KIeMOK C
OKPY2IbIMU U 0BATILHBIMU SUNEPXPOMHBIMU OPAMU U
CKYOHOU YUMONAAZMOU, OKPYIHCEHHBIMU SUNEPNAACTIU-
YECKUMU MUOINUMENUATIbHLIMU KTemKamu. Mumomu-
YecKask akmusHoCcmo He onpeodensiemcsi. Onyxonesvle
KIemKu hopmupyrom mpabexyisipuvie u myoyisapHvie
cmpykmypol. CImpoma Onyxonu ymepenHo eblpaicend,
€ 0Ya208bIM 2UATUHO30M. 3aKmioueHue: Mopghono2u-
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Puc. 4. MukpodoTo. AoeHoOMMo3anuTenMoMa MOSTIOYHON Xenesbl,
x20. NMpumeyaHue: pUCyHOK BbINOMHEH aBTOpamu
Fig. 4. Microphoto. Breast adenomyoepithelioma, x20.
Note: created by the authors

Puc. 6. Mammorpammbl nocne BHyTpUTKaHeBon Y3-pasmeTku
obpasoBaHus, B MPOEKLUM YCTAHOBNEHHON NOKanaaLmoHHOMN
nrnbl 06pa3oBaHye YeTKO He BU3yanuanpyeTcs.
lMprmeYaHve: pucyHOK BbINONHEH aBTopamm
Fig. 6. Mammograms after interstitial ultrasound marking of the
lesion; the lesion is not clearly visualized in the projection of the
needle’s location. Note: created by the authors

YecKask KapmuHa cOOmMEemcmeyen aoeHoMuodInume-
Jiuome MonoUHOU Jicenesvl (puc. 4).

Ilayuenmke 6vinoiHena npedonepayuoHHas.
PAazmMemka Henaibnupyemoz2o 06paz0eanus npagou
MOIOYHOU dcene3vl ¢ YCMAaHOBKOU LOKATUZAYUOH-
HbLUL USTBI-NPOBOOHUKA 100 Y3U monounvix dcenes u
Rg-xonmponem (puc. 5, 6). B I onkonoeuueckom om-
oenenuu Onkonozuueckoeo yenmpa Ne 1 I'bY3 «' Kb
um. C.C. FOouna JI3M» 13.08.24 evinoanena cexmo-
PanvHas pezexyus npagol MoIoUHOU dcenesvl. Mn-
mpaonepayuorubiil 610 YOAIeHHO20 CEKMOopa NPasoul
MOTOUHOU Jicene3bl ¢ ONYXOablo U TOKATUZAYUOHHOU
U2IOU-NPOBOOHUKOM NPEOCMasiel Ha puc. 7.

Ilo Oannvim NPUANCUBHEHHO2O NATNOIO20AHANO-
MUYECKO20 UCCLe008AHUS ONEePAYUOHHO20 Mame-
puana: MakpoCckOnu4ecku — (ppazmenm Hcupogoll
Knemuamku, pazmepamu 3*1%3,5 cm, na paspese —
VUACTHOK MANCUCOU (YUOPO3HON MKAHU, pazmepa-
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Puc. 8. MukpodoTo. [lobpokavecTBeHHasi

Puc. 7. CekTop npaBoit MOSIOYHO Kerne3bl C OMyXorbto 1 foka- aleHOMMO3NUTENIMOMa MOMOYHON xenesbl, x20.
JIM3aLVOHHON Urnoii. MpumeYaHne: pUCyHoOK BbINOMHEH aBTOpaMu MpuMeyaHve: pycyHOK BbINOMHEH aBTopamMu
Fig. 7. The sector of the right breast with tumor and localization Fig. 8. Microphoto. Benign adenomyoepithelioma of the breast ,
needle. Note: created by the authors x20. Note: created by the authors

Puc. 9. MukpodoTo. MMmyHormcToxnmmye-
cKoe uccrnefoBaHue JobpokadyecTBEHHOM
ageHOMMNO3NUTENNOMbI C MCMNOSTb30BAHU-
€M MOHOKIIOHarnbHbIX aHTuTen Estrogen

Receptor, Progesteron Receptor, p63,
Calponin-1, CK7, x20.
lMprMeYaHne: pucyHOK BbINOMHEH aBTOpamMu
Fig. 9. Microphoto. Immunohistochemical
examination of benign adenomyoepithe-
lioma using monoclonal antibodies

Estrogen Receptor, Progesteron Receptor,

p63, Calponin-1, CK7, x20.
Note: created by the authors
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mu 3x0,9%1,5 cm. Mukpockonuueckoe onucanue:
(pacmernmosl MOIOUHOL dcene3bl ¢ HANUYUEM MHO-
HCECMBEHHBLX 00JIbKOBO-NPOMOKOBHIX CHPYKMYP,
4aCms U3 KOMOPLIX ¢ NPonUpepayuett TIOMUHATLHBIX U
MuodnumenuanbHulx kiemox. Ommeuaemes Goxyc
XOPOUIO OMESPAHULEHHO20 OM OKPYICAIOWUX MKAHEU
HOB00OPA308AHUA, COCMOAULE20 U3 NIOMHO pdcC-
NONONHCEHHBIX KNEMOK, C OKPY2AbIMU U OBATbHbIMU
CUNEPXPOMHBIMU SOPAMU U CKYOHOU YUMONIA3MO,
OKDYIHCEHHbIMU 2UNEPNIACUYECKUMU MUOINUME-
JUATBHLIMU KIeMmKamu, gopmupyrowumu myoyisap-
Hble cmpykmypol. Mumomuueckas akmusnocmy
docmosepHo He onpedensemcs. Kpas pezexyuu Oes
ONnyxoneo2o pocma. 3axouerue: Mophorocuteckas
Kapmuua coomeemcmaeyen a0eHOMUOINUmenuome
npasoli MONOYHOU dHcele3bl;, NPOCMAs NPOMOKOB8As.
eunepnnaszusi (UDH) snumenus npomoxoé npasot
MonouHOU dcenesvl (puc. 8).

Pesynomamuor UI'X-uccredosanus: na nepugepuu
JHCENeIUCTNBIX CIMPYKIMYP, A MAKIACe 8 OKPYAHCcaiouyell
KAEeMOUYHOL CIMpOMe OMMeYaemcs GblpalceHHas soep-
Has sxenpeccus p63 (polyclonalCell Margque) (puc. 9a)
u yumonaazmamudeckas sxkcnpeccust Calponin-1(clone
EP798Y Cell Marque) (puc. 96), umo demoncmpupyem
Hanudue MUOINUMeNUaIbHbIX K1emoK. B dcenezucmuix
CIMPYKMYpax ommeuaemcs blpaxdceHnas oupgysnas
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HHEM L[EHHOTO MHTEJJICKTYaJIbHOIO COZICPIKAHMSI.

IlaTanos Buranmii ['enHaabeBuY: KpUTHUECKUIl IEPECMOTP C BHECEHUEM LIECHHOTO MHTEIUIEKTYaIBHOTO COJCPIKaHUS.

HcaeBa Oxcana UropeHa: cOop u 00paboTKa TaHHBIX.

BorarsipéBa Mapuna AnnpeeBHa: c60p 1 00pabOTKa JaHHBIX, HAMCAHUE TEKCTA CTAThH,.

Crapuena Ouiecst UropeBHA: KpUTHYECKHI IEPECMOTP C BHECEHUEM IICHHOTO MHTEIUICKTYaJIbHOTO COACPIKAHUSI.

OvuHoBa Kamuiia PoinanoBHa: c60p 1 00pabOTKa JaHHBIX, HAMMCAHUE TEKCTA CTAThH, aHAIN3 HAYYHOU pabOThI.

Bce aBropsl 0100pHin GprHATIBHYIO BEPCHIO CTAThU Mepe]| MyOnuKaluei, BhIpa3iiii COIVIacHe HECTH OTBETCTBEHHOCTD 32 BCE ACIICKThI
paboThl, MOIPa3yMEBaOLIYI0 Ha/UIeKalllee H3yUeHHEe U PELICHHE BOIPOCOB, CBI3aHHBIX C TOYHOCTBIO M JJOOPOCOBECTHOCTBIO JIFOOOMH
4acTu pabOThI.

Qunancuposanue
Omo uccnedosanue ne nNompebo8alo OONOIHUMENLHO20 BUHAHCUPOBAHUSL.
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Kongpnukm unmepecos

Aemopul 3aa61510M 00 OMCYMCMEUY KOHDAUKING UHMEPECO8.

Hugpopmuposannoe coznacue

Om nayuenma noayueno NUCbMeHHOe UHGOPMUPOBAHHOE 000POBONIbHOE co2nacue Ha nYyOIUKAYUI0 ONUCAHUS
KAUHUYECKO20 Cy4as U NYOIUKAYuio (pomomamepuanos 6 MeOUYUHCKOM HCYPHATe, BKIIOUAS €20 DNeKMPOHHYIO
sepcuio (0ama noonucanusi: 29.09.24).
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KIMIMHWYECKOE HABNIOAEHUE TUMNWYHOIO KAPLUMHOUOA
JIETKOIo C AKTr-nAPAHEONNACTUYECKAM CUHOPOMOM

A.B. lleBuuknin'2, B.l0. Yemynosa', A.M. ABgansn'?,
C.B. Mocun'?, M.[1. Tep-OBaHecos?, E.C. KonraH'

"TBY3 MOCKOBCKMIA MHOFOMPOMUIBbHBIA KIMHUYECKUI LeHTp «KommyHapka» O3M

Poccusa, 108814, r. Mocksa, MNocenenne CoceHckoe, n. KommyHapka, yn. CoceHckuii CtaH, 8
2Otgen abgomuHanbHon oHkonorun, UHetutyT xupyprumn, @rAOY BO PHAMY um. H.W. Muporosa
Poccus, 117997, r. Mocksa, yn. OctpoBuTsaHOBa, 1

3orbOY BO «Poccuiickuin yHuBepcuteT meamumHbl» MuHaapasa Poccun

Poccus, 127473, r. Mockea, yn. eneratckas, 20, ctp. 1

AHHOTauus

AKTyanbHoOCTb. HenpoaHOOKpUHHBLIE onyxonu, accouunpoBaHHble ¢ AKTI-akTonnMpoBaHHON cekpeunen,
ABMAOTCA peaKUMU HabnogeHnaMU B KNMHUYeCKon npaktuke. OCHOBHas CroXHOCTb AAaHHOW MaTonorum
3aKn4vaeTca B MO3AHEN AMarHOCTUKE U3-3a MHOroobpasnst KIMMHWYECKNX NPOSBREHUA 3HOOKPUHOMAaTUH,
YTO OTAanseT cneumannsmpoBaHHoe rneveHve. Kpome Toro, Hanmyme sKTonnMpoBaHHOTO cuHapoma KylumHra
obycroBnmBaeT puUck MeTabonmyecknx, MHMEKLNOHHBIX OCIIOXHEHUIN, NOTEHLMPYET THKECTb COCTOAHUSA
60OMLHOro U PUCK ONEepPaTMBHOIO BMELLATENbCTBA, ABMNSIOLLErocsi OCHOBHbLIM METOAOM paauKanbHOro fie4eHnst
6onbHbIX. Llenb nccnegoBaHms — ynydlleHne pesynsratoB fiedeHnst 60mbHbIX HEMPO3HAOKPUHHBIMU OMyXO-
namum nerknx, accounmnposaHHbiMu ¢ AKTIM-napaHeonnacTnyeckum CMHAPOMOM, NyTeM OMUCAHUS OTAENBHOIO
KnuHWYeckoro HabnogeHusa. Matepuan u metoabl. Mateprnanom ons ctaten aBununck gaxdHele N'6Y3 MMKL,
«KommyHapka» aenaptameHTa 3apaBooxpaHeHns ropoga MockBbl, rae NpOBOAMINCE ANarHOCTUKA U NedYeHne
60OMbHON C HEMPO3IHAOKPUHHOW OMYXOrblo JIerkoro, accoumnpoBaHHon ¢ AKTI-akTonMpoBaHHbIM CUHAPO-
mom. lNpoBeaeH koMnnekc nabopaTopHbIX U UHCTPYMEHTamNbHbLIX METOAOB 06CNefoBaHNS, HanpaBeHHbIN
Ha aHanu3 pacnpocTpaHeHHOCTU OMyXOneBOro npouecca, OLEeHKY (OyHKLMOHanNbLHOro cratyca, U3yvyeHve
ropmoHansHoro npoduns n auddepeHumansHyto auarHocTuky AKTI-3aBucumoro n AKTI-HesaBrucmMmoro
runepkopTuumama. o pesynsratam o6crnenoBaHys BeiNonHeHa pagukansHas onepaums B o6beme TopakocKo-
nuyeckon No6akTommun. B nocneonepaumMoHHOM Nepuofe OTMEYEH perpecct KNMHNYECKNX U CEPONOrMYecKnX
nposeneHni AKTI-akTonmpoBaHHOro cuHapoma. Ncronormyeckoe 1 UMMYHOTMCTOXMMUYECKOE NcCrnenoBa-
HVe onepauMoHHOro MaTepuarna noaTBEPANIIO TUMNYHBIN BapyUaHT NEroYHoro kKapumHovaa. 3aknioyeHue.
MpencraBneHHoe KNMHUYecKkoe HabngeHne 1 aHanua nuTepaTypbl AEMOHCTPUPYIOT CAIOXKHOCTb NaTonornu,
HeobxoaMMOCTb NONMBANEHTHOrO 1 CBOEBPEMEHHOro obcrnenoBaHnsa 6onbHbIX, NPOBEAeHWS npegonepaum-
OHHOWN KOPPEKLMN SHAOKPUHHBIX HAPYLLUEHU 1 paamKanbHOrO XMPYPrnvyeckoro nedYeHns, onpenensiowero
nporHo3 3abonesaHus.

KniouyeBble cnoBa: TUNUYHBIVA KApLUMHOUA NErKoro, HeMPO3HAOKPUHHLIE OMYXONU NErkux,
XUpYypruyeckoe fieyeHue, napaHeonnacTuyeckuin cuHapom, AKTI-3KTonMpoBaHHasi cekpeLmsi, CUHAPOM
KyLwuHra, runepkopTuLmam.

#=7 IeBuukun AnekcanHgp BacunbeBuy, levdr80@yandex.ru
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TYPICAL LUNG CARCINOID TUMOR
WITH ACTH-PARANEOPLASTIC SYNDROME: A CASE REPORT

A.V. Levitskiy'? V.Ju. Chemulova', A.M. Avdalean'?, S.V. Mosin'?
M.D. Ter-Ovanesov?, E.S. Kolgan'

"Moscow Multidisciplinary Clinical Centre «Kommunarka» of Moscow Ministry of Health

8, Sosensky Stan St., v. Kommunarka, Sosenskoe Settlement, Moscow, 108814, Russia
2Department of Abdominal Oncology, Institute of Surgery, Pirogov Russian National Research
Medical University

1, Ostroviteanova St., Moscow, 117997, Russia

3Russian University of Medicine, Ministry of Health of Russia

4, Dolgorukovskaia St., Moscow, 127005, Russia

Abstract

Background. Neuroendocrine tumors associated with ACTH-ectopic secretion are rare, and pose a diagnostic
challenge due to varied symptoms, leading to delayed treatment. In addition, the presence of ectopic Cushing
syndrome significantly increases the risk of metabolic, infectious and surgical complications, but surgery
remains the primary and curative treatment for these patients. Aim of study: to improve the treatment
outcomes of patients with neuroendocrine lung tumors associated with ACTH-paraneoplastic syndrome. Case
presentation. A 65-year-old female patient presented to the Kommunarka Medical and Clinical Center with
neuroendocrine lung tumor associated with ACTH-ectopic syndrome. The patient underwent a comprehensive
laboratory and instrumental examinations to assess the extent of the tumor, functional status, hormonal profile,
and to differentiate between ACTH-dependent and ACTH-independent hypercorticism. The patient underwent
thoracoscopic lobectomy. In the postoperative period, there was a regression of the clinical and serological
manifestations of the ACTH-ectopic syndrome. Histological and immunohistochemical examinations of surgical
specimen confirmed the diagnosis of typical lung carcinoid. Conclusion. This case report and literature
analysis demonstrate challenges in diagnosing lung carcinoid tumors, the need for a polyvalent approach,

preoperative correction of endocrine disorders, and radical surgery, which provides the best prognosis.

Key words: typical lung carcinoid, neuroendocrine lung tumors, surgical treatment, paraneoplastic
syndrome, ACTH-ectopic secretion, Cushing’s syndrome, hypercorticism.

Beenenne

Helipo3H10KpUHHBIE OIYXOJIM JIETKUX — ITO TeTe-
pOreHHas rpyIira HOBOOOpa30BaHU 13 KIETOK HEHPO-
sHokpuHHOM APUD-cucTeMsbl, mopasaeistonmecs
Ha JIBE KaTeropuu: BeicokoauddepeHmpoBaHubie,
WM cOOCTBEHHO HEHPOIHAOKPUHHBIC OMYXOIH, U
Hu3KoAN G hepeHIIMPOBAHHbIC, UM HEHPOIHIOKPHH-
HbIE KapIMHOMBI [1]. YerosiBimiics s HEUpO3HI0-
KPUHHBIX OIyXOJieH JIETKUX TePMUH «KapI[HHOM]I»
MIPUMEHHUM TOJIBKO IS BRICOKOIU (B EepEHIIMPOBAHHOM
IPYIIIbI, BKJIKOYAOIICH B ce0s THITMYHBIA U aTUITHY-
HBII BApUaHTHI, COOTBETCTBEHHO HU3KOM (G 1) 1 yme-
pennoii (G2) crernenn 3M0KauecTBeHHOCTH [ 1, 2].

B crpykType Bcex 310KauecTBEHHBIX HOBOOOpa3o0-
BaHUI OPOHXOJIETOYHOW JIOKAJIN3AIUU KapIIHHOWIbI
coctaBisatoT He Oonee 1-2 % [3]. Hecmotpst Ha Hanm4me
crier(uIecKx HeHPOCEKPETOPHBIX TPaHYI U CTIOCO0-
HOCTb K CHHTE3y FTOpPMOHAIbHO-aKTHBHBIX OHOJIOTHYe-
CKHX BEIIECTB, IapaHEOMJIACTHUECKHE CHHAPOMBI TIPH
KapIIMHOU/IaX BCTPEUArOTCS PEIKo. Tak, KapIIUHOUAHBIN
CHUHJIPOM BCTpeJaeTcs juimib B 7,6 % ciaydaes [4], a
cungpoM KymmHra, BciecTBHE 3KTONUPOBAHHOM
AKTT cexpernuu, He Oonee uem B 4,3 % [5]. Hecmotpst
Ha peakoctb cuapoma AKTT -akTonupoBaHHOM cekpe-
[IUH TTPY KapIUHOMTHBIX OITyXOJISX, eT0 KIMHUYECKOe
3HAYeHNE BEChMa BBICOKO, MMOCKOJBKY OHO OKA3bIBAET

184

BJIMSIHMUEC Ha CPOKU BBIABJIICHUSA 3a6OJIeBaHI/I$I, YCIOXHACT
JUATHOCTUYECKUN aITOPUTM, YTSDKEISIET COCTOSHHE
OONBHBIX 33 CYET CUMIITOMOB THIIEPKOPTHUIIM3MA, UTO,
B CBOIO OY€PE/Ib, TOTCHIIUPYET PUCK MOCIICONEPaliOH-
HBIX OCJIOKHEHHH 1 IMKTYET HEOOXOMMOCTh CIIeIIU (-
YECKOW MPEeoNepaiOHHON MOATOTOBKH.
[IpencraBiieHO KIWHUYECKOE HAONIONCHUE XH-
PYPTHUYECKOIO JICUCHHUA MAIMCHTKHU C KapIUMHOUIO0M
nerkoro, accouunpoBanHoro ¢ AKTI-skronuueckum
cunapomoM KymiuHra, B OTAEIEHUHM TOPAaKalbHOU
onkozoruu I'bY3 MMKI] «Kommynapka» JI3M.

Knunuueckoe nabnwoenue

Tayueumra A., 1960 e.p., 6 2021 e. ¢3ama noo
Habadenue patloHHOU NOAUKIUHUKOU HO HOB0OY
enepsvle 8blABIeHHbIX caxapHoeo duabema Il muna
u eunepmonuyeckou obonesnu. I unepmonuueckas 60-
JIE3Hb OMIUYACMCS KPUZ0BbIM MEUeHUeM ¢ NOObeMamul
apmepuanvrozo oasnerus 0o 220/110 mm pm. cm.
Jsaoicont, 6 2021 u 6 2023 2., nepenecia ocmpoe
Hapyuienue Mo3208020 KpOBOOOpaujeHus no uiemu-
yeckomMy muny Ha (hoHe eunepmonuu.

Burone 2023 2., 6 ces3u ¢ dekomnencayueli caxap-
HO20 duabema, 20CNUMAIUZUPOBAHA 8 IHOOKPUHOLO-
euveckuti cmayuonap. OcHosHbIMU dHcalobamu OvLau
BbIPAICEHHAST MbIULEYHAs CIabOCMb, NOMepPs. MACChl
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

mena, cymmapuo 3a 2 eoda cocmasuswias 40 ke, uiu
55 % om ucxoonoeo eeca. Mnoekc maccet mena nayu-
enmxu cocmaensin 17,3 ke/m?. Jlabopamopno, Hapsdy
co cmotiKot eunepenuxemueti 0o 18 mmonv/, 6nepeuvle
OvLLa 8bIAGNIEHA 2UNOKATUEMUSL, CO CHUNCEHUEM YDOBHSL
Kanus 00 2 MMOab/1.

Ilo peszynomamam KomMniekcHO20 006Ce008aHUA,
BKIIOYAIOULE20 20PMOHATLHLIL CINANTYC 2UNODUZAPHO-
HAONOUEUHUKOBOU CUCTEMbL, GblS6IEHO NOGbIULECHUE
yposus AKTI oo 108,0 ne/mn (peghepercuvie snaue-
Hus 7,2—63,3 ne/mi), Kopmuzona cymouHou Moyu 0o
466 mre/cym (pehepernchvie snauenus 4,3—176 mxe/cym),
Kopmu3sona Kposu 6 ympennue yacwt 0o 1700 umonv/n
(pechepencuvie snauenus: 250—650 umonv/n). Hounotl
nooasasarowutl mecm ¢ 1 me 0excamemasona 6vis6ul
omcymcemeaue nooasieHus: yposHs KOpmusoid, ¢ Co-
Xpanenuem e2o Ha ucxoonom ypoesue. C yenvio ough-
Gepenyuanvnot ouasnocmuxu AKTI -3asucumozo u
AKTI -ne3agucumoco sunepxopmuyuzma npogedena
bonvutas dexcamemazonosas npoda. 1o nonyuennvim
KOHEYHbIM Pe3yIbmamam npooad pacyeHena Kaxk ompu-
yamenvHast, NOCKOILKY He Obl10 BbIAGNIEHO NOOAGLEHUS
KOpMuU30i1d, ypO8eHb KOMOpo20 COCMABUL MAKIICEe
1700 umonws/n, kax uzHa¥AIBLHO.

s eviasnenuss UCMOYHUKA NAMOA02UHECKOU
cexpeyuu AKTI evinonnenvt MPT 201061020 Mo32a
¢ konmpacmuwim ycunenuem u KT epyououi kiemku
U OpOWHOU NOIOCMU C KOHMPACMHBIM YCUTEHUEM.
Hszmenenuii 6 eunogpusze u HaONoO4eUHUKaAx He 0OHA-
pyoicerno. EOuncmeennoll 6bl6/1eHHOU 0NyXo1e8oll
namonoeuell A6UL0Cy nepugepuieckoe oopazoeanue
HUdICHell 00U NPABo2o 1e2ko2o (puc. 1).

Ha ocnosanuu noayuennvix OaHHblX ObLL Gbl-
cmaeien OuazHo3 nepu@epuyeckoll OnYXoau HUXCHell
001U NPABO20 J1e2Ko20, NPedsapumeibHO pacyeHeH-
noti kax xapyunouo cT2aNOMO, accoyuuposan-
noti ¢ AKTI -napaneonnacmuueckum cunOpoOMOM.
Yuumeisas nanuuue oocmamouno a6no2o npeo-
nonazaemoz2o UCMouYHUKA NAMoLo2UYeCcKoU ceKpe-
yuu AKTI, omcymcmaue 0anuvix 3a pe2uoHapHoe

U omoaniennoe Memacmasupoganue, 0ONnOaIHU-
MeNbHAs GU3VATUUPYIOUA OUACHOCTIUKA 8 8Ude
comMamocmamun-peyenmopholl cyunmuepaguu uiu
12T ¢ %Ga-DOTA-KOHBI02UPOBAHHBIM AHANO20M
comMamocmamuna He npo8ooUIACD.

Kax ocrooicnenue cmepoudoeenesa 6wl 8blcmasien
0CMeonopo3 cpedHell CImeneHu msxicecmu, ¢ namoio-
2UHeCKOU KIUHOBUOHOU Oeopmayuetl men epyoHbIX
NO3BOHKO8, CMepouoHbvll duabem, apmepuaibHas
eunepmensus. llayuenmke naznavena KOMNIEKCHAs
CUMNMOMAMUYECKas Mepanus, 6KIYAWAS UH-
2UOUMOopvL cmMmepoudo2ene3d 6 uoe KemoKoHa301d,
npenapamovl Kauus, UHCYIUHOMEPAnuo, aHmueunep-
MEH3UBHYIO MePAnuIo.

1100 nabnooenue llenmpa amoOyramopHol oHKo-
noeuuecxout nomowu MMKI] « Kommynapkay 6onvnas
e3ama 6 oxkmsbdpe 2023 .

K momenmy nocmanogxu na ouxonocuueckuil
yuem odujecoMamuieckuti cmamyc nayueHmKy pac-
yenusancs kak ECOG 3, unoexc Kaproeckozo 40 %,
Ymo 6vL10 00YCI0BLEHO BLIUENPUBLOECHHBIMU OCTIO0MNC-
HEHUAMU CMepOU002eHe3a, UCHOWeHUeM, XPOHUUECKUM
001e8bIM CUHOPOMOM HA POHE 0OCmeonopo3a u depop-
Mayuu no3eonkos. Hecmomps na msiicenviii comamu-
YeCcKUll CIMamyc, NPUHSIMO PeuteHue 0 Xupypeuieckom
JleueHuu 8 06bemMe MmopaKoCKORUYeCKOU HUJICHe 100K~
MOMUYU CNPABA C UNCUTAMEPATLHOU MEOUACMUHATLHOL
aumehoouccexyueti. /Joonepayuonnas mopgonocuie-
cKas eepugpurayiis Onyxou He npou3Bo0UIACh.

Ilayuenmxa onepuposana 13.11.23 6 yrxazannom
obveme. [Ipu unmpaonepayuonHol pegusul 8bINOMa
8 NJLeBPAIbHOLL NOIOCHIU, N1e8PONYIbMOHATLHOU OUC-
cemunayuu, TUMpaoeHonamuu KopHs u cpedocmenus
8vis671eHO He Obl10. Onyxoib HAX00UACHL 6 3a0HeM
bazanvrom ceemenme (S10), uHmpanapeHxumamosHo,
be3 soeneuenus sUCYepaIbHOlU niespul. Jiumens-
Hocmb onepayuu cocmasuna 130 mun ¢ kpogono-
mepeti 50 mn. Hlayuenmxa 6viia 3Kkcmyouposana Ha
onepayuonHom cmoie. J[numenbHocms npedbleats 6
omoenenuu peanumayuu cocmasuia 1 cym.

Puc. 1 KomnbtoTepHasi Tomorpacums B akcuanbHow (a) n carmtranbHon (6) NpoeKkummn B NErOYHOM U MSArKOTKAHOM OKHe, TOrLLMHA Cpe3oB
1,5 mm. B S10 npaBoro nerkoro napaseptebpansHo conuaHoe nepudepuyeckoe obpa3oBaHne ¢ YETKUMU KOHTYpamu, pasmepamm
32x26%20 MM, C BbICOKMM rpagMeHToM HakonneHus koHtpacta ¢ 35 go 150 eg HU B aptepuanbHyto dady. [laHHbIX 3a BHYTPUrpyaHoe
nMMdOreHHoe Unu otTaarneHHoe MeTacTasnpoBaHue He BbiSIBNEeHO. [NpumeYyaHme: pucyHoK BbINOHEH aBToOpamMm
Fig. 1. Axial (a) and sagittal (b) computed tomography scans with lung and soft tissue windows, slice thickness of 1.5 mm. In S10 of the
right lung, there is a paraventricular solid peripheral lesion with clear contours, measuring 32x26x20 mm, with a high contrast accumu-
lation gradient from 35 to 150 HU in the arterial phase. No evidence of intrathoracic lymphatic or distant metastasis was detected.
Note: created by the authors

CUBUPCKIM OHKONOTMYECKNW XXYPHAT. 2025; 24(6): 183-191

185



CASE REPORTS

Hauunas co 2-x cym nocreonepayuonnozo nepuooa
ommeuena Hopmaausayus ypogns kopmusona u AKTI
Ha 2-e u 7-e cym nocne onepayuu yposensb Kopmiu-
3o1a 6 ympennue uacvl cocmasun 357,0 Hmonv/n u
495,8 Hmonv/n coomeemcmeeHHo, npu peghepeHCHbIX
sHauenusix 250—650 umonwv/n, AKTI na 2-e cymxu
cocmasun 9,95 ne/mn, npu peghepencuvix 3HaA4eHUsLX
7,2—63,3 ne/ma. Takoice HOpMAAU308acsl ypo8eHsb 2iio-
KO3bl KPOBU, UCYE31A NOMPEOHOCb 8 UHCYIUHOMEPa-
nuu. 3amecmumenvHas 21IOKOKOPMUKOUOHAS Mepanist
He nposooulach 88U0Y OMCYMCMEUA KIUHUYECKUX
nposeieHull HAONOYEUHUKOBOU He)OCMAamouHOCmu,
INEKMPONUMHBIX HAPYULEHUL, 4 MAKHCE COXPAHEHUS.
yposus kopmusona kposu u AKTI 6 npedenax pegheperc-
Hoix 3HadeHuti. CyObeKmusHo nayueHmka ommemuid
VMeHbUleHUe 8bIPAHCEHHOCU MbIUEYHOU ClaO0CMU.

Teuenue nocireonepayuoOHHO20 NEPUOOa OCI0MiC-
HULOCb NPOJIOHEUPOBAHHBIM cOpocom 8o30yxa. Aspo-
cmas ovin docmuenym una 12-e cym nocie onepayuu
€ ROCIEOVIOWUM YOATeHUeM NILEEPATbHO20 OPEeHaICd.
Buinucana na 14-e cym nocne onepayuu ¢ yayuuieHu-
em cocmosiHus, oyerusaemozo no wxare ECOG 6 2
oanna.

Tpu namomopgonozuueckom ucciedosanuu onepa-
YUOHHO20 MAMEPUANa NOJy4eHsl CrLedyiowue OaHHble.
Onepayuonnbsiii mamepuan Ovll uxcuposan cpasy
nocne onepayuu 8 3adygepennom 10 % pacmeope
HelmpanvHoeo hopmanuna 6 meyenue 24 y npu mem-
nepamype +4—5 °C, nocie we2o pymuHHbIM MEmMoOoM

C UCNONb30BAHUEM 3ANUEKU 8 NAPAQUH ObLIU U320-
MOGLEHbL Cepuliible 2UCTNONOZUYeCKUe NPenapamol,
OKpauieHHble 2eMAMOKCUTUHOM U 203uHoM. Tlamono-
2oanamomuyeckue Uccied08anus NPOBOOUIU, CIPO2O
cobnrooas npuryunsl buobezonachocmu. UmmyHnocu-
CMOXUMUHECKOE UCCIe008AHUE NPOBOOUTIU C UCTIONb30-
sanuem ummyHocmetinepa Ventana BenchMark Ultra u
anmumen k CD 56, Chromogranin A, Synaptophysin,
TTF-1, Ki67, Pan Keratin.

Tpu makpockonuueckom uccie008aHuU nPenapama:
ONYX0Nb NPeOCcmasiena y3i08blM 00pa308anHueM, pas-
mepamu 3,8 %3,0%2,0 cm, MaeKo-31acmuyeckoli KOHCU-
CmeHyul, 8 MOHKOU 271a0KOL CBEMI0-CEPOLl Kancyie, Ha
paspese ceposamo-icennosamozo yeemad, 0OHOPOOHO-
20 8U0a, Oe3 UHBA3UU BUCYEPATbHOLL NLEGDbL.

Tpu Murpockonuyeckom uccie008anun: Onyxoib
npeumMyuwecmeeHo myoyiapHo2co muna cmpoenus,
C OMYEMIUBLIMU 2NAHOVISIPHBIMU CIMPYKMYPAMU C
NEePUBACKYIAPHLIM MUNOM POCMA U 00PA306aHUeM
PO3emKoGUOHLIX hopmuposanuil (puc. 2). Kiemxu
MOHOMOPEHHO20 MUNA € OKPY2IbIM AOPOM C SPAHYIAD-
HbIM HEJCHBIM XPOMAMUHOM NO MUNY «COlb U Nepeyy,
COUHUYHBIMU METKUMU A0pbluKamu. Mumomuueckas
AKMUBHOCMb HU3KAs (Menee 2 Mumosoe Ha 2 yMm?).
Cmpoma no nepughepuu 6 8ude MOHKUX SUATUHUIUPO-
sanuwix npocioex. [lpu ' X-uccredosanuu eviasiena
BBIPAIICEHHAsL IKCNPECCUSI ONYXOLEGbLIMU KIEeMKAMU
Chromogranin A. Taxace 6vingiena dKCnpeccus
Synaptophysin, CD56, TTF1 (puc. 3). Hnoexc nponu-

T R S RN Y Ty By

Puc. 2. MukpodoTo. Obpa3oBaHune OTrpaHUYeHO OT OKpyXatoLLel TkaHn 6e3 MHUNBLTPATUBHOMO pocTa (a), NPEeUMyLLECTBEHHO C
TYOYNsSipHBIM TUMOM CTPOEHMWS C MOCTPOEHMEM OTYETIMBbIX MMaHAYNAPHbLIX CTPYKTYP C NepuBacKynsipHbIM TUMOM pocTa 1 obpasoBaHu-
eM pPO3eTKOBUAHBLIX (POPMMPOBAHUI C KNETKAMUN C OKPYIIbIM SAPOM U FPaHymnsipHbIM HEXHBIM XPOMaTUHOM MO TUMY «COrb 1 NepeLy,
eOVNHUYHBIMU MeNKUMU sapbIkaMu. MUToTUdeckas akTUBHOCTb HU3Kas (MeHee 2 MUTO30B Ha 2 MM? (6—B)). Okpacka reMaToKCUIIVHOM
1 303HOM; @ — x4; 6 — x10; B — x20. MNprMeyaHne: pUcyHOK BbINONHEH aBTOpamu
Fig. 2. Microphoto. The lesion is delineated from the surrounding tissue without infiltrative growth (a), predominantly with a tubular type
of structure with the formation of distinct glandular structures with a perivascular type of growth and rosettes with cells having a rounded
nucleus with granular, delicate chromatin in a “salt and pepper” pattern, and single small nucleoli. Mitotic activity is low (less than 2 mito-
ses per 2 mm? (b—c). Hematoxylin and eosin staining; a — x4; b — x10; ¢ — x20. Note: created by the authors

Puc. 3. Mukpodoto. UIMX-uccnegosanue. Lintonnasamaruyeckas BolpaxeHHas akcnpeccust Synaptophysin (a) 1 CD56 onyxonesbimu
kneTkamu (6); saepHas akcnpeccus TTF1 onyxonesbiMy KneTkaMu Ha nepudepun obpasoBaHusi OT cnabon A0 YMEPEHHO BblpaXeHHOoM
(); a8 — x10. MNprMeyaHne: pucyHOK BbINOMHEH aBTOpamu
Fig. 3. Microphoto. IHC study. Cytoplasmic strong expression of Synaptophysin (a) and CD56 by tumor cells (b), The nuclear expression
of TTF1 by tumor cells on the periphery of the lesion is weak to moderate (c); a—c — x10. Note: created by the authors
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Gepayuu no yposnio sxcnpeccuu maprepa Ki67 ovin
PABHOMEPHBIM U HesblCOKUM — 00 2 % (puc. 4). Ha
OCHOBAHULU MOPPONOSUUECKOT KAPMUHBL HOOMBEPIIC-
OeH MUNUYHLIL KAPYUHOUO HUNCHEL 00U NPasozo
neekozo T2aNOMO IB cmaouu.

B meuenue 14 mec oucnancepnoco nabniodeHus
NPUSHAKOS NPOSPECCUPOBANUSL 3a001e6ANHUS HE BbLAG-
neHo. Yposeusv kopmuzona kposu Ha 2, 6 u 10-ii mec
oucnarncepnozo nabmodenus cocmasun 362, 306 u 292
HMOIb/11 COOMEEmMCMEeHHO (peghepencvle 3HAUeHUs —
176,6—629 umonv/n). Teuernue eunepmornuueckoul 6o-
JIE3HU 6 HACOsIUee 8PeMsl KOHMPOTUPYeMOoe, NP Mil-
HUMATbHOM 00beMe aHMUSUNEePMeH3UBHOU mepanuil,
2NUKeMUS HAMOWaK NPU CAMOKOHMPOLE COCNABISEN
5—6 mmonv/n. [lpuem nepopanbHbvix caxapocHudicaro-
wux npenapamog He mpedyemcs. Ilomows ¢ camo-
oocayxcusanuy mpebyemcs 8 MUHUMANIbHOM 0Oveme,
cmamyc no wixkare ECOG 6 nocmpeabunumayuuonHom
nepuooe cocmasusem 1 6ann.

Oocyxnenue

AKTI -3KTONMMPOBAHHBIA CUHAPOM SIBISIETCSH
KpailHE PEAKOW U OJHOM U3 CaMbIX CEPbE3HBIX IH/I0-
KPUHHBIX [TapaHeOoTIa3Hii, 00y CIIOBICHHBIX THITEPIIPO-
IyKiuei aapeHokopTukoTporHoro ropmona (AKTI) u
KOPTUKOTPOTIMH-PHITU3UHT TOPMOHA, TIATOJIOTHUECKUM
HCTOYHUKOM KOTOPBIX MOYKET SIBIISITBCS 37I0Ka4€CTBEH-
Hasi HEHPOIHIOKPHHHAS OITyXOJb.

Bnepsbeie manuenTta ¢ npusnakamu AKTI -
SKTONMpPOBaHHOTO cuHApoMma KymwHra Ha ¢one
MEJIKOKJIETOUHOTO paka jerkoro onucain W. Hurst
Brown B 1928 . OgHako aBTOpOM HE MPOCIEKEHA
B3aMMOCBSI3b MEK/TY OITyXOIIBIO U TUTIEPKOPTUII3MOM
[6]. [TormManme o TOTOOHOM CBSI3U MOJTYYESHO JIHIITh
B 60-x rr. XX Beka, Omaromaps padore G.W. Liddle et
al. [7], OTKpBIBIINX CITOCOOHOCTH HEKOTOPBIX BHETH-
noduzapHbIx onmyxoneit cekperuposats AKTI.

OnHOI U3 UCTOpUUECKUX (yHTaMEHTAJIbHBIX
pa6ot, mpencraBuBmeit AKTI-axTonmupoBaHHbBIMA
CHUHJIPOM BO B3aWMOCBSI3U C HEHPOIHIOKPHHHBIMU

CUBMPCKUI OHKONOMYECKUM XXYPHAIN. 2025; 24(6): 183—191

Puc. 4. UI'X-nccneposaHue.

WHpekc Ki67 paBHOMEpHbINA,
HeBbICOKMI — [0 2 % (cTpen-
Kamu 0603HaYeHbl eANHNYHbIE
nos3uTuBHbIe kneTtkun), x10. Mpu-
MeyaHwue: PUCYHOK BbIMOMHEH

aBTOpamMu

Fig. 4. Microphoto. IHC study.
Ki67 index is uniform, low, up to
2 %; x10. The arrows indicate

single positive cells.
Note: created by the authors

OITYXOJISIMH, SIBISIETCS HccienoBanne J. Aniszewski
et al. [8]. B 310 peTpocneKTHBHOE UCCIIEIOBaHHE
BruTrodeHO 106 marmenToB ¢ AKTT -akTonmupoBaHHBIM
CHUHAPOMOM, ONEpUPOBAHHBIX B mepuox ¢ 1956 no
1998 r. HeiiposHAOKpHUHHBIE OIYXOJIH OPOHXOJIEroY-
HOW JIOKanu3anuy ObUTH OTpe/eNieHbl Kak HanOoJee
gacTeiid ucTOUHUK AKTIT cexpenum, KapImHOUTHBIC
OITyXOJIN JIETKOTO M3 BCEH KOTOPTHI cocTaBuiu 25 %,
MEJKOKJIETOUHBIN pak jerkoro — 11 %.

Accouuanusi HEUPOIHIOKPUHHBIX ONYyXOJel
nerkux U AKTI-3KTOomMpOBaHHOTO CHHIpPOMA IIPO-
JIEMOHCTPHPOBaHA 1 B 0OJIee MO3/JHUX OTEYECTBEHHBIX
KOTOPTHBIX uccienaoBanusix [9, 10]. B Hux neitposnmo-
KPHHHBIE OITYXOJI B OCHOBHOM OBLTH ITPEACTABICHBI
KapuuHouaamu Jerkux (62,3 %). bonee penkumun
uctounnkamu AKTT -3kronnueckoro cuuapoma sSBu-
JMCh HEHPOAHJOKPUHHBIE onmyxoiu Tumyca (7 %) u
MOKeyIoYHOH xenessl (5,4 %), peoxpomonuroma
(3,8 %), menynaspHBII paK MIMTOBUIHON >KEJIE3b
(0,8 %), Cnemyet OTMETHTD, YTO B JOCTATOYHO OOJIh-
1IoM Kondyectse HaOmonenmii manudecramun AKTI -
SKTOMUPOBAHHOTO CUHApPOMA, cocTaBuBLIUX 19,2 %,
BBISIBUTB JIOKAJIN3ALIUIO HEUPOIHTOKPUHHON Oy XOJIH
He ymaBasioch [9]. st TakuX OONTHHBIX OCHOBHBIM
METOJIOM, IO CYTH, TAJUIMATUBHOTO JICUCHHS SIBIISIIACH
JBYCTOPOHHSISI 8/IpEHAIIKTOMHSI.

B snteparype nmpuBOISTCS DaHHBIE IO 4acTOTE
nByx BapuanToB AKTI -3KTOMMpOBaHHOTO CHHIPOMA
IIPU KapLIMHOUJIAX TOpaKajabHOU Jokanu3auuu. Iep-
BbIil BapuanT — AKTI-3kTonmpoBaHHBIH CHHIPOM,
OTIpeaeNsieMblil TOJBKO MPH JTabOpaTOpHON AUATHO-
CTHKe, BcTpedaeTcs ¢ gactoton 24,8 % [11], Bropoii
BapuanT — AKTI -cekpernus ¢ KIMHUYIECKUMHU TTPOSIB-
JeHusIMH cuHpoMa KyinHra — BeTpeuaercst ropasao
pexe, ¢ gacroroii He Oonee 2—4,3 % [5, 11]. Teuenue
NEPBOT0O BapHAHTa HUYEM HE OTIAMYAETCS OT TCUCHHUS
TATTAYHOW HEHPOIHIOKPHHHON OITyXOJH 0€3 TOpMO-
HAJILHBIX TIPOSIBJICHUH U B PYTHHHOMN NMPAaKTHUKE OCTa-
eTCsl HeIUarHOCTUPOBAHHbBIM, €CIIH 10 KaKOH-JINO0
NPUYMHE HE Ha3HA4aeTCsl TOPMOHAIBHBIA MPOQMIib
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[5]. Bropoii BapuanT, 00yCIOBIEHHBIN KITHHUYECKUMH
MIPOSIBIICHUSIMH, TpeOyeT 0oJIee B3BEIIEHHOTO TOIX0/1a
B JTOPUTME JUATHOCTHUKH U JICUCHHUS.

[Ipu mono3peHnn Ha HaJTM4KeE y MalMeHTa CUHJIpo-
Ma KymHra quarnoctndeckast KOHIEIHS COCTOUT U3
TPEX ATAITOB: ITOJTBEPIKICHIE YHIOTEHHOTO TUTIEPKOP-
TA3Ma; auddepeHIranTbHas THarHOCTHKA MEKIY
AKTI -3aBucumbiM 1 AKTT -HE3aBUCUMBIM CUHAPO-
MoM Ky1mHra; onpeneneHye Jokaau3aliy HICTOUHUKA
npoxyknuu AKTID (runodwus unm skrommveckas
cekpenus) [12—14]. B anroput™m moncka UCTOYHUKA
SKTONUYECKO cekperun BXoAaT KT opranoB rpyHoit
KJIETKH, OPIOIIHOM MOJIOCTH U MaJIOr0 Ta3a C KOHTPACT-
HBIM yCHJIGHHEM B codyeTaHuu ¢ ¥Y3U mutoBuaHON
sene3bl ¥ MPT ¢ KOHTpacTHBIM yCUJIEHHEM TOJIOB-
HOTO MO3ra. ONIIMOHATBFHO BBITIOTHIIOTCS TacTPO- U
kosoHockonus. ComMarocTaTuH-peLenTopHas CLUH-
turpadust u [19T ¢ ¥Ga-DOTA-KOHBIOTHPOBAHHBIM
aHaJIOTOM COMaTOCTATHHA UCIOIB3YIOTCS KaK METO/IbI
YTOUHSIIOIIEH nuarHocTuku [13].

CHOXHOCTB U yacTas 3aJiepKa B 00CIe0BaHuN
1 CBOEBPEMEHHON TMArHOCTHKE HEHPOIHTOKPHHHOMN
OITYXOJIH C THITEPKOPTHUII3MOM OOYCIIOBIIEHA IByMS
OCHOBHBIMHU (akTopamu. Bo-mepBriX, He3aMETHBIM
HAyaJIOM U MEIJICHHBIM MPOrpEecCHUpOBaHUEM 3a00-
JICBaHWsI, B CBSI3U C YE€M IIEPBBIE CUMIITOMBI HEPEIKO
WHTEPIPETUPYIOTCS KaK MOCIENCTBUS BO3PACTHBIX
M3MEHEHHUI MM XpOHHUYECKUX 3aboneBanuii [11]. B
9TON CBS3M, COTNIACHO JIUTEPATYPHBIM JaHHBIM, HH-
TEPBAJI OT MOSBJICHUSI CAMIITOMOB THIIEPKOPTUIIU3MA
Jo nocraHoBku guarnoza AKTI-akronupoBaHHOTO
CHHJIPOMa TOBOJILHO IITUPOK M COCTABIISAET OT 2 110 264
Mmec [5, 9, 10]. Bo-BropsIx, npeodiiagaroine MajabIMu
pazMepaMu caMoi TOPMOHAJIbHO-aKTUBHOM OIyXOJIN
[12, 15]. Hanpumep, B padote K.P. Seastedt et al. [15],
MTOCBSIIIIEHHOM pe3ylIbTaTaM XUPypPTruIecKOro JICUEHUS
MAIMEHTOB C HEWPOIHAOKPUHHBIMH OMYXOJISIMH JIET-
KHX, 13 Bcex KapunHonaoB ¢ AKTI-skTonnpoBaHHBIM
CUHIPOMOM 55,9 % Obun pazmepamu MeHee 10 MM.
Crnemyer OTMETHTH OTCYTCTBHE 3aBUCUMOCTH MEKTY
BBIPAKEHHOCTHIO KIMHUYECKUX TPOSIBICHUI TUIep-
KOpPTHLIM3MA U pazMepaMu omyxomu [12, 15].

B npencrasnennom vabronennn AKTT -skTommpo-
BAHHBIA CHHAPOM MaHU(PECTHPOBAT apTePHATHHON
TUIEPTeH3UEN U CTEePOUTHBIM TUAa0eTOM. Y UHThIBAs
aTUIIMYHYIO KAPTUHY TeUeHHsI O0JIE3HU M OTCYTCTBHE
XapaKTepHBIX uIsd cuHapoMa KymmHra m3mMeHeHui
BHEITHOCTHU: JAMCIUIACTHYECKOTO OXXHPEHHUs, JTYHO-
00pa3Horo JHIa, CTPUH, THPCYTU3MA, IIEIeBOE 00-
CJIeJIOBaHUE Ha TUMIEPKOPTHUILIN3M JUITUTEIBHOE BpeMs
HE TIPOBOAMIIOCH.

Taxoke cieyeT OTMETHTb, YTO C MOMEHTA MOsIBIIe-
HUS PU3HAKOB CaXapHOTO IHadeTa, B paMKax 00IIIeTo
JMCTIAHCEPHOTO HAOJIIOACHHUS, MAlMEHTKE TPYIKIbI
BBITIOJHSIACH 0030pHAasi peHTreHorpadusi OpraHoB
TPYAHOM KJIETKH, OTHAKO OITYXO0JIEBas ATOJIOTHS JIeT-
KuX He ObuTa BEIsBICHA. [Ipy 3TOM HTOTOBBINA pa3zmep
OTIYXOJIM B HAIlleM HaOmofeHUH, 3,8 ¢M, MajbIM HE
SIBIISIETCS, COOTBETCTBYET KpUTepHito T2 1o Kiaccu-
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uxarm TNM 8 [14] u qocTymeH 11 o0HapyKeHUS
pU CcTaHJApTHOH peHTreHorpaduu. Bo3zmoxkHo,
CJIOKHOCTh B JIMATHOCTHKE ObLIa OOYCJIOBJICHA JIO-
Kallu3alyeld ONmyXoiH B 3aJiHe0a3ajIbHOM CETMEHTE
(S10) mo 3agnemy ckary mmuadparmel. KT opraHos
TPYIHOM KJIETKH Ha aMOyJIaTOPHOM dTarle IMalueHTKe
HE BBITIOJTHSIIACD.

Takum oOpa3zom, u3-3a HeCHEeNU(PUIHOCTH CHM-
MTOMOB M HHU3KOW WH(POPMATUBHOCTHU JTy4EBOU
JTUATHOCTUKH METOJOM PYTHHHOHN pEeHTreHOTpaduu
BPEMEHHOM HHTEPBA OT MEPBBIX KIIMHUIECKIX TPOSIB-
JICHUH TUTICPKOPTULIU3MA JT0 OOHAPYKEHHS OITYXOJIH B
HallreM HaOTFOJICHUN COCTaBII 24 Mec. 3a YKa3aHHBIH
TIepUO Y TAIMEHTKH Pa3BUIIUCH OCIIOKHEHHUS CTEPOU-
noreresa. [Tomumo auabera U KPU30BOW T'MITEPTCH-
3UH, Ha ()OHE KOTOPBIX OOJbHAS ABAXKIBI IEPEHECIIA
OCTpOE HapyIIeHHEe MO3TOBOTO KPOBOOOpAIICHHS, Y
Hee Pa3BWIMCH CTEPOMIHAS MHUOMATHUS, OCTEOTIOPO3
C KIIMHOBUJIHOM Jte(hopMalueid Tes rpyIHbIX TT03BOH-
KOB U XPOHUYECKHM OOJICBBIM CHHJIPOMOM, & TaKKe
aTUMEHTapHasl TUIIOTPO(dHsI, YTO B COBOKYITHOCTH
HETaTUBHO CKa3aJOCh HA Ka4eCTBE KU3HHU.

EnmHCTBEHHBIM METOIOM PaINKATBHOTO JICICHIS
6ombHBIX ¢ AKTT -3KTONMMpPOBaHHBIM THIIEPKOPTUIIU3-
MOM SIBIISIETCS XUPYPrUUECKOE YIaJCHUE UCTOYHUKA
MaTOJIOTUYECKOH TOPMOHAIBHON CEKPEeIHH, MOCIe
Yero OTMEYaeTCs MTOJTHBINA perpece KITMHIYECKUX MPOo-
sieieHuit [ 16, 17]. O0beM onepariuu, COracHO KJIMHU-
YECKUM PEKOMEHAALUSAM, — aHATOMUYECKAs PE3CKIINS
C UIICUIIaTepaIbHOM MEAUACTUHATBHON JUCCEKIUEH —
JTOOAKTOMES THOO TIpH TIeprhepIUIECKOH OITyXOJIH pa3-
MepoM 0 2 cM — cerMeHTIkToMus [ 14, 18]. Onepanuu
MEHbIIIEro 00beMa, aTUITMYHBIC PE3EKIIMU HE paccMa-
TPUBAIOTCS KaK PaJMKaIbHBIC MPU XUPYPTrUICCKOM
JIedeHUH OOJTHHBIX HEHPOIHTOKPHUHHBIMHA OTTYXOJISIMHU
nmerkux. B Hamem HaONMIONCHWH, YUNUTHIBAS pa3Mep
OIyXOJIU, BBITIOJIHEHA CTaHJAApTHAs JIOOAKTOMUS
TOPAKOCKOMMMUECKUM JIOCTYIIOM C UIICUJIATepaIbHOM
MeIMaCTUHAIEHOW TUM(OIUCCEKIINEH.

Eme omamM 00CyXKmaeMbIM (aKTOPOM JICUCHHUSI
OOJBbHBIX HEHPOIHIOKPUHHBIME oryxossiMu ¢ AKTT -
SKTOIMPOBAHHBIM CUHJIPOMOM SIBIISTFOTCSI 0COOCHHOCTH
TOCIIeOTIepaIlHOHHOTO ITepruoa. B mureparype ykasbl-
BaeTCs Ha BOBMOYKHYTO TSHKECTH TIOCIIEOTIePAITHOHHOTO
MepHojia U PUCK TOCICOTIEPANIMOHHBIX OCIOKHCHHMA
KaK WH(EKIMOHHBIX, TAK ¥ CEPJCYHO-JICTOUHBIX U
MeTabOINIECKHX, 9TO 00YCIIOBICHO, BO-TIEPBHIX, YK
c(hOopMHUPOBaHHBIMHU YHIOKPUHHBIMU HAPYIIIEHUSIMH, C
KOTOPBIMH OOTBHOMU ITOCTYTAET B KIMMHUKY [9, 13, 17],
BO-BTOPBIX, PUCKOM CHUHPOMA PUKOIIETA, B BUAC Pa3-
BUTHS OCTPOH HAINOYCUHUKOBOM HEIOCTATOYHOCTU
MOCJI€e yAaJIeHHs oyara 3KTOMUYECKol cexperuu [19,
20]. HexoTopbie aBTOPHI yKa3bIBAIOT Ha HEOOXOMIH-
MOCTb MPO(YUTAKTHYECKOTO TIPUMEHEHHS CUCTEMHBIX
TJIIOKOKOPTUKOUIOB B MOCICONEPAMOHHOM IEPUOJIEC
[19]. B Hamem HaOMrONEHUH MBI HE CTOJKHYIIHCH C
TSHKEJTBIM TI0CJICOTIEPAITIOHHBIM TIEPHOIOM, OTIMYAT0-
IIFMCSI OT THITMYHOTO TTOCIIE aHATOMUYECKUX PE3CKITHIA
nerkux. [Ipu3HakoB HAAMOYEYHUKOBOU HEAOCTATOY-
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HOCTH He ObLIO, CHCTEMHBIE IITFOKOKOPTUKOUIBI MBI HE
npuMeHsT. Hao0opoT, MBI 0TMEdaeM MOCTETeHHOe
yMeHbliienue ypoBHs koptuzona u AKTT ceiBopoTku
KPOBH U HOPMAJIN3ALIUIO TIIUKEMHUYECKOTO MPOQHIIS.
EnuHCTBEHHOE OCIIOKHEHHE, KOTOPOE MBI (PUKCHPYEM
y MAIMEeHTKH, ObLIO TIPOJIOHTUPOBAHHOE ITPOyBaHHUE
B TeueHue 12 cyT. JlaHHOE OCIIOKHEHNE HE SBIISICTCS
3aBucuMbIiM 0T AKTI -akTonupoBaHHO# cekpennu
(bakropom. [Tocne xupypruueckoro Je4eHUs CHMIITO-
MBI TUIIEPKOPTULI3MA KYTTUPOBAHBI B TEYECHHE IEPBOIA
HEJIEJH [TOCIEONEPAMOHHOIO IEPUOAA.

Kak u3BeCTHO, KapIUHOUbI OPOHXOJIETOUHOM
JIOKAJIM3AINH MTOCTIE XUPYPTUUECKOTO JICUCHUS XapaK-
TEPU3YIOTCS ONaronpusTHHIM MIPOTHO30M, C 00IIeH
5-JIeTHEN BBIKUBAEMOCTBIO MOCIE XUPYPIHUECKOrO
seuenust 82—100 % mpu tunuuHoM u 50-95 % npu
arunmuHoM KaprmHouse [21]. ITo MueHUIO psifa aBTo-
poB, AKTT cexperupyromue KaplinHOU Bl 00T 1al0T
OoJpIIeil arpecCUBHOCTBIO W OONBIIEH 4acTOTOU
METaCcTa3uPOBAHUS B PETHOHAPHBIC IMM(ATHUICCKIEC
y3J1bl, 110 CPABHEHUIO ¢ ()YHKIIMOHAJILHO HEAKTHUBHBI-
mu Bapuantamu: 50 % npotus 21 % [22], ogHaxo no-
Ka3aTeIbHOM HEraTUBHOU KOPPEIISILIMU TOPMOHAIILHOM
AKTUBHOCTH KapIMHOW/IOB C MOKA3aTENSIMH OOIIeH
1 Oe3peIUANBHON BBDKUBAEMOCTH B JIUTEpAType HE
MpeacTaBieHo [5, 23].
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BKIIAl ABTOPOB
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Tep-OBanecoB Muxauia JIMuTpueBUY: aHATHN3 HAyYHOH pabOTHI, KPUTHYECKHUI IEPECMOTP C BHECEHUEM LIEHHOTO HHTEIUIEKTYaIbHOTO
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Qunancuposanue
Omo uccredosanue ne nompedo8aLo OONOTHUMENLHOLO YUHAHCUPOBAHUSL.
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

Kongpnukm unmepecos

Aemopul 3a561510M 00 OMCYMCMEUY KOHDIUKING UHMEPECO8.

Hugpopmuposannoe coznacue

Om nayuenma noayueno NUCbMeHHoe UHGOPMUPOBaHHOE 000POBONIbHOE co2nacue Ha NYyOIUKAYUI0 ONUCAHUS
KAUHUYECKO20 CIYYaAs U NYOIUKAYuio pomomamepuanos 8 MEOUYUHCKOM HCYPHANE, BKIIOUAS €20 INEeKMPOHHYIO
sepcuto (0ama noonucanus: 10.11.23).
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SOLITARY METASTASIS OF GASTRIC CARCINOMA
IN THE RIGHT RECTUS ABDOMINIS MUSCLE 15 YEARS
AFTER TOTAL GASTRECTOMY

R.B. Bayramov, S.E. Huseynova, Z.A. Maharramov, F.R. Bayramli

Department of Oncology, Azerbaijan Medical University
AZ1022, Baku, Azerbaijan

Abstract

Background. Recurrence of gastric carcinoma most often occurs within 5 years after radical surgery, with
60-70 % of recurrence detected within first two years and 4-5 % after 5 years. The liver and peritoneum are
the most common sites of gastric cancer recurrence, but it can also spread to other distant sites. Metastases
to skeletal muscle from any primary tumor are rare, with a reported incidence ranging from 0.03 to 0.16 %.
Isolated hematogenous metastasis bypassing the portal and pulmonary circulation from gastric primary is a
rare event. Here we report a case of a patient who developed isolated solitary metastasis in the right rectus
abdominis muscle 15 years after total gastrectomy (without perioperative or adjuvant chemotherapy) for gastric
carcinoma. Case presentation. A 64-year-old patient who had undergone gastrectomy for gastric cancer 15
years earlier presented with a tumor in the right rectus abdominis muscle. Histopathological examination of
the ultrasound-guided Tru-Cut biopsy confirmed the presence of adenocarcinoma. A CT scan of the chest,
abdomen, and pelvis, as well as a colonoscopy, revealed no synchronous primary tumor. Wide excision of
the tumor was performed, including full-thickness abdominal wall resection, with reconstruction of the defect
using polypropylene mesh. Conclusion. Our case report demonstrates that gastric cancer metastases to
skeletal muscle can occur even 15 years after a curative gastrectomy. In other words, the detection of soft
tissue tumors developing in patients even 15 years after gastrectomy for gastric cancer does not rule out the
possibility of metachronous metastasis from the primary gastric tumor.

Key words: gastric carcinoma, gastrectomy, solitary metastasis from gastric carcinoma into skeletal
muscles metastasis, abdominal wall resection.

COJINTAPHbIA METACTA3 PAKA XENYOKA
B NMPABYIO NMPAMYIO MbILULYY 2KUBOTA
CnycCTA 15 NNET NOCIE TACTP3KTOMUU

P.b. Banpamos, C.3. l'ycenHoBa, 3.A. MareppamoB, ®.P. banpamnbi

Kadbenpa oHkonoruu, AzepbanaxaHCKUn MeEQULIMHCKAIA YHUBEPCUTET
AZ1022, r. Baky, AsepbangxaH

AHHOTauus

AkTyanbHoCTb. Peunane paka xenyaka valle BCero BO3HMKaeT B TedeHne 5 neT nocne pagukanbHOn
onepauuu, npun atom 60-70 % peunamBOB BbISBASIOTCA B TedeHue nepsbix ABYX neT n 4-5 % — yepes 5
net. Peuname paka xenygka yalle Bcero Habniogaetcs B NeYeHU U Ha MOBEPXHOCTY BPIOLLNHBI, HO MOXET
BCTPEYaTbCH M B HETUMWYHBLIX OTAANEHHbIX opraHax. MeTtacTtasupoBaHue nobon NepBUYHON ONyXonu B
CKeneTHble MblLLLbI BCTpevaeTcst peako, ¢ yactoton ot 0,03 go 0,16 %. B HayuyHOM nuTepaTtype onucaHo
O4YeHb Maro cry4aeB U30MPOBAHHOIO METacTasMpPOBaHNUS paka Xenyaka B CKeneTHble MbILLbl, T.K. N30Mu-

#=7 banpamor Pamus Baxtusip ornbl, ramizbayramov@gmail.com
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POBaHHBIN reMaToreHHbIVi MeTactas 13 NepBUYHON OMyXOnn Xeryaka, MUHYBLLWIA NOPTanbHY Y NEroYHyo
cucTeMy, BO3HMKaeT pefko. OnucaHue KnMHU4eckoro cny4as. [pegcraBneHo knuHuyeckoe HabnogeHne
64-neTHero nauneHTa, y KOToporo Yepes 15 neT nocne racTpakTOMMUM Mo NOBOAY paka xenyaka (6e3 nepmo-
nepaTuBHON U aAbIOBAHTHON XMMMOTEPanunn) pa3BuIica N30NMpOBaHHbIN CONMTaPHbBIN MeTacTas B NpaBon
npsAMON MbllLe XuBoTa. MMcTonartonormyeckoe ncenegosanve bvonrara, nonyyeHHoro metogom Tru-Cut
nof KoHTponem Y3W, noaTeepanno Hannune ageHokapuuHomel. Mo gaHHbiM KT rpyaHON KNeTku, GprolHOm
MONoCTM U Maroro Ta3a, a Takke KONTIOHOCKOMNUM NepBrUYHas CUHXPOHHAasA Onyxorb He 06Hapy»eHa. Bbinon-
HEHO LUMPOKOE NCCeYEHNE OMyXOMnu NyTeM pe3eKkumm OPIOLLIHOM CTEHKM Ha BCIO TOMLUUHY, C PEKOHCTPYKLUMEN
nedekta nonunponuIeHoBoN ceTkol. 3akntoveHue. NpeacTaBneHHbIN KINMHUYECKUI CryyYai AEMOHCTPUPYET,
YTO pakK Xeryaka MOXeT MeTacTasmpoBaTh B CKeMNeTHbIe MbILLLbl Aaxe Yyepesd 15 neT nocne racTpakToMuu.
Opyrumn cnoBamu, obHapy>XeHne onyxornen MArkux TKaHew, pasBuBLUMXCS Y 6onbHbIX Yepe3 15 net nocne
pafvKanbHOWM onepauuy No NOBOAY paka >emnyaka, He UCKMYaeT BO3MOXHOCTN METaxXpOHHOIO MeTacTasu-
POBaHUsi NEPBUYHOW OMYXONn Xenyaka.

KnioueBble crnoBa: pak xenyaka, racTpIKTOMUsI, CONMUTaPHbIA MeTacTa3 paka Xeryaka B CKefleTHbIe

MbILLbI, Pe3eKLUs GPIOLLIHOW CTEHKW.

Introduction

As the fifth most common cancer and the third
leading cause of cancer-related death worldwide,
gastric carcinoma remains a major public health is-
sue in most countries [1]. Curative surgery including
systemic lymph node dissection is the only treatment
modality offering chance for cure in patients with
gastric carcinoma. Despite the fact that perioperative
(or adjuvant) chemotherapy can present additional
effect in cases of advanced-stage gastric carcinoma,
a significant portion of patients develop recurrence
during follow-up and substantial part of patients with
a history of gastrectomy for advanced-stage gastric
carcinoma die from recurrent disease [2, 3].

Recurrence of gastric carcinoma is strongly de-
pendent on the extent of the disease, as indicated by the
TNM stage. The TNM classification system accurately
predicts the overall survival, but is unable to provide
data in terms of overall recurrence, time-specific recur-
rence, and site-specific first recurrence [2]. Thus, the
patients who have undergone gastrectomy for gastric
carcinoma are routinely searched for intra-abdominal
(including hepatic) recurrence during the follow-up pe-
riod with checking other sites if clinically indicated.

The definition of early and late recurrence varies
across studies. Mostly, late recurrence is defined as
recurrence >2 years after radical-intent surgery [4].
Most follow-up programs end 5 years after primary
treatment [2]. Nevertheless, recurrence at >5 years
after radical gastrectomy and adjuvant chemotherapy
is observed frequently. Recurrence can also be found in
atypical distant sites. Skeletal muscle metastases from
any primary tumor are rare occurrences with a reported
incidence of 0.03 to 0.16 % [5]. In the literature, very
few cases of solitary muscle metastasis from a gastric
primary have been reported.

Here we report a patient who developed a recur-
rence in the right rectus abdominis muscle 15 years
after total gastrectomy (without adjuvant chemo-
therapy) for gastric carcinoma. The purpose of this
case report is to enrich the relevant cases described
in the literature, which emphasizes the possibility of
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distant hematogenous metastasis in non-typical sites
after long time from primary treatment.

Case presentation

A 49-year-old male patient with gastric carcinoma
was admitted to Thoracoabdomunal Unit of Onco-
logic Clinic, Azerbaijan Medical University in April,
2008. On the bases of preoperative clinic-radiological
evaluation, the patient was diagnosed with gastric
adenocarcinoma involved the antrum and corpus of
the stomach (poor-differentiated adenocarcinoma,
cT3NXMO0) and complicated with decompensated
pyloric stenosis. Total gastrectomy was planned for
radical-intent treatment. Roux-en-Y total gastrectomy,
D2 extended lymph node dissection were performed.
Pathological report of the resected specimen and path-
ological staging: mucinous carcinoma, metastases in 2
regional lymph nodes (in stations 3 and 5),; pT3N1MO.
Patient did not receive adjuvant chemotherapy and
never applied for follow-up examination.

Fifteen years after surgery, the patient returned with
a tumor in the anterior abdominal wall. On inspection,
a tumor with a long diameter of approximately 10.0
cm was seen in the right half of the anterior abdominal
wall, which was mobile on palpation without clinical
signs of fixation. On abdominal CT scan, a hypodense
tumor measuring 7.0%5.0x4.0 cm was detected in the
right rectus sheath without signs of adjacent organ
invasion (Fig. 1). Tru-Cut biopsy under US-guidance
was conducted. Histopathological examination of
biopsy specimen revealed poor-differentiated adeno-
carcinoma. Taking into the account the tumor histol-
ogy, all possible primary tumor foci were searched
by thoracic and pelvic CT scan, total colonoscopy.
No any primary tumor was detected. The tumor was
considered to be late metachronous metastasis from
gastric carcinoma removed 15 years ago. Wide exci-
sion of the tumor with reconstruction of abdominal
wall with prolene mesh was planned according to the
multidisciplinary team decision.

Through the right transrectal incision, the ab-
dominal wall skin was cut in an ellipsoid form, and the
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Fig. 1. CT scan of the tumor in the right rectus abdominis muscle (arrows). A — axial slice; B — sagittal slice. Note: created by the authors
Puc. 1. KT onyxonv B npasoii NpsiMoli MblLLLE XMBOTa (yKa3aHa cTpenkamu). A — akcmanbHbIi cpes; b — carntranbHbiv cpes.
lMprMeyaHne: pucyHOK BbINOMHEH aBTOpamMu

Fig. 2. Microphoto. Histopathological images of the primary and metastatic tumors. A — metastases of well-differentiated mucinous
carcinoma in the right rectus abdominis muscle; B — well-differentiated mucinous carcinoma of the stomach removed 15 years ago. H&E
staining, x100. Note: created by the authors
Puc. 2. MukpodoTo. MaTtorncronormnyeckasi kKapTuHa NepBUYHOM U MeTacTaTuyeckon onyxonen. A — Mmetactas BbicokoamnddepeHum-
POBaHHOW MYLIMHO3HOW KapLMHOMbI B NPaByo NPsSIMYI0 MbILLLYY u1BOTa; b — BbicokoanddepeHLMpoBaHHas MyLMHO3Hasi kapLyHoma
Xenyaka, ynaneHHas 15 net Hasag. Okpacka remMaToKCUmMHOM 1 903uHoMm, x100. MpumeyaHue: pucyHoOK BbIMOMHEH aBTopaMu

borders of the tumor were determined by palpation.

Visually, the tumor did not invade the anterior layer of

the right rectus sheath and did not invade into the linea
alba. The tumor was completely excised with a >1.0-
cm resection margin via full-thickness resection of the
abdominal wall. Macroscopically, the tumor invaded
the parietal peritoneum and no visible seedlings were
found on the parietal and visceral peritoneal surface.
The abdominal wall defect was reconstructed with
prolene mesh.

No complications were observed in the postopera-
tive period. The pathological examination of the ex-
cised tumor revealed the tumor measuring 72 x51 %41
mm, not extending beyond the anterior and medial
wall of the sheath of the right rectus abdominis mus-
cle; mucinous cancer infiltrating the striated muscles
with invasion into the parietal peritoneum; negative
resection margins. Histopathological specimens of the
primary tumor were retrieved from the archives and
sent, along with specimens of the metastatic tumor, to
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another oncology pathologist. The final consensual
histopathological diagnosis was mucinous carcinoma
in both cases (Fig. 2). Metastatic tissue was stained
for CDX2 and CK20 on paraffin-embedded tissue.
Nuclear expression of CDX2 and cytoplasmic stain-
ing for CK20 were observed (Fig. 3). The patient
underwent eight cycles of adjuvant chemotherapy. A
six-month follow-up examination revealed no signs of
local recurrence or metastases.

Discussion

Recurrence of gastric carcinoma typically occurs
within 5 years after radical surgery, with peritoneum
and liver being the most frequent sites of metastasis,
and late recurrences are extremely rare [4]. Limited
reports suggest that <10 % of patients with gastric
cancer who undergo radical surgery experience recur-
rence at 5 years, and <2 % at 10 years [6].

C.H. Shin et al. reported on 266 (266/1299) patients
with recurrence after curative gastrectomy. The early

SIBERIAN JOURNAL OF ONCOLOGY. 2025; 24(6): 192-198



CNYYAW U3 KNTUHUYECKOM NPAKTUKN

Fig. 3. Microphoto. Immunohistochemical staining of metastatic tumors for CDX2 and CK20. A — nuclear expression of CDX2;
B — cytoplasmic staining for CK20, x200. Note: created by the authors
Puc. 3. MukpodoTo. MMMyHOrMcToXnMUYeckoe okpalumBaHue metactatmdeckoi onyxonm Ha CDX2 n CK20. A — HykneapHas
akcnpeccus CDX2; b — uutonnasmatunyeckoe okpatwumsaHus CK20, x200. MprmMeyaHne: pucyHoK BbINOMHEH aBTopamu

(<2 years) recurrence rate was 68.4 %, the intermediate
(2 to 5 years) rate was 22.9 %, and the late (>5 years)
rate was 8.6 % [2]. According to the authors, no clear
definition has been established for late recurrence of
gastric carcinoma. Most reports have described cases
recurring over 5 years after surgery.

Extra-abdominal solitary recurrences after radical
gastrectomy for gastric cancer are very rare, but can be
explained by the mechanisms of metastasis. Skeletal
muscle metastasis from carcinoma is very rare, and the
most common primary sites are lung (25 %), followed
by genitourinary (22.3 %), gastrointestinal (21 %), and
breast (8.2 %) [5].

Despite the substantial long time from the removal
of the primary tumor and non-specific site of distant
metastasis in our patient with a history of gastric car-
cinoma, the tumor was considered to be late metasta-
sis from the primary tumor on the bases of the same
histopathological type of the tumors and absence of
any primary carcinomas in other sites. In addition,
the metastatic tumor expressed nuclear staining for
CDX2 and cytoplasmic staining for CK20, which was
consistent with the gastrointestinal origin of the tumor.
As mentioned earlier, total colonoscopy detected no
lesions suggestive of colorectal carcinoma.

According to studies of Tuoheti et al., only 30 cases
of skeletal muscle metastasis from gastric carcinoma
had been reported in the literature since the 1960s
till 2004 [5]. In most reported cases, skeletal muscle
involvement was associated with synchronous hepatic
and/or lung metastasis. Our case is similar to that
reported by Koga et al. and that by Aguirre et al., in
which solitary skeletal muscle metastasis developed in
the absence of liver or lung involvement [7, 8].

According to some authors, from a physiologi-
cal perspective, it is difficult to explain why skeletal
muscle is only rarely affected by hematogenous dis-
semination given its high vascularity and total mass
accounting for nearly 50 % of total body weight [8,
9, 10]. The most reasonable mechanism for solitary
skeletal muscle metastasis can be liver- and lung-
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bypass of carcinoma cells, the likelihood of which is
extremely rare. Skeletal muscle metastasis associated
with involvement of the liver and/or lung can likely
develop as a re-metastasis from the secondary foci.
From a scientific and clinical point of view, another
interesting aspect of this case is that the metastasis was
detected after a very long period of time. In the medical
literature such metastases are called “late metastases”,
which are detected more than 10 years from the elimi-
nation of the primary tumor and without evidences
of a local recurrence. This latency explained by the
dormancy of the extravasated cancer cells, which has
also been termed “a temporary mitotic arrest” [11]. It
should be noted that very small number of cancer cells,
that successfully extravasate, result in metastases.
Most extravasated cancer cells remain as single cells
or form small clusters called micrometastases and
become dormant [ 12]. Dormant state is defined as non-
proliferating state or cell cycle arrest that results in a
prolonged G, phase [11, 12]. Dormancy results from
the absence of growth factor signaling, the actions of
suppressor genes, the absence of an activated angio-
genesis at the micrometastatic site and the presence of
immunological factors [ 12]. Extravasated cancer cells
can escape elimination by the immune system through
several mechanisms. Release of cytokines and chem-
okines from cancer cells contributes to the creation
of immunosuppressive environment. Recruitment of
immature dendritic cells and macrophages, which sup-
press the abilities of mature counterparts to eliminate
tumor cells by blocking T-cell activation and phagocy-
tosis, maintains this environment as well. Formation of
immunosuppressive environment is also maintained by
so-called hybrid E/M (epithelial/mesenchymal) cells,
which are formed through the programmed process of
epithelial mesenchymal transition (EMT). Activation
of EMT causes carcinoma cells to lose their epithelial
properties (apical-basal polarity and intercellular junc-
tions) and acquire invasive and migratory capabilities,
which are characteristics of mesenchymal cells. Those
gained mesenchymal properties are the primary drivers
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of the metastasis. In other words, through the process
of EMT, carcinoma cells acquire stem-like properties
and become chemoresistant [13]. It should be noted
that when micrometastases escape the aforementioned
obstacles, the cancer cells can form macrometastases
defined as metastases greater than 2 mm in diameter
[12].

Late metastases are of particular concern and
become a subject of attention after organ transplanta-
tion from donors with a long history of malignancy.
Clinical evidence proved that the transplanted organ
could inadvertently transmit an undetected popula-
tion of tumor cells even decades after the removal of
the primary tumor in the donor. Approximately 40 %
of recipients of organs from donors with a history of
cancer may develop related malignancies. The tumor
cell population was confirmed to be of donor origin,
as shown by karyotyping or other markers [11]. One
of the consequences of the skepticism on this issue is
that some of these “late” metastases may have been
classified as “tumors of unknown primary” [14].

The clinical features of carcinoma metastasis to
skeletal muscles closely resemble those of soft tissue
sarcomas in many respects. Diagnosis is confirmed on
the bases of histopathological examination of biopsy
specimens taken by needle. However, prior to patho-
logical diagnosis, radiographic evaluation of the mass
often provides valuable information with regard to
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JICKTYaJIbHOTO COJCPIKAHUSL.

T'yceiinoBa Cumapa Duibap K3bl: 00111ee PyKOBOJCTBO IPOCKTOM, KPUTHYECKHI IEPECMOTp ¢ BHECCHUEM LIEHHOTO HHTEIICKTYallb-
HOTO COZICpKaHMSI.

MareppamoB 3ayp As3 oIuIbl: [UIAHUPOBAHUE U aHAIM3 PaOOTHI.

Baiipamubsl @apua PaMu3s oribl: 3HaUMTEIbHBINA BKJIAJ B HAIMCAHUE YEPHOBUKA CTAThH, HOJATOTOBKA HH()OPMATUBHBIX PaJIHO/Ha-
PHOCTHYECKUX CHUMKOB.

Bce aBTopbl 000pHiK GHHAIBHYIO BEPCHIO CTAThH MEpe MyOInKaLuel, BIpa3uili COrNIacHe HECTH OTBETCTBEHHOCTD 3a BCE aCIIEKThI
paboThI, O/IPA3yMEBAOILYI0 HAJUICKAIIEEe H3YUCHHE U PEIICHHE BOIIPOCOB, CBSI3aHHBIX C TOYHOCTBIO M JJOOPOCOBECTHOCTBIO JIH00O0#
4acTu paboThL.

@Dunancuposanue

Omo uccredosanue ne nompe606ano OONOIHUMENbHOO QUHAHCUPOBAHUSL.

Kongpnuxkm unmepecos

Asmopui 3aa61510m 06 OMCymcmeuy KOHGIUKMa unmepecos.

Hugpopmuposannoe coznacue

Om nayuenma nonyueHo nucbMeHHoe UHGOPMUPOBaHHOe 00OPOBOIbHOE co2ndacue Ha nyoIuKayuo Gomo-
Mamepuanos ¢ MeOUYUHCKOM HCYPHATLe, BKAIOUAS €20 INeKMPOHHYIO eepcuio (Oama noonucanus: 04.01.24).
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CASE REPORTS

bnazooapnocmu

Asmopui vipadicarom 2nyooxyro onazodaprocms 0.m.H. Tadbury Kamun oenvt Mypadosy — npogeccopy
Kageopwvl yumonoauu, s3mopuorocuu u eucmono2ur A3epoaioncanckoeo MeOUYUHCKO20 yHugepcumema 3d
MOUHYIO NAMOSUCTONIOSUYECKYI0 OUACHOCMUKY U 30 ROODOP U NOYUEHUE COOMBEMCMBYIOWUX MUKPOCKONUYe-
ckux cnumkos u k.m.H. Lllaxuny [lanbys oenvt Ocmanosy — namocucmonoey kaunuxu Cag 3a koncyromayuro 8
VIMOUHEHUU NAMOSUCTIONI0SUECKOU XAPAKMEPUCTIUKU NEPEULHOL U MEMACMAMUYECKOL ONYXOJiell U NPO8edeHUe
UMMYHOUCONO2UYECKO20 UCCTIe008AHUS HA MAMEPUALe, NOTYYEHHOM U3 MeMACMamuyeckol Onyxou.
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K 85-JIETUIO CO AHA POXOEHUA MPODPECCOPA
IOPUA ANNEKCAHOPOBUYA ObIXHO

IOpuit AnexcanapoBuu JIpIXHO — 3acCITy>KEHHBIN
Bpau Poccun, JOKTOp MEIUIMHCKHUX HAYK, Tpodeccop
B TpeTheM MOKoJIeHNH. OH SBIISETCS IPEACTAaBUTEIEM
BpaueOHON AWHACTHH, OTIABIICH MEAHWITMHE OoJee
700 Jet.

B 1964 r. 1O.A. JIpIXHO C OTJIMYHMEM 3aKOHYMII
neyeOHbIH (akynpreT KpacHospCcKoro rocyaapcTBeH-
HOT'O MEJJMLIMHCKOTO MHCTUTYTA U OblJI PEKOMEHI0BaH
B KJIIMHUYECKYIO0 opauHarypy MHcTuTyTa Xupypruu
uM. A.B. Bumnesckoro AMH (1964-1966 rr.), B
19661969 rr. 6b11 aciupantoM, B 1974-1976 1. —
JIOKTOPaHTOM 3TOT0 HHCTUTYTA. B 1967 1. FO. A Ip1X-
Ho coBMmecTHO ¢ npod. T.T. laypoBoii BepBrie B
CCCP npumeHusn CUIMKOHOBBIM KaydyK ISl UHbB-
EKIIMOHHON 00BEMHOM IJIACTUKHA MATKHX TKaHed. B
1969 1. FO.A. JIpIXHO 3a1UUTHII KAHAUJATCKYIO AUCCEP-
taruio « CUITUKOHOBBIN KaydyK U 00beMHasl TUIACTHKA
MSTKUX TKaHei». Ilociae OkOHYaHMS acUpPaAHTYPHI
FO.A. [Ip1xHO OBUT IPUHSIT aCCUCTEHTOM Ha Kadeapy
TOCTIUTANBHONW XUPYPruu UM. mpod. A.M. JIpixHO
KpacHospcKOro MeJUINHCKOTO HHCTUTYTA.

C 1971 r. Hayanach Hay4yHO-TIearoTHyYecKas u
npaktuueckas fesrenbHocTb FO.A. JIbIXHO, cBA3aHHas
¢ onkosorueil. B 1974 r. FO.A. JIpIXHO BHEpBBIC B
MHpPE COBMECTHO ¢ mTpod. A.B. JIUBIIHIIEM BEITIOTHIIT
ANIEKTPOCTUMYJISIIINIO KAIIIEYHOTO TPAHCIUIAHTATA TIPH
IJTaCTUKE HEHPOT€HHOTO CKJIEPO3UPOBAHHOTO MOUEBO-
0 My3bIpsi y OOJIBHBIX C TPAaBMaTH4eCKon OOJIE3HBIO
criuHHoro mo3ra. B 1977 1. on BnepBbie 3a YpajioMm
BBITIOJTHAJT TOHKOKHUIIIEYHYIO TUTACTHKY CKIIEPO3UPO-
BaHHOTO HEHPOTEHHOTO MO4YEBOTO my3bIps. B 1980 .
1O.A. JIpIXHO 3alIUTHII JOKTOPCKYIO AUCCEPTALIUIO Ha
temy «Kuieynas rmacTuka HeHpOreHHOro MO4eBOro
ITy3BIPS B COYETAHNUH C AIIEKTPOCTUMYITSIIIUEH KHIIIed-
HOTO TpaHCIIJIaHTaTa y OOJIbHBIX TpaBMaTHYeCKOM
0oe3HbI0 CIMHHOTO Mo3ra». B 1981 1. um Obuia op-
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raHn30BaHa Kadeapa KIMHUYECKOH OHKOJIOTHH C Kyp-
COM IOCJIEAUIUIOMHOTO 00pa3oBanust KpacHosipckoro
MCANLIMUHCKOIO MHCTUTYTA, XOTA UCTOPUSA BBIACIICHUA
OHKOJIOTUHU B CAMOCTOATEIbHYIO JUCIUIUIMHY B By3€
Hauajach eme B 1977 1., korna Okl cpopMupoBaH
JOLEHTCKUN KypC IO OHKOJIOTHH.

Hapsny ¢ oOydyeHneM CTyJeHTOB KJIaCCHYECKOM
onkojsioruu ¢ 1983 . mpodeccop FO.A. [IpixHO Opranu-
30BaJ1 00y4eHHE HA IUKIIaX TEMaTHYECKOro 1 00IIEero
YCOBEPILICHCTBOBaHMS Bpaueil TeparneBTUUYECKOro U
XHpyprugeckoro npoduis « CoBpeMEHHbIC TIPHHITHITHI
JUArHOCTHUKU U JICUCHU A 3JIOKAYCCTBCHHBIX HOBOO6pa-
30BaHuI» 1 «[ I[pUHIMITBI paHHEH AMATHOCTHKH 3JI0Ka-
YECTBEHHBIX OITyXO0JIeiD». 3anoKeHHbIC UM TPaIuLn
00y4eHUs! 10 CUX TIOP SIBJIAIOTCS Ba’KHBIM aCIIEKTOM
MOCJIEBY30BCKOTO 00pa30BaHMsl, OATOTOBKH Ha M-
KJIaX TOBBIIICHUS KBAJIU(PHUKALNH, TPOPECCHOHATb-
HOW NEpernoaroTOBKH M KIMHUYECKON OpIMHATYpBI
10 OHKOJIOTHHU.

IMpodeccop FO.A. JIpixuo Ha npotsokeHnn 30 ner
PYKOBOIIWII KITMHUYECKOH Oa3oii KpacHosipckoro kpae-
BOTO KJIMHUYECKOTO OHKOJIOTUYECKOTO TUCTIaHCcepa U
OTHOBPEMEHHO B T€4eHHE 16 JeT ObUT 3aBeAYIOIIIM
OT/IeJICHUEM OHKOTOpAaKaJbHOW XUpPYypruu. Acco-
nuanuen Bpadeit KpacHosipckoro kpas npodeccop
10.A. [Ipixno npusHan sgydmum xupyprom 2000 r. ¢
Bpy4eHHueM «3050Toro ckanbremns». B 2001 1. mpodec-
copy FO.A. JIIXHO TPHCBOEHO 3BaHUE «3aCITy KCHHBIHA
Bpay PD». Kak paznoctoponnuii xupypr, FO.A. J{pix-
HO Ha MIPOTSKEHUH JOIATONW OHKOJIOTUYECKON Kaphephl
OBJIAZIeJ MOJIHBIM OOBEMOM OMeEpaluii Ha opraHax
TOJIOBHI W TIIEH, TPYAHONU W OPIOIMIHOHN TOJOCTSX,
opraHax MOHGBLIHGHHTCHBHOﬁ CUCTEMBI, IIPU THU-
HEKOJIOTHYECKUX 3a00JICBaHUAX, OMyXOJIAX MSITKHX
TKaHe. VIM BBINOIHEHBI 3KCKIIIO3UBHBIE ONEpaluu
C OHOMOMEHTHBIM yAAJICHUEM FOPTaHU U IHIIEBOIA
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U BOCCTaHOBJICHHEM €CTECTBEHHOTO MPOXOXKACHUS
TUTIIA C UCTIOTB30BaHUEM JKEITYIKA, PE3eKIns 9 Koer|
Tpax€u U BHCAPCHBI CUMYJIbTAaHHBIC OIICpaIlinuu.

B nayuno-npaktudyeckoMm muane FO.A. JIpIxHO
BHEJIpHUJI B pab0Ty OHKOJIOTHUYECKOTO JuciaHcepa 48
HOBBIX METOJIOB AMArHOCTUKU U JICUCHUSI OHKOOOIIb-
HEIX. [log pykoBomcTBoM mpodeccopa FO.A. [IpixHO
6I)IJ'II/I 3aJI0OKCHBI aKTYaJIbHbIC HAYYHBIC HallpaBJIC-
HUS ACATENBHOCTH Ka(eapbl: OHKOAHUICMUOIOTHS,
COBPEMEHHBIE METOJbl AUATHOCTUKHU H JICUCHUS
3JI0Ka4€CTBEHHBIX OIyX0JeH, OHKOMMMYHOJOTHS,
pea6I/IHI/ITaHI/I$I N Ka4€CTBO XU3HH OHKOJIOI'MYCCKUX
00NbHBIX. Pe3ynbTaTsl ero Hay4HbBIX TPYAOB ObLIN
OITyOJIMKOBaHbl BO MHOTUX METOIUYECKUX PEKOMEH-
TAITUAX | psIe MOHOTpadHid.

B 2006 1. B coctaB kadeapbl AOMOJHUTEIBHO
OBUI BKJIIOYEH KypC JIy4eBOW Teparuu, 4To TO3IHee
CO3/1aJI0 MPEATOCHUIKH JJ1s1 OSIBIICHHS BO3MOKHOCTH
00y4aTh KIMHIYECKUX OPINHATOPOB TI0 HOBOWM JTUCIIN-
e «Pannonorusy. Ceroans kadeapa OHKOJIOTHI
W JTy4eBOH Teparuu ¢ KypcoM IO CIEIUIIIOMHOTO 00-
Pa30BaHusl OJIB3YETCS 3aCITyKEHHOM MOMYIISIPHOCTBIO
y BbinyckHUKOB KpacI'MYV, nosromy oHa €XerogHo
BhImyckaeT 1520 opAMHATOPOB MO CHEeNHATBHOCTIM
«OHKOIIOTHSI» U «PaJIUOIOTHSI.

CTyaeHThl U OPIMHATOPHI YBaXKaIOT Mpodeccopa
FO.A. JIp1xHO 32 NpUHIMINATBHOCTD OLIEHKH 3HAHUM,
Oorarplii KU3HCHHBIH W BpauyeOHBIA OIBIT, KOTOPBIH
OH IepeJaeT MOJIOJIbIM MOoKoIeHUsIM. HernonienbHbli
uHTEepec y o0ydaloUIuxcsi BCErAa BBI3BIBACT pa3zdoop
KIMHUYECKUX CIy4aeB 3JI0KaUe€CTBEHHBIX HOBOOO-
pa30BaHUN PAa3JIUYHBIX JOKAJIU3aLUA y MOCTEIHN
6ompHOTO. [Ipodheccop FO.A. JIprxHO TImIaTEeNBHO,
Ha MPOTSHKEHWH BCETO YYeOHOTo LUKIIA, TOI0upaeT
HY)KHBIX TAIUCHTOB U OTPa0aThIBaCT MPAKTUICCKUEC
HaBBIKH, HEOOXOJIUMbIE B €KEJHEBHOW paboTe He
TONBKO OyIyIINX OHKOJIOTOB, HO W Bpavyei APyTHUX
cneunanbHocTel. Kak megaror co craxem, OH Bceria
MOAJICPKUBACT AUCUMIIMHY Ha 3aHATHIX U TpeOyeT
CTPOTOTO COOMIONIEHUS TPUHIIUIIOB 3TUKH U JIEOHTO-
JIOTUH B OOIIIEHUH C TTAIIMEHTaMH.

B npomecce oOyuenus jexknuu npodeccopa
FO.A. IpixHo Bcerna codupainy Oonbline ayAuTOPUn
Y UTPaJTH CYIIECTBEHHYIO POJIb B MTOMYJISIPU3AIIH OH-

KOJIOTHH CPEIH CTYAEHTOB, UHTEPHOB, OPIANHATOPOB H
Bpaveil. MHOTHE MTOKOJIEHHUST OHKOJIOTOB TIOIYYHIIN 00-
pazoBanue nox pykoBoactsoM FO.A. [IsixHo. Ceromus
OHU TpynATcs B KpacHOSApCKOM KpaeBOM KIMHHUUYECKOM
OHKOJIOTHYECKOM JUCIAHCEpe, a TaKKe B palloHax
KpacHosipckoro kpast u 3a ero npezenamu.

ITon pykoBouctBoM mpodeccopa FO.A. JlpixHO
3aIIMIIEH0 9 KaHAUAATCKUX U 2 JTOKTOPCKUE JHC-
cepranuu. OH sBisieTcs aBropoM Oonee 500 crareid,
OIyOJINKOBAaHHBIX B OTEUECTBEHHBIX M 3apyOEikHbIX
W3JIaHNAX, 12 MOoHOTpadwuii, 17 parroHann3aTopcKux
npeuIokeHnit u 6 nmareHToB. OH HEOTHOKPATHO MO-
my4an rpadtel PIH® u Kpacrosipckoro ¢poHma Hayku.
[Ipu ero HEMOCPEACTBEHHOM Y4aCTHH ObIIIM CO3/1aHbl
12 y4eOHO-MEeTOANYECKNX TTOCOOHIA TI0 OHKOJIOTHH, B
ToM uncie ¢ rpudom YMO, KoTOpbIe TPU3HABATIHCH
HAy4YHO-TIearOTMYE€CKUM COOOIIECTBOM JTYUYIIMMHU
yaeOHbIMU TIocoOmssmMu KpacI'MYY.

F0.A. JIpIXHO OCYIIIECTBIISIET MPOTIAarany 3HaHUI
no oHkoioruu B CMM — MOCTOSTHHO BBICTYMAeT IO
paauo u Ha TeneBuaeHnH. ABroputeT FO.A. JIpIxHO
ObUI HEOAHOKPATHO NPU3HAH CPEeIy KOJIJIET, OH YICH
mpaBieHUsT Bcepoccuiickoro o0mecTsa OHKOJIOTOB,
y4eOHO-METOMUECKON KOMUCCHH T10 TPETOIaBAHNI0
oHkonoruu npu Munsapase PD, [IpobiemHoii komuc-
cuu no oHkosoruu npu Tomckom HUU onkonoruu,
JByX CHEHHAIN3UPOBAHHBIX YUYEHBIX COBETOB IO
3aIUTe JOKTOPCKUX M KaHIUIATCKUX JAUCCEPTaLni,
sBJsieTcsl moueTHbIM npodeccopom KpacI'MVY. B
tedenue 30 et (1977-2007 rr.) FO.A. JIpixHO OBLT
[IpencenareneM mpaBieHHsI KpaeBOro oOuecTBa
OHKOJIOTOB.

3a 3aciyTu repe;] ropoioM OH Harpax/ieH 30JI0ThIM
3HakoM «l'epb ropoma KpacHosipckay, rpamoramMu
MunwucrepcTBa 3apaBooxpanenust PD, rybepraropa
KpacHosipckoro kpas, agmunuctpanuu r. KpacHo-
apcka, PenepasbHOTO METUKO-OMOIOTHYECKOTO
areHTCcTBa, 0J1IaroAapCTBEHHBIMU MMCHbMAaMU U TUTLIIO-
mamu KpacI'MYVY. Acconmanueli BeTepaHoB 0OEBBIX
JIEHCTBUI OpPraHOB BHYTPEHHUX N1 M BHYTPEHHHX
Boiick Poccun HarpaxjeH menasnbio «3a MyKeCTBO U
ryMaHu3m». ETo nMst BHECEHO B SHIIUKIIONEINYECKUE
cipaBouHUKN «3Be3bl KpacHoro fpa» u «/ledarenn
POCCHUMCKOM OHKOJIOTHI.

Konneeu u pedaxyuonnas konnecus « Cubupcro2o OHKOLO2UYECKO20 JICYPHALAY Om 8Cell QYU
noszopasnsiom Opus Anexcandposuua /vixno ¢ 85-n1emuum roduieem u sxcerarom 00aeux jem
HCUBHU, TUUHOSO CHACTNDBA U OANLHEUUUX YCNEX08 8 Neda202UtecKoll U HayYHOU 0essmeabHOCTIL.
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K 70-JIETUIO MPO®PECCOPA E.IO. 3NTIATHUK

A

21 nexabps 2025 roma ormedaeT cBor 70-eTHUI
00wIIell TOKTOp MEAMIIMHCKUX HayK, mpodeccop
Enena FOpreBHa 3naTHUK.

Buanblil yueHblil B 001aCTH OHKOMMMYHOJIOTHH,
Enena FOpneBHa 31aTHUK pouiiach B CEMbE BpaUei.
TTocie okonuanus B 1979 r. POCTOBCKOro MeIUIIMHCKO-
ro nHcTuTyTa ¢ oTimaneM E.FO. 3maTauk paboTana Ha
kadeape MUKPOOHOIOTHH, 3aTeM MJIaIIIINM Hay YHBIM
COTPYOHUKOM B POCTOBCKOM HMHCTUTYTE AMUAEMHO-
JIOTHH, MUKPOOWOJIOTUU ¥ THTHEHBI, T/Ie BBITIOTHHIIA
KaHJUIaTCKYTO TUCCEPTAINIO TI0 NCCIIEOBAHUIO JIO-
KaJIbHOTO UMMYHUTETa TP IIPUMEHECHUHN TIperapara
JaKkTOroOyarHa, KoTopyto 3amuTiiaa B 1987 . C 1988
o 1993 . paboTana miiailuM HayYHbIM COTPYAHUKOM
B OTZAEJIe UMMYyHUTEeTa U ajuepruu B LleHTpanbHOU
Hay9IHO-HCCIIeI0BATENILCKON Taboparopun PocToBcko-
IO FOCYIapCTBEHHOTO MEIUIIMHCKOTO YHUBEPCUTETA,
IJIe M3y4alia BOIPOCKI SKCIIEPUMEHTAIBHOM, 1abopa-
TOPHOH ¥ KIIMHUYIECKOW NMMYHOIIOTHH, UMMYHOTHAT -
HOCTUKH ¥ uMMyHoTeparmun. B 1993 1. E.}O. 3matauk
MpUIIa padoTaTh CTAPIINM HAYIHBIM COTPYIHUKOM
nabopaTopHuU KCIIEPUMEHTAIBHONH TOPMOHOTEPAITUI
onyxosel B POCTOBCKUI HayYHO-UCCIEI0BATEIbCKUN
OHKOJIOTMYECKUI MHCTUTYT, ¢ 1995 1. oHa siBisIach
BEAYIINM HAay4YHBIM COTPYIHHUKOM, 3aTeM ¢ 2006 T. —
[JIaBHBIM HAy4YHBIM COTPYIHHUKOM MATOJIOTOaHATO-
MHYECKOTO OTJIENICHHUSI C IUTOJIOTHEH W TpYyNIoi
«Kynprypa TKaHEi», a 3aTeM JadopaTopuu UMMYHO-
(heHOTUTTPOBAHUSI OTTYXOJIEH.

E.}O. 3naTHuK 3aHUMaNack OLEHKOH HMMYHHOTO
cTarycay OHKOJIOTUYeCKHUX OOJIbHBIX TIPU IIPOBEACHUH
Pa3TUYHBIX METOJI0B XHMHUOTEpAIi, UMMYyHOTepa-
AW, MAaTHATOTEPATUH U APYTUX METOMIOB JICUCHUS, a
TaKKe U3yuYeHUEM MMMYHOJIOTHUYECKUX MEXaHU3MOB
JEUCTBUA dTUX MeTonoB. Ha ocHoBaHuM mpoBeacH-
Hbix uccinegoanuit E.1O. 3natauk B 2003 r. ycnew-
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HO 3allUTHJIA JOKTOPCKYIO IHCCEPTALUI0 Ha TEMY
«PoJib UMMYHHO# cuCTeMBI B peau3aiu 3pGeKToB
XUMHOTEPANNK Ha ayTOJIOTUYHBIX KUJIKUX TKaHIX Y
OHKOIIOTHYeCcKuX 00IbHBIX». B 2006 1. E.1O. 3natHnk
HPUCYKICHO 3BaHue npogeccopa.

Benymmii yueHblii HHCTUTYTa B OOJIACTH OHKO-
nMmyHosorud, npogeccop E.FO. 3narauk npoBoaut
SKCIIEPUMEHTAJIbHbIE M KIMHUKO-AMAarHOCTHYECKHE
HCCIIeI0OBaHUS, 3aHUMAETCsl OLEHKOM MMMYH-
HOro craryca U (akToOpOB JOKAJIbHOTO UMMY-
HUTETAa OHKOJIOTMYECKHUX OOJBHBIX, U3yUEHHUEM
MMMYHOJIOTHH OIyXOJIei, a Tak)Ke pOJM U MecTa
MMMYHOIIPENapaToB B KOMITJIEKCHOM JIEYEHUHU 3J10-
KaueCTBEHHBIX HOBOOOPa30BaHMI; MCCIEIOBAHHEM
B3aMMOZACHUCTBHS OIYXOJIM U PETYISATOPHBIX CUCTEM
OpraHU3Ma-OIyXO0JICHOCHUTENS; IMMYHOIUAarHOCTH-
KOM U MMMYHOTEpAMUER OIyXOJel; OIpeneeHueM
MIPOTUBOOITYXOJIEBOW U UIMMYHOMOYJIUPYIOLIEH aK-
TUBHOCTH HAaHOPAa3MEPHBIX YaCTHIl U IPYTHX HOBBIX
MIPOTUBOOITYXOJIEBBIX BEIIECTB MPHU BO3AEHCTBUH
¢u3nveckux GakTopoB B IKCIICPUMEHTE.

Pan dbysnamenTansabIx nccnenoanuii E.FO. 3mar-
HUK Halum otpaxenne B Oonee yem 800 HaydHBIX
paborax, oHa SBISIETCS COaBTOPOM 64 MaTeHTOB Ha
n300peTeHHs], OTMH U3 KOTOPBIX HArpaskAeH IUILIO-
MoM « 100 syumux nzodperennit Poccnu-2012».

3a 32 roma paboter B PI'BY «HMMUI] onkomo-
run» Munzapasa Poccuu Enena FOpreBHa 3naTHHK
CTaJla HACTOSIIIUM TpodeccroHanoM, Npouas MyTh
OT CTapILero 0 INIaBHOTO HAYYHOTO COTPYIHUKA, HA
MIPOTSYKEHUH BCETO 3TOTO BPEMEHN OHA OKa3bIBAET Cy-
HIECTBEHHYIO MTOMOIIIb JAUCCEPTaHTaM-KINHUITUCTAM
B MOJTOTOBKE M BBIMIOJHEHUH MUMMYHOJIOTHUECKUX
(parMeHTOB UX KaHIUJIATCKUX U JIOKTOPCKUX JHccep-
TannoHHBIX padoT. [Ipodeccop E.1O. 3narHuk sBs-
€TCsl HayYHBIM PYKOBOUTENIEM WUITH KOHCYJIBTAHTOM 7
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KaHIUJIATCKUX U | JOKTOPCKOM TUCCEePTAIINH, 4 TAKKE
MHOTHX KYpPCOBBIX M JHIJIOMHBIX PaOOT CTY/IEHTOB
IOxnHoro denepanpHoro yauepcurera. OHa yda-
CTBYET B 00YYCHHH OPIMHATOPOB, UUTACT JICKIUH I10
nmmyHonorud. E.JO. 3natHuk — dieH nuccepraioH-
HOTO COBETA 110 3aIUTe JOKTOPCKUX U KAaHTUAATCKAX
Juccepranuil, wied Yuenoro cosera npu HMUII on-
KOJIOT'MH, OHA BXOAUT B COCTaB DTHUYECKOTO KOMUTETA,

a TaKoKe SIBJISETCS YICHOM 00lIecTBa UMMYHOJIOTOB.
E.1O. 3natHUK — NOCTOSHHBIA YYaCTHUK HAyYHBIX
KOH(EpeHIIUH, ChEe3/10B, CUMIIO3UYMOB.

Konneru 3nator Eneny IOpbeBHy 3nmaTHUK Kak
1[€JIEyCTPEMIEHHOI0, BAYMYHUBOIO, ONMBITHOIO U
IpelaHHoro padoTe Yy4eHOTo, KOTOpbI o0iagaer
HEBEPOSITHBIM 3allacoOM 3HAaHWM, 3pyaulueld, yMeeT
COIIOCTAaBIIATh U AHAJIU3UPOBATD.

Konnexmue compyonuxos HayuonanbHo2o MeOuyuHcKo2o ucciledo8amenbCko2o YeHmpa OHKOJO-
euu u pedaxyuonnas kouneaus « CUOUpPCKo20 OHKOJIO2UUECKO20 HCYPHANLA» CEPOEUHO NO30PABNAION
Eneny FOpvesny c wbuneem. B ceoeti pabome Bvl nawinu camvlil Kopomxuil nymo K ycnexy — Boi
UCKpeHHe rodume ceoe 0eno u noiyuaeme O0IbuIOe YO08OILCMEUE Om NPodelanHozo. Mei om
gcetl oywu scenaem Bam Kpenkoeo 300posbs, 6ce20a NpeKpacHo20 HACMPOEHUs, ONMUMUMA,

6Jla20n0fly'luﬂ u meopieckoco ooneonemusl.
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NAMATU NPOPECCOPA I.B. CBETULIKOIO

7 nexabps 2025 r., Ha 84-m romy yen u3 xxu3au [ a-
Bel BuktopoBud CBETUIIKHI — JOKTOP MEAUIIMHCKUX
HayK, podeccop, 3aciayKeHHbIH Bpau Poccuiickoit
®depepanuny, CTaplIui HayYHbIM COTPYIHUK OTAEINa
OITyXOJIEH TOJNIOBEI U 1Ie HannoHaIbHOTO MEIUIINH-
CKOT'O MCCIIEIOBATEIHCKOTO [IEHTPa OHKOJIOTHH.

[TaBen Buktoposny Ceetnukuii poamics B 1942 .
B TamkenTe. B 1966 r. 3akonunn TalkeHTCKUM rocy-
JMApPCTBEHHBIA METUITMHCKIA HHCTHTYT. CHavana pa-
00Tan BpauoM-XHUpyprom, 3aTeM — OTOJIAPUHIOJIOTOM
B KJMHU4eckoi 6onmpHue Ne 1 1. Tamkenra.

B 1972 . 11.B. CBeTuukuii 31U T KAHAUJATCKYIO
JyccepTanuio Ha TeMy «K Bonpocy 0 ropMOHaIbHOM
reHe3e nanmuioM ropraimy». B 1973 . on Obu1 mpussT
OTOJIAPUHIOJIOTOM B TalIKEHTCKUN FOPOJCKONW OHKO-
JIOTUYECKUH JUCIIaHCep, T7I€ BIOCIIEICTBUN BO3IVIABII
repBoe B Y30eKrcTaHe OTIeTICHHE OITyXO0JIeH TOIOBBI
mewn. B 1975 . [1aBen Bukropony CBeTHIIKHIT cTaj
ACCUCTEHTOM Kadeapbl OHKOJIOTHH TalIKeHTCKOTro
MEAMIIMHCKOTO UHCTUTYTA.

B 1978 . I1.B. CBeTnukuii 6611 IPUHAT CTAPIIIM
Hay4HBIM COTpyAHHUKOM B HayuHo-uccienoBarensckuit
WHCTUTYT OHKOJIOTMH U paguoiaoruu MuHucTepcTBa
3npaBooxpanenus Y3CCP. Tam ke oH ObuT Ha3Ha-
YeH 3aBeIyIOIUM KIIMHUYeCKUM oTaesoM. Ilox ero
PYKOBOJICTBOM OT/IEJIEHHE OIYXOJIeil TOJIOBBI U IIEN
CTaJIo JICYeOHO-METOAMUSCKUM LIEHTPOM Y30EKCKOM
CCP mo usydeHur u pa3paboTKe COBPEMEHHBIX
MeTonoB auarHoctuku u jedeHus OI'LL B 1985 .
ITaBen BukropoBud CBETHUIIKUN 3alATUI TOKTOP-
CKYI0 JAMCCEpTalNIoO Ha TeMy « KoMITIeKCHbIE METOIBI
Jie4eHusl OOJIBHBIX 3JI0Ka4eCTBECHHBIMH OIYXOJIf-

MU TOJIOBBI U HIEH C MCIOJIb30BAHUEM JIOKAIbHON
TUIEPTEPMUID.

B 1989 r. I1.B. Cerunkuii nepeexan B Poctos-
Ha-JloHy u ObuT puHAT Ha paboty B PocToBckmii
HAy4YHO-UCCIIEI0BATEIbCKUN OHKOJIOTUYECKUN HH-
CTUTYT BEAYIIUM Hay4YHBIM COTPYIHHKOM, a B 1996 1.
Ha3Ha4YeH PyKOBOJIUTEJIEM OT/IEINIA OITyX0JIeH TOJIOBbI U
men. B 1991 r. I1.B. CBetuuikomMy NpuUCBOEHO 3BAHUE
«mpocdeccop», a B 2008 1. OH OBUT YIOCTOCH 3BaHUS
«3acmyxeHHbIN Bpau Poccutickoit deaepanum.

bonee 60 net [TaBen BuktopoBuu CBeTHIIKUI
MOCBATHJI MeUITuHe 1 Ooree 35 neT Tpyauics B Po-
CTOBCKOM OHKomleHTpe. I1.B. CeTurikuii ¢ momxHOM
caMoOoT/IaueH CITy>KIJI MEINIHE U HayKe, BHEC OTPOM-
HbII BKJIaJl B Pa3BUTHE COBPEMEHHON OHKOJIOTHH. 1
KOJJIeKTHBa U manuentos npodeccop [1.B. Ceeruu-
KHil — mpodeccroHan BBICOKOTO Kilacca, YyTKHH,
BHHMMATEJIbHbBIN Bpay, YBJICUCHHBIH YUYEHBIM, OTBET-
CTBEHHBII COTPY/IHUK U 3aMEUYaTEIIbHbBIN YEI0BEK.

ITaBen BukropoBnu CBeTHIIKHI 1TOSIB30BAJICS 3a-
CITy>KCHHBIM aBTOPUTETOM Y KOJIJIET K MHOTOUHCIICHHBIX
yUeHUKOB Kak B Poccuu, Tak u 3a pyoexom. OH —
aBrop cBbime 500 myOnMKanuii B OTEUECTBEHHBIX U
3apyOexxHbIX m3aanusx Poccum, Y30ekucrana, Asep-
baiimkana, Uramuu, Uanuu, ['epmanmm u CLUA, 45
NaTeHTOB Ha M300peTeHMsl, a Takke 4 MOHOTpaduil n
1 cOopHHMKa 110 BOTIPOCAM JICUSHHSI OITyXOJIel TOIOBBI 1
ren. [podeccop I1.B. Ceerntikuii 0611 uieHOM Y 4eHO-
ro coera HMMUII onkonorun Munznpasa Poccun, Bxo-
JIMJT B COCTAaB PEAAKIIMHU HAYYHOTO XKypHana «Omyxonu
TOJIOBBI M 11en». [1oj1 ero pykoBOICTBOM 3aIlUIIEHBI 22
KaHIUJATCKHE U 2 JOKTOPCKHE TUCCEPTALIUH.

Ceemnas namamo o Ilasne Bukmopoguue nagcezoa ocmanemcs 6 cepoyax 8cex, Kmo e20 3Hal.
Konnexmuse HUHU onxonocuu Tomcrxoeo HUMI], pedaxyuonnas konneeus « Cubupckoco onkonozu-
YeCK020 JHCYPHANAY 8bIPAdICAOm 2rybouatiuiue coO0n1e3HOBANUSL POOHBIM U ONUIKUM.

CUBUPCKIM OHKONOTMYECKW XXYPHAT. 2025; 24(6): 203

203



[ToCcTaBKa

BbICOKOTEXHO/IOMMNY-
HOro MeOULLMHCKOTIO
obopynoBaHug

N PaCXOOHbIX MaTePWMalJloB

. Tomck, np. ®pyH3e, a.115, op.413
+7 (3822) 60-99-32
neomed.tomsk.ru





