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AHHOTauus

Llenb nccnepoBaHus — Ha OCHOBE MaTepunanos BHOBb CO3aHHON 6a3bl AaHHbIX MONYNALMOHHOIO PakoBOro
peructpa (B MNPP) Ha ypoBHe dheaeparnbHOro okpyra onpeaenvtb peanbHOe COCTOsIHUE OHKOMOrMYecKom
cnyx6bl Poccun no BbISABNEHMIO GOMbHBLIX C NOCMEPTHO YCTaHOBMNeHHbIM agvarHo3om 3HO. MaTtepuan u
MeToAbl. [laHHble oduLmanbHOW OTYETHOCTM OHKOCNYXObI (. Ne 7) n 6a3a aanHbix (B) MPP C390 PO
o6bemoM 6onee 1 mnH 350 Teic. cnyyaes 3HO. cnonb3oBaHbl CTaHOAPTHbIE METOABI OHKOMNOrMYECKOM CTa-
TUCTUKN, pekoMeHa0BaHHble MexayHapogHowm accolmauner pakoBbix pernctpoB. PesynbTaTthl. [Ipobnema
KavecTBa y4yeTa nepBuYHbIX 60rbHbIX 3HO BKMOYaeT TPy OCHOBHLIX KOMMOHEHTA: aKTUBHOE BbISIBIIEHME, B T.4.
C MCNOMb30BaHWEM CKPUHMHIOBBIX MPOrpamMm 1 AucnaHcepusauum HaceneHus; npeaocTaBneHne rpaxgaHamM
onTUMarnbHbIX YCIOBUI ANs CBOOOAHOro obpalleHns B MeQULIMHCKME YYPeXaeHus, B T.4. OHKONOrMYeckue;
COBEpLLEHCTBOBAaHME natanoroaHaToMmM4eckom cryxobl Ans sbiseneHns cnydyaes 3HO y ymepLumx naumeHToB.
YAenbHbI BeC BOMbHBIX, YYTEHHBIX MOCMEPTHO, HA aAMUHUCTPATUBHBLIX TEPPUTOPUSAX, NO OPULNANBHBLIM
OaHHbIM, MOXET ObITb B pa3bl MEHbLLE peanbHON BENUYMHbI, UcuncneHHon Ha ocHose B[ MPP. BmecTe ¢ Tem
cnepgyeT OTMETUTb, YTO 3a 2 nepuoga (1997-1999 n 2017-2019 rr.) no 6ase gaHHbIX C3PO PP yaenbHbI
BEC NMOCMEPTHO YYTEHHbIX CHM3uncsa ¢ 15,72 no 8,16 %, a B CaHkt-lNetepbypre — ¢ 24,46 no 9,76 %, 4TO
cBuOeTenbcTByeT 0 60MblION paboTe, MPOBEAEHHON MO MOBbLILLEHUIO Ka4yecTBa NEPBUYHOM ONArHOCTUKM U
yyeTa 60nbHbIX C BNepBble B XXN3HN YCTaHOBIEHHbLIM AUAarHo30M 3rokadyecTBeHHoro obpasosaHus. PaHrosoe
pacnpefeneHvie agMMHUCTPaTUBHLIX TEPPUTOPUA Poccrm No3BONMIO BbiSBUTL 3HAYUTENBLHOE pacxoxaeHne
B yAenbHbIX Becax 60onbHbix 3HO, BbISBNEHHBIX NOCMEPTHO, a CreaoBaTenbHO, M COCTOSAHUM NaTanoroaHarto-
Muyeckon cnyxoel. 3a neprog ¢ 2017 no 2019 r. 8 C3P0O PP HepoyyTeHo npu xusHn 2 973 6onbHbix 3HO
OpoHxa n nerkoro (C34) — 15,17 %, 1 708 6onbHbIX pakom o6ogoyHon kuwkn — 10,32 %, 1 640 GonbHbIX
pakom xenyaka — 12,17 %, okono 20 % 6onbHbIX pakoM nogxenyaovHou xenesbl n 29,43 % 60MbHbIX pakom
nedveHu. 3akntoyeHue. lNpoBeaeHHoe nccrnegosaHune Ha ocHose B[ NPP denepansHoro okpyra Bnepsbie B
Poccun no3sonmno BbISIBUTL peanbHOe COCTOSAHWE OHKOMOMMYECKON NomMoLm 60rbHBIM C MOCMEPTHO yCTa-
HOBMEeHHbIM AnarHosom 3HO, onpenenuTb BENUYMHY PacXOXAeHUsS OaHHbIX rOCyAapCTBEHHOW OTHYETHOCTM
(d. Ne 7) n B[ MNPP, ucuncnuntb BennyunHbl Hegoy4veta 6onbHbix 3HO npu nsHM No pasHbIM nokanusaumsam
Oonyxonew, OTMETUTb YyNy4dlleHNe OOHONMETHEN N NATUMNETHEN HabrogaemMon BbXMBAEMOCTM C yyeTom Y
bonbHbIX. B nocneaHve rogbl nokasartenb OQHOMETHEN NeTanbHOCTX Npu ycnosumn yveta MY 6onbHbIX Te-
psieT 5,6 roga, natunetHen — 4,4 roga. C 2000 r. 3a cyeT ynyyleHns yyeTa 60mnbHbIX C BNEPBbIE B XU3HU
yCTaHOBMNEHHbIM AnarHo3om 3HO ogHONETHASI U NATUNETHAS Habnogaemasi BbKMBaeMOoCTb 60nbHbIX ¢ Y
BO3pocna cooTBeTCcTBEHHO Ha 18,5 % 1 20,7 %.

KnioyeBble cnoBa: 3HO, nocmMepTHO y4YTeHHble 6onbHble, B, MPP, Poccusa, C3®0 P®, Poccus,
aAMUHUCTPATUBHbIE TEPPUTOPUM, NOJI, BO3PacT.

#=7 Mepabuwsunu BaxtaHr MuxannoBuy, mvm@niioncologii.ru
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THE RECORDS OF PATIENTS
WITH POSTMORTEM DIAGNOSIS OF CANCER
(POPULATION STUDY AT THE FEDERAL DISTRICT LEVEL)

V.M. Merabishvili

N.N. Petrov National Medical Oncology Research Center of the Ministry of Health of Russia, St.
Petersburg, Russia
68, Leningradskaya St., 197758, St. Petersburg, Russia. E-mail: mvm@niioncologii.ru

Abstract

Purpose: to determine the real state of cancer care in Russia for the identification of patients with postmor-
tem diagnosis of cancer using the population-based cancer registry. Material and Methods. Data from the
official reports of the cancer service (f. No. 7) and the database of the population-based cancer registry of
the Northwestern Federal District of the Russian Federation with a volume of more than 1,350,000 cases of
cancer were presented. Standard methods of cancer statistics were used. Results. The problem of the qual-
ity of registration of primary patients with cancer includes three main components: active cancer detection,
including screening programs and medical survey; providing citizens with optimal conditions for free access
to medical institutions, including cancer centers; improving the pathoanatomical service to detect cancer in
deceased patients. The proportion of patients registered postmortemly, according to official data, may be
several times less than the real value. At the same time, it should be noted that for 2 periods (1997-1999
and 2017-2019), according to the database of the Northwestern Federal District of the Russian Federation,
the proportion of postmortemly registered patients decreased from 15.72 to 8.16 %, and in St. Petersburg
from 24.46 to 9.76 %. During the period from 2017 to 2019, 2973 patients with bronchial and lung cancer
(C34) — 15.17 %, 1708 patients with colon cancer — 10.32 %, 1640 patients with stomach cancer — 12.17 %,
about 20 % of patients with pancreatic cancer and 29.43 % of patients with liver cancer were unaccounted
for in the Northwestern Federal District of the Russian Federation. Conclusion. Thus, for the first time in
Russia, our study made it possible to identify the real state of cancer care for patients with post-mortem di-
agnosis of cancer, to determine the magnitude of the discrepancy between state reporting data and database
of population-based cancer registry, to note the improvement in one-year and five-year observed survivals.
In recent years, the one-year mortality rate, subject to posthumously registered patients, loses 5.6 years,
five-year — 4.4 years. It is important to note that since 2000, due to improved registration of patients with a
first-time diagnosis of malignant tumors, the one-year and five-year survivals of patients with posthumously
registered increased by 18.5 % and 20.7 %, respectively.

Key words: malignant tumors, posthumously registered patients, database, population cancer registry, Russia,
Northwestern Federal District of the Russian Federation, Russia, administrative territories, gender, age.

Y4eT O0NBHBIX CO 37T0KaIeCTBEHHBIM HOBOOOPAa30-
BanueM (3HO) — Gonpias npobiiema, cocrosiiias U3
TPEX COCTABIISIOIIUX:

— aKTHBHOE BBISIBIICHHE, B T.U. [TPOBE/ICHHE CKPHHUH-
TOBBIX MPOTPaMM H JHCIIaHCEPU3AIis HaCEICHUS;

— MPEJOCTABICHUE ONTUMAIbHBIX YCIOBHMA IS
cBOOOHOTO OOpalleHus] TPaKAaH B MEAULIUHCKHE
YUPEXKICHHUSI, B T.4. OHKOJIOTHYECKHE;

— pa3BUTHE CUCTEMBI MaTOJIOTOAHATOMHUYECKOM
ciy>x0b1 Juia BBIsIBIeHHA ciaydaeB 3HO y ymepmmx
MAIMEeHTOB (TOCMEPTHO YUTeHHBIX ¢ inarao3om 3HO,
B T.4. HA BCKPBITHH).

[To opummaneapM ganabM (. Ne 7), B 2020 1. B
Poccum 6v1m0 3apeructpupoBano 32 692 OGOIBHBIX
3HO, yuTeHHBIX TOCMEPTHO, YTO cocTaBisAeT 6,93 %
OT BceX OOJBHBIX C BIIEPBbIC B JKU3HU YCTAHOBJICH-
HBIM JTMarHO30M, B T. Y. Ha BCKpbITHH 6,88 % [1]. B
C3®0 PD >t mudpbl COCTABHIN COOTBETCTBECHHO
4110, 8,8 % u 8,7 %, no Cankr-IletepOypry — 2 051,
11,1 % u 11,1 %.

6

Baxxno oOpatuTs BHIMaHHE Ha TO, YTO MEXTY OH-
KOJIOTMYECKOH 1 TaToJI0r0aHaTOMUUYECKOH ciTyk0amu
Bcerna ObUIO pa3HOIIacue B OLCHKE MOKa3aTels Mo-
cmepTHO yuTeHHbIX (1Y) 60onbpubIx 3HO. YUem MenblIe
BemmmunHa [1Y, Tem s dexruBHee padora, ocymiect-
BIIsIeMas OHKOJIOramMu, 1 Hao0opoT. B Poccnu mverotces
TEPPUTOPHUH C HYJIEBON BETMUMHOU IOCMEPTHO 3apeTu-
CTPUPOBAHHBIX OONBHBIX —3T0 YeueHckas PecryOmu-
ka; B Jlarectane 3tot nokaszareins paseH 0,2 %. 3nech
MOXKHO CHENIaTh BBIBOJ (DAKTHUECKH 00 OTCYTCTBHH
MaTOJIOT0AHATOMUYECKOM CIIyKObI, HET BCKPBITHI
YMEPLINX ISl YTOUHEHUS IPUIMHBI CMEPTH, OJIHM3KOoe
K 9TOMY coctosiHue ciryk0bl B CeBepHoii OceTnn U B
Kabapmnno-bankapum, roe mokazarens [1Y — 1,3 % [1].
Cy1iecTByeT Jin OHKOJIOTH4ecKkas cirysk0a B Kaambikuy,
rae nporeHt [1Y cocrasnsier 25,0 %, — Toxke Bompoc.
Jiis MOHMMaHWST ONTHMAIBHOTO YPOBHS TTOKa3aTems
PacCMOTPHUM 3TH TPOOIEMBI TTOIPOOHEE.

ITocne coznanus Hamu neporo B Poccuu I11PP B
Cankr-IlerepOypre (1993) nmpu cnaue rogoBoro otyera
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SAMUMOEMMUONOINMYECKUE UCCITIEOOBAHUA

Ta6nuua 1/Table 1

CpaBHUTENbHbIE AaHHbIe YPOBHEN 3a601eBaeMoOCTM U CMePTHOCTU HaceneHus Poccun n C3®0 PO
B 2020 r. [2]

Comparative data of morbidity and mortality rate for the population of Russia and the Northwestern
Federal District of the Russian Federation in 2020 [2]

Teppuropun/Territories

I'pyOsrit mokazarens/
“Crude” rate

CraHIapTH30BaHHBIN TOKa3aTellb
(MHpOBO¥ cTaHaapT)/
Standardized rate (W.S.R.)

3abomneBaemocts/Morbidity

Poccust/Russia
C390 PO/NWFD RF

379,65 + 0,31 Y/
417,19+ 1,019

216,58 £ 0,31
226,54 + 1,01

0000 0000

0000 0000

CmeprHOCTE/Mortality

Poccust/Russia
C3®0O PO/NWFD RF

HaM B BUHY CTaBUJICS BBICOKHH YIEIbHBIN BeC 0OIb-
HBIX, YITCHHBIX TTocMepTHO (okomo 10 %). Cobpas
[0 JJOTOBOPEHHOCTH C IVIaBHBIM MAaTOJOr0aHATOMOM
ropoja MpOTOKOJIBI BCKPBITHH M3 MAaTOJIOTOAHATOMH-
YECKUX YUPEKICHHUW, MBI BBISICHIIIN, YTO pEabHbIC
BEJIMYMHBI yaeasHOTO Beca 0ompHBIX 3HO 1Y cy-
IIECTBEHHO BEIIIIE, YTO TOBOPUT O BEICOKOM KaueCTBE
paboThI MaTOJIOr0aHATOMOB.

HeoOxoauMo OTMETHTB, YTO B HACTOSAIIEE BPEMs
YPOBEHB 3200J71€Ba€MOCTH ¥ CMEPTHOCTH HACENICHUS OT
3HO B Poccun u C3P0O PO He UMEIOT CyIIECTBEHHBIX
pa3nu4Mid, YTO MO3BOJISICT HAM PACUEThl, IPOBEICH-
Hele 1o B/] [IPP C3®O P, pactipocTpaHuTh Ha BCIO
Poccwiickyro deneparuto (tabdn. 1.) [2]. B despane
2019 . zamu Op11a cpopmuponana b/ [1PP mo Bcemy
C3®P0 PP ¢ o6pemom 1 mitH 350 ThIc. HAOTIONECHHMIA,
rae ObuiM 00beauHeHbl Bee 10 aAMUHHCTPAaTHBHBIX
TEPPUTOPHIA OKpPYTa.

Teppuropuu

B nepuozn 2017-2019 rr. B C3®PO0 PD ynenbHbIi
BEC IIOCMEPTHO YUYTEHHbIX O0JIbHBIX cocTaBumi 8,16 %,
9TO cpenHss BenmunHa n3 10 aAMUHICTPATHBHBIX Tep-
putopuii C3PO0 PO. B paznuunsix cyosexrax C3P0O
P® nmerotcs cymiecTBeHHbIE pa3nnyus B paboTe naTo-
JIOTOAHATOMHYECKUX CITyk0. Hanxymiee nonoxenne
¢ maroJyioroaHaroMuaeckoit ciyx0o0it B8 C300O PD B
Bouorojckoii 00y1acTH, rie 3TOT OKa3arelb COCTABUII
1,1 %, cnaboe 3BeHO — PecnyOnuka Komu — 3,44 %,
oT 5 10 10 % Ha ocTanbHBIX TEPPUTOPUAX. BbIcKaku-
Baromiee 3HaueHue — 16,02 % — BeIABIICHO B JIeHHWH-
rpajckoi obmactu. BeposTHO, 3/1eCh MOKHO TOBOPHTH
YK€ 0 BO3MOXKHBIX TPYIHOCTSX PabOTBhl OHKOJIOTH-
YECKOM CITyKOBbl, KOIjia BpaueOHble CBHACTEILCTBA O
cmeptu 6oipHOTO B [IPP mocTymm, a BRITUCKH U3
CTalMOHApOB 0 ero jeueHuu B [IPP He nmepeBeneHsI.
Ha pazubix reppuropusix C3D0 PO, xak u o Poccun
B LIEJIOM, padoTa MaTrojoroaHaTOMHYECKOH CITyKObI
MOJKET CyIIECTBEHHO Pa3IndarhCsl.

Hampumep, 9T00BI HE YBEIMYNUBATH YHCIIO OOJh-
HbiXx 3HO, BBISBICHHBIX TOCMEPTHO, HYKHO 00pa-
TUTBCSA K «onbITy» Jlarecrana, Yeunn u MHrymerun,

CUBUPCKIM OHKONMOTMMYECKNW XKYPHAT. 2022; 21(3): 5-11

199,00 + 0,21/
227,88 + 0,68 /

104,65 + 0,21/
112,92 + 0,68 9/

0000 0000

0000 0000

T7Ie IPaKTUYEeCKH HET BCKPBITHI YMEPIIHX, a CJIeI0Ba-
TENBHO, HET ¥ OOJBHBIX C TUArHO30M, YCTaHOBICHHBIM
MTOCMEPTHO.

PanroBoe pacmpenenenne agMHHUCTPATUBHBIX
teppuropuii Poccun (Tabi. 2) BRISBISET 3HAYUTEITh-
HOE PACcXOXKJICHHE B yIeIbHBIX Becax 0onbHbIX 3HO,
BBISIBJICHHBIX IOCMEPTHO (IaHHBIE TOCYIapCTBEHHON
otryetHOCTH (. Ne 7322020 1) [1]. PaccmoTpum moz-
poOHee pa3nune BeINIUHBI yACTbHBIX BecoB 1Y 1o
aJIMUHUCTPATUBHBIM TEPPUTOPHSIM.

Kaxnpiii 4-11 6onpHoM 3HO B KanMbikuu BeIIBIEH
nocMmeptHO (25,0 %), B EBpetickoit AO — kaxaplii 5-i
(19,3 %). bomee 10,0 % OonprbIX 3HO BBIsABIEHO
MOCMEPTHO Ha 18 aAMMHUCTPATUBHBIX TEPPUTOPHSIX,
B T. 4. B Cankrt-IletepOypre (10,1 %), npu cpenne-
poccuiickoM nokaszarene — 6,9 %. Menee 3,0 % mno-
cMmeptHO 60pHBIX 3HO yuteno B CeBepo-KaBkazckoM
benepanbHOM OKpyre u Ha 22 aJMHUHHUCTPATUBHBIX
Tepputopusix, meree 1,0 % — B 3a0aiikaabcKoM Kpae,
Wnrymwernn u larectane. B Ueuenckoit PecniyOmnmke
nuarHo3 3HO nocMepTHO He MOCTAaBUIM HU OHOMY
60pHOMY. BeposiTHO, yunuThIBasi PENTUTHO3HYIO CO-
CTaBJIAIONLYIO, TAM HE MPOBOJAT BCKPHITHE YMEPIINX
U HE MPOBOAUTCS paboTa MO yTOUHEHHIO NPHYUH
CMEPTH YMEPIITHUX.

Mpl HabnromaeM CyImeCTBEHHOE YJIyUIleHHE
nepBuyHOro ydeta 6onpHbIX 3HO HE TOIBKO 1O
YIEIBHOMY BECy MOCMEPTHO YUTEHHBIX, HO U T10 Be-
JTUYYHE UHIEKCA JOCTOBEPHOCTH ydyeTa (OTHOIIEHUE
yrcna ymepmux oT 3HO k grcity nepBUYHO YUTEHHBIX
60mpHBIX), KOTOPBIH ¢ 2000 mo 2018 1. cHU3MIICS Ha
ypoBae 13 %.

Jlokanuzanun

Ocoboe BHUMaHUE HAMHU YIEICHO HCCIIEIOBAHHIO
0 ONPEIETICHHIO YICIBHOTO Beca OOJIbHBIX, YUTEHHBIX
MOCMEPTHO, M0 OTAEAbHBIM JoKanau3ausimM 3HO. [ns
atoro otobpansl 3 bJ[ [IPP C3®O PD mocmepTHO
yuTeHHbIe 6onbHbIe 3a iepuonx 20172019 rr. Beero nep-
BUYHO M IOCMEPTHO YYTEHHBIX OOJIBbHBIX 06110 208 643
YeJOBEKa, U3 HUX MEPBUYHO YyUTEHHBIX — 191 615
YeNoBeK, MOCMepTHO yuTeHHBIX — 17 028 (8,16 %).
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Ta6nuua 2/Table 2
PaHroBoe pacnpeaeneHue Tepputopui

Rank distribution of territories

Pecn. Kanmbikusi/Republic of Kalmykia 25,00 ootk
Espetickas AO/Jewish Autonomous Region 19,30 Jlunenkast oo6macts/Lipetsk region 2,90
. CeBacromons/Sevastopol 14,00 CaxammHckas oonacts/ Sakhalin region 2,90
Bnamumupckas obmacts/Vladimir region 13,80 Pecn. bBypsitusi/Republic of Buryatia 2,70
Maranmanckas obnacte/Magadan region 13,80 Benroponckas obmacts/ Belgorod region 2,60
Tynbckas obmacts/Tula region 13,40 R;?l?lifggieizi?;ig;?rfeﬁsia 2,60
CaepmioBckast obnacts/ Sverdlovsk region 13,40 Pecn. bamkoprocran/Republic of Bashkortostan 2,10
[IckoBckas obmacts/Pskov region 12,80 Boponexckas obmacts/Voronezh region 2,00
Yensounckas obnacts/ Chelyabinsk region 12,80 Camapckast obnacts/Samara region 2,00
Kemeposckast obmacts/Kemerovo region 12,70 [enzenckas obmacts/Penza region 1,80
Pecn. Mapuii D1/Republic of Mari El 11,20 Cmornenckast o6mactb/ Smolensk region 1,70
Upkyrckas odnacts/Irkutsk region 11,20 Xantsl-Mancuiickuii a.0./Khanty-Mansiysk a.d. 1,60
r. Cankr-IlerepOypr/St. Petersburg 11,10 Pecn. Anppiresi/Republic of Adygea 1,40
Pecn. Vamyprusi/Republic of Udmurtia 10,60 Bomnoroackas o6nacts/Vologda region 1,30
Pecn. Xaxacusi/Republic of Khakassia 10,60 Rz;flgiifiiigi[g:r(giiz?;?ﬁ;r/ia 1,30
Pecn. Kpsiv/Republic of Crimea 10,50 Pecn. Ceepnas Ocetnsi/ Republic of North Ossetia 1,30
[Mpumopckuii kpaii/ Primorskiy region 10,50 Kuposckas o6nacts/Kirov region 1,10
Pecn. Kapemusi/Republic of Karelia 10,20 Pecn. TeiBa/Republic Tyva 1,00
CaparoBckas obnacts/Saratov region 10,20 Heneuxuii a.0./Nenets a.d. 0,90
Hogroponckas obmacts/ Novgorod region 10,10 3abatikanbckuii kpait/ Trans — Baikal Territory 0,70
Hokskokok Pecn. Uarymerus/Republic of Ingushetia 0,50
Poccusi/Russia 6,90 Pecm. [larecran/Republic of Dagestan 0,20
MockoBckast obmacts/ Moscow region 6,90 Pecmt. Yeuns/Republic of Chechnya 0,00

Ta6bnuua 3/Table 3
PaHrosoe pacnpeaeneHue yaensHbix BecoB 3HO, BbisiBneHbl nocmepTHo B C3PO P® 3a nepuopg
€ 2017-2019 rr. 6O NPP C3®0 P®
Rank distribution of specific weights of malignant tumors identified posthumously in the NWFD of Russia
for the period from 2017-2019. DB PCR NWFD of Russia

Jloxanmzarmsi/Localization MKB-10/ICD-10  OIl/M+F M/M XK/F
3HO apyrux u HETOYHO 0003HAYCHHBI. JTOKATA3AIII/

Malignant tumors of other and inaccurately designated localizations €76 43,88 43,88 42,78
Jleliko3 HEYyTOYHEHHOTO KJICTOYHOTO THITa/
Leukemia of unspecified cellular type &5 gl 20 gl
3HO npyrux u HeTOUHO 0003H. OPraHOB MHIIEBAPEHHS/
Malignant tumors of other and inaccurately designated digestive organs €26 39,22 38,66 39,57
Jpyrue u veyrounennsie 3HO mumponaHo#i 1 KpOBETBOPHOU TKaHU/
Other and unspecified malignant tumors of lymphoid and hematopoietic tissue €96 37,17 28,30 45,00
MosroBbie 06o0uku/Meninges C70 30,77 25,86 34,72
ITeuens/Liver C22 29,43 28,48 30,54
3HO marku HeyTOYHEHHOM JIOKaIU3aLin/ C55 3 3 29.47
Malignant tumors of the uterus of unspecified localization ’
Me3sorennoma/Mesothelioma C45 22,80 20,48 24,55
3HO 6e3 yrounenus noxaﬂmaunn/Mahgnant tumors without specifying €80 22.45 20,44 2425
the localization
Hanmoueunnk/The adrenal gland C74 21,66 25,96 17,70
3HO apyrux v HEyTOUHEHHBIX OPTaHOB MY)KCKHX ITOJIOBBIX OpPraHOB/ 63 B 2121 B

Malignant tumors of other and unspecified about male genitalia
JKemuansrit my3sips/Gallbladder C23 21,64 20,49 21,89
3HO cnimHHOTO MO3ra, YepenHbIX HepBOB U Ap. otaenoB LIHC/
Spinal cord, cranial nerve and other departments of the Central Nervous System
3HO apyrux U HEyTOYHEHHBIX KEHCKHX ITOJIOBBIX OPraHOB/
Malignant tumors of other and unspecified female genitalia

C72 21,10 18,46 25,00

C57 — - 16,28
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BJ1 TIPP mo3BossieT paccMOTpETh MOIPOOHO, IO
kakuM Jokanm3anusM 3HO Oosnbiie Bcero ydTeHo
6onpHbIX 3HO mocmMepTHO M 10 KaKUM BBISIBIICHA
MakcumanbHas BennuuHa [1Y Gombubix. M3 17 028
ITY 6ompabIX 3HO 32 nepuox 2017-2019 rr. 8 C300
P® —2 973 GONBHBIX yYTEHO TOCMEPTHO C TUArHO30M
3HO 6ponxa u aerkoro (C34), 1 708 — ¢ 3HO o6o-
nounoi kumku (C18), 1 640 — paka xemynka (C16),
1 448 — nomxenynouHo xene3sl (C25), 736 — MoIou-
Hoit xenesbl (C50), 517 —mo3ra C71), 509 — npsmoit
xummku (C20).

3raunTenbHbe Aoiu 1Y mpumnuick Ha claemyro-
LI1e JOKATU3aUU:

— C76 — npyrue HeTOYHO 0003HAYCHHBIE JIOKAIIH-
3anuu — 43,88 %;

— C95 — neiiko3 HeyrouneHHbIH — 41,47 %;

— C26 — npyrue opransl nuiieBapenus — 39,22 %;

—C96 — npyrue mumbarniecKkre U KpOBETBOPHBIE
tkanu 37,17 %;

— C70 — mo3roBeix o6omouek — 30,77 %;

— C22 — neuenn — 29,43 %;

— C74 — nagmoueununka — 21,66 %;

— C25 — momxenymouHoH sxene3sl — 19,55 %.

Baxno 006paruTh BHUMaHHUE, YTO MO OOJIBIINHCTBY
3HO ynenbueiit Bec ITY cpean xeHCKOro HaceleHUs
Oombie, yem cpenu myxkckoro (tadm. 3). K ykazan-
HOMY cienyeT mo6aBuTh Jiokanusanuu 3HO cyry6o
MYKCKOTO W KeHCKoro Tuma. IlocMepTHO ydTeHO
21,21 % myxuun ¢ auarao3om — 3HO apyrue u He-
TOYHO 0003HAYEHHBIE MY)KCKHE IOJIOBEIE Opranbl CO3.
Cpenu xxeHckoro HaceneHus [1Y — 29,47 % GonpHBIX
co 3HO matku HeyTouHeHHOH okanmm3anuu (C55) u

Caukr-IletepOypr/

St. Petersburg 0-14  15-17 18-19 20-29
C00-96
1997-1999 5,71 9,21 8,57 13,04
2017-2019 0,47 0,00 4,17 1,08
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16,28 % o pyopuke (C57) — apyrue 1 Hey TOUHEHHBIC
JIOKAJIM3aLUH KEHCKUX MOJIOBBIX OPraHOB.

Bospacr

MakcuManbHbIN yAEIIBbHBII BEC TOCMEPTHO YUYTEH-
HbIX 001bHBIX 3HO BhLsBIIeH Hamu 110 B/ [TPP C3D0O
P® B Bo3pacTHOI rpynme ymepiiux B Bo3pacte 80 et
u cTapine, B mepBoM niepuoze (1997-1999) mocmeptHO
y4TeHHBIE cocTaBuiu 6onee 35 %, Bo BTopom (2017—
2019) — yxxe oxomno 20 % (19,89). Hanmenpmmii npu-
poct [TV cpenu nereii (I nepuon —4,38 %, [1-0,77 %)
u noapoctkoB (I mepmon — 4,76 %, 11 — 1,01 %)
(puc. 1).

Mpl yKe OTMEYajH, YTO HECKOJIBKO TEPPUTOPHUM
C3®D0 P® nmerot HU3KHI yPOBEHB JESTENBHOCTH I1a-
TOJIOTOAHATOMHYECKON CITYKObI, CBSI3aHHBIN U C TEM,
YTO CITyKOBI HE 00ecTIiedeHbl HEOOXOJUMBIM YPOBHEM
1 KOJIMYECTBOM CIIELUAINCTOB, IO3TOMY PaCCMOTPHM
3aKOHOMEPHOCTH BBISIBIICHHBIX YACIbHBIX BECOB 00JTb-
HbIX 3HO, yuyTeHHBIX IOCMEPTHO, HA MaTepUaIax
ITPP Canxkr-IlerepOypra (puc. 1). Ecnu 3a mepuon
2017-2019 rr. ynenabHbIN Bec TOCMEPTHO YUTEHHBIX
6ompabIX 3HO muist siut, moruOmmx B Bozpacte oT ()
1o 60 net, kone6ancs ot 0 10 4 %, TO B TOCIEMYIOIINAX
BO3PACTHBIX T'PYINIax €ro BeJIWYWHA CYHIECTBEHHO
BO3pacTaia u cocTaBisuia y 60-IeTHUX MPaKTUICCKA
7 %,y 70-netnux — 11 %, a 'y nun B Bo3zpacre 80 net u
cTapuie — yxe okoso 24 %, T. €. IpaKTHYeCKN KaXK IbIi
4-# 6ompHOM 3HO OBIT yuTeH MocMepTHO. B mepBoM
nepuojie HaomoneHus (1997-1999) stu nokazaresnu
OBLIHM 3HAYUTENBHO BbIIIE (pHC. 1).

30-39 4049 50-59 6069 70-79 80+ Bcee
13,17 14,38 18,01 22,13 27,65 42,01 24,46
2,29 2,79 4,04 6,90 10,63 23,79 9,76

Puc. 1. MNpoLeHT nocMepTHO BbIsiBMEHHbIX 60nbHbIX 3HO no
BO3pacTHbIM rpynnam B CaHkT-lNeTepbypre (06a nona). b MPP
C3%0 Po
Fig. 1. Percentage of posthumously diagnosed patients with
malignant tumors by age group in St. Petersburg (both sexes).
DB PCR of the NWFD of the Russian Federation
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Ta6nuua 4/Table 4

Habnropaemas BbkuBaeMoctb 60nbHbIX 3HO C3PO P® 6e3 yyeTa MY 6onbHbIX (06a nona).
B0 NPP C3®0 P®

The observed survival rate of patients with malignant neoplasms of the Northwestern Federal District of
the Russian Federation without posthumously registered patients (both sexes). DB PCR of the NWFD of
the Russian Federation

C00-96. B/1 ITPP C3®0. O6a mona/C00-96. DB PCR in the NWFD. M+F

Ton YCTaHOBKH /:[Har.Ho3a/ 20002004
Year of diagnosis

AOCOIIOTHOE YHCIIO 3a00JIeBIINX/
Absolute number 202303

Menunana/Median 1,9 rona/1.9 years

1 59,1

Iepuon 5 48,7
HaOIroeHus/ ’

Observation i 23’2

period =

5 36,7

2005-2009 20102014 2015-2018
230117 252782 245259
2,5 rona/2.5 years 3,6 rona/3.6 years 2,5 rona/2.5 years
63,4 68,1 68,4
53,1 58,3
47,5 52,5
43,6 48,0
40,6 44,1

Ta6bnuua 5/Table 5

Habnogaemasa BbhknBaeMocTb 60sibHbIX 3HO C3PO PP ¢ yuetom MY 6onbHbIX (06a nona). B, NMPP
C390 PO

The observed survival rate of patients with malignant neoplasms of the Northwestern Federal District of
the Russian Federation with posthumously registered patients (both sexes). DB PCR of the NWFD of the
Russian Federation

C00-96. BT ITPP C3®0. O6a moa ¢ ITY/C00-96DB PCR in the NWFD. M+F with posthumously registered

Ton YCTaHOBKH zmar.Hosa/ 20002004
Year of diagnosis
AO0comroTHOE 9UCIIO 3200IeBIINX/

Absolute number 226261

Menunana/Median 1,3 roma/1/3 years
1 53,0
Iepron ) 43,7
HaOmroneHus/ ’
Observation 3 38,7
. 4 354
period
5 32,9
BorxnBaeMocTh

Pacuer nokaszareneil HaOmogaeMoi KyMysIsITHB-
HOUM BBDKMBA€MOCTH — TJIABHBIN KPUTEPH OLCHKH
JeSITeTTbHOCTH OHKOJIOTHUYECKOH Ciry:k0bl. Celiuac 3Ti
pacdetsl B Poccuu BexyTcest Tonsko o b1 [TPP C3DO
P® u mectu TeppuTOpuUsSM, pabOTAOIIMM O HAIINM
nporpammam. Vtoru 31oii paboThl MbI TIEPHOANIECCKU
MyONIMKyeM B KHUTaX U J)KypHAJIBHBIX CTaThsX [3—13]

B co0OTBETCTBUM ¢ MEXKTyHAPOIHBIMH CTAHAAPTAMH
pacueT nokasareyiel BBhKMBaeMOCTH OCYIIIECTBISICTCS
0e3 ydera MOCMEpPTHO 3aperuCTPUPOBAHHBIX 0OJb-
HBIX. MBI BriepBble B Poccuu mipesicTaBiisieM JaHHbIE
JIMHAMUKH OIHOJIETHEH U MATUIETHEN KyMYISITUBHON
BbDKHBaeMocTH 00bHBIX 3HO 110 YeThipeM Koropram
B C3®O0, B nunamuke 3a nepuoa ¢ 2000 o 2018 r. ¢
YYETOM H 0€3 y4eTa MOCMEPTHO 3apETUCTPHUPOBAHHBIX
6ompHBIX 3HO. [1pu 3TOM IToka3arenb OMHOJICTHEH BhI-
skuBaeMoctu 6onmeHBIX 3HO 6e3 [TY Bo3poc ¢ 59,1 mo
68,4 %, umuua 15,74 %, a c I1Y 6onbubiMu — ¢ 53,0 10
62,8 %, nnu Ha 18,49 %. XoTs cama BeTM4rHa YPOBHS
OJTHOJIETHEHN BbIKMBAEeMOCTH ¢ ITY 3ameTHO MeHblle
(ma 8,19 %), mpupoCT moka3aTeisi BEDKUBAEMOCTH

10

2005-2009 20102014 20152018
253017 280674 266048
1,8 roma/1.8 years 2,5 rom/2.5 years 2,1 roma/2.1 years
57,8 61,3 62,8
48,5 52,5
433 47,2
39,8 43,2
37,1 39,7

¢ I1Y Gompmme (18,49 %) 3a cueT cyIIeCcTBEHHOTO
YIy4IIeHUs IEPBUYHOMN peructparuu 0ompHbIx 3HO.
ITo cpaBHEHUIO ¢ UCXOMHBIMU JAHHBIMU OJTHOJICTHSA
BbDKHBaeMOCTh ¢ [TY nHmxke yem 0e3 1Y, Ha 8,2 %,
msruiietHsast — Ha 10 %. U3 tabn. 4 takke BUIHO
BIUSIHUE yneabHOTOo Beca [1Y Ha BennunHy MeTuaHbl
BBDKMBAEMOCTH B 1LIEJIOM, Bo3pociiyio ¢ 1,9 1o 2,5 ner,
HO ¢ yueToM [1VY ee BenuunHa Bo3pocia TOnbKo A0 2,1
roja, T. €. HIKe, ueM 0e3 yuera [1Y, Ha 16 %.
TTokazaTenun OmHOJIETHEH HAOMIOMAEMON BBIKH-
BaeMocTH ¢ 2000-2004 no 20152018 rr. Bo3pocu ¢
59,1 no 68.4 %, v Ha 15,7 %, natunerneit k 2010—
2014 rr. — ¢ 36,7 1o 44,1 %, wm Ha 21,2 %. C yuerom
MIOCMEPTHO BBISIBIICHHBIX OOJIBHBIX ATOT POCT OKa3aJIcCs
OoubIIe (TSI OMHOJIETHEH BEDKHBaeMOCTH — Ha 18,5 %,
1o satuneTHer —Ha 20,7 %) 3a cueT CHIKEHUS y/Ielb-
HOTO Beca 0O0JIBHBIX, BBISIBICHHBIX TIOCMEPTHO.
Takum o0Opa3om, MPOBEACHHOE HCCIEIOBAHUE
BBISIBIJIO CYIIIECTBEHHOE (TTOYTH B 2 pa3a) yaydlleHHe
nepuanoi peructparuu 3HO B C3PO u CaHkT-
[NetepOypre, mokazajio OrpOMHbIH pa30pOC B yACIbHBIX
Becax OOJIbHBIX, YUTEHHBIX TOCMEPTHO, — 0T () B UeueH-
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ckoit Peciybnuke 1o 25 % B Pecriyonuke Kanmpikus
[IPU CPEIHEPOCCHIICKOM oKazatene — 6,9 %.

3a mepuon ¢ 2017 mo 2019 . B C3DPO PD nHe-
JIOy4YTeHO 1pu ku3HU 2 973 6onbHbix 3HO Oponxa u
nerkoro— 15,17 %, 1 708 GonbHBIX pakoM 000J0YHO
knkd — 10,32 %, 1 640 GOJIBbHBIX paKOM KeyIKa —
12,17 %, oxo110 20 % GOTBHBIX PAKOM TTOKEITYTOUHON
xene3bl 1 29,43 % OONbHBIX PAKOM TIEUCHHU.

Yro KacaeTcs 3aKOHOMEPHOCTEN HeroyueTa 00Jb-
HbiX 3HO mpu xu3Hu, MuHuManbHoe uncio 1Y 3a-
PETHCTPUPOBAHO B BO3pacTHOMH rpyre ot 0 1o 60 mer,
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PROSTATE SPECIFIC ANTIGEN DENSITY AS A PROGNOSTIC
FACTOR IN PATIENTS WITH PROSTATE CANCER TREATED
WITH COMBINED HORMONAL RADIATION THERAPY

A.Y. Kneev, M.l. Shkol’nik, O.A. Bogomolov, G.M. Zharinov
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Abstract

Purpose. To evaluate prostate specific antigen density (PSAD) as a predictor of overall (OS) and cancer-
specific survival (CSS) in patients with prostate cancer (PC) who have undergone combined hormonal-radiation
therapy. Material and Methods. In order to assess the prognostic significance of PSAD we retrospectively
analyzed outcomes of 714 PCa patients who received combined hormonal-radiation therapy at the A.M.
Granov Russian Scientific Center of Radiology and Surgical Technologies, Ministry of Healthcare of Russia,
between January 1996 and December 2016. Since the prognosis and management differ according to the
extent of tumor involvement, patients were categorized into localized (n=272), locally advanced (n=231) and
metastatic (n=211) PC groups. We equentially applied ROC-analysis, Kaplan-Meier product limit estimator and
Cox proportional hazards model to assess the prognostic relevance and establish threshold values of PSAD
that had a significant impact on survival rates. Results. In the localized PC group, PSAD threshold values
of 0.34 ng/mL/cc and 0.36 ng/mL/cc were associated with a decrease in OS and CSS, respectively. Patients
with “low” PSAD had significantly better OS and CSS survival rates in both uni- and multivariate analyses. In
locally advanced PC group, PSAD threshold values were 0.28 ng/mL/cc and 0.63 ng/mL/cc for OS and CSS,
respectively. However, exceeding the specified values, in the locally advanced PC group, was not accompanied
by a statistically significant decrease in survival rates. Finally, in the metastatic PC group, established PSAD
threshold values were 2.25 ng/mL/cc and 2.30 ng/mL/ccfor OS and CSS, respectively. According to the results
of univariate analysis, patients with “low” PSA tend to demonstrate statistically significant better OS and CSS
rates. The results of multivariate analysis, however, failed to prove PSAD as an independent prognostic factor
within the metastatic PC cohort. Conclusion. PSA density is a reliable tool for assessing survival rates in
patients with localized PC who have undergone combined hormonal-radiation therapy.

Key words: prostate cancer, prostate-specific antigen density, combined hormonal-radiation therapy,
survival rate, treatment outcomes
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NMMOTHOCTb NMPOCTAT-CNELUN®PUYECKOIO AHTUIEHA
KAK MPOrHOCTUYECKUN ®AKTOP Y BOJIbHbIX
PAKOM NPEOCTATENbHOW XEJNE3bl, NEPEHECLUUX
KOMBUHUPOBAHHOE TOPMOHOJTYYEBOE JIEMEHUE

A.10. KneeB, M.U. WkonbHuk, O.A. Boromonos, I'.M. )KapuHoB

OIrBY «Poccuickmm Hay4YHbI LEHTP pagmnonorum n Xmpyprudeckux TexHonorni um. akag. A.M. MpaHosa»
MwuH3anpaBa Poccuu, r. CaHkT-INeTepOypr, noc. MecoyHkiin, Poccus

Poccus, 197758, r. CankT-INeTepObypr, noc. MecoyHbin, yn. JleHuHrpaackas, 70.
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AHHOTauuA

Llenbto nccnepoBaHus sBMach oLeHKa 3Ha4MMOCTH MOTHOCTY NpocTaT-crneundunyeckoro aHtureHa (NfMCA)
B kayecTBe npeauktopa obuer (OB) n onyxonb-cnevuundudeckon BebknsaemMocT (OCB) y 60nbHbIX pakom
npeacratensHon xenesbl (PIMXK), nepeHeclinx koMbMHMpOBaHHOE ropMOHOyyYeBoe rneveHve. MaTtepuan
um Metogbl. C Lenblo OUeHKN nporHocTudeckon 3Hadmmoctu nlMCA npoBedeH peTpoCneKkTUBHbIN aHanms
pe3ynksTaToB fnevenHus 714 naumeHtoB ¢ PIMK, nonyyaBlumnx koMGMHMPOBaHHY rOPMOHOSYYEBYHO TEpanuo
B ®IbY «PHLPXT um. akaa. A.M. NpaHoBa» MuH3gpasa P® B nepuop ¢ siHeapsi 1996 no aekabpb 2016 r.
B 3aBMCMMOCTM OT pacnpoCTpPaHEHHOCTM OMyXOfIEBOro npoLuecca nauneHTbl Obinn pasaeneHsl Ha rpynnebl
niokanu3oBaHHoOro (n=272), mectHopacnpoctpaHeHHoro (n=231) n metactatnyeckoro PIMXK (n=211). Onsa
OLIEHKM MPOrHOCTUYECKOW 3HAYUMMOCTUN U YCTaHOBINEHWUSI MOPOroBbIX 3HaYeHu npusHaka NMCA, focToBepHO
BMUSIBLLUMX Ha nokasaTenu BbKMBAaeEMOCTH, HamMu Obinv nocregosaTernbHO NnpumeHeHbl Metoasl ROC-aHanmaa,
MHOXMTenNbHbIX oueHok KannaHa—Meliepa n mozens nponopumoHanbHbix puckoB Kokca. PesynbTarhbl.
3HayeHus npusHaka NMNCA y 6onbHbIX nokanusoBaHHbIM PITK, npeBbileHne KOTOPLIX COMPOBOXAANoch
CHWKeHnem nokasatenen OB 1 OCB, coctaBunu 0,34 Hr/mn/cm® n 0,36 Hr/mn/cm® cooTBeTCTBEHHO. Bornb-
Hble ¢ «Hu3konm» NMNCA geMoHCTpupoBanu AOCTOBEpPHO nydwine nokasateny OB n OCB no pesynstatam
Kak ogHO(aKTOPHOro, Tak 1 MHOrocbakTopHoro aHanmaa. lNoporosble 3Ha4eHus npusHaka NMCA y 60nbHbIX
MecTHopacnpocTpaHeHHbIM PIK coctaBunu 0,28 Hr/mn/cm® un 0,63 Hr/mn/cm® ans OB 1 OCB cooTBeT-
CTBEHHO. [peBblILlLeHME YKasaHHbIX 3Ha4YeHWI B rpynne 60nbHbIX MeCTHOpacnpocTpaHeHHbIM PIK, ogHako,
He COMpOBOXAanoch CTaTUCTUYECKM OOCTOBEPHBLIM CHUXEHUEM MoKa3aTenemn BbKMBAEMOCTU. Y OOMNbHbIX
meTtacTtaTtudeckum PIMK noporosble 3HadeHus1 npuaHaka nlMCA coctaBunu 2,25 Hr/mn/cm® n 2,30 Hr/mn/cm®
anst OB n OCB cooTtBeTcTBEHHO. 0 pesynsratam ogHOakTOpPHOro aHanun3a 6onbHble reHepanv3oBaHHbIM
PIMXK c «Huskom» nlMCA aemoHCcTpupoBanu CTaTUCTUYECKM 3Ha4YMmo nydiime pesynsratel OB 1 OCB. Mo
pesyrnsrataMm MHOroakTOpHOro aHanmaa, 0OAHaKo, BbISIBIIEHHbIE TEHAEHUMM He NoaTBeEpAUNMCL. BbiBoAbl.
MnotHocTb MNCA siBNseTcs HaAeXHbIM MHCTPYMEHTOM OLEHKM NoKa3aTenen BbKMBAEMOCTU GOSbHBIX NoKa-
nm3oBaHHbIM PIMX, nepeHecLux KOMOMHMPOBAHHOE TOPMOHOIY4EBOE feYEHNeE.

KnioueBble cnoBa: pak npep.CTaTeanoﬁ )ene3sbl, NIOTHOCTb NpocTaT-cneuncdnyecKoro aHTUreHa,
KOMGMHMPOBaHHaH ropmoHony4eBasi Tepanus, uCxoabl rie4eHuUs.

Introduction

Over the decades urological society has witnessed
prostate cancer (PC) evolution from an uncommon dis-
ease to one of the most prevalent cancers among men;
from a clinically significant tumor at presentation to an
asymptomatic, routinely, often accidentally diagnosed
cancer; from one of the most lethal medical conditions
to an illness than may span an entire life of a patient,
often resulting in death of latter from a completely
different cause [1]. Notwithstanding the remarkable
progress in detection and care, PC remains a relevant
public health issue. Currently, it is the second most
prevalent malignant tumor among male population in
Russia, and most prevalent in men over 60 years old
[2]. Up to 40 % of them, at the moment of presenta-
tion, harbor locally advanced or metastatic forms of
the disease [3].

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 12-23

PC risk stratification traditionally is being held
on a combination of serum prostate-specific antigen
(PSA) level, findings on digital rectal examination
(DRE) and Gleason score assigned by the results of
initial biopsy [4] —a set of criteria originally proposed
by D’Amico et al. [5]. In some cases, these may also
be supplemented by the imaging (radionuclide bone
scan, computed tomography (CT) of the abdomen
and pelvis, magnetic resonance imaging [MRI]) and
molecular (genomic) studies [6]. Despite the extensive
appreciation of the aforementioned risk group strati-
fication, important shortcomings of utilizing such an
approach exist. One should keep in mind that the initial
evaluation may significantly under or overestimate the
extent and/or aggressiveness of disease. Factors that
need to be considered when relying on clinical stag-
ing include volatility in DRE findings interpretation,
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variability in Gleason score assigning, and sampling
errors in the prostate biopsy that may result in omission
of areas with higher malignant potential. Inaccuracies
in the initial evaluation may lead to the inappropriate
control over biologically aggressive tumors as well as
selection of treatment modalities with inferior thera-
peutic potential, which may ultimately have an adverse
effect upon patient outcome. Thus, the area of scientific
investigation should focus on determining factors that
might facilitate identification of patients potentially
harboring clinically significant disease.

PSA density (PSAD) is a derivate measure of serum
PSA that initially has found application in the field of
determining indications for prostate biopsy. Several
studies have proven high discriminative power of
PSAD for PC detection [7, 8]. A number of scientific
investigation reports have confirmed PSAD as a rel-
evant predictor of radiation therapy (RT) outcomes
[9, 10]. However, other studies have shown somewhat
less PSAD prediction ability [11, 12]. Therefore, it
remains to be understood whether PSAD represents an
important parameter related to overall (OS) & cancer-
specific survival (CSS) among PC patients treated with
external beam radiation therapy (EBRT). In an attempt
to gain insight into current issues we have conducted
our own study, by evaluating the performance of PSAD
to predict EBRT outcomes.

Purpose. To evaluate prostate specific antigen
density (PSAD) as a predictor of overall (OS) and
cancer-specific survival (CSS) in patients with prostate
cancer (PC) who have undergone combined hormonal-
radiation therapy.

Objectives

The primary study objective was to evaluate PSAD
as a predictor of OS and CSS in patients with local-
ized PC who underwent combined hormonal-radiation
therapy. The secondary study objective was to assess
PSAD OS and CSS predicting ability among patients
with locally advanced and metastatic PC who under-
went combined hormonal-radiation therapy.

Material and Methods

After obtaining Institutional Review Board ap-
proval, all patients undergoing combined hormonal-
radiation therapy for PC at A.M. Granov Russian
Scientific Center of Radiology and Surgical Technolo-
gies, Ministry of Healthcare of Russia were identified
and evaluated for study feasibility from prospectively
recorded and maintained PC database [13]. Inclusion
criteria were as follows: histologically verified PC,
proper T staging according to the TNM classification,
5th-7th edition. Further staging was performed with
bone scan and pelvic MRI in all men with serum PSA
concentration >10 ng/ml. Patients who were treated
with therapeutic agents that could interfere with base-
line PSA concentration, or did not receive androgen
deprivation therapy (ADT) were excluded from the
study. All patients with missing data regarding baseline
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serum PSA concentration as well as prostate volume
measurements required for PSAD calculation were
also excluded from the study.

All clinical and pathological data was collected
retrospectively and analyzed prospectively. PSAD was
calculated by dividing baseline serum PSA values by
transrectal ultrasound (TRUS) determined prostate
volumes using the truncated cone formula: 0.52 x (L
x W x H) cm?, where the length (L), width (W) at the
greatest diameter, and the height (H) at greatest height.
Prostate volume estimation on the basis or TRUS data
was associated with the availability of these findings
among all patients included into the study. In addition,
recent investigations have proven that prostate volume
measured by TRUS does perfectly correspond to the
actual weight of a surgical specimen [14]. Ever since
the prognosis and management differ according to the
extent of tumor involvement, patients were categorized
into localized (cT1-2NOMO, n=272), locally advanced
(T3-4NOMO, T1-4N1MO, n=231) and metastatic PC
(T1-4NO-1M1, n=211) groups.

External beam radiation therapy

EBRT was carried out by bremsstrahlung radiation
on linear electron accelerators with a boundary radia-
tion energy from 6 to 18 MeV. Patients with localized
PCreceived the total EBRT dose of minimum 72-73 Gy
in the standard fractionation mode by delivering 3 Gy
daily to a local field, which included the prostate gland,
periprostatic tissue, and seminal vesicles. Patients
suffering from locally advanced PC received EBRT
in two steps: the first step included irradiation of the
whole pelvis field, which comprised the prostate gland,
periprostatic tissue, seminal vesicles, and locoregional
pelvic lymph nodes, using a four field technique. The
whole pelvis was treated to a dose of 50-52 Gy deliv-
ered in 25-26 fractions. This was followed by a CT-
guided cone down to a local field, as described above.
Total EBRT dose in patients with metastatic skeletal
bone lesions were determined at the discretion of each
physicist. The most frequently used dosage was 20 Gy
by 2 Gy daily to the site of bone lesion. Thereafter
patients received regional and local radiation therapy
according to the regimens mentioned previously.

Androgen deprivation therapy

ADT was performed using gonadotropin releasing
hormone agonists and/or anti-androgen drugs. In order
to achieve castration testosterone level a portion of
patients underwent bilateral orchiectomy.

Statistical analysis

Normally distributed continuous variables are
presented as means with their respective standard
deviation. To compare the means of two normally
distributed continuous variables an independent
samples t-test was applied. Non-normally distributed
continuous variables are given as medians with
associated ranges, and differences between groups
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assessed using the Mann Whitney U-test. Categorical
variables data are given as proportions, and differences
between subsets are examined using Pearson’s chi-
squared or Fisher’s exact test, as applicable. In order
to assess PSAD overall performance in survival
predicting, receiver operating characteristic (ROC)
curves were plotted and the area under the curve
(AUC) calculated. According to threshold values
established by the results of ROC-analysis, patients
were distributed into “low” and “high” PSAD
groups.

The follow-up duration was calculated as the
period between the date of diagnosis and the date of
death or last contact. Patients were censored at the
last information before 5" November 2021. OS was
determined as the length of time from EBRT to death
due to any cause, regardless of recurrence. CSS was
defined as duration from the date of EBRT to the death
due to PC progression other than other cases. OS and
CSS curves were plotted by the Kaplan—Meier product
limit estimator and were compared between subgroups
using the log-rank test.

In univariate analyses, the following prognostic
factors were evaluated for their potential associations
with OS and CSS outcomes: age at the moment of
diagnosis, baseline serum PSA concentration, PSAD,
PSA doubling time (PSADT), Gleason score, total
EBRT dose. Cox proportional hazards model was
applied to evaluate associations between several
potential prognostic factors and time-to-event
outcomes. Multivariate models were created using
variables that showed significant association (p<0.05)
with outcomes of interest on univariate analysis. All
tests were two-tailed, and considered statistically
significant at p<0.05. The statistical software Medcalc
version 19.1.3 (MedCalc Software Ltd, Acacialaan
22, 8400 Ostend, Belgium) was used for all statistical
analyses.

Results

Out of a total 5500 patients who underwent
EBRT at the A.M. Granov Russian Scientific Center
of Radiology and Surgical Technologies, between
January 1996 and December 2016, 714 patients were
eligible for this study. The median follow-up time for
patients with localized PC was 139.0 (range 90.0 to
171.0) months, for patients with locally advanced PC —
114.0 (range 73.0 to 148.0) months and 45 (range
24.2 to 98.7) months for patients with metastatic
PC. Median age at diagnosis for localized PC was
67.4 (range 61.5 to 71.6) years, for locally advanced
PC - 65.3 (range 60.2 to 71.0) years, while mean age
for men with metastatic PC was 63.5 = 7.6 years. A
baseline median PSA (ng/mL) concentration was 16.8
(range 10.2 to 27.0), 18.3 (range 10.0 to 36.9) and
54.4 (range 25.1 to 150.0) for patients with localized,
locally advanced and metastatic PC, respectively. The
median PSADT for patients with localized, locally
advanced and metastatic PC were as follows: 36.6
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(range 11.3t043.8),28.9 (7.4 to 43.3) and 3.16 (range
1.3 t0 9.8) months. Finally, PSAD values, according to
the tumor process extent distributed as follows: 0.45
(range 0.26 to 0.83) for localized PC, 0.53 (range 0.25
to 1.08) for locally advanced disease and 1.52 (range
0.61 to 3.79) ng/mL/cc for metastatic PC. Gleason
score was available among 509 patients. Within the
localized PC group 98 (36.0 %) patients exhibited <7
Gleason score, 67 (24.6 %) patients had a Gleason
score equal to 7, while 31 (11.3 %) men had a Gleason
score >7. Within the locally advanced PC group 49
(21.2 %) patients had Gleason score of <7, 63 (27.2
%) patients had Gleason score 7, and 60 (25.9 %)
patients had low differentiated tumors represented as
Gleason score 8-10. Lastly, among group diagnosed
with metastatic PC — highly differentiated tumors
(Gleason score <7) were identified in 22 (10.4 %)
patients, moderately differentiated (Gleason score 7)
in 43 (20.3 %) patients, whereas 76 (36.0 %) of men
had tumors, corresponding to a Gleason score >7. The
results of univariate analysis of variables in relation
to OS and CSS are summarized in Table 1 and 2,
respectively.

Localized PC

The results of univariate analysis of variables
related to OS (table 1) suggest that investigated groups
were comparable in terms of age and radiation dose
exposure (p>0.05). Alive patients had significantly
lower baseline PSA concentration (p=0.02) and
PSAD (p=0.04). Well-differentiated tumors were more
likely to be observed within a group of alive patients
(p=0.0009). PSADT did not differ statistically between
two groups (p>0.05). Univariate analysis of main
variables affecting CSS (table 2) has revealed that the
group of alive patients had a greater probability of
having lower PSA (p=0.0001) and PSAD (p<0.0001)
values, and a longer PSADT (p=0.002). Patients,
who have died as the result of PC progression had a
better chance of being diagnosed with PC at younger
age (p=0.006) as well as a harboring more aggressive
subtype of the disease (p=0.0056). No difference in
terms of total EBRT dose was observed within CSS
groups.

Locally advanced PC

According to the analysis of variables affecting OS
(table 1), one can notice that groups differ significantly
in terms of age at the moments of diagnosis (p=0.003)
and Gleason score. Well-differentiated tumors were
observed more often within censored patients’ group
(p<0.0001). At the same time, regardless of group
affiliation, differences in baseline PSA, PSAD,
PSADT levels and the amount of total radiation dose
received remained statistically insignificant (p>0.05).
CSS (table 2), on the other hand, has demonstrated
correlation with the baseline serum PSA concentration
and tumor aggressiveness. Alive patients were more
likely to exhibit lower PSA values (p=0.02) as well as
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Table 1/Tabnuua 1

Variables associated with overall survival
O6Lasn BbhKMBAEMOCTb C Y4eTOM OCHOBHbIX XapaKTepPUCTUK

Locally advanced PC/

Localized PC/ e Metastatic PC/

. Jloxanmm3oBarnb PIDK N : Meracrarnueckmii PIDK
Variable/ . He1id PIDK . 0
IIpuzHak

P Comsored gy Comsored! ey Comsored gy
YP . Cwmeptp P . CwMmepTh YP . CwMmepTh
POBaHHBIN POBaHHBII POBaHHBIN
Age (years),
Median (IQR)Y/ 66.9 67.5 63.8 67.0 .
Bospacr (ner), (60.9-70.0) (62.1-72.7) ~0.05 (57.2-69.8) (61.8-71.4) 0.003 60.5945.72 64.03+7.83 0.044
Menuana (IQR)*
PSA (ng/mL), 55.0
Median (IQR)/ li‘r.O 155.5 0.02 177.6 2(1.4 ~0.05 477.0 @7.0- 001
TICA (ur/mi), (8.9-25.9)  (11.3-30.0) (9.2-32.6)  (10.5-39.6) (12.0-85.0) 157.5)
Mennana (IQR) ’
PSAD (ng/mL/cc),
Median (IQR)/ 0.39 0.51 0.04 0.56 0.50 ~0.05 1.17 1.64 001
nlICA (ar/mir/em®),  (0.22-0.78)  (0.29-0.86) : (0.29-1.28) (0.22-0.95) ' (0.31-2.0) (0.674.7) ’
Menuana (IQR)
PSADT (months),
Median (IQR)/ 38.2 36.1 29.6 25.4 15.8 2.7
BVYIICA (mec), (11.5-60.8) (11.1-40.0) 0B (10.4-50.1) (5.4-40.0) UL (4.4-28.3) (1.6-6.8) LTS
Menuana (IQR)
Gleason score/ <0.0001 <0.0001 <0.0001
Wnnexc I'mucona

<7 57(46.7%) 41(27.3%) 0.0009 30(312%) 19(14.07%) 0.0017 9(2.0%) 13(72%)  0.0013

7 36(29.5%) 31(20.6%) >0.05  34(354%) 29(21.48%) 00194 10(322%) 33(183%)  >0.05

>7 11 (9.0%) 20(13.3%) >0.05 22 (229 %) 38 (28.14 %) >0.05 8(25.8%) 68 (37.7 %) >0.05
Unknown/ 18 (14.7%) 58(38.6%) <0.0001 10(10.4%) 49 (3629%) <0.0001 4 (12.9%) 66 (36.6%) 0.0012

HewussectHno
Local irradiation
total dose, Gy
Median (IQR) 73.0 72.0 ~0.05* 73.0 73.0 ~0.05 73.0 72.0 ~0.05
JlokambHoe (71.0-75.0)  (72.0-74.0) : (71.0-75.0)  (71.0-73.5) : (72.0-74.0)  (71.0-73.0) :
obmyuenwue, [p
Mennana (IQR)
Regional
irradiation total dose,
Gy
. 50.0 49.7 51.0 53.0
Median (IQR) N/A N/A NA S 4955100 4925200 005 490-530) (515540) 003
Peruonapnoe
obnyuenue, ['p
Mennana (IQR)

Note: *— Mean & standard deviation for metastatic PC; IQR — interquartile range.

[Mpumeuanne: *— Cpennee apudMeTHIECKOE H CTAHAAPTHOE OTKIOHEHHUE s rpynmbl MetacTatndeckoro PIDK; IQR — MexXKBapTHIBHBIH pa3Max.

tumors with lower Gleason score (p=0.0001). Whilst
age, PSAD and PSADT did not differ significantly
between study groups (p>0.05). In addition, no
difference was noted between two groups in terms of
local and regional total dose irradiation.

Metastatic PC

Variables, statistically significantly associated with
OS (table 1) in a group of metastatic PC included the
following: age at diagnosis onset, baseline PSA and
PSAD level, PSADT and Gleason score. Deceased
patients used to have higher PSA (p=0.01) & PSAD
(p=0.01) values and shorter PSADT (p=0.0005), while
censored patients were more likely to be diagnosed
with PC at younger age (p=0.04) and possess well-
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differentiated tumors (p=0.0013). Similarly, while
reviewing association between main tumor burden
properties and CSS (table 2) outcomes we found that
patients who have died as the result of PC progression
have had statistically significantly higher PSA (p=0.01)
and PSAD (p=0.01) values, lower PSADT (p=0.0005)
and were less likely to have well differentiated tumors
(p=0.006). No difference in EBRT dose was observed
between groups, regardless of outcome.

PSAD prognostic value

We further applied ROC-analysis to determine
the threshold of PSAD, which, if exceeded, would be
accompanied with a decrease in survival probability.
The results are presented in Table 3. Subsequently,
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Table 2/Ta6bnuua 2

Variables associated with cancer-specific survival
Onyxonb-cneymduyeckas BbKUBaEMOCTb C YY4EeTOM OCHOBHbIX XapaKTepucTuk

. Locally advanced PC/ Metastatic PC/
Localized PC/ . .
Tokanmsosanmesi PIIK MecTtHOpacnpoCTpaHEeHHbIH MeTracraruueckuii
Variable/ . PIDK . PIDK 0
IIpuznak
P Comsored ey Comored ey Consored! ey
P . Cwmepth P . CmepTh YP . Cwmepts
POBaHHBIN POBaHHBIN POBaHHBIN
Age (years),
Median (IQR)Y 67.7 64.0 66.7 63.7 .
Bospacr (sier), (62.1-27.0)  (59.1-68.8) 0.006 (60.8-71.3) (59.6-68.8) Z0.05 637 & 71 634 £ 78 005
Menunana (IQR)?
PSA (ng/mL), 53.8
Median (IQR)/ 15.0 22.4 17.6 29.7 41.1 )
TICA (ur/mn), (9.6-26.0)  (16.0-36.7) 0.0001 (9.5-31.8) (11.6—48.9) 0.0261 (18.3-86.1) (30.0- 0.0104
167.6)
Menuana (IQR)
PSAD (ng/mL/cc),
Median (IQR) 0.42 0.66 0.51 0.63 1.06 1.72
nlICA (ar/mn/em?®),  (0.22-0.76)  (0.43-1.27) <0.0001 (0.25-0.93) (0.24-1.2) ~0.05 (0.39-2.15) (0.70-5.79) 0-0062
Memuana (IQR)
PSADT (months),
Median (IQR)/ 36.6 7.5 29.2 28.6 15.4 2.1
BVIICA (mec), (12.6-47.9)  (1.3-36.6) LR (8.1 -53.3) (7.1 -36.6) AL (3.5-35.6) (1.0-5.2) UL
Memuana (IQR)
Gleason score/ 0.0163 0.0001 <0.0001
WNunexc I'mucona
<7 93 (41.5%) 5(104%) <0.0001 41 (24.5 %) 8(12.5%) 0.0489 13 (24.0%) 9 (5.7 %) 0.0004
7 54 (24.1 %) 13 (27.0 %) >0.05 55(32.9 %) 8(12.5%) 0.0016 16(29.6%) 27 (17.1 %)  0.051
>7 20(89%) 11(229%) 0.0056 37 (22.1 %) 23(359%) 0.0329 17 (31.4%) 59(37.5%) >0.05
Unknown/ 57 (254 %) 19(39.5%)  0.0485 34 (20.3 %) 25(39.0%) 0.0036 8 (14.8%) 62(39.4%) 0.0007
HewussectHo
Local irradiation total
dose, Gy
Median (IQR)/ 73.0 72.0 0,05 73.0 72.0 ~0.05 73.0 72.0 ~0.05
JlokansHoe (71.0-75.0)  (72.0-74.0) 73.0-73.0 71.0-73.0 72.0-74.0  71.0-73.0
obnydenue, ['p
Menuana (IQR)
Regional irradiation
total dose, Gy
Median (IQR)Y 50.5 50.5 .
PermonapHoe N/A N/A N/A 49.7-51.0 49.7-51.0 >0.05 523+£22 523+£22  >0.05
obnydenue, I['p
Menuana (IQR)*

Note: *— Mean & standard deviation for metastatic PC; IQR — interquartile range.

IIpumeuanue: *— Cpennee apupMeTHYECKOE M CTAaHIAPTHOE OTKIOHEHHE JUIs Tpymnibl MeTacTatndeckoro PIIK; IQR — MexKBapTHIBHBIN pa3max.

according to the established PSAD threshold values,
patients were subdivided into “high” and “low” PSAD
subgroups.

In the localized PC group, univariate analyses
indicated that patients exhibiting “low” PSAD values
have had significantly better OS (p log-rank=0.0003)
and CSS (p log-rank<0.0001) rates (Fig. 1 and 2).
The results of multivariate analysis identified baseline
PSA concentration, high PSAD and Gleason score
8-10 as independent factors associated with poor
OS and CSS outcomes (table 4). Within the locally
advanced PC group, univariate analyses failed to
confirm PSAD prognostic relevance (p log-rank>0.05)
regardless of the outcome (Fig. 3 and 4). Finally in
metastatic PC group, patients with higher PSAD had
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significantly worse OS (p log-rank=0.02) and CSS (p
log-rank=0.0005) rates (Fig. 5 and 6). On the basis of
Cox proportional hazard model, however, PSADT has
proven to be the only independent prognostic factor,
associated with survival outcomes in metastatic PC
group (table 4).

Discussion

Whereas PSA appears to be a central component
of PC risk stratification algorithms — its baseline
concentration is by no means being universally
reflective of true tumor burden, as PSA values are
prone to significant fluctuations [15, 16]. Moreover,
since it is produced by both benign and malignant
prostatic epithelial cells, serum PSA levels may
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Table 3/Tabnuua 3
The ROC-curve characteristics

Xapaktepuctukn ROC-kpuBon

Survival/ Area under the curve (AUC)/ Sée;r;iar;: ]i:;);/ %ﬁiﬁ:&i?ﬁ;f 95 % CI1/
BroxuBaemocTh [Tiomane mox kpusoit (AUC) nap p . 95 % A
ommuoKa KpHUTEpUi
Localized PC/JlokanuzoBannsrit PITK
Overall survival/ 0.648 0.033 <0.0001 0.34 0.24-0.53

061113.5[ BBDKMBACMOCTb

Cancer-specific survival/
Onyxonb-crienuduueckas 0.703 0.036 <0.0001 0.36 0.23-0.43

BBDKHBAEMOCTh
Locally advanced PC/MecTtrOpacmnpocTpanennsiii PIDK

Overall survival/

0.543 0.038 0.266 0.28 0.09-0.62
OO011asi BLKUBACMOCTh
Cancer-specific survival/
Onyxonb-crienuduyeckas 0.549 0.043 0.238 0.63 0.21-1.74

BBEDKMBAEMOCTH
Metastatic PC/Meracrtatuueckuii PITXK

Overall survival/

0.627 0.052 0.017 2.25 0.44-11.23
O0m1ast BEDKHBAaEMOCTb

Cancer-specific survival/ 0.042
OmnyxoJb-crienupuyeckast 0.625 ’ 0.0032 2.30 0.90-11.23

BBDKHMBACMOCTH

Table 4/Tabnuua 4
Cox proportional-hazards regression analysis results

Pe3y]1bTaTbI aHanusa nponopunoHanbHbIX PUCKOB Kokca

Wald Statistics/ Exp (b) 95 % CI/

iable/IT E E
Variable/Tpusnax b S Tect Banpna P xp (b) 95 % U nns Exp (b)

Localized PC, overall survival/Jlokanu3osauusiii PIIDK, 001as BBDKUBAEMOCTh

Baseline PSA concentration/

. 014 112 . 1.051 1.02-1.
HWcxonnas konnentparus [ICA AL o 9 TELU 1596 g &
high” PSA density/ 0.724 0219 10.91 00128  2.064 1.43-2.96
«BBICOKas» IUIOTHOCTH [ICA
>
S =t 1.263 0.413 9.32 00023  3.536 1.57-7.95

Wnnexc [mucona > 8
Localized PC, cancer-specific survival/JlokamusoBanusiii PIDK, onmyxonbs-cnierduyeckas BBDKHBaeMOCTh

“high” PSA density/

1.456 0.356 16.67 <0.0001 4.290 2.13-8.63
«BBICOKas» IOTHOCTH [TICA

Gleason score > 8/

2.035 0.818 6.17 0.013 7.652 1.53-38.09
Wuneke [mucona > 8

Metastatic PC, overall survival/Meractarmueckuii PITK o0mias BEDKHBaEMOCTh

PSADT/

BYTICA —-0.053 0.017 9.003 0.0027 0.947 0.91-0.98
Metastatic PC, cancer-specific survival/Meracraruuecknii PIDK, omyxomib-criennguieckasi BBKHBAEMOCTb

PSADT/

BYTICA —-0.093 0.0285 10.62 0.0011 0.911 0.86-0.96

18 SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 12-23



KINMAHUYECKUE UCCNEOOBAHUA

0,9

0,8

0,7

0,6

0,5

PSA density / MnotHocTs NMCA
— "low" / "Hu3kas"

0,4
---- "high" / "BbIcokas"

0,3

0,2

0,1

Cumulative survival proportion / KymynsatuBHas Aonsi BeDKMBLUMX

0,0

0 25 50 75 100 125 150

time (months) / t (mec.)

175 200

225

250

275

0,8

PSA density / MnotHocTb MCA
"low" / "Hu3skasn"

07 ---- "high" / "BbICcOKast ‘;?

Cumulative survival proportion / KymynsitTueHas 40Ns BKUBLLIMX

0,6

0 25 50 75 100 125 150

time (months) / t (mec.)

175 200

225

250

275

1,0

0,9

— "low" / "Huskas"

0,8

---- "high" / "BbicOKas"

PSA density / MNnotHocTtb MNCA

0,7

0,6

0,5

0,4

0,3

0,2

0,1

0,0

Cumulative survival proportion / KymynstueHas Aonsi BeDKUBLUMX

0 25 50 75 100 125 150

time (months) / t (mec.)

175 200

225

250

275

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 12-23

Fig. 1. Localized prostate cancer overall
survival in relation to PSA density
Puc. 1. ObLas BbPKMBAEMOCTb C Y4ETOM
nokasarens nMNCA, nokannaoBaHHbI PIMK

Fig. 2. Localized prostate cancer cancer-spe-
cific survival in relation to PSA density
Puc. 2. Onyxonb-cneuudunyeckas BbhkvBae-
MOCTb C y4eTom nokasatensi nfCA, nokanu-
30BaHHbIV PIMK

Fig. 3. Locally advanced prostate cancer
overall survival in relation to PSA density
Puc. 3. ObLas BbpkMBAEMOCTb C Y4ETOM No-
kasatens nMCA, MmecTHOpacnpoCTpPaHeHHbIN
PIMX
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Fig. 4. Locally advanced prostate cancer
cancer-specific survival in relation to PSA
density
Puc. 4. Onyxonb-crneunduyeckasi Bbhxuae-
MOCTb C y4yeTom nokasatensi nfMCA, mecTtHopa-
crnpocTpaHeHHbIn PIMK

Fig. 5. Metastatic prostate cancer overall
survival in relation to PSA density
Puc. 5. Obwas BbPKMBAaEMOCTb C Y4ETOM MO-
kasatens nMCA, metactatudeckun PIXK

Fig. 6. Metastatic prostate cancer cancer-spe-
cific survival in relation to PSA density
Puc. 6. Onyxonb-cneumnduyeckas Bbixuae-
MOCTb C y4yeToM nokasatenst nlCA,
meTactatndeckun PIHK
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overlap considerably in men with benign prostatic
hyperplasia (BPH) and those with PC. As an example,
one report retrospectively examined preoperative
serum PSA in 187 men with a histologic diagnosis
of BPH on a transurethral resection of the prostate
specimen and 198 men with organ-confined PC as
determined by step-section analysis of a radical
prostatectomy specimen [17]. The median serum
PSA concentrations were 3.9 (range 0.2 to 55) and
5.9 ng/mL (range 0.4 to 58), respectively. Although
this difference was statistically significant, the
distribution of serum PSA values in both groups
overlapped considerably. These findings led scientists
to search for more accurate tools of PC prediction. PSA
density, on this matter, has clearly illustrated its high
predictive ability for PC detection [7]. Furthermore,
it has also been shown that PSAD correlates with
risk of tumor unfavorable pathological features
(upstaging/upgrading, extraprostatic extension and
seminal vesicles invasion) detection and biochemical
recurrence (BR) following prostatectomy [18, 19].
With the above evidence, it would be logical to assume
that PSAD may be a useful predictor of PC survival
outcomes, regardless of treatment modality.

The main objective of this study was to investigate
the potential impact of PSAD on combined hormonal-
radiation therapy outcomes within localized PC
patients. Our results indicate significant difference
in terms of median PSAD values between alive
and deceased patient cohorts in either OS and CSS.
However, to represent a useful clinical tool, there must
be a PSA density threshold, which, if exceeded, would
be associated with an increased probability of an event.
In our study, we have determined a PSAD cutoff at
0.34 ng/mL/cc for OS and 0.36 ng/mL/cc for CSS with
the best balance between sensitivity and specificity
in identifying adverse outcomes that derived from
coordination points of the ROC-curve. Our findings
indicate in favor of the fact that lower PSAD values
were associated with better OS and CSS rates. To our
knowledge, to date there are no documented reports
aimed to address PSAD significance as a predictor of
OS and CSS within PC patients treated with combined
hormonal radiation therapy. Existing studies in lieu
are focused mainly on evaluation of recurrence-
free survival. For instance, Aref et al. demonstrated
that, whereas PSAD values > 0.3 ng/mL/cc were
accompanied by a statistically significant increase in
BR risk in men with PC treated with EBRT, it didn’t
appear as an independent prognostic factor of BR [20].
Study reports by Matzkin et al., evaluating outcomes
of brachytherapy alone or combined with EBRT within
localized PC patients, indicated that men exhibiting
PSAD values >0,15 ng/mL/cc had a statistically
significant higher risk of BR [10]. Although the
suggested PSAD cutoff was lower as compared to our
findings, it’s worth noting that the majority of the study
cohort (83.6%) belonged to the low-risk progression
group with the total Gleason score of < 6.
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In contrast, Ingenito et al. [11] reported that in
a series of 175 PC patients, only Gleason score
was found to exert an independent influence on the
biochemical failure (BF) risk following EBRT, while
PSAD diagnostic significance has not been confirmed.
An important drawback of this study, however, is
the heterogeneous nature of the study group, which,
aside from localized PC included patients with locally
advanced types of the disease. Furthermore, BF was
defined as PSA rise of >1 above the nadir, which
does not correspond with contemporary guidelines
[21]. D’Amico et al. also reported that PC volume
and the volume fraction of the gland involved by
carcinoma significantly added to the PSA in predicting
postradiation PSA failure, while PSAD failed to add
considerably in postradiation BF risk estimation [12].
At the same time, similarly to the above-mentioned
publication, the main research limitations include
the heterogeneous structure of the studied cohort, as
well as a comparatively short follow-up period, with
a median follow-up of 14 months.

While the results of our study revealed PSAD as
an independent prognostic factor of long-term survival
among patients suffering from localized PC, it failed
to prove sufficient discriminative ability within locally
advanced PC group. Surprisingly though, on the
basis of univariate analysis PSAD has demonstrated
prognostic significance within the metastatic PC group.
Since median PSA level in metastatic PC cohort was
54.4 ng/mL (range 40.9 to 67.8) which was significantly
higher (p<0.001) than the median PSA of localized PC
group 16.8 ng/mL (range 10.2 to 27.0) one possible
explanation to these findings, in our opinion, might be
attributed to the role of PSA as a confounding factor in
the PSAD predicting ability, which, subsequently was
proven by the results of multivariate analysis, where
PSAD failed to confirm as an independent prognostic
factor. These findings again highlight the fact that the
PSAD is, apart from being PC specific, in all essence
strongly related to prostate volume. In case of tumor
spread into surrounding tissues, lymph nodes or distant
locations, the proportion of “malignant” PSA, secreted
by the bulk of tumor begins to surpass the proportion of
PSA secreted by benign prostatic tissue, diminishing,
as the result, PSAD forecasting ability.

Several limitations in the present study are worthy
of mention. Firstly, selection bias and missing variables
are possible due to its retrospective nature. Secondly
the single center nature may be the source of limited
external validity in addition to a limited number of
patients with localized PC. Prospective studies in
other populations and larger cohorts are warranted to
substantiate and validate our results in the future.

In conclusion, few PC prognosis models include
PSAD. According to our analysis there is a substantial
value in PSAD in predicting OS and CSS in patients
with localized PC treated with combined hormonal-
radiation therapy. These findings may have clear
implications in the field of selecting appropriate
patients for combined hormonal-radiation treatment.
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PUCK BEHO3HbIX TPOMBO3MBOJIMYECKUX
OCJTIOXHEHWUW Y BONbHbIX 3IOKAYECTBEHHbIMU
HOBOOBPA30BAHUAMU NOMKENYOOYHOMN XENE3b

O.U. Kut, E.M. ®paHuumaHu, O.B. KatenbHuukas

PIrbY «HaumoHanbHbI MEOULNHCKUIA UCCrenoBaTeNbCKUIA LEeHTP oHkonornm» MuHsgpasa Poccun,
r. Poctos-Ha-[oHy, Poccua
Poccus, 344037, r. PoctoB-Ha-[JoHy, yn. 14-s nuHusa, 63. E-mail: katelnickaya@yandex.ru

AHHOTauuA

BeHo3Hble TpoMboambonuyeckme ocnoxHeHus (BTOO) yacto anarHOCTUPYHOTCS Y NaLMEHTOB CO 3r0Kave-
CTBEHHbIMW OMYyXONsSMU MOAXENYA0YHOW XKernesbl Ha aTane AUarHoCTUKM U NeYeHUs], yBenMymMBas 4actoTy
OCMOXHEHWUI Ha XMPYPrMYECKOM M XMMMOTEPANeBTMYECKOM 3Tanax fieYeHns OCHOBHOro 3aboneBaHus, a
Takke cmepTHOCTb. Llenb nccnegoBaHuA — M3y4nTb B3aMMOCBSA3b KITUHUYECKUX XapakTePUCTUK U Hapy-
LIeHWI nokasaTenen remoctasa y 60mnbHbIX CO 3M0Ka4eCTBEHHBIMU OMYXOMNSMU NOKENYLOYHON Xenesbl 1
nX ponb B NporHosmpoBaHnn BT30. MaTtepuan u metoabl. B nccrnegoBaHue BkoUeHbl 246 naunMeHToB Co
3r1oKa4yecTBeHHbIMM HoBoo6pasoBaHusamu (3HO) nomxenynoyuHor xxenessbl. Y 91,9 % 60nbHbIX AMarHocTupo-
BaHa NpOTOKOBasi afeHoKapLMHoOMa nogKenyaoyHon xenesbl. Hanbonee Yacto onyxonb nokanuaoBanach
B rornoBKe nofxenynoyHon xenesbl (68,3 %). NcxogHo y 45,9 % naumeHToB ycTaHoBneHa |V ctagus 3a-
6oneBaHusi (T1-4N0-2M1). XKenTyxa Kak KnMHU4Yeckas MmaHudgecTaums onyxonu NoaXXenyao4How xenesbl
Habnopanack y 31,7 % 6onbHbix. HebonbLuas yacTs (17,5 %) nauneHToB nonyyYany XummoTepaneBTU4eckoe
nevyeHne. Xvpypruyeckoe rneveHue nposefeHo y 28 % 6onbHbIX. 3a nepuoa HabnogeHus, paBHbii 12 mec,
yactota BTOO cocrtaBuna 15,4 %. PeTpocnekTMBHO CpaBHWUIM KIMTMHUYECKUE XapaKTEPUCTUKMN U NoKa3aTenu
reMocTasa Ha atane guarHoctrkn 3HO noppkenynoyHon xxenesbl y 6onbHbix ¢ BTOO 1 6e3 BTOO, BbisiBneH-
HbIX 3a nepwopg HabnoaeHus. PesynbTatbl. Puck pa3sutusa BTOO y 6onbHbix 3HO noaxenynovHom xenessl
BblLLEe Mpu BonblueM pasMepe OnyxXomnu 1 HanNM4YnM oTaaneHHbIX MeTacTa3oB. ICXoaHbIV BbICOKWIA YPOBEHb
D-anmepoB y 6onbHoro 3HO nogkenyaoqHom xenesbl yBenuyinBaeT BeposTHOCTb pa3sutus BTOO B nepBble
12 mec oT ycTaHOBKM AnarHo3a. [1oBbILLEHHbIN UCXOAHbIN YpoBeHb D-AMMepoB NoBbILAN PUCK BO3HUKHO-
BeHuss BTOO B 1,86 pasa. MHorocdakTopHbI aHanu3 nokasar, 4To Hambonee 3Ha4YMMbIM (DAKTOPOM pucka
BT30 sensietca pa3mep onyxonu. BeiBoabl. Y 6onbHbix 3HO nomxenynoqHom xenesbl NpOrHOCTUYECKYH
3Ha4YMMOCTb B OTHOLEeHUn BTOO umetoT pasmep onyxonu, IV ctagns 3aboneBaHusi, NOBbILLEHVE YPOBHS
D-gumepa. ViccnepoBaHune nokasatenen remoctasa Ha atane avarHocTukn 3HO nomkenynoyHon xenesbl
(D-pmmep) MOXET MOMOYb BbISIBUTb MALMEHTOB C BbICOKUM pyckoM BTJIO, koTopbiM LienecoobpasHa aHTu-
KoarynsiHTHasi NpodpunakTuka.

KnroyeBble croBa: 3noka4yecTBeHHbIe onyxonu nomkeny.qotmoﬁ Xenes3bl, BEHO3HbIE TpOM603M60ﬂM‘IeCKMe
OCJ1I0XKHeHus, D-J:mmep.
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KNMHWYECKUE UCCIIEOOBAHUA

Abstract

Venous thromboembolism (VTE) is often diagnosed in patients with pancreatic cancer, resulting in increased
morbidity and mortality. Objective: to study the relationship between clinical characteristics and hemostatic
disorders in patients with pancreatic cancer and determine their role in predicting VTE. Material and Methods.
The study included 246 patients with pancreatic cancer. Pancreatic ductal adenocarcinoma was diagnosed
in 91.9 % of patients. In most patients (68.3 %), the tumor was localized in the head of the pancreas; 45.9 %
of patients had stage IV disease at diagnosis (T1-4N0-2M1); 31.7 % of patients manifested jaundice at
diagnosis. A small proportion of patients (17.5 %) received chemotherapy, and 28 % of patients underwent
surgery. Within the 12-month follow-up period, the frequency of VTE was 15.4 %. Clinical characteristics
and hemostasis parameters were retrospectively compared in patients with VTE and without VTE diagnosed
during the follow-up period. Results. The risk of developing VTE in cancer patients was higher with a larger
tumor size and the presence of distant metastases. The initial high level of D-dimers increased the risk of
VTE during the first 12 months of diagnosis. In a multivariate analysis, the elevated level of D-dimers was a
significant risk factor for VTE. Conclusions. The tumor size, advanced tumor stage (stage 1V), and elevated
levels of D-dimer in patients with pancreatic cancer are of prognostic significance for VTE. The study of he-
mostasis parameters (D-dimer) can help identify patients at risk of developing VTE, who are advised to take

anticoagulant therapy with low hemorrhagic risk.

Key words: malignant pancreatic tumors, venous thromboembolism, D-dimer.

Bgenenne

B nacrosimee Bpemsi kK Hauboee TpOMOOTEHHBIM
3JI0Ka4eCTBEHHBIM HOBOOOPA30BaHMUSIM OTHOCAT PaK
MOMIXKEITYIOUHOM >kene3bl. YacToTa BEeHO3HBIX TPOM-
6oambommyeckux ocnoxuernii (BTD0) pu manHOM
Tune omyxojei mocturaer 12,4 % [1]. B uccneno-
BaHWHU, BKJIodaronieM 202 mamueHTa, CTpagaroiiux
paKkoM MOMIXKETYIOUHON >KeJe3bl, MOKa3aHO, UTO
gactota BTDO nocruraer 10,8 %, a puck Tpombo3a
YBEITUIMBACTCS B 58 pa3 1o cpaBHEHUIO ¢ OOIIIEH 110-
MyJISIMEN ¢ ToTpaBKoi Ha Bo3pacT u 1o [2]. BTDO
PETUCTPUPYIOTCS KaK HA dTare JUArHOCTUKH, TaK U B
TIEPUOJT JICYCHUS 3I0Ka9E€CTBEHHOTO HOBOOOPA30BaHUS
(BHO). Heobxomumo otMeTuTh, 4T0 BTDO siBisttoTCst
JIUIMPYIOLENH TPUUMHON JI€TallbHOCTH OHKOJIOTHYe-
CKUX OOJIbHBIX.

Bricokyro wactory BTOO npu pake momxeny-
JIOYHOH KeJe3bl ONpenessieT MHOKECTBO (haKTOpPOB
pHCKa, KOTOPhIE MOXKHO pas[eIuTh Ha BHYTPCHHHE
u BHenrHUe. K mepBhIM U3 HUX OTHOCSTCSI aKTHBA-
Ui TPOMOOIIMTOB U BBICBOOOXKICHUE HEKOTOPBIX
MIPOKOATYIISTHTHBIX (DaKTOPOB PAKOBBIMHU KIIETKaAMHU
MTO/KETTYIOYHON Kele3bl, B T. 4. TKaHeBOro (hakropa
U TPOMOUHA, KOTOPhIC MOT'YT BBI3bIBATh TMIIEPKOATry-
JSIIMOHHOE COCTOsIHUE. BHenHue (hakTophl CBsI3aHbI ¢
METO/IaMH JICYCHHSI, BKITFOYAIOIITUMHI XUMHUOTEPAITHIO,
JIy4eBYIO TEPAIUIO U XUPYPTHYECKOE BMEIATEIHCTRO,
a Taxke ¢ KOMOpPOMIHOCTHIO O0IpHOTO [3].

B xopeiickoM nccnenoBanuu, BKiIroyaromem 121
MAIUeHTA C PE3eKTa0CILHBIM PAKOM MOKEITYIOYHOM
JKelle3bl, 4acToTa TPOMOOIMOOINHU JETOYHBIX apTe-
puit (TOJIA) B 1-if Mec mociie omepay COCTaBHia
5,8 %, a B reuenue roga — 13,2 %. [Ipu atom B 83,3 %
ciydaeB BTOO conpoBoxaan peluIuB Oy X0 B OT-
naneHHoM nepuoae. CnenosarenbHo, BT20 y nannoi
KaTeropuH MaIMeHTOB BIUSAIOT HE TOJIHKO Ha OOIIYIO,
HO U Ha Oe3peruIMBHYI0 BBDKUBAEMOCTS [4].

B 2008 r. 6puta peanoxena moaens Khorana st
onieHku pucka BTOO ¢ ucnonb3zoBaHueM KIMHUYE-

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2022; 21(3): 24-32

CKUX (JIOKQJIM3AIUsl OIYXOJIM U MHJICKC MacChl Telia)
1 J1a00paTopHBIX (YPOBEHB TeMOITIO0NHA, KOIIMIEeCTBO
TPOMOOITUTOB | JICHKOITUTOB) ITOKa3aTesei JIsl Tpo-
rao3upoBanusi BTDO y OHKOJIOTHUYECKUX OOJIbHBIX,
MOJIy4aloMUX XUMHOTEpanuio Ha aMOylaTOpHOM
srane [5]. [lo3zxxke B MeTaaHalln3e, BKIIOYAIOIIEM
2386 OHKOJIOTHYECKHX OOJIBHBIX, OBUIO IOKA3aHO, YTO
TOJILKO Y YETBEPTH MAIMEHTOB BEICOKOW IPYIIITBI PUCKA
pa3Buwinck cuMmnrtomusie BTOO B Teuenue 6 mec,
octanbHble 3nu30a61 BTOO peructpuposanucs y
OOJBHBIX CPETHETO U HU3KOTO PHUCKa [6]. DTO yKa3bl-
BaeT Ha HEOOXOUMOCTD 00Jiee IeTATbHOTO N3y UeHHS
cucTeMbl reMocTtasa y 6oapHbIX 3HO 1 ucnonb3oBa-
HUS JONIOJIHUTENIBHBIX MapKepoB TPOMO00Opa30oBaHHMs
B oneHke pucka BTOO. Hekoropelie uccinenoparenu
MpeIaraloT BKIIIOYSHHE TTOKa3aTelel CHCTEMBI Te-
MocTa3sa (pacTBopuMblii P-cenextnn u D-numep) mis
Oosee TouHOI oreHku nporHo3a BTOO [1].

D. Faille et al. moka3anwm, 4to ypoBeHb D-n1umepa
Y MUKPOBE3UKYII TKAHEBOTO (paKTOpa MpH MPOTOKOBOM
aJICHOKapIMHOME TTOKeTynodHo skerne3sl (ITATDK)
CBSI3aH HE C XpPOHUYECKUM ITAaHKPEaTUTOM, a C OHKOJIO-
THYECKUM 3a00JIeBaHMEM | ero cTaauei [7]. Caemo-
BaTeIbHO, HEOOXOUMBI TaJIbHEHUIITHE NCCIIeIOBAHUS,
MOCBsIMEeHHBIe B3auMOCBs3u 3HO momkeymoaHoMl
skenesbl 1 BTOO. Onenka HapylIeHni B CHCTEMeE Te-
MocTa3a 1enecoodpasna s nporuosuposanus BT20
Y CBOEBPEMEHHOT0 Ha3HAYCHUS TPOMOOIPOUITaKTH-
K. MBI TIPOBENTM PETPOCTIEKTHBHOE HCCIIEIOBAHNE,
4yTOOBI B IEPBYIO O4EPE/Ib ONpeAeInTh yactoty BTO0
U OIIHOBPEMEHHO BBISIBUTH 3HAUUMOCTH (DaKTOPOB
pucka BTO0 y nanuentoB ¢ 3HO nomxeny1ouHoi
JKETIe3bl.

Heas ucciaenoBaHusi — U3y4UTh B3aUMOCBS3b
KIMHAYECKHUX XapaKTePUCTHK M HApYLICHUH 1moKa3a-
TeNel TeMocTa3a y OOJNBHBIX CO 3JI0KaueCTBEHHBIMU
OTYXOJISIMHU TTOJDKETYIOYHOHN JKENe3bl U UX POJb B
nporaosupoBanun BTDO.
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CLINICAL STUDIES

Ta6nuua 1/Table 1

CragmpoBaHue 6onbHbix co 3HO nogxenyaoy4Hom xenesbl no knaccudukaumm TNM
Staging in patients with pancreatic cancer according to the TNM classification

Crapnus npouecca/  IlepBuuHbIif ouar/

PernonansHbie muMdoy3ib1/

OtaneHHsle METAcTa3bl/ KonmuectBo 60MbHBIX/

Stage of the tumor Primary tumor Regional lymph nodes Distant metastases Number of patients
IA Tl NO MO 1 (0,4 %)
1B T2 NO MO 8 (3.3 %)
A T3 NO MO 38 (15,4 %)
B T2 NI MO 6 (2,4 %)
T3 N1 MO 48 (19,5 %)
I T4 N nro6oe MO 32 (13 %)
v T mro6oe N nroboe M1 113 (45,9 %)

MarepuaJ 1 MeTObI

B nepuoz ¢ 2016 mo 2019 r. B uccnenoBanue ObLIO
BKJIIOYEHO 246 nanuentos ¢ 3HO nomkenya04Hoil sxe-
nie3sl (Tabm. 1). Bo Bcex cimyyasix Anarao3 MOATBEPIK-
JeH MOp(OJIOTHIECKUM HcclieoBaHueM (Ouorcus
00pa3oBaHus OHKEITYIOYHOM KeIe3bl WM MeTacTasa
niedenn). Craaus 3a00JIeBaHus OlEHEHA C TOMOIIIBIO
criupanbHoi KommsioTepHoi (CKT) n/nmm marauTHO-
pesonancHoit tomorpadun (MPT). Cpenuuii Bo3pact
OonbHBIX cocTaBui 62 + 10 net. 3HaUNMBIX pa3nuaui
10 TeHJEPHOMY TPHU3HAKy HE BBISBICHO (MYXYH-
HEI — 55,3 %, >xenmuHbl — 44,7 %, p=1). B 68,3 %
CJydaeB OIMyXOJIb pacroJiarajach B TOJOBKE IO-
Kelyao4uHol kene3bl. CpeHuil pasmep Omyxosnd —
52 + 20,5 mm. Ha MmomenT oOpamenus IV craaus
(TmrobasaNmo6asM1) 3a0oneBaHUsT yCTAaHOBIICHA B
45,9 %. HanboJjiee 4acTbIM THCTOJIOTHYECKUM TUIIOM
OITyXO0JIM OBLIa MPOTOKOBAs aACHOKAPIIMHOMA TIO/IXKE-
mypouHoi sxenessl (91,9 %), u3 Hux ymepennoaud pe-
peHuupoBaHHas ageHokapuuHoma —y 107 (43,5 %),
Huskomuddepennupoanuas — y 43 (17,5 %),
BbIcOKO I PepeniupoBannas — y 10 (4,1 %) Goub-
HBIX, B OCTaJIbHBIX CIy4asx creneHb auddepenuu-
POBKH HE orpeneneHa. MaHU(ecTalus OmyXoiau ¢
XKenTyxu Habmromanack B 31,7 % cimydaeB. Xumuore-
pameBTUYECKOE JeueHue (TeMIIUTA0NH, TeMITUTA0NH
u Karenurtabun) monydanu 43 (17,5 %) nauueHra.
HeoanproBanTHas Tepanus He MPOBOAUIACE. XHUPYP-
TUYECKHIA 3Tall JIeUeHHs BBITIONHEH Y 28 % OONbHBIX:
pagukanbHas onepanus —y 18,3 %, nayuaruBaas — y
9,3 %. 'acTpomankpearoyoneHaabHas PE3CKIUI — Y
27 (11 %) GonbHBIX, KOPHOPOKayAadbHasl PE3EKLUs
MO/KeTyIouHOH kene3sl — y 18 (7,3 %), oOxomHbIe
aHactoMo3bl —y 23 (9,3 %) manmenToB. Jlmarnoctude-
ckas jtarapoTtomus mpousseneHa B 2 (0,8 %) cirydasx.
HUcxonublie mabopaTopHble HOKa3aTesIn NPeCTaBICHbI
B Taom. 2.

[lepnon wHabmroneHuss HaYMHAICS OT MOMEHTA
BKJIIOYEHHS (YCTAaHOBKH JMAarHO3a) C MOCIIEAYIOIIIM
HaOJIoeHIEeM KaxKible 3 MeC B OTHOLLICHUH BOSHUKHO-
Berust BTOO. [epron HaOmoneHNs 3aKOHYHIICS TTOCTIE
12-MecsaHOTO TIepro/ia, CMEPTH HITH TTOTEPH OOJTHHO-
ro u3 HaOmroneHus. Bce cumnromarnueckue BTOO
OBUIN MTOATBEP>KACHBI C TIOMOMIBIO YIBTPa3BYKOBOTO
tpuruiekcHoro ckanuposanus (Y3TC) u CKT ¢ kon-
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TpactupoBanneM. Ciyuaitno obHapy)eHHbIe BTOO
(Hammpumep, TpoMOOIMOOIHS JICTOYHOU apTePUH WITH
BHCHEPATILHBINA TPOMOO03), TMAarHOCTUPOBAHHbIE MTPU
VY31, CKT unu MPT, Takxe y4YUTHIBAIUCE.

Ha stane ycranosku nuarnosa 3HO y nanueHToB
3abupany o0pa3ibl BEHO3HOH KPOBH, MOTyYeHHBIE
U3 KyOuTaIbHOU BeHBI, B 3,2 % IUTpaTHBIC BAKYYyM-
HbIe TTpoOUpKHU. Bee 00pasipl ObuIM 00pabOTaHbI B
TeueHune 2 4. OOpasupl HETbHONH KPOBU LEHTPHPY-
rupoBasi 1 pa3 npu 2500 g B Teyenue 15 MuH npu
KOMHATHOUW TemrepaTtype. M3 xaxkmgoit mpoOupKu
otOupanu 6emHyI0 TPOMOOIIUTAMH IIA3MY U 3aTE€M
ueHtpudyruposaiu 2-i pas npu 2500 g B Teuenue
15 MUH Ipu KOMHATHOW TemIeparype, 4ToObI Io-
JTY9IUTh T1a3My, oOeTHeHHYI0 TpoMmbomuTamu. Ha
KOaryJIoMeTpe MCCIIeJ0BaIl ypOBeHb PUOPUHOTEHA,
POMK, [I-numepa u antutpom6buna (Diagnostica
Stago). Taxxe onenmBamn AHTB, MHO u TB. [lo-
TIOJTHATEITHHO ITPOBOAMIIN HCCIIEA0BAHNE TTOKa3aTeeH
obmero ananm3a kposu (OAK), 6MOXUMHUYIECKUX TI0-
KazaTeJnei KpoBH (OMIMpyOuH ¢ ppakIusIMHE, IIeT0Y-
Has gocdaraza (D), acnapraramuHoTpancdepasza
(AcT), ananmnamuHOTpancdepasa (AnT), ramma-
rnytamuntpancrnentunasa (I'T'TII), kpeatunun),
onkomapkepos (CA 19-9, pakoBblii SMOPHUOHAIILHBINH
antureH (POA), anbda-peronporenn (ADII)).

IIpoBepka naHHBIX HA HOPMAJILHOCTB pacIpe/esie-
HUS BBINIOJIHEHA ¢ Tomolibto Tecta [lanupo—Yunka. B
Ka4eCTBE OMUCATENbHBIX CTATUCTHUK JUIs1 KOJIMUECTBEH-
HBIX TTOKa3aTeliell MOCYUTaHbl CPpEAHHUe + CpEeIHHE
KBaJ[paTUYECKHE OTKIOHEHHS; MEaHa U KBapTUJIH;
MHHUMaJIbHBIE 1 MAKCHMAIIbHbIC 3HAYCHHS B BBIOOPKE.
CpaBHEHHE KOIMMYECTBECHHBIX ITOKa3aTelei B rpymnmnax
MIPOBOIMIIOCH C TIOMOIIBIO TecTa MaHHa—YHUTHH, Ya-
CTOT — C TIOMOWIBIO TOYHOTO Tecta Puimepa. Paznmmans
NPU3HABAINCH CTATUCTUYECKH 3HAYMMBIMH HA YPOBHE
p<0,05. OTHOIIEHNs IIAHCOB M OTHOILEHUS PHUCKOB
JUIS KAUEeCTBEHHBIX MOKa3aTesell pacCYNTHIBAINCH
no tabauuam conpsbkeHHocTH. CTarucTUdecKas
3HaYMMOCTbh OIIEHWBAaJach METOJOM TOYHOTO TecTa
O®uiepa. OTHOIIEHNUS IAHCOB U OTHOILIEHUS PUCKOB
JUISL KOJIMYECTBEHHBIX TIOKa3aTeiell U uX CTaTHCTHYe-
CKasi 3HAYMMOCTh PACCUUTHIBAITUCH ITyTEM ITOCTPOSHHS
JIOTHCTUYECKOW perpeccui. AHAIM3UPOBaIach CTaTU-
CTHYECKas 3HAYMMOCTh K03((PHUIIMEHTOB perpeccuut
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Ta6nuua 2/Table 2

JNTabopaTtopHble nokasarenu y 6onbHbix co 3HO nogxenyao4HoOM Xene3bl Ha 3Tane yCTaHOBKM AuarHosa
Laboratory indices in patients with pancreatic cancer at diagnosis

INoka3zarens/ Hopwma/ Mennana/ Ksaptnm/ Mus, Maic, p (rect
Parameters Normal levels Median values Quartiles CEER SR s
Min, values Max, values p (Shapiro—Wilk test)
10 39 en/mn/ .
CA 19-9 <39 U/ml 139 [44.9; 415] 0,6 18835 <0,001
PDA/CEA 0 3 2 5,06 [2;9,76] 1,02 69,2 <0,001
<5,2 ng/ml
110 5,8 ME/Mmit )
ADIT/AFP <58 IU/ml 231 [1,67; 3,69] 0,85 110 <0,0001
MHO/INR IR 1,13 [1,02; 1,33] 0,85 6,49 <0,001
close to 1
Dubpunoren/ 2-4 1/n/ )
Fibrinogen 24 g/l 4,63 [3,75; 5,44] 1,66 10,4 0,020
POMEK/SFMC a0 4 e b 6 [0; 11] 0 28 0,001
<4mg/100ml ? ’
T;g;pr‘;ﬁ‘g/ 70-130 % 115 [92; 124] 53 139 0,069
D-ngumep/ 10 0,5 Hr/mi/ .
D-dimer <05 g 0,84 [0,31; 1,77] 0,27 3,97 0,001
OO6umit Onnmupyoun /  3,4-21 MKMOIB/1 )
Total bilirubin 3,4-21 pmol/l 368 [15.8; 182] 3.6 633 <0,001
7-55 En/n/ )
I'TTII/GGT 755U/l 208 [89; 806] 11 1919 0,001
30-130 En/n/
H[D/AP 30-130 U/l 287 [130; 625] 40,3 1950 <0,001
1o 248 En/n/ )
JUIT/LDH asUN 279 [174; 357] 100 1575 0,002
110 40 En/n
AnT/ALT <40 U/l 96 [33,9; 171] 6,67 1357 <0,001
AcT/AST MO IE;/II/ e 61 [35; 122] 10 732 <0,001

JUTS TIOKa3aresieil, Mo KOTOPhIM ObLIA BBISBICHA CTATH-
CTHYECKas 3HAYMMOCTh TIPU MPOBEJICHUN CPABHEHUS
rpymi. [Tpu MHOTO(aKTOPHOM aHaJIH3€e OIIEHHBAIACH
MOJIeJIb C BKJIOYEHHUEM BCEX PAaCCMaTpPUBAEMBIX
¢axropos. [Ipu oqHOPAKTOPHOM aHATIHM3€E PerpeccHs
CTPOMWJIACH HA OJHOM paccMaTpuBaeMoM (akrope.
Pacuets! Bemonusmcs B R (Bepeust 3.2, R Foundation
for Statistical Computing, Vienna, Austria).

Pe3yabrarsl

Ha srane ycranoBku nuarnoza 3HO nomxenynod-
HOM >K€JIE3bI OIPENEIAETCS UBMEHEHUEM T0Ka3aTesei
reMocTas3a, 0TMEYEHO MOBBIIICHUE MAPKEPOB TPOMOH-
HeMuH — ypoBHs GuodpuHoreHa, POMK u D-mumepa.
HcxomHo BBISBIEHBI BRICOKHE YPOBHH OHKOMapKepPOB
CA 19-9, POA u A®DII (tabn. 3). B uccnenyemoit
rpymmne OOJbHBIX JUATHOCTUPOBAHO MOBBILICHUE
MIEYCHOYHBIX ()EPMEHTOB, KaK IKCKpPeTOpHBIX — LI[D,
tak U uaaukaropueix — ['TTII, AcT, AnT, JIJII. Tak-
K€ BBISBIICHO TTOBEINICHHE 001Iero Ounmupyonna B 5
pa3 Bbilie HOpMbI. OHAKO HapyUICHWH CEKpeTop-
HOW (PYHKIIUU TIeYCHH (CUHTE3 aHTHKOATYJISIHTOB) B
CpeIHeM He OTMEUEHO — HE OTIPE/IeNSsIIOCh CHIDKEHHUE

CUBUPCKIY OHKONMOTMYECKW XXYPHAT. 2022; 21(3): 24-32

YPOBHSI aHTUTPOMOMHA M TOBBIIICHUE MOKa3aTes
MHO (tabmn. 2).

C nenbio onpeaencHus B3auMOCBSA3H HCXOIHbBIX
KITMHIYECKUX XapakTepucTuk 0onpHbIX ¢ 3HO mon-
JKEITYJIOUYHOM KeJie3bl, J1a00paTOPHBIX MOKa3aresci
U MapKepoB TpoM0o03a OOJIbHBIC pa3lesicHbl Ha J1BE
rpynmbl — 6e3 BTD0 u ¢ nanmmunem BTOO0 3a nepuon
HaoOmonenus (Tabm. 3). Ha ocHoOBaHMY peTpOCTIEKTHB-
HOTO aHanu3a: Ha puck pa3Butus BTOO ne Bnusim
MO ¥ BO3pAcT MalUEeHTa, THCTOJIOTHYSCKUN THIT U
cTerneHb TudQepeHInpoBKy onyxoiau. He BbLsiBIeHO
3HAYUMBIX pPa3Inauid Mexay rpynmnamu (p>0,05).

CrarucTHYecK 3HauuMO 0oJiee BBICOKAsI 4acTOTa
BTD20 orMeueHa y ManueHTOB C OIMyXOJsIMHU Tela U
XBOCTa HOMKETYIOYHOH KeNe3bl, YTO 00yCIOBICHO
TEM, 4TO [P OIYXOJISIX NaHHOH JIOKAIN3aLUul MEHEE
BBIpa)K€Ha CUMITOMATHKA, W 3a4acTyl0 OHHU Jlha-
THOCTHPYIOTCSI TIpH OoJiee pacpoCTpaHEHHOM IPo-
necce. [Ipn 3HO roioBku momkeny1ouHON KeJe3bl
IPU MEHBILIEM pa3Mepe OIyXOJM Yallle BO3HUKAET
0OCTPYKLIHS JKEITYEBBIBOASAIINX ITyTEH, YTO IPUBOAUT
K Pa3BUTHIO JKEJITYXH H OTHOCUTENLHO O0Jiee paHHEMY
oOpaileHuto 0OJIBHOTO 32 MoMOIIbI0. Jlokanu3anus
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Ta6bnuua 3/Table 3
Xapaktepuctukm 6onbHbIx co 3HO nogxenyao4Hom xenesbl

Characteristics of patients with pancreatic cancer

Her BTDO (n=207)/  BTDO0 (n=39)/

e Without VTE (n=207)  With VTE (n=39)
Bospact/Age 62 [56; 67,5] 65 [56; 70] 0,4
[Ton/Gender
Myxunns/Males 114 (55 %) 22 (56 %) 1.000
XKenmmnel/Females 93 (44 %) 17 (44 %) ’
Craaus/Stage
I 8 (3,9 %) 1(3%) 1,000
A 35 (16,9 %) 3 (8 %) 0,488
1B 49 (23,7 %) 5(13 %) 0,097
111 28 (13,5 %) 4 (10 %) 0,878
v 87 (42 %) 26 (67 %) 0,019
Jlokanu3anus omyxonu/ Tumor location
Tonoska/Head 149 (72 %) 19 (48,8 %) 0,001
Teno/Body 33 (16 %) 10 (25,6 %) 0,009
Xsoct/Tail 25 (12 %) 10 (25,6 %) 0,078
Pasmep onmyxomu/Tumor size 43 [34; 57,5] 61 [42; 75] <0,001
lucronorus/Histology
[IporokoBas anenokapuuHoma/Ductal adenocarcinoma 190 (91,7 %) 36 (92 %)
AlMHapHOKJIETOYHas KapiuHoMa/Acinar cell carcinoma 1(0,5 %) —
Hemuddepenmmposanusni pax/Undifferentiated cancer 3 (1,5 %) - 0,776
Heiiposnnoxpunnas omyxons/Neuroendocrine tumor 7 (3,4 %) 13 %)
Jpyroe/Others 6 (2,9 %) 2 (5 %)
CA 19-9 148 [67; 388] 1151[9,48; 1637] 0,663
PDA/CEA 3,6 [1,95; 7.,3] 7,95 [2; 16,8] 0,198
AOQTII/AFP 2,09 [1,67; 3,69] 3,02 [1,03; 3,82] 1,000
O6muit 6unupyoun/Total bilirubin 39,9 [16; 204] 28,3 [15,8; 144] 0,271
Oubpunoren/Fibrinogen 4,8 [3,78; 5,44] 4,11 [3,63; 5,44] 0,366
POMK/SFMC 5,55 [0; 11] 6,7 [0; 10] 0,856
D-aumep/D-dimer 0,36 [0,3; 0,77] 1,12 0,94; 2,11] 0,047
AnTrTpoMOMH/Antithrombin 115 [101; 124] 109 [57; 130] 0,377
T'emormo6ma/Hemoglobin 130 [120; 143] 131 [115; 153] 0,765
Tpom6ouuTsl/Platelets 237 [192; 308] 206 [176; 289] 0,277

Ta6bnuua 4/Table 4

OueHka pucka BT30 y 6onbHbIx co 3HO nogxenyaouHom xenesbl
Assessment of VTE risks in patients with pancreatic cancer

OnHOMaKTOpHBII aHaMn3/

MHorodakTopHbIii aHaTu3/

Monem/Models Univariate analysis Multivariate analysis
OR [95 % CI] p OR [95 % CI] p
Mogens 1/Model 1
AnTHTpOMONH/Antithrombin 0,97 [0,93; 1,01] 0,21 0,98 [0,92; 1,04] 0,51
D-aumep/D-dimer 1,42 [1,32; 3,77] 0,03 1,86 [1,15; 8,12] 0,04
®dubpunoren/Fibrinogen 0,84 10,51; 1,32] 0,49 0,76 [0,28; 1,83] 0,53
Monens 2/Model 2
Cragus [V/Stage IV 2,41 [1,17; 4,98] 0,017 1,87 [0,65; 5,40] 0,251
Jlokanuzarmst Omyxouu/
Tumor location
Tomoska/Head 0,30 [0,15; 0,62] 0,001 0,32 [0,06; 1,81] 0,196
Teno/Body 2,85[1,33; 6,07] 0,007 0,88 [0,22; 3,50] 0,863
XBoct/Tail 2,31 [1,01; 5,30] 0,049 0,82 [0,15; 4,60] 0,816
Pasmep omyxomu/Tumor size 1,04 [1,02; 1,06] <0,001 1,03 [1,01; 1,05] 0,018
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MIEPBUYHON OITyXOJU B TE€JE U XBOCTE MOKEITYI0U-
HOM keJie3bl Oosiee yeM B 2 pa3a YBEeITHMUHNBAET PHCK
passutus BTOO.

OOHapy»KeHO, YTO pa3Mep OIyXOJH TOKETY 10~
HOW *kene3bl Takxke BiusieT Ha mporHo3 BTOO. Craru-
CTHYECKH 3HaYUMO Oobinas yacrora BTOO ormeueHa
mpu [V crangun 3aboneBanmsi, pucK BO3HUKHOBEHUS
BTS0 npu Hanuuuu OTAATIEHHBIX METAcTa3oB B 2,4
pasa Beiwe (Tabdm. 4). ITo pesynbratam ucciae oBaHUS
BBISIBJICHO, YTO MOBBIILICHNE IEYEHOYHBIX (PEpPMEHTOB,
YpOBHS OmIMpyOMHA, OHKOMAapKEepOB, TTOKa3aTelen
OAK wne Bnusiet Ha puck pa3sutug BTOO y 601bHBIX
3HO nompxenynouHoi skene3sl. He ObLI0 3HAYUMBIX
pasnuunii Mexy rpynnamu (p>0,05). B otHOmEeHNH
nporuo3a BTDOO u3 mokaszaresneil remocTasa Hau-
Ooree 3HAYUMBIM OBIT HCXOTHBIA BBICOKHI YPOBEHb
D-numepa.

C 1espio OIEHKHM COBMECTHOTO BIMSHUS (ax-
TOpoB pucka Ha pazsutue BTOO mposeneH MHOro-
(axTopHbIil aHanu3 (Tabn. 4) mMyTeM MOCTPOEHUS
JIOTUCTUYECKOM perpeccuu. Moxens 1, ocHOBaHHAsI
Ha (hakTOopax remocrasa, ObUIa CTaTUCTUYECCKH He-
3raunma (p=0,517). Monens 2, mocTpoeHHasi Ha OCHO-
BaHUM (PAKTOPOB JIOKAJIM3ALNUHU 1 Pa3MEPOB OILYXOJIH,
MoKa3ajia CTaTUCTHIECKYI0 3HAauuMOCTh (p < 0,001).
3uauenue AUC coctaBuno 76,13 %, 4yBCTBUTEb-
HOCTh — 78 %, cniemmduunocts — 59 % (puc. 1). B
pe3ynbrare OOJbIIUI pa3Mep OIyXOJIH YBEJINYHUBACT
BeposTHOCTH pa3BuTsg BTOO. Ipu aTom yBenuaenue
pa3zMepa oImyXoiu Ha 1 MM acCOLIMHPOBAHO C IOBBI-
LIEHHBIM prckoM pa3BuTus BTOO B cpennem Ha 3 %
(OR=1.03, 95 %CI: 1.01-1.05, p = 0,018).

Oo6cy:xnenue

Pak-accounnpoBaHHBINH TPOMOO3 ABISIETCS CIIOXK-
HOW KJIIMHUYECKOH mpoOieMoil, 0COOEHHO TIpH paxe
MTODKEITyIOYHOM Kene3bl. Tpom003 u pudOpuHOIN3
SIBIISIIOTCSL TIPOTUBOTIONOKHBIMH CTOPOHAMH (YHK-
UK remMocraza. @UOPUHOTreH UrpaeT BaXKHYIO POJIb
B o0oux mporeccax. MccinenoBanus B3anMOCBS3H
MEX/Ty OITyXOJIEBBIMHU KJIETKAMH U IPOKOATYIISTHTAMHU
u (puOpUHONMUTHIECCKUMHU (haKTOpaMu yOennuTebHO
CBHUJICTENILCTBYIOT O TOM, YTO MECTHOE 0Opa3oBaHHe
TPOMOWHA W IIa3MUHA MOXKET UI'PaTh BAXKHYIO POJIb
B Pa3BUTHUU OMYXOJIM. YUUTHIBAs, UTO OAHOU W3 MHU-
HIeHeH U1t 00erX 3TUX CEPUHOBBIX IPOTEA3 SIBISETCS
(puOpUHOTEH, JIOTHYECKOE TIPOIOJIKCHUE ITON THITO-
TE3bl 3aKJIIOYACTCA B TOM, YTO MECTHOE OTJIOKCHHE
1 pacTBopeHHe (HUOpHUHA MOTYT OBITH KITFOUEBBIMH
JIeTepPMUHAHTAMH POCTA W/HMIIN PACTIPOCTPAHECHUSI OITY-
X0I. MHOXKECTBO KIIOUEBBIX (PAKTOPOB M3y4arOTCs
JUIs OOBSICHEHHsI TAaKOM BBICOKOW YacTOTBHI TPOMOO-
30B, BKJIIOYas TKaHEBOW (haKTOp, MYIIUHBI, MHKPO-
BE3UKYJIbI, BHEKJIETOYHBIE JIOBYIIKA HEUTPO(DHIIOB,
JICHKOIUTBI U TPOMOOLIUTHI [8]. OHAKO M3MEHEHUS
CHUCTEMBI I'eMOCTa3a, CIIOCOOCTBYIOLINE PAa3BUTHIO
TpoM003a, yactora BTDO u MeTonsr mpoduIakTHKH
MTOCJIEHUX HEOCTATOYHO M3YUCHBI.

S.Y. Yoon et al. oniennBanu 3aboneBaemocts BTO0

CUBUPCKIY OHKONMOTMYECKW XXYPHAT. 2022; 21(3): 24-32
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OueHKa YyBCTBUTENBHOCTM U CNELMAUYHOCTU Modenu 2
Fig. 1. ROC-analysis.

Assessment of sensitivity and specificity of the model 2

y 505 OOJBHBIX C THCTOJIOTHYECKH TOATBEPKICHHBIM
pakoM TOPKETyIOuHON Kene3bl. OOHApYKEHO, UTO
gactora BTOO mpu mamnom tumne 3HO mocrturia
18,6 %. Cpennee Bpemsi OT MOMEHTA YCTAaHOBKH JHa-
THO3a paka IMOIKEIYI04UHOM KeJe3bl 10 BO3HUKHOBE-
Hus BTO0 coctaBuio 3,9 mec. BTDO pazBuiuce y
6,9 % 6ompHBIX ¢ MecTHOpacpocTpaneHHo# [TATDK
ny 13,5 % — ¢ otnanennpiMu Metactazamu. B 13,3 %
CJIy4acB BEHO3HBII TPOMOO3 IMarHOCTUPOBAH Ha (POHE
XuMuoTepanuu. [Ipu HaIWYUU OTHANIEHHBIX MeTa-
crazoB (OR 2,079; 95 % CI 1,112-3,887; p=0,022),
petuause 3abonesanus (OR 5,014; 95 % CI 1,711-
14,698; p=0,003) u xumuotrepamnuu (OR 2,031; 95 %
CI 1,036-3,981; p=0,039) oTrmeuaeTcsi JOCTOBEPHO
Oonee Boicokas yactota BTDO. Taxxe oTMedeHBI
TeMOpPparudecKue OCJIOKHEHHS Ha (OHE aHTUKOA-
TYJISHTHOM Tepanuu, koTopble coctaBuin 4,2 % [4].
B Hamem ucciieioBaHUM BBISBIICHA CXOXKasl 9acTOTa
BT3O0 3a 12-mecstaHbIi eproy] HabIIoIeHNST, KOTOpast
cocraBuna 15,4 %. Ananornuno manasiM S.Y. Yoon
et al. HaMM TIOKa3aHO, YTO MPH HAIMYMH OTAAJICHHBIX
MeTacTa3oB y 0osbHbIX ¢ 3HO momkenynouHoi sxe-
ne3bl yBenuuuBaercs yactora BT20.

B uccnemosanuu H.K. Chew et al. [9] 3a 2-meTHnit
nepuos HabmoneHus yacrora BTOO y nmammenTos ¢
JIOKaJTU30BaHHON, MECTHOPACIIPOCTPAHEHHOM U OT-
nmanennou ITAITK cocraBuna 3,2 %, 3,0 % u 5,4 %
COOTBEeTCTBEHHO. COTIaCHO HAIINM pe3yJbTaTam, OT-
MeueHa Oojiee Beicokas yactota BTOO B nenom: mpu
nokanu3oBanHou ctaauu 3HO — 8,9 %, mecTHOpa-
crpocTpaneHHon — 12,5 %, mpu HanU4YuK OTAATCHHBIX
Mmetacta3oB — 23 %. Ilo nanaeiM M. Mandala et al.
[10], wactrora BT20 npu mHepezekradensroit [TATDK
nocturia 26,0 %. Ilpu stom naruentsl ¢ BTO0 6o-
Jiee 4yacTo He oTBevanu Ha xumuotreparnuto (OP 2,98;
95 % 1A 1,42—-6,27; p=0,004). ABTOPBI ITPEITOI0KH-
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11, 9T0 y nanueHToB ¢ BTD0 mMoxket ObITh OHONOTH-
yecku Ooinee arpeccuBHOe 3aboneBanne. CormacHo
HaIlIiM pe3yJbTaTaMm, pH 3amynieHHbIx cTaausax 3HO
TO/KETY/I0YHOM KeJe3bl BhIBIICHA BBICOKAsI 4aCTOTa
BTS20, nocturaromias 23 %.

B apyrom uccnenoBanuu 41 nanuent ¢ ITAIDK
(98 %) mpocnekTUBHO HAOMIOAAJNCA B CpPEIHEM
6 mMec. B Teuenue atoro nepuona 38 (93 %) nmauuen-
TOB IOJTy4YaIl XUMuoTepanuto, 3 (7,3 %) — nydeByro
Teparuio, 9 (22 %) G0JIbHBIX IOJIBEPTaJIUCh OIICPaLIUH.
BTS20 Bozuukmn y 22 % marnuenToB. Yposan POMK,
D-numepos n CA 19-9 Ot 3HAYNTENTHHO BHIIIE Y T1a-
nueHToB ¢ BTOO. Puck BTO0 y nanmentos ¢ [TATDK
u ypoBHeM D-numepa > 2,16 Mxr/mi BbILLe B 5,8 pasa.
Kymynarusnast BeposaTHOCTh pa3Butus BTOO uepes
6 Mec y ManmuMeHTOB C MOBBIIIEHHBIM YPOBHEM
D-aumepa cocraBuna 56,3 %, y O0NbHBIX C Oosee
HU3KUM ypoBHeM — 15,6 %. CoBokymnHast BeposT-
HocTh pa3BuTHs BTOO0 y nanuentos ¢ CA 19-9 Boliie
>2153 En/mut o cpaBHEHUIO € MAIUEHTaMH ¢ OoJiee
HU3KHMH YPOBHSMH MapKepoB IPHU MHOTOMEPHOM
ananu3e Obuia Beilie B 7,2 pa3a. COBOKYIIHAsI BEPOSIT-
HoCTb pazsutus BTO0 uepes 6 Mec y HalieHToB ¢ Mo-
BhIIeHHBIMA YpoBHAMHU CA 19-9 coctasmmna 78,6 %,
y OOJIBHBIX ¢ 60JI€€ HU3KHUMH YPOBHSMH 3TOTO MapKe-
pa—12,59% [7]. D. Faille et al. moka3aHo, 4T0 BBICO-
kue ypoBHHA CA 19-9 3HaunMO CBSI3aHBI C pa3BUTHEM
BTSO0 y 6ompubix ¢ [TAIDK. IIpu 3TOM OTMEUeHO,
yro 3¢ dexkruBHocTs CA 19-9 B mporHo3upoBaHuu
BTDO0 0bu1a naxe Bolie, yem y D-nqumepos. Ha puck
passutusg BTOO0 Bausiio Takxke HATMYUE OTAATICHHBIX
MeTacTa3oB. B Hamem HaOO1€HUH MBI HE IOy YMIIN
3HAYMMOTO BJIMSTHUS MCXOIHO BBICOKOTO YpoBHS CA
19-9 na nporunozupoBanue BTO0 npu 3HO nomxe-
JTyAOYHOU KEJIE3Bbl.

D-numeps! SBASIOTCS HAASKHBIMU OHOMapKepa-
MU THIEPKOAryJISIIMOHHOTO COCTOSIHUSA, TaK KaK OHU
SIBIISIFOTCSL TIPOJYKTaMH pacnana GuopuHa, oTpaxkas
KaK aKTHBAalMIO KOAryJsiluu, TaKk U (GuOpUHOIM3.
JlokazaHo, 4TO BBICOKHE ypOBHU D-muMepa cBsi3aHbI
C HU3KOW OOIIell BBDKUBAEMOCTHIO U TIOBBILICHHBIM
PHCKOM CMEpPTHOCTH Y OHKOJIOTHYECKHX OOIBHBIX
[11]. ¥ mammenToB ¢ 3HO momkeny1ouHOM Kene3bl
ypoBHU D-numMepa B muta3Me ObUTH MOBBIIICHBI IPU
Oosee pacnpoCTpaHEHHOH CTaluu OIyXOJH, METa-
CTa3upPOBaHWUH U HU3KOH cTeneHu nudhepeHnnpoBKa
OIyXOJIM U OBUIN CBSI3aHBI C HEONepadenbHOCTHIO
OITYXOJIM ¥ CHUKEHHEM OOIIel BEKUBaeMOoCTH [ 12].
[lo maHHBIM HalEro MCCIeJOBAHMS, HCXOAHO BBHICO-
KU1 ypoBeHb D-TUMEpOB SIBIISETCS IPOTHOCTUYECKU
B)XHBIM B OoTHOIIeHUH pazButst BTOO y 0onbHBIX
C OITyXOJISIMH MOJKEITYI0YHOH JKEJIE3Bl.
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Ha ocnoBanuu uccnenosanus F.J. Woei et al. Mmoxk-
HO TIPEJINOJIOKNTH, YTO COCTOSTHHAE THITEPKOATyIISIINH,
Habmromaemoe y narenTos ¢ [TATDK, cBs3aHo ¢ oco-
OCHHOCTSIMH OITyXOJIM M CKOPOCTBIO PACTIPOCTPAHEHHUS
3a0oneBanus, Tak kak yposau CA 19-9 B mmasme
KoppemupoBanu co cragueii 3HO, cHIKeHHEeM BBI-
skuBaemoctu u gactoroit BTOO [13]. IIpu ITAIDK
HEpEeJKO BO3HUKAET TPOMOO3 CHCTEMBbl BOPOTHOM
BEHBI (BOPOTHAs, BEPXHssl OpbDKeeuHas U celese-
HOYHAsI BEHBI), KOTOPBIA CHUKAET BBIKUBAEMOCTH
OonbHBIX. Hanbomnee HU3Kas BEDKUBaEMOCTh OTMEUCHA
npy TpoMOO3€ BOPOTHOW BEHBI, KOTOPasi COCTABIISIET
3,6 mec [14]. B Hame uccrienoBaHue TakXe BOIIN
0OJIBHBIE C BICIIEPAIEHBIM BEHO3HBIM TPOMOO30M, HO
4acTOTa JAHHOTO OCIIOKHEHHS ObLTa HU3KOH (2,4 %).
CrnenoBarenbHO, HE MPEACTABISICTCS BO3MOXKHBIM
OLICHUTD BIUSHHE BHCLEPATBHOTO TPOMOO03a Ha BbI-
JKUBAEMOCTh OOJIbHBIX.

I'mmepdubpuHOreHEMHUS OTMEUEeHa Y OOJBHBIX
pPaKoOM TOJKENYyI0YHOHN JKesle3bl, ¢ 00cTpyKuuei
JKeMUHBIX IyTel. I1o pesynbraTram naTosoroaHaToMu-
YECKOT0 aHaJIM3a YPOBeHb (puOprHOTEHa y OONBHBIX
C MECTHOPACIIPOCTPAHEHHBIMH OITYXOJISIMHU OBLIT 3Ha-
YHUTENBHO BBIIIIE, YEM ITPU JIOKAITM30BaHHBIX (hOpMax.
[Ipu MeTacTazax B peruoHapHbIC TUMQOY3IIbI yPOBEHb
(hubpuHOreHa OBLT BHIIIE, YeM 0€3 MX MOpakKeHUS
(p<0,05) [15]. B nameit paboTe UCXOMHBIH yPOBEHD
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Poccus, 197758, . CankT-lNeTepbypr, noc. MNecoynbll, yn. JleHnHrpaackasi, 68

E-mail: evg.tsyrlina@gmail.com

AHHOTauusa

BBeneHue. 3aboneBaemMoCTb 3MoKa4eCTBEHHON MENaHOMON U ee YPOBEHb CMEPTHOCTU B NocneaHve aecs-
TUNETUS HEYKMOHHO PacTyT, YTO AernaeT akTyanbHbIM pa3paboTKy OMONMHUTENBHBIX MapKepoB ANarHOCTUKN
aTon natororuu. Llenb nccneaoBaHus — OLEHUTb, CONPOBOXAAETCH M pasBUTME MENaHoMbI [10 NpoBe-
OeHus Kakoro-nubo nevyeHns M3MeHeHMAMY Ha YpOBHE opraHuamMa v, B YacTHocTu, nospexaeHnem OHK B
MOHOHYKMeapHbIX KneTkax nepudepryeckon Kpoeu nauneHToB. MaTtepuan u metoabl. Y 93 naumeHToB,
noctynuelumnx B ®rbY «HMUL, oHkonorum nm H.H.MeTpoBa» Ansg onepaTyBHOIO fie4eHns MenaHOMbl KOXM,
1 118 300pOBbIX MWL, B KAYECTBE rpynmnbl CPAaBHEHNSA METOAOM «KOMET» Obina nccrnefoBaHa CTeneHb NoBpex-
neHnsa JHK B MOHOHyKNeapHbIX KreTkax nepudepmnyeckon kposu. B rpynny nauneHToB Obino BkroyeHo 26
MY>XUUH 1 67 XeHLUMH ¢ onyxonsamu T1c-2a-b-3a-b-4a-bN0-1,M0-1 ctagun. B npouecce aHanmsa Bce 605b-
Hble GbInn pasgeneHbl B 3aBUCHMOCTU OT CPOKOB 06crnefoBaHns Ha ABe rpynnbl: 1-9 rpynna — 45 naumeHToB
(13 My»xumH 1 32 XeHWmHbI), obcneaoBaHHbIX 40 KakMX-NMOO nevyebHbIX BMeLLaTensCcTs; 2-4 rpynna — 48
naumeHToB (13 MyxunH 1 35 XeHLWMH), NpeaBapuUTenbHO MONYyYMBLUMX HEpaauKarbHOe fleyeHve B BUAe
6uoncun menaHombl. PesynbTtaTthbl. [okasaHo, 4To cTeneHb nospexaeHnsa OHK B MOHOHYKneapHbIX KneTkax
nepudepuyeckon KpoBU, BbIIBNIEHHAs METOAOM «KOMETY», Y MaLuueHTOB C MernaHoMOn [JOCTOBEPHO BbiLUe,
4yeM B rpynne cpaBHeHus. MNpuyem 310 NoBbILLeHME ObINo Brn3knM No BENMYMHE Kak y NaunueHToB C NepBuy-
HOW ONyXOmnblo A0 Havana Kakux-nmbo neyebHbIX BO3AEWCTBUM, TaK U Y TEX, KOMY npeaBapuTensHO Gbina
cAenaHa nonbITka HepaavKanbHOro yaaneHus HosoobpasoBaHus. BeisiBneHa onpegeneHHas 3aBUCUMOCTb
cteneHu nospexaeHns JHK B MOHOHyKneapaHbIx KreTkax nepudeprnyeckor KpoBu oT MOPAONormyeckom
XapakTepUCTMKN OMyXOnu: Tak, Npu pacyeTe koppenauuin no CnupmeHy Bce nokasaTenu, onpeaenstowime
nospexaexue [JHK, xotsa 1 cnabo, HO NONOXUTENbHO KOPPENMPOBAnu C TOMLLMHOW MeNaHoMbl MO MHAEKCY
Bpecnoy, a npoueHT [JHK B kOMeTE 1 MOMEHT XBOCTa KOMETHI KOPPENUPOBanu 1 co ctaauen 3abonesaHus.
3akntoyeHune. PasBnTue MenaHombl KOXU COMPOBOXAAETCHA NOBbILEHNeM cTeneHu nospexaexHns OHK B
MOHOHYKeapHbIX KneTkax nepudepuyeckon kposun. CteneHb nospexaeHns JHK B MOHOHyKneapHbIX KneT-
Kax nepudepnyeckon KpoBu oTpaxaeT U3MEHEHUS, NPONCXoasLmne B OpraHuame naumeHTa nog BrvsaHueM
OMyXoNneBoro npotecca, YTo, BO3MOXHO, MO3BOSIUT UCMOMb30BaTh 3TOT MoKasaTerb Kak OOMOMHUTENbHbIN
KpuUTEepui AMarHOCTUKN U arpeCCUBHOCTU MEMNaHOMBbI.

KnioueBkle cnoBa: menaHoma, nospexaeHne IHK, moHoHykneapHble KneTku nepuceprnyeckon KpoBu,
MeToA KKOMET».

=7 UbipnuHa EBreHns BnagummpoBHa, evg.tsyrlina@gmail.com
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DNA DAMAGE IN PERIPHERAL BLOOD MONONUCLEAR
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Abstract

Introduction. The incidence and mortality of malignant melanoma have increased steadily over the last
decades; therefore, the development of novel diagnostic markers for malignant melanoma is of great impor-
tance. The purpose of the study was to assess whether the development of melanoma before any treat-
ment is accompanied by the body changes and, in particular, DNA damage in the mononuclear cells of the
peripheral blood of patients. Material and Methods. In 93 patients (26 men and 67 women) admitted to the
N.N. Petrov National Medical Research Center of Oncology for surgical treatment of stage T1c-2a-b-3a-b-
4a-bNO0-1 cutaneous malignant melanoma, and in 118 healthy people as a comparison group, the level of
damage to DNA in peripheral blood mononuclear cells was studied using the “comet” method. All patients
were divided into two groups: group 1 included 45 patients (13 men and 32 women) who were examined
before a decision on treatment was made and group 2 consisted of 48 patients (13 men and 35 women)
who previously underwent excision biopsy for melanoma. Results. The level of DNA damage in peripheral
blood mononuclear cells, assessed by the comet assay, was found to be significantly higher in patients with
melanoma than in the comparison group. Moreover, the increase in the level of DNA damage was similar
both in patients with a primary tumor before starting any treatment and in those who previously underwent
excision biopsy for melanoma. The relationship between the level of DNA damage in peripheral blood mono-
nuclear cells and the morphological characteristics of the tumor cells was revealed. The Spearman correlation
analysis showed that all parameters that determined DNA damage positively correlated with the thickness
of melanoma according to the Breslow’s depth, and the percentage of DNA in the comet and the comet talil
moment correlated with the stage of the disease. Conclusion. The development of cutaneous melanoma is
accompanied by an increase in the level of DNA damage in peripheral blood mononuclear cells. The level
of DNA damage in peripheral blood mononuclear cells reflects the changes that occur in the patient’s body
under the influence of the tumor process, which may allow using this indicator as an additional criterion for

the diagnosis and aggressiveness of melanoma.

Key words: melanoma, DNA damage, mononuclear cells, comet method.

Beenenue

YuuThiBas, 4T0 3200J1€BAEMOCTD 3JI0Ka4eCTBEHHOM
MEJIAaHOMOH U €€ YPOBEHb CMEPTHOCTH B MOCICAHUE
JECATUIICTHSI HEYKIIOHHO pacTyT [1], akTyanbHBIMHU
SBIISIOTCST pa3paboTKa TOTIOIHUTENBHBIX KPUTEPHEB
OLICHKHU HSMCHCHI/Iﬁ, MPOUCXOAAIIUX B OpraHU3ME
0O0JILHOTO, KOTOPKIE B ITOCIIEIYIOIIEM MOXKHO OBLIO ObI
CBSI3aTh C arpeCCUBHOCTHIO OITyXOJIEBOTO IpoIliecca
u 3QheKTUBHOCTHIO JiedeHns. Cpeau mapaMeTpos,
CBsA3aHHBIX C PA3BUTUEM 3JIOKaAY€CTBCHHBIX onyxonef/i
Y 3aCITy’KUBAIONIMX BHUMAaHUS, €CTh OCHOBaHUS BbI-
JIEITUTh TAKOH ITOKA3aTeb, KaK CTETICHb ITOBPEXKICHHS
JHK [2, 3]. IloBpexnenne JIHK, Bo3HuKaromee B
KIICTKaxX OpraHusMa, IpuBOAMT K Pa3BUTHUIO T€HOMHOM
HCCTa6I/IJ'II)HOCTI/I " ABJIACTCA BO MHOI'UX CiIydadax
MEePBBIM IIArOM B IPOLIECCax KaHUEpPOreHesa, pas-
BHUTHSI OCHOBHBIX HEWH(EKITMOHHBIX 3a00JIeBaHUH,
YCKOPEHHOTO cTapeHmsi u cMeptu [4—6]. Bemymas
POJb B Pa3BUTHH F€HOTOKCHYECKOTO 3(h(deKTa mpu-
Ha/JIC)KUT HAKATUTMBAIOIIUMCS B KIIETKAX aKTHUBHBIM
(hopmam KHCIOpOAA M 230Ta, KOTOPHIE BBI3BIBAIOT I10-
Bpexaenne [JIHK u sntureHoMHbIe M3MEHEHUS, TPUBO-

34

JITIAE B COBOKYITHOCTH K BO3HUKHOBEHHUIO MyTaIluil
¥ TCHOMHOU HecTaOuibHOCTH [7, 8]. B pesynbrare B
3JI0Ka4€CTBEHHBIX OITYXOJISIX HAKATUIMBACTCS OOJIBIIIOE
KOJIMYECTBO KIeTOoK ¢ noBpexaennoi JIHK [9], koro-
PBIE€ MOTYT CIIYKHTh «MAPKEPOM» TEUEHHUSI, IPOTHO3a
Y 1yBCTBUTEIHHOCTH 3JI0KaU€CTBEHHBIX HOBOOOPa30-
BaHui K Tepanudu [10].

OnHUM W3 pactpoOCTPAHEHHBIX METOJIOB OLIEHKU
crenenu noBpexacHus JIHK B kieTke siBisieTcss METON
«KOMET», KOTOPBIN TO3BOJISIET OLIEHUTh OBPEkKACHUE
JHK naxe B enuauunbix knetrkax [11-13]. Teopus,
Jexaunias B OCHOBE 3TOr0 METO/a, 3aKJII0YaeTcs B
TOM, 4TO 00paboTKa mIeNnoubto noBpexacHHoM JJHK
BBI3BIBAET pasphbiBhl ee neneil. Ecnu JIHK B knetke
COXpaHsET CBOIO CTPYKTYpPY, OHA CHJIBHO CBEPHYTa
U TIPH PaCTBOPEHUM SIEPHON MeMOpaHBI HE Tepe-
MEIIAETCs, KaK MPaBUIIO, YEPE3 TAKYHO MOMIOKKY, KaK
araposa. [loBpexxnennas ¢parmentuposannas JHK
MOKET JIer4e MUTPUPOBATh, MEPEMEIIAsACh K MOJIO-
KUTEITBHO 3apsHKEHHOMY aHOAY, 00pasysl CTPYKTYpY,
HATIOMUHAIOIIYIO XBOCT KoMeThl [14]. M3-3a gactoro
COYETaHUs MOBBILICHHOTO YpOoBHSA noBpexaenus JJHK
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1 CHIDKEHHUS CIOCOOHOCTH K €€ penaparyy Oy XoJieBble
KJIETKW HAKaIJIMBAIOT OT COTEH JIO THICSY TeHOMHBIX
abepparuii [15, 16], 970 MOXET OBITh UCTIONH30BAHO B
KauecTBe MapKepa 3J10KkauecTBeHHO omyxonu [17, 18].
HUccnenosanue nospexaenus JHK meronom «komer B
KIIETKaX paka MOJIOYHOH KeJIe3bl [T0Ka3ajo, 4YTo caMast
BBICOKAs CTETIEHb IIOBPEKICHNS BRIABIEHA B Hanboee
arpeccUBHOM, TPHXKJIbl HETaTHBHOM pake, a camasd
HU3KAas — B JIOMUHAIBLHOM THUIIE OITYXO0JIH, KOTOPBIH Xa-
pakTepu3yeTcs OIaronpusATHBIM TeUSHHEM U BBICOKON
qYBCTBUTENBHOCTHIO K JieueHmIo [19]. B kireTkax paka
ek MaTku yposeHs nospexacHus JJHK, ouenen-
HBIU 110 MPOLEHTY «KOMET», ObLJI 3HAUUMO BBIIIE, YUEM
B KOHTPOJIE, ¥, YTO BAXKHO, OH KOPPEIUPOBAI C MPO-
TpeCCHpOBaHIEM OITyX0JIeBOro mporecca [20].

BaskHbIM TIpU 3TOM SIBISICTCSI TOT (haKT, YTO TAKUE
rapaMeTpbl, KaK BBICOKHH YPOBEHb OKUCIUTEIBLHOTO
1 PETUTMKaTUBHOTO CTpecca, IOTeps Wi MoJaBlIeHUE
KOHTPOJIBHBIX TOUYEK KJICTOTHOTO ITUKJIA, BEI3BAHHBIX
nospexaeauem JIHK, cmocoOCTBYIOT co3aHuio
cpensl, Ooraroii ucrouHukamu noBpexaeHus JJHK
[21, 22], 1 3TO NOBpPEKAECHUE BO3HUKAET HE TOJBKO
B OITyXOJIH, HO W B JIPYTHX KJIETKaX OpraHu3Ma M, B
YaCTHOCTH, B MOHOHYKJICAPHBIX KJIETKAX MepuQepu-
yeckoii kpoH (MKIIK). ITokazano, uTo moBpexacHue
JHK B MKIIK y manuueHToB ¢ HEMENKOKIECTOUHBIM
PaKOM JIETKUX, OTIPENIETICHHOE 110 BEIMIMHE «XBOCTA
KOMETBI», BBIIIIE, YeM y 30POBBIX JTroneit [23]. Anao-
TUYHBIC TAHHBIC TTOYYEHBI B OTHOIIICHUH TTAI[UCHTOB
C OITyXOJIbIO MOYEBOI'0 ITy3bIPsl, IPUYEM ABTOPHI IPE-
TTOJIOXKUITH, UTO OIPEJIEIEHNE «KOMET» MOXKET Ipe/I-
CTaBIIATH COOOHM B TAaHHOM CITy4yae MPOrHOCTHYECKHH
MapKep, YKa3blBalOUIM Ha BO3MOYKHOCTb IJIOXOU
BBDKHMBAEMOCTH [24, 25]

Cesa3p crenenu nospexaeHus JIHK, onenennoit
METOZIOM «KOMET», BBISIBJICHA HE TOJIBKO C 3a00IieBae-
MOCTBIO 3JI0Ka4€CTBEHHBIMHU OIYXOJISIMU 1 arpeCCUB-
HOCTBIO UX TEUCHUS], HO U C 001Iel cMepTHOCThI0. B
pabote S. Bonassi et al. y 2 403 3m0p0OBBIX UHAUBUITY-
yMOB B niepron Mexay 1996 u 2016 1T. onpeneneHsl
takue napamerpsl «komer» MKIIK, kak juyinHa XBocTa
KoMeThl, MoMeHT xBocTa U % JIHK B xBocTe komeThl. K
KOHILY MCCIIeIoBaHus 3auKcupoBaHa rudeins 308 ye-
JIOBEK U3 TPyMITBI 00cieoBaHHbIX. Hanbomnee gacToit
MIPUYUHON CMEPTH OBUTN 3710Ka4€CTBEHHBIE OITYXOJIH
(n=108) u cepneuno-cocynucras narosnorus (n=77).
[To nmony4eHHBIM NAaHHBIM, B I'PYIIE JIOACH, BIO-
CJIEZICTBAW YMEPIITUX, U Y T€X, Y KOTO OBLITH BBISBICHBI
3JI0Ka4eCTBEHHBIE OIMyXOJH, YK€ HCXOIHBIE CPEeTHIE
3HaYEHUs MapaMeTpPOB «KOMET» OKa3aJHUCh BBIIIE.
[Ipuyem ecnu OCHOBHBIC TOKa3aTeNld MOBPEXKICHUS
JHK nmMenu TOAbKO TEHACHIMIO K MOBBILICHUIO, TO
ypoBeHb JIHK B XBOCTE KOMETHI OBIIT CTATUCTHICCKH
JIOCTOBEPHO BhIIIE Kak y ymepiux (18,0 mpotus 9,0 %,
p<0,001), Taxk u y 3aboneBmux paxom (17,7 mpotus
12,4 %, p<0,019). Ilpn ucnonp30BaHUU CTATUCTHYE-
ckoro ananmm3a Kaplan—Meier moka3aHo, 94To PHCK
CMEpTH BBIIIE ISl 00CIEAOBAaHHBIX, OTHECEHHBIX
K CpEIHEMY U BEPXHEMY TEPTUIIIO MOBPECKICHUS
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JHK [26]. U3menenus B cTpykrype JAHK, xoTopsie
BozHukaoT B MKIIK, MoryTt kak orpakarb oOmmi
TeHOTOKCHYECKHUH (OH OpraHu3Ma, Tak u ObITh cIe/-
CTBHEM BJIMSHHS COOCTBEHHO OIyX0JHu. M3BecTHO, UTO
OITyXOJIb MOKET OKa3bIBaTh OBPEXKIAIOILEE JEHCTBHE
Ha pa3IMyHbIe CHCTEMBI Opranu3Ma. BeposTHo, yem
0oJee arpeCCUBHBIM SIBISICTCS ATOT MPOIIECC, TEM 00-
Jiee BBIPaKEHHBIM MOXKET OBITh 3TO TIOBPEXKICHHE.

OOHUM U3 IPUMEPOB BO3MOKHOTO BIMSHUS
OIlyXOJIM Ha OPTaHU3M SBIISETCS KaXEKCHsl, KOTopas
paccMarpuBaeTcsi Kak MYyJIBTH()AKTOPHBIN CHHAPOM,
BKJTIOUAIOIINI M3MEHEHHS B Pa3IMYHBIX METaOOJH-
YEeCKUX CHCTeMax M TKaHsiX. BiusHue omyxonu Ha
OpPraHu3M OCYLIECTBIISICTCS 3a CUET TAKUX BbIpada-
THIBAEMBIX OMYXOJbIO COEAMHEHUH, KaK BOCIAJH-
TeJIbHBIE HUTOKHHBI ((DaKTOp HEKpO3a OIyXOJIH-0. H
MHTEPIEUKUH-0), OeNK1 OcTpoi (a3bl 1 MapKepsl
JIerpaganuu CKeJleTHBIX MBI [27]. HeoOxommmo
TaK)Xe YIOMSHYTh POJIb TOPMOHOB B 3TOM TPOIECCE
[28] 1, B yacTHOCTH, MOBBIIIIEHUE YPOBHS IITIOKaroHa
U DIIOKOKOPTUKOUAOB [29].

[ospexaenne JJHK B TkaHsX opranuszma npu
Pa3BUTUHU 3JI0KAUECTBEHHOM OIIyXOJIH MOXKET IpOo-
ucxonuth u npu ydactuu MukpoPHK (muPHK).
MuPHK, knacc mansix perynaropusix PHK, canxaror
criocobHocTh K penapanuu [IHK u moBwimaror ee
JyBCTBUTEIHHOCTH K TIOBPEXAArONTNM areHTam [30,
31]. BuacrHocth, Takue MuPHK (miRs), kak miR-18b
1 miR-21, UMeIOT OTHOLIEHHE K Pa3BUTHIO U TPO-
TPECCUU 3I0KAYECTBEHHON MenaHoMbl [32]. MoxHO
Hpearnosararb, YTo B 3TOM IIPOLIECCE ONpeesieHHAs
PO MPUHAJIEKUT M 9K30COMaM, KOTOPBIE SBIISIOTCS
MIPOAYKTAaMH PA3JINYHBIX THUIIOB KJIETOK OpraHu3Mma,
BKJIIOYasi ¥ OITyXOJIEBBIE, 1 OOHAPYKMUBAIOTCS BO BCEX
JKUJIKHAX (pa3ax — B KPOBH, CIIFOHE, Moue 1 MoItoke [33].
DK30COMBI YYaCTBYIOT B Iepenade WHGOpMAIUHA OT
KJIETKH K KJIETKE KaKk MeXTy HOpMaJIbHbIMU KJIETKaMH,
TaK 1 OIyXOJEBBIMH M OKa3bIBAIOT BIMSHUE HA ITPOJIU-
(depanmio KIeTOK, UMMYHHBII OTBET, Ha aHTHOI€HE3,
pasBUTHE METACTAa30B U YyBCTBUTEIBHOCTD OILyXOJIU
K JIeKapCTBeHHOU Teparnuu [34, 35].

B mpeamectByroriem uccie10BaHuH, TPOBEIEHHOM
B maboparopui [36], ObLIO TTOKAa3aHO, YTO TTOBPEXKIE-
Hue JIHK MKIIK, BbIBIIEHHOE METOOM «KOMET» Y
MallMEHTOB C METACTATUYECKONH MEIaHOMOU KOXKH,
MOXET PacCMaTPUBAThCS KaK IPU3HAK arpECCUBHOCTH
OITYXOJIEBOTO IpOIIEcCa U €ro YyBCTBUTEIBHOCTU K
UMMYHOTepanuu HuBosyMaboMm. C LeNnbio Mmouc-
Ka JIOTIOJTHUTENIbHBIX KPUTEPHEB OLIEHKH MPOTHO3a
TEUEHUs MePBUYHON METaHOMBI KO)KM B HACTOSIILIEM
UCCJIEZIOBAHUU MIPOBEAECHO COMOCTABIECHUE CTENEHU
nospexaenus JJHK B MmoHOHYyKIT€apax nepudepuye-
CKOH KPOBHU C KJIIMHUYECKUMH U MOP(HOIOrHIECKUMHU
napaMeTpaMy OIyXOJIH.

Hesan neenenoBanus — OLEHUTH, COIPOBOXKIACTCA
JIM pa3BUTHE MEJIAHOMBI 10 IPOBEACHUS KAaKOTr0-1100
JIeYeHHUs U3MEHEHUsMM Ha ypOBHE OpraHu3Ma H, B
yacTHOCTH, noBpexaeHrneM JIHK B MOHOHYKII€apHBIX
KJIETKaxX nepugepruieckoil KpOBH MaIlMEHTOB.
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MarepuaJj u MeTOIbI

B uccnenoBanue BkitoueHs! 93 manuenTta, mocTy-
muBmue B ®I'BY «HMMUIL] onkonornm um H.H. Ilet-
poBa» Mun3znpasa Poccun 1711 onepatuBHOTO Jieye-
HUS MEJIAHOMBI KOXH, U 118 3M0pOBBIX JIHI] B Kade-
CTBE TPYIIIbI cpaBHeHUs (Tadu. 1). Bee manueHTs! u
o0ciieJoOBaHHBIC B TPYTIIEe CPABHEHUS IMOITHCHIBAIH
nH(OPMUPOBAHHOE COTTIACHE Ha OTIPEAETICHIE Y HUX
crenenu nospexaenua JJHK B MHITK meTogom «xo-
MeT». MccnenoBanue ObII0 000pEHO KOMUTETOM 10
atuke PI'bY «HMMUII onxomornu um. H.H. Ilerpoay
Mumnsnpasa Poccun. YUuTBIBas, 9TO y 9acTH OOBHBIX
JI0 TIpoBeieHus oriepatuBHOro JieueHus B HUU onko-
JIOTUU ObLIa TPOM3BEICHA OHOIICHSI MEJIAHOMBI, BCE
MAIMEeHTHI ObUIH Pa3JIelIeHbI Ha IBE TPYIIIBL: 1-5 TpyTI-
T1a BKJTFOYaJIa IEPBUYHBIX MMAIFIEHTOB, 00CIIETIOBAHHBIX
JI0 KaKUX-JTH00 JIeueOHBIX BO3AEHCTBHM, KO 2-1 TpyTI-
Ie OTHECEHBI OOJIbHBIC, KOTOPHIM TPEIBAPUTEIHLHO
Oblia mpom3BejicHa Ouorcust HOBooOpa3oBaHus. B
MocJIeAyIoeM y 45 mannueHToB MOIy4YeHbI JaHHbIE O
pemuccun, y 48 O0IBHBIX TAKUE CBEICHUS OTCYTCTBO-
Banu. B xauecTBe rpymiibl CpaBHEHHS 0OCIEIOBAHO
118 yenoBek, KOTOpbIe ObUIN pa3eNeHbI [0 BO3PACTY —
110 35 ner u niocie 37 JeT.

Y Bcex JiL, BKIIOUEHHBIX B HCCIIEIOBAHNE, OTIpe-
Jensun coneprkanue JIHK-koMeT B MOHOHYKJIEapHBIX
KJIeTKax rnepudepudeckoil kposu. s momydeHus
(hbpaky MOHOHYKJICAPHBIX KIIETOK KPOBb, B3ATYIO B
npobupku ¢ DJITA, HacaanBamm Ha TPAAUCHT IUIOT-
Hoctu (Qukosuta/Beporpaduna (1,077 r/mi), 3arem
npoOupku neHTpudyruposanu 30 MUH IPU CKOPOCTH
1200 06/mMuH; mocne HeHTpU(YTrupoBaHUs KICTKU
OTMBIBAIA TPHU pa3a (PU3HOJOTHUECKHM PACTBOPOM

¢ 0,001M docdarusmm Oydepom. st nccnenoBanus
noBpexaeHus JJHK ncnons30Bamu mpoTOKOI METOA,
ormucannbiii V.J. McKelvey-Martin et al. [37]. DtoT
METOJI OCHOBAH Ha JIN3KCE KIETOK B IIIEJIOYHOU Cpesie
C TIOCTIeTYIOIINM JIEKTPO(OPE30M B CII0€ arapo3bl B
MTOCTOSTHHOM 3JIEKTPHUYECKOM I10JI€ ¥ OKpaIIuBaHHEM
npemnapaToB (QIyopecIieHTHBIM KpacuTelieM (B HalleM
uccinenosanuu — DAPY). CormacHo 3TOMy MeTOmy,
MOHOHYKJICAPHBIE KIIETKH Pa3pyIIAOTCS B IIEITOTHOM
cpene u nospexieHHas aaepras JJHK non BiusiHuem
JIEKTPUUECKOTO TOKA BBIXOIUT U3 KIETKH, CO3/1aBas
anekrpodopernueckuit ciex ¢pparmentoB JHK B
BUJIE KOMETBD». XBOCT KKOMETBD) COIEPIKUT IOBPEK-
nennyro JIHK. Jnwna cmema ¢gpparmeHTOB (XBOCTa
komeThl) 1 gosst JJTHK B XxBocTe CBSI3aHBI CO CTENEHBIO
nospeskaeHus JIHK knetku. @opma 1 pazmepsl KIETOK
OIIEHMBAJIFICh BU3YAJIIbHO B MPOIIECCE MUKPOCKOTIHH
u 3areM m3mepsumnch 1o nporpamme CASPS (Comet
Score, TriTek Corp. USA). «Komeroii», Ha OCHOBa-
HUW HAIlIUX TPEABAPUTEILHBIX PACYCTOB, CUUTACTCS
KIIETKa, B XBOCTE KOTOPOH conepkutcs >4,5 % JAHK.
B nHIMBUAYaIBHBIX KJIETKAX OMPEIENSITICH CIETyTo-
IUe MOKa3aTeNn: JUIMHA XBOCTa «KOMEThD», % JIHK
B XBOCTE, MOMEHT XBOCTa «KOMEThD» (IIPOU3BEICHIEC
JUTMHBI XBOCTa «KoMeTb» Ha jomto JIHK B HeM) m
MIPOIIEHT «KoMeT». OTMMCaHHBIN METO/] IOCTYIICH B HC-
MTOJTHCHUH, YyYBCTBUTEIICH K OIIEHKE U B CBSI3U C DTUM
MOKET OBITh IIUPOKO ATl TUPOBAH K HCCIIEAOBAHUIO
pa3IMYHBIX MaTOJIOTMUYECKUX MpoueccoB [38, 39].
CraTUCTUYECKUH aHaIU3 NPOU3BOAUIICS C IO-
MOIIIBIO TTakeTa mporpamm Statistica 12. [Ipu orenxe
nokasareJsei ¢ MOMOIIBIO OIHMCATETbHON CTaTUCTHKH
OBLIO BBISIBJICHO OTKJIOHEHUE OT HOPMAJBHOTO pac-

Ta6nuua 1/Table 1

XapakTtepucTuka naumeHToB U 340POBbLIX NoAel (rpynna cpaBHeHUs), BKIOYEHHbIX B UCcriegoBaHue
Characteristics of patients and healthy people (comparison group)

Yucno JlnurenbHOCTh
Tlon/ 00CIIeI0BaHHBIX/ Bospact/ Craaus omyxomnu/ pemuccun, Mec/
oy (Cisiy Sex Number of exam- Tumor stage Remission duration,
ined months
64,0
Myx/Men 13 ’
50,0; 72,0 ;
1 (50,0;72,0) T1c-2a-b-3a-b-4a-bN0-1,M0-1 10,5 (%’0’ 12,0
Ken/ 1 n=20
Women (46,0; 68,0)
60,0
My>x/Men 13 ’
49,0; 67,0 2
2 (49,0, 67,0) Tx-1a-2a-b-3a-b-4a-bN0-1,M0-1 12,0 (8_’0’ 5
Ken/ 35 n=25
Women (45,0; 64,0)
N 26,0
Kownrpons monogoit/  Myx/Men 13 (25.0: 28.0)
The control of the SO
oung grou e/ 34 25,0
young group Women (23,0; 30,0)
Kontpoinb noxuioi/  Myx/Men 22 (45,0: 74,0)
The control of the P
elderly group 2 49
Women (48,0; 64,0)

[pumevanue: rpynna | — manueHTs 10 HaYaa JE€USHHs; IPyIa 2 — HalHeHThl, IIPOOIePHPOBAHHbIC IIPEABAPUTENHHO HEPaIUKAIBHO.

Note: group 1 — patients before starting treatment; group 2 — patients who previously underwent excision biopsy.
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MpeJesieHus. B cBsI3u ¢ 9TUM JaHHbBIE PEACTABIECHbI
B BHJI€ MEIHaHbl 1 MHTEPKBAapTWIBHOTO pa3Maxa, a
JOCTOBEPHOCTH Pa3IMYMH OTIPEIEIIAIIN HelTapaMeTpH-
YeCcKUMHU MeTojaMu: ManHa—YuTHu u CrinpMmeHa.

Pe3yabrarsl

ITokazano, 9To OONBHBIC C TEPBUYHON Mea-
HOMO JI0 ONEPaTUBHOIO JICUCHHS U T€, KTO OBLI
MIPEIBAPUTEIIBHO IIPOOTIEPUPOBAH HEPATUKAIBHO, 10
CPaBHEHUIO C TPYIIION KOHTPOIS UMenn 0osee BbI-
cokuil yposenb nospexaenus JJHK, onpenenennbiii
metonoM komeT B MKIIK (tab6m. 2). [Tpu o6cuere nan-
HBIX 110 MaHHY—YUTHH pa3iinine BCEX MapaMeTpoB,
xapakTepusyrouux nospesxxaenue JJHK: amuna xBocra
KOMeTbI, MOMEHT xBocTa, nipoiieHT JJTHK B xBocTe u
[IPOLICHTA KOMET — OBLJIO CTATUCTUYECKHU JOCTOBEPHBIM
KaK JIJIsl ICPBUYHBIX MMAIIMEHTOB JI0 HaYaja JICYCHUS,
TaK U JIJIs TeX, KTo 10 oOpamieHust B UHCTUTYT OHKO-
JIOTHH OBLT TIPOOTIEPUPOBAH HEPaIUKAIBHO (Ta0I. 2).
[Ipu 5TOM 3TH JBE IPyMIIbI OOIBHBIX 110 00CIIE0BAH-
HBIM [apaMeTpaM He Pa3Indyaliuch MKy COOOM.

Taxke MPOBE/ICH aHAJIN3 CTENCHU MMOBPEKICHUS
JHK B MKIIK B 3aBUCHMOCTH OT JIOKaJIU3ALUHU OITy-
XOITH, TIPY KOTOPOM 3HAYMMBIX Pa3INdrii HE BBISBICHO.
EnuHcTBEHHOE HAOMIOIEHHE, KOTOPOE MOXKHO OBLIO
OTMETHUTh, 3TO TCHJCHIUS K CBSI3U MEXIY JIOKaIH-
3anuel OMyXoJd M MPOIICHTOM KOMET, KOTOPBIH MPH
pPACTONIOKEHUH MENaHOMBI Ha TYJOBHIIE COCTaBHII
22,0 (16,00; 27,00), mpu JToKamu3aii HA HIDKHEH
koHeuHocTu — 19,0 (8,00; 28,00), a Ha BepxHel

koHeuHoctu — 11,5 (5,00; 28,00). IIpeacrasnennoe
HaOJI0/IEHNE CoIvIacyeTcsl C JaHHBIMU JIUTEpPaTyphl,
B KOTOPBIX MOKAa3aHO, YTO JIOKAIU3aLHUs IEPBUYHON
MEJTaHOMBI Ha TYJOBHIIE XapaKTePU3YeTCs XYM
nporao3oMm [40].

BaxxHO OTMETHUTH, YTO BBISIBJICHA OMPEICICHHAS
3aBUCUMOCTSH cTenenu nospexaenus JJHK B MKIIK
0T MOP(hOIOTHUECKON XapaKTePUCTUKHU OIMYXOJH.
Tax, mpu pacdere koppensnuii o CimpMeHy Bee To-
Kazarenu, onpezesronue noppexacane JJHK, xors
1 CJ1a00, HO MOJIOKUTEIHHO KOPPEITUPOBAJIH C TOJIIIIHU-
HOU MenanoMbl 1o uHAekey bpecnoy, a mpouent JIHK
B KOMETE ¥ MOMEHT XBOCTa KOMETHI KOPPEIUPOBAIH H
co cranueit 3aboneBanus (Tadm. 3).

Hakomnenue nospexxaenutit JJHK u Bo3HuKHOBEHHE
BO3PACTHBIX 3a00JI€BaHUN CBS3BIBAIOT C IPOIIECCOM
crapenns [41]. B taHHOM HCCIIeIOBaHUH CBS3b MEXKITY
BO3pacToM U ctenenbto nospexaenus JJHK 8 MKIIK
ObLi1a MpoaHaIM3UPOBaHa y 37I0POBBIX Jtojiel. B «mo-
JIOMIOW U KTIOXKUJIOM» rpyTiax ObLIH COMOCTaBICHBI %o
JHK u % romer. B monogom Bo3pacte % JIHK B ko-
mete coctaBmi 2,9 (0,01;11,80) u % xomer — 7,4 (0,01;
26,01). Y nun noxkusioro Bospacta % JIHK 6bu1 paBen
3,2 (0,01; 20,10), % xomer — 10,0 (0,00; 51,00). Ha
OCHOBaHHH THX PE3YJBTATOB MOYKHO TOBOPHUTH O TOM,
YTO C BO3PACTOM YBEIIMIMBAETCS KOTMIECTBO KIETOK,
B KOTOPBIX UMeeT Mecto noBpexkaenue JJHK. Onnako
CBSI3b C BO3PACTOM HeE ObLiIa JOCTOBEPHOU.

Takum 00pa3oM, MOXKHO CUHTATh, YTO PA3BUTHE
OTyXOJIEBOTO TIpoIlecca OKa3hIBaeT Ooiiee BHIpa-

Ta6nuua 2/Table 2

MapameTpbl, xapakTepusyrwume creneHb nospexaeHns JHK B MOHOHyKneapHbIX KneTkax
nepudepunyeckoin KPOBM y NaLMEeHTOB C MeTaHOMOW B 3aBUCUMOCTU OT CPOKOB 06CrnefoBaHus U B rpynne
CpaBHEHUA (KOHTPOJIb)

Parameters characterizing the level of DNA damage in peripheral blood mononuclear cells in patients with
melanoma and in the comparison group (control)

I'pymma 1/ I'pymma 2/ Koutpomns/

[apamerpsi/Parameters Group! (n=45) Group 2 (n=48) Control (n=71) U (p)
a) 891,0%
Bospacr (yet)/ 61,0 52,5 59,0 b) 1535,0*
Age (years)* (48,0; 68,0) (45,0 65,0) (48,0; 68,0) ¢) 1452,0*
*
Jlnuna XBocTa (MMKcenn)/ 13,4 13,0 6,1 g; ;gg 162*
Tail length (pixels)* (7,32; 21,36) (7,53; 21,75) (1,27; 12,69) ¢) 916.5%+
a) 1045,0*

7,0 6,5 2,4 ’
0 0 * B s s sk
Yo AHK/ % DNA (2.33;9,89) (3.49; 10,50) (0.40; 4,81) 13 i
*
MowmenT xBocta (yci. ef.)/ 5,5 4,6 2,1 E; ;?265’2*
Tail moment (arb. units)* (1,64; 7,90) (2,18; 8,28) (0,17; 4,87) o) 004 5%
*
% Komer/ 21,0 22,5 9,0 bE;)89(;‘(§g ’55**
% of Comets* (8,00; 28,00) (11,505 29,00) (2,00; 15,00) 0) 694’0**

ITpumeuanue: rpymnma | — manueHThl 10 Havaja JEYCHHUs; TPyIa 2 — HallMEeHThI IPOOIIEPUPOBAHHBIE TIPEJIBAPHTENIBHO HEpauKaibHO; * — p>0,1;
** — p<0,0001; a) — cpaBHeHue Tpynma 1/rpymma 2; b) — cpaBHeHune rpynma 1/KOHTpoIIb; ¢) — CpaBHEHME TPyIIa 2/KoHTpoib; U — Kputepuii

MaHHa—YWTHH.

Note: group 1 — patients before starting treatment; group — 2 patients who previously underwent excision biopsy; * — p>0.1; ** — p<0.0001;
a) — comparison group 1/group 2; b) — comparison group 1/control; ¢) comparison group 2/control; U — Mann—Whitney test.
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Ta6nuua 3/Table 3

KoachdumumeHT Koppensumm no CnupmeHy, XxapakTepusyHLuuii conocTaBneHne AaHHbIX NOBPeXaAeHUs
[OHK B MmoHOHYyKneapHbIX KneTkax nepudepuyeckon KpoBu 1 MOpPoNornyecknux napameTpoB MenaHoMbI

Spearman correlation coefficient characterizing the comparison of DNA damage data in peripheral blood
mononuclear cells and morphological parameters of melanoma

Koaddpumment xoppemsimum o Crimpmeny, U/Spearman correlation coefficient, U

[MTokazatenn komet/

e VpoBEHb HHBA3HH MEITaHOMBI
Comet indicators

no Kiapky/
Clarke's level of melanoma invasion

JlniHa xBocTa (MHKCeIH)/ 0.04
Tail length (pixels) ’

% JHK/ % DNA 0,05

MowmenT xBocTa (yc.en.)/ 0.06
Tail moment (arb. units) ?

% Komer/ 0,02

% of Comets
IIpumeuanue: * — p<0,05.

Note: *—p<0.05.

Tommuua omyxonu no bpecnoy/

. . aMeTp OITyXO. anusy/
Tumor thickness according to Auamerp oryxoms/  Craes

Breslow Tumor diameter Stage
035" 0,13 0,16
0,38 * 0,12 0.21%
0,38% 0.13 021%
0,30* 0,15 0.15

Tabnuua 4/Table 4

Csa3b cteneHu nospexaeHusa AHK n gpnutenbHocTn pemmuccum
The relationship between the level of DNA damage and the duration of remission

JlmurensHOCTh pemuccun/Remission duration

TTapametpsi/Parameters

Yucno Habmonenuii/Number of observations
Bo3spacr (rozsr)/Age (years)
Hnuna xBocra/Tail length
% _JTHK/ % DNA
MowmenT xBocrta (yciu. Ex)/Tail moment (arb. units)
% Komet/ % of Comets

JKeHHoe noBpexatomiee aericreue Ha JJHK B pas-
JIMYHBIX KjeTkax opranusMa, Bkiouas MKIIK, yuem
TOPMOHAJIEHO-METa00IMIeCKUEe HapYIICHHS, BO3HU-
KaroI¥e B MIPOIIECCEe CTAPEHUS U HE COMPOBOXKIAT0-
LIUECS PA3BUTHEM 3JI0KaU€CTBEHHOU OIMYXOJIH.
[IpoBeneHo comocraBieHUe MapaMETPOB, Xapak-
tepusyromux noppexnaenue [JHK, u nnurensHocTH
pemMuccun. Y MaueHToB, ONIEPUPOBAHHBIX IIOBTOPHO
Y IMEBIIUX UIUTEIHHOCTh peMuccur MeHsIre 10 mec,
BCE MOKA3aTEeIu, XapaKTepU3YIOIIUe MOBPEKICHUE
JIHK, ObIIM HECKOJIBKO BBIIIE, YeM Y TeX, KTO UMeJ
pemuccuto 6ompire 10 Mec, HO pa3IuyYns HE TOCTHTA-
JIA TOCTOBEPHOTO YPoBHS (Ta0n 4). Caemyer OTMETHTD,
YTO 3TU TPYIIIHI Pa3INYalIuCh 0 Bo3pacTy. Meaunana
BO3pacTa MalMeHTOB ¢ peMuccueid menee 10 mec
coctasuia 57,6 (46,00; 66,00) roga, mpu peMHUCCHH
6ompmie 10 mec — 71,5 (65,00; 74,00) roma (Tabm. 4).

Oocyxnenne

OCHOBHO# pe3yibTaT, IOTyYCHHBIH B HCCIIEI0Ba-
HHWH, ITIOKa3aJl, YTO MCTO/ «KOMET» ITO3BOJIACT BBISIBUTH
crenenpb noBpexaecHus JIHK B kieTkax manueHToB
CO 3JI0KaYeCTBEHHOW OIYXOJbIO, B JAHHOM Clydae
MEJIaHOMOM. DTO NOATBEPKAAIOT JAHHbBIE UCCIIEI0BA-
HUH, BBITIOJIHEHHBIX MIPH APYTHUX HOBOOOPA3OBAHMSIX,
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<10 mec/<10 month
8,0 (5,00; 9,00)

57,6 (46,066 ,0)
12,9 (7,39-23,20)
7.4 (3,56-12,28)
5.4 (2,40-11,47)
22,5 (9,00-29,00)

>10 mec/>10 month p
12,00 (12,00; 15,00)
22 23
71,5 (65,0-74,0) 0,9
10,4 (7,57-20,23) 0,7
5,7 (3,20-10,04) 0,7
4,2 (2,34-8,19) 0,6
18,0 (11,00-29,00) 0,9

MOKa3aBIIKMe, 4TO Oyarogaps 9yBCTBUTEIBHOCTH H
9KOHOMHYECKOH IPPEKTUBHOCTH METOJ «KOMET
MOXET CITY’KUTh MapKepOM FeHOTOKCHYHOCTH, OKCH/1a-
TUBHOTO CTpeCca U JPYTHX META0OTHMIECKIX C/IBUTOB,
CBS3aHHBIX C Pa3BUTUEM OIIYXOJHU U €€ U3MEHEHHEM
noJ1 BiustHueM Jiedenwst [2, 13]. HecomueHHBIM pe3ep-
BOM sIBJIsSIETCS B 3TOM oOnactu criocooHocth JJHK K
penapary, 4To 000CHOBAHHO CBSI3BIBAIOT C OyIyIIHU-
MU TIepCTIEKTHBAMU HHINBH Ty aJIbHON TPOPHUIAKTHKH
YT JICYCHHSI OITyXOJIEBOTO Tporiecca [42].

Onucana cBa3p crenenu nospexjaenus JTHK c
3 PEeKTUBHOCTHIO TPOBOANMOTO JICYCHHUS METAHOMBI.
Crenenb nospexaenus JJHK u kak crienctue 3Toro
KOJIMYECTBO MYTallMi B OMYXOJIM KOPPETHUPOBAIH C
OTBETOM Ha 0JIOKaly UMMYHHBIX TOYEK Y TTAIIUCHTOB C
MEeTacTaTu4ecKoil MernaHoMoi, nomyyasmmx CTLA-4-
ONOKHPYIOIIUE aHTUTENIA UTHITUMYMa0 HITH TPEMEIH-
Mymao [43]. B nuccnenoBanny, BRITOHEHHOM B HaITICH
nabopaTropuH, yCTaHOBJICHO, YTO YYBCTBUTEIBHOCTh
MeJIaHOMBI K HUBOJTyMaOy, penapary, KOTOpbIi 010-
KHPYET perenTtop nporpammupyemoit cmepta (PD-1),
ObuTa BBINIE, ecliu cTerneHb moBpexaenus JHK B
MKIIK Obuta BeIpaskeHa MeHbIIIE [36].

VYuuteiBas, 4to 3QpHEeKTUBHOCTH TapreTHBIX Tpe-
MaparoB CHIBHO BapbUPYET, B T.4. U Y OOJBHBIX C
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KINMAHUYECKUE UCCNEOOBAHUA

MEJIaHOMOH, BasK€H MOUCK JOMOJHUTEIbHBIX KINHU-
YECKUX KPUTEPHUEB, MO3BOJISIOMINX IPOTHO3UPOBATD
a¢ppexTuBHOCTH Tepanuu. B TO ke Bpemsi CTOUT
YUUTBIBATh, YTO MPY UCTIOIB30BAaHUH T€CTA KOMET JIJIs
OLIEHKH 3¢ PEKTUBHOCTU MPOTHUBOOITYXOJIEBOU Tepa-
nuu BenuurHa crenenu nospexaeHus JHK MKIIK
MOXET SBJIITHCS OTPAKCHUEM KaK U3MEHEHMH, Ipo-
HCXOJSIIMX B OMYXOJH MO/ BIUSHUEM TPOBOAMMOTIO
JIeYeHHs1, TaK U OBITH PE3yJABTATOM COOCTBEHHO TOK-
CHUYECKOTO ACHCTBHSA JICKAPCTBEHHBIX IIPENapaToB Ha
MOHOHYKJIEapHbIE KJIETKH IepUPepruuecKOil KPOBH.
Nsmenenus B JIHK B MKIIK y nanueHTOB CO 3110-
KaueCTBEHHOM OITYXOJIbIO SIBIISIOTCS JTOO CIECICTBUEM
O0IIMX T€HOTOKCUYECKUX BO3ICHCTBUMN, IPOUCXOAS-
LIMX B OPraHU3Me OHKOJIOTMYECKOT0 MalUeHTa, 1100,

JINTEPATYPA/REFERENCES

1. Leiter U., Keim U., Garbe C. Epidemiology of Skin Cancer: Update
2019. Adv Exp Med Biol. 2020; 1268: 123-39. doi: 10.1007/978-3-030-
46227-7_6.

2. Pilié¢ P.G., Tang C., Mills G.B., Yap T.A. State-of-the-art strategies
for targeting the DNA damage response in cancer. Nat Rev Clin Oncol.
2019; 16(2): 81-104. doi: 10.1038/s41571-018-0114-z. .

3. Kucharova M., Hronek M., Rybdkova K., Zaddk Z., Stétina R.,
Joskova V., Patkova A. Comet assay and its use for evaluating oxidative
DNA damage in some pathological states. Physiol Res. 2019; 68(1): 1-15.
doi: 10.33549/physiolres.933901.

4. Burrell R.A., McClelland S.E., Endesfelder D., Groth P, Weller M.C.,
Shaikh N., Domingo E., Kanu N., Dewhurst S.M., Gronroos E., Chew S.K.,
Rowan A.J., Schenk A., Sheffer M., Howell M., Kschischo M., Behrens A.,
Helleday T, Bartek J., Tomlinson I.P, Swanton C. Replication stress links
structural and numerical cancer chromosomal instability. Nature. 2013;
494 (7438): 492-6.

5. Wilhelm T, Olziersky A.M., Harry D., De Sousa F., Vassal H.,
Eskat A., Meraldi P. Mild replication stress causes chromosome mis-
segregation via premature centriole disengagement. Nat Commun. 2019;
10(1): 3585. doi: 10.1038/s41467-019-11584-0.

6. Lugovi¢ L., Situm M., Kos L. Malignant melanoma--future prospects.
Acta Dermatovenerol Croat. 2005; 13(1): 36-43.

7. Valavanidis A., Vlachogianni T, Fiotakis C. 8-hydroxy-2’ -de-
oxyguanosine (8-OHdG): A critical biomarker of oxidative stress and
carcinogenesis. ] Environ Sci Health C Environ Carcinog Ecotoxicol Rev.
2009; 27(2): 120-39. doi: 10.1080/10590500902885684.

8. Khosla L., Gong S., Weiss J.P, Birder L.A. Oxidative Stress Bio-
markers in Age-Related Lower Urinary Tract Disorders: A Systematic Re-
view. Int Neurourol J. 2022; 26(1): 3—19. doi: 10.5213/inj.2142188.094.

9. Hanahan D., Weinberg R.A. Hallmarks of cancer: the next genera-
tion. Cell. 2011; 144(5): 646-74. doi: 10.1016/j.cell.2011.02.013.

10. Pearl L.H., Schierz A.C., Ward S.E., Al-Lazikani B., Pearl F.M.
Therapeutic opportunities within the DNA damage response. Nat Rev
Cancer. 2015; 15(3): 166-80. doi: 10.1038/nrc3891.

11. Milic M., Frustaci A., Del Bufalo A., Sanchez-Alarcon J., Valencia-
Quintana R., Russo P, Bonassi S. DNA damage in non-communicable
diseases: A clinical and epidemiological perspective. Mutat Res. 2015;
776: 118-27. doi: 10.1016/j.mrfmmm.2014.11.009.

12. Moller P, Stopper H., Collins A.R. Measurement of DNA dam-
age with the comet assay in high-prevalence diseases: current status and
future directions. Mutagenesis. 2020; 35(1): 5-18. doi: 10.1093/mutage/
gez018.

13. Azqueta A., Ladeira C., Giovannelli L., Boutet-Robinet E., Bonassi S.,
Neri M., Gajski G., Duthie S., Del Bo’C., Riso P., Koppen G., Basaran N.,
Collins A., Moller P. Application of the comet assay in human biomonitor-
ing: An h(COMET perspective. Mutat Res Rev Mutat Res. 2020; 783. doi:
10.1016/j.mrrev.2019.108288.

14. Sykora P, Witt K.L., Revanna P., Smith-Roe S.L., Dismukes J.,
Lloyd D.G., Engelward B.P,, Sobol R.W. Next generation high throughput
DNA damage detection platform for genotoxic compound screening. Sci
Rep. 2018; 8(1): 2771. doi: 10.1038/s41598-018-20995-w.

15. Lawrence M.S., Stojanov P, Mermel C.H., Robinson J.T., Gar-
raway L.A., Golub T.R., Meyerson M., Gabriel S.B., Lander E.S., Getz G.
Discovery and saturation analysis of cancer genes across 21 tumour types.
Nature. 2014; 505(7484): 495-501.

16. Mouw K. W., Goldberg M.S., Konstantinopoulos PA., D’Andrea A.D.
DNA Damage and Repair Biomarkers of Immunotherapy Response. Cancer
Discov. 2017; 7(7): 675-93. doi: 10.1158/2159-8290.CD-17-0226.

CUBUPCKIM OHKONOTMYECKUW XXYPHAT. 2022; 21(3): 33—41

YTO MPEJCTABISACTCS TAKXKE BEPOSTHBIM, BIUSHUEM
omyxonu. [lonTBepxaeHreM nocieaHe TOUKU 3peHUs
MOYKET CITYKHUTh BBISIBJICHHASI B TAHHOM HCCIIE/IOBAHIH
TIOJIOKUTETHHAST KOPPEIIAIHSI CTCTICHH TTOBPEKICHUS
JHK u rmyOuHBI MHBa3UU MEJIAHOMBI 110 bpecioy.

3akJirouenne

Pa3BuTHEe MemaHOMBI KOXH COMPOBOXKIACTCS
noBbllIeHneM crenenu nospexaenus JHK B mono-
HYKJICapHBIX KJIeTKax nepudepuueckoid kposu. Bee
apameTpbl, XapaKTEpU3YIOLIUE CTEIIEHb OBPEXkKIE-
uus JIHK B MOHOHYKITeapHBIX KJIETKaX mepudepude-
CKOH KPOBH, TIOJIOXKUTEIBHO KOPPEIUPYIOT C IITyOHHON
WHBa3Uu MelaHOMBI o bpecioy.

17. Perkhofer L., Gout J., Roger E., Kude de Almeida F., Baptista
Simées C., Wiesmiiller L., Seufferlein T., Kleger A. DNA damage repair as
a target in pancreatic cancer: state-of-the-art and future perspectives. Gut.
20215 70(3): 606—17. doi: 10.1136/gutjnl-2019-319984.

18. Duijf PH.G., Nanayakkara D., Nones K., Srihari S., Kalimutho M.,
Khanna K.K. Mechanisms of Genomic Instability in Breast Cancer. Trends
Mol Med. 2019; 25(7): 595-611. doi: 10.1016/j.molmed.2019.04.004.

19. Galardi F., Oakman C., Truglia M.C., Cappadona S., Biggeri A.,
Grisotto L., Giovannelli L., Bessi S., Giannini A., Biganzoli L., Santarpia L.,
Di Leo A. Inter- and intra-tumoral heterogeneity in DNA damage evalu-
ated by comet assay in early breast cancer patients. Breast. 2012; 21(3):
336-42. doi: 10.1016/j.breast.2012.02.007.

20. Cortés-Gutiérrez E.I, Hernandez-Garza F., Garcia-Pérez J.O.,
Davila-Rodriguez M.1., Aguado-Barrera M.E., Cerda-Flores R.M. Evalu-
ation of DNA single and double strand breaks in women with cervical
neoplasia based on alkaline and neutral comet assay techniques. ] Biomed
Biotechnol. 2012. doi: 10.1155/2012/385245.

21. Burrell R.A., McClelland S.E., Endesfelder D., Groth P, Weller M.C.,
Shaikh N., Domingo E., Kanu N., Dewhurst S.M., Gronroos E., Chew S.K.,
Rowan A.J., Schenk A., Sheffer M., Howell M., Kschischo M., Behrens A.,
Helleday T., Bartek J., Tomlinson I.P, Swanton C. Replication stress links
structural and numerical cancer chromosomal instability. Nature. 2013;
494(7438): 492—-6.

22. Wilhelm T., Said M., Naim V. DNA Replication Stress and Chro-
mosomal Instability: Dangerous Liaisons. Genes (Basel). 2020; 11(6): 642.
doi: 10.3390/genes11060642.

23. Fikrova P, Stetina R., Hrnciarik M., Hrnciarikova D., Hronek M.,
Zadak Z. DNA crosslinks, DNA damage and repair in peripheral blood
lymphocytes of non-small cell lung cancer patients treated with platinum
derivatives. Oncol Rep. 2014; 31(1): 391-6. doi: 10.3892/0r.2013.2805.

24. Allione A., Pardini B., Viberti C., Oderda M., Allasia M.,
Gontero P, Vineis P, Sacerdote C., Matullo G. The prognostic value of
basal DNA damage level in peripheral blood lymphocytes of patients
affected by bladder cancer. Urol Oncol. 2018; 36(5). doi: 10.1016/j.
urolonc.2018.01.006.

25. Sestakova Z., Kalavska K., Smolkova B., Miskovska V., Rejlekova K.,
Sycova-Mila Z., Palacka P, Obertova J., Holickova A., Hurbanova L.,
Jurkovicova D., Roska J., Goffa E., Svetlovska D., Chovanec M., Mar-
diak J., Mego M., Chovanec M. DNA damage measured in blood cells
predicts overall and progression-free survival in germ cell tumour pa-
tients. Mutat Res Genet Toxicol Environ Mutagen. 2020. doi: 10.1016/j.
mrgentox.2020.503200.

26. Bonassi S., Ceppi M., Moller P, Azqueta A., Mili¢ M., Neri M.,
Brunborg G., Godschalk R., Koppen G., Langie S.A.S., Teixeira J.P,, Bruz-
zone M., Da Silva J., Benedetti D., Cavallo D., Ursini C.L., Giovannelli L.,
Moretti S., Riso P, Del Bo’ C., Russo P, Dobrzynska M., Goroshins-
kaya I.A., Surikova E.I., Staruchova M., Barancokova M., Volkovova K.,
Kazimirova A., Smolkova B., Laffon B., Valdiglesias V., Pastor S., Marcos R.,
Herndandez A., Gajski G., Spremo-Potparevi¢ B., Zivkovi¢ L., Boutet-
Robinet E., Perdry H., Lebailly P, Perez C.L., Basaran N., Nemeth Z.,
Safar A., Dusinska M., Collins A.; hCOMET project. DNA damage in cir-
culating leukocytes measured with the comet assay may predict the risk of
death. Sci Rep. 2021; 11(1): 16793. doi: 10.1038/s41598-021-95976-7.

27. Loumaye A., Thissen J.P. Biomarkers of cancer cachexia. Clin Bio-
chem. 2017; 50(18): 1281-8. doi: 10.1016/j.clinbiochem.2017.07.011.

28. Chesnokova V., Melmed S. Peptide Hormone Regulation of DNA
Damage Responses Endocr Rev. 2020; 41(4): 519-37. doi: 10.1210/
endrev/bnaa009.

39



CLINICAL STUDIES

29. Argilés J.M., Busquets S., Stemmler B., Lopez-Soriano F.J. Cancer
cachexia: understanding the molecular basis. Nat Rev Cancer. 2014; 14(11):
754-62. doi: 10.1038/nrc3829.

30. Wan G., Mathur R., Hu X., Zhang X., Lu X. miRNA response to
DNA damage. Trends Biochem Sci. 2011; 36(9): 478—84. doi: 10.1016/j.
tibs.2011.06.002.

31. Visser H., Thomas A.D. MicroRNAs, damage levels, and DNA
damage response control. Trends Genet. 2021; 37(11): 963-5. doi:
10.1016/j.tig.2021.06.018.

32.Yang C., Xia Z., Zhu L., Li Y., Zheng Z., Liang J., Wu L. MicroRNA-
139-5p modulates the growth and metastasis of malignant melanoma cells
via the PI3K/AKT signaling pathway by binding to IGFIR. Cell Cycle.
2019; 18(24): 3513-24. doi: 10.1080/15384101.2019.1690881.

33. Chung I.M., Rajakumar G., Venkidasamy B., Subramanian U.,
Thiruvengadam M. Exosomes: Current use and future applications. Clin
Chim Acta. 2020; 500: 226-32. doi: 10.1016/j.cca.2019.10.022.

34. Gowda R., Robertson B.M., Iyer S., Barry J., Dinavahi S.S., Robert-
son G.P. The role of exosomes in metastasis and progression of melanoma.
Cancer Treat Rev. 2020; 85. doi: 10.1016/j.ctrv.2020.101975.

35. Khan A.Q., Akhtar S., Prabhu K.S., Zarif L., Khan R., Alam M.,
Buddenkotte J., Ahmad A., Steinhoff M., Uddin S. Exosomes: Emerging
Diagnostic and Therapeutic Targets in Cutaneous Diseases. Int J Mol Sci.
2020; 21(23): 9264. doi: 10.3390/ijms21239264.

36. Qeipnuna E.B., [Topowuna T.E., Ocanecan A.I1., [Ipoyenko C.A.,
bepwmeiin JI.M. TloBpexaenne JIHK MOHOHYKII€apHBIX KIIETOK nepude-
PUYECKON KPOBH, BBISIBIICHHOE METOJIOM «KOMET», KaK BO3MOJKHBIH [OKa-
3aTesb YyBCTBUTEIBHOCTH METAHOMBI K MIMMYHOTEPAIINK HUBOIyMaOOM.
Cubupckuit oHKonormdeckuit xxypHai. 2021; 20(2): 37-45. [Tsyrlina E. V.,
Poroshina T'E., Oganesyan A.P,, Protsenko S.A., Bershtein L.M. Peripheral
blood mononuclear dna damage identified by the «comet» method, as a
possible indicator of sensitivity of melanoma to immunotherapy with niv-

olumab. Siberian Journal of Oncology. 2021; 20(2): 37-45. (in Russian)].
doi: 10.21294/1814-4861-2021-20-2-37-45.

37. McKelvey-Martin V.J., Green M.H., Schmezer P., Pool-Zobel B.L.,
De Méo M.P., Collins A. The single cell gel electrophoresis assay
(comet assay): a European review. Mutat Res. 1993; 288(1): 47-63. doi:
10.1016/0027-5107(93)90207-v.

38. Milic M., Frustaci A., Del Bufalo A., Sanchez-Alarcon J., Valencia-
Quintana R., Russo P, Bonassi S. DNA damage in non-communicable
diseases: A clinical and epidemiological perspective. Mutat Res. 2015;
776: 118-27. doi: 10.1016/j.mrfmmm.2014.11.009.

39. Moller P. Measurement of oxidatively damaged DNA in mam-
malian cells using the comet assay: Reflections on validity, reliability and
variability. Mutat Res Genet Toxicol Environ Mutagen. 2022; 873. doi:
10.1016/j.mrgentox.2021.503423.

40. Voinea S., Blidaru A., Panaitescu E., Sandru A. Impact of gender
and primary tumor location on outcome of patients with cutaneous mela-
noma. ] Med Life. 2016; 9(4): 444-8.

41. Shimizu I., Yoshida Y., Suda M., Minamino T. DNA damage
response and metabolic disease. Cell Metab. 2014; 20(6): 967-77. doi:
10.1016/j.cmet.2014.10.008.

42. Vodicka P, Vodenkova S., Opattova A., Vodickova L. DNA dam-
age and repair measured by comet assay in cancer patients. Mutat Res
Genet Toxicol Environ Mutagen. 2019; 843: 95-110. doi: 10.1016/].
mrgentox.2019.05.009.

43. Snyder A., Makarov V., Merghoub T., Yuan J., Zaretsky J.M.,
Desrichard A., Walsh L.A., Postow M.A., Wong P, Ho T'S., Hollmann T.J.,
Bruggeman C., Kannan K., Li Y., Elipenahli C., Liu C., Harbison C.T,
Wang L., Ribas A., Wolchok J.D., Chan T.A. Genetic basis for clinical re-
sponse to CTLA-4 blockade in melanoma. N Engl J Med. 2014; 371(23):
2189-99. doi: 10.1056/NEJMoa1406498.

Tocrynuna/Received 03.03.2022
Onobpena nocine penenzuposanus/Revised 27.05.2022
Tpunsra k nybaukanun/Accepted 10.06.2022

CBEOEHWUA OB ABTOPAX

Hpipanna EBrenus BiaagumupoBHa, KaHaugaT MEIMIMHCKUX HayK, BeAyLUil HaydHbIi coTpynHuk, @I'BY «Hauunonanbuelii Mmeau-
IIMHCKUH HccienoBaTensekuil nentp onkonorun nM. H.H. Ilerpoay Munznpasa Poccuu (Canxkr-IlerepOypr, Poccust). E-mail: evg.
tsyrlina@gmail.com. SPIN-kox: 8007-8528. Author ID (Scopus): 7005258238. ORCID: 0000-0002-0882-6697.

[opomnna Tarbsina EBrenbeBHa, KaHAUAAT OHOJIOTHYECKUX HayK, Ouoior, DI'BY «HanmoHanbHbII MeTUIIMHCKUI HCCIIEI0BATEbCKHIN
nentp onkonornu uM. H.H. Ilerpoa» Munsnpasa Poccun (Canxr-IlerepOypr, Poccust). SPIN-kox: 8939-3404. Author ID (Scopus):
6603943288. ORCID: 0000-0001-5558-5366.

Bacuibes JImutpuii AnexceeBH4, KaH 11T MEIUIIMHCKHIX HayK, CTapIluii Hay4HbId coTpyaHuk, ®I'BY «HanuonanbHbli MEAUIIMHCKUN
nccienoBarensckuit enTp onkonornu uM. H.H. Ilerpoa» Munznpasa Poccun (Cankr-IletepOypr, Poccust). SPIN-kom: 2250-4475.
Researcher ID (WOS): G-4698-2019. Author ID (Scopus): 6602117724. ORCID: 0000-0002-4215-2948.

3unoBbeB I'puropuii BaagumMuposuy, kan1unaT MEJULUHCKUX HAyK, 3aBeLyIOLINIA XUPYyPrU4eCKUM OTACICHUEM OIIyXO0JIeH KOCTel,
MATKUX TKaHel u koxu, DI'BY «HannonansHblil MeqUIMHCKUI HccaeqoBaTenbeKull neHTp onkonoruu uM. H.H. ITerpoBa» Munsnpasa
Poccun (Cankr-IlerepOypr, Poccust). SPIN-kox: 3883-1380. Author ID (Scopus): 57215858104. ORCID: 0000-0003-1639-2443.
I'a¢ron I'eopruii UBanoBHY, JOKTOp MEAUIIMHCKUX HAYK, 3aBEAYIOLUI Hay4HbIM oTAeseHreM, PI'BY «HaunoHanpHbIi MeTUIIMHCKUN
uccnenoparenbckuil neHTp onkoorun uM. H.H. IletpoBa» Mun3znpasa Poccuu (Cankr-IletepOypr, Poccust). SPIN-kom: 6795-2956.
Researcher ID (WOS): O-7616-2015. ORCID: 0000-0003-3172-2201.

Bepmrreiin Jlee MuxaiiioBu, JOKTOp MEANIIMHCKAX HayK, mpodeccop, PI'BY «HanmonaabHbIi MEAUIIMHCKHI NCCIIEI0BATEIILCKAT
nentp onkostoruu uM. H.H. ITerpoBa» Munsnpasa Poccun (Cankr-IletepOypr, Pocenst). SPIN-kom: 2265-6757. Researcher ID (WOS):
0-5714-2015. Author ID (Scopus): 7006060881. ORCID: 0000-0002-5112-3372.

BKIA] ABTOPOB

Hpipauna Eprenus BaagumuposHa: 00paboTka 1 aHAIH3 MOMYIEHHBIX JaHHBIX, COCTABICHUE ApadTa PyKOIHCH.

Mopommnua Tarbsina EBrenbeBHa: BEIOTHEHNE METO/Ia KKOMETY, aHATH3 PE3yIIbTaTOB Ta00OPAaTOPHBIX MCCIICTIOBAHUH.

BacuabseB JImurpuii AnexceeBu4: 00padoTKa 1 aHATN3 MMOTYYCHHBIX JaHHBIX.

3unoBbeB I'puropuii BiaaguMupoBuy: BeeHNE TAMEHTOB, 0OCYK/ICHNE MOTYyIEHHBIX PE3yIbTaToB.

I'a¢gron I'eopruii UBanoBUY: 00CYyXIeHNE MTOTYYCHHBIX PE3YIBTATOB, PEIAKTHPOBAHNE PYKOIHICH.

Bepuureiin Jlep MuxaiiioBu4: CyIIeCTBEeHHBII BKJIAJ B pa3pabOTKy KOHIICTIINH, PEIaKTHPOBAHHE TTOCIIEI0BATEIHHBIX BAPHAHTOB
PYKOTINCH M OKOHYATEIBHOE YTBEPKCHHUE €€ HAalPAaBICHHON B PEAAKIHIO BEPCHUH.

@Dunancuposanue

Omo uccredosanue ne nompedoBaLo OONOIHUMETIbHO20 PUHAHCUPOBAHUSL.
Kongpnuxkm unmepecos

Aemopwl 3aa61510m 06 OMCYMCMEUU KOHDIUKMA UHMEPECOS.
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AHHOTaUuA

Llenbto nccnegoBaHus sSIBUNOCb U3yYeHUE CYNPEeCCOPHON U/UNW LUTOTOKCUYECKOW aKTUBHOCTU SOEPHbIX
3pUTPONAHBIX KNeTok (AJK) B OTHOLLEHMM OMYyXONeBbIX KNETOK pasnuyYHoro nponcxoxaeHus. Matepuwan n
meToAbl. B paboTe ncnonb3oBaHbl Mbiwn nnHun C57BI/6, kneTku onyxoneblx nuHui P815, L1210, B16 n
L929. «®enunrugpasvHoBbie» ASK nonyyanu OT Mbllen ¢ UHAYLMPOBAHHON reMONTMTUYECKOM aHEMUEN.
«OpuTponoaTHoBbie» A3K Bbigensanu u3 «OeHUNrMapasvHOBOW CEneseHku» 1 anee KynsTMBMpOBanu
B MPUCYTCTBUM 3pUTPONOaTuHa. Ewe ogHnm nctouHmnkom ASK 6binv ceneseHkn HOBOPOXAEHHbIX MbILLIEN,
KNeTkn eTanbHON NeYEeHN YernoBeKa N MbILLUN N KIETKM KOCTHOrO MO3ra MbILLUW, NPOKYNBTUBUPOBaHHbIE C
3pUTPONOITMHOM. LinTocTtatnyecknii agpcpekt AJK nnm nx cynepHaTaHTOB PErMcTpUpOBanv No CHUXKEHUHO
nponudepauun nuHmn P815, L1210, B16, LLC, L929 PesynbTaTtbl. OGHapY>XEHO Hannune BbIpaXXeHHOM
NPSIMON MPOTUBOOMYXOSIEBON aKTUBHOCTU KaK Yy ASJK, Tak U y MPOAYKTOB MX KyNbTUBUPOBAHMS B OTHOLLEHNM
KINETOK pasnmyHbIX ONyxoneBbiX NMHWUIA. CynpeccopHbI achdekT HecneunduyeH. 3aknoyeHume. YunTbiBas
uuToCTaTMYeCKyto akTMBHOCTb ASK, MX CyllecTBEHHOe YucrneHHoe npeobnagaHne BO BPEMS Pa3BUTHS
ambpuoHa Hag BCceMW APYrMU POCTKaMWU KPOBETBOPEHWUSI, MOXHO MPEAnofioKUTb BO3MOXHOCTb y4acTus
3pMTPO6NacToB B NpoLecce CO3aaHnsi NPOTMBOOMYXONEBON 3aLMThI NoAa B 3TOT Nepuoa XU3HW.

KnioueBble cnoBa: A0epHble SPUTPOUAHDbIE KIeTKH, 3pu1'p06nac'rb|, npoTuBoonyxosieBasd akTUBHOCTb.
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

Abstract

Purpose. To study suppressor and/or cytotoxic activity of the nuclear erythroid cells (NEC) against tumor
cells of various origins. Material and Methods. C57BI/6 mice and P815, L1210, B16 and L929 tumor cells
were used. “Phenylhydrazine” NECs were obtained from mice with induced hemolytic anemia. “Erythropoietin”
NECs were isolated from the “phenylhydrazine spleen” and further cultured in the presence of erythropoietin.
Another source of NEC was neonatal mouse spleen, human and mouse fetal liver cells, and mouse bone
marrow cells cultured with erythropoietin. The cytostatic effect of NEC or their supernatants was recorded
by reducing proliferation of P815, L1210, B16, LLC, L929 lines. Results. The presence of pronounced direct
antitumor activity was found in both NEC and their culturing products in relation to cells of various tumor lines.
The suppressor effect was not specific. Conclusion. We know about the significant numerical predominance
of NEC during the embryo development over all other hematopoietic cells and their high suppressive potential.
Therefore, it can be assumed that erythroblasts are involved in process of creating antitumor protection of a

fetus during this period of life.

Key words: nuclear erythroid cells, erythroblasts, antitumor activity.

Beenenue

B mpormiecce amOprorenesa spurpobiacTsl (saep-
HBIE 3pUTpOoHIHbIC KIeTkH, IDK) sBistorcs Hanbomnee
MacCOBBIM KJIETOUHBIM MPOJYKTOM Pa3MHOKCHUS
MOJIMIIOTEHTHBIX CTBOJIOBBIX KPOBETBOPHBIX KJIETOK,
KOTOpbIE BIIEPBBIE MOSBIISIOTCS B JKEJITOUHOM MELIKE
9MOpHOHA U 3aTeM MHUTPUPYIOT B Ie4€Hb IMOpPHOHA,
KOTOpasi © CTAHOBUTCSI OCHOBHBIM T'€MOIIOITHYECKUM
OpPraHoM Ha TNPOTSHKEHUH BCETO MEpUoAa BHYTPUY-
TpoOHOTO pa3BuTHsA [1]. B sMOprnoHaNbHON MTeUeHH
Ha paHHUX JTamax pa3BUTHs OOHApPYKUBAIOTCSA
TOJIbKO B-ITMMQpOUUTH MpU TOJHOM OTCYTCTBUH
T-nmumdonnToB 10 MOMEHTA CO3peBaHus TUMYca [2].

B MHOro4HCIeHHBIX HCCIIEeIOBAaHUSIX OBLIO TO-
Ka3aHo, 4TO PUTPOOIACTHI 00Ia1al0T CIIOCOOHO-
CTBIO NOAABIATH GyHKUMH T- 1 B-kneroynoro 3seHa
uMmmyHurera [3, 4]. UMMyHOCYynpecCUBHOM aKTHUB-
HOCTBIO 00JIaZaTi dPUTPOOIACTHI, BBIICICHHBIC U3
SMOPHUOHATHFHOU TICUCHU YETIOBEKA U MBIIIIEH, KIIETOK
CeJle3eHKH HOBOPOXKACHHBIX KHUBOTHBIX U CEJIE3EHOK
MBILICH, TOABEPTHYTHIX BO3ACHCTBUIO THIIOKCUH WIIN
TEMOJUTHYECKOTO sina — permnruapasuna [5]. [pu
9TOM HauOOJBIINM CYNPEeCCUBHBIM 3ddexTom oba-
nanu SI9K n3 sMOpHOHAIBHOI ITeUYEHH, TI0 CPABHEHHIO
C KJIETKaMH U3 JpyTruX UCTOUHUKOB [4]. UTo kacaercs
MEXaHU3MOB UMMYHOCYIIPECCUBHOTO aericTBus DK,
OBUIO BBISICHEHO, YTO JTH KIJIETKH, 110 BCEH BEpOST-
HOCTH, MPOAYIUPYIOT eI P IUTOKMHOB, TAKUX
kak 1L-4, IL-10, [FN-y, TNF-a, TGF-B, u3 koTopsix
TPHU MOCJICAHUX MOTYT UMETh OTHOLICHHUE K IT0JaBJIe-
HUIO aKTUBHOCTH B-kieTok [6]. [lomydeHsl maHHBIC
0 TOM, YTO IPUTPOOIACTHI 00TAJAFOT CLIOCOOHOCTHIO
MOBpEXJaTh MEMOpaHbl KIETOK CEeNIe3eHKH MBILIeH
IIPY UX COBMECTHOM KyJbTHBHpOBaHuU. [loBpexxnenue
LIEJIOCTHOCTH MEMOpPaH KJIETOK OLEHHUBAIIN 10 YPOB-
HIO BbIXOJ1a 13 KieTok 3H-ypumauna [5]. Pe3ynbrare
9THX UCCICIOBAHUN MMO3BOIMIH MPEIIOIIOKHUTh, YTO
3puTpoOIacTel MOTYT 00J1a1aTh U IUTOTOKCHYECKON
AKTMBHOCTBIO B OTHOILEHHUH APYTHX KIETOYHBIX 3JI€-
MEHTOB, BKITFOUasl OITyXOJIEBbIC KICTKH.

Bo B3pocioM opranuzmMe KOCTHBIN MO3T SBIISETCS
MECTOM ¢ Hambojee BBICOKOH mponudepaTuBHON
AKTUBHOCTBIO KJIETOK, HO3TOMY JIOTHYHO HIpen-
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MOJ0XXUTb, YTO OCHOBHbIE MEXaHU3MbI KOHTPOJI
npoin(epaTUBHBIX MPOIECCOB COCPEIOTOUYCHBI H
peanu3yroTcss UMEHHO 371ech. [lonynsainoHHbINi cocTaB
KOCTHOTO MO3Ta MPEACTABICH HE3PEIBIMU KIETKAMU
BCEX POCTKOB KPOBETBOPEHUS, OHAKO JIOJIS KICTOK,
OTHOCSIILIUXCSI K APUTPOUAHOMY DSy, 3HAYUTEIBHO
MIPEBBIIIIAET BCE OCTAIbHBIE POCTKH 1 AocTrraet 30 %.
MpeI nonaraem, uro uMeHHo DK 3aneiicTBOBaHbBI B
peanu3anuy nporpamMmm, 00ecCIeYrBarONIUX CTA0MIIb-
HOCTh HOMYJSLMOHHOIO COCTaBa KOCTHOTO MO3ra
IIyTEM OIPAaHUYECHUS PA3MHOXKEHUSI KAK HOPMAJIbHBIX
KJICTOK, BOBJICUCHHBIX B TEMOII0A3, TaK U BO3HUKAIO-
IIUX U3 HUX OITYXOJIEBBIX KIETOK.

Heabio uccaenoBanus SIBUIOCh U3YUYCHHE BO3-
MOXXHOHM CyIpeccOpHON W/MUIM MUTOTOKCHUYECKON
aktuBHOCTH SIOK B OTHOIICHUH OTTYXOJIEBBIX KIETOK
Pa3IUYHOTO MIPOUCXOKICHUSI.

MarepuaJj ¥ METObI

Kueommnuie

Mpimm C57B1/6 (B6) momyueHsl U3 MATOMHHKA
HUW®uPM unwm. E.JI. lonpabepra Tomckuit HUMLI.

Junuu onyxoneevix Kjiemok

Knerku P815 (mactonmroma), L1210 (mumdo-
Mma), B16 (Menanoma), L929 (tpanchopmupoBaHHas
COCIMHUTENbHAS TKAHb) COXPAHSIN MACCUPOBAHUEM
in vitro B cpene RPMI 1640, conepxarmieit 10 % ¢e-
TaIbHOHN CBHIBOPOTKH KOopoB (FCS), L-rmroramun u
AHTUOUOTUKH.

Kynomypansnoie cpedvl u peazenmsut

Cpena RPMI 1640, HEPES, L-rmtoramun, reura-
mutuH (Sigma-Aldrich, CIIA)), pekoMOWMHAHTHBIH
spurpomnostun (3I10) (Cilag, lseiinapus), Kon A
(Pharmacia Biotechnology, llIserus), [H-3]-tumuun
(HITIO «M3otom», C-IletepOypr). Kinetku xocTHOTO
MO3ra, CeNe3eHKH U (heTaTbHOM MeYeH! MMOTyYali Mo-
CPEACTBOM MATKOTO BBIJABIMBAHMUS KIIETOK M3 TKAHH
cTpombl oprana. [lomydeHHbIE KIETOUHBIE CYCTICH3UH
OTCTauBaNIM 7 MHUH JIJIS1 yAAJIEHUS KPYIHBIX HEAUCCO-
[IMAPOBAaHHBIX KOHTIIOMEPATOB. BhIieneHHbIE U3 TKaHEH
OpraHoB KJIETKHU KyJbTuBrUpoBasii B RPMI 1640 B ipu-
cyrcteun 10MM HEPES, 2MM L-mmoramuaa, Mepkan-
todTanomaa, 30 Mxr/min rearamuimaa u 10 % FCS.
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Hcmounuku u memoowvt noiyueHus

A0POCOOEPICAUUX IPUMPOUOHBIX KIIEHOK

«Denuneudpaszunosviey IK. emonurryaeckuit s
(beHMITHPA3UH BBOIWIIN MBIIIIAM BHY TPHUOPIOIITIHHO
B 703¢ 1,2 Mr/mbIlb 3 pa3a c uaTepBaigaMu B 12 u 20 4
JUTS MTHy KUY TeMOoJInTHIeckoi anemuu. Yepes 48 4
TOCJIe TTOCIIeTHe MHBEKIMH Y MBIIIeH 3a0Upay cee-
3€HKH 1 HCTIOIb30BAJIH UX B KauecTBe cToyHnKa SIOK.
SDK, mpucyTcTBYyIONNE B CIUICHOLUTAX, OTICIISIITH
OT SPUTPOLUTOB LeHTpUyrupoBanuem mnpu 400 g
B IpajiieHTe nepkoiuia (mioTHocTh 1,076) B TeueHue
30 muH. M3 mosydyeHHON CyCHEH3UH METOJI0M
CIPHHUHTa» MOIYYald MOMYISIUI0 3PUTPOHUIHBIX
OJIaCTHBIX KIJIETOK, JJISl 4€TO CYCIIEH3HIO KIIETOK, MPe/-
BapuTeIbHO 00paboTanHbIX aHTU-CD3+ aHTHTENAMH,
MTOMETIANIN B IIACTHKOBYIO KYJTBTYPAIbHYIO YAIIKY C
MIpeBapUTENIbHO aJCcOPONPOBAHHBIMU Ha HEU Kpo-
nuabuMi AT x 1g-G mpimm. [Ipouienypy «m3HHUHTa»
MIPOBOJWIIN COTTIACHO METO/TY, OTIMCaHHOMY paHee [7].
B pesynbrare 310 mponeaypsl Makpodaru npukpe-
IUSUTACH K TIACTUKOBOM TTOBEPXHOCTH YAIIIKH 3 CUET
HecneuduIeckoro cBs3biBanus, T- u B-umdorutsr —
3a cueT Ig-penenTopHOTO B3aMMOJEHCTBUS C COPOU-
POBaHHBIMU Ha TIACTUKOBOW IMOBEPXHOCTU YAIIKH
MMMYHOITIOOYTHHAMHU KpONUKa. YHNCTOTYy ymajmeHHs
T- 1 B-mumbonuToB KOHTPOITUPOBATH HMMYHO(D-
JIIOOPECIEHTHBIM aHanu3oM. [locie mIHHMHTA He-
MPUKPETIUBIINECS K IUIACTHKY KICTKH OTMBIBAIH U
obpabareBaimy 15 MM JIeHITUH-METHIIOBEIM d(hUPOM
B Teuenue 30 muH. [lomydernas B pe3ynsrare odpa-
00TOK KJIeTOUHAs momyisiiust Ha 95 % cocrosiia u3
SDK. Brinenennsle n3 «(peHUITHAPA3UHOBON cene-
3eHKkr» DK KynsTHBHpOBaNM Aaliee B MPUCYTCTBUU
2-5 En/mi spurponostuna (DI10) (wmm 6e3 Hero B
KOHTpoJie) B OecchiBOpoTOuHOM cpene Mckosa, co-
nepxkamieit 0,5% ObIYbero CHIBOPOTOUHOTO albOYMU-
Ha, 4MM L-rmmoramuna, 5x10 -5 mepkanrostaHona,
30 Mxr/mut reatamuninia. [lorydennast B pesyabrare
TaKoro KyJbTHBHUPOBAHUS KJIETOYHAs MOMYISIINA Ha
97 % cocTosiia U3 Pa3HOM CTENEeHU 3PEIOCTH ONacT-
HBIX 3PUTPOUIHBIX KIETOK.

«Hoeopooicoennviey ADK. B Hammix dKcIIepuMeH-
TaxX UCTOYHUKOM KJIETOK OBbIITH CEeNIe36HKU HOBOPOXKIE-
HbIX MblIel. IOK BbIACIIN METOIOM «IICHHHUHTAY,
MoJTy4eHHas nomyisauus Ha 95 % Obuia pencTaBieHa
SIDK, mogasasromee OONBIIMHCTBO KJIETOK MMEJIO
0a30MIHHYIO IIUTOILIA3MY.

ADK, evioenennvie uz KOCmMHo2o0 mosz2a mliell,
(emanvroll neuenu uenosexa unu mvlwiu. Kietku
(heTanbHOI ITeUeHH YeTI0BEeKa ITOTyYalli U3 OpraHa IPH
nporeaype abopra (cpok rectamun 10—12 vex). Kiet-
Ki (DeTaIbHON NIEYCHU MBIIICH TIOTydaln U3 MeUeHH
IJIO/IOB MBIIIH HA cTanuu 15—17 nHeli 6epeMeHHOCTH.
KieTkn KoCTHOTO MO3ra MBIIIIeH OoTyqay u3 S u-
30B OCIPEHHBIX KOCTEH B3POCIBIX KUBOTHEBIX. [1oiTy-
YEHHbIE U3 KOCTHOTO MO3Ta KJIETKH B KOHIIEHTPAIUH
S MITH/MJI KYJIETUBUPOBAIH C 2 €/1/MJI SpUTPOTIOITHHA
B TEYEHUE 3 CYT, Jajiee KICTKA OTMBIBAIIA OT CTHMY-
JIATOPA U UCTIONB30BAJIH B OKCIIEPUMEHTAX.
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Hlonyuenue Ky1omypaivbHbviX CYynepHamaHmos.
SASK, monydeHHble U3 pa3JWYHBIX HCTOYHHUKOB, B
KoHueHTpanuu 4 x 10%mn KynsTuBHpOBau B Oec-
CBIBOPOTOUHOM cpezie MckoBa, ¢ nobariennem 4MM
L-tmoramuna B Tedenue 24 4. [1o okOHYaHUU KyJib-
TUBUPOBAHUS CyIEPHATAHTHI OTACIUIH OT KIETOK
HEeHTPU(YTHPOBAHNEM U HCTIONH30BAIIN B PA3TMIHBIX
KOHLIEHTPALUAX B SKCIIEPUMEHTAaX.

Oyenxa npomusoonyxonegotl axmugnocmu AIK
U NOTYYEHHbIX U3 HUX cynepHamanmos. Kierku omy-
xoJieBbIx JmHuM P815, L1210, B16, LLC, L929 B co-
orHomrennu 1:15 u 1:30 (1 x 10° xkn/nyHKa omyxosei
KyJIBTUBUPOBAIIN B IPUCYTCTBUU PA3INIHBIX KOHIICH-
tpaumit DK — 15 x 10° u 30 x 10° knertox/myHKa
nm 6e3 HUX B KOHTpoIie) uin B mpucyTcTBun 30-50 %
cynepHaranTta 10K B Teuenue 72 4, 1anee OleHUBAIH
poJuQepannio OMyXxoaeBbIX KICTOK 110 BKIIOYESHUIO
B KIeTku 3H-TuMuAnHA WM KOJOPUMETPHUECKH C
nmomombio MTT-tecra. IlpomudepaTuBHYIO aKTHB-
HOCTBH OTOOpaKaH B UMII/MHH, IPH MCIIOIb30BAaHUN
PaJAMOaKTUBHOTO METO/1a, WM SAMHUIIAX ONTHYECKON
IJIOTHOCTH, IpH Ucnoiab3oBaHuu MTT-tecta. B aTom
CITyJae OIyXO0JIeBBIC KIIETKH KYJIETHBHpoBasd ¢ SIOK B
Teyenue 72 1. [1o OKOHUaHWU KyJBTHBUPOBAHUSI IITaH-
nretsl HeHTpudyruposanu 5 mut npu 1000 x g, 4 °C,
3aTeM yIaJisuTi HaJ[0CaIOK U B K&KIYIO JIYHKY 100aB-
s 50 mxn MTT-pearenra (Habop MTT-assay kit
(cell proliferation), Abcam). [locne KynbTHBHpOBaHHUS
B Teuenue 3 4 B ycnosusax CO,-unkybaropa K mpo-
0am nodapmsuics pactBopurens MTT. Uepes 15 mun
MpeOBIBaHMS IUIAHINIETa HA OpOUTABEHOM IIEHKEepe
CTENeHb OKpAIIMBaHUS JIYHOK PErHCTpUpOBajach C
MOMOIIIBIO TUIAHIIETHOTO pUjiepa MPU JIJTMHE BOJIHBI
590 M. VIHTEHCHBHOCTH OKpalIMBaHUs OblIa Mpo-
MOPIIMOHATbHA KOTMYECTBY KJIETOK B JTYHKaX.

IIporeHT cynpeccopHOi aKTHBHOCTH BBIYUCIISIIH
CIIEAYIOIUM 00pa3oMm:

% IUTOTOKCUYIHOCTH =

= (100 X(KOHTPOJIb - OIBIT)) / KOHTPOJIb.

ITomy4yeHnnsle pe3yabTaTsl OBUIN MPOAHATU3H-
poBaHbI U rpadUUecKH MPEICTABICHBI C TTOMOIIBIO
nporpammbl GraphPadPrizm8. J{ns ouenku gocro-
BEPHOCTH PAa3IMYHi HCIIONIH30BAIN TECT One-way
u two-way ANOVA mporpammer GraphPadPrizmS.
JlocTOBEpHOCTH pa3IM4YUil IKCIEPUMEHTAIbHBIX
JIaHHBIX TpEJCTaBJIcHA Ha PUCyHKax. /[aHHBIC Ha
rpaduKax mpeacTaBICHbI B BUJIE CPEAHETO 3HAUYCHUS
Y CTAaHIAPTHOM ONTHOKH.

Bce nccnenoBanus nmpoBOIMINCH COTIIACHO TMPO-
TOKOJYy TYMaHHOCTH, OTPOKEHHOMY B JUPEKTUBAX
EBpomneiickoro cooOmiectBa n XelbCHHKCKOH JIeKIIa-
pamum, cornacHo «lIpaBmmam mposenmenust paboT ¢
AKCIIEPUMEHTAIbHBIMH KUBOTHBIMIY.

Pesyabrarnl

B pabote ncciiemoBaHbI IPOTHBOOITYXOJIEBBIC CBOM-
CTBA AACPHBIX SPUTPONJIHBIX KJICTOK, ITOJTYYCHHBIX U3
Pa3IMYHBIX HCTOYHUKOB: U3 KJIETOK CEJIe3€HOK HOBO-
POXJICHHBIX MBIIICH, U3 KIETOK (PeTabHOW MeUYeHU
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Puc. 1. BnusiHne pa3nuuHbix koHUeHTpauuin A3K, nonyyeHHbIX
13 KINETOK CEene3eHoK HOBOPOXAEHHbIX MbILLEN, Ha nponudepa-
Lo KNeTok onyxonesblx MuHuU P815 1 L1210. KoHueHTpauus
onyxoneBsbIX knetok 1 x 10° kn/nyHka (n=8).
MpyuMeyaHus: * — pasnuums ctatucTnydecky aHadmmel (p<0,01);
*** _ pa3nuuus ctaTtucTnyeckm aHadmmel (p<0,001)

Fig. 1. The effect of different concentrations of NEC obtained
from newborn mouse spleen cells on the proliferation of P815
and L1210 tumor cell lines. Concentration of tumor cells 1 x 10°
cells/well (n=8).

Note: * — significant differences (p<0.01), *** — significant differ-
ences (p<0.001)

MBIIITHY ¥ YEJIOBEKA, U3 KJIETOK KOCTHOTO MO3Ta MBIIIEH
1 U3 CeNle3eHOK aHeMUYHBIX MbItiel. Cene3eHKa HOBO-
POXKJICHHBIX MBIIIIEH SIBJISIETCS OCHOBHBIM HCTOYHUKOM
KpPOBETBOPEHUS. BbIi€IEHHYI0 U3 CeNe3eHKH METOJIOM
«neHHuHray nonyisiuuio 9K B koHueHTpauuu 15 x
10° kn/mynka u 30 x 10° KJIETOK MOMEMIaaH B IYHKH
96-JIyHOYHOTO KYJTETYPaILHOTO IUIAHIIETA U COBMECT-
HO C KJIETKaMH JIEHKO3HBIX OITyXOJEBBIX TUHMM P815
n L1210 B xonnenTparmu 1 x 10° Ki/myHKa KyJIbTH-
BHpOBaJH B TeueHne 72 4. [lokazano 1030-3aBuCHMOE
YBEJIMYCHHE IUTOCTATHUECKOM akTUBHOCTH SIOK B OT-
HOIIIEHUH JIBYX JICHKO3HBIX TUHUM Kak P815 (>30 %),
tak 1 L1210 (>20 %) (puc. 1). Bo Bpems BHyTpHy-
TPOOHOTO pPa3BUTHA MEUYEHDb SBISIETCS OCHOBHBIM
HMCTOYHHUKOM KPOBETBOPEHHS, B €€ KJIETOUYHOM CO-
CTaBe MPeoOaAaloT KISTKH SPUTPOUIHOTO POCTKA
KpOBETBOpEHUsI, cocTaBysis 10 80 % ee KIeTOYHOro
cocrasa. /{anee B skcTieprMeHTe OBIITH HCITOTH30BAHBI
KJIeTKH (peTalibHOM TiedeHu Mbiiel 15-20 nHeii recra-
uuu (puc. 2A) UM KIETKU MEUYEeHU IJI0/ia YesloBeKa
(puc. 2B) 1012 Hex recranuu, Moy4YeHHBIC TTOCTE
MIpephIBaHUSl OEPEMEHHOCTH 10 MEIUITMHCKUM II0-
kazaHusM. Kitetku eTanbHOM neueHu Mbliei Obutn
J00aBJICHBI K OITyXOJIEBBIM KJIETKaM JIMHUHM MEJaHo-
™Mbl B16, kapunHoMsl LLC 1 coeaMHUTENBHOTKAHOM
omnyxoJseBoit auuun 1929 B kounentpanuu 15 x 10°
ki/myaka 1 30 x 10° keTok B JYHKY IJIaHIIETA.
[Tokazano n030-3aBUCHMOE, 3HAUNMOE CHHIKEHHE
niposrdeparyu 3 OIryXoJIeBbIX JIMHUH, HanOoIee BbI-
pakeHHOE MPH KOHIIEHTPAIH JOOABIEHHBIX KIETOK
B 30 X 10° uepe3 24 4 COBMECTHOTO KYJIbTHBUPOBAHUS
(puc. 2A). AHANOTHYHO MOKAa3aH J1030-3aBHCHUMBIH,
HecrienupuaecKkuii cynpeccopHbiii 3HdEeKT KIeTok
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Puc. 2. BnusHue pa3nuyHbix koHueHTpaumin ASK, nonyyeHHbIx
13 KNeTok deTanbHoN nedeHn moiwm (A) unm Yenoseka (B), Ha
nponudepaumio KNeTok onyxonesbix NuHuiA B16, L929 n LLC,
P815 1 L1210. KoHueHTpaumns onyxoneBbIX KIeTok
1 x 10° kn/nyHka (n=8).
MpumeyaHus: * — pasnuumsa ctatucTnyiecky aHadmmel (p<0,01);
*** — pa3nuuus ctaTucTudeckn aHadmmel (p<0,001)

Fig. 2. The effect of various concentrations of NEC obtained from
mouse (A) or human (B) fetal liver cells on the proliferation of
tumor cell lines B16, L929 and LLC, P815 and L1210. Concentra-
tion of tumor cells 1 x 10° cells/well (n=8).

Note: * — significant differences (p<0.01), *** — significant differ-
ences (p<0.001)
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Puc. 3. Mponudepauuns knetok onyxonesbix NMHun P815 n
L1210 B npncyTCTBUM KIETOK KOCTHOIO MO3ra MblLLEN, aKTUBUPO-
BaHHbIX B Te4eHne 48 4 pa3nnyHbIMy KOHLIEHTpauusamMu 3puTpo-

noaTuHa (n=8).
Mpumeyanns: * — pasnuumsa ctatucTnyieckn aHadmmel (p<0,01);
*** — pa3nuuus ctaTucTudeckn saHadmmel (p<0,001)

Fig. 3. Proliferation of P815 and L1210 tumor cell lines in the
presence of mouse bone marrow cells activated for 48 h
with various concentrations of erythropoietin (n=8).

Note: * — significant differences (p<0.01),

*** — significant differences (p<0.001)
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Puc. 4. BnusiHne pasnuuHbIx koHueHTpauui A3K , nony4YeHHbIX U3 ceneseHok Mblleln ¢ reMonmMTuyeckon aHemuen (A)
1 nocne KynetusupoBaHus ¢ 2,5 eg/mn AMO (B), Ha nponudepaumio KneTok onyxonesbix NuHuiA P815 n L1210 (n=8).
Mpumeyanus: * — pasnuumsa ctatucTnydecku aHadmmsl (p<0,01);

*kk

— pa3nuyus ctaTucTu4eckn aHadmmel (p<0,001)

Fig. 4. Effect of different concentrations of NEC obtained from the spleens of mice with hemolytic anemia (A) and after cultivation with
2.5 U/ml EPO (B) on the proliferation of P815 and L1210 tumor cell lines (n=8).
Note: * — significant differences (p<0.01), *** — significant differences (p<0.001)

(heTanmpHOI TeUeHN YenoBeka Ha mponudeparmto P815
n L1210 (puc. 2B). KiteTku KocTHOTO MO3ra B3pOCIIoro
opranusma cozepsxar 10 30 % KIIeTOK 3pUTPOUTHOTO
psaaa paznudHoil 3penocTty. KynbTHBHpOBaHHE UX C
spurponiodtuHoM (D110) yBenuunBaeT KOHIIEHTpa-
muro SIOK cpemn 3THX KIIETOK B HECKOJBKO pa3. B
CepUHU IKCIIEPUMEHTOB OblIa OIlEHEHa CYTpeccopHast
CIOCOOHOCTH KIJIETOK KOCTHOTO MO3Ta, MPOKYIBTHBH-
poBanHBIX ¢ D110 B Teuenue 3 cyt. KyneruBupoBanue
KJIETOK KOCTHOTO Mo3ra Mbliiel ¢ 2 ex/mit D110 Oonee
4YeM B 2 pa3a MOBBIIIAIO CYIPECCOPHYIO TPOTHBOOITY-
XOJIEBYIO aKTMBHOCTD KJIETOK KOCTHOTO MO3ra (puc. 3).
Jl1g MoATBEP K ACHUS! yUaCTHsI KJIIETOK SPUTPOUIHOTO
psina B cynpeccuu nponugepanyn KIeTOK pa3InuHbIX
OITYXOJIEBBIX JIMHUN OblJIa MMOJTydeHa MO He-
3peNbIX SPUTPOUIHBIX KJIETOK B MOJEIH WHIYLUPO-
BAHHOM IE€MOJUTUYECKOW aHEMHUU. BblieleHHbIE U3
ceneszenku Mblneir C57BL/6 MeTonoM HMO3UTHUBHOM
cenexknuu SIOK MCTONB30BaIn B AKCIIEPUMEHTE T10
BIIMSIHUIO HA TIPOIH(EPaInIO OITyXOJIEBBIX KIIETOK i1l
vitro. Mbl He 0OOHAPYKUJIH CyPeccOpHOro 3dexra
ADK, nonyyeHHBIX U3 CEIE3EHKH MBILIEH ¢ FeMOJIH-
THYeCKO anemuei (puc. 4), omHako 48 9 KyJIbTHBH-
poBanus atux 9K ¢ 2 en/mi spurponostuna (I110)
BOCCTaHABIUBAJIO UX CYIPECCOPHYIO aKTHUBHOCTb.
(puc. 4). Takum 00pa3om, MbI OATBEPAUIN HAININE
BBIPKEHHOU MPSAMOUM MPOTUBOOIYXOJIEBOM aKTHB-
HOCTH Yy HE3PEJBbIX KIETOK 3PUTPOUTHOTO Psaa Kak
B OTHOILECHUU KJIETOK JICHKO3HBIX JIMHUHU, TaK U B
OTHOIIIEHUHU KJIETOK CONUAHBIX omyxoiueil. Cympec-
copubIid 3ddexT ObuT HecnenupUIeH, MOCKOIbKY
pPETHCTPUPOBAIICA B OTHOUIECHUH KJIETOYHBIX JIMHUAN
pPA3HOTO TalyIoTUIIa U HEe ObUI PECTPUKTUPOBAH T10
HLA. Hecniennu4HOCTH CynpeccOpHOro JeHCTBUS
ADK no3poauia npeanonoKuTh HaITuIue ryMopaib-
HOHM COCTaBIISIIOIICH TPOTHBOOITYXOJIEBOTO 3 deKTa
SAOK. Ilokazana 1030-3aBUCHMast CYIIpECCOpHAs ak-
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TUBHOCTH KaK CyIIepHATaHTa, TIOJy9E€HHOTO OT YUCTOM
KyJBTYPBI SEPHBIX )PUTPOUIHBIX KIETOK, TaK M OT Cy-
MIEPHATaHTAa, ITOJyYE€HHOT0 OT 24 4 KyJIbTUBHUPOBAHUSA
KJIIETOK (peTanbHOM niedeHu MbIiu (tadi. 1, 2) . Takum
00pa30oM, B HallTNX SKCIIEPUMEHTaX IMOKa3aHa MpsiMast
Hecrnenuduueckas CyrpeccopHasi MPOTHBOOITYX0JIe-
Basi akTUBHOCTH SIOK, MmomydeHHBIX M3 pa3iudHbBIX
HCTOYHUKOB. DTa CYIpeccHsl OTTOCPE0BaHa pacTBO-
PUMBIMU TIPOYKTAMU CaMHUX KIIETOK.

Oo6cy:xneHue

Takum 00pazoM, MOTydeHHBIE PE3yJabTaThl CBH-
JIeTENbCTBYIOT, MPEXKIE BCETro, 0 ToM, uTo ADK,
MOJTyYeHHBIE U3 dYMOPHOHAIBHON MEUEeHU MBIIIeH H
YeJI0BEKa, U3 CEJIe3€HKH HOBOPOXKIEHHBIX MBIIIECH
U KUBOTHBIX, 00pa0OTaHHBIX ()EHUITHAPAZHHOM,
OKa3bIBAIOT MPSMOIM MUTOCTATHUYECKUI 3PPeKT Ha
OTIYXOJIEBBIE KJIETKH PA3TUYHOTO IPOUCXOKICHHUS.
[Ipu sToM cremyer 0cob0 MOAYEPKHYTh, YTO ITUTO-
crarudeckue dPQPEeKTh IPUTPOOIACTOB PA3ITUIHOTO
TKAQHEBOTO MPOUCXOXKACHUSI PETUCTPUPOBAINCH MIPU
MOJTHOM OTCYTCTBUHU KJIETOK-TIPO]ECCHOHATBHBIX
YOWII] OITyXOJIEBBIX KIIETOK, TakuX kak NK kierkw,
Makpodaru, urorokcudeckue CD8+ nmumMbonuTe
[8]. 'oBOpst 0 BO3MOXKHBIX MeXaHHU3Max dPdeKTa
SDK, mpexne Bcero, MOKHO ObLIIO OBl ymMaTb 00
Y9aCTHH B TIPOIECCE IMUTOKWHOB, TIPOAYIIUPYEMBIX
ITHMH KJIETKAMH, TAKHX KaK dPUTPOUIHBINA audde-
peruupoBounsiii peryisitop (Erdrl) [9, 10], UJI-10,
TGF-f u IFN-a [3, 9]. OTu UUTOKUHBI 00IATAOT
MTPOTHBOOITYXOJIEBBIM dPPEKTOM, TOPMO3S POCT OITy-
XOJIEBBIX KJIETOK IPH OTIPEIEIICHHBIX YCIOBHIX U Ha
OTIpeJIeIEHHON CTaInu pa3BUTHUS OITyXonH. [Tpn nHbIX
cutyanusx, nabix ycnosusix 1 TGF-B, u TNF-a moryT
CIOCOOCTBOBATh BEKUBAHUIO OITYXOJIEBBIX KJIETOK H
WX aKTHBHOMY POCTY, CyNPECCUPYS MPOTHBOOITYXO-
neBble T-knetounsie peakiuu [3, 11]. [Tokazano, uro
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Ta6nuua 1/Table 1

BnusiHne apuTponaHOro cynepHaraHTta, nony4yeHHoro ot 19K aHeMUYHbIX Mbilwen, Ha nponudepaunio
onyxonesbix nuHui P815 n L1210, BbipaxkeHHoe B % cynpeccopHOn akTUBHOCTM (n=8)

Effect of erythroid supernatant obtained from NEC of anemic mice on the proliferation of P815 and L1210
tumor lines, expressed as % suppressor activity (n=8)

Cynepnarant/ Supernatant, % 7,5
P815 5,0+2,7
L1210 4,0+3,5

15 30
40,0 + 4,3 47,0+2,1°
18,0+ 1,6 27,0+ 1,8

Ipumevanus: * — pa3nuuus crarucTuyecku 3Ha9uMsbl (p<0,01); ** — pasnuuns craructidecku 3HagnMbl (p<0,001).

Note: * — significant differences (p<0.01), ** — significant differences (p<0.001).

Tabnuua 2/Table 2

Bnusinme apuTpomaHOro cynepHataHTa, Mony4eHHOro ot 24 4 KynbTMBUPOBaHUA KNeToK heTanbHON
neyYeHu Mbiwen, Ha nponudepaumto onyxonesbix NuHUA B16 , L929 u LLC , BbipaxeHHoe B %
CynpeccopHoOMr aKTMBHOCTM (n=8)

Effect of erythroid supernatant obtained from 24-hour cultivation of mouse fetal liver cells on the prolifera-
tion of B16, L929 and LLC tumor lines, expressed as % suppressor activity (n=8)

CynepHnarant/ Supernatant, % 30 50
Bl6 21,0+2,4 41,0 £ 1,5%*
L929 11,0+ 3,5 33,0+ 1,8"
LLC 12,0+ 2,6 31,0£2,1"

Tpumeuanue: * — paznuuus craructuyecku 3Ha4nMbl (p<0,01), ** — paznuuns crarucruyecku 3HauuMsl (p<0,005).

Note: * — significant differences (p<0.01), ** — significant differences (p<0.005).

SPUTPOUIHBIE KIETKH IKCIIPECCHPYIOT MOJICKYITBI HE
kinaccuueckoro HLA-G knacca I. UmeroTcst naHHbIE
00 nurubupytomem prnusHun 3tux HLA-G monexyn
Ha akTUBHOCTh NK KJI€TOK M HUTOTOKCHYECKHUX
T-nmumdonuToB, a Tarxoke Ha nponudepannto T-KneTok
[12—14]. MoxxHO OpeANOIOKUTh, YTO B HAIIMX IKC-
MIEPUMEHTAX ATH K€ MOJIEKYIIbI OKa3bIBAIOT ITUTOCTA-
TUYECKUH d(PEKT U Ha OITyXoJieBbIe KIeTKU. Henb3s
HCKJIFOYMTD, UTO 3TO €I1l€ OJMH BO3MOXKHBIH MEXaHU3M
uuroctatuueckoro aeiicteus A9K. Jlanuble nurepa-
TYphl CBUAETEIHCTBYIOT O TOM, YTO DPHUTPOHIHBIC
KIIETKH SKCIPECCHPYIOT (epMEHT apruHaszy-2 C Io-
CIIEYIOIUM CHWKEHUEM B OKPYKEHUHU COepKaHUA
apTMHUHA, YTO HETATHBHO CKa3bIBACTCS HA AKTUBHOCTH
MMMYHOKOMITETEHTHBIX KIIETOK [15, 16]. YuureiBas
JTAHHBIE O TOM, YTO OITyXOJIEBBIE KIIETKH HCTIONB3YIOT
JUIS. BHYTPUKJIETOUHBIX IeJIell BHEKJIETOUHBIH apru-
HUH, MOXHO JTyMaTh, 4YTO QpTHHHH TaK)Xe HEOOXO UM
JUTS )KU3HEESTETbHOCTH OITyXOJIEBBIX KIETOK, U IPH
HEJIOCTAaTOYHOM TIOCTYIUICHHH €TO B OIyXOJIEBBIC
KJIETKH TposddepaTuBHasi aKTUBHOCTD TOCIIETHIX
camwxkaercst. 00 3ToM 3 dexre apruHruHA CBUICTENb-
CTBYIOT JIaHHBIE O 3HAYUTEIHLHOM MOAABICHUH POCTa
OITYXOJIM B YCJIOBHSX €TO CHI)KEHHOTO COZIEpIKaHUS
B Cpe/le, OKPYKAIOIIEH OIlyXOJIeBbIE KIIETKH. boiee
TOTO, TIOAXO/l, OCHOBaHHBIN HA YBEJINYEHUH YPOBHS
MeTaboIr3Ma apruHuHA, YCIEIIHO UCTIONIbh3yeTCs B
MIPOTUBOOTMYX0JIeBOM Teparmw 17, 18].

C ypoBHeM 3kcmpeccun apruHaspi-2 Ha 0K,
BO3MOXKHO, CBSI3aHBI HAllld AaHHBIE 00 OTCYTCTBHHU
nurocTaruueckoro agdexra y 5K, momydeHHbIX OT
B3POCITBIX MBITIIEH, 00paOb0TaHHBIX (PCHIUTHAPAZHHOM.
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Bouto nokazano, uro CD71+TER 119+ spurpobaactst
OT B3POCIBIX AHEMUUHBIX MBIIICH HE 00Jafal0T UM-
MYHOCYTIPECCOPHOHM aKTHMBHOCTHIO Ha (hoHE pe3ko
CHIDKEHHOMW 3KCTIPECCHH apruHa3bl-2 B KieTkax [15].
MosKHO tymath, 4T0 00padOTKa 3pUTPOIIOITHHOM PH-
TPOOIACTOB CTUMYIIUPYET IKCHPECCHIO aPTrHHA3bI-2,
peBepcupysl y HUX CIIOCOOHOCTbH OKa3bIBaTh LINTOCTA-
THYecKUi 3()(EKT Ha POCT OITYyXOJIEBBIX KIIECTOK.

Henp3s MCKIIOYUTH BO3MOXKHOE y4acTHe B IH-
ToctatnueckoM 3¢dexre K B oTHOmIEHUH OITy-
XOJIEBBIX KJIeTOK Oenmka plSE — mpomykra rena env,
KOHTPOJIMPYIOIIETO CHHTE3 000JI0YEYHBIX OEJIKOB
Bupyca. [lo kpaiineit Mmepe, ObIJIO TOKa3aHO, YTO 00-
paboTKa 3PUTPOUAHBIX KJIETOK aHTUTENaMH MPOTUB
oenka pl5SE oTMeHsIa UX CITOCOOHOCTH MOIABIISATH
nposudeparuro Jumpouutos [19].

MoskHo cormacutbesi ¢ MHeHHeM S. Elahi o Bo3-
MOXHOW HMMYHOCYTIPECCUBHOH POJIM PUTPOOIACTOB
B Ha4aJIbHBIN IEPHOJ] OHTOTEHE3a, KOTOPast 3aKJIr04a-
€Tcs B [10JIaBJICHUH BO3MOYKHOM Ype3MEpPHOM peakiiuu
MMMYHHOH CHCTEMBbI BOCHAIUTEIBHOTO XapaKkTepa Ha
NOCTYTJIEHUE B OPraHW3M MHOXECTBAa MHKPOOpTra-
HU3MOB uepe3 kuieyHuk [20]. JanHble, NoayUYeHHbIe
J. Michaelsson et al., cBUACTENHCTBYIOT 00 aKTHB-
HocTH Y aMOpronoB CD4+CD25high Treg, koTopsie
TaKe HECYT OTBETCTBEHHOCTB 32 MO/IaBIICHUE aKTUB-
HocTH T-KIeTok aexTopoB y amOpronoB [21]. Uc-
XOJSl U3 9TOTO, MOJKHO IPEAIIOI0KUTh, YTO BO BPEMs
SMOPHOHAIBHOTO TIeproJa pa3BUTHUs,HOPMHUPYETCS
COZIPY’KECTBO 2 MOIMYJISALUHI KIIETOK C HIMMYHOCYTIPEC-
cuBHOM akTUBHOCTHIO — SIOK u Treg knetok. MoxHO
HPEII0JIOKNTh, YTO TAKOW JKECTKHH KOHTPOJb 3a
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aKTHUBHOCTBIO T-KIeTOK-3()PeKTOpoB HEOOXOTUM
JUTs1 IPEIOTBpAlLCHUs Majleiield BO3MOKHOM aKTHB-
HOCTH 3THX KJIETOK IIPOTHB COOCTBEHHBIX aHTUTECHOB
C LIEJTBIO OTITUMAJTILHOTO PAa3BUTHUS TKAHEH U OPraHoB
C UX OPUTMHAJIBHBIMA aHTUTCHHBIMU XapaKTEPUCTH-
kamu. CrefoBaTenbHO, CYyIpPEecCOpHas aKTMBHOCTh
PUTPOUIHBIX KJIETOK U Treg moJaBisieT BO3MOXKHOE
pasBuTHE y SMOPHOHOB ayTOMMMYHHOMW TATOJOTHH.
C apyroi#i cTopoHbl, 4T0OBl HE (GOPMHUPOBAINUCH
OIyXOJIEBbIC MpOIeCcChl Ha (OHE MOAABICHHOHN ak-
TUBHOCTH T-KIIeToK 3 (HeKTOpoB, ¥ IPUTPOOIACTOB
(hopmupyeTcst CiocOOHOCTh IIPOTHBOCTOSTH PA3BUTHIO
OITyXO0JIEBOTO Mporiecca. Eciu npuHsATH BO BHUMaHKE
TOT (haKT, YTO BO BpEeMsi SIMOPHOHAILHOTO Pa3BUTHUS
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AHHOTaUuA

Llenb nccnepnoBaHus — CKPUHMHT OTOBPaHHbLIX HamMK paHee nHIMbuTopos DDIT4 no cnocoBGHOCTM NoaaBnsaTL
6asarnbHyto 1 rMIOKOKOPTUKONA-MHAYLIMPOBAHHYH 3KCMPECCHI0 JAaHHOTO reHa B KNeTKax paka MOMOYHOW Xenesbl
(PM2X), a Takke oLeHKa aHTUNPONMdEPaTUBHbBIX U LIMTOTOKCUYECKNX 3 EKTOB UCCNEAYEMbIX KOMOMHaLMIA
npenapatos. MaTtepuan n metoabl. B uccnegosaHum ncnonb3oBaHbl knetkn PMXK ntomuHansHoro, HER2-
MOMOXNTENbHOTO U TPOWHOIO HeraTMBHOro noaTunos. Metogamu konuyecteeHHow MNLP n BectepH-6nottuHra
ObINO OLIEHEHO BNMsIHWE MpenapaToB (panaMuumHa, BopTMaHHuHa, LY-294002, anureHnHa, peceepartpona,
KypkymnHa, CGP-60474 n ameTnHa) Ha 6a3anbHbli U MHAYLMPOBAHHbIV TMHOKOKOPTMKOMAAMU YPOBEHb 3KC-
npeccun reHa DDIT4 v ero 6enkoBoro npoaykta. PesynbTatbl. Hanbonee ahdekTMBHEIMM MHIMOUTOPaMu
DDIT4 okasanucb pBOTHOE CPEACTBO SMETUH, MHIMOUTOP npoTenHkMHasbl C CGP-60474 n moaynsatopsbl
curHanbHoro nyTn PI3K/Akt/mTOR panamMuumH, BOpTMaHHMH 1 LY-294002. B OTHOLLEHUW KNETOYHbIX TIMHUIA
PM>X 6bInv npogeMOHCTPMpOBaHbI LIUTOTOKCUYEeCkue adhdeKTbl 1 aHTUNponudgepaTnBHas akTMBHOCTb KOM-
OUHaLMIA rMKOKOPTUKOMAA AeKcaMeTa3oHa C NPOTUBOPBOTHLIM COEAVHEHVMEM 3METUHOM, UHIMOUTOPOM
npoTtenHknHasbl C CGP-60474, a Takke (OUTOHYTPUEHTAMM PECBEPATPOSIOM U KYPKYMUHOM. 3aKItoUYeHue.
BbisiBNEeHbI HOBbIE MHIMOUTOPBI Kak 6a3anbHOro, Tak 1 rMKOKOPTUKOUA-MHAYLMPOBaHHOIO YPOBHS Gernka u
MPHK reHa DDIT4 B kneTouHbix Mmogensx PMXK in vitro. Mo ntoram pabotbl ameTuH n CGP-60474 sensitotcs
Hanbonee NepcneKkTUBHBIMM NpenapaTaMu AN AanbHenLWwmnX NCCreaoBaHUi.

KnioueBble crnoBa: rMOKOKOPTUKOUADI, FIHOKOKOPTUKOUAHbLIA PELIENTOP, pak MOJfIo4HOM Xene3bl, DDIT4,
KOMGUHMUpPOBAHHAsA XUMMOTEPanusi, 3KCNPECCUsI FTEHOB.
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IN VITRO SCREENING OF EFFECTIVENESS
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INHIBITORS FOR BREAST CANCER CELL LINES
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Abstract

Objective: screening of previously selected DDIT4 inhibitors by their ability to suppress basal and
glucocorticoid-induced expression of this gene in breast cancer (BC) cells, as well as evaluation of
antiproliferative and cytotoxic effects of the studied drug combinations the antiproliferative and proapoptotic
effects of studied drug combinations. Material and Methods. Breast cancer cells of the luminal, HER2-
positive and triple negative subtypes were used. The effects of drugs (rapamycin, wortmannin, LY-294002,
apigenin, resveratrol, curcumin, CGP-60474, and emetine) on the basal and glucocorticoid-induced levels of
expression of the DDIT4 gene and its protein product were evaluated by qPCR and Western blotting assays.
Results. Emetine, rapamycin, wortmannin, LY-294002 and CGP-60474 demonstrated DDIT4-inhibition
activity. Glucocorticoid dexamethasone showed cytotoxic effects and antiproliferative activity in combination
with emetine, CGP-60474 (C protein kinase inhibitor), resveratrol and curcumin. Conclusion. Novel inhibitors
of DDIT4 in breast cancer model cells in vitro were found. Emetine and CGP-60474 are the most promising

drugs for further research.

Key words: glucocorticoid, glucocorticoid receptor, breast cancer, DD/T4, combination therapy, gene

expression

Beenenue

I'moxoxoptukonnsl (GC) MpUMEHSIOT B KIUHU-
4yeckol Tpaktuke yxe oonee 50 set. Llurorokcuue-
ckoe neiicteue GC Ha KJIETKH MMMYHHOH CHCTEMBI
00yCJIOBIIMBAET UX MPUMEHEHHUE B JICICHUH OITyXOJIeH
KpOBETBOPHOU cucTeMsl [ 1, 2]. [Ipu Tepanuu comua-
HBIX OIYXO0JIeH, B YaCTHOCTH paKa MOJIOYHOM KeJIe3bl
(PMX), GC npuMeHSIOT B KaueCTBe aIblOBaHTa IS
pacIIpeHus] TepareBTHYeCKOr0 HHTEPBaia OCHOB-
HOTO IUTOTOKCHYECKOTO TIpemnapara U CHUKEHUS
1mo004HbIX 3 dekToB xumuorepanuu [1]. OgHako
npu anutensHoM npuMeHeHnn GC BBI3BIBAIOT pas-
BUTHE CEPbE3HBIX TOOOYHBIX F3P(PEKTOB, B YACTHOCTU
ACeNTHYECKUI OCTEOHEKPO3, AMAOET, MBIIICYHYIO
aTpoduro, METa0OIMUECKHE OCIOKHEHUS U Ap. [3].
Kpowme Toro, B 3aBucumoctu ot nonruna PMXK, GC
MOTYT 3HAUUTEIBHO CIIOCOOCTBOBATH MPOTPECCUPO-
BaHMIO oIyxonu [2, 4].

3a mocneaHee ASCATHICTHE OBLT MPEATIOKEH PST
MIOJIXO/IOB 10 PacCIIUPEHUIO TepareBTHUECKOTO WH-
tepBaa GC O1aronapst OJHOBPEMEHHOMY CHIKEHHIO

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2022; 21(3): 50-60

X 10004YHBIX 3¢ dekroB. OMHUM U3 TAKHX ITOJIXO-
J0B sBysiercs ucnonpzopanue GC B KoMOMHALUM C
npernaparaMu, criocCOOHBIMU TIOIaBUTh DKCIIPECCUIO
TeHOB, OTBEYAIOUINX 33 Pa3BUTHE MOOOYHBIX 3(-
¢dexroB GC. B psane nccnenoBanuii ObIJIO MOKa3aHO,
yto npu geiictBun GC B TKaHIX, YyBCTBUTEIBHBIX K
CTEPOU-UHYIIUPOBAHHON aTpoduu, HaOIOAaeTCs
noBbimienue sxcnpeccun DDIT4 (RTP801/Dig2/
DDIT4), xoHCepBaTUBHOTO MHYLTUPYEMOTO CTPECCOM
uaruouropa mTOR [5, 6].

B psine nccnenoBanmii Op110 yCTaHOBJIEHO, YTO TIO-
BbIIIIeHHE YpoBHs 3kcipeccur DDIT4 acconmmpoBano
¢ 6ornee OBICTPHIM IPOTPECCUPOBAHUEM OITYXOJIH, UTO
JIeNIaeT ero HHTEPECHBIM OOBEKTOM HCCIICAOBAHUN B
Ka4eCcTBE BO3MOXKHOTO MPOTHOCTHYECKOTO MapKepa
MIPH psi/Ie 3710Ka9eCTBEHHBIX HOBOOOpazoBanuii (3HO)
[7]. ITpu stom pons DDIT4 B nporpeccupoBanuu u
tepanuu PMOK u3yyeHa He1oCTaTouHO, a JaHHbBIE OITy-
OJIMKOBAHHBIX CCIICIOBAHUM BECbMa IPOTUBOPEUHBE.
[ToxazaHo, uto noBsIIIeHHE dKcpeccuu DDIT4 mocie
WCIOJIb30BAHUS OTJENIBHBIX XMMHUONPENapaToB Kop-
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peIupyeT Co CHUKEHUEM KHU3HECTIOCOOHOCTH KIIETOK
PMX [8]. bonee toro, mpu HER2-nonoxxurenbHoM
u tpoitHoMm HeratuBHOM (TH) PMOX mpommdepars
OITyXOJIEBBIX KJIETOK B YCJIIOBHSIX TMITOKCHH BO3MOXKHA
3a CYET TUIEPAKTUBAIUMU cUrHaIbHOro myTd mTOR
npu uHruOuposanun DDIT4 [9]. Onnako B mpyrux
HccleoBaHnAX Oblia MoKa3aHa B3aUMOCBS3b IO-
BhIieHus: dkcnpeccud DDIT4 ¢ HeGnaronpusTHBIM
nporuno3om mipu TH PMIK [10]. 1o Bceit BugumocTH,
naruoupoBanue DDIT4 npuBoauT K HEOAWHAKOBEIM
nocneacTeusM npu PMOK pa3inu4HbIX MOATUIIOB.

Jannas pabGoTa MocCBsIIeHa aHATU3Y JIEHCTBHS
psna uaruoutopoB DDIT4 na knerku PMX pazubix
TIOJITUIIOB C LIEJIbI0 BBISIBIICHUS COCTUHEHUN, TTPOSIB-
JISFOUINX HAauOONIBIIyI0 3((PEeKTHBHOCTH Kak IO TO-
JABIICHHIO SKCIIPECCHH TaHHOTO TeHa U €ro OEIKOBOTO
MPOIYKTA, TAK U MO MOAABICHUIO )KU3HECTIOCOOHOCTH
OITyXOJIEBBIX KJIETOK.

Leap uccaenoBanus — CKpUHUHT OTOOPaHHBIX
Hamu panee narnoutopos DDIT4 mo cnoco6Ho-
CTH MOJAABIATH 0a3aJIbHYI0 U TIIOKOKOPTUKOU -
MHAYIUPOBAHHYIO HKCIPECCHIO JAHHOTO I'€Ha B
KJIeTKax paka mMojo4Hoi xkene3sl (PMX), a Takxe
OIIeHKa aHTHUIIPOIH(PEPATUBHBIX ¥ IUTOTOKCUYIECKUX
3¢ (eKTOB UCCIIEeyEeMbIX KOMOUHAIU MTPEapaToB.

Br10op coeaunenmii

Ha ocHoBannu 6monH()OpMaTHIECKOTO CKPUHNH-
ra, IPOBEIEHHOTO B COTPYJHUYECTBE C Jaboparo-
pusimu U.B. Bynynosoii (Northwestern University,
Yukaro, CIIA) n Jx.T. Jlamma (rocnurans MayHT-
Cunaii, Hpro-Uopk, CIIIA) ¢ mcnonb30BaHUEM
AHAJIMTUYECKON CHCTEMBI «KapThl B3aUMOJIEHCTBHS
(ConnectivityMap, CMap) u3 iekapCTBEHHBIX Ipera-
PaToB pa3In4HBIX KI1aCCOB, OAOOPEHHBIX YIIPABICHH-
€M I10 CAHUTapHOMY HaJ130py 3a KaueCTBOM IHIIEBIX
npoayktoB u MeaukamentoB (FDA), Obutu ompene-
nenbl 1 300 moTeHnmansHbIXx HHrHOUTOpOoB DDIT4
[11, 12]. Ans 5 u3 Hux OblIa IPOJEMOHCTPUPOBAHA
ycnemHocTs npumeneHust GC B koMOMHAIMK C WH-
ruduropamu dkcripeccuu DDIT4 ¢ 1ienpio CHIKEHUS
ux nmodoyHoro neicteus npu tepanuu 3HO kposer-
BOpHOI1 cucteMbl. Ha Mozensix neiiko30B u auMpom in
Vitro OBUI ITOKa3aH CUHEPTU3M IPOTUBOOITYXO0JIEBOTO
nercTBus pu komonanpoBaHuu ¢ GC 111 BOopTMaH-
HuHa, LY-294002 u AZD-8055. JlaHHBIC COSTUHCHHUS,
a TaKke MPOTHBOIIPOTO30i{HOE M PBOTHOE CPENICTBO
SMETUH U uHruourop nporeunkunassl C CGP-60474
MOABIAOT 0a3anbHyI0 1 GC-WHAYITUPOBAHHYO IKC-
npeccun rena DDIT4 B knetounsix muHusIx CEM u
Granta [11, 13].

CpaBHuB OronH(pOpMaTHYECKHE JaHHBIE O TOTEH-
LUaJIbHOM aKTUBHOCTH BELIECTB B OTHOILICHUH KJIETOK
PMX, a Taxxe 1aHHbI€, MOTYUYEHHbIE HA IMHUAX OITY-
X0Jiel KpoBeTBOpHOU cucTeMsl [ 11, 13], MbI oToOpau
JUTs AaTIbHENIIIET0 UCCIIEA0BAHUA i1 Vitro 8 pa3lMuuHbIX
[0 CTPYKTYype M (U3MKO-XMMHYECKUM CBOHCTBAM
COEIMHEHUMH: pacTUTEIbHbIC OIU(EHOIIBI KyPKYMUH,
pecBepaTpoI ¥ allureHUH, MOLYSTOPHI CUTHAJILHOTO
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nytu PI3K/Akt/mTOR LY-294002, panamMuuud u
BOPTMAHHMH, a TaKXXe PBOTHOE CPEICTBO AMETHH U
uHrnouTOop nporennkuHazsl C CGP-60474.

CoenuHeHUs TPYNIbI TPUPOIHBIX MOIH(EHOTIOB
(KypKyMUH, pecBepaTpos] U alUreHHH) 00JIagaioT
pasHooOpa3HO OMOIOTHYECKOH aKTHBHOCTHIO. OHH
JIEHCTBYIOT KaK aKIENTOPBl CBOOOTHBIX PaIUKaJIOB
U aHTHOKCHJAHTBHI, MPOSBISAS aHTUMyTareHHOE U
MIPOTUBOBOCTIANUTENbHOE AeiicTue [ 14—20]. U3yuae-
MbI€ MTOTUGEHONIBI 001aAal0T aHTUKAHLIEPOT€HHBIM
adexrom B orHomenuu 3HO, a Takke oOmamaroT
AHTUTIPONTU(EPATUBHBIM ACUCTBHEM Ha OITyXOJICBBIC
kietku [21-23]. Taxke mokazaHo, 4TO pecBepaTpo
o0llajjaeT XpOMaTHH-MOIYIHPYROIIUM 3 PeKTOM
1 CIIOCOOCH aKTUBHPOBATH MHTEP(HEPOHOBHIN CHT-
HAJMHT B KJETKaX, KyIbTUBUPYEMBIX in vitro [24].
OMeTHH, H30XWHOJINH PACTUTEILHOTO MPOUCXOKIC-
HUS, 00MagaeT NPOTUBOIPOTO30WHBIM JICHCTBUEM,
HIPOTUBOBUPYCHOH aKTHBHOCTBIO, & TAK)KE MPOTUBO-
BOCHAINTENIbHBIM 3()(HEKTOM 33 CUET UHIMOUPOBAHHMS
NF-kB [25]. OMeTHH ycuIuBaeT 4yBCTBUTEIHHOCTD
KJIETOK paKa AMYHUKA K [IUCIUIATHHY [26], MHAYLUpYeT
aronTo3, CHWXAeT Npoiudepanno u MeTacTarnie-
CKYI0 aKTHBHOCTH KieTok PMIXK [27]. Murudurop
nporeunkuHazel C CGP-60474 saBnsercs: ABOMHBIM
MHTMOUTOPOM IMKIMH3aBUCUMBIX KuHa3 cdkl/cdk2
U 3aIyCKaeT o0paTUMYI0 OCTAHOBKY KJIETOUYHOIO
nukia B G1/S dazax [28]. PamamuninH, BOpTMaHHUH
u LY-294002, HecMoTpst Ha OOJIbIINE CTPYKTYPHBIC
pasnuyms, UMEIOT CXOKUe OMonornyeckue QyHKIUH
U BXoaAT B rpynmy uaruouropos Akt/PI3K/mTOR.
brino mokazano, uto mTOR perymupyet mporeacom-
Hyto nerpaganuio DDIT4 u yto uaruouropst mTOR
u PI3K camxaror nepuoa nonyxusau oenka DDIT4
B KEPaTUHOUUTAX i1 Vifro U B AIUAECPMUCE MbILIEH in
vivo [11].

MarepuaJj u MeTOABI

KrneTtounble TMHUN aAeHOKAapPLUUHOMBI YeJIOBEKa
KyJIBTUBHAPOBAJH B cTaHAapTHOH cpene DMEM (ms
MCF-7 u MDA-MB-231) unu RPMI 1640 (nns
HCC-1954), conepxamreii 10 % sMOpuoHanbHYIO
CBIBOPOTKY TelsT, 2 MM L-rmyTaMuH, NeHUIWIINH
(50 en/mur) u crpenromunuH (50 en/mn) (Bce —
«ITanDxo», Poccns) mpu 37 °C B armocdepe 5 % CO,.

B kynberypanbHyo cpey BHOCHIN HOTEHIMAJIbHbIE
UHruouTOPHI B KOoHeHTpanuu 0,1 MkM (armureHuH,
pecBeparpoi, KypkymuH), 10 HM (panamunuH, Bop-
t™aHHuH, LY-294002), 1 M (CGP-60474, smetun)
n nexcameTasoH (100 HM) u nakyOupoBam 24 4. B
JKCIIEPUMEHTAX 10 NCCIIEJOBAaHUIO COBMECTHOTIO JIeii-
ctBus npernaparoB 1 GC 06paboTKy JieKcaMeTa30HOM
NPOBOAWIIHN Tocie 4 4 UHKYOAH ¢ HHTHOUTOPaMH.
OnTumanpHas cxemMa 00padOTKH KJIETOK ObLIa OTpa-
OoraHa HaMu paHee: ¢ momonsio MTT-tecta OpuTH
1o100paHbl MUHUMAaJIbHbIC HETOKCUYHBIE KOHIIEHTPa-
uu Bertects (IC80-90), B mUI0THOM SKCTIEpUMEHTE
¢ HanOoJee aKTUBHBIM COCIUHEHUEM pariaMUIIMHOM
ONITHMAaJILHBIM BpeMEHEM IMPenoOpadOTKH KICTOK
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Ta6nuua 1/Table 1

MNocnepoBaTtenbHocTK npaimepoB ans qPCR
gPCR primers

IMocnenoBarensHOCTH MpaiiMepos 5°-3'/Primer sequences 5°-3'

I'en/Gene .
IIpsmoit npaiimep/Forward primer
RPLPO ccttetectttgggetggteateca
DDIT4 tagcctttgggaccgcettetegt

PMX nns perucrpauuu narnouposanus DDIT4
siBisIcs 4-uyacoBoi untepnai [29].

AHTHTIpONU(EpaTHBHOE ACHCTBUE BEIIECTB OTpe-
TSI METOIOM TIPSIMOTO TTo/IcueTa KireTok. KieTkun
paccakuBaiy B 24-TyHOYHBIE TUTAHIIETHI (1o 1 wmu,
25 000 xi1/mut) 1 00pabaThIBaIK, KaK OIMUCAHO BHIIIIE.
[ToxcueT KJIETOK MPOBOAUIM Ha aBTOMATHYECKOM
cuetunke kieTok (BioRad, CIIIA) ¢ uckimoueHneM
TPHUITAHOBBIM cHHUM dYepe3 24 1 u 120 4 mocne BHe-
CEHUs IIEPBO J103bI MIPENaparoB.

Becmepn-onommumne. Knerku paccaxusaiu o 1 mi,
1 MyH KII/MJI 1 00pabaThIBaliv, KaK OMUCAHO BBIIIE.
Kiretxku nmpomeiBasii PBS. JIn3uc Ki1eToK IpoBOIHIIN B
oydepe RIPA ¢ no6aBieHreM HHIHOUTOPA TPOTCHHA3
(Sigma-Aldrich). Jluzar otnensian neHTpUPyrupo-
BaHUEM. beKu pa3fensim MeToIOM BEPTUKAIBHOTO
anektpodopesa B 10 % monmmaxpumaMuIHOM TeJe B
Tris-muiuHoBOM Oydepe ¢ 1 % SDS. Ilepenoc Ha mo-
TUBUHMIMAEH(TOpUAHYI0 MeMOpany (mopbl 0,22 MKM)
OCYIIECTBIISLIM MOKPBIM criocoOoom. s mpenot-
BpaIleHHUsI HeCTICITU(UICSCKOW COpOIIMT MEMOpPaHBI
WHKYOHpoBanu B pactBope 5 % 00e3KUpPEHHOIO
Mosioka B PBS, 3areM mpoBoauiu ruOpuan3anuo
¢ nepBuuHbIMU anTuTenamMu Kk DDIT4 (25168, Cell
Signaling Technology). Jlns HOpManmu3anuu moiy-
YaeMBbIX JJAHHBIX IPOBOIMIIA THOPHTU3AIIHIO C aHTH-
TEJIaMU K DIUIEepasbIeru-3-pocdaraeruaporeHase
(GAPDH) (ab181602, Abcam). J/lanee npoBoauiu
THOPUAM3AIINIO C BTOPHYHBIME aHTHTeNamu (ab97051,
Abcam). benku mposBiIAIN TIpU TTOMOIIH Habopa
Clarity™ Western ECL Substrate (BioRad, CIIA).
KonnyecTBeHHBIN aHaIM3 TPOBOIWIICS C UCIIONB30-
BaHUEM JeHcuTOMeTpuH Ha mpubdope ImageQuant TL
(General Electric, CIIIA).

Konuuecmesennas I[P (gPCR). Toransayto PHK
BBIACTSIIN (DEHONI-XIT0POQOPMHON IKCTPAKIHUEH.
Jna ynanenus zarpsizHenust resomHoit JJHK u uc-
KJIfoueHus1 kKoHTamMuHarmi mpu TP mpoogwmm 06-
pabotky nomydeHabrx oopazmnoB PHK JIHKaza I (RQI
RNase-Free DNase, Promega). [y momyuenus k/IHK
MIPOBOAMIIM PEAKIIUIO 0OPAaTHON TPAHCKPHUITLIMH C UC-
MOJTb30BaHNEM KoMMepdeckoro Habopa («CuHTOm,
Poccust) mo mpoTokoy mpousBomuTersi. B peakimio
Q-PCR 6painu 50 ur k/IHK 1 mo 500 1M oOparHoro u
psMOro npaiiMepoB (Tadm. 1). AMmumdukanmio npo-
BOIIWIIA B cieaytomeM pexxume: 95 °C, 10 muH (95 °C,
15¢;72°C, 30c, 60 °C, 30 c¢) — 45 nuxios. Komne-
ctBo [ILIP-npoaykToB olleHUBaIN 110 (IIyOpPECICH-
uun kpacuresss EVA GREEN («Cunton», Poccust) u
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Oo6partHblii npaiimep/Reverse primer
cagacactggcaacattgcggacac

caggtaagccgtgtcttectccg

HOpManu3oBanu orHocuTenbHO IIP-ipogykra rena
pubocomuoro Oenka RPLP(O. OTHOCHTENbHOE H3Me-
Henue sxcnpeccuu MPHK Beraucstmn meromom AACH,
rae AACt onpenensny myTeM BBIYUTAHHUS CPEIHETOo
3HaueHuss ACt (IIMKJ perucTpanuu MaKCUMallbHOMN
MHTEHCUBHOCTH (uIyopecueHlun) KoHTpoist u3 ACt
IUIS1 SKCIIEPUMEHTAJIbHBIX 00pas31oB.

Bce skcnieprMeHTHI BBITTOIHEHBI B 3—5 MOBTOpPax.
CpenHue 3Ha4eHUs M CPEAHEKBaJApaTUYHbIE OTKIIO-
HEHHsI paCCYMTHIBAIIN C MIOMOIIBIO ITaKeTa MPOrpaMM
SPSS Statistics. J{is onpenesneHust CTaTuCTHYECKOM
3HAYMMOCTH BBISBICHHBIX Pa3IMYUil UCTIONB30BAIN
HelnapameTpuuecKkuil kpurepuii ManHa—YUTHH.

Pesyabrartsl

Hnoyxkyus DDIT4 oexcamemasonom 6 Kiemkax

PMUK paznuunvix MoneKyaapHslxX n0OMUnos

[lepBbIM 3TanoM 1aHHOM PabOTHI SBISIIOCH OTpe-
JISJICHUE ONTHMAJIbHBIX YCIOBHI 00paOOTKU KIIETOK
PMK moTreHIInamsHEIMA HHTHOUTOPAMHU SKCTIPECCHH
DDIT4. OcHOBHBIM apamMeTpoM, MTPUHUMAEMBIM BO
BHUMaHHe, OblJIa THTEHCUBHOCTb UHYKLIUH SKCIIPEC-
cuu reHa DDIT4 m ero OEIKOBOTO MPOIYKTa IMOCHE
00pabotku GC B NCTIONMB3yEeMbIX KIIETOUHBIX JTHHUSX.
C momompio konudectBeHHOU [II[P m BectepH-
OnoTTHHra OBLIO MOKa3aHo, YTo JiekcaMeTa3oH (Dex)
3a 24 4 BbI3bIBAN NOBbIIIEHUE dKcnpeccun MPHK
reHa DDIT4 n ero GEMKOBOTO MPOIYKTa B JIMHUSAX
PMX (puc. 1). HauGomnee cuiapbHYI0 HHAYKIMIO TCHA
HaOmonany B auHuK mroMuHansHoro PMOK MCEF-7,
YTO COIVIacyeTcsl C MOJIy4eHHbIMU paHee JTaHHBIMU O
BBICOKOM YYBCTBUTEIBHOCTH JAAHHOW JIMHUU K ACH-
cteuro GC [30]. B xnetkax mmann HCC-1954 naayk-
st 9Kenpeccuu rena DDIT4 Obiia HaMEHbINEH, B
TO K€ BpeMsl cofiepKaHue Oelka mociie HHKyOamuu ¢
Dex yBenuuunocs B 2,2 pasa.

OuyeHKa 6IUAHUA UCCTIE0YEeMbIX COCOUHEHUT

Ha 6azanvuyio u GC-uHOyyupoeanuyio

axcnpeccuio DDIT4

ITomaBrenne Ga3anpHOM dKcnipeccuu Tena DDIT4
Ha Bcex nuHMsIX PMOK 6pu10 moka3zaHo a1 BOpTMaH-
HUHA (pHC. 2). DMETHH 1 panaMurH 3P EeKTHBHO Mo-
JTABJISLITN SKCIIPECCUIO TeHA B IMHUSIX JIIOMUHAIBHOTO U
TH PMXK, He BbI3bIBas PU 3TOM CTaTUCTUUECKH 3HA-
YUMOM MHAYKIHH B KIeTkax HER2-monoxkurensHOTO
noAruna. Hu oquH U3 paccMaTpuBaeMblX UHTHOM-
TOPOB HE MHIAyLMpOBal 3Kkcnpeccuto rena DDIT4 B
kietkax PMXK. [lopasnenne GC-uHIyuupoBaHHOU
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LABORATORY AND EXPERIMENTAL STUDIES
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Puc. 1. GC-uHayuupoBaHHas akcnpeccus 6enka n reHa DDIT4 B knetkax PMXK. KneTku KynsTrBrpoBanu B TedeHre 24 4 B NpUCYTCTBUN
nekcametasoHa (100 HM): A. YpoBeHb akcripeccun reHa DDIT4 onpegensnu metogoMm konudectseHHon MNP, conpsbkeHHon ¢ obpaTtHon
TpaHckpunumen. Konnyectso MUP-npogykToB Hopmanusosanu no konudectsy MNLP-npoaykta reHa RPLPO; B. YpoBeHb aKcrnpeccun
6enka DDIT4 onpenensny MeToqoM MMMYHOOMOTTUHIA C UCMOMb30BaHWEM cneunduyecknx aHTuTen. Pe3ynsraTtel AEHCUTOMETPUYECKO-
ro aHanm3a HopMMpoBaHbl Ha akcnpeccuto 6enka GAPDH. [aHHble npeactaBneHbl kak M+SD (n=3-5).

[MpumeydaHune: * — oTAMYMA OT OTPULATENBHOIO KOHTPONS CTaTUCTUYECKM 3Hauumbl (p<0,05)

Fig. 1. Dex-induced DDIT4 expression on mRNA and protein level in breast cancer cells. Cells were cultivated for 24 h with Dex or
solvent. A. gPCR of DDIT4 expression after Dex threatment results were normalized to the housekeeping gene RPLPO. B. Western blot
analysis of DDIT4 expression after Dex threatment. GAPDH served as loading control. Data are presented as M+SD (n=3-5).
Note: * — a statistically significant difference from the control (p<0.05)

skcripeccuu reHa DDIT4 ObII0 IToKa3aHo I MHTHOH-
topoB PI3K/Akt/mTOR LY-294002 u BopTMaHHUHA.
PacturensHble onMQpeHoIB pecBepaTpol, alTUreHHH
U KypKyMHH M PBOTHOE CPEACTBO SYMETHH TaKKe 00-
Jafiaiu CliOCOOHOCTHIO MHIMOMPOBATEH HKCIIPECCHIO
DDIT4, naayilupoOBaHHYIO JIEKCAMETA30HOM.

Haubonee spko BhIpaKeHHBIN dPPEKT UHTHOU-
poBanust 6azanbHOl SKcnpeccun Oenka DDIT4 Obin
nmokas3aH i1 uHruourtopa nporennknHazsl C CGP-
60474: 3,42-xpatHoe yBenndaeHue dkcnpeccun DDIT4
nociie nakyoanuu kietok MCF-7 ¢ nekcameTa3oHOM
u cHmxkenue yposusa Oenkxa u MPHK B 0,7 pasza mo-
cie nakybauuu kietok ¢ CGP-60474 (puc. 3). dus
kietogHoi muHnn MDA-MB-231 nabnronanu anano-
rudHbie 3G exTs (puc. 3).
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Puc. 2. Okcnpeccusi reHa DDIT4 B knetkax PMXX npu o6paboT-
ke nHrnoutopamu DDIT4 n ux kom6uHaumsimm ¢ GC. Knetku
KynbTMBMPOBanu B Te4eHNe 4 4 B NPUCYTCTBUMN PacTBOPUTENS
unu uccnegyemoro nHrmbutopa DDIT4, 3atem gobasnsanu GC
B KOHUeHTpauun 100 HM unu pacTBopuTenb 1 MHKyOpoBanu B
TeveHune 24 4. YposeHb akcnpeccun DDIT4 onpegensinu MeToaoM
konmyecTtBeHHo MNLIP, conpsikeHHol ¢ obpaTHOM TpaHCKpUnumen.
Konwnyectso MUP-npoayKkToB oueHnBanu 1 HopManusosanu no
konuyectsy lNMUP-npogykTa reHa RPLPO. [JaHHble npeacTaBneHsbl
B BuAe TENnoBow KapTbl pacrnpeaeneHns s3HadeHni Log2 ake-
npeccum reHa. ins kaxgoro coeanHeHust 6bino nonyyeHo 3-5
6u1onormyecknx NoBTOpoB
Fig. 2. Effects of DDIT4 inhibitors, GCs and their combined treat-
ment on DDIT4 expression in breast cancer cells. Cells were pre-
treated with solvent or DDIT4 inhibitors for 4 h, then were treated
for 24 h with Dex or solvent. gPCR results were normalized to the
housekeeping gene RPLPO. Data are presented as heat map of
log2FoldChange

Anmunponughepamuensie I¢pgpexmot

uccedyemblx euiecmae

bemm orteHeHBI 2(h(HEeKTHI N3ydaeMbIX COCTUHEHUI
Ha rponu(epaTuBHYIO aKTHBHOCTh MOJICTbHBIX JIMHHUN
KJIETOK KaK MHIUBHUIYalbHO, TaK U B COUYCTAHHU C
JeKcaMeTa30HOM. UHCIIO KU3HECIIOCOOHBIX KIETOK
noJIcCYuTHIBAIH depe3 24 1 u uepe3 120 1 mocie o0-
pabotku. Marnburtop nporennknnassl CGP-60474
M PBOTHOE CPEICTBO SMETHH MPOJEMOHCTPHPOBAIN
HanboJjee BEICOKYIO CIIOCOOHOCTh TOIABIATE POCT U
Ku3HecrocoOHocTh KineTok PMIK. Tak, mpu 06pabor-
K€ 3METHHOM B TeUeHHE 24 4 4nCII0 KU3HECIOCOOHBIX
kierok jguaI MCF-7 1 MDA-MB-231 cocTtaBuio
50-60 %, npu 00pabOTKe B TE€YCHUE 5 CYT ATOT IIO-
kazarenp najnai Ha 15-20 % (puc. 4). O6paboTka
KJIETOK KOMOWHAaIHel METHHA C JAeKCaMEeTa30HOM
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Puc. 3. Okcnpeccus 6enka DDIT4 B kneTkax PMXX npu o6paboTke nHrnbutopamm DDIT4. KneTku kynsTvBMpOBanu B TedeHne 4 4 B
NpUCYTCTBUM pacTBOpPUTENS Unu uccnegyemoro nHrmbutopa DDIT4, 3atem gobaenanu GC B koHueHTpaummn 100 HM nnn pacteBopuTenb
1 MHKyOunpoBanu B TedeHne 24 4. YpoBeHb akcnpeccum DDIT4 onpegensny MetogoM MMMYHOBMOTTUHIA C UCMOMb30BaHNEM cneumdm-

yeckux aHTuTen. OTHOCUTENbHOE M3MEHEHNe KonnyecTBa benka oueHnBanu 4eHCMTOMETPUYECKN N HOPMan13oBanu no akcnpeccum
6enka GAPDH. [laHHble npeacTasneHbl kak M+SD (n=3).
MpumeyaHue: a — OTANYKSA OT KOHTPOSSI CTAaTUCTUYECKM 3HAUUMBI;
b — oTnnumsa ot 06pasuoB kneTok, obpaboTaHHbIX Dex, ctatucTnuyeckn aHaunmel (p<0,05)

Fig. 3. Effects of DDIT4 inhibitors, GCs and their combined treatment on DDIT4 protein expression in breast cancer cells. Cells were
pretreated with in the presence of solvent or DDIT4 inhibitor for 4 h, then were treated for another 24 h with Dex or solvent. GAPDH
served as loading control. Data are presented as M+SD (n=3).

Note: a — statistically significant difference from the control (Ctrl);

b — statistically significant difference from the samples treated with Dex (p<0.05)

YaCTHYHO TPUBOJIMIIA K KOONEPAIUU IIUTOTOKCHYE-
ckux 3¢ dexToB npu 120-9acoBoii HHKYOAIMU TUHUH
MDA-MB-231. Hurotokcuueckne 3ddextsr CGP-
60474 ObLIM MEHEee BhIPaKEHbI, OJIHAKO IS JAHHOTO
coenuHenus B komOounanuu ¢ GC nadmroganu Oosee
YETKYI0 KOOIIEPaIlhi0 B TIOAABICHUH JKU3HECIIOCO0-
HocTH KieTok PMIXK (puc. 4). Bonee ciaOwiif muro-
TOKCUYECKUH 3 (HexT ObLT MPOAEMOHCTPUPOBAH IS
nperaparoB kiacca uHruoutopos PI3K/Akt/mTOR
panamunyHa, BoptManHuHa 1 LY-294002, a Taxoke dhu-
TOaJIeKCHHA PECBEPATPOIIa, TIPUIEM IIPEUMYIIIECTBEH-
HO Ha 120 4 mHKYyOaNMM C JaHHBIMHA COCTUHCHUSIMHA
WHJIMBU]IyaJIbHO U B KOMOWHAIIMH C JICKCAMETAa30HOM.
HuToTokcnyeckuit 3PEKT OCTANBHBIX aHAIU3HPYE-
MBIX TIOTEHIHATBHBIX HHrHOnTOpoB DDIT4 6p1T Me-
Hee BeIpakeH. B cBs3u ¢ atum smetnH u CGP-60474

CUBUPCKIY OHKONOTMYECKW XXYPHAT. 2022; 21(3): 50-60

SIBIITIOTCS] HanOoJiee MePCIEKTUBHBIMU MpenapaTaMu
JUIS JAJIBHEHIITNX MCCIIEOBAHUH.

O6cy:xneHue

CrangapTHas XUMHO- U paguorepanus PMXK BbI-
3bIBaeT OOJIBIIOE KOJIMYECTBO TOKCHYECKHUX TOOOUHBIX
3¢ QeKToB, A KyMUPOBaHUS KOTOPBIX pa3paboTaHbl
OTACIbHBIE CXeMBI MpuUMeHeHus mpemnaparoB. GC
SIBJSIFOTCSI 4YaCTHIM KOMITOHEHTOM TaKuX cXeM; OoJjee
TOr0, COOCTBEHHBIH aHTUNPOIH(EPATUBHBIN dPPEKT
GC Ha knerku PMXK moxer ycunuBaTh neiicTBue
ocHoBHOTO TTocTarnka [31, 32]. OxHako cremyet
NPUHUMATh BO BHUMaHHE TOT (aKT, YTO CPEAU MO-
60unbIx ¢ dexroB npumeHennss GC B tepanuu 3HO
MOTYT HaOIIOAaTbCs Pa3BUTHE PE3UCTEHTHOCTH [33,
34], ocTeomnopo3a 1 MBIIIEYHOH TUCTPO(UH, yCHUITeHHE
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140 B cnegyembix uHrnbutopos DDIT4 nHamemay-
b b anbHo 1 B KOMOMHaLMK C eKCaMeTa3oHOM
— 120 s & p? Ha kreTku PMXK:
A A — 4ncno xuBbIx KneTok nuHun MCF-7 no-
Q 2z 100 f— ﬁ j h 82¢h cne vHKy6aLuuu ¢ nccnegyemblmMu Belle-
1 8 80 a , 2120k cTBaMu U Ux kombuHaumsamu; B — yncno
g 0 - &~ 3 2 XMBbIX KneTok nuHun MDA-MB-231 nocne
§ 60 z MHKyBaummn ¢ uccrnegyeMbiMu BeLLLECTBAMU U
<|I: = X KOMOUHaUMsAMM; C — YMCIIO XKMBBIX KIETOK
S 40 nuHum HCC-1954 nocne nHkybauum ¢ nc-
% X a crnefyembiMy BELLECTBAMU U UX KOMBMHaLM-
20 L |2 [l amu. Knetku KynsTMBMpoBanu B NpucyTCTBUN
pacTBOpUTENS, AEKCaMeTa3oHa, uccneaye-
0 MbIX MHTMOUTOPOB, @ Takxke UX KOMBMHaLUWIA.
(,“\ 9"‘#\#& ’oc? Q{“Q‘Q““" @610-.*‘ & xo:.*‘ &@\xod-“o@*‘ ¢+°§”Qo* é\o"' 0\-? MoacyeT KNeTok NPOBOAUIY Yepes 24 4 1
Q"Q R & &P & V‘Q\v & & N 6"\& L {.\b‘ & \(\d‘ 120 4. Konn4ecTBo XMBbIX KINETOK B 9KC-
RO \,\o‘ .b(&\,‘\ N & \.’@‘ & ¢ o ‘(\e nepvMeHTanbHbIX obpasuax npvBeaeHo B
R °<§ Ky N & o & < NpoLieHTax oT KOHTponsi, 06paboTaHHOro
160 ¥ * v b ¢ pactBopuTenem. [laHHble NpefAcTaBneHbl kak
b c MzSD (n=5). MNprmeyaHue: a — oTAM4Ms oT

140 KOHTPOIS CTaTUCTUYECKM 3HAYMMBbI;

120 ] b — oTnnumns ot 06pasLoB kneTok, obpa-
<t = i 60TaHHbIX Dex, CTaTUCTUYECKN 3HAYUMbI
& 3100 B2 (p<0,05)

— = g 22 a g . Fig. 4. Antiproliferative effect of DDIT4 inhibi-
L') § b b 2 b - b ©120h tors individually and in combination with Dex
O = 60 a2 b b 3l by on breast cancer cells. A — data for MCF-7
:1: =) 40 b cells, B — data for MDA-MB-231, C — data for
= HCC-1954 line. Cells were treated with the
20 solvent, Dex, inhibitors and their combina-
0 tion. Cells were counted 24 h and 120 h after
Db B D S @\ > 35 i ol the treatrg:n,\t/i+%aéa( :Les )presented
U9 \4:‘ )9 .}‘9 xQ )@ 10.‘. \"o )(0 .(b\ xo .06\ xq‘ \§ )'o .\\’a‘\ Q . e RS .
S S ST L R \@\ & 6"‘0 QL i\b‘ & ,\oé‘ Note: a — statistically significant difference
ST 6“9{9 R CA C & © N & from the control (Ctrl);
Q_.:,Q’ o \:\ W ¢,‘= (4 6(3 < b — statistically significant difference from the
. samples treated with Dex (p<0.05)

MeTacTazupoBanus [35] u np. BBeaenne B mpoToKo
MIPOTUBOONYXOJEBON Tepanuu AOTMOJHUTEIbHBIX
COCAMHEHMH 111 MHruOuposanus skcrnpeccun GR-
3aBHCHMBIX T€HOB/OEIIKOB, OTTIOCPEIYIONINX Pa3BUTHE
MOOOYHBIX d(PPEKTOB, PACCMATPUBACTCS KaK OJIUH U3
HaunboJee palMoHaIbHBIX MOJXOA0B ISl COBEPILCH-
crBoBanusi GC-tepanuu. [Ipu aToM nepenpoduiarpo-
BaHME 3apPErMCTPUPOBAHHBIX U yXKE UCIIOJIb3yEMbIX B
KIIMHUYECKON MPaKTHKE MPernaparoB ¢ OMUCAHHBIMHU
CBOMCTBaMH SIBJISIETCS IIEPCIIEKTUBHOMN aJIbTEPHATUBOU
JIONTOCPOYHOH U TIOPOTOCTOSIIIEH pa3paboTKe HOBBIX
(hapmakonoruueckux mperaparos [12]. bonee Toro,
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MHOT'H€ IIpenapaTbl paCTUTEIBHOIO IPOUCXOKICHUS
(dyraBoHOMIBI, AJIKAJIOMIBI, (PEHOJIBI, TAHUHBI, [JIU-
KO3Hbl, TAKTOHBI U IIP.) MOTYT CIYXKHUTb «MSITKAMUY
BCIIOMOT'aTeJIbHBIMU CPEACTBAMHU ITPU XUMUOTEPATINN
WA TIPW KyIHPOBAHWHU €€ TMOOOTHBIX 3P(EKTOB.
bruonnpopmaTHuecKuii CKpUHHHT Ha OCHOBE TPHH-
una nepenpouIMpoOBaHus MpenaparoB OKazayics
NPOIYKTUBHBIM TOAXOAOM K MOAOOPY COCIMHEHHIA,
CITOCOOHBIX MTONABIATH ToO0UHEIE 3P derTsr GC.

B xone paboTsl HaMU OBLTH MPOAEMOHCTPHPO-
BaHbl IUTOTOKCHUecKue dhdexTsl smetrHa 1 CGP-
60474 na xnerkn PMOK pa3nuyHBIX MOATHUIIOB, YTO
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

COTIACOBBIBAIIOCH C JIUTEPATYPHBIMH JTaHHBIMH
[27]. HaOnromaemass HaMu aHTUTIPOTH(EepaTHBHASL
AKTUBHOCTH pecBepaTpojia M KypKyMHHa Ha KIIET-
kax PMIXK taxke Obuia onucana B juteparype [23].
HuroTokcuueckuil 3QpeKkT KoMOMHAIMHA JaHHBIX
coequnenuii ¢ GC mekcamMeTa3oHOM OBLI ONHUCAH
HaMU BIIepBbIe. Takke BIepBhIe OBIJIO TTOKA3aHO, YTO
JIAaHHBIC COCJIMHEHHUSI MHIMOUPYIOT Kak 0a3ajibHbIH,
tak 1 GC-uHynnpoBaHHbIid ypoBeHb Oenka 1 MPHK
DDIT4 B xnetounbix Moueasax PMOK.

Takum oOpa3zoMm, B JaHHOM HCCIEIOBAaHUU BHI-
sIBIIEH psia MHTruouTopoB DDIT4, ciocoOHBIX in vitro
MOJABJISITh AKCIPECCUIO TAHHOTO T'e€Ha B KJIETKaX
PMJXK mromunanssoro u TH noarunos. Haubosee
s exTuBHBEIME HHTHOUTOPaMu DDIT4 6putn pBOT-
HOE CPEJCTBO SMETHH, HHTHOUTOP MPOTEHHKHUHA3BI
C CGP-60474 n MoaynsaTOpbl CUTHAJIBHOTO MYTH
PI3K/Akt/mTOR panamuuuH, BOpPTMaHHUH U
LY-294002. Taxxe onpeaeneHHy0 aKTHBHOCTD B JTaH-
HOM HaIpaBJICHUH ITPOSIBUIIN TIPUPOJIHBIE MO (DEHOIBI
PaCTUTENBEHOTO TPOUCXOXK/ICHUS: ATUTCHUH, KyPKYMHH
u pecseparpon. CriocCOOHOCTh HCCIETyeMBIX COeNIHU-
HEHUN MOABIATE KHU3HECIIOCOOHOCTh KiIeTOK PMOK
OblIa MEHEE BBIPAKEHA, YeM B OTHOILICHUHU KJICTOK
neiko3oB v mumdom [11, 13]. Ognako HabmOnaEMOe
noJiaBieHue ponnudepanyu nociae HHKyOaIiuu ¢ vH-
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OUEHKA NMPOTUBOOMNYXONEBbIX, TOKCUYECKUX SPDEKTOB
U XAPAKTEPA 3KCNPECCUU FrEHOB-MULLEHEWN miR-204-5p
nPv NAPUMEHEHUUN EE UMUTATOPA HA MOAEJIN MEJTAHOMbBI B-16
IN VIVO

E.3. lankuHa, H.B. NMankuHa, A.C. ABepuyk, A.P. EcumbekoBa, T.I. Pykwa

®IrbOY BO «KpacHosspckuii rocyqapCTBEHHbIN MEOULMHCKMI YHUBEPCUTET UM. Npod. B.®. BolHo-AceHeLkoro»
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AHHOTauuA

Lienb nccnepgoBaHUs — OLEHKa BNUSHWA ummutaTtopa miR-204-5p Ha pocT menaHombl B-16 in vivo npu BHYTPUOPIOLLMHHOM
TpexKpaTHOM ero BBeAeHUM, onpeaereHne n3MeHeHus npy 3ToM aKcrnpeccun reHos-muileHen miR-204-5p B onyxonu u
OVCTaHTHbIX OpraHax, a Takke BblpaXXeHHOCTU TOKCMYecKknx peakunii. MaTtepuan u metoabl. ccnegoBaHue nposogunu
Ha mblwax C57BI/6 ¢ nogkoxHO nepeBuTon MenaHomon B-16. >KMBOTHBIM ONbITHON rpynmnbl BHYTPUOPIOLIMHHO BBOAUMN
umutatop MUkpoPHK miR-204-5p (5HMonb) Ha 8, 10, 12-e cyT nocne TpaHcnnaHTauMu onyxonesblx krnetok. CornacHo
pesynsratam GuonHopMaTUYECKOro aHannsa onpeaensiny ypoBeHb 3KCMpeccun reHoB-muwieHen MukpoPHK BCL2 n
SIRT1 meTtogom IMLP B peancHom BpemeHn. Onpenensanu Tokcudecknii adpdekT Bo3aencTBusa nmmutaTopa no AMHamuke
Macchl Tena u opraHoB, 06 bEMY OMyXONeBOro y3na, U3MEHEHUIO ABUraTENbHON akTUBHOCTU U BHELLHETO BUAA XXUBOTHbIX
B TeYeHVe akcnepumMeHTa. PesynbTaTbl. OueHKa BHELLHWUX NPU3HAKOB U AMHAMWKU ABUraTENbHON aKTUBHOCTM KUBOTHbIX,
a Takke OUHAMUKL UX MaccChbl U Maccbl OpraHoB MpU BCKPbITUM CBUAETENbLCTBYET 00 OTCYTCTBUM TOKCMYECKOro adochekTa
umutatopa miR-204-5p. K 13—14-my OHI0 aKcnepumeHTa ABuratenibHas akTUBHOCTb B KOHTPOMbHbIX MPyMnax >XUBOTHbIX
CTaTUCTUYECKN 3HAYMMO CHM3UNAacb MO CPaBHEHWIO C FPYMMON XMBOTHbLIX, KOTOPbIM BBOAUNCA MMmmutatop miR-204-5p
(p=0,011) OTme4eHo noBbiweHne akcnpeccun BCL2 B nerkmx 1 nodkax Mblwen n SIRT1 — B nerkux moiwen (p<0,05). OT-
Mevanacbh TEHAEHLMS K CHUXKEHMIO MaCChl OMyXOrneBoro yana k 14-My [iHio akcneprMeHTa. 3akntoyeHue. Moaynsums ypoBHs
MUKpoPHK miR-204-5p npuBOAUT K M3MEHEHMUIO aKcnpeccun reHoB-muwieHen — SIRTT1 n BCL2 B Nerkux >XMBOTHbIX,
BCL2 — B noykax. BeegeHne ummutatopa MnkpoPHK He Bbi3blBaeT HapyLUeHUn ABUraTeNlbHON aKTUBHOCTU XXUBOTHbIX, U3-
MEHEHNS1 MacChl BHYTPEHHNX OPraHoB, YTO MOXET CBUAETENbCTBOBATbL 00 OTCYTCTBMU pa3BUTUS TOKCUYECKOro adocpekTa.
[anbHewwee uccnegoBaHue TpebyeTcs Ana pasbsacHeHMs OMOAOCTYNMHOCTM MoaynaTopoB MuKpoPHK B onyxoneByto TkaHb,
a Takke BNmsiHMA ummtatopa miR-204-5p Ha nponudepaumto KNeTok MenaHombl in vivo.

KnroyeBble cnoBa: menaHoma B-16, B16, miR-204-5p, mukpoPHK, reHbl MuweHn, 6MonHgopmMaTuieckuin aHanums.
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Abstract

Objective. To evaluate anti-tumor, toxic effect of miR-204-5p mimic applicaton on melanoma B-16-bearing mice
followed by miR-204-5p target gene expression estimation in melanoma tumor and distant organs. Material
and Methods. C57BI/6 melanoma B-16-bearing mice were used. The animals of the experimental group were
intraperitoneally injected with a 5 nM miR-204-5p miRNA simulator (mimic) on the 8th, 10th, and 12th days
after melanoma B-16 cell transplantation. Based on the results of bioinformatic analysis, miR-204-5p target
genes BCL2 and SIRT1 expression levels were determined by quantitative real-time PCR. The toxic effect of
miR-204-5p mimic was estimated by the evaluation of body weight, mass of the internal organs, and motor
activity. Results. On the 13-14th days of the experiment, the motor activity of animals in the control groups
decreased significantly compared to the group of animals treated by miR-204-5p. Target gene BCL2 showed
increased expression in the lungs and kidneys and SIRT1 levels were increased in the lungs of miR-204-5p
mimic treated animals (p<0.05). Tumor mass tended to decrease in the animals treated by miR-204-5p mimic.
Conclusion. Modulation of the level of miR-204-5p microRNA led to changes in the expression of SIRT1
and BCL2 in the lungs of animals, and changes in the expression of BCL2in the kidneys. MiR-204-5p mimic
application did not have toxic effect on animals treated. Further studies are necessary to clarify miR-204-5p

implication in melanoma cell proliferation regulation as well as it's biodistibution in the tumor tissue.

Key words: melanoma B16, miR-204-5p, microRNA, target genes, bioinformatic analysis.

Beenenne

MenaHoma SIBISIETCS 3JI0KAY€CTBEHHBIM HOBOOO-
pa3oBaHUEM KOXKM B pe3yjbTaTe HEOTpaHWYEHHOH
nponudepani MeIaHOIUTOB. AKTyaIbHON 3a1aueit
COBPEMEHHOI OHKOJIOTHH SIBJISICTCS TIOMCK HOBBIX 1O/~
XOJIOB B JICUEHUH JTAHHOTO 3a00JI€BaHMs, TTOCKOJIBKY
€ro JUCCEMUHUPOBAHHBIE (POPMBI TPYIHO HOAIAIOTCS
Tepanuu [1, 2]. OgHUM K3 HampaBIeHUH MpH Jieue-
HUM MEJIaHOMBI KOXXKH MOXET OBbITh BO3I€HcTBUE Ha
MukpoPHK. MukpoPHK — manbie Hekogupyroime
monekyiasl PHK nnunHol B cpennem 22 HykieoTnaa
[3]. dokazano, yto mukpoPHK wurpaior Baxkuyo
POJIb B perysIsIiMHU SUTEHETHYECKUX U3MEHEHUH ITpH
Pa3BUTHH OHKOJIOTHYECKUX 3a00JIeBaHUM, BIUAS Ha
MPOQHITE FKCTIPECCUN OETTKOB-PETYISATOPOB BO BpEMs
peanuzanyy OHMOJIOTHYECKUX MporeccoB. Takum 00-
pa3om, IeHCTBYS KaK OHKOT'€HBI U T€HBI-CYIIPECCOPHI
OTIYXOJIeH, OHM MOTYT JIHOO CITOCOOCTBOBATH, OO
WHTUOUPOBATh pa3BUTHE U (POPMHUPOBAHUEC 3JI0KA-
YECTBCHHBIX HOBOOOpa3oBaHuil [4]. BeisgBieHO, 4TO
Kaxzoe 3a0oieBaHNEe JEMOHCTPUPYET YHUKAIbHBIN
npod s dkcpeccuu MUKpoPHK, koTopsiid ot-
JINYAETCSI OT IKCIPECCUU B 3/10p0BOM TKaHU. Takue
muddepenumansasie MUKpoPHK HasbiBarorest «cur-
HATypHBIMU» U SIBJIAIOTCS TUArHOCTHYECKUMH WIN
[IPOTHOCTUYECKUMHU MapKePaMH, KOTOPbIE MOT'YT ObITh
[IPUMEHEHBI TS COBEPIIIEHCTBOBAHNS TPAANIIMOHHBIX
METOZOB TUArHOCTUKH 3a00JeBanuii [5]. YcTaHOBIEHA
ponb MukpoPHK B perymnsnuu 6noaornyeckux mpo-
[IECCOB, TaKMX Kak nposudepartust, auddepeHnmpoBka
1 aTioNTO3 Yepe3 MOCTTPAHCKPUIIIIMOHHOE H3MEHEHHE
SKCIPECCUU T'€HOB. MeXaHU3M HEraTUBHOM peryssiuu
MukpoPHK oGecnieunBaercs cBs3pIBaHUEM C 3~ HEKO-
mupyeMoii oonactero neneBoid MPHK, uto mpuBomut
K OJIOKHpOBKE TpaHCsIwH win aerpafgarnun PHK [6].
Opnna MmukpoPHK MoxeT perynnpoBaTh U3MEHEHHE
YPOBHSI 9KCIIPECCUH HECKOIBKHMX COTEH I'eHoB [ 7]. Jlmst
MonyJsiuuu ypoBHs 3kcnpeccun MUKpoPHK B knetke
BO3MOKHO HCIIOJIb30BaHUE €€ UMUTATOPA — CUHTETH-
YEeCKOro aHajora. J[aHHbI OAX0/ XOPOILIO OTPaKEeH
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B COBPEMEHHOMH JiuTeparype. B wactHocTH, oKa3zaHo,
YTO MOBBIMIEHHAS dKcrpeccus miR-30a uarndupyer
METacTa3UpOBAHUE in VIVo 3a CUET BO3/CHCTBUS Ha
ZEB2 u E-xagrepun [8]. CBepxokcnpeccust miR-
9 CHIKaeT POCT OMYXOJH, TOTAA Kak M30bITOUHAs
sKcrnpeccus rena NRPI ycuiuBaeT NPOrpecCHIo
3710Ka9eCTBEHHOW MestaHOMBI [9]. Takoke mpu 31moxade-
CTBEHHOM MeTaHoMe 0OHapyKeHa OHKOCYIIpeCcCopHas
posib miR-18b u miR-33a mocpeacTBoM mpsiMoro
BozneicTBus Ha HIF-1o [10, 11]. B sxcniepumenTax
in vivo ycTaHoBJIeHO, 4To miR-21 perymmpyert meta-
CTa3upoBaHHe KIETOK MeTaHoMbI B-16, cmocoOcTBys
nponudepanuy, BBDKUBAHAIO U MUTPALUU/MHBA3UN
KieTok [12].

Panee Hamu ObUIO MOKa3aHO, YTO YPOBEHb MHU-
kpoPHK miR-204-5p B ki1eTkax MelaHOMBI yMEHbIIIa-
€TCsl [10 CPABHEHHIO C MEJIAHOLUTAPHBIMU HEBYCAMU, &
BOCCTAHOBJICHHE €0 YPOBHSI IPUBOJUT K H3MEHEHHUIO
npoauQepaTuBHON aKTHBHOCTHU OITyXOJIEBBIX KJIETOK
[13].

Ha ocHoBe 6ronndopmarnueckoro anaamnsa Oblio
ycTaHoBJIeHO 235 renoB-mutneHeid miR-204-5p, yua-
cTBytonux B 32 Ouonorndyeckux mporeccax. SIRTI
PEryiupyeT NpOoLECChI alONTO3a, AATC3UI0 U MEXKKJIC-
ToYHOE B3aumozeiicTaue. [IpoBesienne HOK1ayHa reHa
SIRTI muxpoPHK B xiietkax menanomsl iuanuu BRO
NPUBOAMIIO K U3MEHEHHUIO UX MPOonr(epaTUBHON aK-
TUBHOCTH [ 14]. BCL2 XomupyeT peryiIaTop anorTo3a ¢
AHTUATIONTHYECKIMH QYHKITHSIMH, IOBBIIIICHHBIN YPO-
BeHb 3Kkcrpeccun BCL2 sBsieTcsl MPOrHOCTUUECKUM
MapKepOM METacTa3UpPOBAHUS MEIIaHOMBI KOXKH [15].
BnepBele B HacTosIEM HCCIEAOBAaHUM IPOBEACHA
OIIEHKa TOKCHYECKOTO 1 IPOTHBOOITYX0JIEBOTO d(ek-
TOB mMHUTaropa miR-204-5p Ha Monenn MelaHOMBI
B-16 y mbl111€eii, a Tax:ke UCCIEI0BAHO €T0 BIMSIHAE Ha
YPOBEHB 3KCIIpeccuu eneBblx TeHoB SIRTI u BCL2 B
OITYXOJI ¥ BHYTPEHHUX OpPTaHax KUBOTHBIX.

Lenas ucciaenoBaHus — OIEHKA BIMSHUS HUMH-
taropa miR-204-5p na poct menanomsl B-16 in
vivo IpU BHYTPUOPIOIIMHHOM TPEXKPAaTHOM €ro
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BBEICHUHU, OMpPENEICHUE U3MEHEHUS TIPU ITOM IKC-
rpeccuy TeHOB-MuIeHe miR-204-5p B omyxonu u
JUCTAHTHBIX OpraHaX, BBIPAXCHHOCTHU TOKCUYCCKUX
peaxKuuid.

MarepuaJj 1 MeTOIbI

HccnenoBanue o1o0OpeHO JOKAaIbHBIM dTHYECKUM
koMHuTeTOM KpacHOsSpcKkoro rocyqapcTBEHHOTO Me-
JMLUHCKOTO yHHBepcuTeTa M. npod. B.D. Boiino-
Scenernkoro (mporokor Ne 3 or 22.04.2021). Manu-
MyJSIUN C KUBOTHBIMH OCYIIECTBISIIIH B COOTBET-
CTBHH C MTPaBUJIAMU, U3JIO)KEHHBIMU B X€JIbCUHKCKON
JeKnapanuu BecemMupHON METUIIMHCKON accolMaliuu
(World Medical Association Declaration of Helsinki
1964, 2008 pem.), a Takke B «MexTyHApPOITHBIX PEKO-
MEH/IalUAX TI0 TIPOBECHUIO MEINKO-OHOTOTHUECKUX
HCCIIEIOBAHUH C UCTIOIb30BAHUEM J1a00PATOPHBIX JKHU-
BOTHBIX» U TIpHKa3e MUHUCTEPCTBA 3PaBOOXPAHEHUS
P® o1 01.04.2016 Ne 199 1. «O06 yrBepkaerny [IpaBun
HaJyIekKaIIe 1a00paToOpHOM TPAKTHKNY.

OKCHEpUMEHT BBINOJHEH Ha MOJ0BO3PEIBIX
MbITIax-camkax duauu C57Bl/6 B Bo3pacte 7—8 Hen
CO cpemHed mMaccoit tena 16,5 T, MOTYyYCHHBIX W3
®deepaabHOro TOCY1apCTBEHHOTO YHUTAPHOTO Mpe/I-
npusitus «I[IuToOMHHK 71a00paTOPHBIX KUBOTHBIX
«PATITIOJIOBO» HanuoHajlbHOIO HUCCIIEI0BATENb-
ckoro menTpa «KypuaroBckmit mactutyT» (HULL
«Kypuaroscknii unctutym» — «I1JDK «Panmonoso»).
JKuBOTHBIX cofepai B KIIETKaX MPU €CTECTBEHHOM
OCBEIIIEHUH C HEOTPAaHUYEHHBIM JTOCTYTIOM K KOpMY H
BOJIE, TEMIIEPATYPy BO3/AyXa B IOMEIICHUH TTOIICPIKHU-
Banu Ha ypoBHe 20-22 °C. Knetku menanomsr B-16
ObuM TpefocTaBieHbl Hay4qHo-HccienoBaTebckum
WHCTUTYTOM (PyHJIaMEHTAIBHON U KIIMHIUYECKOW NM-
myHoorud (T. HoBocuOupck). Omyxoms iepeBuBain
0 OOUIEIPUHSTHIM METOJAaM MBIIIaM TOAKOXKHO B
0OKOBYIO MOBEpPXHOCTH kuBOTa 10 % B3BECHIO NHC-
COLIMMPOBAaHHBIX KJIETOK B 1 MJ1 pacTBOpa XeHkca 0e3
(henonoBoro kpacHoro [16].

Bce xuBoTHBIE OBUTH pa3jienieHbl HAa 3 TPYIIIBI
CITy4aiiHbIM 00pa3zoM. JKUBOTHBIM KOHTPOJIBHOU IPYII-
el (n=4) Ha §, 10, 12-e cyT nocine TpaHCIUTaHTALUN
OTYXOJIEBBIX KIIETOK BHYTPHUOPIOIIMHHO BBOJIIIIH
pactBop docdarao-coneoro Oydepa (VWR Radnor,
USA) o6wemom 250 mki1. KonmdecTBO KUBOTHBIX B
KayK10HM TpyTIIe ONPeNesyioch NCXOS U3 ATUUECKUX
MIPUHIIATIOB OPTaHU3aIlU UCCIIEIOBAHUIA C HCITOIb-
30BaHMEM IO3BOHOYHBIX JKHBOTHBIX, DKOHOMHUYECKOI
JIOCTYITHOCTH BBIOPAHHOTO METOJla BO3jcicTBHs. B
SKCHEepUMEHTE MPUMEHSIN dTHUecKui mpuHuun 3Rs
(«replace», «reducey, «refine») nns MUHUMU3AHH
KOJTMYECTBA )KNUBOTHBIX M MOTYYEHHS CTATHCTUIECKHU
JIOCTOBEPHBIX pe3yasrartos [17, 18].

B rpynne orpunarenbHoro KOHTpoas (n=4)
MPUMEHSJICS HETaTUBHBIM KOHTPOJIb MUMHUTATOpPA
(mirvana™mirnaMimic NegativeControl#1, Ambion,
Carlsbad, USA). BemecTBo BBOAMIM BHYTPUOPIO-
IIMHHO B J103UpoBKe 5 HMoiab B 250 Mk Oydep-
HOTO pacTBopa Tprxasl Ha 8, 10, 12-e cyT mocne

CUBUPCKIM OHKONOTMYECKUW XXYPHAT. 2022; 21(3): 33—41

TPAHCIUTAHTALUN OMYXOJEBBIX KIETOK. JKMBOTHBIM
OTIBITHOM Tpynmbl (n=4) BBOAWICS CHHTETHYECKHI
aHajior (umurarop) miR-204-5p (mirVana® miR-
204-5p mimic, Ambion, Carlsbad, USA) B no3upoBke
5 #Monb Tprxkael Ha 8, 10, 12-e cyT mocne TpaHc-
TUTAHTAIlUU KJIETOK MellaHOMBI. B kadecTBe pacTBo-
puresns ucronbs3oBanu Invivofectamine® 3.0 Reagent
(Invitrogen, Carlsbad, USA). luBrBO(exTaMuH sBIIsI-
eTcsl TpaHC(heunpyoIM peareHTOM TSl CO3aHHsI
KAaTUOHHBIX KOMIIJIEKCOB ¢ uMuTaTopamu MukpoPHK.
Hcnone3oBanue TpanchekranTa 00yCIIOBICHO HIU3KOM
3G PEKTUBHOCTHIO TOCTABKH HYKJIEHHOBBIX KHCIOT
B KIIETKU-MHIIEHN W YCJIOBUH JJISI UX JUIUTEIBHOTO
¢dbynakmmornpoBanus [19]. Beibop MeTona mocTaBKu
MOKET UMETh CYIIECTBEHHOE BIUSHUE Ha MOIYJIs-
LUIO MOCIEIYIOINX MOJEKYISIPHBIX MUIIEHEH U, B
KOHEYHOM HTOTe, Ha TePalleBTHUECKHUE PEe3yIbTaThI.
OnTuMHU3NpOBaHHAS OCTaBKAa TaKXe IpejiaraeT
JIpyTue MpakTHYecKue MPEeUMYIIecTBa, TaKue Kak
YMEHBIIIEHUE KOJMUYECTBA HCIIOIb3yEMOT0 UMHUTATOPA.
[To maHHBIM NHUTEPATYPHI, TKAHEBOE PACIIPEICIICHUE
nmutaropa MuKpoPHK mpu BHYTpuOpIommHHOM
BBEJIEHNU COTMOCTABHUMO TI0 YPOBHIO C BHYTPHBEH-
HeIM [20]. i B3auMoAeHCTBUSI ¢ OTPHUIATEIBHO
3apsOKEHHBIMH KOMIIOHEHTaMH MEMOpaHbl KISTKU
(hopMHUPYIOTCS TUTTOKOMILIEKCHI HYKIIEHHOBBIX KHCIIOT
B HEOOJBITIOM M30BITKE KATHOHHOTO HOCUTENs. B Ha-
IIeM HCCIIE0BAaHUH KOMIUIEKC MUTaTop MUKpoPHK-
MHBHUBO(EKTAMUH JJIs1 pa30BOH 1036l ITOTYYaIH Ty TeM
o0bemuHeHns S HMois nmuTaropa MukpoPHK ¢ pas-
HBIM KOJTHIECTBOM Oydepa 711 00pa30BaHMS KOMITICK-
ca MHBUBO(EKTaMUHA C TIOCJIETYFOIINM JJOOaBIeHHEM
12,5 mxn uaBuBo(ekramuHa. [loaydeHnyio cmech
nepeMeInBaiy, 3aTeM HHKyOupoBaau npu 50 °C
B TeueHne 30 muH. [lomydeHHBIH 00beM KOMITIIEKCA
MHBHUBO(EKTAMHHA C JISHCTBYIOIINM BEIIECTBOM JIOBO-
i pacTBopoM (ocdarHo-coneBoro oydepa (VWR
Radnor, USA) no 250 mki.

s OTieHKM JMHAMUKH POCTa OITyXOJIH, HaunHas
¢ 7-X CyT MOCJIe TPAaHCTUIAHTAINH KIETOK METaHOMBI,
TIPOBOJIVITH €KETHEBHBIE TMHEHHBIE 3aMePBhI OITYXOJIH
B JIByX B3aMMHO NEPIECHANKYISIPHBIX HAIIPABICHUSX.
O0BeM OIyXOJIH PaCCYUTHIBAIIN 110 hopMyITe

V= (Ax(B))/2,
rae A — Oonblnid, a B — MeHbLIMIA TUHEHHBIH pazmep
y37a.

OuennBanack mMacca Tena Mblmei. KuBOTHBIX
B3BEIINBAIIN KaXK]IbIE CYTKH B TeueHue 14 muei mocie
TPaHCIUIAaHTALUU KJIETOK MejaaHoMbl B-16. Anamnu3
BHEIIHHUX NMPU3HAKOB MPOBOJMIIN €KEIHEBHO ITyTEM
0anIBPHON OIEHKHW M3MEHEHHUs OKpaca IMIEepCTH H
BOJIOCSTHOTO TMOKpoBa: 1 0ai — MIepCTSIHOM MOKPOB
TYCKIIbIif; 2 Oasna — SpKuid; '3MEHEeHUS! ABUTaTeIbHON
aKTUBHOCTHU: 5 0ayIOB — aKTUBHOE TEPEIBUKCHIE
KIBOTHOTO TT0 KJIETKE, BEIpA)KEHHBIE M30eraTeIbHO-
000pOHUTENBHBIC peaknuu; 4 0amra — MEJICHHBIC
AKTUBHbBIC JABMKEHHS MO KIETKe, u30eraTeiabHo-
000POHUTEIJIbHBIE PEAKLUHU C MONBITKAMH YKYCOB;
3 Gaia — peakIus Ha pa3apakeHne n30eraTelibHas,
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CIIOHTaHHas JBUTaTeNbHAsl aKTUBHOCTh YTHETEHA, CTH-
MYJIMpPOBaHHAs COXpPaHEHa, )KHBOTHOE ITEPEIBUTACTCS
Ha HECKOIIBKO IIaroB TOJILKO MPU MOATATKUBAHUY; 2
Oaja — peakiys Ha TAaKTWIBHBIC pa3ipaykKuTeIH yTHe-
TEHa, MUHUMAaJTbHAsI CTUMYJIMPOBAHHAS JBUTATEIIbHAS
AKTUBHOCTD JKUBOTHOTO; 1 0aii — KomMa, OTCYTCTBHE
CIIOHTAHHOW U CTUMYJIMPOBAHHOM JBUTATEIHLHOMN aK-
TUBHOCTH, () OaJIOB — )KUBOTHOE I1aJI0.

JKMBOTHBIX MoCIie 9BTaHA3UH BU3yaIbHO OCMAaTPH-
Bamu. [Ipr BCKpBITHN )KHUBOTHBIX TPOBOIMIIN OLIEHKY
BHYTpPEHHHX OPTaHOB: IIBETa, ()OPMBI, KOHCHCTEHIINH.
Omnpenernsiin Maccy BHYTPEHHUX OPIaHOB M OTTyX0JIe-
BOTO y371a. BEIBOJI 113 9KCTIEpUMEHTAa OCYIIECTBIISUIN Ha
14-e cyT myTreM nekanuTanuu 1moja dQUpHBIM HApPKO-
30M. [Tocite BCkpuITHS (hparMEeHTHI OPTaHOB (JIETKHE,
TI€YEeHb, TIOYKH ) ¥ OITYXOJIEBBIH y3ell KOHCEPBUPOBAIH
B JKHMJIKOM a30Te, UCnoiib3ys (pukcarop IntactRNA
(EBporen, Mocksa, Poccus).

Brinenenne PHK ocyiiecTBisiiu B 1aMUHaApHOM
OoKce, coOIroIast MpaBmiIa aCENITUKH M aHTUCCTITHKH.
U3 oOpasuoB TkaHeid ¢ momoinkio Habopa DiaGen
3317.0050 (duadm, Mocksa, Poccust), coriiacHo
poTOKOINY pousBoauTesia noaydanu 100 mxin PHK.
Peakmuio oOpaTHOW TPaHCKPUIIIINU TTPOBOIIIIH C
ncrnonb30BaHUueM Habopa peaktuBoB MMLVRTkit
(EBporen, Mocksa, P®). /Ipyryto yacTb OpraHos
¢uxcupoBamu B 10 % 3abydepennom dopmanune ¢
MTOCJICMYIONIEH 3aTUBKOM B TapaduH.

Jnst onpeneneHus ypOBHS SKCIIPECCHU UCCTIeaye-
MbIX TeHOB SIRT/ w BCL2 OblT IpOW3BEIcH aHAIIN3
TTIIP B peansHOM BpeMenu Ha iproope StepOne™Real-
TimePCR-System (AppliedBiosystems, Singapore).

Hopmanuzanuro pe3ynsraToB 0CyeCTBISUITH OJHO-
BPEMEHHO 110 IByM 3HAOT€HHBIM KOHTpOJsIM — ACTB
n GABGH (AppliedBiosystems, USA).

Omnpenensanu BennunHy Ct, COOTBETCTBYIOIYIO
KOJIMYECTBY IIUKJIOB, MPU KOTOPHIX KpuBas (piaroo-
peclieHIny TiepeceKana 3aJaHHblid ypoBeHb (DOHA.
Kaxip1ii 9KCTIeprMEHT BBITTOTHSIIH B JIBYX TEXHOJIOTH-
YEeCKHMX MOBTOPaX C JAIbHEHIITM PacyeTOM CPEIHETO
3HaueHusl. OTHOCHTENbHBIE YPOBHU IKCIPECCUU
TeHOB IS MCCIIEyeMbIX 00pa3lloB PACCUYHTHIBATIU
o popmyite: 24T, rme ACT=CT wuccneayemoro map-

kepa — CT suporeHHoro koHTpossa. OOLuidi OTHOCH-
TEJIbHBIN YPOBEHB HKCIIPECCHH T10 IBYM YHIOTEHHBIM
KOHTPOJISIM PAaCCUMTHIBAIM KaK KBaJpaTHBI KOPEHb
OT MPOU3BEJICHNS YPOBHEH 3KCIIPECCUHU IO KAKIOMY
SHJOT€HHOMY KOHTPOJIIO.

Cratuctuueckass o0paboTKa M aHAJIU3 JTAHHBIX
OCYIIECTBIISIM C IIOMOIIBIO ITaKeTa IPOrpaMMHOIO
obecreuenus Statistica 7 (StatSoft, Poccus). Ilpu
CPaBHEHUH NAPHBIX HE3aBUCHMBIX BBIOOPOK HC-
MOJIb30BAJIN HemapameTpudeckuil kpurepuid U-TecT
ManHa—YuTHu. MeXrpynioBble CpaBHEHUS MPO-
BOJIMJIA C TIOMOIIBIO HEMapaMeTpUYECcKoro JucIep-
cuonHoro ananuza Kpackena—Yoneca, npu p<0,05
PE3yJBTaThl CYMTAIN CTATUCTUUECKU 3HAYUMBIMHU.

Pe3yabTarsl

Jns onpeneneHuss BOBMOXKHOIO TOKCHYECKOTO
s dekra ucnonpyemoro umuraropa miR-204-5p
OLICHMBAJIMCH IMHAMUKA MACChl TEJla, BHEIIHUH B
U JIBUTaTeJbHAs aKTUBHOCTH JXUBOTHBIX B TCUCHHE
9KcrepuMeHTa. JKHUBOTHBIE MPOSBIISIN BBIPAKCH-
Hble n30eraTenbHO-000pPOHUTEIbHBIE PEaKIHN U
HOPMaJIbHYIO JABUTATEIbHYIO aKTUBHOCTH BO BCEX
UCCIIelyeMbIX IpyMIaxX, UMEIH SPKUE, He3arpsi3HeH-
HBIC TIOKPOBHI T€MA, a K 13—14-My AHIO IBUTATEIbHAS
AKTUBHOCTH B KOHTPOJIBHBIX I'PYMIAX XKUBOTHBIX
CTaTUCTUYECKH 3HAYMMO CHU3MIIACH [10 CPABHEHUIO C
rpymmoi mmuraropa miR-204-5p (p=0,011) (puc. 1).
JluHaMuKa Macchl Teja XHUBOTHBIX B HCCIIETYEMbIX
rpymnmnax 3a nepuoj KCIepUMEHTa 3HaUUMO HE pas-
JIMJajiack U cocTtaBisiia 16—-16,5 1

ITpu BCKPBITHH )KUBOTHBIX B UCCIIELYEMBIX IPYII-
nax He ObIJIO OTMEUEHO AUCTPOPUICCKUX N3MECHEHHUN
BHYTPEHHUX OPTaHOB (JIETKUX, [TEUYEHH, CEIC3CHKH,
MOYEK, TOJIOBHOTO MO3ra), Macca OpraHoOB CTAaTUCTH-
4yeckd He paznmdanack (puc. 2.). llpu onpenenenun
MacCChI OITYXOJICBOTO y351a Ha 14-¢ cyT mocie TpaHc-
TUTAHTAIUH KJIETOK MEJIaHOMbI OTMEeUeHa TeHICHIIHS
K YMEHBLICHUIO MacChl OIyXOJIEBOTO y3Jia B TpyIIe
JKUBOTHBIX, KOTOPBIM BBOJIHIICSI IMUTATOp MiR-204-5p
(p=0,061) (puc. 3).

s ompeneneHus TeHOB-MuIeHed miR-204-5p
UCTIONB30BAJH cieayrome 6a3el Janubix: MiRDB 5.0

JIBuratensHas aKTUBHOCTH JKUBOTHBIX IIOCIIE BO3JEHCTBIS UIMUTATOPOM
iR-204-5 Puc. 1. BJ_'meme M-
mi p Tatopa miR-204-5p Ha
6 AVHaMUKy ABuraTenb-
5 HOWN aKTUBHOCTY MbILLEW
o 4 '=§ : C57BI/6 ¢ menaHomon B-16
g 3 B TeueHue 14 cyT nocne
A 2 TpaHCNIaHTaumy onyxo-
1 nn (PBS — koHTponbHas
0 rpynna)
o112 |3|4|5(6/|7 8|9 |10{11|12]13|14 Fig. 1. Effect of the miR-
—e—PBS 5050505555 [5|5]|5]5](45/45]4 (35 204-5p mimic on the
Horarrmsti xom changes in locomotor activ-
—8—ImuratopmiR-204-5p | 5 | 5 | 5|5 |5 |5 |5 |5|5|5|5|5|5]|5]|5 with B-16 melanoma within
Yposers snaummocta P (1,00(1,00(1,00(1,00(1,00(1,00(1,00]1,00/1,00/1,00/1,00(1,00(1,00(0,12[0,01 14 days after tumor
transplantation
(PBS — control group)
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Macca opraHoB XXMBOTHBIX Tociie Bo3zeHcTBrsI miR-204-5p

1,0000
0,8000
~ 0,6000
§ 0,4000
2 y
= 0,2000
0,0000
-0,2000
I IlpaBas JleBas JleBoe [IpaBoe | I'omoBHO Cenesen
CUCHb . Cepare
ToYKa ouKa nerkoe JIeTrKoe i Mo3r Ka

OPBS 0,8100 0,0850 0,0900 0,0775 0,0400 0,3450 0,1050 0,0650

OHeraruBRENi KOHTPONL | 0,8450 0,1900 0,0950 0,0700 0,0425 0,3800 0,1025 0,0825

W VImurarop miR-204-5p | 0,7900 0,0800 0,0900 0,0800 0,0375 0,3850 0,0975 0,0575

Puc. 2. Macca BHYTpeHHNUX
opraHoB Mmbiwen C57BI/6 ¢
menaHomown B-16 Ha 14-e
CYT nocrne TpaHcnnaHTaumm
onyxonu
(PBS — koHTponbHas
rpynna)

Fig. 2. Weight of internal
organs of C57BI/6 mice with
B-16 melanoma on the 14th
day after tumor transplanta-
tion (PBS — control group)
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Puc. 3. Bnuaxue nmmtatopa miR-204-5p Ha o6bem 1 maccy onyxonesoro ysna y Mbilwen C57BI/6 ¢ menaHomol B-16
(14-e cyT nocne TpaHcnnaHTauuu onyxonu. PBS — koHTponbHas rpynna, NC — HeraTuBHbIN KOHTPOsb; Mimic — nmutatop miR-204-5p)
Fig. 3. Effect of the miR-204-5p mimic on the volume and mass of the tumor node in C57BI/6 mice with B-16 melanoma
(14-th day after tumor transplantation. PBS — control group, NC — negative control, Mimic — miR-204-5p mimic)
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Puc. 4. BnnaHne nmutatopa
miR-204-5p Ha oTHOCKTENb-
HbI YPOBEHb 3KCNpeccumn
SIRT1 B onyxonesom
yane (a), nerkux (6),
neveHn (B), noykax (r)

y Mblwen C57BI/6
¢ menaHomon B-16
Fig. 4. Effect of the miR-
204-5p mimic on the relative
level of SIRT1 expression
in the tumor node (a), lungs
(b), liver (c), kidneys (d)
in C57BI/6 mice with B-16
melanoma
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(http://mirdb.org/MIRDB), TargetScan 7.1 (http://www.
targetscan.org), miRWalk 2.0 (http://mirwalk.umm.
uni-heidelberg.de). [l mociemyromux necineaoBanuit
1o otieHKe 3¢ pekTHBHOCTH TpaHchekimuu miR-204-5p
ObLIM BBIOpAHbI I'€HbI-MUIICHH, HICHTHOUIUPOBAHHbIC
TOJIBKO € TIOMOLIBIO TpeX 0a3.

MukpoPHK miR-204-5p perymupyet Gombioe
KOJIMYECTBO N€HOB-MUILIEHEH, yYaCTBYIOIIUX B KH3-
HeJIeATebHOCTH KJIeTOK. YacTh reHoB (Foxcl, Myol0),
Rhobtb3, Tmod3) obecrnieunBaeT MUTPAITIOHHYIO
CIIOCOOHOCTH KIIETOK, APYTHE YK€ TeHBI PETYIUPYIOT
nporecc arnontosa (Rnf122, Cdc73, Nricl, Bcel2).

ITo pesynbratam onenku s3kcnpeccunt SIRTI u
BCL2 B onyxoneBoM y3je U opraHax (JerKue, Ie-
YeHb, TIOYKN) MBIIIEH depe3 24 9 mocie 3-i BHyTpH-
OpIOIIMHHON MHBEKIIUU YCTAHOBICHO, YTO 3HAYUMO
(p=0,017) yBennuuaetcs ypoBeHb 3kctipeccunt SIRT1
B JIETKUX MbIIIeH — B 59,8 pa3a B cpaBHEHHH C 0a30BBIM
ypoBHeM U B 19,6 pa3a B cpaBHEHUU C HETaTHBHbBIM KOH-
TposeM — u coctaBiser 113,62x107° yen. en (puc. 4).
[Toka3zanel MeanaHa (LEHTP CTOJOLOB), MHTEPKBAP-
TUJIBHBIA pa3Max (pa3Mep CTOJOIOB), MUHUMYM H
MakCUMyM (BEepTHKaIbHBIC 0Tpe3kn). PBS — 6a30BsIid
ypoBeHb dKkcrpeccur, NC — HeTaTUBHBIN KOHTPOJb,
Mimic — umutarop miR-204-5p,* — cratuctuuecku
3HAUMUMBbIE Pa3IHYHs MeX Ty IMUTaTopoM miR-404-5p
1 6a30BBIM ypoBHEM dKcrpeccud (p<0,05). 3HaunMbIx
pasnuuunii o ypoBHIo 3kcripeccun SIRT1 B omyxone-
BOM Y3JI€, IEUEHH U MTOYKaX MBI HE BBISBICHO.

ITo pe3ynsratam oueHku 3xcnpeccun BCL2 B omy-
XOJIEBOM Y3JI€ M INCTAHTHBIX OpraHax (JIerkue, eyeHs,
TMOYKH ) MBIIIIEH Yepe3 24 41 mocie 3-i BHy TpUOPIOLIHH-
HOW NHBEKIIUU YCTAHOBJIEHO, YTO CTAaTUCTUYECKH 3HAa-
grmo (p=0,043) yBennumnBaeTcsi ypOBEHb SKCIIPECCUHI

BCL2 B nerkux Mpimeil — B 20,2 pa3a B CpaBHEHHHU C
0a30BbIM ypoBHEM — 1 cocTaBiseT 1802,9-10°yeu. en
(puc. 5). B moukax MpIlIel yBennInBaeTCsl YPOBEHb
skcrpeccun BCL2 (p=0,021) B 16,8 paza u cocTaisiet
1333,4-10° yca1. e1. 3HaYMMBIX Pa3IM4uii O YPOBHIO
skcripeccu BCL2 B OIyXOJIEBOM Yy3J1€ U TICUEHU MbILLIEH
He BBIsABIICHO. [loka3anpl Memuana (IIEHTP CTONOIIOB),
MHTEPKBAapTHWIIbHBINA pa3Max (pa3mep cToji0I0B), MU-
HUMYM M MaKCUMYyM (BepTHKalIbHbIE OTpe3KH). PBS —
0a30BbIl ypoBeHb dKciipeccru, NC — HeraTUBHBIM KOH-
Tpoib, Mimic — umuTarop miR-204-5p, * — 3HaunMBbIC
pazniuns Mexty uMuTatopoM miR-404-5p u 6a30BbIM
ypoBHeM skcnpeccut (p<0,05).

O6cy:xneHue

B panee mpoBeeHHBIX MCCIIEI0OBaHUAX BBISAB-
JeHa cynpeccopHas ponb miR-204-5p B pa3Butun
OIlyXOJIEH MOCPEICTBOM MOCTTPAHKPUIILIMOHHON pe-
IIPECCHUH LIEJIEBBIX T€HOB, PETYJINPYIOIUX IPOLECCH
kaHueporenesa. [l[pumenenue nmuraropa miR-204-5p
CHIDKAET Mposn(epaIuio KIETOK paKa IUTOBUIHON
’Kene3bl [21], MIOCKOKIETOUHOIO paka MoJoCTU pTa
[22]. Monymsiust ypoBHS ucciemxyemMoi MukpoPHK
MPUBOJUT K YMEHBIICHUIO MUTPAllMM U MHBA3UU
KJIETOK ITTHOMBI IIOCPEJICTBOM PETYIISAIIMH SKCIPECCUH
Oenka cemeiictBa RASRab22a [23]. B akcniepumenTax
in vitro Ha xnetkax 1uHuM BRO u SK-MELT1 onpene-
JieHa poib uMuTaropa miR-204-5p B perymsmun ux
npoirepaTuBHON aKTHBHOCTH U )KU3HECTIOCOOHOCTH
[24]. [TomMumo 3TOTO, BEISIBIICHO, YTO 3KCITpeccust miR-
204-5p cHMKAeTcsl MPU MENAaHOME IO CPABHEHUIO C
MeJIaHOIIUTAPHBIMH HEBycaMu [25].

Cy1ecTByIOT MEXaHMU3Mbl HETaTUBHOM W IO3H-
TuBHOM perymsanun MukpoPHK myTtem Bo3neiicTBus
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Ha reHbl-mutiean. MukpoPHK criocoOHBI monaBasTh
AKCIPECCHUIO OTIPENIETICHHBIX TeHOB, TIPX 3TOM COXpa-
HSI CTaOMIBHOCTD TPAHCISIIMOHHO PEnpecCcupoBaH-
ueix MPHK renoB-murneneit [26]. pyroit Bapuant
¢ynkauonuposanns MukpoPHK xapakrepusyercs
WHIyIIUPOBAaHHBIM BO3JEHCTBUEM Ha T'€H-MHIICHb
yepe3 CaWThl B KOMIUTUMEHTAPHBIX MTPOMOTOPHBIX
obmactsax [27].

OueHka BHEUIHUX MPU3HAKOB, JUHAMUKHU JIBU-
rarelbHON aKTHMBHOCTH M Macchl Mblreir C57Bl/6 ¢
MenmanoMoit B-16, a Taxke m3MepeHHEe Macchl BHY-
TPEHHUX OPraHOB MPH BCKPBITHMH CBUIECTEIHCTBYIOT
00 OTCYTCTBUY BBIPOKEHHON TOKCHYHOCTH UIMUTATOPA
miR-204-5p Ha opranusm >kuBOTHBIX. B poBeeHHOM
WCCIIEIOBAHNN OTMEYEeHA TEHACHIHS K CHIDKCHHIO
MacCHhI OITYXOJIEBBIX Y3JIOB ITO/I BIUSHUEM UMHUTATOPA
miR-204-5p, u npeacTaBiseT HHTEpEC JalbHeHIIee
HCCIIEIOBAHUE €TO BIMSHUS HA Pa3BUTHE OITYyXOJIEBOIO
rporiecca IpHu YBETUYCHUH JIO3bI U JUTUTEIHLHOCTH
Kypca BBEJCHHS.

Ha ¢one BBemenuss umuraropa miR-204-5p
MbIlIaM ¢ MenaHoMmod B-16 mamm 3apeructpupo-
BaHO TIOBBIIIIEHWE YPOBHS I'€HOB-MHUIICHEH JTaHHOM
MUKpoPHK—SIRTI u BCL2: BCL2 B nerkux ¥ noykax,
SIRTI — B nerkux. B paHee npoBeneHHBIX HCCIENO-
BaHUAX in Vitro OBLTO YCTAHOBIEHO, YTO MUMHUTATOP
miR-204-5p BbI3bIBaET CHIDKEHHE PO EpaTHBHOMN
AKTUBHOCTH B KJIETKaX MEJIAHOMBI, IIPU 3TOM OJHO-
KpaTHOE BHYTPUBEHHOE BBEAECHUE UMUTATOPA i VIV
He T0Ka3aJ10 MPOTHUBOOITYX0JIEBOTO A deKTa, U onpe-
JIEJSITOCH TOIBKO M3MEHEHHe ypoBHS miR-204-5p B
noukax [28]. Takum 00pa3om, MOBBIIIIEHUE KPATHOCTH
BBEJICHUSI, IBMEHEHHUE CII0c00a BBE/ICHUSI C BHY TPUBEH-
HOTO Ha BHYTPHOPIOIIMHHBIA MO3BOJIMIA YBEITHIUTh
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BaHMUsI, COCTABICHUE YCPHOBUKA PYKOIKCH.

Mankuna Hapexna BaagumupoBHa: npoBeneHNne SKCIIEPUMEHTANBHOI paboTEl, craTHcTHYecKast 00paboTKa pe3ylibTaToB UCCIIe0-
BaHMUSL.

ABepuyk AHTOH CepreeBu4: POBEICHNE IKCIEPUMEHTAIBHON pabOTEL.

EcumbexoBa Anexcanapa PammaoBna: npoBe/eHIe SKCIIepUMEHTAIBEHOH paboThI, COCTAaBIEHHE YePHOBHKA PYKOIIHCH.
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XAPAKTEPUCTUKU PESUCTEHTHOCTU K
NMPOTUBOINPUBKOBbLIM JIEKAPCTBEHHbIM CPEACTBAM,
F’EHbl PAKTOPOB NATONEHHOCTWU CANDIDA SPP.
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AHHOTauus

AkTyanbHoOCTb. MnpoBas TeHOEHLMSA CTPEMUTENBHOMO YBENUYEHUS YPOBHSA PE3NCTEHTHOCTM K MPOTUBO-
rpubkoBbIM NpenapaTam, KoTopas CBsA3aHa Co MHOrMMK bakTopamMmu, ANKTYeT HE0BXOAUMOCTb NOCTOSIHHOIO
MOHWUTOPWHra TAKCOHOMMNYECKOMN CTPYKTYPbl HO30KOMMaIbHbIX BO3OyAUTENE MHBA3NBHBIX FPUOKOBbBIX MHGEK-
LM 1 NX YyBCTBUTENBHOCTU K aHTUMYHranbHbIM NeKapCTBEHHbLIM CPEeACTBaM C LiENbI0 MOCTOAHHON KOppeKLmnmn
Hanbornee oNTUMarnbHON TaKTUKM NPOMUNAKTUKN U NEYEHNS MHBA3NBHbIX TPMOKOBbIX MHMeKUMIA. Lienb unc-
cnepoBaHUsA — onpefeneHne YyBCTBUTENbHOCTY K aHTU(yHranbHbIM NpenapaTtam OCHOBHbIX BO30yauTenen
Npyv KaHOAMOEMUN Y OHKOMOrMYecknx BomnbHbIX, @ Takke onpeaeneHne reHoB Pe3aUCTEHTHOCTU U hakTopoB
natoreHHocTn. MaTtepuan un metoabl. lNpoaHanuavposaHo 82 wrtamma Candida spp., BblAENEHHbIX 13 KPOBU
OHKoOrormn4eckux 6onbHbIX B TeveHne 2015-21 rr. OnpegeneHne MUHUMAarbHbIX UHIMBMPYIOLLMX KOHLEHTPaLmMi
dnykoHasona, BOp1koHa3ora, no3akoHasorna, aHuaynadgyHrmHa n MukadyHrmHa BeINOMHANW rpagaueHTHbIM
meTopom (E-tecr, BioMerieux, France). ins oueHkun 3Ha4eHun MUK ncnonssosanu kputepumn EUCAST n CLSI.
OnpepeneHbl reHbl, aCCOLMMPOBaHHbIE C (hakTopamm NaToreHHOCTU U PE3UCTEHTHOCTY K MPOTUBOrPUOKOBBLIM
nekapcTBeHHbIM cpeacTBaM. PesynbTtathl. [0 pesynsrtatam Hawwero uccrnegosanus (kputepun EUCAST) B
Ka4yecTBe aMNUPUYECKON Tepanun MHBa3NBHOIO KaHAMAO03a (B T. 4. KAHAMAEMWM) HanMeHee APdEKTUBHbBI-
MW npenapaTtamu SBNSOTCS Tprasoribl, 0CO6eHHO hrykoHa30m, K KOTOPOMY CTaTUCTUYECKM 3HAUMMO Yalle
wrammbl Candida spp. pe3sUCTEHTHbI MO CPaBHEHWIO C BOpUKOHasonom (47,2 % npotus 23,2 %, p<0,01) n
nosakoHasonom (47,2 % npotue 30,4 %, p<0,05). HanbonbLuas akTUBHOCTb in Vitro oTMeYaeTcsl y npenapartoB
rpynnbl 9XMHOKaHAMHOB, Npu4em aHuaynadyHrvH B 2 pasa aktuBHee MukadyHrnHa (4,1 % pe3ncTeHTHbIX
wrammoB npotnB 11,4 %), HO CTAaTUCTUYECKN 3HAYMMON PasHULIbI NMPU 3TOM He BblisiBNeHo. NeHbl ERG71 n
FKS1, accoumnpoBaHHble C Pe3VCTEHTHOCTBIO K MPOTUBOrPMOKOBLIM Npenapartam, 6binu BeisBneHbl y 28,6 %
wrammoB Candida spp.. Fen ERG11 petektmposaH B 8,6 % cnydyaes, npuyem Tonbko y wrammos Candida
albicans. e FKS1 onpegeneH y 20,0 % wrammos (85,7 % — C. parapsilosis, no 7,1 % — C. tropicalis n C.
glabrata). 'eHbl hakTOpPOB NaTtoreHHoCTw onpeaeneHbl y 78,6 % wrammos C. albicans ny 79,1 % n3onsaTtoB
C. parapsilosis. 3akntoueHune. MonekynsapHo-reHeTu4eckne Metoapl BbisiBneHus wrammoB Candida spp.,
HeCYLUMX reHbl PE3UCTEHTHOCTY K aHTU(YHranbHbLIM Npenapartam, onpegernexHve akTopoB NaTOreHHOCTN —
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JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

3TO NEepCrneKkTUBHbIE HanpaBneHust A novMcka GMomMapKkepoB, obrerdyarLmx CroXHy 3agady TPakTOBKU
pe3ynbLTaToB MMKPOOMONOrMYecKoro nccreoBaHunst no oLeHke cnocobHocTy wrtammoB Candida spp. K pas-
BUTUO NHBA3UBHbIX MUKO30B.

KnioueBble cnoBa: Candida spp., kKaHAUAEeMUA, Pe3UCTEHTHOCTb, thJlykoOHa30s1, BOPUKOHa30Js1, NO3aKOHa30/1,
aHupgynadyHrui, mukadpyHrud, ERG11, FKS1, dhaktopbl natoreHHocTu.

CANDIDEMIA IN CANCER PATIENTS: PHENOTYPICAL
AND MOLECULAR-GENETIC CHARACTERISTICS
OF ANTIFUNGAL DRUG RESISTANCE, PATHOGENIC FACTOR
GENES OF CANDIDA SPP.
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Abstract

Relevance. The global trend of rapid increase in resistance to antifungal drugs due to multiple factors, dictates
the need for continuous monitoring of taxonomic structure and susceptibility of nosocomial pathogens, causing
invasive fungal infections, for permanent correction of the optimal prevention and treatment strategies.
Purpose: to determine antifungal susceptibility of the main yeast pathogens in candidemia in cancer patients,
as well as to determine resistance genes and pathogenic factor genes. Material and Methods. Eighty-two
strains of Candida spp. isolated from blood of cancer patients from 2015 to 2021 were analyzed. Minimum
inhibitory concentrations of fluconazole, voriconazole, posaconazole, anidulafungin and micafungin were
determined by a gradient method (E-test, BioMerieux, France). The EUCAST and CLSI criteria were used for
MIC value assessment. The genes, associated with pathogenicity factors, and resistance to antifungal drugs
were identified. Results. Our study results based on EUCAST 2020, v.10.0 criteria showed that triazoles,
especially fluconazole, were the least effective drugs in empirical therapy for invasive candidiasis (including
candidemia). Resistance of Candida spp. fluconazole was superior to that of voriconazole (47.2 % vs 23.2 %,
respectively, p<0.01) and posaconazole (47.2 % vs 30.4 %, respectively, p<0.05). The highest in vitro activity
was observed in echinocandins, and anidulafungin was 2 times more active than micafungin (4.1 % of resistant
strains vs 11.4 %, respectively), with no statistically significant difference (p>0.05). The ERG11 and FKS1
genes associated with resistance to antifungal drugs were detected in 28.6 % of Candida spp. strains. The
ERG11 gene was detected in 8.6 % of cases, exclusively in Candida albicans strains. The FKS1 gene was
identified in 20.0 % of strains (85.7 % of them were C. parapsilosis, 7.1 % each were C. tropicalis and C.
glabrata). Pathogenic factor genes were identified in 78.6 % of C. albicans and in 79.1 % of C. parapsilosis
strains. Conclusion. Molecular genetic methods for the detection of Candida spp strains carrying resistance
genes to antifungal drugs, and the determination of pathogenicity factors are promising trends in searching
for biomarkers. They facilitate interpretation of results of microbiological study to assess the ability of Candida
spp. strains to develop invasive mycoses.

Key words: Candida spp., candidemia, resistance, fluconazole, voriconazole, posaconazole, anidulafungin,
micafungin, ERG11, FKS1, pathogenic factors.

Beenenue Kannuaemus cBsi3aHa C BBICOKOH JIETAIIBHOCTBIO H
Kanmunemus y OHKOJIOTHYECKUX OONBHBIX — CUTYya-  POCTOM MHBa3WBHBIX ITpHOKOBBIX nHpekuii (UT'H) B
1usi, TpeOyromasl aeKBaTHOW ¥ CBOEBPEMEHHOIM Te-  OCHOBHOM Y HMMYHOKOMIIPOMETHPOBAHHBIX MMAllUCH-

panuu, KOTopas Mpe/IoiaracT PpaHHIOK TMarHOCTHKY — TOB, B T. 4. OHKOJIOTUYECKUX 00NbHBIX [ 1-3]. AHanu3
BHUJ1a BO3OY/IUTES M OTIPEICTICHUE UYBCTBUTEIIBHOCTH  MEXIyHAPOIHbBIX JaHHBIX B oTHOIIeHHH T u3 oTue-
Candida spp. x antudyHnransabiM npernaparam (ADIT),  TOB 110 ayTOINCHSIM IIOKa3bIBACT, YTO, HECMOTPS Ha BCE
BKJIFOYAs BCE JIOCTYIIHBIC COBPEMEHHBIC METOJbI.  YCHJIHS IO MPOQHIAKTUKE, JMATHOCTUKE U JICUCHUIO,
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WI'U Bce enie UMEIOT 3HAYUTENBHYIO PACIPOCTPAHECH-
HOCTB U CBSI3aHbI C HU3KUM YPOBHEM NPHKU3HEHHON
TUArHOCTHKH [4].

CpaBHUTENBHBIN aHANIN3 JTUTEPATYPHBIX JTAaHHBIX
10 ypoBHIO pesucteHTHoCTH Candida spp. K TPOTHBO-
I'PUOKOBBIM JICKAPCTBEHHBIM CPECTBAM IPEICTABIISIET
OIIPEJCIICHHBIC CIIOXKHOCTH, ITOCKOJIBKY HCCIIEI0Ba-
TEJN NPUMEHSIOT Pa3IHYHbIe KPUTEPUH OILICHKHA MU-
HUMaJIbHOH nHrnoupytomei konuentpauun (MUK).
Crenyer 3aMeTHTh, YTO C HEKOTOPBIX IO MpPHU paz-
pabotke kputepuen orieHKd MUK aHTH)YHTATBHBIX
npenaparoB yuuTsiBaercs Buj Candida, dero He
obut0 B pannux pexkomenganusx CLSI u EUCAST.
Kpome Toro, Ha pesynbTarbl IO W3yYEHHIO YPOBHS
pesucrenTHOCTH ADII BimsitoT u Apyrue GakTophl:
reorpaduyeckue; MoMmyJssIIUY MAlUeHTOB; IPUHSTAS
nonuTrka npopunaktuky u teparnun UI'H; ocodeHHo-
CTU ¥ METO/IbI, TPUMEHSIEMBbIE JJIs1 ISYEHHUSI OCHOBHOTO
3a0oneBanusi. HecmoTpst Ha 3TO, mpocieXuBaeTcs
MUPOBasi TCHJACHIUSI CTPEMUTEILHOTO YBEINICHHUS
ypoBHS pe3ucTeHTHOCTH K ADII, koTOpas cBs3aHa
CO MHOTUMH (PaKTOpaMH: aKTUBHOE, OPOH OCCKOH-
TPOJIbHOE M HeoOocHOBaHHOE mpuMeHeHue ADII;
BHEJPEHUE B MEIULIMHCKYIO IIPAKTUKY HOBBIX METOJIOB
JICYSHNS1; aKTUBHASI MUTPAIMs HACEJIeHUs, CBI3aHHAs C
TypU3MOM, OM3HECOM, HayYHOU AEATENLHOCTHIO [5].

Bmustane npodmnakrakw/Teparmu MU Ha hopmu-
pOBaHHE TAKCOHOMHYECKOH CTPYKTYPHI BO30YAUTEIICH
KaHJU/IeMUH, 0€3yCIIOBHO, UMEET MECTO, YTO, B CBOIO
o4epesib, OTPaKaeTcsl Ha YPOBHE PE3UCTEHTHOCTH K
A®II. ITokazaHo, 4To TIoCIie Tepanuu (GpIyKOHA30I0M
nonst C. albicans B cTpyKType BO30yAHUTEeH KaH U~
JIEMUHW CHU3WIACK, a C. glabrata yBeTMUnIach; MOCHe
neueHus sxuHokauuHamu C. albicans B CTPyKType
BO30yIuTeNeH KaHIUIEMHUH Takke cHU3miach, a C.
glabrata ysennunnace. UnTepecHo, 4To mociue BO3-
nercteust APII MUK 3HauuTeIbHO MOBBICHINCH
st C. parapsilosis w C. tropicalis, HO He ]IS BUJIOB
C WU3BECTHOW MOHWXCHHOH YYBCTBUTEJIBHOCTBHIO K
¢nyxonazony (C. glabrata) [6, 7].

OCHOBHOM MeXaHU3M TIPHOOPETCHUS YCTOHINBO-
ctu Candida spp. x ADII — 370 MyTaluu B TeHe, Ko-
JHMPYIOIIEM MUIICHb JUIs ICHCTBUS aHTU(YHTAITBHOTO
npenapara [8]. Tpuazossl ((rykoHa30I1, BOPUKOHA30,
IT03aKOHA30JT) aKTHBHO TpuMeHsIoT Tipu I'U B Teue-
HUE MHOTHX JieT. MUIlIeHb UX JACUCTBUSA — (EPMEHT
OuocuHTe3a procrepona (crepoi-14oaemMeTunasa,
GYP51) knerounoii MmemOpanbl rpuboB. Pesuctent-
Hocth Candida spp. K a3oam CBs3aHA C HATUIHEM
00XOAHOTO IIyHTa, KOTOpHIN 3aMensieT GYPS1 (xkomu-
pyemblii renHamul ER(G) ¥ Ha KOTOPBIN HE BO3/IEHCTBYIOT
azonbl. Hanbonee pacnpocTpaHeHHBIM CUUTACTCS
red ERGII [9, 10]. DxuHOKaHIWHBI (KacITO(YHTHH,
MHUKadYHTHH, aHUTyIadyHTHH) JEeHCTBYIOT Kak He-
KOHKYPEHTHBIE HHTHOUTOPHI PePMEHTHOTO KOMILIEKCa
B-(1,3)-D-rmrokancunTasbl, ciequpruueckd BO3ACH-
CTBYs Ha cyObenuuuiy FKS1, KoTopas KaTalu3upyer
BBIPAOOTKY IVIFOKaHa, OCHOBHOTO KOMIIOHEHTA KJIe-
tounoi crenku Candida spp. YcTOMUNBOCTD K dXU-

72

HOKaHAMHAM BO MHOI'OM OIpeIessieTCs] TOYSUHbIMU
MyTanusMu B reHax FKS/ [11, 12].

JleTekuusi TEHOB, OTBETCTBEHHBIX 32 PE3UCTEHT-
HOCTh K A®DII, ToueuHbIX MyTaluil B 3TUX T€HaX, —
NEPCIEKTUBHOE HANPaBJICHNE TOUCKA HEKYIBTYPailb-
HBIX MapkepoB pe3uctentHoct Candida spp. k ADI1
[13]. OmHako moka3zaHo, UYTO HE BCETIa TOUYCTHEBIC MY-
TaIMK B FeHAX, OTBETCTBEHHBIX 33 PE3UCTEHTHOCTb K
A®II, npuBOIAT K yCTOMUNBOCTH K HUM. BBIsBIEHbI
TaK Ha3bIBAEMBIE «MOJTYAILNE MYTaLlU», IPH KOTOPBIX
Candida spp. HEe TEMOHCTPHUPYET yCTOMUUBOCTH K
A®II [14]. Kpome TOro, pe3uCTEeHTHOCTh K 3TUM K€
NPOTHBOIPHOKOBBIM periapaTtaM MOKET BBI3BIBATHCS 1
JPYTUMHU MEXaHU3MaMU: TUIIEpIKCIpeccreii pepMeH-
TOB, OHoTIIeHKOOOpa3oBanueM u np. [12, 15]. Tem we
MeHee Mpe/IoNaraeTcs, 4To Handosee 3HAYUTENbHYTO
POJb B Pa3BUTHH MPOTHBOTPHUOKOBON YCTOMYMBOCTH
y M30JSITOB NPU KaHAWAEMUU UTPaeT CHOoCOOHOCTD
Candida spp. cymecTBoBaTh B OMOTUIEHKAX, KOTOPBIS
OBICTPO 00pPa3yIOTCs Ha CHHTETUYECKUX MaTepHraiax
Y Ha TKaHSX JesioBeka [15].

Mertabomusm Candida spp. npeacraBiseT coboi
CIIOKHYIO CUCTEMY, U MHOTHE (pepMEeHThI CLIOCOOHBI
y4gacTBOBath B mporiecce pazsutus UI'N. C. albicans
Y HEKOTOPBIE IPYTUE BUJIBI SBJISIFOTCS YACTHIO MHKPO-
OMOTHI 370pOBOTO YesoBeka. Ilpu ompeneneHHBIX
00CTOSITENbCTBAX, SBJISIOLUIMXCS CICICTBUEM LEJIOT0
KoMmIIekca (aktopos, kononm3anus Candida spp.
MoxeT Tpanchopmuposarbes B UM, knuHn4eckue
MPOSIBIICHUSI KOTOPOH 3aBHUCST OT COCTOSTHUS UMMYHH-
TEeTa YeI0BEKa 1 KOJIOHU3UPOBAHHOM TKaHH, OT LIEJI0TO
psina pakTopoB MaTOreHHOCTH MUKPOOPraHnu3ma, Aei-
CTBHSI KOTOPBIX ITPH Pa3BUTHUH MATOIOTUIECKOTO TIPO-
1[ecca B3aMMOCBsA3aHbl. Pa3InyaloT HeCKOIBKO MPyI
¢akTopoB maroreHHocTH. CIoCOOHOCTH MpPUKpeE-
IUIATBCS K TIOBEPXHOCTAM TKaHEH U HEOPraHMYECKUX
MaTepHrasioB (HalpuMep, KaTreTepoB) 00eCTIeunBaOT
aare3unsl Candida spp. (rensl Tpynnsl ALS) npu
B3aUMOJICHCTBHH C PELIEITOPHBIM alapaToM CIH3H-
CTBIX 000JIOUEK OpraHU3Ma X0351Ha, B JaHHOM Cllydae
«XO03MHOMY» paccMmarpuBaercsi dyenoBek. IlokazaHo,
YTO CTEIIEHb aJIFC3UH CBS3aHa C IMaTOrTeHHOCTHIO [16,
17] n 3aBucut ot Buaa Candida, Hanipumep, B OTIIHIHE
ot C. albicans, C. tropicalis cautaercst HI3K0OaAre31B-
HBIM BUIOM, a C. krusei IposIBIISIET HE3HAUNTEIIbHYIO
WM HyneByro aareszuro. Ilocnenyromuii sran nexe-
tpauuu u uHBasuu Candida spp. obecrnieunBaeTcs
X MOP(OIOTUIECKUMHU U3MEHEHHSIMH, IPOAYKIHEH
rpynIbl GepMEHTOB THIPOIIa3 (acaparuiHOBBIE TIPO-
Teasbl, (pochonumnaszpl, AUMas3pl), KOTOPBIE y PA3HBIX
BHUJIOB KaHJIUJI MPOSIBIISIOTCS B pPa3HOM CTENeHH.
[Iponyxkiust rpynibl MPOTEONUTHIECKUX (DEPMEHTOB —
CEKpeTOpHBIX acnaprtui-nporeas (SAP) — cnocob-
CTBYeT MPOHUKHOBeHUIO B TKauu Candida spp. u ux
pacnpoctpanenuto. [lpu aHTUYHTaIBHOW Tepanuu
MPOUCXOAUT 3ameiieHue pocta Candida spp., HO B TO
K€ BpeMsI CEKpelrsl KaHAWAaMH acrapTar-poTeHHa3
aktuBm3upyetcs. B cocrare omornenok Candida spp.
0oiee aKTUBHO CEKPETUPYIOT acriapTar-mpoTenHasbl,
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HEXKEJU MJIAHKTOHHBIE (POPMBI, M 3TO TpeArnoIaraet
OIIEHKY OMOIIJICHOK KakK eIle OAWH (aKkTop MaToreH-
Hoctu Kaumup [18-21]. Kanaumel ciocoOHBI Ipomy-
LUPOBATh TEMOJIUTHYECCKHE (DAKTOPBI, KOTOPBIE, KaK
MOJIaratoT, MOTYT 00Jer4aTh UM JOCTYI K XKEJe3y.
WuBasus Candida spp. B TKaHU TIPOUCXOANUT HAPSIILY
¢ mponyknuei depMeHTOB, Omaromapss MopdoIro-
FUYECKO TpaHcPOopMaluu IPOKKEBOU (HOPMBI B
rudansHyo (rpynnsl reHoB ALS, HWP, SAP), uto
TaKXKe SIBISETCS PAKTOPOM MATOTEHHOCTH, TTOCKOIIBKY
onpenensgercs Toibko npu aktusHoi UT'N. Tlporecc
MOP(hOTIOrHYECKOM TpaHC(HOPMALIUHU COIIPOBOKIACTCS
pacIIMpeHreM CIieKTpa aAre3nHOB y T aibHBIX HOpM.
I'udwr 00mamaroT THrMOTPOITU3MOM — JIBUKEHHUE, KOTO-
PO€ CTUMYJITHPYETCS TyBCTBUTEIIEHBIM KOHTAKTOM, — U
9TO yCWJIMBAET Tporecc pacnpoctpanenus Candida
spp. Mopdonoruueckas TpaHchopMaIyst TaKxKe yda-
CTBYET B NEHETPALMU BO30yIUTENS U 0OecreunBaeT
€My 3aIUTy OT IMMYHHOH cucTeMbl xo3siHa. Candida
Spp. CTIOCOOHBI Ha (DEHOTHITHMYECKHUE TTePEKITIOTCHIS
(penorunmyeckast UBMEHUUBOCTE ), XapaKTEPHBIC IJIS
OT/ICJIbHBIX IITAMMOB ITPU U3MEHEHUH YCIIOBUI Cy1Iie-
CTBOBaHUS. SIBIIeHNE (DEHOTHUITNYECKON TUTACTHIHOCTH
OTBETCTBEHHO 32 BBIKIIIOYEHUE OTHOM TPYTITHI TEHOB U
BKJIFOYCHUE JAPYTHX TPYIIL, ONPEIEISIONINX CTEIIeHb
MaTOTeHHOCTH, aKTUBUPYIOIIUX MPOLECCHI aire3Un U
nieHeTpanuu. GeHOTHITNYECKOe MEePEKITFOYeHHE CII0-
COOHO KOMIUIEKCHO BO3ZICHCTBOBATh HAa aKTUBHOCTH
MHOTHX TOTEHIIMAIBHBIX (AKTOPOB BHUPYIECHTHOCTH
4yepe3 reHeTUYECKU MEXaHN3M, KOTOPbIM MO3BOJISIET
Candida spp. npucnocabnuBaTbcs K U3MEHEHHUIM
cpenbl oouTanus [22, 23].

Leap uMccieqoBaHUA — OINpeeeHNe YyB-
CTBHTEJIBHOCTH K aHTH(YHTAJbHBIM IpernapaTam
OCHOBHBIX BO30yauTesnel Npu KaHJUIEMHUH Yy OHKO-
JIOTUYECKUX OOJIBHBIX, a TAKXKE ONpeeTICHIE TeHOB
PE3UCTEHTHOCTH ¥ (HaKTOPOB IMaTOT€HHOCTH.

MarepuaJj 1 METOAbI

Bcero 3a uccnemyemsrii epuon (staBaps 2015 . —
nekadbps 2021 1.) nccnenosano 82 mramma Candida
spp. (10 BunoB): C. parapsilosis — 50 mrammos, C.
albicans — 17 mirammos, C. glabrata v C. lusitaniae —
o 3 mramma Kaxenii Bun, C. krusei, C. guilliermon-
dii n C. tropicalis — mo 2 mramma Kaxnbrid Bum, C.
dubliniensis, C. utilis u C. inconspicua — 10 OTHOMY
mramMMmy Kaxablidi Bul. [ToceBbl KpoBH HMHKYOHPO-
BaJIM B MHUKPOOHMOJIOTHYECKOM TeMaHajlu3aTope-
nnkybarope BD BACTEC FX 400 (Becton Dickinson,
CIIIA) B Teuenue 5 cyt u B npudope Bact/ALERT 3D
(BioMerieux, @panyus) B Teuenue 7 cyt. Unentudu-
Kalysi OCYIIECTBIISIIACH C UCTIOJIb30BAHUEM MTPUOOpa
MALDI-TOF Microflex LT (Biotyper, Bruker Dalton-
ics, I'epmanus).

Omnpenenenne MUK ¢urykonazona, BopukoHa3ona,
M03aKOHA30J1a, aHUAyJaQyHIHHA U MUKa(yHTHHA BbI-
TIOJTHSITH TpaIieHTHBIM MeTosioM (E-Tect, BioMerieux,
France) na gamkax [lerpu quamerpom 140 MM c To-
ToBOM arapoBoii cpeoit RPMI (BioMerieux, France).
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Ananu3 uyBctBUTenbHOCTU K ADII npoBoaunu A
tex BunoB Candida, X KOTOPBIM pa3padOTaHbl KPH-
tepun onenkun MUK (C. albicans, C. parapsilosis,
C. glabrata, C. krusei n C. topicalis). J{nst oueHku
nosyyeHHbIX Hamu 3HaueHuit MUK ucnonp3oBanu
KJIMHUYECKUE MOTpaHudHbIe 3HaYeHus (clinical
breakpoint, CBP), pexomennoBanasie EUCAST (Eu-
ropean Committee on Antimicrobial Susceptibility
Testing, EBponeiickuii KOMUTET 1O TECTHPOBAHUIO
aHTUMUKPOOHO# "yBcTBHUTENHHOCTH, Version 10.0,
valid from 2020-02-04) [moctymHo Ha http://www.
EUCAST.org] u CLSI (Clinical and Laboratory Stan-
dards Institute, M60-Ed2, 2020) [noctymHo Ha https://
www.clsi.org].

B nccnenyeMpix mrammax OBLTH ONpeaeTeHbI
T'eHBI, aCCOLIMMPOBAHHBIE C (PaKTOPaMHU NTATOTeHHOCTH
u pesucteHTHOCTH K ADII. [Tponykiuto remoiansnHa
JIETEKTHPOBAJIM 110 HAIWYUIO 30HBI TIPOCBETICHHUS
BOKPYI KOJIOHUU Ha IUIOTHOM NMUTATENbHOM cpene
Calypo ¢ nobasnenuem 5 % crepuibHONU OapaHbei
kpoBu. Brinenenne JIHK mpoBomunu KOMILIEKTOM
pearentoB 11 skcTpakuuu JJHK u3 knuHuueckoro
Mmarepuana «Amrullpaiim JIHK-cop6-B» (MuTep-
Jla6CepBuc, Mocksa, Poccust) cormacHo HHCTPYKITUT
npousBoautens. [P npoBoawin ¢ UCIONb30BaHU-
em peaktuBoB Thermo Fisher Scientific (Yonrewm,
CIIIA): 10xTag-0ydepa ¢ aMMOHHEM CEPHOKHUCIIBIM
((NH,),SO,); 25 MM pacTBOpa X/Iopujia Maruus
(MgCl,); 10 MM pacTBOpa cMe€CH J1€30KCHPHOOHY-
xkieosuarpudocdaros (tHTD); pekoMOHMHAHTHOM
Tag-nonmepasbl ¢ KOHIIEHTpAIHen 5 eJl/MKII Ha TpH-
6ope «Tepmux» (JJHK-Texnonorus, Mocksa, Poccust).
Paznenenne JIHK IIL[P-ipoaykTOB OCYIIECTBIIAIN B
anekrpodoperndeckoit kamepe Wide Mini-Sub Cell
GT (Bio-RAD, CIIIA) B Tpuc-6oparaom Oydepe B
1,2 % arapo3nom rene npu Hanpspkeaun 50 B. I'ensr,
ACCOLIMUPOBAaHHBIE C MATOT€HHOCTHIO U PE3UCTEHTHO-
CThI0, onpenernsi MetogoM [P co cnennpuanbiMu
npaitmepamu (Taom. 1).

[Ipu craructudeckoit 06paboTKe PEe3yIBTaTOB HC-
CIIeIOBaHUS BBIYMCIISIA OTHOBBIOOPOYHBIH t-KpUTEPHiA
(Crpronenra). CTaTUCTUYECKU 3HAYMMBIMH CUHATAIH
pa3imyus ¢ BEpOITHOCTHIO He MeHee 95 % (p<0,05).
Craructudeckue pacueThl OCYIECTBISITH C TOMOIIbIO
CIIeUaIBbHON KOMITBIOTEPHOM IPOrPaMMBl, KOTOpast pas-
paboTana rpynmnoi MmeauiHcKoi kubepHetnku OI'BY
«HMMUL] oukonornu um. H.H. brioxura» M3 PO.

Pesyabrarsl

B namem nccnenoBannu C. albicans, C. parapsi-
losis, C. glabrata, C. krusei n C. topicalis cocTaBmimm
90,2 % OT BCeX MITaMMOB, BBIJICIICHHBIX MTPH KaHIUIC-
muu (puc. 1). Ilo qaHHBIM UCCIICIOBaHYSI, B KAYECTBE
SMIIUPHUYCCKON Tepanuy WHBA3UBHOTO KaHIUI03a
(B T. 4. kKauauIeMnuu) HauMeHee 3G (PEKTUBHBEIMA
npenapaTaMu SIBJISIOTCS TPUA30Jibl, 0COOCHHO
(I1yKOHA30J1, K KOTOPOMY CTaTUCTHYECKU 3HAYUMO
yaie mrammbl Candida spp. pe3UCTEHTHBI IO CpaB-
HEHUIO ¢ BopukoHa3onoM (47,2 % mpotus 23,2 %,
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B C. albicans
B C. parapsilosis
C. glabrata

& C. tropicalis

B C. krusei Puc. 1. OcHoBHble Buabl Candida spp.
(%), BbIOENEHHbIE N3 KPOBW OHKOMOTU-
B Ilpouue YecKnX GOrbHBIX

Fig. 1. The main species of Candida
spp. (%) isolated from the blood of
cancer patients

60,97

Ta6bnuua 1/Table 1
Mpalimepbl Ha FreHbl NAaTOreHHOCTU U PE3UCTEHTHOCTU WwTamMmoB Candida spp.

Primers for pathogenicity and resistance genes of Candida spp.

Ten/ Tpaiimepsl/ Temneparypa orxura, °C/ Cchuika/

Gene Primers Annealing temperature, °C Reference
I'ensr pesucTenTHOCTH/Resistance genes

5’- ttagtgttttattggattcettggtt -3°

el 5’- tctcatttcatcaccaaataaagate -3’ 61 [24]
5’-atgtcttacgataacaatc-3’
PRSI 5’- ttagaatgcctttgtagtatag-3’ 40 [25]
T'enbr marorennocti/Pathogenicity genes
ALS] 5 —g’actagtgaaccaacaaataccaga’—3 50 [26]
5’-ccagaagaaacagcaggtga-3
HWPI 5’ -atgactccagetggtt-3 ’ 45 [26]
5’-tagatcaagaatgcagc-3
5’-atgattttgcatcattt-3’
PLBI 5’-agtatctggagctctac-3’ >0 [26]
LIPI 5 ‘-acaaattcactgggatcaagag—3’ 55 [27]
S'-ataagtgacatggacgttactg-3
5’-gctettgetattgcetttatt-3°
SAP4 5’-taggaaccgttattcttac-3' 4 [26]
SAP9 5’-atttactccacagtttatatcactgaaggt-3 59 [28]

5’-ccaccagaaccaccctcagtt-3’

Ta6bnuua 2/Table 2
Pe3ncTeHTHOCTb OCHOBHbIX BUAOB Candida k 5 npoTuBorpnbkoBbiM npenaparam (EUCAST V. 10, 2020)

Resistance of the main Candida species to 5 antifungal drugs (EUCAST V. 10, 2020)

Onykonazon/  Bopukonazon/  Ilosakonazon/  Anunmynadynrun/  MukadyHrus/
Fluconazole Voriconasole Posakonasole Anidulafungin Micafungin
Konn4ecTBO pe3uCTEHTHBIX [ITAMMOB/ % PE3UCTEHTHBIX ITAMMOB
Number of resistant strains/ % of resistant strains

Bcero
Candida spp. LITaMMOB/
Total strains

C. albicans 17 4/23,5 3/17,6 5/29.4 2/11,8 7/41,2
C. parapsilosis 50 28/56,0 12/24,0 15/30,0 0 0
C. glabrata 3 1 Hn/No data * Hn/No data 1 1
C. krusei R Hn/No data Hn/No data Hn/No data 0 Hn/No data
C. tropicalis 2 1 1 1 0 Hn/No data
Bcero mporecTrpoBaHHBIX
ITAMMOB/ 74 72 69 69 74 70

Total strains tested

Konm4ecTBo pe3uCTEeHTHBIX ITAMMOB/

Number of resistant strains 34 16 21 3 8

Ilpumeuanne: * — HET JaHHBIX, TaK KaK OTCYTCTBYIOT KPUTEPUH OLIEHKH MHHUMAaJIbHONH HHTHOMpYrolel koHueHTpaunn; ** —y C. krusei npupojHast
PE3UCTEHTHOCTh K (TyKOHA30ITy.

Note: * —no data, since there are no criteria for assessing the minimum inhibitory concentration; ** — C. krusei has natural resistance to fluconazole.
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Tabnuua 3/Table 3
CpaBHeHMe faHHbIX PE3UCTEHTHOCTH WUTAMMOB K aHTU(yHranbHbIM npenapaTam, OLleHEHHbIX NO
pasnuyHbiM KpuTepusam — CLSI (M60-Ed2, 2020) n EUCAST (V. 10, 2020)

Comparison of data of resistance of strains to antifungal drugs assessed with CLSI (M60-Ed2, 2020) and
EUCAST (V. 10, 2020) criteria

Hamm nannbie Hamm nannbie

kpurepun CLSI)/ kputepun EUCAST)/
AHTHOYHraJIb- Ll ( G (CLSI) LBUEAE ( Gur i (EUCAST)
HbIH Tpenap o Candida spp. criteria) criteria)
Angﬂl"g‘gal S R S R S R S R
DI/\I/[I/IIE EXIZB/ KomuectBo/Number 1\1/\141/115 ((11;411;;3 / KommmuectBo/Number
C. albicans <2 >8 9/52,9%  4/23,5% <2 >4 9/52,9%  4/23,5%
Oryxonazon/ C. parapsilosis <2 >8 18/36,0 % 28/56,0 % <2 >4 18/36,0 % 28/56,0 %
Fluconazole C. glabrata  Hxa/no data >64 Ha/no data  1/33,3 % <0,001 >16 0 1/33,3 %
C. krusei Hi/no data Hm/no data Ha/no data Ha/no data H/no data Hu/no data wHa/no data Ha/no data
C. tropicalis <2 >8 0 1/50,0 % <2 >4 0 1/50,0 %
C. albicans <0,12 >1 13/76,5 % 3/17,6 % <0,06 >0,25  12/70,6 % 3/17,6 %
Bopukosazon/ C. parapsilosis <0,12 >1 7/14,0 % 3/6,0 % <0,125 >0,25  35/70,0 % 12/24,0 %
Voriconazole C. glabrata  Ha/no data Ha/no data Hza/no data Ha/no data Ha/no data Ha/no data Ha/no data Ha/no data
C. krusei <0,5 >2 2/100 % 0 Ha/no data H/no data Ha/no data Hu/no data
C. tropicalis <0,12 >1 1/50,0 % 1/50,0%  <0,125 >0,25 1/50,0 %  1/50,0 %
C. albicans <0,25 >1 17/100 % 0 <0,03 >0,03 15/88,2% 2/11,8 %
AHI/IZ[yJIa(I)yH- C. parapsilosis <2 >8 50/100 % 0 <4 >4 50/100 % 0
run/ Anidula- C. glabrata <0,12 >0.5 2/66,7%  1/33,3 % <0,06 >0,06 2/66,7%  1/33,3 %
fungin C. krusei <0,25 >1 2/100 % 0 <0,06 >0,06 2/100 % 0
C. tropicalis <0,25 >1 2/100 % 0 <0,06 >0,06 2/100 % 0
C. albicans <0,25 >1 16/94,1 % 0 <0,016 >0,016 10/58,8 % 7/41,2 %
C. parapsilosis <2 >8 50/100 % 0 <2 >2 50/100 % 0
Mﬁfﬁzg‘j C. glabrata <0,06 >025  2/66,7% 1/333%  <0,03 >0,03  2/66,7% 1/333%
C. krusei <0,25 >1 2/100 % 0 Ha/no data wa/no data wHia/no data Ha/no data
C. tropicalis <0,25 >1 2/100 % 0 Ha/no data wa/no data Ha/no data mm/no data

HpI/IMB‘IaHI/IBZ S - YYBCTBUTCIIBHOCTD, R - PE3UCTECHTHOCTD,; HA — HET JaHHBIX.

Note: S — susceptibility; R — resistance.

p<0,01) u no3akonazonom (47,2 % nporus 30,4 %,
p<0,05). Camas BEICOKast aKTUBHOCT® 71 Vitro OTMeda-
€TCs Yy MIPerapaToB IPYIIbI SXUHOKAHIUHOB, IPUYEM
aHUIYTaQyHTHH B 2 pa3a akTHBHee MUKa(yHTHHA
(4,1 % pesucTeHTHBIX IITaMMOB TTpoTuB 11,4 %), HO
CTaTUCTUYECKH 3HAYMMOW Pa3HUIIBI IPU STOM HE BbI-
sIBIEHO (Tabm. 2).

Kak yxe OpLTIO 3aMedeHO paHee, OllEHKa 3Ha-
yenuss MUK A®II ana onpeneneHus KaTeropuu
«UyBCTBUTEIBHOCTH/PE3UCTCHTHOCTD)» 3aBUCHT OT
npuMensieMbix kputepues (CLSI unmu EUCAST). Mbt
CPaBHWJIM MTOJTyYEHHBIC HAMU IaHHbIE, OLIEHEHHBIE TI0
pasnugHBIM KpuTepusM (Tadm. 3). Pesynsrars coBma-
JIaJTi TOJIBKO B OTHOIIEHHH (IyKoHAa3omna. B 1menom,
K BOPUKOHA30I1y, aHUIyIadyHTHHY U MUKa(QyHTUHY
o kputepusim CLSI pe3ucteHTHOCTH ObLIA 3HAYU-
TEJIHHO HIDKE 0 CPABHEHHIO C OIICHKOW 3HAYCHHIM
MUK o kputepusim EUCAST (9,9 nmpotus 23,2 %,
p<0,05; 1,4 mpotus 4,1 %; 1,4 nporus 11,4 %, p<0,02
COOTBETCTBEHHO).

HecMmotps Ha 10, uTo npu nopo3penun Ha UIT'U, kak
npaBuio, cHadasa ADII HazHAYalOT AMIUPUYECKH,
B JIAJIbHEHINIEM Teparusi KOPPEKTHPYETCS ¢ YIETOM

CUBUPCKIM OHKONMOTMYECKW XXYPHAT. 2022; 21(3): 70-80

Pe3yJIbTaToB MUKPOOMOJIOTHYECKOrO UCCIEIOBAHMUS
C JaHHBIMHU I10 YyBCTBUTEIBHOCTU BO3OYIUTENS K
A®II, no3Tomy KpailHe Ba’KHO ITPOBOAUTH JJIUTEIb-
HBII MOHUTOPHUHT 1O CHEKTPY BO30OyAHUTENeH M MX
yyBCcTBUTENBbHOCTH K ADII B KOHKpeTHOM cTanuo-
Hape. B Hamem uccrnenoBanun Hambosnee 4acTo U3
KpoBU ObuH BhIIeNeHBI 2 Buna kauaun: C. albicans
u C. parapsilosis, mo3ToMy Oblia MPOBe/IcHa OIICHKA
MUK st ADIT mist aTux BuioB (tadu. 4). [pu sTom
pesucteHTHOCTH mTaMMoB C. albicans k GpiaykoHa30y
CTAaTHCTUUYECKH 3HAYNMO O0JIee HU3Kasi B CPAaBHEHUH C
C. parapsilosis (p<0,02). CTaTUCTHYECKU 3HATHNMBIX
pasnuyMid B 10€ PE3UCTEHTHOCTH K BOPUKOHA30IY,
no3zaxkonazony u anunyitadyuruny y C. albicans n
C. parapsilosis ne BeIsBIeHO. Kpome Toro, cpenn C.
parapsilosis BOOOIIE HE BBISBICHO PE3UCTECHTHBIX
HITAMMOB K aHUyJaQyHTUHY U MUKa(QyHTHHY, TOTIA
kak cpeau C. albicans perucTpupoBaIiCh IITAMMBI,
PE3UCTEHTHBIE K aHUIY/IaQyHIUHY, 1 3HAUUTEIbHAs
JIOJIS ITAMMOB, PE3UCTEHTHBIX K MHUKa()yHTHHY.
Taxum oOpa3oM, Hauboliee aKTUBHBIM in Vitro
A®II B orHomtenun C. albicans okazancs aHugyna-
tdynrun, a s C. parapsilosis — aauaynadgyHrud 1
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Tabnuua 4/Table 4
Pe3ancteHTHoCTb/HYyBCcTBUTENBHOCTL C. albicans n C. parapsilosis K npoTUBOrpuOKOBbLIM NpenapaTtam npu
kaHguaemumn (EUCAST, V. 10, 2020)

Resistance/ susceptibility of C. albicans and C. parapsilosis to antifungals in candidemia (EUCAST, V. 10, 2020)

C. albicans C. parapsilosis
17 mrrammoB/17 strains 50 mrrammoB/50 strains
Kon-Bo Kon-Bo mramMmoB ¢ Kon-Bo Kon-Bo mrramMmoB ¢
AHTU]YHTAlIb-  YyBCTBHTENb- YyBCTBUTEIBHOCTHIO Koin-Bo YyBCTBUTENIb-  4yBCTBHTEIbHOCTBIO Koi-Bo
HbII penapar/ HBIX IIPY YBEJINYEHHOU YCTOMUYUBBIX HBIX IIPYU YBEIMYECHHOU DKC-  yCTOHYUBBIX
Antifungal drug ITAMMOB/ 9KCIIO3UIINH/ ITaMMOB/ TaMMOB/ TTO3UIUH/ IITaMMOB/
Number of Number of strains ~ Number of re-  Number of Number of strains Number of re-
susceptible  with susceptibility at  sistant strains  susceptible with susceptibility at  sistant strains
strains increased exposure strains increased exposure

PryxoHason/ 9/52,9 % 4/23,5 % 4/23,5 % 18/36,0 % 4/8,0 % 28/56,0 %

Fluconazole

Bopukorason/ ) 7 ¢ o, 2/11,8 % 3/17,6 % 35/70,0 % 3/6,0 % 12/24,0 %

Voriconazole

Mosaronason /-, 7 ¢ oy 0 5294%  35/70,0 % 0 15/30,0 %

Posaconazole

AnnpynagyH-

rud/ Anidula- 15/88,2 % 0 2/11,8 % 50/100 % 0 0

fungin
Mukagymrin/— 5 ¢ o 0 7/41,2 % 50/100 % 0 0
Micafungin

Ta6nuua 5/Table 5
FeHbl ERG11 n FKS1, BbisiBNeHHble B wWtammax Candida spp., BblAeneHHbIX 3 KPOBU OHKONOTMYEeCKNX 60SbHbIX

ERG11 and FKS1 genes detected in of Candida spp. strains isolated from blood of cancer patients

. Bcero mrrammos/ Kosmnuectso renos/Number of genes
Candida spp. .
Total strains ERGII FKSI
C. albicans 11 6 0
C. parapsilosis 46 0 12
C. glabrata 3 0 1
C. krusei 3 0 0
C. tropicalis 2 0 1
C. lusitaniae 2 0 0
C. guilliermondii 2 0 0
C. utilis 1 0 0
NTOI'O/TOTAL 70 6 14

Tabnuua 6/Table 6
leHbI hakTOPOB NAaTOreHHOCTU, BbisiBNEHHbIEe B WTammax Candida spp., BbiaeneHHbIX U3 KpoBHU
OHKONOrMYeckux 60nbHbIX

Pathogenicity factor genes detected in Candida spp. strains, isolated from the blood of cancer patients

Bcero Tenn pakropoB marorennoctw/Pathogenicity factor genes
Candida spp. LITaMMOB/
Tl s ALSI HWP1 SAP9 SAP4 PLBI LIP] I'emomn3z*

C. albicans 14 3 3 0 2 1 1 4
C. parapsilosis 43 11 12 0 0 0 0 25
C. glabrata 3 0 0 0 0 0 0 2
C. krusei 2 0 0 0 0 0 0 0
C. tropicalis 2 0 0 0 0 0 0 2
C. lusitaniae 3 0 0 0 0 0 0 3
C. guilliermondii 2 0 0 0 0 0 0 2
C. utilis 1 1 0 0 0 0 0 0
Hroro/Total 70 15 15 0 2 1 1 38

IIpumeuanue: * — hpeHoTUNMYECKUit TECT.

Note: * — phenotypic test.

76 SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 70-80



JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

mukadyHrud. Cienyer 3aMeTUTh, YTO BOPUKOHA3OII,
HECMOTpS Ha JUIUTEIhHOE MPUMEHEHHE B KIIMHUKE,
6omee uem B 70 % ciy4aeB akTHBEH in Vitro IpOTHB
oboux Haubosee pacipocTpaneHHbIX Bu0B Candida,
kotopeie coctaBwin 81,7 % (67/82) Bcex reMOKyIb-
TYp TIpH KaHAWJIEMUHU. YPOBEHBb PE3UCTEHTHOCTU K
M03aKOHA30ITy CXOAEH C MPOQHIEM PE3NCTEHTHOCTH
K BOPUKOHA30JTY.

B xoze Haieit paboThI MPOTECTUPOBAHBI IIITAMMBI
Candida spp. ¢ nenpio onpeneneHusi TEHOB, OTBET-
CTBEHHBIX 32 PE3UCTEHTHOCTH K MTPOTHBOTPUOKOBBIM
npenaparam, metonom [P (tadm. 5). B pesynbrare
nccienyemble TeHsl BeisiBieHsl y 20 u3 70 (28,6 %)
wrammoB Candida spp. I'en ERGI1, KoTOpBIil OTBe-
YaeT 3a Pe3UCTEHTHOCTh K TPHA30JIaM, IETEKTUPOBaH
tonbko y mramMmmoB C. albicans (8,6 %), mpuuem
BHYTPH 3TOTO BUAA TOIbKO 54,5 % M3054TOB HECIH
red ERG11. U3 11 wrammoB C. albicans y nByx Oblia
3apeTrUCTPUPOBAHA PE3UCTEHTHOCTh KO BCEM TPEM
IperaparaM 3TOT0 KJIacca, ¥ TOIBKO Y OTHOTO M3 HUX
BbIsBIIEH TeH ERGII, y nBYyX IITaMMOB, HECYIIUX
red ERGII, Oblia yCTaHOBJIEHA YyBCTBUTEIHLHOCTD
K (QIyKOHA30lly MPH YBEIHMYEHHOW IKCIIO3HIIUH
MIPOTHBOTPUOKOBOTO TIpemnapara, u y 4 mTaMMOB —
YYBCTBUTEJILHOCTh KO BCEM TPEM TpHa3ojiaMm IpH
CTaHJaPTHOM PEKHME JI03UPOBAHMSL.

B Hamem ucciienoBanuu HA y oHOTO mtamma C.
albicans e BbIsiBIIeHO TeHa FKS1, OTBETCTBEHHOTO 32
PE3UCTEHTOCTH K 3XxuHOKaHuHaM. ['en FKSI onpene-
nen y 14 mrammoB (20,0 %): mrammel C. parap-
silosis coctaBuu 85,7 %, mrammel C. tropicalis n
C. glabrata — o 7,1 % xaxnapiit Bua. M3 Bcex m30:si-
TOB, Hecynux reH FKS1, tonsko 1 mrramwm (C. glabra-
ta) ObUI in Vitro pe3UCTEHTEH K aHUIylTadyHTHHY W
MUKa(yHTUHY, OCTalIbHbIC 13 M30JIATOB paCICHEHBI
KaK YyBCTBHUTEJBHBIE K OXHMHOKAH/INHAM.

Kax cnemyeT u3 maHHbBIX Tabi. 6, TeHBI GaKTOPOB
MMaTOTeHHOCTHU ompereneHsl y 78,6 % mrTamMMoB
C. albicans u'y 79,1 % wsonsatos C. parapsilosis.
Bonee monmoBuHbI Bcex n3onAToB (54,3 %) obnamamu
FeMOJIMTHYECKUMHU CBOWCTBaMU, B T. 4. 28,6 % —
C. albicans n 58,2 % — C. parapsilosis (p<0,05). Y
mrammoB C. albicans HaOnrofanacey 0oyee MUpoKas
JMHEWKa TeHOB (PaKTOPOB MATOTEHHOCTH IO CpaBHE-
uuto ¢ C. parapsilosis, y KOTOPBIX BBISBIEHBI TOIBKO
ALSI, HWPI u remonu3. B nieaom, u3z 70 u30isatoB
Candida spp. Toneko y 15 (21,4 %) HE BBISBICHBI TC
reHbl ()aKTOPOB MAaTOreHHOCTH, MOMCK KOTOPBIX MBI
ocymectBisuid. C. krusei — 3T0 €IMHCTBEHHBIN BUJ,
y KOTOPOTO He OBIITO 3apEerHCTPUPOBAHO HHU OHOTO U3
uccuenyembix Gakropos matoreHHocTH. LlTammer C.
glabrata, C. tropicalis, C. lusitaniae v C. guilliermon-
dii obnaany reMOIMTHYECKUMH CBOHCTBAMU, M MHBIX
(hakTOPOB TATOTEHHOCTH Y HUX O0OHAPYKEHO HE OBLIO.
Y penxoro Buaa C. utilis, TOMAMO T€MOJTN3a, BEISIBIICH
reH ALS1, KoTopblii HHIYLIpYETCs BO BpeMs Ipoliecca
(bnmaMeHTaIuu U orocpeayeT aaresuto kiemox Can-
dida spp. K KJIeTKaM ¥ TKaHSIM XO3sHHA.
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Oo6cy:xneHue

Hepenko Tepanus npu noposzpennu Ha UI'N Ha-
3HAYaeTCs AMIUPUYECKU, U B TAKOM CUTYyallU KpaiiHe
Ba)KHO OTIMPATHCS Ha JAHHBIE MOHUTOPHUHTA TAKCOHO-
MHUYECKOI CTPYKTYpBl OCHOBHBIX BO30yIUTENIEH U UX
pesnucteHTHOCTH K ADII B KOHKPETHOM CTalMOHape.
[Tpu xaHAMAEMHUH PE3UCTEHTHOCTH BEIYIIHUX BO3-
Oymureneit k cucteMHBIM ADI] y OHKOJIOTHYECKHUX
OOJIbHBIX HaIlIeH KITMHUKU PETUCTHPYETCS B OCHOBHOM
K TpHuazojaM. DXUHOKAHJAWUHEI in Vitro COXPaHSIOT
BBICOKYIO aKTUBHOCTB, IpudeM B oTHomeHuu C.
albicans manbonee >pdexTuBeH anumynadyHryH, a
st C. parapsilosis — anuaynaQyHruH 1 MUKa()yHIHH.
Ouenka nonmydeHHblx 3HadeHuit MUK ¢ ucnonb3o-
BaHueM kputepueB CLSI cymecTBeHHO omHuaercs
(3a nckiroueHneM (IIyKoHa30J1a) OT PE3YyIIBTaTOB MPH
npumenenun kpurepueB EUCAST: B mepBom ciydae
pe3nucteHTHOCTh K ADII B HECKONIBKO pa3 HIKE, YeM
BO BTOPOM.

Ilo maHHBIM JIUTEPATYpPHBIX UCTOYHHUKOB, IPHOO-
peTeHHas (aJanTHBHAs) PE3UCTEHTHOCTh K AXHUHO-
KaHJIMHaM B OCHOBHOM HaOionaercs cpenu Candida
albicans n Candida glabrata v cBsi3aHa ¢ MyTalMsIMU
FKS-rena. Xotst yCTOMYMBOCTh K AXMHOKAHJIUHAM
TIpeCTaBIIsIeT cCOO0I BO3pacTaIONIyI0 MpooIeMy, Ha
CaMoM JieJie UMeeTCs HEMHOTO ATHIEMHOIOTMYECKUX
JAHHBIX O CTETICHH TPUOOPETEHHON PE3UCTEHTHOCTH,
MOATBEPKACHHON MOJIEKYISIPHO-TEHETHUECKUMH Me-
TOAAMH, ¥ O TCHACHLMSX B TEUCHHE MHOTHX JIET B OT-
HOILICHUH MTOTPeOIeHUs SXUHOKaHIMHOB. A. Kritikos
et al. [29] npencraBuny pe3yasrarsl 10-neTHero ooue-
HaLMOHAJIBLHOTO HccienoBanus u3onsitoB C. albicans n
C. glabrata w3 xposu B l1IBeitapun. AHaIN3 JaHHBIX
MOKa3all, 4TO PEe3UCTEHTHOCTh K AXWHOKaHIWHAM
oCTaBaJlach Ha HU3KOM ypOBHE, HECMOTpS Ha 3Hauu-
TeIbHOE YBEIMUEHUE NMPUMEHEHNS SXUHOKAHAWHOB,
1 Obljla B OCHOBHOM CBSI3aHA C MHIUBUIYaJIbHBIM
BO3JIEHICTBUEM B TEUECHHUE IJIMTEIBHOIO IEpHOJa
BpemeHHU. Harre nccienoBanne Takke OATBEPIKIaeT
BBIBOJIBI 3apYOEKHBIX HCCIe0BaTeNeil 0 HEBBICOKOH
CTENEHU NPUOOPETEHHON PE3UCTEHTHOCTH, CBS3aH-
HOH C MOJIEKYJSIPHO-T€HETHUCCKUMH U3MEHEHHUSIMU
HITaMMOB, HO aHAJIM3 HAIIMX JAHHBIX TOKa3all, 4To
FKSI-reH, oTBeTCTBEHHBIH 332 PE3UCTEHTHOCTD K HXH-
HOKaHJIMHaM, B 85,7 % cily4aeB BBISBIEH Y IITAMMOB
C. parapsilosis, COCTaBISIONIUX OCHOBHYIO JTOJIO BO3-
Oymuteneit nmpu kauguaemun. [en ERG 1], KOTOPHIiA
OTBEYaeT 3a PE3UCTEHTHOCTh K TpHa30JiaM, HECIH
tonbko mrammbl Candida albicans (8,6 %), npuuem
BHYTPH 3TOTO BHJA TOIBKO 54,5 % TaKMX H30JITOB.
MexaHU3MBI pa3BUTHS PE3UCTEHTHOCTH K TPHA30IaM
pa3IMyYHbl, U OIMH U3 OCHOBHBIX — 3TO M3MEHEHUE
MUILEHU KJIETOYHON MeMmOpanbl rpuda (crepoin-14-
a-memeTminasa). Myranuu B reHe ERG1I, KOTOpHIi
KOOUPYET MULICHb, IPUBOIAT K CHUKECHHUIO CHJIbI
BO3JIecTBUS a30110B [ 14, 30].

B namem uccrnenoBaHuM cpeay ILITaMMOB, HeCy-
MIUX TE€HBl PE3UCTEHTHOCTH, OBUIN W30JISATHI, in Vitro
yyBcTBUTENbHBIE K ADII. Takue U301Thl MOTYT CO-
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JeprKaTh «cradble MyTaluny, IIPU 3TOM HE BCE TEHETH-
YECKUE BapUAHTHI CBA3AHBI C YCTOMUMBOCTHIO K ADII
[14, 31]. Pe3ucTeHTHOCTH K a30J1aM MOKET OBITh BBI3Ba-
Ha He TOJIbKO reHoM ERG 11, HO 1 IpyTUMHU aJlIeNsiMu
sToro rena. Kpome Toro, BeposiTHO, B HallIeH KIIMHUKE
pesuctenTHoCTb K ADII cBsi3aHa U ¢ ApyrUMH MEXaHU3-
MaMW, HalpuMep, C aKTUBHBIM BeIBeIeHIEM (3(h(imrokc)
MPOTHUBOTPHUOKOBOTO IIpernapaTa u3 BHYTPHKIETOYHOTO
MPOCTPAaHCTBA KIETOK KaHIHUJ WM MyTaluel OenkoB
MOPUHOBBIX KaHAJIOB, WM C MHBIMU MEXaHU3MaMH
[32]. Kpome Toro, v Bcex mTammoB, kpome C. krusei,
JICTEKTUPOBaHbBI (PAaKTOPBI TATOTeHHOCTH.
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AHHOTauus

AkTyanbHOCTb. [1pMOPUTETHLIM B NEYEHNU NEPBUYHBLIX M METACTaTUYECKUX 3ITOKa4eCTBEHHbIX OnyXornen
KOCTew SiBMnsieTcq KOMOMHNMPOBaHHOE NeYeHne, BKIYatoLwee XMpypruyeckin atan, a Takke nekapCTBEHHYH
N Ny4YeByl0 Tepanuio, YTO MO3BOMUIIO YNyYLIMTb BbPKMBAEMOCTb. [JOCTaTOMHO BaXKHbIM SBNSETCS BOMPOC
COXpaHeHMs PYHKUMN KOHEYHOCTW. XOpOoLMI OyHKLMOHAMbHbIV pesyrnbraT Mocrne onepaTyBHbIX BMeLla-
TENbCTB MO MOBOAY OMyXornen ANWHHbIX TPyb4yaTbiX KOCTEN B MEpBY odyepenb 0OYCNOBMEH PEKOHCTPYK-
TMBHBLIM 3TanoM. Beibop meToga pekoHCTpyKUuMn 0ByCcnoBnMBaeTCa nokanusaumnen onyxonu, CTENeHbIo ee
NOKanbHOro PacnpoCTPaHeHWs, HanM4ymMem yrposbl PasBUTUS UMK YXKEe COCTOSBLUEroCsi NaTororm4yeckoro
nepenoma, COMaTM4eCKUM CTaTyCOM nauueHTa. PEKOHCTPYKTUBHBIN 3Tan npu anadusapHon nokanusaumm
onyxorew sSBnseTcs AOCTaTO4MHO CIOXHOW 3agadent. [ing peKoHCTpyKumn anadusapHbix nocrneonepaumnoH-
HbIX AeheKTOB NCNonb3yTCA 9HAO0NPOTE3bI, annoMmnnaHaTel, ayTokoCTb. [ns obecneveHns cTabunbHOCTK
NOpa)KeHHOro CerMeHTa KOHEYHOCTM MCMONb3YHTCA pas3fnunyHble BapuaHTbl 0cTeocuHTesa. CoBpemMeHHble
Hay4Hble pa3paboTkm obecneunBaloT NoSBNEHNe MaTepuranos, obnagatoLmx xapakTepucTmkamu, 6nmskrumm
K XapaKkTeprcTMKaM 4YernoBe4eckon KOCTHON TKaHU, OQHAKO HE MMEIOLLMMIN HEAOCTATKOB, MPUCYLLMX anmno- 1
ayTOKOCTHbIM MMmnnaHTatam. Llenb nccnegoBaHmna — yryylleHne pesynsraTtoB XMPYPrMyecKoro fieveHns
onyxornew ANvHHbIX TpybyaTbix kocTen avadusapHon nokanusaumn. Matepuan v metoasbl. [peanoxeHa
TEXHOMNOrMs, OCHOBOW KOTOPOW ABMNSIETCA PEKOHCTPYKLMS MOCTONepaunoHHOro Agedekta yrneponHbIM HaHo-
CTPYKTYPHbIM MMnnaHTatom (YHW) B kombGrHauum ¢ MHTpaMegynnisipHbiM OCTEOCUHTE30M BrTIOKMPOBaHHbBIM
wtundptom. C ncnonb3oBaHMEM NPeasIoKEHHOro METoAa OnepmupoBaHo 25 NaumMeHToB, U3 HUX 9 — C COCTOSIB-
LUMMCS MaToNorM4ecknM nepenomom, y 24 — onyxonb NpeAcTaBrneHa metactasamu paka. [loonepaunoHHo
y BCEX MaumneHToB Obin BbipaxkeH 60neBovi CUHAPOM 1 OrpaHnyeHne yHKUMM KOHeYHoCTn. Pe3dynbTaThbl.
MHTpa- 1 nocrneonepaumoHHbIX OCMOXHEHUN He Bbino. Yepes 1 mec BCe NaumeHTbl OTMETUIN 3HAYNTENb-
HO€e yMeHblUEHNe BbipaXeHHOCTN 6oneBoro cuHapoma. PyHKUMOHanbHbIE pe3ynbraThl Yepes 3 Mec Obinu
XopowumMu. Hn y 0gHOro nauneHTa He BbISBIEHO NTOKanbHOro peuyamnBa, HecTabnnbHOCT ONepMpPOBaHHOIO
CermeHTa KOHEYHOCTH, a TakkKe peakLum OTTOPXKEHUS YrNepoaHOro HAaHOCTPYKTYPHOrO MMnnaHTara. 3akro-
YyeHue. PeKOHCTPYKTVBHBIW 3Tan C MCMOMb30BaHWEM YINepoAHbIX HAHOCTPYKTYPHBIX UMMMaHTaToOB nocne

#=7 CadwH Unbpap PadauneBny, safin74@bk.ru
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pe3eKumii ANUHHBIX TPyBYaTbIX KOCTEW Mo NMOBOAY MEeTacTaTM4ecKoro nopaxeHus obecnevmsaeTt xopoLume
byHKLMOHanbHble pe3ynbTaThl U YOOBNETBOPUTENbHbIN NTOKanbHbIA KOHTPOSb.

KnioueBble crnoBa: MeTacTasbl, NaTONOrMYeCcKuii NepesioM, OCTEOCUHTES, YriepoAHbIA HAHOCTPYKTYPHbIi
MMNMaHTaT, KOMGUHUPOBaHHOE feYeHne, BbHKMBAaeMOCTb.

RECONSTRUCTION OF POSTOPERATIVE DEFECTS USING
CARBON NANOSTRUCTURED IMPLANTS WITH INTRAMEDULLARY
OSTEOSYNTHESIS AFTER EXTREMITY LONG BONE
RESECTION FOR PRIMARY AND METASTATIC TUMORS

I.R. Safin'?, A.Yu. Rodionova', D.V. Rukavishnikov', R.Sh. Khasanov?

Republican Clinical Oncology Center of the Ministry of Health of the Republic of Tatarstan, Kazan, Russia'
29, Sibirsky Trakt St., 420029, Kazan, Russia. E-mail: safin74@bk.ru’

Kazan State Medical Academy — branch of the Russian Medical Academy of Continuous Professional
Education of the Ministry of Health of Russia, Kazan, Russia?

11, Mushtari St., 420029, Kazan, Russia?

Abstract

Background. Recent studies have shown that a combination of surgery with chemotherapy and radiotherapy
can significantly improve survival in patients with primary and metastatic bone tumors. Reconstruction of
bone defects after resection of long bones is critical for successful functional limb salvage. The choice of the
reconstruction technique depends on the tumor location, tumor extension, presence of pathological fracture,
and somatic status of the patient. Reconstruction of bone defects in cases with diaphyseal tumor location can
pose a surgical challenge. For the reconstruction of diaphyseal bone defects, endoprostheses, alloimplants,
and autologous bone grafts are used. To achieve stability of the affected segment of the limb, various options
for osteosynthesis are used. Modern technological achievements provide the emergence of materials with
characteristics close to those of human bone tissue, however, without the disadvantages inherent in allo- and
autologous implants. The purpose of the study was to improve surgical treatment outcomes in patients with
long tubular bone tumors. Material and Methods. For the reconstruction of postoperative long bone defects,
we used carbon nanostructured implants (CNI) in combination with intramedullary osteosynthesis with a
blocked pin. A total of 25 patients underwent surgery (including 9 patients with a pathological fracture), 24 of
them had metastases. Results. There were no intraoperative and postoperative complications. All patients
had a significant decrease in pain 1 month after surgery. At 3 months after surgery, functional outcomes were
satisfactory. None of the patients had a local recurrence, instability of the operated limb segment, or a reaction
of rejection of a carbon nanostructured implant. Conclusion. Reconstruction of postoperative defects with
carbon nanostructured implants after resection of long tubular bones for metastatic cancer provides good
functional results and satisfactory local control.

Key words: metastases, pathological fracture, osteosynthesis, carbon nanostructured implant, combined
treatment, survival.

Beenenne

[lepBuuHbBIE 37T0KAUYECTBEHHBIE OMyXOJIH KOCTEH
cocrapisioT 0,001 % ot Bcex BHepBble BBISBICHHBIX
3JI0Ka4eCTBCHHBIX HOBOOOpa3oBanwmii [ 1]. Meracraruye-
CKoe nopaxkeHue kocrel Berpevaercs B 35—40 pa3 vare
NepBUYHbIX onyxose. [To yactore MeTacTaTHuecKoro
MOPaYKeHHUs] KOCTH 3aHUMAIOT 3-€ MECTO IOocye eYeH!
u nerkux. Y 9-29 % nanueHnToB ¢ MeTacTa3aMu B KOCTH
TMIEPBBIM MPOSBIICHIEM OITyXO0JIEBOTO MPOIIECcca IBISAETCS
TIaTOJIOTHYECKUi TieperioM. Hambostee gacTo mopakeHue
CKeJleTa MeTacTa3aMu BCTpPEeYaeTcs MpH paKe MOJOU-
HOM JK€JI€3bl, LIUTOBUHON JKEJIE3bl, PEACTATEIbHON
JKeJe3bl, JIErKOT0, MOYKH, KOJOPEKTAILHOM pPake.
MeracTasbl B JUTHHHBIE TPYOUaThle KOCTH COCTABIIAIOT
13-24 % [2]. Teuenne MeTacTaTHYECKOTO TPOIIEcCca B
5-30 % ocnoKHSAETCS NaTOJIOTHYECKHM TIEPEIOMOM, YTO

82

TpeOyroT Xupypruueckoro jgedeHust y 9—12 % OonpHbIX.
IlepBHUYHbIE OIYXOIH KOCTEH OCIOKHSOTCS PA3BUTHEM
naronoruueckoro nepenoma B 1-10 %. CoBpemMeHHbIe
METO/IbI AMATHOCTUKH U JIEUCHUSI TO3BOJISIOT BBIIIOHATD
OPraHOCOXPaHSIOLINE ONEPALMU KaK IPH EPBUYHBIX,
TaK ¥ IPU METACTaTHICCKHUX OMYyXOJIsAX Koctei [3].
Jleuenue nucceMUHUPOBAHHBIX (OPM paka wiar-
HYJIO JaJIeKO BIepes, Onaroaapsi MOsSBICHUIO HOBBIX
MOKOJICHUH ITUTOCTATHKOB, TAPTETHBIX U UMMYHOOH-
KOJIOTHYECKHX TpernapaToB. B cBs3u ¢ 3TUM 3HA4YH-
TEJIHO yBEJIMYHIACh BEDKUBAEMOCTD ITALIMEHTOB, YTO
pacImpseT oKa3aH!s K Pe3eKLIHOHHBIM OIIEPaLUsM C
PEKOHCTPYKTUBHBIM dTarnioM [4]. [lopakenune nnadnza
JUTMHHBIX TPyOUaThIX KOCTEH KaK ITPY NEPBUYHBIX, TAK
Y [IPH METACTaTUUECKUX OITYyXOJISIX BCTpEUaeTcs 3Ha-
YUTEIHHO PEeXKe, UeM MOopakeHHe dSrumMeTadu3os [S].
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B snuduzapHoii 30HE MOTYT JOKaIU30BaTHCS TUTAH-
TOKJIETOYHAS OITyXOJIb, XOHIpOOIacTOMa, XOHAPOCap-
kxoMma [6]. MeTtaduzapHOe pacoioKeHHE XapaKTepHO
Uit octeocapkombl. Hanbonee wacto nuadus xoctu
nopaxaercs npu capkome fOunra u PNET, a Taxxke
npu metacraszax [7, 8].

[Ipu muTHYeCcKUX TOpaskeHUSIX KOCTH BBICOK PHCK
M1ATOJIOTUYECKOT0 TepesioMa. Yrpo3a pa3BUTHSI [1aTo-
JIOTHYECKOT'0 TepesioMa Mpy MOPaKeHUHN JJTHHHBIX KO-
cTeit onleHnBaetcs o mkaie Mirel (1989). Pazsutue
MaTOJIOMYECKOTO0 TIepesioMa MU JOKAJIM3aluy o4ara B
oOnacTu quadu3a B 3HAYUTEINBHOM CTEIICHN YXY/IIIAST
COCTOSIHHE TIAIIMEHTA C BbINa/IeHueM (pyHKITHH rTopa-
>KeHHOM koHeuHOCTH [9]. HecmoTps Ha TO, 4TO IaTosio-
THYECKHHN TIEPEIOM He SIBIISIETCS IPOTHBOIIOKa3aHUEM
K XUMHOTEPAITnH, HEPEIKO OOTFHBIM OTKa3bIBAIOT B €€
MIPOBEZICHUN B CBSI3U C HEBO3MOXKHOCTHIO MMAllMEHTa
CaMOCTOSITEIBHO MEPEBUTaThCs, TO3TOMY IIPU yIpo3e
MaTOJIOTMYECKOTO MTEPEIoMa PUOPUTETHBIM SIBIISETCS
BOIPOC O XUPYPTUUECKOM JICUEHUH.

Bri0op MeTona omepaunnu 3aBUCUT OT THCTOTHIIA
U cTerneHu AU QPepeHITUPOBKU OMyXO0JH, TPOTHKEH-
Hoctu nopaxenus [10]. [Ipy nepBUYHBIX OMYyXOJSIX
OTepaTUBHBIC BMEIIATEIhCTBA BKIIIOYAIOT CErMEHTap-
HBIE PE3EKINH KOCTH U aMITy TallH/dK3apTHKYIIALNH.
CermeHTapHbBIE PE3E€KLIHUHN IJIUHHBIX KOCTEH NpH
MIEPBUYHBIX 3JI0KAYECTBEHHBIX OITyXOJSAX BKIIOYAIOT
00s13aTeNTbHBIN PEKOHCTPYKTUBHBIH 3Tall B BUAE YHJI0-
[IPOTE3UPOBAHHUS, PEKOHCTPYKIIUH C UCTIOJIB30BAHUEM
aJJIOMMITJIAHTOB WJIM AyTOKOCTH C JIOTIOJIHEHHEM €€
OCTEOCHHTE30M (HAKOCTHBIM, HHTPAMEAYJUISIPHBIM,
ypeckocTHBIM) [11-15]. IIpu metacrazax nuaduzap-
HOH JIOKaJM3alliy BBITTOIHAIOTCS PE3EKIIMOHHBIE H
crabmmsupyrontue oreparuu [16]. Cradummsupyto-
e omnepanuu (MHTpaMeny/UISIPHBIA OCTEOCHHTE3
OJI0KMPOBAHHBIM IITH(TOM, HAKOCTHBIH OCTEOCHHTE3)
HE MPeayCcMaTpUBAIOT PE3EKIINH MaTOJIOTUYECKOTO
oyara ¥ sIBJISIFOTCS MaJNTMaTUBHBIMH BMEIIaTeNIbCTBA-
MH, 00€CTIeUNBAIOLIM KOHTPOJIb O0JIEBOTO CHHIPOMA
U CTa0MIBHOCTD MOPAKEHHOTO CErMEHTa KOHEYHOCTH
[17] u B manpHelmeM TpeOyrOT MOTIOIHUTEIbHON
JUCTaHIIMOHHOM JTy4eBOW Teparuu Jiist 00ecreueHus
JoKajapHOTO KOHTpOos [18, 19]. OmHako 0CTaTogHO
4acTo JIy4eBOM Teparnuy ObIBAeT HEAOCTATOYHO IS
JOCTIDKEHUS JAaHHOHW IENH, YTO MPUBOIUT K POCTY
METacTaTM4YeCcKOro oyara M, Kak CJe/ICTBHE, HecTa-
OMJILHOCTH METAJNIOKOHCTPYKIMU. Pe3ekunoHHbIe
oreparyy BKIIOYAlOT BHYTPHOYArOBYIO PE3EKLHIO C
HCIIOJIb30BAaHUEM METOJIOB JIOKAJIbHOW J1€CTPYKINU
(kpuomecTpykuus, TepMoadbaanus) U MIACTUKON
KOCTHBIM IIeMEHTOM, CETMEHTaPHbIE PE3EKITHH C TIJIa-
CTHKOM Jte(heKTa YHIOTPOTE30M, AITIONMILIAHTATaMH,
KOCTHBIMH ayTOTpaHcImIanTaramu [20].

[Ipu omyxoneBoM mopaxxeHUW nuadu3a B Xofe
PEKOHCTPYKIIMU MOCTOIIEPAIMOHHOTO JeheKTa cTa-
BATCS CIIEAYIOIIME 3a7adu: obecreueHrne cTaduib-
HOCTH KOHIIOB pe3€LUPOBAHHOM KOCTH U UMILJIAHTATa,
npodunakTuka GOpMUPOBAHUS JIOKHOTO CYCTaBa,
BOCCTAHOBJIEHHE JJIMHBI KOHEUYHOCTH, peaan3anus
BO3MOYKHOCTH paHHEW peadMIUTAIlMH C MAaKCHMallb-
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HBIM BOCCTaHOBIICHHEM (QYHKIHMHU KOHeyHOCTH [21].
Jis pexoHCTpyKIuH auadu3apHbIX MOCIeonepani-
OHHBIX JIe(heKTOB IPUMEHSIOTCS Ay TOTPAHCILIAHTATHI
(Backynsipu3UpOBaHHBIE 1 HEBACKYIIAPU3UPOBAHHBIC),
AJUTOMMILIAHTATHI, YHIOTPOTE3bl, MIUIAHTATHI (TH-
TaHOBBIC U YIVICPOJHbBIC) B COUCTAHUH C ITOTPYKHBIM
octeocunTe3oM (BMOC), a Takke KOMIIPECCUOHHO-
JUCTPAKIIMOHHBIA OCTEOCUHTE3 mo MnuzapoBy
[22-24]. YuuThiBasi 0COOCHHOCTH KOMOMHHPOBAH-
HOT'O JIEYEHHUsI OIyXO0Jiel kocter, meron Mnuzaposa,
MpEeAnoNaralomuil ATUTEIbHBIE CPOKU JCYCHUS
(3—4 mec), He sIBISIETCA YIOBICTBOPUTEILHBIM BapHaH-
TOM, TIOCKOJIBKY TpeOyeT OTCPOUYKH Havalia JIyueBou u/
WJIM XUMHUOTEPAITH, YTO HETATUBHO BIIUSET HA OOIIYFO
1 0e3peMINBHYIO0 BEDKHBAeMOCTh. HeBackymspuzu-
POBaHHBIE ayTOTPAHCIUIAHTATH U AJUTOMMILIAHTATHI
TaK)Ke MMEIOT CBOM HEIOCTATKH, B YaCTHOCTH, OT-
CYTCTBUE OMOMHTErpally, OrPpaHUYCHHBIC BO3MOK-
HOCTH PEKOHCTPYKIMHU (3aMEIIECHUE HETIPOTSKESHHBIX
neGeKToB), PYHKIMOHATBHBIA U KOCMETUYECKHUI
nedeKT B JoHOpcKor obmactu [25, 26]. [Ipumenenune
AJUIOTPAHCIUTAHTATOB OTPAaHUYUBAETCS OTCYTCTBUEM
0aHKOB JOHOPCKOW KOCTH B OOJBINIUHCTBE JICUSOHBIX
YUPEKICHUIA, 8 TAKXKE BBUJLY JTTUTEIBHBIX CPOKOB IS
KOHCOJIMIAINY NMIUTAaHTaTa (T TeTIhbHAs HMMOOMITH3a-
VST M 33JIeprKKa IPOBEACHUS XUMHOITYIEeBOH Teparvn)
[27]. dunaduzapHbie SHAOMPOTE3BI H3TOTABIUBAIOTCS
U3 THTAHOBOTO CIIJIaBA WJIM TIOJTMOKCUMETHUIICHA, Yallle
WHIUBUIyaTbHOTO Au3aitna [28, 29]. [Ipu onepatuBHOM
JICYCHUU OITyXOJICH C opakeHueM Juaduza SHI0Mpo-
TE3UPOBAHKE WJIM COYETAHUE YIIICPOIHOTO UMILIAHTATa
C OCTEOCHHTE30M SBIIIOTCS Hamboliee MpearouTH-
TEJIILHBIMU BapUaHTaMH, T.K. 00€CTIEUNBAIOT PAHHIOIO
AKTHBU3AIIUIO ¥ CBOEBPEMEHHOE HA9aIIO JTyUeBOH 1/ HITH
XUMHOTepanuu (3—4 Hex 1mociie orepayH).

Hens uccaenoBanus — yiny4dileHHE pPe3yJbTaToB
XUPYPrHUECKOTO JICYCHHUS OITyXOJIeH UIMHHBIX TPYO-
YaThIX KOcTel nuadu3apHOi JIOKaIH3aInH.

MarepuaJj 1 METObI

[t pemeHust JaHHBIX 3a7ad HAMU ObLIa TIpen-
JIO)K€HA TeXHOJIOTHS1, OCHOBAaHHASI HA PEKOHCTPYKIIUHU
MOCTOIEPAIIMOHHOTO AceKTa YIriIepOoIHbIM HaHO-
cTpykTypHbiM umiuiantaroMm (YHU) B komOuHarmu
C UHTPaMEAYJUISIPHBIM OCTEOCHHTE30M OJIOKUPOBaH-
HbIM [ITH(TOM. MIMIIIaHTaThI MPENCTABISIOT COOOM
MIPOYHBIM MOPUCTHIA KOMIIO3UT U3 YIIIEPOIHBIX BO-
JIOKOH, CBSI3aHHBIX HAHOCTPYKTYPHOH YTIIEPOTHOM
MaTpHIIeH, KOTOPHIH M0 CBOMM CBOWCTBAM OJIM30K
K cBolicTBaM yenmoBeueckod koctu [30]. JlanHBIN
MaTepual, SBISIONINICS WHHOBAITMOHHBIM H300pe-
TeHueM, 3anarearoBad B 2002 1., a B 2008 1. momy4wmt
peructpannonHoe ypocrosepenue. C 2008 1. Haganu
BBITIONTHSATHCS ONIEPATUBHBIC BMEIIATEIHCTBA C PEKOH-
CTPYKIUEH MOCICONEePAIMOHHBIX 1e(PEKTOB yIIIEPOI-
HBIMHA HaHOCTPYKTYPHBIMU HMITIaHTaTamMu. C 3TOTO
BPEMEHH COBEPIICHCTBYIOTCS JIMHEHKA MPOAYKIINH,
TEXHOJIOTMM U3rOTOBJIEHUSI Marepuana, a B 2015 .
OBLT IOCTPOEH 3aBoJ 1o Tpou3BoAcTBy YHU. Vrie-
POIHBIE HAHOCTPYKTYPHBIE UMITJIAHTATHI HCTIONB3YTOT-
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Puc. 1. YrnepoaHbIi HAHOCTPYKTYPHBIA UMAAAHT

Fig. 1. Carbon nanostructured implant
Csl JUTSL PEKOHCTPYKIMH JeQEKTOB ITPH OTEPATHBHBIX
BMEIIATEIbCTBAX Ha JJIMHHBIX KOCTAX, ITO3BOHKAX
[31]. UMmutaHTaThl UMEIOT ILUIOTHOCTD, OJU3KYIO K
KOCTHOM TKaHU 4esloBeKa, OMOWHEPTHBI, 00JIagaroT
CBOMCTBOM OCTEOMHJYKIIMH, PEHTTE€HOHETaTUBHBI,
a TaKKe MOTYT SBIATHCS JETO IS JeKapCTBEHHBIX
npemnaparoB (puc. 1). IIpu omyxomsix xocteit YHU
WCIIOJIB3YIOTCA JUI 3aMEIIeHNS MTOCTPE3EKIIMOHHBIX
nedexToB 1 (OpMUPOBAHHMS CIICHCEPOB MPHU ABYXITAIl-
HOM 3HJ0mpoTe3upoBanuu [32, 33]. Hamu npennoxen
METOJ] PEKOHCTPYKIIMU Auapu3apHBIX MOCIeonepa-
IUOHHBIX JIEQEKTOB C UCTIOIB30BAHUEM YTIIEPOIHBIX
HaHOCTPYKTYPHBIX MMIIJIAHTATOB B COYETAHHUU CO
CTaOMIIM3UPYIOLIEH CHCTEMOI. DTarbl onepanuy 1o
MTOBOAY 3JIOKa4eCTBEHHOTO HOBOOOPAa30BaHUA C TIO-
pakeHHeM auadu3a BKIIOYAIOT PE3EKIHIO0 MOPAKEH-
HOTO y4acTKa KOCTH B Tpejeax 3/0POBBIX TKaHEl;
YCTaHOBKY WHTPaMeIyJUIIPHOTO OJIOKMPOBAHHOTO
mrudTa ¢ yriepoIHbIM UMILTAHTATOM, 3aMEIIatOIIIM
MTOCTOTICPAITMOHHBIN Ae(eKT; OJIOKUPOBKY MTH(TA
BUHTaMH, 00€CIIEYHBAIONIYIO TUIOTHBIA KOHTAKT UM-
IJIAHTaTa ¢ KOCTBIO M CTaOWMIBHOCTh KOHCTPYKIIUU.
B nocnenyromem 3to obecrieunBaeT (GopMHUpOBaHHUE
KOCTHO-YTJIEPOIHOTO OJI0Ka.

Bcero npoorneprupoBano 25 nanueHToB (Tadiua).
Mopdonorudeckie BapuaHThl OMyXOJIeH MPeCTaB-
JIEHBI METacTa3aMu paka MOJIOYHOH skene3sl (n=11),
paka mouku (n=9), MmeranoMsbI (n=1), SITUTETHONTHOM
TeMaHTHOYHI0TENNOMOM (n=1), THTaHTOKJIETOYHOU
onmyxojbio (n=1), necTpykuueil KOCTHOW TKaHW Ha
(¢oHe runepnaparupeosa, BbI3BAHHOTO aJACHOMOMN
MMapaluTOBUIHON kene3nl (n=2). ¥ 9 marmueHToB
OBLT COCTOSIBITUICS MATOJIOTHUECKU mepenoM. Jlo
oreparyy Bce MaleHThl MoJyYyall aHaJIbIeTHKHU (OT
HECTEPOHTHBIX TPOTUBOBOCIAIUTEIBHBIX CPEJCTB JI0
MophuHa), nanexc 6omu mo BAILI cocrasmsit ot 5 1o
8 6amtoB. Bo Bcex ciydasx paHHHUN MOCIIEOTIepaIi-
OHHBII TePHOJ] MPOTEKaI 0e3 OCIOKHEHUH.

JlaHHBIM BapUaHT PEKOHCTPYKILUU MO3BOJISIET Ha-
4aTh peaOMIIMTaIlMOHHBIE MEPOTIPUATHS Yepe3 1-2 Hex
(depe3 2 Hem — TIpH PE3CeKITUH OSIPSHHOM KOCTH ) TTOCITe
BMeEIIaTeIbCTBA C MAaKCUMAJIbHBIM BOCCTAHOBIICHH-
eM (DyHKINH OnepupOBaHHON KOHEYHOCTH, a TaKkKe
00eCneunTh MPOJODKEHNE JICKAPCTBEHHON Teparuu
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gepe3 2-3 Henm mocie omeparuu. [locie xupypru-
YEeCKOTro JICYCHUs! (PEe3yNbTaT aHaJTM3UpOBaJICs Yyepes
3 Mec mocie onepauuu) OONBIIMHCTBO MAaLMEHTOB
(n=22) orpaHUYMBAIOTCS IPUEMOM HEHAPKOTHYECKUX
aHAJBTETUKOB 70 2 pa3 B Hell, 3 OONBHBIX TOTyUJaroT
TpaMaioN mepopayibHo 10 4 pa3 B Hea. B cpennem
(yHKunoHanbHbIE pe3yasTarsl (mo MSTS) uepes 3 mec
TIOCTIE OTIepaIY COCTABUIIN JJIsl BEpXHEH KOHEYHOCTH
80 %, nmis HokHeH koHeuyHocTH — 70 %. JlokansHOE
MPOTPEeCcCUPOBAHUE HE BHISIBIICHO HU B OJTHOM ClTyJae.
CuctemHasi IMCCEMHUHAIIMSI OTMEUEHA Y § TIAIUCHTOB,
YTO MOTPEOOBANIO CMEHBI CXEMBI JICKAPCTBEHHOTO
TICYSHMUSL.

Kaunnuyecknii cayydaii

Tayuenmra 3., 1946 2.p. B aneape 2017 2. 6vi-
NOJIHEHO uccedenue NUSMeHMHOL ONYXoau KOXCU no-
SACHUYHOU 00aCmU CNPABaA 8 YCN08UAX NONUKIUHUKU
1O MeChty JHCUMenbCmea ¢ UCHONb308AHUeM annapamad
«Cypaumpony. Ilpu nepecmompe 2ucmono2uveckux
npenapamos ¢ PKO/ eepupuyuposarna menarnoma
koocu pTxNOMO (ycmanosums yposenv uneasuil
HEeB03MOXMCHO). Bvinonneno wiupokoe peucceyeHue
nocieonepayuonHoz2o pyoya, zamem O0IbHASA HA-
X00unacsy noo OUCNAHCepPHbIM HabatwodeHuem. B
aseycme 2019 e. cmana ommeyams 60oau 68 obracmu
1€8020 nieua, He ces3anHble ¢ (PUIUUECKOL HASPY3-
Koul, mpaemoul. B cenmsope 2019 2., npu nianosoii
NO3UMPOHHO-IMUCCUOHHOU MOMO2PADUU BbIABTIEHO
ouazoeoe nopajicenue neeol nieyegol kocmu. Ilo
OaHHbIM peHmeenocpapuu umencs ovaz 8 cpeoHel
mpemu Ouapu3a IUmuUecKo20 Xapakmepa ¢ 0eCmpyk-
yuetl KOPMUKAIbHO20 CLOsL (RAMONOSUYECK ULl Nepenom
be3 cmewenus) (puc. 2). lpu ocmeocyunmuepagpuu

Puc. 2. PeHTreHorpamma o onepauumu
Fig. 2. X-ray before surgery
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Ta6nuual/Table

XapaktepucTrka 60NnbHbIX C PEKOHCTPYKLMElN nNocreonepaumoHHbIX AetdeKTOB yrnepoaHbIM
HAHOCTPYKTYPHbIM MMNJIAHTaTOM

Patients with reconstruction of postoperative defects with a carbon nanostructured implant

Tanument/
Patient

K., 78 net/

W., 78 years

XK., 61 ron/
W., 61 years

XK., 70 net/
W., 70 years

M., 51 ron/
M., 51 years

M., 72 rona/
M., 72 years

XK., 80 net/
W., 80 years

XK., 80 net/
W., 80 years

M.,77 ner/
M., 77 years

K., 59 ner/
W., 59 years

XK., 72 roma/
W., 72 years

M., 56 net/
M., 56 years

M., 62 rona/
M., 62 years

XK., 67 ner/
W., 67 years

Mopdonornueckuit
BapHaHT/
Morphological type

Menanoma/
Melanoma

Pax monouHoOM xe-
J1e3b1/
Breast cancer

Pax monouHo# xe-
J1e3b1/
Breast cancer

T'urantokieTouHast
OIyXOJIB/
Giant cell tumor

Pak mouku/
Kidney cancer

Pak mouku/
Kidney cancer

Pax monouHoi#t xxene-
3p1/ Breast cancer

Pak mouku/
Kidney cancer

Pak MonmouHoOM *xe-
J1e3b1/
Breast cancer

DIUTEINOUIHAS Te-
MaHTHOSHI0TEInoMa/
Epithelioid

hemangioendothelioma

l'unepnaparupeos/
Hyperparathyroidism

T'unepmaparupeos/
Hyperparathyroidism

Pax mosouHO# xemne-
361/ Breast cancer

Jlokanuzaus

MaToJI0THYe-

CKOro ovara/

Tumor loca-
tion

IlneueBast
KOCTB/
Humerus

Benpennas
KOCTB/
Femur

benpennas
KOCTB/
Femur

JlyueBas
KOCTB/
Radius bone

Benpennas
KOCTB/
Femur

Benpennas
kocTs/ Femur

IlneueBas
KOCTB/
Humerus

benpennas
KOCTB/
Femur

benpennas
KOCTB/
Femur

Benpennas
KOCTB/
Femur

Benpennas
KOCTB/
Femur

Benpenna s
KOCTB/
Femur

ITneueBas
KOCTB/
Humerus

BAILL
110
omneparun/
VAS
before

surgery

OyHKINOHAIb-
BAIIL HBIU pe3ysbTaT
nocie JI0 OIEpaLMH 110
omepary/  mmkaine MSTS/
VAS after Functional
surgery result before
surgery (MSTS)
3 40 %
2 40 %
4 40 %
4 53 %
3 40 %
3 40 %
3 40 %
3 40 %
2 40 %
2 73 %
2 73 %
3 40 %
2 73 %
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OyHKINOHAIb-
HBII pe3yiib-
TaT nocie
OIepaLyu mo
mikaine MSTS/
Functional
result after sur-
gery (MSTS)

67 %

83 %

83 %

70 %

83 %

83 %

83 %

83 %

83 %

83 %

83 %

83 %

83 %

BbDKHBaeMOCTB/
Survival rate

12 mec, nporpeccupoBanue
(BHCLIepaIbHBIE MeTacTa3bl)/
12 months, progression
(visceral metastases)

26 mec, 6e3 mporpeccupo-

BaHMs1/
26 months, without
progression
24 mec, xuBa, 0e3 porpec-
cUpoBaHus/
24 months, alive, without
progression
24 mec, xuB, 6e3 mporpec-
CHpOBaHUs/
24 months, alive, without
progression
7 Mmec, xuB, 6e3 Iporpeccu-
poBaHus/
7 months, alive, without
progression
4 mec, )xuBa, 6e3 Mporpeccu-
poBanus/
4 months, alive, without
progression
3 mec, KuBa, 6e3 Iporpeccu-
poBaHwus/
3 months, alive, without
progression
24 mec, *xuB, 6e3 mporpec-
CHpOBaHMUs/
24 months, alive, without
progression
14 mec, xuBa, 6e3 mporpec-
cUpoBaHus/
14 months, alive, without
progression
24 mec, 6e3 mporpeccupo-
BaHMs1/
24 months, alive, without
progression
16 mec, xuB, 6e3 nporpec-
cupoBaHus/
16 months, alive, without
progression
20 mec, xuB, 6e3 mporpec-
CUpOBaHuUs/
20 months, alive, without
progression

14 Mmec, xuBa, IPOrpeccupo-
BaHHe (CKener)/
14 months, alive,
progression (skeleton)
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K., 46 net/ Pax mouxu/ LRG0
W., 46 years Kidney cancer i) 7
DY y Humerus
M., 66 net/ Pak mouxu/ Eelz(l(}))s:[;aﬂ 6
M., 66 years Kidney cancer
Femur
B
K., 73 romqa/  Pak MOJIOYHOM JKeJre- S
KOCTB/ 6
W., 73 years 361/ Breast cancer
Femur
. IlneueBas
K., 79 ner/  Pak MOJIOYHOI KeIte-
KOCTB/ 8
W., 79 years 3b1/ Breast cancer
Humerus
IIneueBas
M., 58 net/ Pax mouxu/
M., 58 years Kidney cancer o] e
DRI y Humerus
[IneueBas
XK. 75 ner/ Pak mouku/
W., 75 years Kidney cancer Kocts/ 7
v Humerus
M., 69 net/ Pak mouku/ I
M., 69 years Kidney cancer o 7
” Femur
K., 69 ner/  Pak MOIIOYHOI Kelte- benpenas
KOCTB/ 7
W., 69 years 3b1/ Breast cancer
Femur
. [IneueBas
K., 60 ner/  Pak MoJIOuHOI Kelte-
KOCTB/ 8
W., 60 years 3b1/ Breast cancer
Humerus
. IIneueBas
K., 72 rona/  Pak MOJIOYHOH xKeJe-
KOCTB/ 8
W., 72 years 31/ Breast cancer
Humerus
M, 70 et/ Pak mouku/ LS
M., 70 years Kidney cancer e ©
” Femur
. IlneueBas
K., 77 ner/  Pak MOIIOYHOI Kelte-
KOCTB/ 8
W., 77 years 3b1/ Breast cancer
Humerus

svIsBNIeHA eunepurcayus paouopapmnpenapama 6
cpeonetl mpemu J1e60tl Nieesoll KOCMU NPOMANCeHHO-
cmoto 40 mm. Boinonnena omkpuimas buoncus ouaza
nieyegou kocmu. IIpu eucmonocuieckom uccieoosa-
HUU: Memacma3s MelaHombl 8 niedesylo Kocmo. Yuu-
MblBAsl BLIPANCCHHBIL DONEBOU CUHOPOM, OMCYMCMEUE
BUCYEPATILHBIX MEMACMA308, CONUMAPHBIU Xapaxmep
Memacmamuyeckozo nopaxiceHus ckeiemd, y0o-
671€ME8OPUMENbHBIL COMAMUYECKUL CIMAMYC, PEULEHO
BbINONIHUMb PE3EKYUIO NIe4eB0U KOCHU C PEKOHCMPYK-
muenvim 3manom. Ha onepayuu 6 dexadpe 2019 2. avi-
NoAHeH NOCIOUHBIL pazpe3 6 001acmu cpeoHell mpemiu
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OkoHuaHue Tabnuubl/End of Table

8 Mec, JKuBa, IpOrpeccu-
poBaHue (BUCLEPAIbHBIE
METacTasbl)/

8 months, alive, progression
(visceral metastases)

40 % 73 %

10 mec, xuB, nporpeccupo-
BaHue (ckener)/
10 months, alive,
progression (skeleton)

40 % 83 %

13 mec, xuBa, IPOrpeccu-
poBanue (BUCLIEPAIbHbIS
MeTacTasbl)/

13 months, alive, progres-
sion
(visceral metastases)

40 % 83 %

5 Mec, XHBa, MPOrPecCUpo-
BaHue (ckener)/
5 months, alive, progression
(skeleton)

7 mMec, IPOrpeccupoBaHue
(BHCIIEpATIbHBIC METACTA3bI)/
7 months, alive, progression

(visceral metastases)

40 % 83 %

73 % 83 %

9 mec, xuBa, Oe3 MPOrpeccH-
poBanus/
9 months, alive, without
progression

3% 83 %

10 mec, xuB, Iporpeccupo-
BaHMeE (CKeneT)/
10 months, alive,
progression (skeleton)

40 % 67 %

8 mec, xuBa, 6e3 mporpeccu-
poBanus/
8 months, alive, without
progression

40 % 67 %

14 mec, xuBa, 6e3 mporpec-
CHpOBaHUs/
14 months, alive, without
progression

60 % 83 %

12 mec, xwuBa, 6e3 mporpec-
cupoBaHus/
12 months, alive, without
progression

60 % 83 %

9 Mec, KUB, 0e3 IIporpeccH-
poBaHus/
9 months, alive, without
progression

60 % 83 %

11 mec, ymepia 1o npu-
YHHAM, HE CBA3aHHBIM C
OCHOBHBIM 3a00JIeBaHUEM /
11 months, died for reasons
unrelated to the underlying
disease

60 % 83 %

71€6020 Neyd no 3a0He-1amepaibHOU NOBEPXHOCMIU C
obecneyenuem 0ocmyna K nieyegol kocmu. B oonacmu
cpednell mpemu Ouapusa UMeracsL onyxoiv, ouame-
mpom 4,3 cm, ¢ decmpyKkyueti KOPMUKaIbHO20 C105 U
MASKOMKAHbLIM KoMnoueHmom. Ocmpwim nymem 6ol-
NOJIHeHa MOOUTU3AYUSL NIe4eB0l KOCIU C ONYXONbI0 U
pezexyus Ha npomsidiceruu 7 cm (puc. 3, 4). /s 3ame-
Wenusl NOC1eonepayuoHHo20 0eexma UCnoIb308aH
VenepOOHbLIL HAHOCIPYKMYPHbIN UMIAAHMAM, OTUHOU
7 em. Mnmpameoyiiapuuiil wmugm ycmanosnen 6
KOCMHOMO320801i KAHAJ, NPO8edeH uepe3 KaHal Um-
NAAHMAama u puxcuposan OIOKUPYIOWUMY GUHIMAMIU.

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 81-89



OMbIT PABOTbI OHKONOMMYECKUX YUYPEXOEHUA

Puc. 3. MNocTpe3eKkumnoHHbIn aedekT
Fig. 3. Post-resection defect

Puc. 5. PEeKOHCTPYKTVBHBIN 3Tan
Fig. 5. Reconstruction of postoperative defect

2 — 8 0bracmu RPOKCUMATLHO20 dInumemadusa, 2 — 6
HUdICHel mpemu ouaghuza nieuesoli Kocmu (puc. 5).
Pana nocnoiino ywuma ¢ ocmasnenuem openaica.
Iocneonepayuonnoe meuenue 2nadxoe, OpeHaiC
yoanen na 3-u cym. C 7-x cym nawamol peabuiuma-
yuonHvle meponpusmus. B pannem nocreonepayu-
OHHOM nepuooe Nayuenmrka Ommeuand yMepeHHblil
bonesou cunopom, Kynupyemwiii egedenuem HIIBC. K
Mmomenmy svinucku (10-e cym) 0gudicenust 6 nieuesom
cycmaege He3HaYUmenbHO 02PaAHUYEeHbl 30 CHenm coXpa-
HAIOU€20CS He3HAUUENbHO20 0016020 CUHOPOMA, 8
JIOKMeBOM CYCHage O8UNCEHUS 8 ROTHOM obbeme. B no-
cnedyloujem Ha3Havena UMMYHOMePanus, Ommeyena
cmabunuzayus 3abonesanust. Ilepuoo nadodenus —
8 mec. OyHKYUOHANbHBIL pe3YIbmam XOpouull
(MSTS — 80 %). Penmeenonocuuecku cucmema cma-
ounvua (puc. 6).

3aKk/IroueHue
BrimonHeHne pe3eKIMOHHBIX OTEpannii ¢ PeKOH-
CTPYKTHBHBIM 3TAITOM IIPH MeTacTa3ax auau3apHoi
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Puc. 4. YoaneHHbIi npenapat
Fig. 4. Surgical resection specimen

Puc. 6. PeHTreHorpamma nocne onepaumu
Fig. 6. X-ray after surgery

JIOKAJIM3AIMH TI0KAa3aHO B CIIy4ae COJIMTAPHBIX Me-
TAcTa30B paKa MOJIOYHOHW KeJe3bl, IOUYKH, TOJICTOH
U TPSIMOM KHIIKH, MEJIAHOMBI KOXKH, IPH XOPOIIeM
OHKOJIOTMYECKOM ITPOTHO3€ 3a00JIEBaHNUS 1 YOBIETBO-
PHUTEITEHOM COMaTHYECKOM CTaTyCe MaIlieHTa, a TAKKe
IIpHY IICPBUYHLIX 3JIOKQYCCTBCHHBIX OITYyXOJIAX KOCTEH B
KauecTBE METO/1a BLIOOPA Ha ATare OrepaTHBHOTO Jie-
yeHus. OnepaTuBHOE BMEIIATEIbCTBO 00CCIICUNBACT
YIOBJIETBOPHUTEIHHBIN JTOKATBLHBIA KOHTPOIB 3a00I1e-
BaHMS, a TAKKe XopoIme QYHKIMOHAIBHBIE PE3yilb-
TaThbl. yI‘J'IepOI[HI)IC HAHOCTPYKTYPHBIC MMILUIAHTATbI
MO3BOJIAIOT PEKOHCTPYUPOBATh KOCTHBIEC IE(EKTHI
pa3IMYHON MPOTSHKEHHOCTH, TAKIKE C BO3MOKHOCTHIO
HCITOJIB30BAHMSI METAJUIOKOHCTPYKIUI U PA3IMYHbIX
croco00B 3aKpBITUS Je(PEKTOB MSTKUX TKaHEH.
WmMrimaHTaThl HE BBI3BIBAIOT PEAKIIUU OTTOPIKEHUSI.
IIpu obecrniedeHny TUIOTHOTO KOHTAaKTa MMILJIAHTATa
C KOCTBIO B ITOCIEIYIOIIEM IMPOUCXOTUT (hopMupoBa-
HHUE KOCTHO-YIJIEPOIHOr0 0JI0Ka, CIIOCOOCTBYIOIIETO
cTaOMIbHOCTH MMILTaHTaTa. Hanuuwe B opranusme
MAIMEeHTa YIIIEPOIHOTO HAHOCTPYKTYPHOTO UMILIAH-
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TaTa HE ABJIAACTCA HNPOTHBOIIOKA3aHHUEM I JIF000T0
CUCTEMHOI'O IIPOTUBOOITYXOJICBOI'O JICYECHHS, 4 TAKIKE
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0O.B. WaHbruHa, .M. Makcumosuy, .. 3apuase

OIBY «HaumoHanbHbIN MEQULIMHCKMIA UCCeqoBaTeNbCKUn LLEHTP OHKonorun um. H.H. bnoxmHa»
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AHHOTaUuA

Lilenb nccnegoBaHusi — NpeAcTaBUTb COBPEMEHHbIE JaHHbIE O pony hakTopoB 06pasa Xn3Hn 1 Hacnea-
CTBEHHOCTW B 3T1ONOrMmn paka nogxenygoyHon xenesol (PMK). Matepuan n metoabl. [poaHannampoBaHbl
pe3ynbsTaThl 3aNMAEMNOINOTMYECKNX UCCIEeA0BaHNIA, MOCBALLEHHbIX POrn hakTopoB oOpasa XXWU3HW 1 Hacnea-
CcTBeHHOCTU B 3Tnonormum PIMK. Monck cooTBETCTBYIOLUMX MCTOYHUKOB NPOU3BOAMIICS B cuctemax Medline
n Elibrary. PesynbTatbl. Pak nogxenyqovHon xenesbl 3aHMMaeT 9-e MecTo B CTPYKTYpe OHKOMOrnyecKkom
cmepTHOCTM B Mupe. OH UMeeT KpaiHe HebnaronpusaTHbIA NPOrHo3, 5-NeTHASA BbKMBAEMOCTb OONbHbIX
PIMX He npeBbiwaeT 9 %. CamMble BbiCOKME Moka3aTtenu 3abonesaeMocTv n cmepTHocTu ot PIMXK 3aperu-
CTpupoBaHbI B cTpaHax BocTouHor EBponkl, Bkntovas Poccuto. 3aboneBaemocts PIMXK B 2019 1. cocTaBuna
9,3 Ha 100 TbIC. HaceneHus y My>4uH 1 5,7 y xxeHLwmH. B Poccuu, Kak 1 Bo BceM Mupe, HabnogaeTcs pocTt
3aboneBaemocTtu n cmeptHocTh oT PIK. [JokadaHHbIMKU hbakTopamu pycka sSiBNSKOTCA KypeHue, notpebne-
HVe ankoronsi, N3bbITOYHBIA BEC, OXMPEHUE U AnabeT, naHkpeaTUT B aHamHe3e. Ha puck passutusa PIDK
BMMSAET MUKPOOMOM MOMOCTU pTa M TONCTOM KULWIKW. YcTaHoBrneHo, 4to 5-10 % cnyyaeB PIK saBnstotcs
HacnencTBeHHbIMU. ViaeHTMdnumnpoBaHbl HacneacTBeHHbIe CMHAPOMBI. Puck passutusa PIXK y naumeHToB
C TaKUMW CMHOPOMamMK konebnercs oT 2 (CUHAPOM HaCNeACTBEHHOIO paka MOMOYHOW Xenesbl Y SUYHUKOB)
no 132 (cuHppom Mentua—Erepca). BoigBneHbl yyacTku reHoma, cofepalume BapuaHTbl nonumopdusma
OOMHOYHbIX HykneoTnaos (SNPs), koTopble yalle BcTpeyatotes y 6onbHbIX P, yem y 3noposbix niogen. K
4acTo BCTPEYaLLMMCS COMaTUYECKMM MyTaLMsiM OTHOCUTCS MyTaums ApanBepHbIX reHoB (driver-gene) PITXK,
K KOTOpbIM OTHOCATCSt OHKOreH KRAS u reHbl-cynpeccopsbl onyxonen TP53, CDKN2A u SMAD4. NpeHTtndu-
LMpOBaHbI U Tak Ha3blBaeMble Maccaxunpckre MyTtaumm, kotopble npu PIMXK Bctpevatotca pexe (AIB1/NCOA,
ERBB2/HER2/EGFR2, AKT2, BRAF, CCND1, RB1). OgHako KOMOGUHMPOBaHHbIN adhdekT nonumopdurama
3TUX FEHOB MOXET ObITb CYLLUECTBEHHbIM 1 CPAaBHMMbIM C BMSIHWEM OpaliBEPHOro reHa. 3aknto4veHue. Ha
CErofHsILLHUA [IeHb CYLLECTBEHHbIM HEeJOCTaTKOM Hallero NMoHWMaHusi mpouecca KaHueporeHesa siBnsieT-
€A OTCYTCTBME MHOPMALMM O TOM, Kakme MMEHHO KaHLieporeHHble akTopbl NPUBOAAT K TEM WUIMU MHBIM
KOHKpPETHbIM MyTauusaM, T. €. 06pa3oBaHU0 MyTaUMOHHbIX CUrHaTyp. Onsa paspelleHust aTon npobnems B
2017 r. ctapToBan MmexayHapoaHbIv Hay4HbI npoekT GRAND CHALLENGE “Mutograph”, B koTopom yyacTBy-
0T COTPYAHWKM OoTAena aHanuaa anugemuonorumn onyxonen ®reyY «HMUL, onkonorum um. H.H.BnoxuHa.
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DESCRIPTIVE, ANALYTICAL AND MOLECULAR
EPIDEMIOLOGY OF PANCREATIC CANCER
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N.N. Blokhin National Medical Research Center of Oncology
of the Ministry of Health of the Russia, Moscow, Russia
24, Kashirskoe shosse, 115478, Moscow, Russia. E-mail: oshangina@mail.ru.

Abstract

The purpose of the study was to present current data on the role of lifestyle and heredity factors in the
etiology of pancreatic cancer (PC). Material and Methods. A systemic literature search was conducted us-
ing Medline and Elibrary databases. Results. Pancreatic cancer is the 9th leading cause of cancer-related
deaths worldwide. PC has an extremely poor prognosis. The 5-year survival rate of patients with PC does
not exceed 9 %. The highest incidence and mortality rates from PC are found in Eastern Europe, including
Russia. The incidence of PC in 2019 was 9.3 per 100,000 males and 5.7 per 100,000 females. In Russia,
PC incidence and mortality rates in both males and females show a steady increase. Risk factors associated
with PC include smoking, heavy alcohol drinking, overweight and obesity, diabetes and chronic pancreatitis.
The microbiome of the oral cavity and colon influence the risk of PC. Approximately 10 % of PC is estimated
to have familial inheritance. The risk of PC in patients with inherited syndromes ranges from 2 (hereditary
breast and ovarian cancer syndrome) to 132 (Peutz-Jeghers syndrome). Regions of the genome contain-
ing variants of single nucleotide polymorphism (SNPs), which are more common in patients with PC than in
healthy people, were identified. The most common somatic mutations include mutations in the driver genes
of prostate cancer, which include the KRAS oncogene and tumor suppressor genes TP53, CDKN2A, and
SMAD4.The less common mutations of genes include AIB1/NCOA, ERBB2/HER2/EGFR2, AKT2, BRAF,
CCND1, RB1, etc. They are identified as “passenger” mutations although the combined effect of polymor-
phism of these genes can be significant and comparable to the influence of the driver gene. Conclusion. A
significant disadvantage of our understanding of the process of carcinogenesis is the lack of information about
carcinogenic factors that cause specific mutations, i.e. the formation of mutational signatures. To solve this
problem, in 2017, the international scientific project GRAND CHALLENGE “Mutograph” was launched. The
scientists of the Department of Cancer Epidemiology of N. N. Blokhin National Medical Research Center of

Oncology are members of the international team working on this project.

Key words: pancreatic cancer, epidemiology, etiology, risk factors.

Pak nmomkenynounoii xkenessl (PIDK) 3anumaet 9-¢
MECTO B CTPYKTYypE€ OHKOJOTHYECKOW CMEPTHOCTH B
mupe [1]. B 2020 1. B MuEpe 3aperucTpUPOBAHO CBHITIIC
495 tric. coyuaes PIDK, a ymepno — 466 Teic. [1]. 1o
nporuoszam, k 2030 r. cmeptHoCTh 0T PIIK 3aiimer 2-¢
pPaHTOBOE MECTO B CMEPTHOCTH OT OHKOJIOTHYECKHX
npuanH [2]. Pak momkenymouyHoON XKeae3bl HMeeT
KpaifHe HeOJIarompusTHBINA MPOTHO3. S5-JETHSS BHI-
s)kuBaeMocTh 00abHBIX PITK, mo manubiM CIIA, He
npeBblaeT 9 % U Majo U3MEHWIACh 32 MOCIEeTHUE
necarunetus [3]. OcHOBHAs NpUYUHA IIOXOrO Mpo-
rao3a PIDK cBs3aHa ¢ mo3gHUM BBISIBICHHUEM 3a00-
neBanus: B 29 % ciayuaes PIDK nuarnoctupyercs c
METacTa3aMy B PErHOHAPHBIX TUM(aTHUSCKUX y37ax,
a B 53 % ciyyaeB — ¢ OTAAQJIEHHBIMU METAacTa3aMu
[4]. HoBompHO wacTo PIDK mmarmoctupyetcs mo-
CMepTHO. B pe3ysbrare B HEKOTOPBIX CTATUCTUYECKUX
otuetax yucio ymepiux ot PIDK mpeBsimaet uncio
3200JIEBIIIHX.

ITo nanHBIM MexJyHapOJAHOTO areHTCTBa I10
M3y4YeHHIo paka [1], camble BEICOKHE ITOKa3aTesH 3a-
oonesaemoctu PIDK y My»X4uH 3aperucTpupoBaHbl
B crpanax Bocrounoit EBponsl: B Benrpun (13,7)

CUBUPCKIM OHKONMOTMYECKW XXYPHAT. 2022; 21(3): 90-103

(3mech U ganee CKOPPEKTHPOBAHHBIE TI0 MUPOBOMY
CTaHJAPTHOMY HaceJeHUIo nokasarenb Ha 100 Thic.
Hacenenus), Crmosakuu (12,0), JlarBuwm (11,9), Mon-
nose (11,3), Yexuwu (11,2), Ocrornu (11,5), a Taxxe B
VYpyrsae (12.8) u B Anonun (11,7). V xenumn 3a60-
neBaemocTh PIK HanGoee Beicoka B Berrpuu (9,2),
VYpyrsae (8,9), SAnonun (8,2), Asctpuu (8,0), Uexun
(8,0). AraiormaHOe pacmupeneicHne HabIonaeTcs u
T0 YPOBHIO cMepTHOCTH. My>kunHbI ymupatoT o PIDK
3HAYUTENBHO Yallle, YeM >KeHIIUHBI [ 1, 5]. [Ipuuuns
Oonee Hu3ko 3a6omeBaemoctr PIDK y xenmuH 10
KOHIIA HE M3YUYEHBI, TTOCKOIBKY MYKIUHBI KypsT B 5
pasz game (25,0 %), yem >xeHIuHEI (5,4 %), BO3MOXKHO,
3TUM U OOBSICHSFOTCS TeHJIEPHBIC pa3iuyus [6].

3a rnmocieaHue TPH JECATHIETHS KOTUIECTBO 3200-
neBmux 1 ymepmmx ot PIDK B Mupe BeIpocio 6oee
4yeM B 2 pasa [5]. DTOT pocT CBsI3aH, B IEPBYIO OUEPEb,
CO CTapCHUEM HACENICHUS, T. €. C YBEIUUCHUEM JI0JIU
MOYKHUITBIX JIFOZICH B OOIIeH YUCIIEHHOCTH HACEIICHUS.
OmHAKO ATOT POCT MOXKET OBITH CBSI3aH M C PACIIPO-
CTpaHeHHeM B MHpe Takux paxropos pucka PITK, kak
oxupenue u auaoert [7]. [eorpaduyeckue paznnuns
B 3aboneBaemoctu PIDK, ckopee Bcero, MOxHO 00b-
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SICHUTh Pa3jinyueM B BO3ACHCTBUU U3BECTHBIX WU
rpeamnoaaraeMeIXx GaktopoB pucka [5]. Hampumep,
pernoHaJIbHBIE PAa3INYHs B PACIPOCTPAHEHHOCTH
KypeH#us, JokazaHHoro ¢axropa pucka PIIK, moryt
YaCTUYHO OOBSICHUTH 3TH reorpaduuecKkue 0co-
oennoctu. [pyrue ¢akropsr pucka PIDK, takue
KaK OKHpeHHe W amabet, Oojiee pacpoCTpaHCHBI B
CTpaHax C BBICOKMM YPOBHEM XH3HU IO CPAaBHEHMIO
CO CTpaHaMH C HU3KUM YPOBHEM KU3HHU, UTO TAKKE
MOXKET BIMATH Ha reorpaduyeckne pa3indus B 3a-
6omneBaemocTu PITK.

Poccust, mo manasim MAUWP, oTHOCHTCS K peruo-
HaM C BBICOKOH 3a00J1eBa€MOCTBIO U CMEPTHOCTBIO OT
PITK [8]. 3aboneBaemocts PITXK B 2019 1. cocraBuna
9,31 y myxuuH u 5,68 y xeHmnH. OHaKoO B psle
pPEruoHOB Mokazareiu 3aboneBaemoctd PIIK Bhiie
obmmepoccuiicknx. Ha puc. 1 npencraBneHbl peruoHbl
Poccuu ¢ cambiMU BBICOKUMU U CAMBIMU HU3KUMU T10-
kazaremsimu 3a0oneBaemoctu PIDK cpenn myxunH B
2019 1. Camas BeIcOKas 3a0051eBaeMocCTh (Ooee 10,0)
oTMmeueHa B Henerikom aBToHOMHOM Okpyre (22,95),
Espetickoii aBToHOMHOM oOnact (16,4) u OpiioBckoit
obmactm (16,16), a caMble HU3KHE TTOKA3aTEIH 3a00-
neBaemoctu PITXK 3apeructpupoBansl B PecmyOmmke
Anrait (3,65). Cpenu xeHmuH (puc. 2) BbICOKas
3a0011eBaeMOCTh OTMeuaeTcsi B HeHelkom aBTOHOM-
HoM okpyre (11,55), Mypmanckoit obnactu (9,64) u
Ha Kamuarke (9,13), caMble HU3KHE TTOKA3aTeNIA — B
Pecmy6nuke Yysamms (2,89) [8].

ITo mokazarensm cmepraocTr Poccns Takke OTHO-
CHUTCS K pETHOHAM C BBICOKOM cMepTHOCThIO 0T PIDK
[1]. CmeprHOCTS OoT PIIK B 2019 1. cocraBmina 9,26 y
MY>K4uH U 5,27 y )xeHiuH. B Poccun, kak 1 B Ipyrux
cTpanax, cMepTHOCTh 0T PITK kxoppenmpyer ¢ 3a60-
JIEeBAEMOCTbIO, T.€. OHA BEICOKA B PETHOHAX C BBICOKOH
3a00J1€Ba€MOCTBIO U HU3Ka TaM, e 3a001eBaeMOCTh
Hu3kas (puc. 3, 4). Tak, camast BRICOKasi CMEPTHOCTb
ot PIDK y myxuwH B EBpeiickoii aBTOHOMHO#M 00-
nactu coctaBuia 20,88, B HeHenkoM aBTOHOMHOM
okpyre — 17,27, nuskas — B YeueHnckoii PecmyOivike
(2,15). [lokazarenu cmeptrOCcTH OT PIDK y )eHmma
B Poccun Takske 3HaUMTENbHO BapbUPYIOT: JIUAUPYET
Heneuxuit aBToHOMHBIN OKpyT (9,94), nanee ciemy-
10T CaxanuHckas oonacts (8,64), AMypckast o0nacTb
(8,6), camas HHU3Kas CMEpPTHOCTh — B PecmyOnuke
Warymerns (0,96) [8].

ITokazarenu 3a0051€Ba€MOCTH ¥ CMEPTHOCTH OT
PIDK mpakTudecku He OTIMYAIOTCS IPYT OT Jpyra.
S-netnsist BBKMBaeMocTh OonpHBIX PIDK B Poccun
He npeBbimaeT 1 %. B HekoTopbIe TOABI CMEPTHOCTH
BBIIIIE 3200JI€BA€MOCTH, YTO YKa3bIBAET HA HEJOYUYET
nipu xu3Hu 00sbHBIX PIDK [9]. B Poccun nabnronaer-
cs1 poct 3a001eBaeMocTd U cMepTHOCTH 0T PIDK Kak
y MY>KYHH, TaK W y keHIIuH. Ha rpadukax (puc. 5)
IpeAcTaBlIeHa JUHAMHKA 3a00JIeBAEMOCTH M CMEPT-
HocTu oT PIDK B Poccuu cpein My>KUMH U KEHILMH.
C 1990 r. 3aboneBaemocTb u cMepTHOCTH 0T PIIK
y MY>K4UH BbIpocia mpumepHo Ha 50 %. Hauboxee

Henerpadt a.0./MNenetsky A0,
Espefickan apT. ofo./Jewish Aut.Oblast
Opnoseraz obmacre/Otlovskaya obl
CaxammHckan ofmacts/Sakhalinskaya obl
Hpryreraa ofmacteIrkutskaya obl
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Iprmaoperedt kpaitPrim orsky Kr.
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Myprasckas obmacre/Dum anskaya obl
Anrrperad obmacTe/Amurskaya obl
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Yemabrmckan obnacte/Chelyabinskaya obl
AnTadcre kpait/Altayski Kr.
Heanosckad ofmacts/lvanovskaya obl
Apy aprenscrad obm (Bfa. o)/ Arkhangelskaya obl
POCCHA/RUSIIA
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Bonmorogekas obmacte/V ologodskaya obl
r. Mocxsa/Moscow
Pecmyfmema HerymrereaTngushetia Rep.
Pecrmyfmema Jarecram/DagestanFep.
Pecn. Kabaparro-b ankapraKabardino-B alkaria Rep.
Pecrryfmemsa Mapedt 3n/Marij E1 Rep.
Anano-H eserpadt a.0./Y am alo-Nenetsky Okr.
Pecmybmemxa AntaffAltayski K.

g 12 16 20 24
CraugapTuzoEanuuil noxasarens Ha 100 teic. Hacenenuall SE(World)

Puc. 1. Permonbl Poccumn ¢ HanbGonbluein n HanMeHbLLel 3a60eBaeMoCTbio PakoM MOKENYA04HON XKenesbl, My>4nHbl, 2019 .
(CkOppeKTMpOBaHHbIN MO CTaHAAPTHOMY MUPOBOMY HaceneHuto nokasatens Ha 100 000 HaceneHwus).
Fig. 1. Regions of Russia with the highest and lowest incidence of pancreatic cancer in men in 2019
(standardized rate per 100,000 population)
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Henerpadi a.0. MNenetsky A.0. 11,55
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Pecn. Kapauaeso-UeprecuaKarachaevo-Cherkessia Rep. 3,12
Pecrybnema Jarectan/DagestanRep. 3.08
Pecryfnmxa KanmeraaKalm vkia Rep. 3.06

Pecrryfimemxa Uypanma/C huvashia Rep. 2,89
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CraugapTHzoBaHHEHA mokaszatens Ha 100 Tric. HacenenualA SR (World)
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=

Puc. 2. PernoHbl Poccum ¢ HanbornbLuer n HaumeHbLUel 3a00n1eBaeMOoCTbI0 PakoM NOMKENYA0YHON XKenesbl, XXeHWwuHbI, 2019 1.
(CKOPPEKTUPOBAHHbIM NO CTAaHAAPTHOMY MUPOBOMY HaceneHuto nokasatens Ha 100 000 HaceneHwus)
Fig. 2. Regions of Russia with the highest and lowest incidence of pancreatic cancer in women in 2019
(standardized rate per 100,000 population)
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Puc. 3. PernoHbl Poccun ¢ HanbornbLuen n HarMeHbLUen CMEePTHOCTbLIO OT paka MoKenyA04HON xenesbl, My>4nHbl, 2019 1.
(CKOpPEKTMPOBaHHbIV NO CTAaHAAPTHOMY MUPOBOMY HaceneHuto nokasatens Ha 100 000 HaceneHwus)
Fig. 3. Regions of Russia with the highest and lowest mortality from pancreatic cancer in men in 2019
(standardized rate per 100,000 population)
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Puc. 4. Pernonbl Poccuu ¢ HanbornblLuel n HaMMeHbLUIEN CMEPTHOCTBIO OT paka MOAXKeNyA04HOW xenesbl, XKeHLWMHbl, 2019 .

(CKOPPEKTMPOBaHHbIV NO CTAaHAAPTHOMY MUPOBOMY HaceneHuto nokasatens Ha 100 000 HaceneHus)
Fig. 4. Regions of Russia with the highest and lowest mortality from pancreatic cancer in women in 2019

(standardized rate per 100,000 population)
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Fig. 5. Trends in pancreatic cancer incidence and mortality in Russia (standardized rate per 100,000 population)
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BBIP@KEHHBII poCT 3a00J€BaeMOCTH U CMEPTHOCTHU
ot PITXK Habmromaercs y KeHITUH: 3a0071€BaeMOCTh, H
cmeptHocTh oT PIDK BBIpocna B 2 paza. [To-Bumumomy,
9TO TeHJIEpHOE pa3iinyue B JUHAMUKE IMOKa3aTeneit
CBsi3aHO C 0Oojee MIMPOKUM pacupOCTpaHEHHEM
(bakropos pucka PIIK cpemu xenmuna. Hanpumep,
pacpoCTpaHEHHOCTb OKUPEHUSI 3HAYUTEIbHO BBILIE
CPeI POCCUHCKUX KEHIMH 10 CPAaBHEHHIO C MYXK-
yupHamu [10].

PITXK, xax mpaBuItO, IBISIETCS OOJIE3HBIO TTOKHITBIX
moniei, mockobKy 90 % BHOBB TUArHOCTHPOBAHHBIX
MaIUeHTOB cTapiie 55 et [5]. AHanu3 cCMEpTHOCTH
I10 BO3PAcTHBIM IpyTIaM MoKa3ajl poCT CMEPTHOCTH B
CTapILIMX BO3PACTHBIX rpymnmax (60-64, 65-69, 70-74,
75—79) xax y My>K4rH, TaK 1 y KeHIIUH. B 601ee mo-
JIOABIX BO3pacTHHIX rpynmax (35-39, 4044, 45-49,
50-54, 55—-60) TeHneHIMKE POCTa HE HAOJIOIAI0TCS.

®akTtopsl pucka PIIK

Kypenue

Kypenue siBnsieTcsi OCHOBHOM I0Ka3aHHON MPUYH-
Hoit PIDK [11]. IlpnunHHas CBA3b MEXTY KYPEHUEM U
puckoMm pa3zsutus PIIK BbIsIBIIEHA Kak B pEeTpOCIIEK-
TUBHBIX, TaK U B IPOCHEKTUBHBIX HCCIIEIOBAHUIX.
AtpuOyTuBHbIi puck PITK, cBs3aHHBIN ¢ KypeHUEM,
cocrasisieT 20-25 % [12]. O630p mocneanux pador
nokasai, yto puck pasButus PIDK y xkypunbuimkos
B 1,5-2 pasa Bblllle MO0 CPABHEHHUIO C HEKYPSAILIUMH.
[To pe3ynbraTamM KpymHOTO MeTaaHaIH3a, KOTOPKI
o0bennHua gaHHble 20 KOTOPHBIX HCCIEIOBAHUH,
puck PIDK y xypsmmux cocraBun 1,56 (95 % no-
BepuTenbHBI MHTEepBan (95 % JAW) 1,34-1.83), y
OpocuBIux Kyputh juil — 1,15 (95 % AW 1,06-1,26)
[0 CPAaBHEHUIO C TEMH, KTO HUKOrJa He Kypui [13].
OT1oT 3P PeKT KypeHHs He 3aBHCEI OT YIIOTPEOICHUS
QJIKOTOJIsI, MHIEKCA MacChl Tejla U HalIn4us Juadera.
Kpome Toro, B 3TOM HccnenoBaHuu ObLTa BBISIBICHA
J1030-3aBUCUMast CBSI3b MEX1y MHTEHCUBHOCTBIO Ky-
PEHMS, KOJIMYECTBOM CUTapET, BBIKYPEHHBIX B TEUEHNE
KHU3HH, JUIATEIHOCTHIO KYPEHHS U CMEPTHOCTBIO OT
PIDXK.

Hpyroit metaananu3 78 SMUIEMHUOIOTHYECKUX
HccieI0BaHUM MoKa3ajl, YTO OTHOCUTENBHBIN pHCK
(OP) PILK nosbren B 1,8 paza y kypsammx (95 % AU
1,7-1,.9)uB 1,2 paza (95 % A1 1,1-1,2) y 6pocuBmmx
KYPHUTB JIUII TI0 CpaBHEHUIO ¢ HeKypsmmmu [ 14]. Io-
kazaresib OP noBbImIancs ¢ pOCTOM KOJIMYECTBA BBIKY-
pHUBaeMbIX CHrapeT B JIeHb (11 KypuBLnx 30 curaper
B neub OP 2.2; 95 % JIU 1,9-2,4) u nIuTeNbHOCTH
Kypenus (qust kypusmux 6oxee 30 et OP 1,8; 95 %
AN 1,6-2,0). Puck PIDK cHmkamncs uepes HECKOIBKO
JIET MOCJIE OTKAa3a OT KypeHUsl, OJTHAKO JJIS TOCTHKe-
HUS YPOBHSI HEKYPSILLIMX TOTpedoBaiock a0 20 jeT.

Ankozonw

UpesmepHoe ynoTpeOieHre aqkoros MOBHIILACT
puck PIDK, B To BpeMs Kak BIUSHHE CPEIHUX U HU3-
Kux J103 ankorosis Ha puck PIDK 10 cux mop HesicHO.
OcHOBBIBasiCh Ha MHOTHX HCCIIEZIOBAHUAX, yUEHBIE
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NpUILIK K BbBONY, uTo puck PIDK yBennuupaercs
TIPH YpEe3MEPHOM ITOTPEOICHIH aTKkorouts (6oee 3 103
(25 mu1) CIUPTHBIX HAIMUTKOB B JIEHB), TOT/IA KK CBSA3H
C YMEpPEHHBIM M HHU3KUM IMOTPEOICHUEM aJIKOTOJIS
oOHapysxeHo He ObuI0 [15]. [ToBbimenue prucka PIDK
OBbUIO BBISIBIICHO Y JIUL, IIBIOIINX KPENKUE CIIMPTHBIE
HanuTky. [TnBo u BuHO Ha puck PIDK He Biustor. Ky-
peHue ycriuBaeT 3 GEeKT Ype3MepHOTo moTpedieHus
anxorosst Ha puck PIDK. HenaBHo onmyOnukoBanHOe
rcclieoBaHrue nmokasano [16], yTto upe3mepHoe Mmo-
TpeOsIeHHE K0TS y KYPHIIBITUKOB TIOBBIIIAIIO PUCK
PIDXK B 4 paza (OP 4,04, 95 % 11 1,58-10,37), Torna
KakK y JIMII, KOTOpbIe HUKOT/Ia HE KypHIIH, PUCK ObLIT B 2
pasa mmwke (OP 2,01, 95 % JIU: 0,50-8,18) [16].

H36b1mounblil éec u oxyncupenue

OskupeHue SBISETCS OHUM U3 IPU3HAHHBIX (ak-
topos pucka PIDK. PaGodas rpymma MexayHapoHo-
TO areHTCTBA 1O U3y4eHnto paka (MAUWP) mpumia k
3aKIJIIOYEHHIO, YTO «IIOJIHOTA Teja», KOTopasl BKIIIO-
yaeT u30bITOUHBINA Bec (MHIekc Macchl Tena (MMT)
25,0-29,9 xr/m?) u oxupenue (MMT>30 kr/m?),
nosbitraet puck PIDK [17]. OcHoBaHmeM A1 TAKOTO
BBIBOJI2 TIOCITY>KMJIM MHOTOUHUCIICHHBIE paboThI, MO-
CBSIILIEHHBIE 3TOM pobneme. Tak, B Mccie0BaHNH, B
kotopoe Bouun 8769 ciyuaeB PIDK u 7055 koHTpOIb-
HBIX JIMII, TOKa3aH 1oBbieHHbIN puck PIDK B rpymine
¢ caMmbIM BeICOKMM KBaptuiiem UMT 1o cpaBHEHUIO
C Tpymnmno ¢ cambIM HU3KUM KBapTtuiieMm (OP 1,43,
95 % JAU 1,20-1,71) [18]. YcraHOBIEHO, YTO PHUCK
PIDK moBermaercs Ha 10 % c yBemmuennem UMT
Ha Kaxasie 5 kr/m? (OP 1,10, 95 % AU 1,07-1,14).
Kpome toro, Hanuune n30bITOUHOTO BECa M OKUPEHHUS
B ICTCKOM U IOHOIIECKOM BO3PACTE MOBBIIIAIO0 3a00-
JIEBaeMOCTh 1 cMepTHOCTE OT PITK B 601ee mo3nHeM
Bo3pacrte [19].

IHumanue

BceemupHnsrit pona nccnemoBanmii paka/ AMeprKaH-
ckuit uHCTUTYT uccnenosanmii paka (WCRF/AICR) B
cBoem otyere o PITK 3a 2012 . orMeTHII, 4TO JJOKa3a-
TENbCTBA, ITOATBEPKAAOIINE CBA3b MEXIY (pakTopamu
nmutanus U PIDK, orpannyensr [20]. Heckonbko wc-
CJIeZIOBAaHUH MMOKa3aJIH, YTO MOTPeOIeHNE «KPACHOTOY
Msica U 00pabOTaHHOTO Msica (KOJIOACKI, BETUHHBI)
noBeimaet puck PIDK [21, 22]. B 2017 r. npoBeaen
MeTaaHaJu3, KOTOPBIA 00bETUHII 28 UCCIICOBAHIH,
KaK KOTOPTHBIE MTPOCIIEKTUBHBIE MCCIIEAOBAHUS, TaK
U PEeTPOCIEKTUBHBIE, METOJOM CIy4ai-KOHTPOJIb.
MeTtaaHanu3 KOrOpTHBIX MCCIIEAOBAaHUM BBISIBUII 11O-
JIOXKHUTETHHYIO CBSI3b MEXTy 3a00meBaeMocThio PITDK
M BBICOKHUM moTpednennem kpacHoro (100 r/meHs)
uiu obpaborannoro msca (50 r/mens) (p<0,01) y
MY>X4rH. Pe3ynbrarel anann3a o0beIMHEHHBIX JaHHBIX
UCCIIEA0BAHUMN «CITyyaii-KOHTPOJIb» IOKa3aJH, YTo 110-
TpeblieHne «KpacHOTO» Msca 1 00paboTaHHOTO Msca
CTaTUCTUYECKH JIOCTOBEPHO cBsi3aHO ¢ puckom PIDK
Jutst oooux 1osoB (p=0,02 u p<0,01 COOTBETCTBEHHO)
[22]. O6paboTaHHOE MSICO YACTO COACPKUT HUTPATBI,
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13 KOTOPBIX B OPraHU3MeE B PE3yNbTaTe PEAKLMU C aMH-
Ham# 00pa3yroTcs KaHIIepOTeHHbBIE HUTPO30(a)aMUHBI,
KOTOpPBIC ACHCTBYIOT KaK MOITHBIC MyTareHsl [23].

[Motpebnenue oBoiieit U GpyKTOB, OCOOSHHO ITH-
TPYCOBBIX, OKa3bIBaeT 3AIUTHOE JEHCTBUE, CHUXKAS
puck Ha 38 % (95 % AU 0,54 — 0,73) 1 29 % (95 %
1M1 0,59-0,84) cootBercTBeHHO [24]. UHTEpEecHO, 9TO
B KPYITHOM OpPUTAHCKOM KOTOPTHOM HCCIIEIIOBaHUH,
omyonukoBanHoM B 2016 1., cmepTHOCTH OT PITK
ObLITa HIDKE CPE TeX, KTO OTPaHUIHBaI KOJHYECTBO
numy B nenoM (mpumepHo Ha 30-45 %), a Takxe
Cpeau BereTapuaHIeB U BeraHoB (mpumepHo Ha 50 %)
[0 CPaBHEHUIO ¢ OOBIYHBIMH TOTpeduTensamu [25].
W3BecTHO, 4TO MUILA C BBICOKMM COJAEPKAHUEM KIIET-
YJaTKH, TOTPeOICHHEe PHIOBI FITH CPEIN3EMHOMOPCKAsT
IreTa 00JIagaroT MPOTEKTHBHBIM dPGEKTOM OT psiia
OHKOJIOTHYECKHX 3200JIeBaHNH, OTHAKO B UCCIIEI0BA-
HUSIX, U3y4aBIux ux BiusHue Ha PITK, sToit cBs3u
HE HaijieHo [26].

Du3uueckan aKmMuUgHOCMb

WccnenoBanusi, H3yvaroIue CBs3b MKy (U3H-
yeckumu Harpy3kamu u PIDK, nanu nporuBopeuuBbie
pe3yabTaTel. MeTaananu3 26 mcciIeaoBaHUN ycTa-
HOBWJI, 4TO (pu3nyeckas akTUBHOCTb B CBOOOHOE
BpeMsi Oblla CBsi3aHa C MOHIKEHHBIM puckoM PIDK
(OP 0,89, 95 % 11 0,82—0,96). O6parHas cBs3b ObLIa
BBISIBJICHA TOJBKO B PETPOCIIEKTUBHBIX HCCICIOBA-
HUSX «CITy4al-KOHTPOIbY», HO HE B MPOCTICKTUBHBIX
KOTOpTHBIX ucciaegoBanusx [27]. [IpocnexkTuBHOE
KOTOpTHOE uccienoBanue, nposeaeHHoe B CILIA, ne
BBISIBUJIO CBSI3M MEXIY (PM3HUYECKON aKTHUBHOCTBIO M
PIDK, kuTaiickue ucciae0oBaTeNId BEISIBIIIM CHUKEHNE
pucka PIDK, cBs3aHHOTO ¢ pH3HMYECKUMU HAaTpy3KaMH
cpeau myxuus (OP 0,71, 95 % JIN 0,50—-1,00), HoO HE
cpemn xernuH (OP 1,06, 95 % JIN 0,81-1,38) [28]. B
IeTIOM, POJTh (PU3NIECKUX HATPY30K B TIPEIOTBpAIIe-
Huu Bo3HuKHOBeHUs PIDK siBsieTcst HeyOenuTenbHOIA.
Tem He MeHee (pu3HUECKasi aAKTUBHOCTh, B JIOTIOJIHE-
HUE K 37I0POBOH TUeTe, BaYKHA IS TTPEIOTBPAIICHIS
OKUPEHUS, KOTOPOE SBISICTCS U3BECTHBIM (PaKTOpOM
pucka PIDK.

Caxapnbwtii ouabem

B MHOro4mcieHHBIX HCCIEIOBAaHUIX Oblla I10-
Ka3aHa TOJIOKUTEIbHAS CBSI3b MEXKIY nuadeToMm I u
Il Tuna u PIDK. B HenaBHO oy OIMKOBaHHOM DIIH]IE-
MHOJIOTUYECKOM HCCIIEI0BAaHUU MTOKA3aHO, YTO y Ma-
[IMCHTOB C HATMIHEM B aHAMHE3E CaxapHOTo quadera
puck PIDK nmoBsimen Ha 75 % [29]. OxHako BEIBOIBI
HCCIIeI0BATENEH M0 TTOBOLY MPUYMHHO-CIICICTBEHHON
cBs3u mexay PIDK u gumaGerom pasmenwucek: ca-
XapHBIA AHa0eT MOXET KaK SBIATHCS MPUUYNHON
passutus PITK, Tak u Ob1Th ciiencteuemM PIDK u sB-
JAThCS paHHUM MapkepoM passutusa PIDK. Ananus,
00bEIMHAIOIININ TaHHBIE 15 UCCIIEqOBAHUN METOIOM
«CITy4ail-KOHTPOJIbY, OKA3aJl, UTO Y NAI[UEHTOB, KOTO-
pBIM OBLT THAaTHOCTUPOBAH CaXapHBINA TrHadeT MeHee 2
siet no auarnosa PIDK, puck PITXK Obut nmoBsiiieH Ha
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90 % (OP 1,90, 95 % AU 1,72-2,09). B To Bpems kak
y MALMEHTOB, KOTOPBIE CTPAAAIN CaXapHbIM AUA0ETOM
oonee 20 ner, puck PIDK Obu1 noseimen Ha 30 %
(OP 1,30, 95 % AN 1,03-1,63) [30]. [Aunabet u pax
PIDK nmeror MHOTO 00IIKX (haKTOPOB PUCKA, TAKUX
KaK HEeIIPaBWIbHOE IIUTaHNE, OTCYTCTBHE (PU3UUECKON
AKTHBHOCTH, KYpPEHHUE U OKUPEHHE, KOTOPBIE 3aTPy/I-
HSAIOT UHTEPIIPETALMIO PE3YIbTaTOB UCCIeI0BaHHUMN.

Ilankpeamum

W3BecTHO, 4TO y OONBHBIX, KOTOPBIE UTUTEIBHOE
BpeMs CTpaJjalii XpOHUYECKUM NaHkpeaTuToM, PIDK
pa3BuBaercs B 2,7—16 pa3 vatie, 4eM y JIFOJIEH ¢ HEOTsI-
TOLIEHHBIM aHaMHe30M. OHako ToabKo y 4 % nanu-
€HTOB C XPOHMYECKHM TaHKPEaTUTOM pPa3BHBAETCA
PIDK. Meraananus, 00beIUHSIONNNA TaHHbIE 13 HC-
CJIeJIOBaHUM, MOKa3aJjl, YTO XPOHUUYECKUN TAaHKPEATUT
CBA3aH ¢ noBbIIeHHbIM puckoM PIDK, nuarnoctupo-
BaHHBIM B T€UeHNE 2 JIET TTOCIIE AUATHO3a XPOHUIECKO-
ro mankpearuta (OP 16,16, 95 % AN 12,59-20,73).
Puck ymeHbInancs ¢ yBeTU4eHUEM BPEMEHU MEXIy
MMOCTAaHOBKOW JIMarHO3a XPOHUYECKOTO TTAaHKPeaTHTa
u passutueM PIDK [31]. Ilo manuaeiM A. Syed et al.,
MaHKpeaTuT BO3HUK y 81,3 % maruenTos 3a 3 Mec 110
noctanoBku auarHoza PIDK ny 98,9 % 3a 3 rona [32].
TakuMm 00pa3oM, HCCIIEIOBATENN NPUIILIH K BBIBOLY,
YTO XPOHUYECKHI TAaHKPEATHUT, KaK U CaxapHBIN ra-
0eT, MOXXeT ABIATHCS Kak (akTopom pucka PIDK, tak
u ObITh crieicTBreM PITK n3-3a BO3MOXKHOM 00CTpPYK-
L[UU TIPOTOKOB OINYXOJIbIO U B IAHHOM CITy4ae MOXKET
BBICTYIIaTh B POJIM paHHero mapkepa PITK.

OCHOBHBIMH PUYWHAMH XPOHUYECKOTO ITaHKpea-
THUTA SBIIAIOTCS YpE3MEPHOE YIOTPEOICHHIE aJIKOT OIS,
KaMHH B KE€TYHOM ITy3bIpe U ayTOMMMYHHBIE 3a0071¢e-
BaHUs. MeTtabonuueckue (PakTOphI, TAKUE KaK OXKH-
peHHe W caxapHbIi TuabeT, TaKkKe UTPAOT BaKHYIO
pOJib B Pa3BUTHHU KaK XPOHMUYECKOTO MaHKpeaTura,
tak u PIDK.

Mukpooduom u cuzuena nonrocmu pma

Wccnenosarenu, u3y4aBiine CBA3b MEXIY CO-
CTOSIHHEM TIOJIOCTH pTa (3aboyeBaHusl NapoAOHTa U
notepst 3yooB) u puckom PIDK, mpuiuiy k BEIBOZLY, 4TO
cocrosinue nojoctu pra Biausier Ha puck PIDK. Tak,
pe3yIbTaThl HEJABHETO HCCIIEA0BAHMS, KOTOPOE BKITIO-
gayio npumMepHo 40 000 adpoaMepUKaHCKUX JKEHIIUH,
BBISIBUJIM, YTO TOTEPsI 3yOOB, MApOAOHTO3 HIIH U TO U
Jpyroe noBsllaroT puck passutus PIDK [33].

MuxpoOruoM TOJIOCTH pTa comepkuT Oomee 700
pa3IMUYHBIX BUJIOB OaKTEPUH M LEJBIH Psil JPyTuX
MHUKPOOPraHu3MOB (rpu0Obl U BUpychl) [34]. Mukpo-
OMOM, BBIIEJICHHBIM U3 MOKETyIOYHOH >KeNe3sl,
aHAJIOTHYCH MUKpOoOHoMy Tos1ocTu pra. O6HapykeHo,
uto Porphyromonas gingivalis, epruoJ0OHTONATO-
reHHas O0akTepusi, BBDKUBACT BHYTPH OITYXOJIEBBIX
kieTok PIIK, a BbIcOKHE YpPOBHU CHIBOPOTOUHBIX
AHTUTEJ K 9TUM OaKTepusiM ObUIN CBSA3aHBI C IIOBBI-
neHHbIM pruckoM PIDK. Mukpoopranusmel noiaocTu
pTa MOTYT KOJIOHU3UPOBATH MOHKETYIOUHYIO JKeIe3y
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yepe3 JKeIyAOYHO-KUIICYHBI TPaKkT, 0COOCHHO B
cilyyae naHkpearuta. Hamnumne Oakrepuil cioco6HO
OKa3bIBATh BIMSIHAE W Ha KIMHUYECKOE TCUCHHUE 3a-
OoJieBaHMs, MOCKONBKY OaKTepUH, MTOJO0HBIE BUAAM
Fusobacterium, B TKaHSIX OIyXOJH KOPPEIHUPYIOT C
ioxuM nporao3oM PITK, a BHyTpHOTYXONEBBIC OaK-
TEpUU MOTYT METa00JIN3UPOBATH POTHBOOITYXOJIEBbIH
npernapar reMuuTabuH, TEM CaMbIM CHUXKAs TepareB-
tuaeckuii a3pdext. Kpome Toro, mpeamnonaraercs, 4to
0COOCHHOCTH OPAILHOIO MUKPOOHOMa MOTYT CITy>KHTh
HEWHBa3UBHEIM Onomapkepom PIDK.

Kunreunsiit MUKpOOHOM TaKKe UTPAET POJIb B pas3-
utnu PITXK [35]. E. Riquelme et al. mpu cpaBHeHHN
MHUKpPOOHOMa OITyXOJIU M KUILIEYHUKA OOHAPYKUIIU, YTO
25 % MuKpoOMOMa OITYyXOJIA COCTABISIET MUKPOOHOM
KHIIEYHUKA, YTO YKa3bIBACT HA CIIOCOOHOCTH MUKPO-
OroMa KHIlleYHHKa crenu(UIecKr KOJIOHU3UPOBATh
OITYXOJTH ITOJKETYI0uHOM skene3nl [36]. S. Pushalkar
et al. mokazanu crmoCOOHOCTh KUIIEYHBIX OaKTEpHid
MUTPHUPOBATh B MOPKEIIYAOUHYIO JKEJIe3y, YTO Mpel-
noJjiaraeT BO3MOYKHOCTB MPSIMOTO B3aUMOACHCTBHUS
MEX]ly KUIIEUYHBIMU OaKTEPHSIMH U MHUKPOOKpYKe-
HUEM MOKEITYI0UHOM kene3bl [37].

Hacnedcmeennocma

ITo mocnennum manawiM, 21,2 % ciayuae PIDK
SIBJISIFOTCSL HacyiecTBeHHbIMU [38]. YV nuil, B cemeit-
HOM aHaMHe3€ KOTOPBIX UMEETC, 0 KpalHel Mepe,
JIBa POACTBEHHHUKA MEPBOH CTemeHU (MaTh, OTeEII,
Opart, cectpa) ¢ PITXK, puck PITXK noBbliieH nmoyTu B
2 paza [39].

HacnenoBanne reHOB ¢ BBICOKOTICHETPAaHTHBIMH MY~
TaIUSIMU SBJISICTCS IPUIMHOMN Pa3BUTHSI HACIICICTBEH-
HBIX OHKOJIOTUYECKUX CHHPOMOB U, COOTBETCTBEHHO,
MOBBIIICHHOTO PUCKA 3JI0KaYE€CTBEHHBIX OImyxoiieil. B
pesyabrate nm3ydeHust ceMeHbx Gopm PIDK Obumn
AICHTU(DUIINPOBAHBI HACJICICTBEHHBIE CHHAPOMBI U
CBSI3aHHBIC C HUMH I'C€HBI, IIPH KOTOPBIX MOBBIIIICH PUCK
PIDK. K HUM OTHOCSITCSI CHHAPOM HACJIECTBEHHOTO
paka MOJIOYHOH KeJle3bl U SMYHUKOB (MyTaIus TeHOB
BRCAI u BRCA?2), repmuHoreHHast mytanus PALB?2,
ceMeliHas aTUMUYHAasi MHOXKCCTBEHHAs MeJIaHOMa
(mytarus rena CDKN2A), cuanpom [leritiia—Erepca
(myTanms rena STK11), HacnencTBEHHBIN TAHKPEATUT
(rea PRSS1), cuaapom Jlu—®paymenn (Myranun
TP53), cemeitnnlii anenomaro3ublii monumos (APC),
arakcuu-teneanrnoekrasuu (ATM), cunapom Jlnnua
(B ocHOBHOM MyTanuu B reHax MLHI, MSH2, MSH6
u PMS?2). Puck pazsutns PIDK y manmeHTOB ¢ Takumu
CHUHJIpOMaMH KoJiebmeTcst oT 2 (CHHIPOM HACTICICTBCH-
HOTO paka MOJIOYHOHN >Kele3bl U SUYHUKOB) 70 132
(curgpowm Iletitia—Erepca) [40].

I'epMuHOTEHHBIE MYyTallMl HEKOTOPHIX T'€HOB
(PALLD, BRCAI, BRCA2, PALB2, FANCC, FANCG
ATM, CDKN2A v CHEK?) BoisiBiensl y 15-20 % na-
LUEHTOB ¢ HacneacTBeHHoH ¢popmoii PITK. V octanb-
HBIX 80—85 % mnamuenToB HaciaencTBeHHBIH PITK
OTIpe/IeTISIICS HAIMYHeM 2 U OoJjiee POJCTBEHHUKOB
MIEPBOM CTETICHU POACTBA WK 3 1 00JIee POACTBEHHU-

CUBUPCKIM OHKONMOTMYECKW XXYPHAT. 2022; 21(3): 90-103

KOB HE3aBHCUMO OT CTETIEHH POCTBA M0 OJJHOM JINHUH
cembH [38, 41]. Puck cemeitrnoro PITK npu Hamimanm
PIDK mno xpaiiHeil Mepe y OJHOro pOACTBEHHHKA
MIEPBOI CTEMEHN POACTBA BO3pacTaeT B 2,3 paza, mpu
Hamnuuu PIDK y 2 poacTBEeHHUKOB NepBO CTENEHH
poacTBa — B 6 pa3, y 3 pOACTBEHHUKOB — B 32 pasa.

I'eneTnueckue HacIeAyeMble MyTaIllUN BCTPEYAIOT-
Csl HE TOJILKO y MAIMEHTOB ¢ CeMEWHBIMU (popmamu
PIDK, HO 1 y manueHToB co cnopagudeckum PIDK.
Tax, B uccnenoBanuu 306 nauuentos ¢ PIDK y 14 BbI-
sieiteHbl MyTarud B BRCA1 nimm BRCA2, B To BpeMms
KaK TOJILKO y 2 13 HUX B aHAMHe3€e ObUT CEeMEHHBIHN pak
[42]. Mytauuu renoB CDKN2A4, BRCA2, MLH1, TP53
u STK 11 MOTyT OBITH KAK TEPMUHOT€HHBIMH, TaK 1 CO-
MaTHYECKHAMH, H, COITIACHO THUIIOTE3E «JIBYX YIapOB»
Kuyzacona (two-hit hypothesis), 5T TeHbI, BEpOSITHO,
ABJISIFOTCSL HanOoJiee 3HAYMMBIMU B pazButuu PIIK
[43]. Cropee Bcero, PIDK sBisiercs 3aboneBanueM
¢ KOMOMHaIMeH HacIEeICTBEHHBIX U COMAaTHYECKHX
MyTalui.

O0HOHYK1eOMUOHBLIL ROTUMOPPU3M

nocieoosamenvHocmell

(single nucleotide polymorphism-SNP)

Jnst upenTuuKany pacnpoCTPaHEHHBIX rep-
MUHOTCHHBIX BapUAaHTOB HHU3KOTO PHCKA, 2 HMECHHO
OJTHOHYKJICOTHIHBIX moiuMophuzmoB (SNP), mpo-
BOJISITCS TTOJIHOTEHOMHBIE uccienoBanus (Genome
Wide Association Study (GWAS)) HacjieICTBEHHOTO
reHOMa, KOTOpble 0e3 MpenBapUTeIbHON THIIOTE3bI
C MOMOINBI0 MHUKPOYHIIOB CIIOCOOHBI KapTHPOBATh
MHOTOYHCIICHHBIH HA0Op T€HOB y OOJBIIOTO YHCIIA
MalKeHToB. PUCK pa3BUTHUs paka, CBA3aHHBIN C 3TUM
TUTIOM TOJIMMOpQu3Ma, HEBBICOK (He Oomee 1,5), n
noinst PIDK, cBs3anHas ¢ onpeaeneHHbIM BApUAHTOM
MOTMMOP(H3Ma, 3aBIHCHT OT YaCTOTHI BCTPEIaEMOCTH
9TOTO BapHaHTa cpenu HaceneHus. [lomHoreHoMHbBIE
uccienoanust PIIXK 0wt BeimonaHensl KoHcop-
LILYMOM TI0 U3yUYEHHUIO paKa MOHKEITyI0UHON KeTe3bl
(PanScan) u Koncopmmymom o 60pb0e ¢ pakoM 1moI-
xemymouHoi sxenessl (PanC4) ¢ nienpio nnenTuduka-
[IUU MapKepOB MPeIPaciiooKEHHOCTH.

IlepBoe momnorenomuoe uccienosanue PITK
(PanScan I) 6pu10 IBYX3TamHBIM, BKIFOYaBIIAM 1896
ciayuaeB PITK u 1939 xontponeit, a Takke 2457 ciy-
yaeB U 2654 KoHTpoIIs Ha cTaauu perumkarmu [44]. B
pe3yabrate uaeHtudupoBan SNP BeIcOKOro pucka
(rs505922) na xpomocome 9q34.2 (OP 1,20; 95 %
JN 1,12—1,28), KOTOPBIiA OB PaCIONOKEH B IEPBOM
WHTPOHE TeHa y obnamareneil rpymmsl kpou ABO.
Uccnenosarenu ycranoBwiu, uyto T/T renotun SNP
1$505922 (0 rpynma KpoBH) SIBJISETCSI IPOTEKTUBHBIM
daxropom ot PIDK. Wolpin et al. (2010) Ha 6a3ze
nmauabix PanScan I mokazanm, 9To y il ¢ TpynmnamMu
KpoBH A ObL1 oBbIIeHHBIH prck PITK o cpaBHeHMIO
¢ nuuaMu HyneBoil rpymnmsl kposu (OP 1,38, 95 %
A 1,18-1,62), AB (OP 1,47, 95 % AN 1,07-2,02)
u B (OP 1,53, 95 % AU 1,21-1,92) [45]. HecmoTps
Ha TO, YTO accouuaus 3toro jokyca ¢ PIDK Obuia
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HEOAHOKPATHO BOCIPOM3BEIECHA B MOCIEAYIOUIUX
HCCIIIOBAHUSIX B €BPONEHCKUX U a3UATCKUX IIOIY-
JIAUSAX, MEXaHNU3M BIUSHUS TPYIITBI KPOBU HA PUCK
ITPXX ocraercs HesiceH.

Cornacno Karanory GWAS, 32 10Kyca NOBBIIIAtOT
puck pa3Butus PIDK y eBponeiickoro nHacenenust [46].
Kpome Toro, Obl1y BBIIIOIHEHBI /1Ba IOJTHOT€HOMHBIX
WCCIIEIOBAHMSI CPEAM SITTOHCKOTO M KMUTANCKOTro Ha-
CeJIeHMsI, Pe3yJIbTaThl KOTOPBIX YCTAHOBMIIM €lle 8§
J0KycoB npeapacnonoxkenHoctu k PIDK cpenu as3u-
aTCKOM TOMYJISIIUH.

Pe3ynbrarhl MOJTHOTEHOMHBIX MCCIIEI0BaHUI pac-
LIMPWIIN TIOHUMaHUe npolecca kanueporenesa PIDK.
Hanpumep, HekoTopsie u3 ycraHoBieHHbIX SNP, mo-
Bolaromux puck PIDK, HaxonsTces B reHax, y4acTBy-
OIIX B Pa3BUTHH U TUPPEepEeHINPOBKE IK30OKPHHHOM
noJpKenyaounoi xenesnl. Tak, 1q32.1/NR5A2
(rs3790844, OP 0,77, p=2,5x10"%) u 13q12.2/PDX1
(rs9581943, OP 1,15 p=2,4x10") sIBISIFOTCSI peryisi-
TOpamMH TPAHCKPHUIIMH, UTPAIOLTUMH TJIaBHYIO POJIb
B Pa3BUTHH MOJKETYIOUYHON XKEJE3bl U HKCIPECCUH
aruHapHBIX TeHoB, reH 13q22.1/KLF5 (rs9543325,
OP 1,26, p=3,27x10"'"") peryaupyet KJI€TOUHbIH UK
U TpaHchopManuio KieTky, a red 12q24.31/HNF1A
(rs1182933, OP 1,12, p=1,1x10° u rs7310409, OP
1,11, p=6,3x107) perynupyeT KICTOYHBIH UK U
aronTo3 KJIETOK W SIBISIETCS T€HOM-CYIIPECCOPOM B
kanmeporenesze PIDK [47].

[locneanuii MeTaaHanNu3 JAaHHBIX, BKIFOUAIOLIUIM
36 360 6ompHBIX PIDK 11 54 752 KOHTPONBHBIX TTHIIA,
BBISIBUJI CTATUCTUYECKH JOCTOBEPHYIO CBSI3b MEXIY
TP53 rs9895829 (OP 1,23, 95 % AU 1,14-1,33),
VDR 152228570 (OP 1,98, 95 % AN 1,50-2,61) n
CTLA-4 rs231775 (OP 0,33, 95 % 111 0,22-0,49) n
PITX [48].

Inuzenemuueckue uzmenenusn npu PIDK

Ycranosieno, uro noaumopdusm SNPs, BbisB-
JICHHBIX B TIOJIHOT€HOMHBIX HCCJICIOBAHUSX, YACTO HE
3aTparuBaeT M3MEHEHHs HEMOCPEICTBEHHO B reHax, a
BCTpEYaeTCsl B MHTPOHAX MM MEXIEHHBIX 00JacTsiX
TEHOMA U BIIUSIET HA SIUTEHETHYECKYIO aKTHBHOCTb.
Ha puck PIDK BnusitoT Tpu OTAENIBHBIX B3aUMOYCH-
JIUBAIONINX SMUTEHETHYECKUX M3MEHEHUS: METHIIN-
poBanue J{HK; neperynauus yposHs MukpoPHK;
MOCTTPAHCISIMUOHHAS MOAM(PHUKALUN THCTOHOB U
peMoeInpoBaHre XpoMaTHHa.

I'mmepmeTnmpoBaHue TMPUBOIUT K TTOBBIIICHHUIO
AKTHBHOCTH OHKOT'€HOB HJIH [ToTepe (PYHKIMU B TeHAX-
cympeccopax omyxonu u reHax penapauun JJHK.
S.D. Henriksen et al. (2017) unentudunuposana na-
HeJIb TUIIepMETHIINPOBAHHBIX TeHOB (BMP3, RASSF 1A,
BNCI1, MESTv2, TFPI2, APC, SFRPI n SFRP2), xo-
TOpbIC 3HAUUTEIBHO yalle BcTpeuaroTcs npu PIDK
10 CPaBHEHHUIO C TOOPOKaYECTBEHHBIMH OITyXOISIMHU
u nankpearutom (p<0,001). B uccnemoBannu ObLI0
YCTaHOBJIEHO, YTO THIEPMETHINPOBAHHBIE BHEKJIE-
tounble JIHK B mmazme kpoBu oOHapyKMBArOTCS Ha
Bcex cranuax PIDK, omaako manmeHTsI ¢ IV cTamueit
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OTIIMYAIOTCS] 3HAYMMO TOBBIIIEHHBIM KOJIUYECTBOM
TUNIEPMETUIINPOBAHHBIX T'€HOB BO BHEKJIETOYHOM
JHK 1o cpaBrenwuto ¢ I-111 cragusmu. CpenHee Ko-
JIMYECTBO TUTIEPMETHIMPOBAHHBIX TCHOB Y OOJIBHBIX
c I, I m I1I crapmeti 3a00sieBanus ObLIO TPAKTHYECKH
onunakoBbIM (OP 7,09, 95 % 11 5,51-8,66; OP 7,00,
95 % 1 5,93-8,07 u OP 6,77, 95 % AU 5,08-8,46,
COOTBETCTBEHHO), B TO BpeMsl Kak y OOJbHBIX ¢ [V
craaueit PIDK xonnuecTBo runepMeTHIMpOBaHHBIX
reroB Bo3pactaiio (OP 10,24; 95 % U 8,88—11,60)
[49].

3a mocieaHue ASCATHIETUS MPOBEICHO OO0JIb-
10€ KOJIMYECTBO HCCIEJOBAHNUN, MOCBSILIIEHHBIX
POJH MaJbIX, He KOAUPYIOIMuX 0erxok moiexyn PHK
(mukpoPHK) B kanmeporenese PIDK. CewmeiicTBo
renoB MUKpoPHK cocrasnsier 3 % ot Bcero reHoma
4esioBeka, Ho perynupyet skcnpeccuto 20-30 % Beex
TEHOB, KOTOPBIE UTPAIOT POJIb B PETYIISILIMA OHKOT€He-
3a, aloNTOo3€ KIETOK, UX Iponaudepanuy, HHBa3HH,
SMUTENNATIBHO-ME3EHXUMaIbHOM IIepeXojie, MeTacTa-
3UpPOBAaHUM U XMMUOPE3UCTEHTHOCTH. VccnenoBarenu
onpeaenunu 95 mukpoPHK, skcnpeccust koTopbix
mmensiercs pu PIDK. Tak, onpenenerue mpoduis
skcnpeccun MUKpoPHK ycraHoBHMIIO, 4TO ypOBHHU
miRNA-10b, miRNA-21, miRNA-30c, miRNA-181a
1 miRNA-17-5p OblIM 3HaUNUTENHHO BBILIE y OOJb-
HbiX PIDK mo cpaBHeHMIO ¢ Tpynmnoil KOHTPOJIbHBIX
muil. B To jxe Bpemst Hu3kuil ypoBeHb miRNA-155 u
miRNA-196a u miRNA-let7a ObLT 3HAYUTEBHO HIKE
y nanuentoB PIDK mo cpaBHEHHIO ¢ KOHTPOJIBHOM
rpynmnoii [50].

Monudukarys THCTOHOB ¢ TTIOMOIIBIO (PEPMEHTOB
U3MEHSET CTPYKTYPY XpOMaTHHA U ero QYHKIUH, a
TaKKe BIMsIET Ha KOHTPOJIb 3a perunkanueit JIHK, ee
penapauueit u Tpanckpunuueit. Iloreps tpumerunu-
poBaHUs au3nHA B To3urnu 9 Ha ructone 3 (H3K9)
YBEJIMUMBAET BEPOATHOCTh MeTacTtazupoBanus PITK,
a TpuMeTtunupoBanue ausuHa 27 (H3K27me3) Obi0
CBA3aHO C IUIOXUM NPOrHo3oM y nanueHTon ¢ PITK.
TpumeTunupoBaHue JTU3MHA B MO3UIUMU 4 THCTOHA 3
(H3K4me3) acconmmupoBaHo ¢ MPOTPECCUPOBAHUEM
PIDK [51]. IloBbllieHHAs aKTUBHOCTH TUCTOHCAIE-
THna3 yacto Berpevaercs npu PIDK n moxer npu-
BECTH K CHIKEHHUIO MOAN(UKAINN alleTUINPOBaHUS
THUCTOHOB, YTO, B CBOIO OY€pE/Ib, TPUBOANT K perpec-
cHUM TeHOB-cympeccopoB p27 u p53. Kpome Toro,
(hepMeHTbI, MOAU(ULIKPYIOIIUE TUCTOHBL, AEHCTBYIOT
TOJILKO Ha OJIHY WJIN HECKOJIBKO TMCTOHOBBIX METOK,
YTO AENAeT UX UIeaTbHBIMU MHUIIEHSAMH JUJIS TapreT-
HOM Tepanuu.

Comamuueckue mymayuu npu PIIK

Haxormurenne My Tannii KIIFOYSBBIX TEHOB TTPUBOINUT
K 3JI0Ka9eCTBEHHOM TpaHCHOPMAITUU STTUTEIHS O~
JKETYIOUHOM kene3bl. C TeHeTUYECKOM TOUKHU 3peHUs
PIDK nmpencrasisier coOol mojureHHoe 3a00IeBaHMe,
IIPH KOTOPOM PSIJT TeHOB H3MEHSETCS C IIOMOIIIBIO pa3-
JTUIHBIX MEXaHU3MOB, BKIIIOYasl TOUYCUHBIC MYyTaIlUH,
XPOMOCOMHBIC a0eppalui U SUTCHETUYCCKUE Me-
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xaHu3Mbl. Hanbonee 4acto MyTUpPYIOT YeThIpe TeHa,
TaK)Ke Ha3bIBa€Mble «T€HETHUYECKIE TOPHBIEC BEPIITIHEI
PIDK»: orxoren KRAS v TeHBI-CyTIPECCOPHI OITyXOIeH
TP53, CDKN2A u SMAD4 [51]. MyTanuu 5TUX TeHOB
OTMEUEHHBI €I1Ie Ha 3Tarax MpeaoTyX0JIeBbIX opake-
HUH MTOJKEITYTOYHOM JKeIe3bl, K KOTOPBIM OTHOCSITCS
BHyTpHANHTETHANbHBIC Heorutasun (PanIN), BHYTpH-
IIPOTOKOBHIE COCOYKOBBIE MYLMHO3HbIE HEOIIa3UH
(IPMN) 1 MyIMHO3HBIE KHCTO3HBIE OIYXOJH. boib-
mwuHeTBO PIDK pazsuBaerca uz PanIN, mukpocko-
MMAYECKOTO BHYTPHUAIIHUTEINAIHFHOTO TIOBPEKICHUS,
KOTOpOE 0OHAPYKMBAETCS B TIOJIKEITYIOYHOM JKee3e
npu nHBa3uBHOM pake B 80 % ciyyaeB u kinaccugu-
LUPYETCsl B 3aBUCUMOCTH OT CTEIICHU AMCIUIA3UU OT
Hm3koi (PanIN 1) mo Beicokoii crermenu (PanIN 3).

B 3aBucHMOCTH OT 4acTOTHI COMAaTHYECKHE MY-
taruu npu PIDK mMoxHO moapasfaenuTs Ha 4acTo U
peako BcTpeuaromuecs. K gacto Berpedarommmces
MYTaIsIM OTHOCHTCSI MyTallusi JpaliBepHBIX TEHOB
(driver-gene) PIDDK. HanGosnee gacto MyTHPYIOIIHM
redom nipu PIDK (>90 % cnyuaeB) sBisercs KRAS,
OHKOT€H, JIOKaJIN30BaHHBIN Ha KOPOTKOM Ijieue 12-i
xpomocomsl (12p12.1). OH cTUMynHpyeT HEKOTOpEIE
BHYTPHUKIIETOYHbIE CUTHAJIbHBIE MyTH, TaKHE KaK
MAPK u PI3K, koHTpOIHUpYOIIHE MPOIudepaluro,
MeTa0oIM3M, MUTPALIMIO U aronTo3 KieTok. [Tpume-
4arenbHO, YTO JI0 CHUX IOP TOIBITKH HHTHOUPOBAThH
aKTUBHOCTH MyTaHTHOTO KR A S-oHKOTIpOTEHHA OBLTH
0e3yCHemHbIMH, YTO, BO3MOXKHO, U SBIISIETCS OTHOM
13 BaKHBIX PUYHH BBICOKOM cmepTHOCTH npu PITK.
CoBceM HelaBHO MOSIBUIUCH HOBbIE AaHHble 0 KRAS
(G12C)-ceneKTUBHBIX MHTHOUTOPAX, UTO, BO3MOXKHO,
YAYYIINAT NEPCIIEKTUBY JICUSHHS 3TUX Omyxonel. My-
Taiun KRAS ABIAIOTCS MHULMUPYIOIIUM TeHeTHYe-
ckuM coObrruem st PIDK, T. k. oHn oOHapy)uBaroTcst
Ha CaMbIX paHHUX 3Talax MpeoITyX0JIeBhIX TTOpaxe-
aui, Taknx kak PanIN u IPMN, ¢ HU3K0# CTECTICHBIO
aucruiasuu [52].

CDKN2A saBnsercsi TeHOM-CYTIPECCOPOM OITyXO-
T, pactojIOKeHHBIM Ha Xxpomocome 9 (9p21), u ero
WHAKTUBaNus otMevaercs B 95 % ciaygaes PIDK. P16,
0eJ0K, KOJUPYEMBIM 3TUM Te€HOM, PETYIUPYET ITHKII
KJICTKH ITyTEM aKTUBAI[UU OeJIKa PEeTHHOOIACTOMBI.
W3menenue 3TOro CUrHajJIbLHOTO MYTH CHOCOOCTBYET
HEKOHTPOJIHPYEMOMY POCTY KIIETOK W MPOTPECCUpPO-
BaHUIO ormyxonu. Mytanmu CDKN2A nipeacTapmisioT
coboii Oomnee mo3aHee, cleayoliee 3a MyTanuen
KRAS, cobprte B onkorenese PITK [52].

I'en-cynpeccop omyxoneBoro pocra 7P353 Haxo-
nutcst Ha xpomocome 17p13.1 u mytupyet ot 50-60
1o 80 % cmyuaeB PITK [52]. OtoT ren komupyet P53,
BOXKHEHINNI OEJIOK, KOTOPBIH KOHTPOJIHUPYET POCT
KIJIETOK, 0OOMEH BelIecTB, cTapeHue, penaparuto JJTHK
Y aronTo3 B OTBET HA Pa3UYHbIE THUIIBI KIETOUYHBIX
U BHEKJIETOUHBIX MPOIECCOB, TAKUX KAaK T'HIOKCHS
u nospexaenue JTHK. Tlogo6Ho myrarnusm KRAS,
u3MeHeHusa P53 B HacTosliee BpeMs CUUTAIOTCS
«HEyOMBAEMBIMIY C TEPAITEBTUIECKON TOUKH 3pEHUs,
YTO SBJISETCS €lIe OJHUM OOBSICHEHHEM BBICOKOI
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cmeptHocTu npu PIDK. Myrtanuu 7TP53 MOXHO
KIIaCCH(UIIMPOBATh KaK TMO3/HEE COOBITHE B KaHIIE-
porenese PIDK: onm Obutm oOHapysxensl B PanIN
u IPMN c BbIpaX€HHOWM NHUCILIA3UEH WIN TOJIBKO B
uHQUIBTpUpYlomeM komnonenre PIDK.

N3menenus rena-cynpeccopa onyxoinu SMAD4,
pacmoiokeHHOTo Ha XpoMocome 18g21, BcTpedarores
B 30-60 % cmyuasx PIDK [52]. OT0T reH HHAKTHBHUPY-
€TCsl TOMO3UTOTHOMW Jiefeiell Ui BHYTPUT€HHBIMU
MYTalHsIMH, COITPOBOKAAIOLIMMUCS ITOTEPEH BTOPOTo
amtens. benmoxk, kogupyemsiit SMAD4, sBrisercs 3¢-
(EeKTOPOM CHTHATILHOTO MYTH TPaHC(HOPMHUPYIOIIETO
¢akTopa pocta-f (TGF-B). Myrauuun SMAD4 u
MOCJIEAYIOUINE HApYLIEHHUs 3TOr0 MyTH MPHUBOAAT K
nposmpepatuBHOMY (D (eKTy 1 aKTUBAIINY TTpoIecca
SMHTENHATBHO-ME3eHXUMaIbHOrO nepexona. [Ipu
3TOM OIYXOJIEBBIE KJIETKH TEPSIIOT CBOM AUTEIHAIb-
HBIE CBOMCTBA M NMPUOOPETAIOT «ME3EHXUMAIIBbHBIN
dbeHoTuM, KOTOPBIII HEOOXOAUM JIJIsl COCYAUCTON
WHBAa3UM W 001Iero MeracrazupoBanus. Ilokazano,
yro MyTtauuu SMAD4 yBenuuuBaIOT CIOCOOHOCTH
kneTok PIIDK k kosioHM3a11K B OT/1aJI€HHBIX OpraHax.
MyTaunu 3Toro reHa BCTpeyaroTcs pyu MeTacTaThuye-
CKOM, U OOBIYHO OTCYTCTBYIOT IIPH JIOKAQTU30BaHHOM
PIDK. Mytauun SMAD4 Takxe MOXXHO OTHECTH K
O3IHUM coObITHAM B oHkorenese PITDK. Taxkum 00-
paszoM, o Mepe MPOrpeCcCUPOBAHUS TPEAOITYXOJICBOTO
MOBPEKACHUS MOJUKEITYJOUHON XKeIe3bl IPOUCXOAUT
[MOCTEIIEHHOE HAKOIUICHUE My Taiuii: oT KRAS u p16/
CDKN2A na cragusx PanIN 1 u 2 no mytanuii 7P53
u SMAD4, xoropsble nosBisitoTes Ha ctaauu PanIN 3
U TIPY NHBAa3UBHOM DakKe.

T'enn1 B onyxoneBsix kietkax PITK, myTanus koto-
PBIX BCTpEYAETCs C MEHbIIIEH YaCTOTOM, UX HA3BIBAKOT
«renetnueckumu xoiamamu PIDK» B renetnueckom
nannmadre PIDK, npertndummpyrorcs kak «macca-
Xupckuey mytanu [53]. K HUM OTHOCSATCS MyTaluu
B reHax AIBI/NCOA, ERBB2/HER2/EGFR2, AKT2,
BRAF, CCNDI, RBI u np. B 10 e BpeMst KOMOMHU-
poBaHHbIH 3 ekt mommmophuzMa 3TUX TEHOB MOKET
OBITH CYLICCTBEHHBIM U CPAaBHUMBIM C BIHSHUEM
JlpaiiBEp-reHoB.

PIDX siBnsieTcst reHeTUYECKU FeTePOreHHBIM 3200~
neBaHMeM. B cpenHem, B Ka101 OIyXOJH MOKETy-
JIOYHOM 5K€J1€3bl BBISBISIETCS 63 T€HHBIX U3MEHEHMUS,
YTO YCIOXKHSET pa3pabOoTKy MaHEeIW MapKepoB IS
paHHEH THarHOCTUKYU M BBIPAOOTKY €IMHOM TAKTHKH
JICYCHMUSL.

Mymayuonnsle cuznamypul

Cy1iecTBeHHBIM HEJOCTAaTKOM Halllero MOHUMa-
HUS Ipoliecca KaHIIEpOTreHe3a SBIAETCS. OTCYTCTBHE
nH(pOpPMAIMK O TOM, KAKHe UMEHHO KaHIIEPOTCHHBIE
(haKTOpPBI MPUBOAAT K TEM HITF HHBIM KOHKPETHBIM MY-
TaIMsIM, T. €. 00pa30BaHMIO0 MyTAllMOHHBIX CUTHATYP.
ITox >TuM TEpMUHOM UMEETCS B BUTy KOMIUIEKC MyTa-
U, IPUYUHY KOTOPOW MBI 3HAEM, T. €. MBI 3HA€M, UTO
OHa TIPOU3OIILIA B PE3YNIbTaTe BO3IEHCTBIS KOHKPET-
HOTO KaHI[EpOTeHHOTo BemecTBa wiu (akropa. s
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M3y4eHUs MyTallHOHHBIX CUTHATY 3JI0Ka4€CTBEHHBIX
OITyXOJIeH, UIeHTH(HUKAIINI OHKOT€HHBIX MYTAaIlHi
JUTSL paHHEW JAMAarHOCTUKH M KJIacCU(UKAINK OITy-
X0JIeH B COOTBETCTBUU C MAaTTepHAMH T€HETHUYECKUX
W3MEHEHHH ObLI OcymIecTBIIeH NpoeKT «IlomHorenom-
HBI aHaJN3 3]I0KAYECTBEHHBIX OIMyXOJei» (TPOEKT
Pan-Cancer Analysis of Whole Genomes (PCAWG)).
YyacTHUKaMU MPOEKTa ObUIO MpOaHATU3UPOBAHO
oKoJI0 5 MaH myTauuii 7 042 renoma U3 Karajmora
MyTanui ¢ 30 caMbIMU pacTpOCTPaHEHHBIMH BHIAMH
paka [54]. DTOT aHaIn3 MO3BOIIII BEIIBUTE Oojiee 20
MYTallMOHHBIX CUTHATYD.

Jus PIDK 6buto maeHTHGUIIMPOBAHO 6 MyTaIu-
OHHBIX curHaryp — 1B, 2, 3,5, 6 u 13. Curnarypa 1B
BCTpeYaeTcsi B OONBIIMHCTBE BUIOB paka U KOppenu-
PYET ¢ BO3pAacTOM TAIUEHTOB, T. €. ¢ OOJIBIION J0JIeH
BEPOATHOCTH, TIOSIBIIEHUE 3TOI CUTHATYPHI — CIIE/ICTBUE
crapenusi opranuzMa. CurHatypa 2 MOXeT OBITh
pe3yabTaTOM aHOMAaIbHOW aKTHBHOCTH (PEpMEHTOB,
kotopbie Momudunmpyror JJHK — cemeiictea APOBEC.
OnHako MpUYMHA HKCTPEMAIBbHOM aKTHBALUU 3TOTO
MmyTauuoHHoro npouecca npu PIDK HeuspecTHa.
Curnarypa 13 gacto BcTpeuaeTcs B 00pasax, B Ko-
TOPBIX TPUCYTCTBYET CUTHATypa 2, U, MO-BUIUMOMY,
Tak)Ke CBs3aHa C aKTUBHOCTHIO (pepMEHTOB cemeii-
ctBa APOBEC. Curnarypa 3 sBisiercs: pe3yiabsTaToM
nedexroB penaparun JIHK n3-3a myranmii B reHax-
cynpecopax BRCA 1 u 2. Hanmuume curHatyps 3
Ob110 TeCHO cBsizaHO ¢ MyTauusiMu BRCAI u BRCA2
npu PIDK. Dtronorusa curuarypsl 5 10 CUX IOp HEU3-
BecTHa. M HaKkoHeI, cuTHaTypa 6 acCOIMIpPOBaHa C Ha-
pylieHusMu B ojepskannu ctadbunsnoctu JJHK n ee
nedexTHoro BoccraHoBneHust. Kpome Toro, oTaensHbIe
PETHOHBI TeHOMa COZlep’KaT MHOXKECTBO MyTalMii,
9TO SIBJICHUE, KOTOPOE UCCIIEIIOBATENTN Ha3BAJIN KaTETUC
(kataegis), MPUCYTCTBYET MMOYTH BO BCEX BUIIAX paka, B
T. 4. ipu PIDK. [lononHeHHbIE JaHHbBIE O MyTallMOHHBIX
CHTHaTypax ommyonukoBanbl B Karanore comaTnaeckux
myTtauui npu pake, COSMIC, noctynHoM o azgpecy:
https://cancer.sanger.ac.uk/cosmic/signatures.

Taxum oOpaszom, Oxaronapsi HOBBIM OMOMHIKE-
HEPHBIM TEXHOJIOTHSIM y4YeHbIE MPUOIN3HITUCH K T10-
HuMmanuo kanueporenesa PIDK. Ognaxo, HecMoTpst
Ha TIPOPBHIB B TEHHOH OMOWHKEHEPUH, TPOOIEMBI BO3-
HukHoBeHMsI PITXK 1 ero pe3ucTeHTHOCTS K JIEUEHHIO
OCTalOTCS OTKPBITBIMHE. J{J151 pa3pelieHns B T. 4. ¥ 3TUX
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Abstract

Purpose: to summarize available data on the diagnostic value of various circulating biomarkers for the
detection of glioblastoma recurrence. Material and Methods. A literature search was conducted using
PubMED ExoCarta and SILVA databases. Results. Glioblastoma multiforme (GBM) is the most common
glioma in adults with an unfavorable prognosis. Treatment of tumor recurrence can improve the survival of
patients. Neuroimaging is the standard method of diagnosing brain tumor recurrence. However, a neuroimaging
method to clearly distinguish between pseudo progression and tumor progression has not been found to date.
Current molecular tumor profiling relies heavily on tissue resection or biopsy. Tissue profiling has several
disadvantages in the central nervous system’s tumors, including the challenge associated with invasive biopsy,
the heterogeneous nature of many malignancies where a small biopsy can under represent the mutational
profile. Liquid biopsy is a promising method in diagnosing malignant tumors. Blood collection is a simple,
minimally invasive procedure, but cerebrospinal fluid allows tumor markers to be detected more confidently.
However, collection of cerebrospinal fluid is a complex and invasive procedure that can be accompanied
by serious complications. Conclusion. Biological fluid markers such as circulating tumor cells, extracellular
vesicles, cell-free DNA and cell-free RNA allow for the detection of GMB, determination of molecular genetic
features of cancer during response to therapy, and early detection of GBM recurrence.

Key words: extracellular vesicles, cell-free DNA, cell-free RNA, circulating tumor cells, glioblastoma
recurrence, tumor diagnostics
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AHHOTaUuA

Llenb uccnepoBanus — 0600LLEHNE MMEKLINXCA OAHHBIX O ANArHOCTUYECKOW LLIEHHOCTU PasfnyHbIX Lmp-
KynupyoLwmx GuomapkepoB A51s AMarHocTUkM peumanea rmmobnactomsl. MaTepuan u metoabl. [NposeaeH
OMONHMOPMAaLMOOHbIA MOUCK B YHMBepcarbHoW 6a3e aaHHbix PUBDMED, B 6a3e AaHHbIX 3K30COMaribHbIX
6enkoB, PHK n nunuaos ExoCarta, B 6a3e aaHHbIx BHeknetoyHon [AHK, B 6a3e aaHHbIX BHekneTtouyHon AHK
SILVA. Pe3ynbTaTtbl. MynstndopmHas rmmobnactoma (MI'B) — Hambonee pacnpocTpaHeHHas rmuansHas
OMNyXoSb Y B3POCIIbIX C MMa4YeBHbIM NMPOrHO30M. JleyeHne peunanBa Onyxonm MOXET YNyyllinTb BbhXMBae-
MOCTb NauMeHTOB. HelpoBuayanmsauus — CTaHgapTHbIA MeTo4 ANarHOCTUKN pPeLmanBa Onyxornmv rosIoBHOMO
mMo3ra. OgHako MeTOAbl HEMPOBM3yanu3aLmm, NO3BoSSAILLNE YETKO pasnmyaTb NPOrpeccMpoBaHmne onyxonu
N CBsI3aHHbIE C JIeYEHMEM peHTreHorpadumyeckme N3MeHeHNs Ha paHHUX CTaausX, CEroaHsl He HalAEeHbI.
CoBpeMeHHOE MOMeKynsipHoe NpounMpoBaHne onyxonu B 3HAYUTENBHOM CTEMEHN 3aBUCUT OT Pe3eKuun
TKaHu unu Guoncuu. MNMpodunmpoBaHne TKaHN UMEET HECKONMbKO HE4OCTATKOB MPW OMyXOrisiX LeHTpanbHON
HEPBHOW CUCTEMBbI, B T. Y. MPOBNEMbI, CBSA3aHHbIE C MHBA3WBHOW B1ONCcue, HeoOQHOPOAHON NPUPOLON MHOMMX
3M0oKa4YeCcTBEHHbIX HOBOOOpa3oBaHWI, korga Hebonblasi Guoncus MOXeT HeAoOLEeHMBaTb MyTaUMOHHbIN
npogunb. XKngkas 6uoncms — NnepcnekTMBHOE HanpaBrieHMe COBPEMEHHON OHKonorun. C6op KpoBu — 3TO
npocTas, ManouHBa3nBHas npoueaypa, Ho CMMHHOMO3roBasi XMAKOCTb No3BonseT bornee yBepeHHO ObHa-
pYy>XMBaTb OMyXOJfiEBble MapKepbl, OQHAKO MOMyYeHNE ee SIBISIETCA CIOXHOW U MHBA3VBHOW NpoLeaypou,
KOTOpasi MOXET COMpPOBOXAATbCA CEePbe3HbIMU OCNOXHEHUsIMU. 3akntoveHue. Mapkepbl GMONOrnyeckmx
XUAKOCTEWN, TaKMe KaK LIMPKYNIMPYOLLME ONyXOneBble KIeTKN, BHEKETOUHbIE BE3MKYIbl, BHeKNneTouHasa OHK
n BHeknetoyHas PHK, nossonstoT BbisBuTe MI'B, onpeaenute MOneKkynsipHo-reHeTu4eckne 0CoOOEeHHOCTH
paka BO BpeMsi OTBETa Ha Tepanuio n obHapyxuTb peunams MI'b Ha paHHewn cTaguu.

KnioueBble crioBa: BHEKNETOYHbIe Be3uKyIibl, BHekneTo4yHas [JHK, BHekneTtouHas PHK, unpkynupyrowme
onyxorieBble KIeTKU, peuuanB rmmobriacTtombl, AUAarHOCTUKa ONMyXOren.

Introduction

Glioblastoma multiforme (GBM) is the most fre-
quently diagnosed and aggressive glial brain tumor. It
is characterized by rapid progression and poor progno-
sis. According to the results of the Central Brain Tumor
Registry of the United States, the largest population
register of tumors of the central nervous system, the
overall one-year survival of patients with GBM is
about 40 %, and the five-year survival is 5-7 % [1].
Even with the current standard of combined treatment
in significant randomized Phase I1I trials, the median
progression-free survival does not exceed 11 months.
The overall survival is less than two years [2—4]. Cur-
rently, the definite diagnosis is established on histologi-
cal examination of the biopsy samples. How well a
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tumor will respond to treatment, remain in remission,
or recur after treatment depends on the specific tumor
type and its molecular makeup [5]. The significant
advances in brain imaging have resulted in more de-
tailed anatomic and functional localization of gliomas
concerning the eloquent cortex and improvements
in microsurgical techniques, and enhanced adjuvant
stereotactic radiation delivery. But a recurrent tumor
remains a huge issue in modern oncology [6].

The adequate treatment of recurrent GBM can pro-
long patients’ survival and improve their quality of life
[7]. Contrast-enhanced magnetic resonance imaging
(MRI), widely used during GBM patients’ follow-up,
has no 100 % sensitivity and specificity. A contrast
accumulation in the brain during MRI after radiation

105



REVIEWS

therapy may indicate the recurrent tumor and the phe-
nomenon of “pseudoprogression” or radiation-induced
necrosis. Pseudoprogression occurs in 10-30 % of
patients with GBM, usually during the first 12 weeks
after adjuvant chemoradiotherapy (CRT) [8]. The
opposite phenomenon, namely “pseudo-response”, is
characterized by a rapid decrease in contrast enhance-
ment accumulation and stabilization of the blood-brain
barrier under the influence of antiangiogenic therapy. It
does not indicate an exact tumor response to treatment
[8, 9]. Perfusion MRI and nuclear medicine techniques
can distinguish between the actively growing tumor
and post-radiation necrosis [10]; however, these
techniques are not available in all clinics and cannot
always detect a recurrent tumor in the early stages
[11, 12]. Biopsy verification of GBM recurrence is
not performed due to the highly invasive nature of the
procedure and complications that may worsen the pa-
tient’s condition. When it is impossible to distinguish
pseudo-progression from GBM progression, treatment
decisions are usually delayed until imaging techniques
clarify tumor behavior [13]. Delayed treatment often
leads to tumor growth, an increase in the neurological
deficit, and poor prognosis.

DNA-based GBM markers include IDH1, IDH2,
MGMT, EGFR mutations and 1p/19q co-deletion [ 14].
Besides, GBM secrete specific tumor markers (soluble
proteins, circulating nucleic acids) both independently
and as part of circulating tumor cells (CTCs) and
extracellular vesicles (EVs) into the cerebrospinal
fluid (CSF). Then these biomarkers can cross the
intact blood-brain barrier [15, 16], and it is possible
to detect them in the blood of GBM patients. By this
reason the potential of the so-called “liquid biopsy”
in the diagnosis and treatment of glial tumors, includ-
ing GBM, is being actively investigated [17—19]. The
advantage of liquid biopsy is that it reflects the entire
tumor’s genetic diversity and allows repeated studies
without the risk of serious complications. The main
circulating biomarkers found in biological fluids in
GBM patients are CTCs, EVs, circulating coding and
non-coding nucleic acids. Currently, GBM does not
have a reliable biomarker in serum or CSF. There is
no agreed guidance on using single or multiple GBM
biomarkers assessments in a clinical setting [19-21].
Accordingly, literature data were analyzed regarding
the role of CTCs, EVs, and cell-free nucleic acids
secreted into the CSF and blood in the diagnosis of
recurrent glioblastoma.

Circulating tumor cells

The importance of detecting of CTCs in CSF and
peripheral blood to assess tumor progression and re-
sponse to therapy has been shown in numerous studies
in malignant tumors of various localizations [22—24].
Since extracranial metastases are observed only in
0.2-0.5 % of GBM patients [25, 26], for a long time,
it was believed that a unique microenvironment in the
brain prevented the migration of glioma cells into the
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bloodstream [26]. The first attempt to detect CTCs in
blood using real time quantitative reverse transcription
polymerase chain reaction assay for the detection of
mRNA encoding glial fibrillary acidic protein (GFAP)
in GBM patients was unsuccessful [27]. The following
attempts were made only a decade later. In 2014, in
several studies, tumor cells were found in the periph-
eral blood of GBM patients. Miiller and colleagues
(2014) isolated CTCs from blood in GBM patients
using a fluorescence immunocytochemical analysis
with an anti-GFAP antibody as a putative marker for
CTCs of glioblastoma. Only 29 out of 141 (20.6 %)
patients were found to have 1 to 22 GFAP-positive
cells that contained GBM-associated genomic aber-
rations [25].

For CTCs detection in blood, Sullivan et al.
(2014) used CTC isolation protocol with staining
with a combination of antibodies to CD14, CD16,
CD45, and nuclear staining with DAPI. The number
of CTCs detected in 12 patients with a progressive
brain tumor was higher (median 11.8 cells per ml) than
in 21 patients with stable disease (median 2.1 cells
per ml) (p<0.001). Single CTCs isolated from GBM
patients demonstrated enrichment for mesenchymal
over neural differentiation markers compared with
primary GBMs [28].

MacArthur etal. (2014) developed a CTC detection
method in the blood samples of GBM patients using
an adenoviral-based probe to telomerase reverse tran-
scriptase. The CTC status was confirmed by a FISH
study of GFAP and nestin expressions, epidermal
growth factor receptor (EGFR) amplification, and
the absence of epithelial cell adhesion marker. CTCs
were detected in 8 out of 11 (72.7 %) patients with
high-grade glioma before starting radiation therapy;
the average value was 8.8 cells in ml of blood. The
CTC’s diagnostic significance for the early differential
diagnosis of progression and pseudoprogression was
shown in two cases [11].

Gao etal. (2016) used the determination of chromo-
some 8§ aneuploidy using CEP8-FISH method to detect
CTCs. The study included 31 patients with primary
WHO grade II-IV gliomas including 11 patients with
glioblastoma. The incidence of CTCs in the peripheral
blood of patients with grade II-1V glioma was 83 %,
63 %, and 82 %, respectively, with no statistically
significant differences (p=0.525). All detected CTCs
showed five or more copies of chromosome 8, with
the number of CTCs varied from 1 to 10 per 7.5 ml of
blood. In five patients with a new growing lesion on the
first MRI scan after radiation therapy, the possibility
of determining the quantity of CTCs in the peripheral
blood for early differential diagnosis of a tumor and
radiation necrosis was confirmed [12].

The detection of CTCs is a promising approach
to the GMB diagnosis since reliable gliomas markers
have not yet been established. The use of various tech-
niques made it possible to isolate CTCs from the blood
of GBM patients in 82 % of cases. A clear relationship
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Table/Tabnuua

miRNA expression levels as biomarkers of treatment response in GBM patients
YpoBHu akcnpeccum mukpoPHK kak Guomapkepbl OTBeTa Ha fie4eHue y naunmeHToB ¢ rMnobénacTtomoi

Level after treatment/

. Sample information/ Treatment modality/ References/
miRNAs YpoBeHb Mapkepa
Hudopmanns 06 odpasmax Jleuenue Ccputkn
HOCIIE JICYCHUS
miR-10b CSF, 19 GBM patients/ Remission vs progression/ silzfljréisne;e]ﬂrj?:_u Teplyuk N.M. et al.,
miR-21 LCX 19 6onbubix I'B Pemuccus vs nporpeccun p 2012 [93]
pemuccun
miR21 Plasma, 10 GBM patients/ Chemoradiation/ Decrease/ Wang Q. et al.,
[Tnaszma 10 GonbubIx ['B XuMuopaauoTepanus CHuxeHue 2012 [92]
miR-128, miR-342- Plasma, 10 GBM patients/ )(ngerryy;fl;?;z??azgi_ Increase/ Wang Q. et al.,
3p ITnaszma 10 60nbubIX ['B pyp ’pam/m pat IToBbimeHue 2012 [92]
miR-15b, miR-23a,
miR-133a, miR-150, Serum, 26 GBM patients/ Surgery/ Increase/ Yang C. et al.,
miR-197, miR-497,  CeiBopotka 26 6onpHbIX ['B Xupyprus [ToBblieHue 2013 [109]
miR-548b-5p
MiR-454-3 Plasma, 22 GBM patients/ Surgery/ Decrease/ Shao N. et al.,
P ITna3zma 22 GonbHeIX ['B Xupyprus CHuxeHue 2015 [110]
Serum, 59 glioma patients
miR-128 (Grade I-1V)/ Surgery/ Increase/ Sun J. et a.l,
ChIBOpOTKa 59 OONBHBIX C Xupyprus [ToBbimeHNE 2015 [111]
[IINOMaMH
miR-185 Plasma, 19 GBM patients/ Chemoradiation/ Decrease/ Tang H. et al.,
ITnaszma 19 Gonbueix ['B Xumuopaauorepanus CHuxeHue 2015 [112]
Serum, 10 glioma patients
miR-205 (Grade I-1V)/ Surgery/ Increase/ Yue X. et al.,
CeiBopotka 10 GONBHBIX ¢ Xupyprus [ToBbieHue 2016 [108]
[IINOMaMH
miR-26a Serum, 15 GBM patients/ Surgery/ Decrease/ Parviz HM. et al.,
CeiBopotka 15 6onpHbix I'B Xupyprus CHuxeHue 2019 [113]
Serum, 30 glioma patients
miR214 (Grade [-1V)/ Surgery/ Decrease/ Wang J. et al., 2019
CeiBopotka 30 GONBHBIX ¢ Xupyprus CHuxeHue [114]

TIIMOMaMu

Note: CSF — cerebrospinal fluid, GB — glioblastoma.

IMpumeuanne: LCXK — nepedpocnunanbhast skuakocts, ['b — mmobnactoma.

between the number of CTCs and tumor progression/
pseudoprogression has been shown [17, 18, 25, 28].
However, the quantity of studies is limited, the quantity
of patient samples are not representative, and different
CTCs isolation approaches make it difficult to compare
the results. There are several limitations to the wide-
spread use of CTCs as a biomarker for glioblastoma
progression: 1) the detection of GBM CTCs in the
peripheral blood requires a complex combination of
technologies and relatively immediate blood sample
processing; 2) the method with optimal sensitivity and
specificity has not been determined yet. The frequency
of CTCs released into the peripheral blood from GBM
has not been established.

A major advantage of the next generation sequenc-
ing approach for detecting CTCs is the simultaneous
identification of several markers relevant for GBM
diagnostics, allowing molecular diagnostics on cyto-
logical specimens [29].
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Extracellular vesicles

EVs are extracellular structures enclosed in a lipid
bilayer, secreted or released by normal and tumor cells.
EVs can be divided into exosomes, microvesicles, and
apoptotic bodies based on the size, morphology, and
biogenesis mechanism [30]. EVs released by GBM
cells contain a wide range of molecules, including
nucleic acids and proteins, which correspond to the
primary tumor cells’ specific molecular features and
are changed during treatment [21, 31, 32]. Simultane-
ously, the lipid membrane protects the EVs’ internal
contents from enzymatic degradation [30, 33]. It has
been shown that EVs from tumor cells cross intact
blood-brain barrier and can be found in the blood of
GBM patients [16]. EVs can be isolated from CSF and
blood plasma by ultracentrifugation, ultrafiltration, or
immunoprecipitation. Transmission electron micros-
copy, nanoparticle tracking analysis, flow cytometry,
or western blotting are usually performed to confirm
the EVs nature [34, 35].
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EVs produced by GBM tumors have been shown
to play an essential role in cellular communication
and modulation of the tumor microenvironment. They
provide tumor heterogeneity, modulate proliferation,
reprogram metabolic activity, induce angiogenesis and
invasion, and contribute to suppression of the immune
response and acquisition of drug resistance [36, 37].
As GBM-derived EVs contain specific “molecular
signatures” of their parental cells and can transmigrate
across the blood-brain barrier, they are considered
a valuable source of potential diagnostic biomarkers.

Several studies have noted a significant increase in
the EVs in GBM patients’ blood than people with other
malignant neoplasms of the central nervous system
and healthy ones [38, 39], however, no correlation
was found between the EVs level and the patient’s
overall survival [40]. Koch et al. (2014) examined
serum microvesicles’ levels in 11 patients with GBM.
Samples were collected before CRT, and 1, 3, 6, 12,
and 24 months after CRT. A statistically significant
difference in the number of microvesicles in tumor
progression cases was found compared to patients
who responded to treatment (p=0.014) [41]. Andre-
Gregoire et al. (2018) isolated exosomes from plasma
of six patients with newly diagnosed GBM and healthy
donors. Isolated EVs in both groups of patients had a
comparable average diameter of 80 nm. However, the
exosomes concentration in patients’ plasma with GBM
was higher than in the control group [38].

Osti et al. (2019) examined patients with GBM
(n=43), healthy people (n=33), and patients with other
central nervous system malignancies (n=25). Plasma
samples were purified by differential centrifugation
with ultrafiltration through a 0.22 um filter. The aver-
age size of EVs in GBM patients and the validation
group was about 150 nm. The number of circulating
EVs was significantly higher in GBM patients than
in healthy controls and patients with metastatic and
extra-brain tumors. It has been shown that the EVs
level increased in preoperative plasma samples, reli-
ably decreases after the resection of the primary tumor,
and again increases with the tumor relapse (p=0.028)
[39].

As previously shown by J.M. Fiqueroa et al (2017)
CSF-derived EVs contain RNA signatures reflective
of the underlying molecular genetic status of GBMs
in terms of wtEGFR expression and EGFRVIII status.
The high specificity (up to 98 %) of the CSF-derived
EV diagnostic test gives us an accurate determina-
tion of positive EGFRvVIII tumor status which can be
useful for therapy strategy [21]. Shao et al. (2012)
analyzed a panel of four GBM-related proteins
(EGFR, EGFRVIII, podoplanin (PDPN), and isocitrate
dehydrogenase 1 (IDH1) in EVs obtained from the
serum of 12 glioblastoma patients. It was shown that
EVs demonstrate a distinct molecular signature of the
tumor, and increased expression of EGFR, EGFRVIII,
PDPN, and IDH1 R132H made it possible to diag-
nose GBM with an accuracy of 36 % to 76 % using
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separate markers. When the results were combined,
the accuracy increased to 91 %. The drug response
index calculated based on the relative changes in the
amount of GBM EVs, and the expression levels of EVs
biomarkers before and after CTC made it possible to
reliably differentiate patients with progression from
those who responded to therapy (p<0.005) [42].

Currently, vesicular miRNAs are the most attractive
for differential diagnosis, diagnosis of glioblastoma
recurrence and assessment of the effectiveness of its
therapy. The study of miRNAs obtained from EVs
showed the possibility of distinguishing of GBM
from non-oncologic patients based on the increased
content of miR-21 in CSF EVs with high sensitivity
and specificity (87 % and 93 %, respectively) [43].
Ebarahimkhani et al. found twenty-six microRNAs,
differentially expressed in GBM patient exosomes.
Combination of just four miRNAs (miR-182-5p,
miR-328-3p miR-485-3p, miR-486-5p) distinguished
GBM patients from healthy controls with 100 % ac-
curacy [44]. A recent meta-analysis found 24 EVs
derived RNA biomarkers for GBM diagnosis, and
the overall sensitivity and specificity of 16 ones in
the meta-analysis were 76 % and 80 %, respectively
[45]. Santangelo et al. (2018) evaluated the expression
levels of blood-derived exosomal miR-21, miR-222,
and miR-124-3p from 25 patients with high-grade
gliomas before and after surgery. The assessment of
these miRNAs expression in samples obtained after
surgery showed a sharp decrease in the number of
individual miRNAs: miR-21 (p<0.001), miR-222
(p<0.01), and miR-124-3p (p<0.001), as well as in the
cumulative expression level of the studied miRNAs
(p<0.001) [46]. Lan et al. (2018) investigated the
exosomal miR-301a in the serum of 7 patients with
GBM before surgery, two weeks after surgery, and
during tumor progression. It was found that its level
was significantly higher in patients with glioma than
in healthy controls and patients with non-glial tumors
(p<0.01). The blood-derived miR-301a exosomal
expression was decreased considerably after surgery
(p<0.01) and again increased in the GBM recurrence
(p<0.01) [47]. In the next study, the exosomal miR-
210 level was studied in 10 patients with GBM. Blood
samples were taken before the primary tumor's surgical
treatment, after surgery, and after diagnosis of dis-
ease recurrence. The miR-210 level was significantly
reduced after surgery (p<0.01) and at the time of the
GBM recurrence (p<0.01) [48].

The expediency of detecting various subpopula-
tions of blood plasma exosomes for evaluating the
effectiveness of immunotherapy in patients with recur-
rent forms of glioblastomas after standard therapy has
been shown. Galbo et al. (2017) evaluated the level of
blood serum exosomes expressing CD9, GFAP, and
survivin on their surface in 8 patients with recurrent
malignant gliomas during anti-survivin immuno-
therapy [49]. Survivin is a family member of apoptosis
protein inhibitors associated with poor prognosis and
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refractoriness to treatment in various cancer types,
including gliomas [50]. It was shown that the CD9+/
survivin+ exosomes proportion in patients with glioma
was 9.1 % and only 0.43 % in the control group. There
was a statistically significant increase in the CD9+/sur-
vivint+ exosomes level (p=0.0299) and CD9+/GFAP+/
survivin+ exosomes (p=0.0225) in glioma progression.
The authors suggested that the CD9, survivin, and
GFAP combined detection on exosomes' surface could
be used to assess tumor response in patients receiving
survivin-based immunotherapy and to monitor glioma
progression. Wang et al. (2019) compared the EGFR
expression in serum EVs of 23 patients with glioma
before and one week after surgery. Most GBM is char-
acterized by the EGFR1 overexpression; therefore, an
EGFR serum level analysis appears to be a promising
biomarker [33].

The disadvantages of using EVs as diagnostic mate-
rial include the duration of vesicles isolation and the
presence of a large volume of CSF and blood. There
is a problem of isolating the total pool and the pool of
tumor EVs, since the concentration of a specific marker
of gliomas GFAP on vesicles will be several hundred
times lower than on cells of the original tumor due to
the peculiarities of exosome biogenesis [30, 51]. There
also remains the dilemma of using CSF or blood as a
source of total EV or individual EV fractions for the
early diagnosis of gliobastoma recurrence, as predictor
and prognostic biomarkers.

Cell-free DNA

Extracellular nucleic acids (cfNAs) circulate in the
blood as a part of supramolecular complexes, such
as nucleosomes, complexes with proteins and lipo-
proteins, and can bound to the surface of blood cells
[52]. Sources of cell-free DNA (cfDNA) are apoptosis,
necrosis and active secretion by cells [53]. cfDNA
seems to be a promising real-time tumor load biomar-
ker, which can provide minimally invasive monitoring
of the response to anti-tumor therapy [54].

Recent studies have confirmed the feasibility of
using cfDNA quantification as a biomarker for GBM
progression. In a prospective study, Nerexe et al.
(2019) evaluated blood samples from newly diagnosed
GBM patients from the date of diagnosis or the start
of treatment until disease progression. They observed
the highest cfDNA values before surgical procedure
and during tumor progression. Determining the cfDNA
level helped to differentiate actual tumor progression
from pseudoprogression in 3 cases [55].

In another single-center pilot study, Bagley et al.
(2020) evaluated plasma cfDNA levels in 42 patients
with newly diagnosed GBM from the date of diagnosis
until disease progression. Before treatment, patients
with GBM had a higher plasma cfDNA concentration
than healthy patients in the control group (average
13.4 vs 6.7 ng/ml, p<0.001). A significant increase in
plasma cfDNA was found during disease progression
in most patients [54]. Thus, the level of cfDNA in
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peripheral blood can be a valid biomarker of disease
progression.

Since an increase of concentration of ctDNA is
not specific disease marker (cfDNA high level in the
blood was also described in patients with autoim-
mune diseases [56], sepsis and systemic inflammatory
response syndrome [57], myocardial infarction [58],
ect., detection of tumor specific genetic alterations can
significantly increase the method specificity.

The first attempts to determine tumor ctDNA in the
blood of patients with GBM relied on the identification
of prognostically significant genetic markers, such as
methylation profiles of individual gene promotors,
loss of heterozygosity of chromosome 10, IDH1 mu-
tation, and EGFRVIII deletion [59—64]. Some studies
have shown that tumor ctDNA can be isolated from
the GBM patient’s blood in 15-88.8 % of cases [54,
62, 65-71].

The possibility of detecting tumor DNA in the CSF
of a patient with glioblastoma was first reported by
Rhodes et al. in 1995 when they determined tumor-
derived p53 DNA in cisternal CSF at autopsy using
allele-specific PCR [72]. Wang et al. examined CSF
collected during surgery in 11 patients with GBM. In
all the cases, tumor bulk was adjacent to the CSF space
(the subarachnoid area or the ventricular wall) and
had detectable tumor DNA in CSF [70]. The ctDNA
analysis in patients with gliomas allows determining
the gene’s methylation status, predicting the patients’
response to therapy. The sensitivity and specificity
are about 59 and 100 %, respectively [62, 69]. The
sensitivity in the detection of ctDNA in the CSF in
GBM patients reaches 70 % [69], and in cases of tumor
node adherence it is 100 % [70-71]. To test whether
the amount of detectable mutant DNA in plasma can
reflect the tumor’s state, the authors amplified the
mutant DNA from these patients’ plasma. In two cases
with total tumor resection, no ctDNA was detected in
the blood plasma, while in one case, a residual amount
of ctDNA was detected, reflecting incomplete tumor
resection [64].

Further studies have focused on genome-wide
tumor sequencing and the use of multi-gene panels
to detect tumor ctDNA. The relationship between
the ctDNA gene methylation and therapy response
or tumor recurrence in the available literature is not
described. There was no information about the disease
stage, mutational profile of the tumor tissues, and its
relationship to the blood gene status. In the study
Bagley et al. (2019), at least one somatic mutation
was detected in preoperative plasma samples from
11 of 20 (55 %) patients with newly diagnosed GBM
using next-generation sequencing (NGS). However,
none of the plasma mutations were identified in the
corresponding tumor samples [54]. Such results can
be partially explained by the pronounced molecular
heterogeneity of GBM, which is found even within
a single tumor bulk [8]. The tremendous success in
detecting tumor ctDNA in the blood of patients with
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glioblastoma was achieved by Ahmed et al. (2019),
which analyzed 27 patients with malignant gliomas
using NGS and their specialized 50-gene panel. In 24
out of 27 (88.8 %) patients, ctDNA was detected. A
good correlation was obtained between NGS results
in plasma and PCR in tumor samples [68].

De Mattos-Arruda et al. compared the ratio of
tumor ctDNA in plasma and CSF based on somatic
genomic changes detected in tumors by exomic
sequencing [73]. At least one tumor mutation was
detected in CSF of 4 GBM patients, while in the
blood plasma, the tests were negative. To assess the
feasibility of using tumor ctDNA as a biomarker of
disease progression, the frequency of mutant alleles
in CSF and blood was determined in 2 patients using
digital PCR during anti-tumor therapy. The tumor
ctDNA level in CSF decreased with the response to
systemic therapy and increased in disease progression.
In a larger study using targeted analysis based on NGS,
Miller et al. (2019) evaluated many diffuse gliomas,
including 46 adult patients with GBM. Tumor DNA
was detected in 59 % patients with glioblastoma. The
tumor ctDNA presence in CSF was associated with
tumor progression (p=0.0005), higher tumor burden
(p=0.0000017), and tumor spread to the CSF space
(p=0.02). Based on the results obtained, the authors
suggested that tumor ctDNA in CSF may be an early
indicator of glioma progression [74].

A low detection rate of tumor mutations in patients'
peripheral blood makes it difficult to use tumor ctDNA
as a biomarker of GBM progression. The study of CSF
for tumor mutations seems more promising. However,
lumbar puncture is not always possible to perform,
as it is accompanied by some complications and the
refusal of patients to participate in studies requiring
lumbar puncture [75].

Cell-free RNAs

The cell-free RNA (ctRNA) secreted by gliob-
lastoma cells could prove a valuable resource for
biomarker discovery. Tumor-released ctRNA may
be coding and non-coding. Non-coding RNA play an
essential role in almost all tumor genesis, including
tumor initiation, progression, therapy resistance, and
can be found in the blood and CSF of patients with
gliomas [18, 76-78].

To date, several studies confirming the diagnostic
[79, 80], prognostic [81-85], and predictive role [86,
87] of circular RNA (circRNA) in patients with brain
gliomas have been published. Despite the existing
possibility of detecting circRNA in body fluids, the
expression of circRNA was determined mainly in
tumor tissue. The potential of circRNA in the non-
invasive diagnosis of glioblastoma recurrence is
currently unclear. The role of long non-coding RNAs
(IncRNAs) as a biomarker has been studied some-
what more broadly. More and more studies suggest
IncRNAs to be promising diagnostic biomarkers and
therapeutic targets in many cancers, including gliomas.
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Understanding the role of IncRNAs in gliomas may
lead to discovering the novel molecular mechanisms
behind glioma biological features [88]. In particular,
it was shown, that the high TP73-AS1 and MALAT1
predict poor prognosis in primary GBM cohorts and
these IncRNAs promote tumor aggressiveness and
temozolamide (TMZ) resistance in GMB patients
[89, 90]. LncRNA may also be ideal for gene/pro-
tein delivery in future brain cancer therapies [91].
However, there is no information about the study of
IncRNA levels in the blood or CSF of patients with
GBM during the treatment course and follow-up in
the available literature.

The plasma levels of miR-21, miR-128, and miR-
342-3p were significantly altered in GBM patients
compared to normal controls, that could discriminate
glioma from healthy controls with high specificity
and sensitivity [92]. MiR-10b and miR-21 in the CSF
are significantly increased in patients with GBM.
Quantification of as few as seven microRNAs in CSF
enables differential recognition of glioblastoma and
metastatic brain cancer using computational machine
learning tools with high accuracy (91-99 %) [93,
94]. The signature of miRNAs in serum, including
miR-128, miR-342-3p, miR-194, miR-628-3p, al-
lows distinguishing of blood samples from patients
with GBM and healthy control groups (the accuracy,
sensitivity, and specificity is 81 %, 79 %, and 81 %,
respectively) [95, 96].

The relationship between miRNAs dysregulation
and prognosis in patients with GBM was shown. The
miRNA expression signature of 10 microRNAs in
glioblastoma samples can predict GBM patient sur-
vival [97]. MiR-182, miR-20a-5p, miR-106a-5p and
miR-222-3p high level and miR-182, miR-145-5p,
and miR-485-3p decreased level in the GBM patients’
blood are significantly associated with worse survival
[98—100]. Many studies have evaluated surgery's effect
and combined modality treatment on the miRNA levels
in blood or CSF [76, 92, 101-112]. For example, miR-
125b-2 and miR-223 play a role in tumor sensitivity to
TMZ chemotherapy [101, 102], and miR-21, miR-128,
miR-301a and miR-145-5p maintain the resistance to
radiation therapy [103—-106].

The diagnostic value of miRNA as a biomarker
for glioblastoma recurrence has been shown only in
a few studies on a small amount of clinical material
[46, 48, 93]. Teplyuk et al. (2012) found the elevated
miR-21 and miR-10b level in CSF in only 1 of 19
GBM patients. After chemoradiotherapy, the miR-21
level in CSF was comparable with that in the control
(non-tumor) group, while the miR-10b level was sig-
nificantly higher than in the control group. The sharp
increase in the miR-21 level and a further increase
in miR-10b level at a later date (25 weeks) indicated
disease progression, confirmed by MRI, PET-CT,
and repeated biopsy. In this case, no single miRNA
behaved as a simple tumor burden biomarker [93].
Subsequently, significant variability in miRNA profiles
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in the CSF of patients with glioblastoma was shown,
mainly related to the CSF collection site — ventricle or
lumbar puncture [107]. Yue et al. (2016) found the cor-
relation of the miR-205 expression with relapse of can-
cer in the serum of 6 patients with glioblastoma studied
before surgery, two weeks after surgery in a case of
deterioration. Serum miR-205 levels were significantly
increased in postoperative samples compared to cor-
responding preoperative samples (p<0.01) and were
reduced again during glioblastoma recurrence (p<0.01)
[108]. Oncogenic miRNAs such as miR-10b, miR-21,
miR-26a, miR-214, miR-210, miR-222, miR-124-3p,
miR-301a, miR-454-3p [46-48, 92-94, 99, 111-112],
and suppressive miRNAs, such as miR-15b, miR-23a,
miR-128, miR-133a, miR-150, miR-185, miR-197,
miR-205, miR-342-3p, miR-497 u miR-548b-5p [92,
109-115] were identified as markers of response to
glioblastoma therapy. In summary, miRNAs evaluated
in glioblastoma patients’ biological fluids depending
on the treatment modality are listed in Table 1.
Despite the small number of patients included, the
studies showed the promising role of different miRNAs

as GBM recurrence biomarkers. At the same time,
there are several drawbacks to the widespread use of
this marker. The modulation of microRNAs is a result
of involvement in various physiological and patho-
logical conditions, such as circadian rhythm, fatigue,
medication intake, chronic inflammation, and vari-
ous non-tumor pathologies [19, 115]. The difference
in miRNA expression in different ethnic groups can
also affect miRNA’s diagnostic value [114]. There is
also no generally accepted endogenous control for the
quantitative determination of circulating miRNAs due
to the significant variability between the samples and
the relatively low body fluids expression [111-114].

Conclusion

The works of the last decade more and more con-
vincingly prove that liquid biopsy of cerebrospinal fluid
and blood (or its individual components) of patients
with GBM can be used both for differential diagnosis
of'a tumor and for evaluating the effectiveness of anti-
tumor therapy, since it is a safer technology for obtain-
ing a molecular portrait of a tumor. Detection of tumor
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Fig. 1. Current status and future
perspectives of liquid biopsy in
GBM.

Note: EVs, extracellular vesicles;
CTCs — circulating tumor cells;
MRI, magnetic resonance imag-
ing; CFS, cerebrospinal fluid;
cfDNA, cell-free DNA; cfRNA,
cell-free RNA
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npu NBM.
Mpumeyanue: BB — BHekneTou-
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MPT — marHuTHO-pe3oHaHCcHas
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markers in the CSF and/or blood of patients will make
it possible to individualize the treatment of patients and
timely monitor the effectiveness of antitumor therapy.
Nevertheless, liquid biopsy still has a number of limi-
tations for widespread use in practical medicine (Fig.
1). Therefore, a large number of studies are needed to
test the efficacy and reliability of liquid biopsy in pa-
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AHHOTaUuA

Llenb uccnepgoBaHus. B pamkax HacTosiLero nccnegoBaHUs NpearnpuHsiTa nonbiTka BbiBNEHUS 06LLmMX
3aKOHOMEPHOCTEW HanM4nsi 4EeTEKTUPYEMbIX KONMYECTB LMPKyNMpyoLwmux onyxonesbix knetok (LOK), ot-
pyLaTensHO KOppenupyoLwmnx ¢ obLLel BbKMBAEMOCTbIO NALMEHTOB M UX CMOCOOHOCTLI0 06pa3oBbIBATL
MeTacTasbl B OTAaNeHHbIX TKaHsaX 1 opraHax. O6obLeHne Guonormyeckmnx cBoMCTB 1 B3aumogerictane LJOK ¢
OpYyrumuy TUNamu KNeToK BO BPEMSI MHTpaBa3auumy, LMPKYISLum B KDOBOTOKE, 3KCTpaBasaLm 1 KONoHU3aumm,
SIBMSAOLLMXCA MHOTOrPaHHbIMU U BKIOYaoLLMmM B cebsi uameHeHns dpeHoTmnos LIOK, koTopble perynupytotcs
MHOTVMMU CUTHarbHBIMU MOEKynamu, BKIYas LUTOKMHBI M XeMoKuHbI. MaTepuan n metoabl. Hamu npoBeneH
MOUCK NUTepaTypbl B ANEKTPOHHbIX 6a3ax AaHHbIx PubMed (https://pubmed.ncbi.nim.nih.gov), Scopus (https://
www.scopus. com/), Web of Science (https://apps.webofknowledge.com/WOS_GeneralSearch), Cancer
Tomorrow (https://gco.iarc.fritomorrow/en) n Global cancer observatory (https://gco.iarc.fr), onybnukoBaHHbIX
B nepuog ¢ aHeaps 1994 r. no man 2021 r., ¢ ncnonb30BaHMEM Krto4eBbIX CroB: «circulating tumor cellsy,
«biomarker» n «metastasis». PeaynbTtatbl. MoOHUTOpUHT ypoBHS LIOK B KpOBM MOXET UMETH UCKINIOUUTENbHbIE
NPOrHOCTUYECKNE U MOHUTOPUHIOBbLIE NocneacTeus. XXugkoctHas duoncus ans BoiserneHus LLOK n nx npo-
[YKTOB MOXET ObITb MCMONb30BaHa A5 AUAarHOCTMKM OHKONornyeckux 3abonesaxuin B obLier nonynsaumm, a
Takke A5 NPOrHo3npoBaHns GroMapkepoB y OHKONornyecknx 6onbHbix. C pa3sutrem 6onee cCoBepLUEHHbIX
TexHonormn aetekumm LIOK 1 KNMHMYECKMX UCNbITaHUIA B KPYMHBLIX NPOCMNEKTUBHBLIX NCCNENOBAHNUAX MOXHO
oXuaatb yBenuyeHust knuHudeckorn nonesHoctn LIOK. MoHnmaHmne nx 6uonormm n B3aumonencTeusi ¢ apy-
rMMU TUNaMm KNeTok, 0COBEHHO C UMMYHHOWM CUCTEMOMN, U pa3BUTME MMMYHOTEPanuM Takxke AarT GonbLuve
NnepcrneKkTUBbI A1 HOBbIX TEPaNeBTUYECKMX BO3MOXHOCTEN. 3akntoveHue. LIOK B HacTosiLLee BpeMsi pyTUHHO
He MCNoMnb3YTCA B KMMHUYECKOW MPaKTUKe, HO UCCredoBaHUsi B 3TON obracTy NpoAoKatT HakannmeaTh
KIMMHUYECKYI0 BanMaHOCTb U COOTBETCTBYIOLLME UHCTPYMEHTarbHbIE NOAX0AbI. OTO CBA3aHO C BO3MOXHOCTbIO
MOHMWTOPWHIa COCTOSIHWS NMALMEHTOB C UCMOSb30BaHNEM METOAOB XUAKOCTHOM BMOMCUMK NMPU NCMOMb30BaHNM
LIOK. Mbl npeactaensiem o630p TekyLuen knuHudeckor LeHHoctn LIOK B kadecTBe Gromapkepa, a Takke
OCHOBHbIE KOHLIEMLMN U UCCINEA0BAHNS, U3y4valoLme KnnHu4eckyto nonesHocts LIOK.

KntoueBble cnoBa: LMpKynupytolimMe onyxoreBble KreTKU, 3rlokayecTBeHHble HOBOOGpa3oBaHus,
Mapkepbl Manurinsauum, BHeknetoyHas [HK (BkAHK), anutennanbHo-me3eHxumanbHbI nepexon (AMIM),
Me3eHXMManbHo-anuTennanbHbIn nepexon (M3MM).
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Abstract

Purpose of the study: to identify general patterns in the presence of detectable amounts of circulating tumor
cells (CTCs) negatively correlated with the overall survival of patients and their ability to form metastases in
distant tissues and organs, as well as to summarize the biological properties and interactions of CTCs with
other cell types during intravasation, circulation, extravasation, and colonization, which involve changes in CTC
phenotypes that are regulated by many signaling molecules, including cytokines and chemokines. Material
and Methods. We analyzed publications available from PubMed (https://pubmed.ncbi.nim.nih.gov), Scopus
(https://www.scopus.com/), Web of Science (https://apps.webofknowledge. com/WOS_GeneralSearch), Can-
cer Tomorrow (https://gco.iarc.fr/tomorrow/en), and Global cancer observatory (https://gco.iarc.fr) databases
between 2000-2021 using the keywords “circulating tumor cells”, “biomarker”, “metastasis” and others. Re-
sults. Monitoring of blood levels of CTCs can have exceptional prognostic and monitoring implications. Liquid
biopsy to detect CTCs and their progeny can be used to diagnose cancer in the general population, as well
as to predict biomarkers in cancer patients. The improvement in the CTC detection technology and clinical
trials in large prospective studies will increase the clinical usefulness of these marker cells. Understanding
of their biology and interactions with other cell types, especially with the immune cells, and the development
of CTC immunotherapy also holds great promise in cancer therapy. Conclusion. Currently, CTCs are not
routinely used in clinical practice, but research in this area continues to accumulate the data on the clinical
validity of CTC detection. This is due to the feasibility of monitoring the patient’s condition using liquid biopsy
for the CTC detection. We present an overview of the clinical value of CTCs as a biomarker, as well as key
studies examining the clinical usefulness of CTCs.

Key words: circulating tumor cells (CTCs), malignant neoplasms, malignancy markers, extracellular DNA

(cfDNA), epithelial-mesenchymal transition (EMT), mesenchymal-epithelial transition (MET).

Beenenue

MertacTa3upoBaHUE OIYXOJIEH SIBJISIETCS IPUUHUHOMN
He meHee 90 % neTalbHBIX UCXOA0B MPU Pa3BUTHH
OHKOJIOTHYECKHX 3a00JIeBaHUH, 4TO 00yCIOBIUBAET
HHTEPEC KIIMHUYECKUX OHKOJIOTOB K ITPOTHOCTHYECKON
OTICHKE 3TOTO sBJIeHMS [ 1]. B mporecce meTacTasznupo-
BaHUsI PAKOBBIE KIIETKH PACIPOCTPAHSIOTCS U3 TIep-
BUYHOM OIyXOJIM, BHEAPSIOTCS B TKAHH M 00pasyroT
HOBYIO OITyXOJib B Apyroi jokanmuzauuu. [losTomy
IIPOLIECCHl METACTa3UPOBAHMS CONPOBOXKIAIOTCS 110-
seienuem [{OK B nepudeprueckoit KpoBH, KOTOPhIE
BBISBJISIIOTCSI KAK €IMHUYHBIC KJICTKU HITH KJIaCTEPHbIC
kierounbie oOpazoBanus [2]. O Hammumu [HOK B
nepugepruieckoil KpOBH BIIEPBBIC COOOLINI aBCTpa-
nuiickuii Bpad T. DmBopt B 1869 1. ipu u3ydeHHH
Marepuana, MoJy4YeHHOTO PY BCKPBITHH MTAIIUEHTA C
METaCTaTHYECKUMH TOIKOKHBIMH OITyXOJIEBBIMH OYa-
raMu, pacroyioKEHHBIMHU B IEPEAHEH CTEHKE rPyIHON
KJICTKH B OPIOITHON TTostocTH [3].

CoBpeMeHHBIC METOJIBI HCCICJOBAHUS TIPEI0-
CTaBHJIM JOMOJIHUTENbHBIE TOKa3aTelbCTBa, MOJ-
TBEPXKJAIONINE KOHICMIHNIO, COTIACHO KOTOPOH
OHKOJIOTHYECKHUE 3a00JIeBaHUS XapaKTEPU3YIOTCS
BCEMH TPU3HAKAMU JIAPBUHOBCKON DBOJOIMU: BbI-
COKasi N3MEHYNBOCTh M OTOOp Hamboliee KHU3HECIO-
COOHBIX KJIOHOB KJIETOK, 3((eKTUBHOE M30eTraHne
HMMYHHOTO OTBeTa [4]. AHaIu3 CBOMCTB OIyXOJIE€BbIX
OMONTaTOB, TMArHOCTUPOBAHHBIX MHOTO JIET Hazall,
Y4acTO OKa3bIBAJICA MPUUYMHON Manod(h(eKTHBHBIX
KJIIMHUYECKUX pemeHui. [JocTkeHns B MeToaax
JETEKLUH U MOJICKYIIPHO-OMOIOTHYECKUX UCCIIEIO0-
BaamaX [{OK mo3BOIAT ONTHMHU3UPOBATH PEIICHUE
9TOW MpoOIEMBI B pa3paboTarh TepaneBTUUCCKUE
MPOLEAYPbl HA OCHOBE MOHHUTOPHHIA SBOJIIOIMH OITY-
XOJIEBBIX KJICTOK MPAKTHUECKU B PEKHUME PEaIbHOTO
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BpemeHH [5]. [IpakTuka mpuMeHeHUs «KHIKOCTHOU
KIIETOYHO OHMOIICHU» B KA9€CTBE TUATHOCTHYECKOTO,
MIPOTHOCTHYECKOTO U TEPAaHOCTHYECKOTO HHCTPYMEH-
Ta B KIMHUYECKUX UCCIEOBAHUSIX TPEIICTABISCTCS
MEPCTIIEKTUBHBIM MTOAX0/I0M BBUly HEHHBA3UBHOCTH U
BO3MOXKHOCTH OCYIIIECTBIISATH MOHUTOPHHT COCTOSTHHS
omyxoneit B pexxume «Real-Timey. JlaHHbIH TTOAXO0A
MOTEHIIMAIBLHO MMO3BOJIUT 00OHAPYKUBATh M3MECHEHUS
reHOMa OITyXOJIEBBIX KJIETOK, KOTOPBIE MOT'YT CITY>KUTh
MUIICHSMU JIJIsl IPUMEHEHHS U KOPPEKTUPOBKH TIPH-
MEHEHUS TPOTUBOOMYX0IEBOU Tepanui [6].

ITo manubM caiita Grantome pu HarmonansHOM
HNucturyre 3apaBooxpanenus CLIA (NIH USA),
B obnactu uccnepoBanus LIOK exerogHo ¢unan-
cupytorcs 6osee 60 HayuHbIX pa3padorox (https://
grantome.com/search?q=circulating %20tumor %20
cells) ¢ AByKpaTHBIM yBEIMYCHHEM KOJIMUECTBA [PaH-
TOB TI0 3TOMY HarpasyieHuIo B uHTepBase ¢ 2006 1o
2020 . ITo manubIM pecypca PubMed (https://pubmed.
ncbi.nlm.nih.gov/?term=circulating %20tumor %20
cells&timeline=expanded), 1o 1982 r. koau4eCTBO
nyonukanuii no remaruke «Circulating Tumor Cellsy
cocraisiio MeHee 100 myOnukauumii B rof, a yxe K
2019 r. gaOmromancs MX IOYTH AKCHOHEHIIHAJIbHBIN
poct — o 1696 myOnmkanwii B ro. JTH JaHHBIC
CBUJICTEJILCTBYIOT O OONBIION aKTyaJbHOCTH W AH-
HaMuyHOM pa3BuTuu Temaruku LIOK B coBpemenHoii
OHKOIIOTHH.

MarepuaJj 4 MeToabI

Hamu nipoBejieH MOUCK JIMTEpaTyphl B 2IEKTPOHHBIX
Oazax manHbix «National Center for Biotechnology
Information Search database (PubMed/Medline)y,
«Grantome» (https://grantome.com/), Scopus (https://
www.scopus. com/), Web of Science (https://apps.
webofknowledge.com/WOS_GeneralSearch), Cancer
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Tomorrow (https://gco.iarc.fr/tomorrow/en) u Global
cancer observatory (https://gco.iarc.fr), omyonuko-
BaHHBIX B mepnof ¢ staBaps 1994 mo mait 2021 1, ¢
HCTIOJIb30BaHMEM KITFOUEBBIX CJIOB: «circulating tumor
cells», «biomarker» u «metastasisy.

Hupkynupyrouue onyxonesvie Knemku

LOK mnpejcraisitoT co00i OMyX0JeBbIe KISTKH,
BBIJICJISIEMbIE B COCYAUCTYIO CETh U3 MEPBUYHOTO
3JI0Ka4€CTBEHHOTO HOBOOOpa30BaHUS, MOTEHIIH-
aJHHO TIPEJICTABIAIONINE COOOM MCXOMHBIE KIETKH
(«cemeHay) A MOCIEAYIOIEr0 MeTacTa3uPOBAHUS.
[To cpaBHEeHUIO ¢ OOJIBHBIMU, OHU KpaWHE PEIKO
BCTPEUAIOTCS Y 3I0POBBIX JIFOJCH U IMAIEHTOB C
ToOpoKadeCTBEeHHBIMHU omyxoysiMu [7]. Kanaude-
CKHE JaHHBIC YKA3bIBAIOT HA TO, YTO y MAIUEHTOB C
Metactatudeckumu nopaxkenusimu [HOK, monnato-
Uecs NpenaparuBHOMY IMOJYUYEHUIO, BCTPEUAIOTCA
3HAYUTEIHHO Yallle, HO YacTOTa WX BCTPEIAEMOCTH
B OOJBITMHCTBE CIy4acB BaphbUPYET B IMIUPOKHUX
npeaenax: oT ~1-10 mo 800 LIOK na 7,5 M uenpHOM
kpoBH [7, 8]. X0Tsl, ¥ 3TO HEOOXOIUMO UMETH B BU]LY,
uHorga L{OK BcTpeuarorcst B KonuuecTBax, MPEBbI-
maromux 1000 HOK/7,5 mi xpoBu. OgHako moJIs
TaKUX MMalMEHTOB B 00IIEH BHIOOPKE B OOJIBIIMHCTBE
ciy4daeB He mpeBbImaeT 5 % [ 7-9]. Kak mpasuio, [IOK
OTIPENIEISIFOTCS C HCITOb30BAaHHEM MOHOKJIOHATBHBIX
auTutel (MAb), MEUCHHBIX (PIIyOpPECIIECHTHRIMH Kpa-
CUTEIISIMU, KaK KJIETKH, TIOJIOKHUTETHHBIC TT0 MapKepaM
LIUTOKEPATUHOB, MOJICKYJIC ar€3UU ATUTEIUATBHBIX
knetok (Epithelial Cell Adhesion Molecule; EpCAM,
CD326) m meraruBublie 1o CD45 (Leukocyte Common
Antigen — LCA), mMmerolyie ”HTaKTHOE YKU3HECI0C00-
HOE A7Ipo (MOoNOKUTENbHOE OKpammuBanue o DAPI)
[10]. Onnako EpCAM wu npyrue Mapkepsl He Bcerna
sKkcrpeccupyrores Ha noepxHoct LIOK Beneactaue
AMUTETHATBHO-ME3eHXUMaNbHOTO niepexona (OMIT)
[11]. W3BecTHBI cayuan OOHApY>KEHHUSI HE OMyXoJe-
BBIX 3IUTEIUONOAO0OHBIX KIETOK, IIUPKYIUPYHOIIAX
B KPOBH MAIIEHTOB C IMPOCTATUTOM WIIH MAIlUEHTOB,
riepeHecmux onepartuio [ 12]. C MeTomndecKol TOUKH
3peHus rereporeHHocTs nomyssuu [HOK sBrsercs
CEepbe3HOM MPOOIEMOH, ¥ 3TO TIPUBEIIO K aJIbTEPHATHB-
HBIM CTpPaTEeTHsAM TPENapaTUBHBIX METOJIOB ITONTyde-
Hus [OK, Takum kak MUKPOQITIOMTHBIC TEXHOIOTHH,
KOTOpBIC HE 3aBUCAT OT IKCIPECCUU KAKUX-TUOO
OTIYXOJICBBIX MAPKEPOB, KOTOPHIC UCIIOIB30BAIUCH HA
paHHUX 3Tamnax ucciegopanuii [13].

ITonmagas B kpoBoTOK, [IOK crmocoOHBI BHI3BIBATH
HOBBIE MeTacTaTudeckue odpaszoanusa [14]. [IOK
CIIOCOOHBI BBIKHMBATH B KPOBOTOKE, MTPOTHUBOCTOSITh
OMOPU3NIECKUM U KJICTOYHO-OMOCPETOBAHHBIM
BO3JICHCTBHSIM M JAOCTUTAaTh KOHEYHOTO ITyHKTa Ha-
3Ha4eHns. OHM BHEIPSIOTCS B IPEMETACTaTHIECKYTO
HHUIY, y>K€ MOJATOTOBIEHHYIO MECCEeHKepaMH W3
OMyXO0JeBbIX KieToK. B aToit Hume [HOK naxonsrcs
B COCTOSIHMH TIOKOSI B TeUE€HHE HEOTPEIEICHHOTO T1e-
pHo/a, TOKa HEKOTOPHIE eIIe MATIOM3BECTHBIE CHTHAJIBI
HE BBI3OBYT UX Mpolyxaenue [15].
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T'emepozennocme LJOK

HOK — upe3BbIuaiiHO peIKUE 1 TETEPOreHHBIE KJle-
TOYHBIC AJIeMEeHTHI [ 16]. VX KomuecTBeHHAs OIICHKA B
nepudepruuecKoil KPOBH y OHKOJIOTHYECKHX OOJBHBIX
BechMa BapualesbHa U, KaK MPABHIIO, KOJICOJIETCS B
Jana3oHe OT €AMHMII 10 COTEH KJIETOK Ha 7,5 M
neprueprIecKoil KPOBHU: ATOT IMTOKA3aTeh 3aBUCHT OT
MIPUMEHSEMBIX METO/IOB CEJIEKIH U AETEKTHPYEMBIX
mapkepos nmoBepxHoctu LIOK [17]. A. Marchetti et al.
[18] mpoaeMOHCTpHUPOBAaHO, YTO KPOME «KJIacCHUYe-
ckux» LHOK Takke BcTpedaroTcsi HEOIIACTUYECKUE
KJIETKH, HE OTBEYAIONINE BCEM KpHUTepwsM Veridex
(TakKe N3BECTHBIC KaK «TOI03PUTEIbHBIC OOBEKTH» ),
YTO MOJTBEPKAAET BO3MOKHOCTH CYIIECTBOBAHUSA U
Ipyrux ¢peHotunos rereporenHor nomymsinun LIOK.
Wmu Ow11 pa3paboTaH MPOTOKOI s H3BICUSHUS 000-
ranieHHbIx 00pasnos LIOK u3 kaprpupka margopMsl
Veridex (B HacTosiiee Bpems «Janssen Diagnosticsy).
B pesynbrare ycraHoBieHo, uyTO y 37 MalUEHTOB C
HEMEJTKOKJIETOUHBIM pakoM Jierkoro (Non Small Cell
Lung Cancer, NSCLC) pacupocTpaHeHHOCTh YaCTOT
aIIENBbHBIX BAPHAHTOB FTEHETHUECKUX MYTAIllUi BapbH-
posaina ot 0,02 1o 24,79 %, co cpeAHUM 3HAYCHHUEM
6,34 %. IlonyuyeHHble JaHHBIC HAMISIAHO MPOACMOH-
CTPHUPOBAJHN TeTeporeHHoCTh momysiuu [IOK B 00-
pasuax Kak OIHOTO, TaK ¥ pa3HbIX MallEeHTOB.

OpauM u3 ctuMynos i1 ucniosb3oBanus [IOK B
JTUATHOCTHKE OHKOJIOTHYECKHX 3200JIeBAaHUH CITY)KUT
TOT (pakT, YTO MALHUEHTHI C PA3THUIHBIMHU THUIIAMHU
OITyXOJI€H He MPOXO/SAT BCECTOPOHHEE TECTUPOBAHHE
B PEKUME MOHUTOPHUHIA B COOTBETCTBUM C PEKOMEH-
nmarsimu The National Comprehensive Cancer Net-
work (NCCN) 1 He MOTYT ITOJTyYUTh CBOEBPEMEHHYIO
KOPPEKIIHIO JIEYSHHS B COOTBETCTBUH C M3MEHSIOIIHU-
MHCS CBOMcTBaMU oImyXxoJeBbIX kKieTok. [IOK moryt
CIIy’)KUTh MCTOYHUKOM OHMOJIOTMYECKOr0 Marepuaia
JUTSE TIOZIOOHOTO POJia MCCIIEAOBAHUH MPAKTHYECKU B
pexXUME peanbHOro BpeMeHH. TpaJiuIIMOHHBIN K-
HUYECKHI aHaJTN3 KPOBHU 3HAUNTENIBHO YITy4IIaeT Bbl-
MOJIHEHUE pekoMeHaanui o tectupoannio NCCN
u B coyetanuu ¢ tectom « CELLSEARCH® CTC
Test» mo3BONISIET 00ECTIEUNTEH BEIOOP ONMTHMATIHLHOTO
Kypca Je4eHHs.

I'enernueckas rereporennocts LIOK sBasercs
OTpa’keHUEM DBOITIOIINU TeHOMA, KOTOpast 4acTo Mpo-
HCXOAHUT BO BPEMS MPOTPECCHPOBAHUS OIyXOJeH,
co3/aBasi BapralebHOCTh B TIEPBUYHBIX OIMYXOJIX,
a TakXXe IreTepOreHHOCTh MEX1y MEepBUYHON Kap-
MHOMOH 1 MeTacTa3zamu. Pacnpenenenust puckoB u
PEKOMEH/TAIIHH TI0 JISYSHHUIO MTAIUEHTOB OCHOBAHBI Ha
XapaKTepUCTHKAaX MEPBUYHOMN OITyXOJIH, OTHAKO T'eHe-
TUYECKHE PA3IUYUS MEX]Y JTHCCEMUHUPOBAHHBIMU
OITyXOJIEBBIMU KJIETKAMHU U IEPBUYHON KapIMHOMOMN
MOTYT OTPHUIIATENILHO BIUATH Ha 3(h(heKTUBHOCTH Jieue-
HUS ¥ BBDKABAeMOCTh TarueHToB [ 19]. D10 coObiTHE
MOKET TPUBOANTH K 00Pa30BaHHUIO COJUIHBIX OITy-
XOJIeH, COCTOAIIMX M3 MHOXKECTBA KJIIOHOB, KOTOPbIE
pa3IMYaroTCs MO0 TPAHCKPUIITOMHOMY, IIPOTEOMHOMY
1 (DyHKIIMOHAJIFHOMY COCTaBy. | eHeTHuecKas rerepo-
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TeHHOCTh HanOoJiee arpeCcCUBHBIX OIMYXOJEH, TaKuX
KaK TPOMHON HEraTUBHBIN PaK MOJIOYHOMH 5K€JI€3bl, MO-
XKeT OBITh BECbMa BBIPAXKEHHOH. DKCIIEPUMEHTAIEHO
JIOKa3aHO, YTO HU OJIHA OTAEJILHO B3ATasi KJIIETKA 3TOTO
THUIIA OIyXOJIeH HE HMMella OJMHAKOBOTO F€HOMHOIO
npodus, BeIsBIsIEeMOro cekBeHnpoBanueM [20]. ['ere-
porerHocTh cyonomyssiiuii [IOK moxer ObITh peanu-
30BaHa C UCIOJIb30BAHNEM MEXaHU3MOB KJIOHAJIBHOTO
noauMop¢u3Ma, oTéopa 1 aJanTUBHOCTH KIETOK CO-
JTuaHBIX ontyxonel [21]. HeictButensHo, LIOK moryT
MPOSIBIISITH NPU3HAKH TEHETUUECKON T€TePOreHHOCTH
CO BpeMEHeM, HaunHasi C MOMEHTa UX 00pa30BaHus,
C JITUTETNO-TTOTOOHBIM (PEHOTUITOM, TIEPEXOISIINM B
ME3EHXHMO-TIOTOOHOE COCTOSTHUE B HA000POT, uepes
rporieccsl, n3BecTHbie kKak DOMIT—MDII [22]. DMII
MOYKET HaOJIONAThCS B PA3IMYHBIX MEPEXOIHBIX CO-
CTOSTHUSIX. DTH cocTossHUS DMII 10BONBHO pa3IuyuHBbI
U MOTYT OBITH OOHAPYKEHBI C HCIIOIb30BAHHEM Map-
KEpOB KJIETOYHON MOBEPXHOCTH M TMOJTHOT€HOMHBIM
cexBeHupoBanueM PHK u3 otaenbhbIx kietok. IMIT—
rudpunaeie [IOK MoryT o0magare caMbIM BBICOKUM
METacTaTH4eCKUM MOTEHLIUAJIOM C PAa3JIMYHOH CTere-
HBIO arpecCUBHOCTH O1arofapsi CBOUM MOJIEKYIIPHO-
ouonorndecknuM ocodeHHocTsM [23]. [IpuBencHHBIC
BBIIIIE JaHHBIE MPEIIO0JIaraoT, YTO H3ydYeHUe He-
OOJIBIIOr0 KOJMYECTBa OMOMAapKEpOB B OAHON WIIN
HEMHOTHX BPEMEHHBIX TOUKaX, HalpuMep MpH MepBoii
JUArHOCTUKE W/WIM PEeUHuIuBE, MOTYT AaTh OYCHb
HEMOJIHYIO OLIEHKY COCTOSHUS OITyXOJH WJIN JIOXKHO-
OTpHLATENIbHBINA Pe3ybTaT. MOHUTOPUHT 3BOJIIOLHN
U MPOTPECCUPOBAHUS OMYXOJIH IMOCPEACTBOM CBO-
€BPEMEHHOIO U TOYHOI'O OOHApyEHUSI HECKOIbKUX
MapKepOB SIBJISIETCSI COBPEMEHHBIM TPEOOBAaHUEM 151
OpraHM3alMy ONTHUMAJIBHOTO JICYEHUS OHKOJIOTHYe-
ckux 3aboneBanmii. MccinenoBanus cpoiicte LJOK
JTAI0T TaKyI0 BO3MOXKHOCTB, OTpaskast N3MEHSIOIINECS
cBoiictBa onmyxonu. Hexkoropsie n3 LIOK umeror npu-
3HAaKH CTBOJIOBBIX KJIETOK (Hampumep, CD44+ wnn
ABC-G2-1103UTHBHOCTB), IpyTrHe UMEIOT ME3EHXUMO-
MOoI0OHbBIC XapaKTEPUCTUKU (HAIPUMEP, MapKephl
N-kaarepuna) uiu PEHOTHUIIBI OITyXOJIEBBIX THOPHIOB.
Hexoropsie noarpynnel IIOK ¢ Touku 3peHus me-
TacTa3UpPOBAHUS MOTYT OBITH 0OJIee arpeCCHBHBIMU
no cpaBHeHuto ¢ apyrumu. pyrue LHOK moryt
9KCIPECCHPOBATh dH0TEINAIbHBIE MAPKEPhl, U OHU
BOCITPOU3BOAT COCYIUCTYI0O MUMHKPHIO (BacKyIo-
TeHHYI0O MUMHKPHUIO), SBJICHUE, IPUCYTCTBYIOIICE B
HEKOTOPBIX PAKOBBIX OIYXOJIAX YEJIOBEKA, CBA3AHHOE
C arpecCHBHBIM pa3BUTHEM 3a0oseBanus [24].

Memoowt nonyuenusn

WYUDPKYIUPYIOU{UX ONYXONEGHIX KIEMOK

IIpouenypa npenaparuBHoro momxydeHus [{OK
OCHOBaHa Ha Pa3INyusiX B OMOXMMHYECKHUX WUITH OHO-
¢dbu3nuecknx cBoiictBax Mexnay LIOK u xnerkamu
KpOoBH. Paznnuus B 3KCIpeccuu aHTUTEHOB KIIETOUHOM
noBepxHocTH Mexay LIOK u nelikonuramu mnosso-
JSIIOT OCYILECTBIATH MOJNOXKHUTEIbHBIN 0TO0p LIOK
U OTpULATENbHBIH 0TOOp (yAaneHue) JEHKOLUTOB.
[Ipu xapumHOMax Hanbosee YacTO MCIOIb3YEeMbIM
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AQHTUICHOM JUISI TIOJIOKHUTEIbHON MMMYHOCEIEKINN
LOK cyxut mapkep EpCAM, KOTOPBIH SKCITPECCH-
pyeTcst OOTBITMHCTBOM KJIIETOK KapuuHoMm. Cuctema
«Cellsearch®Systemy siBjsieTCsl € IMHCTBEHHOM METO-
nukoii nerexunu LIOK, yTBepkaeHHOM YipaBieHrneM
M0 CaHUTAPHOMY HAaJ30py 3a Kauye€CTBOM IHILEBHIX
nponyktoB U Meaukamentos CIIIA (US FDA) [25].
Orta cucrema ncnonab3dyeT EpCAM-1onoKuTenbHy0
MMMYHOCEJIEKIIMIO B KauecTBe dTana rnoayyenus LIOK.
buodmznueckune nmogxonst st cenexkuun [{OK ocHo-
BaHbI HA Pa3jInuMAX B pazMepax KIETOK, UX Jaedop-
MHUPYEMOCTH, OMO3IEKTPUUECKUX XapaKTEPUCTUKAX
WM pa3iIUuMAX B IaBy4er tuiotHocTH Mexry LIOK,
apUTpoIMTaMHU U JieiikoruTamu. [locie oboramenus
HOK npoBepka WAEHTUYHOCTH MOTYYEHHBIX KIETOK
0OBIYHO MPOBOAMTCS C MUCIOJIB30BAaHUEM METOIIOB
BU3YyaJIM3allii C BBICOKUM pa3pelieHneM B COUeTaHUH
C UMMYHO-LIUTO-(IIyOPECUEHTHBIM OKpalIuBaHUEM
BBIOpaHHBIX MapKepoB. boiiee ciaoxHbIE METOIBI
BKJIIOYAIOT B ¢€0s1 BBICOKOIIPOM3BOAUTEIbHYIO TCHOM-
HYI0, TPAHCKPUIITOMHYIO MJIM IIPOTEOMHYIO XapaKTe-
PUCTHKY M30JIMPOBAaHHBIX KJIETOK U IOITOMY B PAMKax
JTAHHOTO 0030pa He paccMarpuBaroTcs. PaznmuuHbie
METOZBI MO3BOJISIOT OCYIIECTBISITh MpenapaTuBHOE
nonyuenue L{OK ¢ paznuyabiMu (eHOTHIIAMH, TTPU
9TOM 4YyBCTBHUTEIILHOCTD U CIEHU(PUIHOCTH ITUX Me-
TOJIOB HE OJIHOPOJIHA U BapbUPYET B 3aBUCUMOCTH OT
Tuna 3aboneBaHus. Takxke Helb3s UCKIIOYATh TOTO,
YTO MpH pa3nndHbIX 3a0oneBanusx LIOK nmeror pas-
JIUYHBbIC (DEHOTHUIBI M CBOMCTBA, YTO HAXOAUT CBOE
OTPa)KCHUE B BUAANMOM 1yBCTBUTEILHOCTH Pa3IMUHbIX
METOIIOB [26].

B pabote G. Kallergi et al. [27] npoBeneHo cpaBHU-
TEJILHOE MOJIEJIbHOE HcciieaoBanne d(QPEKTHBHOCTH
Pa3IUYHBIX METOJOB pa3[eleHHs MepeBUBAEMBIX
KJICTOYHBIX JTMHUK paka MonoyHol xemne3sl (MCF7,
SKBR3 u MDA MB-231):

— B rPaJiMEHTax MJIOTHOCTH (PUKOILIA;

— IIyTEM JIN3UCa SPUTPOLUTOB (TeMOIIn3);

— METOJIOM MOJIOKUTEIBHON MMMYHOMAarHUTHON
cemapanuy Ha LIapHKax, HOKPBITBIX aHTUTEIaMH K
EpCAM («Dynal-anti-EpCAM»);

— OTPULATEJIBHONW CUCTEMBl UMMYHOMATrHUTHOU
cemapaiuu (¢ ucroib3oBanueM anturen Kk CD45);

— «CELLSEARCH®Circulating Tumor Cell (CTC)
Test» u «ISET®Technology».

Crenenb 3QGEKTUBHOCTH MOJTYy4YEHUS TECTHU-
PYEMBIX KJIETOK MPH HCHOJIB30BAHMM T'€MOJIH3a U
rpaauenTta (uKoiia B 3Toi paboTe coctaBmia 39
u 24 % cooTrBeTcTBeHHO. [IpenapaTHBHBIE METOIBI
HOJTy4€HUs TIEPEBUBAEMBIX JIMHUNA PAKOBBIX KIIETOK
C HMCIOJb30BAHUEM IOJOKUTEIbHBIX UMMYHO-
MarHUTHBIX METOJOB CEJIEKIIMU PaHKHUPOBAJIUCH
OT XYALIEro K JIydlIeMy pe3yJbTaTaM CieTyoIuM
obpazom: «Myltenyi Biotec» antu-CD45 (24 %);
«Dynal-anti-EpCAM» (75 %); «Dynabeads-anti-
CD45» (Protein tyrosine phosphatase, receptor type,
C (97 %)). Beinenenne 1IOK u3 00pa3iioB KpoBH ¢
ucnonb3oBanueM cucreM «CELLSEARCH® CTC
Test» u «ISET®Technology» moka3zano, 9To Kade-
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ctBO BhIAeneHus 11 « CELLSEARCH® CTC Test»
n «ISET®Technology» cocrasnsino 52 u 95 % co-
OTBETCTBEHHO. [Ipu 3TOM HEOOXOAMMO yUYUTHIBATH,
9T0 J1abOpaTOPHBIC YCIOBUS TECTUPOBAHUS OBLIH
«HMJI€AIBHBIMU»: B PEAJIbHBIX YCIOBMSIX Pa3BUTHUS
omyxoJsieBoro mpouecca nonyisanuu [{OK umerot
JTUHAMMYECKH TeTepOTeHHbIE XapaKTepUCTUKU U Ha
9TO HakiaabBatoTcs 3Qdpextel IMIT—>MDIII, uto
HEn30€KHO OTPHIATENIbHO CKa)XKeTCsl HAa METOAax
MMMYHOMarouTHoi cenapanuu. Ilo pesynapraTtam
3TOro uccienoBanus rpanyisl «Dynal-anti-CD45»
B MOJIEJBHBIX YCJIOBHAX HUMEJH JIyYLIyl0 CKOPOCTb
npenaparuBHoro nonaydenus [HOK no cpaBHeHUIo
C IPpYIrUMH MMMYHOMAarHUTHBIMH METOIAaMH, HO
caMBbIi OONBIION TPOIEHT M3BJICUCHHS KIETOK MpPO-
nemoHctpupoBai metoa «ISET®Technology» (95 %).
CKopoCTh M3BICUYCHHS U CHEUU(PUIYHOCTH METOJa
«ISET®Technology» Obliu BbIIIE TIO CPABHEHUIO C
«CELLSEARCH® CTC Test». B peanbHbIX ycaoBusIX
o0pasel KpOBH YeJI0BeKa, KpOME OCHOBHBIX (hopMeH-
HBIX JIEMEHTOB KPOBH, OOBIYHO COJCPKUT HEOOIIBILIOE
KOJIMYECTBO APYTHX LUPKYIUPYIOLUINX PEIOKUX Kile-
TOK, BKJIFOUasi HOpMaJIbHbIC SIIUTEINATIbHbIC KICTKH,
3MUTENINAIIbHO-aTUIINYHBIE KJIETKU, 3HI0TEINAIbHbIE
KJIETKH ¥ CTBOJOBBIE TEMOIMOATHYECKNE KIETKH.
Takke comepikaTcsl KIETKH, 3aBHCALINE OT (HU3UO-
JIOTUYECKOTO COCTOSIHMS MalMeHTa: KIETKH IUIojia y
OepeMEHHBIX H ITepeHecInX OepEeMEHHOCTh JKEHIITHH.
[TosToMy nmarHocTuyeckas npooIeMa COCTOUT B TOM,
YTOOBI C BBICOKOH CEUU(PUIHOCTHIO MOTYyYUTh PEIKUE
HOK cpenu MHOXKECTBA IPYTHUX KIETOK B JTAHHOM 00-
pasie kpoBu [28].

CELLSEARCH® CTC

Hanbonee M3BECTHON W BANUJIHOU CUCTEMOM
nerekiuu LJOK Ha cerogHsIIHUN ACHb SABISETCS
«CELLSEARCH®CTC Test» oT mpou3BOaUTENS
«Janssen Diagnostics» (0biBmas Veridex), kortopas
no3BossieT noiaydars LHIOK MmeTonom nosoxxureabHou
AMMYHOMAarHUTHON COPOITMH C UCTIOF30BAaHNEM aH-
THTEI. J{eTeKIINs 1 IMOACYET KICTOK MPOU3BOIATCS B
rionryaBTomMarryueckom Mukpockorne («CELLTRACKS
ANALYZER II® System»). Ucrionb30Banne MeToza
konnuecTBeHHOH onieHkHu [{OK B kayecTBe nuarso-
CTHYECKOTO TECTa C UCIOJIB30BAHHEM IUIAT(HOPMBI
«CELLSEARCH® CTC Test» ot Veridex Obu10
omoopeno US FDA nist KTMHIYECKOTO HCTIOIh30Ba-
HUS TIPU THarHOCTHKE OONBHBIX PaKOM MOJIOUHOM
)Kenessl [29], komopekTaabHbIM pakoM [30] 1 pakoM
npeacTarebHOM xKenesbl [31]. B kauecTBe MapkepoB
HOK B 310i1 iargopme TPaaUIIMOHHO HCIOJIb3Y-
torcs EpCam, Cytokeratin 8, 18 w/mm 19, CD45
[32]. INonoxuTenbHbIA TecT (Oonee 5 oOHapyKeH-
veix L{OK nms meracrarnueckoro paka MOJIOUHOM
sene3sl u npoctarsl u 6onee 3 [IOK — miis mertacra-
TUYECKOTO KOJIOPEKTAIILHOTO paka Ha 7,5 MJI KPOBH)
WHTEePIPETUPYETCS KaK MPEIUKTUBHBINA (hakTop
YMEHBIIeHHs TOKa3aTellsi BEDKUBAEMOCTH 0e3
MIPOTpeCcCUpPOBaHUs 3a00JI€BaHUS M CHUKECHHS TI0-
Kazaresst 00IIel BEDKUBAEMOCTH Y 00CTIECIOBAaHHBIX
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nannenToB. Pesynprarsl Tecta « CELLSEARCH®
CTC Testy» DOHKHBI HCIIOJIB30BATHLCSA B COYETAHUHU C
JOCTYITHON KIMHHYECKOW HH(pOpMaIe, MomydeH-
HOH C UCIIOJNB30BAHUEM JIPYTUX TUATHOCTHUYECKHUX
tectoB [32, 33]. K HemocraTkam 3Tol miaTtdopMbl
MOXKHO OTHECTH BO3MOYKHOCTH TOJyYECHHS JIOKHO-
OTPHUIIATENBHBIX WIIA MIPOCTO 3aHIKEHHBIX PE3yiib-
TaToB B TeX ciyyasx, korga LIOK He HecyT Ha cBoei
MMOBEPXHOCTH MapKepbl, KOTOPbIE TapreTHPYIOTCA
aHTHUTEIIaMH, UCIIOJIb3yeMBIMH B 3TOM TecTe. [loa-
XOJIbl, OCHOBaHHbBIC Ha OMO(PU3UYECKUX CBOWCTBAX
KJIETOK (pa3Mephl, MIaBy4as INIOTHOCTH), B TAHHOM
cllyyae MpEAnouTUTeNbHEE, T. K. CIEKTP KJIETOK,
W3BJIEKAEMBIX C UCIIOJIB30BAHUEM ITUX METOMIOB, HE
OrpaHUYEH KaKUMHU-TO MapKepaMH Ha MOBEPXHOCTU
kiretok. K HemocTaTtkam 3To# 1miaThopMbl MOXKHO
TaK)Ke OTHECTH OTHOCHUTEHHO HIU3KYIO YYBCTBUTEIb-
HOCTB AeTekiuu 1 ceraparuu LIOK npu ucronp3oBa-
uuu cuctembl «CellSearchy, 4To yacTo He MO3BOJISIET
nerektuposath LIOK. IToaToMy KOTMYIeCTBEHHBIH BhI-
xox LHOK u3 cucremsr «CellSearch» 00br4HO 0YeHb
HU30K U UMEET HU3KYIO UucTOoTy [34, 35].

Muxkpogpnrouonaa ISET®Technology

Muxkpodmongnas «ISET®Technology» (ISET:
Isolation by SizE of Tumor cells) paspaborana «Rare-
cells Device and Consumables). DTOT MeTOI OCHOBaH
Ha HaONIOIEHUH, YTO OIyXOJIeBbIe KIETKHA BCEX BH-
JIOB COJINJTHBIX PAKOB KPYITHEE KIETOYHBIX DIIEMEH-
TOB KPOBU (JICHKOIIMTOB U 3pUTPOIUTOB). OmMHAKO
(GuABTpaIUs KPOBU JIJIS MTOJIYUCHHSI PEIKUX [IUPKY-
JUPYIOIINX OMYXOJIEBBIX KIETOK 0e3 MoTeph U 0e3
MOBPEXKICHUS KIIETOK SIBJISIETCA CIOKHOM 3a1avei.
B «ISET®Technology» ucronbs3yroTcst criennaibHO
pa3paboTaHHOE YCTPOMCTBO W CIIEUAILHO pa3pa-
OoraHHBIE (UIBTPBI, KOTOPBIE MTO3BOJISIOT YAAIATH
BCE IPUTPOLHUTHI U OOJBITNHCTBO JICHKOIIMTOB U3
HCCIIeyeMOoro 00pasia, 4To JeTaeT TOCIe Y FOIIHA
npouecc nereknuu LOK 3naunTensHo Gosee mpo-
CTBIM U TOYHBIM. D()(PEKTUBHOCTH UCTIONB30BAHUS
«ISET®Technology» Oblia moaTBepskaeHa Oolee
yeMm 50 HE3aBHUCHMBIMH HayYHBIMH HCCIIEIOBAHHS-
MU (JOCTYIHBIMH Ha caiite www.rarecells.com), Ha
oonee yem 2 000 marpieHTax ¢ pa3IMYHBIMU BUIAMH
OHKOJIOTHYECKHUX 3a00JieBaHUN (pakK JErKuX, pak
MOJIOYHOM JKeJe3bl, paK IIPOCTAThI, PaK MedeHH, paKk
MOYKH, KOYKHAsA M yBeaJbHAs MeJIaHOMa, pak Mo-
YKEITYTOTHOM JKeJle3bl, capkoMa U T. /1.) U Ha Ooiee
yeMm 600 ydacTHHKAX KOHTPOJILHOH rpymibl (0e3
OHKoJIoTH4eckux 3adonesanuii). LIOK mpucyrcrByror
B 00pa3iax KpoBH y NAllMEHTOB CO BCEMH TUTIAMHU CO-
muanbIx omyxonel. «ISET®Technology» mo3BossieT
uneHtuduiponars Bce Tunbl LIOK, 6e3 noreps, 03
MOBPEXKICHUN U C BHICOKOM YUCTOTON U JKU3HECIIO-
coOHOCTEIO [36].

CpasHumenvnasn oyeHKa mexHoao2uil

«CellSearch» u «ISET» npu demexyuu IJOK

M. Tamminga et al. [37] npoBeneHO cpaBHU-
tensHOoe ucciaenopanue L{OK ¢ ucnonb3oBanuem
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mwiarpopm «CellSearch» u «ISET» y maunenTos ¢
HEMEITKOKJIETOUHBIM PAaKOM JIETKOTO. J1J1s1 yBeTrmueHus
YyBCTBUTEIBHOCTH JETEKIIHH MPUMEHSIIUCH TIpe-
rmaparsl, MOJTy4YeHHBIE C WCIOIh30BAaHWEM JHArHO-
ctuaeckoro yeikadepesa (J1JID). ABTopsr obpaTmim
BHHUMaHHUE Ha T0, 4To riardopma «CellSearch» moxeT
00pabaThIBaTh TOJBKO OrpaHrUueHHbIC 00beMbl J1JID
(~2 wm). ITosTomy umu ObIT pazpaboTaH MPOTOKOI
st moncueta LJOK B mpoaykrax JJID ¢ ucnomns3o-
BanueM tuiatrgopmel «ISET». OHu cpaBHHIN KOJH-
yecTBO AerekTupyeMblx LIOK mexay mardopmamu
«CellSearch®» u «ISET». C agantupoBaHHBIM TIPO-
TokooM «ISET» MoxHO 6110 00padaTsiBaTh 10 MIT
JJI®. «CellSearchy» B maHHOM HCCIIEIOBAaHHH IIO-
3Boss1 00Hapykuth [JOK B 2 X 108 nefikonutos (B
cpemHeM 2 MiT). ABTOPBI OTMEYAIOT, 9TO IaTdopMa
«ISET» ycmermmHo obpadorana Bce npomykTel 1JID.
Bcero 0but0 06padorano 10-20 mun JJID. «ISET»
no3Bonmia aerekruporarh LIOK B 88 % oOpasmos
1o cpaBaenuio ¢ 69 % (p<0,05) ¢ ucmnonb3oBaHUEM
miatdopmbl «CellSearchy. «ISET» Takxke mo3Bonuia
JeTeKTHpOoBaTh ~B 4 paza Oonpiee konuuecTBo LJOK
B OJIHUX U TeX e Mpoodax (MeauanHoe 3HaueHue [[OK
«ISET» xneTok/mi paBHO 4, MeIHaHHOE 3HAYCHHE
HOK mns CellSearch knetox/mn pasHo 0,9). Knetkw,
TTOJIOKHUTENbHEIC TT0 Mapkepam EpCAM B mepecueTte
Ha 1 M1, OBLTH OOHApPYKCHBI B OJMHAKOBBIX KOJIH-
gecTBax o0omMHU MeTojamMu. B memom, miardopma
«ISET» mozBonuna o6paborats 0oibine 00HEMBI
KJIIETOK M ICTEKTHPOBaTh Oomnbinee koaudectBo [JOK
o cpaBHeHuIo ¢ maardopmoit «CellSearchy.

AccuCyte® Sample Preparation System

(«RareCyte»)

OrnaocurensHo HegaBHO s AeTekinu [TOK mo-
SIBIJTACh MCCIIeoBaTeIbCcKas miardopma «RareCytey
[38, 39]. B mnardhopme «RareCyte» peann3oBaHbI
yBeMYeHHBIE BO3MOKHOCTH Aiist rtonydeHus LIOK ¢
Ooee eTann3upOBaHHON (PEHOTUITHIECKON XapaKTe-
puctukoii moarunos [{OK u MmonekynsapHoro ananusa
OTJCIBHBIX KJIETOK. B aTOM oTHOIIeHnn «RareCyte»
MIPEJICTABIISIET COOOH «HOBOE IMTOKOJICHUE)» KIICTOUHBIX
TEXHOJIOTHH B )KUAKOW Ororicuu. [1iis uneHTnuKanim
n anam3a L{OK «RareCyte» pa3pabotaia uHTErpH-
POBaHHBIH MIPOIIECC MTOATOTOBKY 00pa3IloB, BU3yaln-
3allMM U TIOUCKA OTIENbHBIX KJIETOK. IlepBblil miar B
atoM miporiecce «AccuCyte®» (meHTpudyrupoBanume
KJIETOK B TPaJMeHTEe IJIOTHOCTH) MO3BOJISET pasje-
JIUTh, COOpATh ¥ MEPEHECTH Ha CIIal| PPaKIHIO SIPO-
COJIEpIKAIINX KIETOK KPOBH, KoTopast conepxut LIOK,
Y IPOBECTU UMMYHO-(ITYOPECIICHTHOE OKpAIlIBaHHUE,
UISHTU(UKAIINIO U OTOOP OTAEIBHBIX KJICTOK IS
nocieaytomiero ananu3a. CornocTapieHHe OCHOBHBIX
xapakTepucTHK rmiarhopmer «RareCyte» ¢ «3010TEIM
craggaprom» aereknuu LHOK (mmardopma «Cell-
Search») Ha ogHHMX W TeX ke oOpasmax KpOBHU IPO-
JEMOHCTPHUPOBAJIO MX COTIOCTaBUMOCTH: B 00pasmax
KpPOBU MAIIMEHTOB KOMHUECTBO neTekTupyeMbix [IOK
B OOJBITMHCTBE CIIy4acB HE MPEBBINIANO 3HAYCHUS
200 xnerok B 7,5 MJI KPOBH y TAlIUEHTOB C KOJOPEK-
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TaJbHBIM PAKOM, PAKOM IPEACTATEILHON K MOJIOYHON
xene3bl. C HCIONB30BaHUEM 3TOM K€ MIaT(OpMBbI
C.A.Blau et al. [40] uccnemoBano kommdecTBo [IOK B
KPOBH OIHOH NMAIIMEHTKH C METaCTaTHYECKUM TPHILI-
HETaTHBHBIM PAKOM MOJIOYHOH YKeNIe3bl (KITHHIYEe CKUH
ciaydaif). B craree mcxomnoe xommdectso 1IOK B
nepudeprudeckoil KpOBU MAMEHTKH JI0 Hadasia ImpoBe-
JICHUS TEPaTIeBTUUECKUX TPOLIEYP IPUBOIUTCS PaB-
HbM 1500 LIOK/M1, onHako Ha rpaduke yKa3piBaeTCs
paBHBIM 1,5 % 1073 knetok/min. OTCyTCTBUE TAOIMYHBIX
JAHHBIX HE TIO3BOJISIET IPOSICHUTD 3TH CYIIECTBEHHBIC
pacxoxkaenus. B npyroii pabote ¢ UCTIONB30BaHUEM
3TOH *e mardopmel [9] naHHBIE O KOTUYECTBE KIle-
TOK TIPUBOJISTCS YK€ B MPEICTABICHUH KOIUYECTBO
1HOK/7,5 mn kpoBu. B nannHoi padote Ooiree 4eM B
95 % cmyuaes (20/21) 3TOT MOKa3aTeIh HE TPEBhIIIAT
snadenust 300 1IOK/7,5 mn (unu 40 kimetok/min), u
TOJILKO y OJHOTO TIAIlMEHTa ATOT MOKa3aTelb MPEBbI-
mran 3Hagenue 3000 LIOK/7,5 mn nepudepnueckoit
KpPOBU. DTH JIaHHbBIC HAIVISITHO JEMOHCTPHUPYIOT YiKe
paHee NpUBOANMbBIC HAMHU AAHHBIE O TOM, YTO KOJIHYe-
CTBEHHBIE NokazaTenu conepxanusi LIOK Bapsupyror
B OU€Hb IMPOKOM IMHAMUYECKOM JHana3oHe, HO B
TIOIABIISFOIIEM OOJBIITIHCTBE CTyJaeB HE ITPEBhIMIA0T
3aaueHus 300 LIOK/7,5 mit repudepraeckoit KpoBH y
MAIMEHTOB C OHKOJIOTUYECKUMH 3a00JIEBAHUSME. ITOT
JKe BBIBOJ] IOATBEpIKIaeTcs B pabore [41], B kKoTopoit
aBTOPBI IPUXOJAT K 3aKITIoueHuIo o0 ToM, uTo LIOK ne-
TEKTUPYIOTCS Y 75 % MAIMEeHTOB C OHKOJIOTUYECKUMHU
3a00J1€BaHMSIMH, ITPH 3TOM KOJTUUECTBEHHBIC TIOKa3a-
tenu aerekunu LIOK mMeroT mMennanHoe 3HaueHHE
2,5 HOK/7,5 mu ¢ BappupoBaHHEM B 1uanazone ot 0
1o 170 LIOK/7,5 mu.

Knunuueckue acnexmot ucnonvzosanus I[OK

W.C. Chou et al. [42] npoananu3upoBaHa BO3-
MOXKHOCTh CO3JIaHHsI IPOTHOCTHYECKON MOJEIHU C
HCIOJIb30BAHUEM KOJIMYECTBEHHBIX XapaKTEPUCTUK
MUPKYJIUPYIONIMX OIMYXOJEBBIX KJIETOK JUIS TPOTHO-
3UpPOBAHUS PE3YJIbTATOB BEDKUBAHUS Y MMAIUEHTOB C
METaCTaTUIeCKUM KOJIOPEKTATBHBIM PAKOM. ABTOPBI
WCIIOJTB30BAIM MPOTOKOJIBI HETATUBHOU CEJICKIIUH
JUTSL YIAJICHUS SPUTPOIUTOB (JIU3UC) U JICWKOIIUTOB
(CD45+ cemexnmsi) ¢ MOCHEAYIONMEH MPOTOYHOM
IMIUTOMETPHUEH TSI KOTWYESCTBEHHON maeHTH]UKa-
nuu [HOK. beuto mponemonctpupoBano, uto [IOK
OBl OOHAPYXKEHBI y BCEX MAI[UCHTOB, U CPEIHHI
mokasarenb konmuuectBa 1IOK cocrasmsin 30,8 /v
(mpu nmanaszone 5,8—431,3 LIOK/mn). Menuana
obmei BepkuBaemoctH (Overall Survival, OS) n
oespenuauBHoii (Progression Free Survival, PFS)
coctapunu 37,1 u 13,3 Mec COOTBETCTBEHHO y Ma-
ueHToB ¢ komumaectBoM [{OK <30 /mm, B TO BpeMs
kaxk mMeanana OS u PFS cocrasmm 14,9 u 5,1 mec
COOTBETCTBEHHO y mamueHToB ¢ I[OK>30 /mn
(p<0,001). [IporaocTHYECKAst MOJIEIT, UCTIONTB3YIOIIIAs
IHOK B coderanuu ¢ qpyruMu HE3aBUCHMBIMH KIIH-
HUYCCKUMHU TIEPEMEHHBIMH, IT03BOJIMIIA eIIle OO0JIbIIe
JIMCKPUMUHHPOBATH MallMCHTOB HA «XOPOIIHE» U
«IUIOXHME» MPOTHOCTHYECKHUE TPyl Menuana OS u
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PFS cocraBmsinu 32,4 u 11,5 Mec B «xopoluei» npo-
THOCTUYECKOU rpynme u 5,4 u 2,7 Mec COOTBETCTBEHHO
B «IIJIOXOI» HPOTHOCTHUYECKOH IpyTie.

D. Boral et al. [43] mpoBeneHO HccIemOBaHUE MO-
JIEKYJISIPHBIX XapaKTepUCTUK TpaHckpurtoMoB [IOK y
OOJIBHBIX PAaKOM MOJIOYHOM KeJIe3bl U UX MPEeTUKTUB-
HOM POJIM ¢ TOUKH 3peHHs 00pa30BaHUS METACTa30B
TOJIOBHOTO Mo3ra. J{Js monmydeHus: 1 uaeHTUHKa-
uuu LHOK npumeHsnu kak pyTHHHO HCHOJIb3YEMYIO
wiatpopmy «CellSearch®», Tak u pazpaboranHbIi
aBTOpaMHy MyJIbTUIIApAMETPUYECKUI IpenapaTUBHBIN
METOJl C MUCIIOJIb30BAHUEM MIPOTOYHON LUTOIYyOpH-
metpun (FACSAriall, BD Biosciences), cocrosimmmii
13 3 1OCIen0BaTeNbHbIX 3TANOB: JUCKPUMHUHALIMN 1
yAAJICHUS] MEPTBBIX KIIETOK, YIAJICHNS KIETOK, OOBITHO
MPUCYTCTBYIOIINX B TieprUpepruieckoll KpOBH, C UC-
MOJIb30BAaHUEM aHTHTEJ, U MOJOKUTEILHOTO 0TOOpa
PanCK+ (snurennanbhbix) win CD44+/CD24- ITOK
C IpU3HaKaMHU «cTBooBoCcTHY. MccnenoBanusa LIOK
HEOOXOOUMBI [T paHHEeH WACHTH(PHUKALIUH, MOHUTO-
PHUHTa 1 OLIEHKH OTBETA Ha 3(PPEKTUBHOCTD JICUCHHS
METaCTa30B Paka MOJIOYHOM JKeJIe3bl TOJIOBHOTO MO3Ia
(breast cancer brain metastasis, BCBM). C ucrmosnb-
30BaHMEM KOMIUIEKCHOI'O aHaju3a TPAHCKPHUIITOMOB
HOK aBropamu 0OHapykeHa yHUKAIIbHAS «CUTHATYPA
TeHOB LIUPKYIUPYIOUIUX OMTyXOJIEBBIX KIETOK», KOTO-
past ONINYAETCs OT NEPBUYHBIX TKAHEH paka MOJIOYHOM
xenesbl. [lanpHeilnee uceae10BaHue CUTHATYp T€HOB
HOK no3Bonniao uaeHTHPHUIUPOBATH CUTHAIBHBIC
nyTH, cesa3anHbie ¢ [IOK BCBM, koropsie MoryT
urpate poib B noreHuupoanuu BCBM. Ilo pe3ysib-
TaTaM UCCIIeIOBaHM peITokeHbl OrnomMapkepsl LIOK
U CUTHAJbHbIC IIyTH, BOBJICUCHHBIE B 00pa3oBaHME
BCBM, koTopbie MOTYT OBITh HCTIOIB30BAHBI B Kaue-
CTBE MHCTPYMEHTA CKPUHUHTA JUI1 0OHAPYKEHUS MU-
KpPOMETACTa30B FOJIOBHOTO MO3ra JTM00 JUIs IPUHSTHS
paIMOHAIBHBIX PELIeHUH O JICYEeHUH U MOHUTOPHHTA
TepaneBTHUECKOro oTBeTa y nanueHtos ¢ BCBM.

3aKJIroueHue

KimHnueckast mpakTHUKa JaBHO HCIBITHIBAET I10-
Tpe6HOCTB HCITIOJIB30BAHHUA B OHKOJIOI'MU MaJIOMHBA-
3UBHBIX MapKepOB MaJIMT'HU3aI1uu, MeTaCTaSI/IpOBaHI/IH
W YYBCTBUTEJILHOCTH/YCTOWYUBOCTH K UCIIOIB3yEMbIM
TepaHCBTI/I‘ICCKI/IM cXeMaM JICUCHUS. BCCM 3TUM Tpe-
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Abstract

The purpose of the study was to summarize available data on genetic counseling for people with hereditary
diffuse gastric cancer (HDGC) syndrome, treatment strategies for family members with HDGC, prophylactic
gastrectomy (PGE), and surveillance of CDH1 and CTNNA1 mutation carriers. Material and methods.
A literature search was conducted using Web of Science, Scopus, MedLine, Cochrane Library, and RSCI
databases. Results. HDGC syndrome is an inherited genetic syndrome that leads to the increased risk for
both diffuse gastric cancer (DGC) and lobular breast cancer (LBC). About 1 to 3% of all gastric cancer cases
are HDGCs. A high frequency of CDH1 gene mutation was first identified by P. Guilford et al. in 1998 in 3
Maori families from New Zealand. The cumulative risk for HDGC in CDH1 mutation carriers is 42 to 70% for
men and 33-56% for women at the age of 80 years. Due to the rarity of the disease, the main publications
dealing with this problem are clinical case descriptions. Conclusion. Multicenter clinical trials are required
to improve screening and management of HDGC syndrome.

Key words: hereditary diffuse gastric cancer, hereditary tumor, diffuse type, CDH7 mutation, prophylactic

total gastrectomy.

Beenenue

Pax xenynka (PXK) saBnsercs 5-if mo yacToTe BBI-
SIBJICHUS 3JI0KAaYECTBEHHON OIMyXOJbpi0 B Mupe [1].
Kax npuunna cmeptu PXK 3anumaer 3-e Mecto cpenu
OHKOJIOTHYECKHX TIporieccoB (723 000 cmepreii exe-
romHo). B Poccwmiickoit @eneparmu B 2018 T. BELIBIICHO
34 157 noBsix ciydaeB PXK, u3 vux I craguu — 12,4 %.
B teuenne 1-ro roga nocie ycTaHOBIEHHS JUarHosa
ymepiu 47,4 % maunueHTos [2].

HIPX Bctpewaercs y 1-3 % marmentos ¢ PXK [3,
4]. Tuctonmoruuecku 310 3a00JIeBaHUE MTPEACTABICHO
MEPCTHEBUIHOKIICTOYHOM (OPMOH paKa )KelyaKa Win
HU3KOMU B epeHITMPOBAHHON aJIeHOKapIIMHOMOH [5].
B pazsutuu cungpoma HJIPX kitoueByro posb npu-
MUCHIBAIOT TeHETHYECKUM MyTalusM. B xpomocome
16qg22.1 pacnonoxxen ren-cynpeccop CDH 1, KOTOpbIii
koaupyet mmkonpoTtenH E-cadherin. 3to monekyna,
cocrosimiasi U3 3 AOMEHOB: LIUTOILIA3MaTHYECKOIO,
TpaHCMEMOPaHHOTO U SKCTpanesuTosipaoro. [pu my-
taumu CDH sxctpauenmonspasiid fomeH E-cadherin
TEpsieT BO3MOXKHOCTH ()OPMHUPOBATh MEKKIETOUHBIE
cBs3u 5, 6]. B 1998 1. B 3 cembsix maopu u3 HoBoi
3emaHauu MPOJEMOHCTPHUPOBAHA BBICOKAs 4acTOTa
myTtaruit CDHI u ee cBsi3b ¢ JIP2K Bo MHOTHX TIOKOJTE-
Husx [6]. B nanpHeiieM ycTaHOBICHO, UTO IETEPO3U-
roTHasi repMmuHatuBHas mytauus CDH 1 yBenuuuBaet
puck 3a007eTh B TeueHue sxm3au HPXK, a y sxeHmiH
eme u JIPMX [7].

HJIPX — penkxoe 3aboneBanue. Knunuueckue
pEKOMEHAALMH ISl AMATHOCTUKU U JICUEHUS] 3TOrOo
cHHApOMa pa3paboTaHBl Ha OCHOBE ITyOIWKAITUN
OTJIETTLHBIX HAONIOMEHUN WIIH CePUN KIMHUYECKHUX
cllyyaeB, 00CepBaIlMOHHBIX 0030POB H OTIBITA YKCTIEP-
TOB, HO HE PaHIOMU3UPOBAHHBIX HCCIEAOBaHUN [§].
B aHMm0s13b14HOI JTUTEPATYpPE XOPOILIO OCBEILIEHBI I'e-
HETUYECKHE MEXaHU3MbI pa3BuThs cuHapoMa H/IPK,
texauueckue acnektsl [11'3. I1pu a3Tom coxpansercs
0O0JIBIIOE KOJIMYECTBO HEPACKPBITHIX BOIPOCOB, HE-
SICHBIM SIBJISIETCS ONTHUMAJIBHBII BO3PACT, B KOTOPOM
HeoOxonuMo BBITONHATH 11D, He yTOYHEHBI mpo-
JOJDKATENBHOCTh M YacTOTa 3HOCKOIMYECKOro Ha-
Omtonenust 3a HocutessiMu Mmytauuit CDHI/CTNNAI
B noctynHol pycCKOSI3bIYHOM JTUTEpaType HAMH He

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 126-134

BCTPEUYEHO CUCTEMAaTU3HPOBAHHBIX ONTUCAHUI KITIOUe-
BBIX 3apyOeXKHBIX HccinenoBannii B oomactu HJIPXK.
Henp uccaeqoBanus — MPOaHATU3UPOBATE J10-
CTYITHYIO Ha PyCCKOM U aHIJIMHCKOM SI3bIKaX JINTepa-
Typy o HAPK, mpoectu 0630p nokazarenbHOM Oa3bl
MPUMEHSIIOIIUXCSI B MUPOBOM U pOCCUIICKON TPAKTHUKE
MOAX0A0B K nuarHoctuke u jJedennro HJPXK, a tak-
K€ DHAOCKOMUYECKOMY HAOJIOJEHUI0 HOCUTEIEH
mytaruun CDHI u CTNNAI, n3y4uth UMEIOMUNACS
MHUPOBOI ONBIT MPOPUIAKTHUECKON raCTPIKTOMUH Y
Hocuteneir CDH1 6e3 monrBepxkaernoro HJIPXK.

MarepuaJj 1 MeTOIbI

ITouck nHOPMAIUK OCYIIIECTBIISLIN B 0a3ax JIaH-
HBIX Web of Science, Scopus, MedLine, The Cochrane
Library, PUHII.

Huaznocmuxka, cenemuuecxoe

KOHCYTbmMUpPOoBanue u aHanu3 Mymayuil

B 1999 1. chopmupoBan International Gastric
Cancer Linkage Consortium (IGCLC) — MexayHa-
POIHBIN KOHCOPIIMYM IO PaKy »Key/Ka, KOTOpBIH B
2010 r. pa3paboran kpurepun HIPXK, man pekomen-
Jlaliuy 110 IUarHOCTHKE 3TOr0 3a00JI€BaHMUsI U MEIUKO-
TeHETHYECKOMY KOHCYJIBTHPOBAHHUIO MAIUEHTOB U
YICHOB UX ceMel. Ha ceronHsImHmii 1eHb aKTyaabHbl
IUIsl KIIMHUYECKoro npuMeHenus kputepun HJIPK,
onyonukoBanHbIe B 2020 1. [8].

Cewmelinple KpUTEpHH (KacaroTcsi pOACTBEHHUKOB
1-2-#1 nuHuit): >2 ciydaeB paka >KedyakKa y poli-
CTBEHHHMKOB BHE 3aBUCHUMOCTH OT BO3pacTa, IpuiIeM
KaK MUHUMYM y 1 pOICTBEHHMKa 3TO JOJIKEH OBITh
JAPX; >1 cygas JIPXK B mro6oMm Bo3pacte u >1 ciry-
gast [IPMXK B Bozpacte <70 JieT y pa3nTuIHBIX YWICHOB
cempy; > 2 ciydaeB JJPMX y uieHoB ceMbu B BO3-
pacte <50 ner.

MupuBunyaneasie kputepuu: JIPXK B Bo3pacte
<50 net; JIPXK B 11000M BO3pacTe y mpelcTaBUTEINs
HarmoHanbHOCTH Maopu; JIPX B nrobom Bo3pacte
y MalueHTOB C IMEePCOHATBHON MIIN ceMelHOM (po-
CTBEHHUKH |-ii TMHWH ) HCTOpUEH 3as9bei TyObI WTH
Bonubeit nactu; JIPJK u JIPMIK, nuarnoctupoBaHHbIe
y 1 manuenTku B Bo3pacte <70 JeT; ABYXCTOPOHHUI
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JIPMXK B Bo3pacte <70 11eT; NepCTHEBUAHOKIETOUHBII
paK XKenyaKa in situ WIA pacpoCTPaHEHUE OTIEIBHBIX
MIePCTHEBUIHBIX KJIETOK Yy MAIMEHTOB B Bo3pacte <50
JIeT.

CooTBeTCTBUE MALMEHTA OJHOMY MJIM HECKOJIBKUM
KPHUTEPUSIM SBIISIETCS TIOKA3aHUEM K TPOBEIECHUIO
tectupoBaHus Ha mytanun CDH 1. Ecnu o onuH 13
BapuaHToB myTauuu CDH ne Boissnen, IGCLC-2020
PEKOMEHJIyeT TEeCTUPOBATh MallMEHTa Ha MYTallUIo
CTNNAI [8]. 'eneTndeckuii aHaIN3 Ty4IIe BCETO Mpo-
BOIIUTH 10 00pa3ity KpoBH >kuBOTO ManuenTa ¢ HJIPX.
Pexomennyemblii BO3pacT Hauajia TECTUPOBAHMS HA
mytaiuu CDHI u CTNNAI — 16 et [5].

Mytauuss CDHI obHapyKeHa y BCeX HallMOHAIIb-
HOCTEI, HO JaIlle BCEro BCTpeyaeTcsi CPeIu HapoJIoB,
MPOKUBAIONIUX Ha Tepputopuu HoBolt 3ermanaun u
Kanangr. ITo onenke C. Hakkaart et al. [9], 13 % mna-
nuenToB ¢ JIPXK nomyssiiun maopu HoBoit 3enanaun
HMMEIOT IAaTOreHHbIE BapuaHThl MyTatuu CDH . B cBs-
3W C 3THUM CYIIECTBYET HAI[MOHAIbHAs OCOOCHHOCTD
peKoMeHIaluii JIJIsl TeHETUYECKOTO TEeCTUPOBAHMS:
BceM MaopH ¢ noareepxkieHHbIM JIPXK pexomenyercs
MIPOBEICHNE TEHETUYECKOTO TECTUPOBAHUS MYTaIlUN
CDH . B SInonnm u FOxHo# Kopee HartmoHamsHBIMU
pPEKOMEHJAIUSAMHU PeTsIaMEHTUPYETCS OTpeiesieHne
myTtauuu CDH 1 BceM MalieHTaM ¢ BhIBIEHHBIM TPH
9H/IOCKOTINYECKOM UCCIIEIOBAaHIH HITH TIPH U3yUEHUH
YIaJEHHOTO XeyJIKa MepCTHEBUIHOKIETOTHBIM
pakom.

Ha ceronnHsilIHUN J€HBb B BOIPOCE O IOIYJIS-
LMOHHOW M 3THUYECKOW Crenu(pUUIHOCTH MYyTaluu
CDH]1 uet yeTkoit onpeneneHHocTu. B Poccutickoit
Odenepalui yaaIioch HAUTH OTAETBHBIC TyOIUKAIINN
KITMHUYECKUX CITy4aeB WK CepUr HaOMoAeHn nanu-
entoB ¢ H/IP)X u uneHoB nx cemeit. CtaTucTrueckas
0a3a ATHX MUCCIIEJOBAaHUH TTOKA HE TIO3BOJIAET C/IeNIaTh
BBIBOJI O pacmpocTpaHeHHOCTH MyTaruu CDH 1 nipu
pake xenyaka Ha Tepputopuu PO [4].

CDHI — onyxoneBsli cynpeccop. [lorenunu-
aJBbHBIMU MEXaHU3MaMH, HeoOXOIUMBIMU NS (e-
HOTHUITUYECKOTO MPOSBICHUS MYTAIlUH, SBISIOTCS:
MUCCEHC, JIENEeNH U IMUTCHETHYECKUEe HapyIICHHs
(runepmeTtmiimpoBanue nmpomotopa) [5]. Kpome Toro,
CYIIECTBYIOT 00JIee PeKUE TUIIBI MyTalluii: HOHCEHC,
omMOKN CIulaficuHra u GonblIMe JeNeluy SK30HOB
[10, 11].

Omnucano 6onee 100 myrauuii rena CDHI B Xpo-
mocome 16q22.1 [4, 12, 13]. OngHuM U3 OCHOBHBIX
HampaBICHUH HMCCIEOBAHUN SBISIOTCS MOUCK U
BBISIBIICHHE (DYHKIIMOHAJIBHO 3HAYMMBIX MYTAaIlHil,
CIIOCOOHBIX MHUIIMUPOBATh pa3BUTHE OOJE3HH.
A.C. lUykanoB u coast. [12], u3y4uB 9 manueHTOB
¢ cunapomom HJIPXK, BhIsIBUNIM peakue BapUaHTbI
¢.2253C>Twu c.1005delA. Boripoc 0 IOBBIIIIEHUH PH-
cka paszsutus H/IPXK npu 5TuX MyTanusx HyXJ1aeTcs
B JJaJIbHEHIIIEM U3yUEHHUH.

B noctynHoll nuTeparype He yaaloch HaWTH
uccienoBanui xapakrepa teuenuss HIPXK u ero
MIPOTHO3a TPU PA3NUYHBIX THIAX TEHETHUYECKUX Ha-
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pymeHuid. OOLWEPUHATBI METO/ ONpeIeICHUS MY-
tauuu CDHI — MONEKyIApHO-TeHETUYECKUN aHaJIN3,
BKJTFOYAOLMI CEKBEHUPOBAHHUE BCEH OTKPBITON PAMKH
CUNTBIBAHMS, BKIIFOYast TPAHUIIBI THTPOHOB U SK30HOB,
a TaKKe aHaJIN3 YKciia KoUK OTJEeNbHBIX 9K30HOB IS
oOHapykeHHUs enenii nin nosropos. Heobxonnmo
OTMETHTh, YTO AAHHBIA MeTox He oOmamaer 100 %
cren(pUUHOCTBIO M 9yBCTBHTEIBHOCTBIO. Jlaboparop-
HOE 3aKJIIOYEHUE HE XapaKTepHu3yeTcs MOJSPHOCTHIO:
«MYTal¥sl IPUCYTCTBYET» MM «MYTaLsI OTCYTCTBY-
eT». CeKkBEHHUPOBAHHUE ONPEACIACT HYKJICOTUAHYIO
nocisieoBaresbHOCTh Moliekyibl JIHK. B nansueliniem
Bpau-TeHETHK MHTEPIIPETUPYET TeHeTHUECKUI BApHaHT
CDHI kak «BepOsTHO MaTOTEHHBII MM C «HEyCTa-
HOBJICHHO ITaTOT€HHOCTHIO». B HacTosIee Bpems He
JI0 KOHIIA SICHO, HEOOXOIMMO JIU TTAIIHEHTaM C TaKUMHU
3aKJIIOUEHUSIMH MTPOBOJUTH JaibHeliee o0cie0Ba-
HUe, JIeUeHNe WK HaOmoneHue [8].

BeTpeuaroTcst paGoThl MO0 TPUMEHEHHI0 UMMY-
HOTMCTOXHMHUYECKOTO METOJla JJIs JUAarHOCTHUKHU
MOCIIEACTBUS 3TOTO TEHETUYECKOTO AcedeKTa — He-
JIOCTaTOYHOCTH WK oTcyTcTBHs Oenka E-Cadherin.
W.N. llitedpanoB u coasr. [6] nposenu U X-uccre-
noBaHue y 33 OONBHBIX pakoM xkeiyaka. s onpene-
JIeHUs HeJocTatouHocTH Ui otcyTeTBus E-Cadherin
UCIIOIb30BAJIN UMMYHOIIEpPOKCHAA3HBIN MeTon. Cra-
OoroNIOKMTEbHAS WIIM HETaTHBHAS pPeakius darie
BCTpEUAIUCh MPH HU3KOAU(DPEPESHIINPOBAHHBIX, He-
muddepeHIMpPOBaHHBIX U NEPCTHEBUAHOKICTOUHBIX
(opmax paka xeryaka. CrrabonoaoKUTeIbHBIN Pe3yiib-
TaT aHaJIM3a U OTCYTCTBUE PEaKLMH aBTOPBI TPAKTYIOT
Kak mokasarenb myTtaruun CDH .

Ilo maHHBIM pa3IMYHBIX ABTOPOB, YACTOTA MyTa-
uuu CDHI B ceMbsiX, COOTBETCTBYIOIINX KPUTEPUIM
HIPX, Bapsupyer, coctasinss ot 10,8 10 19 % [10-14],
He MpeBbIas B 0011e nomynsiuu Hacenenus 1 % [5,
8]. M3-3a 0TCYTCTBUS CUIIBHOM KOPPENIALINHU PA3BUTHS
cunapoma HJAPX ¢ myranueit CDHI noucK HUHBIX
T€HOB, KOTOPbIE MOT'YT OBITh BOBJIEUEHBI B KAaHLIEPOTe-
ue3 pu HJPXK, nponomken. HoBoit repMuHaTHBHOM
MyTaluei, CBI3aHHOH C OBBIIIEHHBIM PUCKOM 3200-
neBanust HIPXK crana CTNNA I, BuepBble ONMCAHHAS
B 2013 . [15, 16]. B nampHEHIEM HCCIeOBAHUA,
OCHOBaHHBIE Ha TIOJTHOM 3K30MHOM CEKBEHHPOBAHUH,
BBISIBWJIN JIpyTHe IeHbl, TAaK WM HHAYe CBA3aHHBIE C
puckoM pazButust HIPX: RAD51C, PALB2, BRCA?2,
ATM, MAP3K6 [1, 13, 15, 17-19]. ABrops! nenaror
BBIBOJI O I€JIECO00Pa3HOCTH MCIOJIb30BAaHUA pac-
HIMPEHHBIX TE€HHBIX MMaHeNe! C LeNbI0 MOMCKa HOBBIX
MyTalllii, MOBBIIAOMNX MPEIPACIION0KEHHOCTh K
pazsutuio PJK. B cBsI3u ¢ MasibIM KOJIMYECTBOM HH-
hopmarnmu B pexkomernanun IGCLC-2020 BKITIOYEHBI
tonbko reHsl CDHI u CTNNAI. TectupoBanue Ha
myTtanuio PALB2 MoeT paccMaTpuBarhCs B CEMbSX,
I7ie OBBIIICH PUCK paKa *eyIKa IPU OTPULATEIbHBIX
CDHI1 u CTNNA1 [8]. IlarneHTOB, COOTBETCTBYIOIINX
kputepusim IGCLC-2020, nomkeH KOHCYIbTHPOBATh
MenuruHckui reHetuk [20]. B ero 3amaun BXOguT
cOop aHamHe3a 3a00JIeBaHUH 3 TIOKOJICHHWI CEMbH
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MAIMEHTA; BBISIBICHUE UCTOPHUU 3asgubeil ryObl Win
BOJTYBEH MTACTH y WICHOB dTOW CEMbH; 00CYKICHNE C
nanueHToM pucka pazsurus H/IPK wim IPMIK; npo-
Bezenne ananuza CDHI n CTNNA I, uatepnpeTarnys
pe3yibraTta. YCTaHOBJIEHO, YTO KyMYJSATUBHBIA PUCK
3aboneBanust HIPX y mozeli ¢ monoxuTeabHON My-
taiueit CDHI k 80 romam coctasisiet 42—70 % st
My>xuuH U 33-56 % nmns sxkenmud [12, 21].

OtaenpHOro 00CYKACHHS 3aCTy)KUBAET TAKOH KpH-
TepUi, KaK HAJTMYHUe 3as9beli I'yObl U BOJTYbEH MacTH B
MIEPCOHAIBHOM MIIM CEMEIHOM aHaMHese. Mccnenosa-
TeNn 00BSICHAIOT MATOTeHEeTHYECKUI MEXaHU3M CBA3H
3TUX COCTOSIHUH BBISIBICHHOM POJIBIO MYyTAallUil B IEHE
CDH| xak npuuusnbl He Toasko HIPXK u IPMIK, Ho
Y CHHApOMA 3asiubell TYOBI U BOMYbe macTu. More-
KyJSPHBIMH MEXaHU3MaMH1 MOTYT OBITh TIOHMKEHHAS
TpaHC-TUMepHU3alus B KIETKaX, yCUICHHBIN 3HI01IH-
TO3, TOTEPS B3aUMOAEHCTBHS IUTOCKENIETOB COCETHUX
KJIETOK C MOCJICAYIOIIUM HapyLICHUEM TPAaHCIyKIIUN
MEXKJIETOUYHBIX CUTHAJIOB [15].

Cmpamezus éedenus 4ienog cemei

nauuenmos ¢ HAPK

[TarmenTam, y KOTOphIX BeIsiBIIeHa MyTarwst CDH 1,
pexomenmanun [GCLC-2020 mpenmnuceIBatoT mpe-
narath npoguinakTudeckyto racrpakromuto (I1I9)
[8]. B ciyuyae oTkaza mauueHTa OT ONEPATUBHOTO
BMELIATEIbCTBA I [IPU HATMYUH [IPOTUBOIIOKA3aHUN
pexomenioan O JIC-konTpons 1 pa3 B 12 mec 1o crie-
IUabHO pa3padoTaHHOMY IpoToKoiTy. OnpeneneHue
myTtauu CTNNA I peKoMEHI0BaHO JIULAM, Y KOTOPBIX
TecT Ha myTauuto CDHI oka3ajics OTpULIATEIbHBIM.
B ciryqae oOHapyskeHUS MOIOKUTEIBHON MYTaIlHH
CTNNAI 1GCLC-2020 Taxxe npemraraet 111D [8].
Knunnueckue pekoMengannn MuHUCTEpCTBa 37pa-
BooxpaHeHust PO, onyonukoBanusie B 2020 1., ipen-
MUCHIBAIOT anuenTam ¢ CDH [ myTanueil mpoXoauTh
KOMILIEKCHOE o0ciefioBaHne Kaxkabie 6—12 mec.

JlekapcTBeHHas MPOPUIAKTHKA U TEPAIHSI OITYXO-
i ipu curapome H/IPXK He 1o xoH1a pa3paboTaHbI.
Tak, k mpumMepy, B ucciaenoannn N. Bougen-Zhukov
et al. [16] moka3aHo, 4YTO KIIETKH MOJIOYHOM sKeJIe3bl U
KenyjKa in vitro, umerorue mytaruu CDH 1, Gonee
YYBCTBUTENBHEI K Bo3elicTBrI0 AK T-uHrnomTopos,
geM KJIICTKH 0e3 TaHHOW MyTartui. TapreTHas Teparnus
rpu cunapome H/IPX sBisieTcs nepcreKTUBHBIM Ha-
MPaBJICHUEM JaIbHENIINX UCCIEN0BAHUM.

IMpodpunakTuyeckas racTPIKTOMMS

Brnepssie 113D Bemonann u onmcan F.R. Lewis u3
Henry Ford Hospital (Jetpoiit, CILIA) [22]. Komek-
TUB MO €r0 PyKOBOJCTBOM BBIIIOJIHUJ TACTPAIKTOMUIO
6 Hocutensim mytatuun CDHI u3 2 cemeit ¢ HIIPXK.
Uccnenoras ot 150 no 250 ructonornyecknx 6;I0K0B
OT KXKJOr0 MAaI[UeHTa, aBTOPhI OOHAPYKUJIM OYaru
paka y Bcex 6 OosbHBIX. [Ipu 3TOM HU B OTHOM CITy-
yae OI'/IC no onepauuu He MO3BOJIMJIA BBISIBUTH U
BepU(DHUIIMPOBATH 37I0KAYECTBEHHBIN Iporiecc. [locie
ATOTO CXOKUE WM AaHAJIOTUYHBIC CEPUH KITMHIUECKIX
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HaOITIOIeHHI ITyOJIMKOBAIIH U IPYTHE aBTOPEI, TPEUMY-
mectBenno u3 CIIA, Kanagsr u HoBoii 3enangnm.
[Ipouienypa crana cTaHIapTHOM B 3THX M HEKOTOPBIX
JIpPYTHX CTpaHax, IpU coracuu U (yHKIMOHAIBHON
orepabebHOCTH MalUeHTA.

IGCLC-2020 npemraraeT BBITIOIHATH BCEM JTUIIAM
¢ oOHapyxenHo# myranueit CDHI I11'D, He3aBuCHUMO
ot kaptunbl Ha DI JIC [8]. Bo3pacT, B KOTOpOM HY>KHO
9TO A€J1aTh, 3aBUCHUT OT CIACAYIOIINX (GaKTOPOB: MPe-
MOYTEHUH MMallieHTa; BO3pacTa, B KOTOPOM BBISABIICHA
MyTanus; GU3NIECKOTO ¥ TICUXOJIOTHYECKOTO COCTOS-
HUS MalKeHTa. bolbIIMHCTBO aBTOPOB CXOAUTCS BO
MHEHUH, YTO OIEPALMIO ITOCJIC BBISBICHUS MyTallln
CDH 1 Heo0xonnMo BEITIONHUATE B BO3pacTe HE paHee
20 net. B Bo3pacTe crapmie 70 et [1I'3 BEIMOTHSIOT
JIUIIH B OTACIBHBIX cayvasx [4, 8].

B 2020 . M. Laszkowska et al. moctponsnu cumy-
JSIMOHHYFO MOZielTh MapKkoBa I aHajIi3a BO3pacTa,
B KOTOPOM ONTHMaibHO TipoBecTH 11I'D. B mMomenn
MIPOU3BEIHN CUMYIAINIO TUITOTETHYECKOTO KITMHIYe-
CKOT'O UCCJIEZIOBaHUS. B HEM B KOropre HMalyeHToB C
nonoxkuTenbHoi mytauueit CDH I Bemonssuiu [1I'D B
pasHom Bo3pacte — ot 20 10 79 net. Monenb yuuthbiBa-
J1a O’KUAAEMOE KaueCTBO, POJOIKUTETHHOCTD KU3HH
noce [1I'D, a Takke mporHo3npoBasa BbKUBAEMOCTb.
ABTOpBI yCTAaHOBHJIH, UTO JJISI MY>KYMH ONTUMAJIbHBIN
Bo3pact [1I'D coctanseT 39 net, B TO BpeMs Kak AJis
skermuH — 30 et [23].

ITepen II'D obs3arensHO BhimonHSIOT IIJIC [8],
LeNbI0 KOTOPOH SIBJISIETCS OLIEHKA COIyTCTBYIOLIEH
MIATOJIOT MU, KOTOPasi MOXKET U3MEHHUTH TIaH OTIepaIiy
(mammpumep, mumieBoa bappeTa), a Takke MYJIBTH-
(hoxanbHYI0 OMOIICHUIO KeNyaKa st 0OHAPYKEHUS
MHUKPOCKOTIMYECKUX 04aroB OOJIEC3HH.

Ha ceropusitinuii 1eHb B 1OCTYNHON JUTEPATYpe
HET €IMHOTO MHEHUS 110 Ha3BaHHIO ATOM MPOIIeTyPHI:
«mpouIakTHIECcKasi TaCTPIKTOMUS» WU «PHUCK-
peayLHpyoIas racTpIKTOMU». DTO CBSI3aHO C TEM,
YTO OOJBIINHCTBO MALMEHTOB, IEPEHECIUX €€, YKe
UMEIOT MUKPOCKOTIMYECKHE OYaru MepPCTHEBUIHO-
KJIETOYHOTO paKa >KeIylKa B CIM3HCTOI OopraHa Ha
MOMEHT omnepanuu. boiabIIMHCTBO HccnenoBaresei
HAPX coobmator 06 0OHapyXeHHUH O4aroB paxa B
yIalIeHHOM TIperapare, Ipu OTCYTCTBHH HAXOIOK
mpu DIJIC mo omepanuu. HanOGombIIEM OIBITOM B
BoinosiHeHuu [11'D 00aar0T aBTOPHI, UCCIICIOBAHUS
KOTOPBIX 0000IIEHBI HAMU B TaOIHUIIE.

ITo nanneim P.C. Hebbard et al., 3 23 namnueHTos,
nepenecux [11'D, y 22 (96 %) Hanum ogaru 310Ka-
YECTBEHHOTO POCTa B yAAJICHHOM keyske. [Ipu aTom
JI0 oTiepaluy 1uarHos 01 Bepuduuuposan y 2 (8 %)
OosbHBIX [24]. OOHapyxeHue POKYCOB paKa >KelynKa
BHYTPH CIIM3UCTON ITPH OTCYTCTBUH IPYTHX IPOSIBIIE-
HUIl 601e3HN COOTBEeTCTBYET | cTagnn 3aboneBaHus.
Oomast S-netHsis BepKrBaeMocth ipu HJIPXK I cranuu
nocJie paauKaabHON onepannu cocrasiset 90 % [5].
HNmeHHO MOATOMY HICCIIeIoBaTeNy U3 CTpaH, TJIe 3TO
3aKpEIICHO Ha YPOBHE HAITMOHAIBHBIX KITMHIYECKUX
pEeKOMEeHAINi, HaCTauBalOT HA MAKCUMaJIbHO paHHEM
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HenocpeactBeHHbIe pe3ynbTaTthl BbinosiHeHus M3
Short-term outcomes after prophylactic gastrectomy (PG)

['mcromornueckue HaXOIKH:

Ta6nuual/Table

pak B 6uonrare npu I JIC/ Meton pexoHcTpykiun JKKT OCH;)::;:;IHH: Terats
ABTopbl/ pak nocue I/ nocie [1I'3/ KUDVDIHECKHe/ HOCTE/
Authors Histological findings: cancer cells in =~ The method of reconstruction of C(l)ar}xllp lications: Mortali
biopsy specimens obtained at EGD  the gastrointestinal tract after PG tota{)/sur cal ’ vy
cancer cells after PG g
330(aro-sHTEPOaHACTOMO3 110
Munitiz, 0/5 Roux-en-Y/ 0 0
2019, n=6 Roux-en-Y oesophago-enteroa-
nastomosis
DiBritio, 2020, 3 PesepByapHslii aHacTOMO3/ 3/2 0
n=10 Reservoir anastomosis
Seevaratman Pa3nu4HbIe BapHAHTBI aHACTO- He viasamsi
201V2 n=1 697 63/147 MO308/ Not ri,lentioned 0
’ Different types of anastomosis
330(aro-sHTEPOAHACTOMO3 TI0
Strong, Roux-en-Y/
2017, n=41 17335 Roux-en-Y oesophago-enteroa- 23/10 !
nastomosis
330(aro-3HTEPOaHACTOMO3 110
Lewis, Roux-en-Y/
2001, n=6 /6 Roux-en-Y oesophago-enteroa- i 0
nastomosis
330(aro-sHTEPOAHACTOMO3 10
.. Roux-en-Y u hopmupoBanrem
Ve 16/23 CIOHOCTOMBI/ 8/7 0

2018, n=26

Roux-en-Y oesophago-enteroa-

nastomosis with jejunostomy

BeIoaHeHuH [1I'D mocie mojgoXKUTenpHOro aHalu-
3a mytauuun CDHI 1ipu COOTBETCTBUM KPUTEPUIM
IGCLC [8].

BrisBnenne mytammiit CDHI n CTNNAI, a Tak-
K€ OIpeJIeIeHNe COOTBETCTBHUS CEMbH IMallMeHTa
kputepusm HJIPXK MoryT npuBecTH K BBISBICHHIO
OO0JBIIOrO KOJIMYECTBA MALIMEHTOB C OECCHMIITOM-
HEIMH (popmamu paka. B cucrtematmaeckoM o030pe
70 nccnenosanui, nocesmeHHbx [1I'D mpu HJPX,
Seevaratman onuceiBaet 220 Hocureneit CDHI u3 60
cemeii, 169 (76,8 %) u3 Hux nposeneHa [1I'3. Cpenn
9THX marenToB y 106 (62,7 %) auarHo3 paxa xeyaKa
J10 orepaiuu He Obu1 Bepuduimposas [10].

BonbmmacTBO MUpOBBIX UAepoB geuenust HJPXK
CXOJISITCSl BO MHEHUH 00 00BbEeMe Ollepaniy: TOTaabHAS
ype30prolMHHas racTpakTomMust. [Ipu aToM npokcu-
MaJbHas TPaHUIA PE3EKINH OJDKHA MPOXOAHUTH IO
a0IOMHHaTIBHOMY CETMEHTY MMUILIEBOIA, a UCTATbHAS —
no 12-nepcrHoit kuike. HeoOxoqumocTs yaaneHus
BCETO JKEITy/IKa OATBEPKICHA TOKIIAIaMH O Pa3BUTUH
paka KyJIbTH JKeITyJaKa Ipy CyOTOTabHOW pe3eKInn
oprana npu HJIPX [10]. YUucrory KpaeB pe3exiuu
HYKHO OATBEPANTH PE3yIbTaTaMi CPOYHOTO HHTPAOo-
MEPALMOHHOTO TMCTOJIOTMYECKOTO HCCIeI0BaHuA [8].
OmnepatuBHBIN AOCTYI (OTKPBITHIN I JIAIIAPOCKOIH-
YECKUI1) SBIISCTCS TEMOM TUCKYCCHUU.
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CnopasiM MoMeHTOM Tipu [1I'D Takxke ocraercs
oovem umpoaucceknuu. s quddysHoro paka
JKEITyIKa 4acTOTa PETMOHAPHOTO METACTa3uPOBAHUS
npu pTla cocrasuser 6 %. Ilpu nHBa3uM omyxonu B
noncau3uCThIi ¢oit (pT1b) BepoATHOCTD HANHYHS
METAacTa30B B PErHMOHAPHBIX JIMM(ATHUCCKUX Y3JI1aX
noBsiaercs 10 17-28 %. Ha gooneparmonnom starme
MPAKTUYECKH HEBO3MOKHO HCKITIOUNTH HHBA3HIO OITY-
XOJTBIO TIOZICTTU3UCTOTO CJIOsl. BOJBIIMHCTBO aBTOPOB
peKOMEeHIyeT BRIMONHATE D 1-nmumdboauccexnnio ¢
yaajgeHueM 1—7 rpynn peruoHapHbBIX JTUMQOY3JI0B
y Hocutenei myrauun CDHI w D2-numdonunccex-
U0 — Yy MalMeHTOB C JOOTIEPAIMOHHON BepuHrKa-
rmeit H/IPXK [25].

HawnGonee pacnpocTpaHEeHHBIM CIIOCOOOM pe-
KOHCTPYKIIUHU JKEIYJOUHO-KHUIIEYHOTO TPaKTa
sBisieTcst Metonuka Roux-en-Y. Ilpu stom sHTEpO-
SHTEPOAHACTOMO3 pacIiojaraloT He MEHee YeM B
50 cM OT MPOKCHUMAIBHOTO aHACTOMO3a, YTOOBI HC-
KITFOUUTH PE(ITFOKC JKEITYH B MUIIEBOJ. YacTh aBTOPOB
peKoMeHIyeT (OpMUPOBATh KUIIICUHBIA pe3epByap
[25]. TIpocniekTUBHBIE UCCIEOBAHUS HE BBISIBUIIU
JIOCTOBEPHBIX MPEUMYIIIECTB KUIIIEYHOTO pe3epByapa
nepen Roux-en-Y [26]. OgHako 3Tu pabOTHI MPOBO-
JIAITUCH C y4acTUEM IAIIMEHTOB C BEpH(DUITUPOBAHHBIM
paKoM KeTy/IKa, C ATMMEHTAPHOW HEIOCTaTOYHOCTHIO,
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OCIIOKHEHHSIMH OITYXOJIEBOTO IIPOIlecca WK y 00Ib-
HBIX, IEPEHECITNX He0aIHIOBAHTHYIO XHMHOTEPAITHIO.
CpaBHEHHE UX C KIITMHIYESCKH 3I0POBBIMI HOCHTEIISIMU
CDH 1 ne BHonHE KOPPEKTHO. BoNbIIMHCTBO HUcceno-
BaTeseH CXOMUTCS HA TOM, UTO JOJIKHA MPUMEHSTHCSA
Ta METOAMKA, KOTOPOH XHupypr Biazeer myuqire. [1o
Mepe HAKOIUIEHU TaHHBIX O MTAlNeHTAaX, TePEHEeCIINX
[I'D, B aTOT BOTIpPOC OYy/IET BHECEHO OOJBIIIE ICHOCTH.
Habmronenue 3a manuentamu, nepeHectmmvu 1173,
HEOOXOAMMO B TEUEHHE BCEH KU3HHU.

[IpodunakTraeckas racTpIKTOMHS, TOMUMO
MIPEUMYIIIECTB JIJIsl TIAI[UCHTA B BUJC CHIDKCHUS PH-
CKa BO3HUKHOBCHHS paka KeJylKa, HEeCeT B cebe u
HenocTarku. [loMUMO pricka HEMOCPEACTBEHHBIX,
00IEeXUPYPTHIECKUX OCIOKHEHHN WMEIOTCA |
creu(UISCKUe OTAAJICHHBIC MOCICACTBHUS, K HUM
OTHOCSTCS TIOTEPS BeCa, JICMITUHT-CUHAPOM, Ie(DUITUT
ButamuHa B12 u ncuxonorunueckuii quckomgopr [25,
27]. Namuent, conmacuuiics Ha [11'D, momkeH OBITH
MPENYNIPEKICH O BO3MOKHOM JIETAaTbHOM HCXOJIEC
MOCJIe OTIEPAIINU, BEPOSTHOCTH KOTOPOTO COCTABIISIET
04 % [28].

V.E. Strong et al. [28] npuBoxsaT nanHbIe 0 41 ma-
nuenTe, onepupoBanHoM ¢ 2005 mo 2015 1. B o0beMe
[I'D npu wanuuuu CDHI-MyTanuu U aHaMHeE3e
HAPX. Y 35 (85 %) nanueHToB npy mocieonepanu-
OHHOM THCTOJIOTUYECKOM HCCIIEIOBaHUU O0HAPYKEH
OJIH 1 00JIee y4aCTKOB BHYTPHCINU3UCTOTO MTEPCTHE-
BHIHOKJICTOYHOTO paka. [Ipu stom b y 1 (2,4 %)
MarUeHTa pak ObUT 0OHAPYKEH Ha JIOOIEPALIMOHHOM
atane npu DI JIC. IlocneonepaioHHbIE OCIOKHEHNS,
JIETaJIbHOCTh M KAYECTBO KU3HU B TeUeHHE 6—12 Mec
rocJie ornepanuud OBITH COMOCTABUMBI C TAKOBBHIMHU
B IpyMIie CpaBHEHUS, COCTOsIIEH U3 35 MalueHToBs,
OTIEPUPOBAHHBIX MO MOBOAY CIOPATUYCCKON aCHO-
KapIUHOMBI JKelyika. Ha ocHOBaHMM TIOTYy4YEHHBIX
pe3yIbTaToB aBTOPHI peKoMeHIytoT 11D mys maru-
eHTOB ¢ myTaiueit CDHI xak OCHOBHYIO JICYEOHYIO
OTILUI0, 0COOEHHO € Y4eTOM HU3KOH 3 PEKTHBHOCTH
OT'JIC B BeIsiBiIeHUH panHero HAPXK.

JloBogamMu B 1MONTB3y MPOPUITAKTHICCKOU TaCTPIK-
TOMMH SIBJISIFOTCS: BBICOKMM puck nosiiieHns HJ[PK
y Hocutenedd myrauuu CDHI; HegocraTouHas 3¢-
(extuBHOCTE cTangaptHod DIJIC B nmarHoctuke
QG dy3HBIX (hOpM paka KeyIKa; HaTIIue MUKPOCKO-
MMIYECKUX YIACTKOB MEPCTHEBUIHOKIETOYHOTO PaKa B
CIIM3KMCTOM YIAJICHHOTO XKeJy/iKa, 00HApYKUBACMBIX
oonee yem y 80 % ManueHTOB; IBYXJICTHSSI BEKHABae-
MOCTH MAIMEeHTOB Tociie BeimonHerus [11'D 6e3 cum-
TITOMOB 3a001eBaHus 70 oneparuu coctaniser 100 %o,
B TO BpeMs KaK MPH HaJIU4UU cUMITOMOB — 40 %.

DHOO0CKOnUYeCKUIl KOHMPOIb

3a nocumenamu mymauuit CDHI u CTNNAI

Tem mammentam, komy He BbimonHsercs [1I'D (B
CHJTy OTKa3a WJIM BBIPAKEHHOCTH COIYTCTBYIOIIEH Ia-
tonorun), [GCLC-2020 npeyaraet SH10CKOITUYECKOS
HaOmonenue [§]. Yactora DI'JIC, B cooTBETCTBHH C pe-
rxomenrmanusmu IGCLC-2020, cocrasmser 1 pas B ro.
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OnTuMaIbHBIM SBISIETCS YHIOCKONMYECKUN KOH-
TPOJIb B OKCIEPTHOM IIEHTpE, TIle paboTaeT OMbITHAS
MYJIBTHIUCIUITIMHAPHAS KOMaH/Ia 10 PaKy JKeyJIKa.
Ecnu Takoii Bapuant nemoctymneH, D1 J1C-koHTpoIb
MOKHO TIPOBOAUTH MO MECTY >KUTEIbCTBA MALEHTA.
[Ipu sTOoM kenaTenbHO 00ECIeYUTh BO3MOXKHOCTH
YAAJIeHHOW KOHCYJIBTAIlMY SHAOCKOMICTA W TTaTONoTa
C 3KCIIEPTHBIM LieHTpoM. ITpocToii ocMoTp ciu3ucToit
000JOUKH KeIy/IKa HeJIb3sI CYMTaTh 3P (HEKTUBHBIM Ana-
THOCTHYECKUM METOIOM B citydae mudy3Hoi HopMbl
paxa sxxemynka. OTyxoib MOJKET pa3BUBATHCS MO/ HOP-
MaJlbHOW CIIM3HCTOH ¥ IPOIPECCUPOBATh, HE BBI3BIBAS
MOBPEKICHUS SMUTENNS CTCHKH KeyaKa [S].

NzyuaeTrcs nuarHoctudeckas 3(pPeKTUBHOCTD
AIBTEePHATUBHBIX YHJIOCKOITNYECKHX METOJUK: XPO-
MO9H/IOCKOIINH, YHI0CKOITNYECKOTO YABTPa3ByKOBOTO
UCCIIeI0BaHUsl, ayTO(II00PECHEHIINH, JHIOCKOIINH B
Y3KOM CITEKTpe W KOH(OKATHLHOW IHI0CKOITNYECKON
MHUKPOCKOITNH. PabOTHI B 3TOM HampaBlieHIH BEIyTCS,
OJTHAKO ITUPOKOTO MPUMEHEHHSI 3TH METOIUKH JUIS Ha-
Omronenus 3a HocutessiMu mytanuid CDHI u CTNNA I
MoKa He noxyyunu [29].

KirtoueBsie acmekThl HI0CKOMUYIECKOTO Halro-
nenust onpenenensl B Cambridge protocol, onu-
cannoM BrepBbie B Bepcuu IGCLC-2015 [7]. Ouu
3aKJIFOYAIOTCS B CIEAYIOMEM: HEOOXOoArMa OTMEHa
AHTHKOATYJISTHTOB (BapdapuH, KIOMUIOTPENb) 0
npornenypsl, 0ompiroe koaunaectso (30 u 6onee) mecT
B3SITUSI OMOTICMH MOXET MPHBECTH K KETYIOYHOMY
KPOBOTEUEHHIO; OCMOTP SHJOCKOIIOM B OEJIOM CBETE C
BBICOKHMM pa3pelieHneM B TedeHrne He MeHee 30 MuH;
OpOIIIEHNE CIM3UCTOW KOMOWHAIMEH MYKOJIUTHKA
(N-ameTmnyMcTenH) U MeHOTacuTensl (CHMETHKOH)
Ha CTEPHJILHOM BOJAE 10 OCMOTpA 4Yepe3 HAOCKOI;
pasityBaHUE U CyBaHHUE KEITyAKa JO 0CMOTpa MaJIeHb-
KHX OYaroB MOPaXeHHS IJIs OLEHKH PaCTsKUMOCTH
CTEHKH KeNyIKa, YTO JIeNAeTCs IS MCKIIOUEHUs
MHQHUIBTPATUBHOTO MOJCIU3UCTOTO POCTA OITYXOJIH;
TECTHpOBaHUeE U ieueHue H. pylori, koropas npu3HaHa
BO3 xanmeporeHoM mepBoro Kiiacca, rmo3ToMy, XOTh
cBs3b Mexnay H. pylori mw HIPXK ue nokazana, mamm-
€HTaM C MOJIOKUTEIHLHBIM TECTOM TIOKa3aHa dpaIrKa-
LUOHHAA Tepanusi; MyasTudokycHas ouoncus. [lo 5
00pa3oB HEOOXOIUMO B3ATH C KaXKIOH 00JIacTH: TIpe-
MUJIOPUUECKOHN 30HBI, aHTPAIBHOTO OTJIEINA JKEITYIKa,
MIEPEXOIHON 30HBI, TeJa, JHA M KapJHH KEITy/IKa.

[Tpu 3TOM 3 PEKTUBHOCTH IHIOCKOMHYECKOTO
KOHTPOJIS OCTaeTcsl HU3KOW. V3yueHne ymaieHHBIX
nipu [1I'D mpenaparoB BersABIsIET Odary paka B 45-60 %
ciayudaeB [30]. Cuurtaercs, 4To TIIATENBHOE pPETy-
JSIPHOE 9H/I0CKOIIMYECKOe 00CIIeI0OBaHUE TO3BOJISIET
MPAaBIIILHO MMOCTABUTH MTOKa3aHUs K MpoduiakTye-
CKOM1 (a B cirydae OOHapYy)KEHHUSI 0UaroB paka — yKe
JIeueOHOI) raCTPIKTOMHUU, OCOOCHHO y TAIIMCHTOB C
HEsSCHBIM Wiu HeusBecTHhIM CDHI-ctatycom [31].
OcraeTcsi HE BIIOJHE MOHATHBIM, HEOOXOAMMO JIH
nocrosinHoe DIJIC-HaOarONCHUE YIICHAM CeMeEi,
coorBercTBytomux kpurepuam IGCLC-2020, ot-
punarenbHbix o mytauusm CDHI u CTNNAI. Eme
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OJIH BOIIPOC, TPEOYIOIIHIA TaTbHEUIIINX UCCIIEI0Ba-
HUH, 3aKIII09aeTCsA B TOM, HEOOXOIUMO JIA DHJIOCKO-
MMMYECKOE HAOIIOCHUE CITyUaiHO BBISBICHHBIM TIPH
MYJIBTUTC€HHOM MTAaHETTLHOM TECTUPOBAHUH HOCUTEIISIM
CDH[-mytauuu [30].

3akaouenue

bonpmas yacte ucciienoBaHUM, MOCBILIIEHHBIX
nipodneme HJIPXK, mpoBonurcs B CILIA, Kanane, Benu-
koOputanun, Hoolt 3emananu, ctpanax EBpocorosa.
MexyHapoaHble KIMHUYECKHE PEeKOMEHIAINHU 10
HAPX (IGCLC) nperepnenu 4 u3naHus HauWHas C
2000 r. B pycckosi3puHO# HayuHOH medaTu mo Oase
Elibrary nam ynmanocs HaifTu Beero 8 myOnmkaruii (4
0030pa, 3 pazbopa KIMHUYICCKHUX CITydaeB U Cepuid
CIIy4aeB, OJTHY OPUTMHAIIBHYIO CTaThIO ), TOCBSIICHHBIX
9TOM npodneme. OCHOBHBIE HANPABICHUs, B KOTOPBIX
pasBuBaercs uzyyenue HJIPXX: BoisiBienue renetuye-
CKHUX Y ATIATEHETHYECKIX MEXaHN3MOB, 3aITyCKarOIINX
IIPOTPECCHIO OT/IENIBbHBIX 37I0KaYECTBEHHBIX KIJIETOK U
UX CKOIUIEHHH ¢ popMHUpOBaHKEM TIOJIHOLEHHOM OITy-
XOJIU B KENMyAKe; yTouHeHue pucka pa3sutus HIAPXK
ripu mytanussx CDHI n CTNNAI c HeyCcTaHOBIEHHOU
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Abstract

The purpose of the study was to generalize information regarding the molecular and biological mechanisms
involved in the resistance to endocrine therapy with aromatase inhibitors in patients with luminal breast cancer.
Material and Methods. The literature search was conducted using Medline, Cochrane Library, Elibrary and
PubMed databases. Results. The review highlights the results of international studies on molecular and
biological characteristics of breast tumors and their relationship with the effectiveness of hormone therapy.
Particular attention was paid to the description of modern studies on ROR1 and BMI-1 proteins and their
contribution to the development of tumor resistance to treatment. Conclusion. The analysis of the world
literature confirms the relevance of studying the molecular and genetic characteristics of tumor tissue in
patients with luminal breast cancer. The data obtained were compared to the clinical course and response to
hormone therapy in order to standardize them for implementation in everyday practice as the “gold standard
of diagnosis”.

Key words: breast cancer, luminal subtypes, ROR1, BMI-1, adjuvant hormone therapy.
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AHHOTauuA

Llenb uccnepoBaHus — 00006LLEHNE NMEIOLLNXCA CBEAEHMI O BO3MOXHbBIX MOMEKYNsipHO-OMOnornyeckmx
MexaHu3Max pas3BuTUs HeamEKTUBHOCTM SHAOKPUHOTEPANUN MHIMOUTOPaMM apomarasbl y NauMeHToB,
BOMbHbIX MFOMUHANBHBIM PaKOM MOIOYHOW xenesbl. MaTepuan u meTtoAbl. [ovck nMTepaTypbl NPON3BOAMIICS
B cuctemax Medline, Cochrane Library, Elibrary n PubMed, Bkntovanuce nybnukauum, xapaktepusytoLine
COBPEMEHHbIN B3N Ha Nnpobrnemy yCTOMYMBOCTM OMyXOrer MONIOYHOW Xenesbl K npoBoaumon Tepanuu. Pe-
3ynbTaTthbl. B 0630pe ocBeLleHbl pesynsraTel MeXayHapoaHbIX MCCIef0BaHUA MONEKyNspHO-OMonornyecknx
XapaKkTepUCTKK OMyXoren MOSIOYHOMN enesbl U UX CBSA3b C 3pEKTUBHOCTHIO MPOBOAMMOW FOPMOHOTEPANMN.
Oco60oe BHMMaHWE yaeneHo onucaHnio COBPEMEHHbIX ccnenoBaHui no nsyyexuto 6enkos ROR1 1 BMI-1
W UX BKNaZa B pa3BUTMe YCTOMYMBOCTM ONYyXOnM K NieveHuto. NpoBeaeH aHanna MMpoBON nuTeparypbl, Noa-
TBEPXKOALWMIA aKTyanbHOCTb UCCNefoBaHMs MOMEKYNSPHBIX Y FTEHETUHECKNX XapaKTEPUCTUK OMyXOoreBoWn
TKaHW y NaumMeHToB C nomuHansHeiM PMXK, conoctaBneHus nony4eHHbIX aHHbIX C KITMHUYECKUM TEYEHNEM
1 OTBETOM Ha rOPMOHOTEPANUIO C LIENbIO X CTaHAapTM3aLUmMmn Anst BHEAPEHWS B MOBCEOHEBHYIO NPaKTUKY B

Ka4YyeCTBe «30/10TOro ctaHgapTa ANarHOCTUKNY .

KniouyeBble croBa: pak MOIOYHOWM Xerne3bl, TloMUHanbHbie noaTunbl, ROR1, BMI-1, agbloBaHTHas

ropMoHoTepanus.

Breast cancer (BC) is the most commonly
diagnosed cancer in women worldwide. According
to the National Center for Health Statistics (NCHS),
about 279,000 new cases of breast cancer were
diagnosed in the United States in 2020, and about
42,000 women died from the disease [1]. About 70 %
of all breast tumors are of the luminal Her2-negative
type and characterized by the presence of estrogen/
progesterone receptor expression and the absence of
Her2Neu protein expression [2]. Adjuvant endocrine
therapy is one of the main therapeutic approaches
for these types of tumors, as it reduces the risk of
progression and recurrence by an average of 40 % [3].
The use of aromatase inhibitors in postmenopausal
patients can achieve a favorable clinical outcome.
However, most hormone-sensitive tumors develop
resistance to therapy [4].

The role of various molecular genetic markers

in the mechanisms involved in drug resistance

in luminal breast cancer

Over the past years, various molecular biological
characteristics of breast tumors have been described
to understand the mechanisms of the development
of resistance to therapy, including hormone therapy.
Much attention is paid to the study of aromatase,
which is responsible for the conversion of androgens
into estrogens. Normally, the level of aromatase in
the breast adipose tissue is low. The distal promoter
1.4 is used in the synthesis of aromatase, and the
proximally located promoters 1.3 and Il are practically
not involved in the process. Malignant epithelial cells
of breast tissue are able to secrete prostaglandin E2
(PGE 2), which shifts the promoter from 1.4 to 1.3/11,
thereby initiating a sharp jump in aromatase synthesis
[5], therefore, it is promising to study and create
selective inhibitors of aromatase promoters.

Research is underway to find molecular
characteristics of a tumor that can be used as targets
to overcome emerging drug resistance. It is known that
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the TP53 gene mutation, the wild type of which is an
anti-oncogene, is associated with the luminal B subtype
of breast cancer and a higher Ki67 level, which, in turn,
determines the low efficiency of hormone therapy
and a less favorable prognosis of the disease. Also of
interest is the contribution to the development of drug
resistance of the protein kinase MAP3K 1, which is a
component of several signaling pathways that regulate
inflammation and immune responses. The MAP3K1
gene mutation is associated with the luminal A subtype,
low Ki67 values, and a more favorable tumor response
to hormone therapy. A number of authors confirm the
prospects for further study of the GATA3 transcription
factor and its influence on the prognosis of breast
cancer. It has been shown experimentally in vitro that
GATA3 may be one of the key factors in the process of
differentiation of tumor cells in luminal type of breast
cancer. GATA3 is a regulator of a certain set of genes
that directly affect the process of differentiation and
proliferation of breast cancer cells [6, 7]. The mutation
of the transcription factor GATA3 correlated with
a greater suppression of Ki67 levels after treatment
with aromatase inhibitors, but not with the initial
Ki67 level, which can also be considered a predictor
of a more favorable course of the disease [8]. Also, a
number of authors note that high expression of GATA3
is most often associated with ER-positive tumors of
low malignancy and a more favorable prognosis of
the disease [9] The DNA-binding protein FOXA1 is
of interest to many researchers. In breast cancer, the
levels of the FOXA1 marker significantly correlate
with the positive expression of ERa, GATA3, PR,
which indicates its participation in the implementation
of estrogen-mediated signaling pathways in tumor
cells [10].

In the literature, there are also studies on the role of
the estrogen receptor gene ESR1 in the development
of resistance to hormone therapy with tamoxifen and
aromatase inhibitors. It was noted that in the presence
of the ESR1 mutation in tumor cells, hyperactivation
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of the UPR (Unfolded protein response) signaling
pathway was observed, which contributed to the
development of an endocrine-resistant phenotype
in the tumor. Thus, UPR hyperactivation can be
considered one of the predictors of resistance to
hormone therapy. It was also shown that in the
presence of the ESR1 mutation, patients responded to
therapy with fulvestrant or targeted therapy with CDK
4/6. But to overcome endocrine-resistant forms, it is
necessary to develop more selective estrogen receptor
destructors and/or new targets [11].

In recent years, it has been promising to study the
influence of immune responses on the development of
malignant neoplasms. Chronic inflammation is often
present in the tissues of breast tumors. In experimental
models of breast cancer, it has been revealed that CD4
T-lymphocytes producing IL-4 regulate the activity of
the so-called tumor-associated macrophages (TAMs)
and promote the invasion of tumor cells into the
surrounding healthy tissues, as well as the process of
metastasis. TAMs, in turn, activate the EGFR signaling
pathway, which is associated with a less favorable
prognosis of the course of the disease and resistance
to treatment, hormone therapy in particular [11].

It has been shown that chronic inflammation causes
an increase in the level of prostaglandin E2 (PGE2),
which can induce the expression of the FOXP3 protein
in regulatory T cells (Treg), changing their phenotype
and thereby reducing the effectiveness of the immune
response in the tumor tissue, worsening the prognosis.
Studies have shown that high infiltration of Treg
cells in breast tumor tissue is associated with a more
aggressive course of the disease and ineffectiveness
of hormone therapy. It is interesting to note that with
neoadjuvant hormone therapy, the levels of FOXP3
protein and Treg cells in the tumor decreased [12].

Currently, special attention is paid to the study of
signaling pathways of tumor cells, including the WNT-

intracellular cascade. The Wnt signaling pathway plays
an important role in the processes of embryogenesis,
cell differentiation, and the development of malignant
tumors. The canonical Wnt/B-catenin signaling
pathway and non-canonical signaling pathways such
as Wnt/Ca2+ and Wnt/PCP (planar cell polarity) are
distinguished. When Wnt proteins bind to ROR1/2
receptors, receptors of the Frizzled (FZD) family, and
RYK (receptor like tyrosine kinase), the Wnt/Ca2+
signaling pathway is activated, which leads to the
recruitment of G-proteins. G-proteins, in turn, activate
phospholipase C (PLC), which catalyzes the hydrolysis
of phosphatidylinositol 4,5-bisphosphate (PIP2) to
inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DAG). DAG remains in the cell membrane,
promoting the activation of protein kinase C (PKC).
IP3, by diffusion, enters the cytosol of the cell, where
it binds to Ca2+ channels and triggers the process of
Ca2+ ions entering the cytoplasm [13]. An increase in
the concentration of Ca2+ inside the cell can stimulate
the activation of calcineurin (Ca2+-dependent serine/
threonine phosphatase). This process leads to the
accumulation of the nuclear factor associated with
T-cells (NFAT), which enhances cell motility and
promotes the initiation of the epithelial-mesenchymal
transition [14]. I. Pacheco and R.J. Macleod showed
that extracellular Ca2+ led to the activation of calcium-
sensitive receptors (CaSR), which was the reason for
an increase in the production of Wnt5a protein.

Wnt5a protein binds to the transmembrane receptor
protein kinase ROR1, causing the latter to dimerize,
which leads to the activation of the PI3K/AKT sig-
naling pathway. The active PI3K pathway causes
phosphorylation of the BMI-1 protein, which leads to
chromatin remodeling (fig. 1).

A number of authors associate this process with the
development of subsequent genetic instability of the
tumor cell and the possibility of the development of
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drug resistance [15, 16]. The described mechanism is
being actively studied in malignant neoplasms of vari-
ous localization (lungs, prostate gland, colon), but its
role in the development of the ineffectiveness of the
drug treatment of breast cancer (hormone therapy in
particular) has not been sufficiently studied.

Characteristics and role of the RORI protein

in the development of malignant neoplasms

RORI1 (Receptor Tyrosine Kinase Like Orphan
Receptor 1) is a protein of the receptor tyrosine kinase
family that is encoded in humans by the ROR1 gene.
High expression of this protein is typical for most
body tissues during embryogenesis, but practically
does not occur in healthy tissues of an adult [17, 18].
However, under physiological conditions, the protein
can be expressed in the parathyroid glands, islets of
the pancreas, in the esophagus, stomach and duode-
num [19]. Increased expression of ROR1 in tissues
is associated with the development of malignant
neoplasms of various localizations. High levels of
expression of the marker are especially characteristic
in chronic lymphocytic leukemia and some types of
solid tumors, including cancer of the lungs, ovaries,
and breast [20, 21]. It has been shown that high rates
of ROR1 expression in patients with chronic lympho-
cytic leukemia are associated with a decrease in overall
survival [22]. When studying the role of this protein
in ovarian cancer, it was found that tumor cells with a
high level of ROR1 expression had a more pronounced
genetic similarity with tumor stem cells, which was
manifested in high values of CD133, CD44 expression
on the cell surface, as well as in high levels of ALDH1.
Also, ovarian tumors with high ROR1 expression were
prone to more rapid onset of distant metastases, which
gives grounds to associate high levels of this protein
with a decrease in life expectancy and an unfavorable
prognosis of the disease [20].

Studies have found that high levels of ROR1 ex-
pression in breast cancer are associated with a later
stage of the disease, an aggressive course of the tumor
process, more frequent relapses after treatment, and
a generally poor prognosis [16]. It was also noted
that high levels of expression of this protein in breast
neoplasms can promote the growth and proliferation
of tumor cells, avoidance of apoptosis, and epithelial-
mesenchymal transition [23].

One of the key components associated with the
epithelial-mesenchymal transition is the Twist group of
transcription factors. Twist]l and Twist2 are key regu-
lators of embryonic development and organogenesis.
Twistl is involved in angiogenesis, dissemination and
chemoresistance, and also promotes the acquisition of
stem properties by tumor cells in carcinomas, sarcomas
of various localizations and hematological malignant
neoplasms. At the same time, the biological functions
of Twist2 in tumors are still very controversial and
poorly understood. According to a study by J. Cao et
al. [24] the transcription factor Twist directly activates
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RORI1 transcription and triggers a chain of events that
can lead to epithelial-mesenchymal transition, inva-
sion, and metastasis.

The researchers found that the mechanism of tumor
migration and metastasis occurred due to the phos-
phorylation of the cortactin protein by ROR1 kinase.
Cortactin (also known as EMS1 or CTTN) is expressed
by neoplastic cells of various cancers and appears to
be involved in the migration of tumor cells during
metastasis. Upon external stimulation, cortactin un-
dergoes phosphorylation by tyrosine, which leads to an
ordered rearrangement and polymerization of the actin
cytoskeleton. This process is also required to start the
processes of cell migration [25]. It is interesting to note
that a relationship between ROR1 activation and FGFR
activation has been shown in models of basal cell BC,
which is associated with a poorer prognosis [26].

Several studies reported a high level of ROR1
expression in the surviving tumor cells using models
of breast cancer xenografts in mice after a course of
chemotherapy with paclitaxel. As a second line of
therapy, in such cases, therapy was prescribed with the
targeted anti-ROR1 drug cirmtuzumab, which slowed
down the processes of metastasis. It was noted that in
the group that was initially treated with the combina-
tion of paclitaxel+cirmtuzumab, the effectiveness of
therapy was higher than in the group where the treat-
ment was started with paclitaxel monotherapy [16].
This study also revealed a relationship between high
expression of ROR1 with the activation of the Hippo
signaling pathway (namely, the YAP/TAZ gene, which
carries the role of an oncogene and promotes the
transformation of tumor cells into tumor stem cells)
and BMI-1. Targeted blocking of the ROR1 receptor
with cirmtuzumab blocked Wnt5a ligand-mediated
activation of the Hippo-YAP/TAZ signaling pathway
and BMI-1, and was therefore associated with a better
prognosis.

One of the mechanisms leading to an increase in the
effectiveness of chemotherapy in ROR1 knockdown
is associated with the involvement of glycoproteins
in the process. ROR1 indirectly through MAPK/ERK
increases the expression of the so-called «drug pump»
ABCBI, which is a P-glycoprotein, which, in turn, re-
moves chemotherapy drugs outside the cell. Functional
ABC transporters are large integral membrane proteins
containing two transmembrane domains (TMD) and
two nucleotide binding domains (NBD). The molecu-
lar mechanism of transport occurs due to the hydrolysis
of adenosine triphosphate (ATP), which leads to a se-
ries of conformational changes covering the molecule
from cytoplasmic ATP-binding units to TMD helices,
which form a transmembrane pore through which a
particular substance is excreted [27].

ABC transporters are not limited to removing only
chemotherapy drugs, but also utilize a whole range
of different groups of drugs from the cell, including
NSAIDs, antibiotics, and others. ABCB1 predomi-
nantly removes hydrophobic compounds. The associa-
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tion was reliably identified between RORI1 inhibition
and increased DNA damage by anthracyclines and
platinum-based drugs [27].

Dimerization of the ROR1 receptor by the Wnt5a
ligand of the Wnt signaling pathway leads to the
recruitment of various adapter proteins that trigger
unwanted activation of the PI3K/AKT pathway [28,
29]. PI3K/AKT pathway is an intracellular signaling
pathway, the central components of which are the
enzymes phosphoinositide 3-kinase (PI3K), AKT
and mTOR kinases. This pathway is one of the
universal signaling pathways characteristic of most
cells of the human body. Its activation is responsible
for cell escape from apoptosis, promotes cell growth
and proliferation. A number of clinical studies have
confirmed that mutations in the alpha catalytic subunit
p110aPI3K (PI3KCA) are present in 40 % of cases
of luminal Her2Neu-negative breast cancer. It was
determined that these genetic disorders lead to PI3K/
AKT hyperactivation, which, in turn, leads to uncon-
trolled cell proliferation and is associated with a more
unfavorable prognosis of the course of luminal breast
cancer [30, 31]. One of the mechanisms of action of the
active PI3K/AKT pathway is through phosphorylation
of the BMI-1 protein.

Characteristics and role of BMI-1 protein

in the development of malignant neoplasms

BMI-1 is a polycomb family protein that is an
epigenetic suppressor through heterodimerization by
Ring1B/Rnf2. Ring1 B/Rnf2 stimulates the activity of
BMI-1 ubiquitin ligase against lysine 119 of histone 2A
(H2A-K119) [32]. The latter determines the expression
pattern of genes involved in various cellular processes
such as proliferation, growth, DNA repair, apoptosis,
and aging. It is known that BMI-1 plays an important
role in modulating the potential of hematopoietic and
neuronal stem cells for self-renewal and differentia-
tion. However, this protein also promotes self-renewal
and differentiation of tumor stem cells.

High levels of BMI-1 expression are found in
malignant neoplasms of various localizations: cancer
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NMOCNEANOBATENIbHAA BPOHXOIMNACTUYECKAA
BEPXHAA NOB3KTOMUSA — XUPYPITMYECKUA KOMIMOHEHT
MYIIbTUMOAAIIbHOIO NEYEHUA CUHXPOHHOI'O
ABYXCTOPOHHEIO NEPBUYHO-MHOXECTBEHHOIO
HEMEJIKOKIIETOYHOI'O PAKA JIEFKOIo

O.U. Kut, U.H. TypkuH, [I.A. Xapare3os, l0.H. JlazytuH, U.A. JleimaH,
A.B. Yy6apsH, 3.A. Mup3osH

OIBY «HaumoHanbHbIN MEOULIMHCKUIA UCCRenoBaTENbCKUA LEHTP OHKonormny Munsgpasa Poccun,
r. Poctos-Ha-[loHy, Poccus
Poccus, 344037, r. PocTtoB-Ha-[loHy, yn. 14-a nuHus, 63. E-mail: ellada.mirzoyan@yandex.ru

AHHOTauus

AxTyanbHocTb. Pak nerkoro (PJT) aBnseTca 0OCHOBHOM NPUYMHOM CMEPTM OT paka y MyX4uH Kak B Poccuu,
Tak MU B 3apybexHbIX CTpaHax. XMpypruyeckoe BMELLATENbCTBO SBMSIETCA OCHOBHbIM METOAOM JeYeHMs
paHHMX CTaguii HEeMENKOKNEeTo4YHoro paka nerkoro (HMPIT). OgHako ¢ yBenuyeHnem pacnpocTpaHeHHOCTH
npoLecca BO3pacTaeT pUck MeTacta3npoBaHus, a 3pEKTUBHOCTb XUPYPrMYeCKOro MeToAa CHUDKAETCS.
TakTuka neyeHus naymeHToB ¢ ogHuMm HMPJ1 otpaboTaHa, Ho npy Hanuuum 2 n 6onee onyxornen, 0CO6EHHO
B 060MX nerkmx, nNpaBuIbHbIN BbIOOP OOYCrOBMNEH MHOXECTBOM OOMONTHUTENbHbLIX (DaKTOpoB. Barnsaa Ha
XUPYPruyeckoe riedeHne CUHXPOHHOTO NePBUYHO-MHOXeCTBEHHOro HMPJ1 kapamMHanbHO 3MeHurcs, BMecte
C Tem GOrbHbIE C MECTHOPACMPOCTPAHEHHBIM CUHXPOHHBIM HMPJ1 yacTo nevaTtca KOHCepBaTMBHO, a AN
TeX, KTO NoABEpraeTcsi onepaTtMBHOMY BMELLATENbCTBY, MPOrHOCTUYECKNE (hakTopbl HEACHBLI. B HacTosLwee
BpeMS [oKa3aHo, 4YTO NPOrHo3 3aborneBaHns Nocrne XMpypruyeckoro rieveHrs no NoBoAy OBYXCTOPOHHEro
CVIHXPOHHOTO NepBUYHO-MHOXeCcTBeHHOro HMPJT siBnsieTcsa GnaronpusitHeiM. CunMTaeTcst, YTo MHEBMOHIKTOMUS
He OKa3bIBaeT OTPULATENbHOIO BMSIHUS HA BbDKMBAEMOCTb, HO B CEPUSIX XMPYPrMYECKOro NeYEHNs CUHXPOH-
Horo HMPJT ¢ 6onbLlunm yaenbHbIM BECOM AaHHOTO BMELLATENbCTBA NocreonepaunoHHas neTanbHoOCTb, No
[aHHbIM HEKOTOPbIX aBTOPOB, yBenuyneaetcsa Ao 4,3-6,9 %, T. e. B 1,5-2 pasa. OnucaHue. Hawe coobue-
HWE COAEPXMUT ONMCaHne peaKoro NPUMEHEHUS PacLUMPEHHOM BPOHXONNACTUYECKON BEPXHEN NTOGIKTOMUM
B KQUeCTBE XMPYPrMYeckoro KOMMOHEHTA KOMMIIEKCHOrO NieyeHnsi 60MbHOro ABYXCTOPOHHMM CUHXPOHHbBIM
HMPJ1. Haww onbIT nokasbIBaEeT, YTO NocrnegoBaTeribHOe NPUMEHEHNE COBPEMEHHBIX MEANLIMHCKNX TEXHOMOIIA
Nno3BONseT AOOUTLCA YAOBNETBOPUTENbHBIX OTAANEHHbIX PE3yrnbTaToB revyeHus. 3akntoyeHue. MNpeacras-
NEeHHOEe KNMHM4eckoe HabraeHne B CUIy CBOEN YHUKanbHOCTU ByaeT nonesHo Ansi BbIpaboTKy TakTUKK 1
NNaHNpPOBaHWS NEYEeHNs CUHXPOHHOIO MecTHopacnpocTpaHeHHoro HMPJT.

KnioueBble cnoBa: pak N1erkoro, MHOXeCTBeHHbIW, CAHXPOHHbIWA, XMPYyPruyeckoe neveHue,
MyJbTUMOAANbHas Tepanus, NPOrHos.

#=7 Mwup3sosH dnnaga ApMeHoBHa, ellada.mirzoyan@yandex.ru
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CASE REPORTS

SEQUENTIAL BRONCHOPLASTIC UPPER LOBECTOMY
AS A SURGICAL COMPONENT OF MULTIMODAL TREATMENT
FOR SYNCHRONOUS BILATERAL MULTIPLE PRIMARY
NON-SMALL CELL LUNG CANCER

O.l. Kit, I.N. Turkin, D.A. Kharagezov, Yu.N. Lazutin, |.A. Leiman,
A.V. Chubaryan, E.A. Mirzoyan

National Medical Research Center of Oncology of the Ministry of Health of Russia, Rostov-on-Don, Russia
63, 14-th liniya St., 344037, Rostov-on-Don, Russia.E-mail: ellada.mirzoyan@yandex.ru

Abstract

Relevance. Lung cancer (LC) is the leading cause of cancer-related death worldwide including Russia.
Surgery remains the standard of care for early non-small cell lung cancer (NSCLC). However, as the disease
progresses, the risk of metastasis increases, and the effectiveness of surgical intervention decreases. The
treatment strategy for patients presenting with a single NSCLC has long been developed. However, for
patients with two or more tumors, especially in both lungs, the correct choice is determined by many additional
factors. Currently, the view on the surgical treatment for synchronous multiple primary NSCLC has changed
dramatically. However, patients with locally advanced synchronous NSCLC often receive conservative
treatment, and for those who do undergo surgery, the prognostic factors are unclear. The disease prognosis
in patients after surgical treatment for bilateral synchronous multiple primary NSCLC has now been proven
to be favorable. Pneumonectomy is believed to have no any negative effect on survival; however, several
authors reported on a 1.5-2-fold increase in postoperative mortality in a series of surgeries for synchronous
NSCLC. Case description. We herein report a case in which extended bronchoplastic upper lobectomy
was successfully applied in the treatment of a patient with bilateral synchronous NSCLC. Our experience
demonstrates that the sequential application of modern therapeutic modalities results in satisfactory long-term
outcomes in the treatment of locally advanced LC.Conclusion. Due to its uniqueness, this clinical case will
be useful for developing treatment strategy for synchronous locally advanced NSCLC as well as for improving

the quality of life of patients and increasing their survival.

Key words: lung cancer, multiple, synchronous, surgical treatment, multimodal therapy, prognosis.

AKTYyaJIbHOCTH

Pak nerkoro (PJI) ocraercs akTyainbHOW Tpo-
0JieMOil COBpEMEHHOW OHKOJIOTHMH H3-3a pPOCTa
rokaszaresneid 3a0oysieBaeMoCTH U cMepTHOCTH [1].
XHUpypruyeckoe BMEMATENbCTBO SBISETCS OCHOB-
HBIM METOJIOM JieueHusi panHux craguit HMPIL. Tlo
Mepe MporpeccupoBaHus 3a00JieBaHUsI BO3pacTaeT
PHUCK METacTa3upoBaHus, a 3PPEKTUBHOCTh XUPYP-
THYECKOTO0 METO/Aa CHIDKaeTcs. TaKkThka JIeYeHHs
manuerToB ¢ omanM HMPJI oTpaboTana, B To BpeMs
Kak IpY HAJIMYWH ABYX U OoJiee oImyXoieid, 0cCOOeHHO
B 000MX JIETKUX, MIPaBUJIBHBIA BBIOOP OOYCIIOBIEH
MHOXXECTBOM JIOMIOJTHUTENBHBIX (akTopoB. B oT-
CYTCTBHE HKCTPATOpPAKaJIbHBIX METACTA30B JIBYXCTO-
POHHSIS TIATOJIOTHST MOXKET MPEACTABIISITE COOOM Kak
HE3aBUCHUMBIC TIEPBUYHBIC OITyXOJIH, TAK U BHYTPHUIIC-
ro4YHble MeTacTaTuyeckue ouyaru [2]. OueBUAHO, YTO
B IIEPBOM ClIy4ae XHPYypPru4ecKOe BMEMIaTeIhCTBO
MpuHeceT OOJIHLHOMY TOJIB3Y, TOTAA KaKk BO BTOPOM
HE TMOBIUICT HAa MCXOJ CTaBIIErO0 CUCTEMHBIM 3a-
0oJieBaHMsI, BO3SMOXHO, YXYAIIUB KaYeCTBO JKU3HH.
[IpencraBieHHbIC TaHHBIE CBUICTEIBCTBYIOT O CIIOXK-
HOCTH paccMaTpuBaeMoil IpoOiieMbl. B HECKOTBKIX
paHHUX HCCIIEIOBAaHMIX COOOIIANIOCH 00 OTCYTCTBUHU
JUTUTEILHON BBKUBAEMOCTH OOJIbHBIX, TEPEHECIINX
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OTIepaIuio, OTCIIa, HE3aBUCUMO OT, BEPOSITHO, pas-
JUYHOTO OMOJIOTHYECKOTO TOBEACHMUS, CIOXKUIOCH
MHEHHE O TUIOXOM IPOTHO3€e MYJIbTH(HOKAIBHBIX
omyxouieti [3]. Bmecre ¢ TeM MenaHa 001Iel BhDKHU-
Bae€MOCTH MAIIMEHTOB C PAHHUMHU CTaMSIMA CHHXPOH-
HOTO TEPBUYHO MHOYKECTBEHHOTO paKa JIETKOTO TPH
MIPOTHUBOIIOKA3aHUAX K XHUPYPTHUECKOMY JICUEHHUIO
B pe3yJIbTaTe€ MYJIbTUMOJAIbHOW KOHCEPBAaTUBHOMU
Tepanuu gocturaer 31 mec [4].

BosmoxHocTn auddepeHupoBaTh NepBUYHO-
MHOECTBEHHBIE PaKH JISTKOTO JIJISl OTIPE/ICTICHHS 110~
Ka3aHWH K paIiKaIbHOMY XHPYPTUYECKOMY JICUCHHIO
MIOCTOSTHHO COBEPILICHCTBYIOTCS Ha 0a3e MOJIEKYISIPHO-
TEHETUYECKUX uccienoBannii [2]. PazpaboranHbie
paHee o01IMe KPUTEPUX HE3aBUCHMOM IEPBUYHOCTH,
K COXKQJIGHWIO, HE TIOMOTa0T OOJIIEHBIM CHHXPOHHBIM
pakom, T. K., Harpumep, okosio 50,8—57,9 % omyxosneit
UMEIOT CXOJJHOE MOP(OIOTHYECKOE CTPOCHHE, a Mpa-
BUJIbHASI OLICHKA BOBJICYCHHOCTH MEIUACTHHAIBHBIX
mumbarrueckux y3moB (N2) mo omepamuu CloKHA
[5]. HecmoTpst Ha HeolpeneneHHOCTh B OTHOIIICHUH
TaKTUKH BEJIEHUS, B UCCIEIOBAHUAX TIOCTIEIHUX JIET
cooOlmraeTcs 0 JUIMTEIbHOMN BBKMBAEMOCTH OOJIBHBIX
JIBYXCTOpOHHUM cuHXpoHHBIM HMPJI nocne xupyp-
THYECKOTO JeueHus [0, 7].
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CNYYAN U3 KNTMHUYECKOW MPAKTUKN

[Tockonabky cerogHsi €CTh BO3MOXHOCTU IJIS
YIYUIIEHUs PE3yJbTaTOB JICUEHUS! CUHXPOHHOTO
paka JIerkoro, HaMu MPeCTaBICHO KIIMHUYECKOE Ha-
OmroieHue OOJIBHOTO JIByXCTOPOHHUM IICHTPaJIbHBIM
nepBu4YHO-MHOXkecTBEHHbIM HMPJI, nepenecuero
KOMIUIEKCHYO TEPAIHUIO C XOPOIIUM OTAAJICHHBIM pe-
3yspTaTroM. HecMoTps Ha M3HaYanbHYIO pacnpocTpa-
HEHHOCTh OITyXOJIEBOI'O IPOIlecca, OCHOBOM ycrexa
MYJIBTUMOJIAIBHONW Tepanmuu, HECOMHEHHO, CTajlo
paauKaIbHOE OPTaHOCOXPAHSIOUIEE XUPYPrUYECKOe
nedeHne. B mureparype He BCTPETHIIOCH COOOIICHNHA
0 MOCIIeIOBAaTEIbHOM BBITIOJHEHUU PACHIMPEHHOU
OpOHXOIIACTHYECKON BEPXHEH JT0OIKTOMHHM C 00enX
CTOPOH KakK ONTHUMAaJbHON OMUUU XUPYPTrUYECKOrO
KOMIIOHEHTa KOMILIEKCHOT'O JICUEHHUSI.

OnucaHue KJIIMHHYECKOTO CJIy4Yast

bonvroti K., 61 2., kypum bonee 35 nem, oopamuics
6 Pocmosckuti HUW onkonozuu ¢ srcarobamu Ha cy-
XOtl Kauteawb, 00bIWKY npu uzuieckol akmueHoCmu.
Cuumaem cebs 6onvrvim ¢ mapma 2018 e., ko20a u3-
menuncs xapaxkmep kauins. IHpu KT opeanoes epyorotu
KJIemKU 3an0003peH YeHMPaibHblll paK 8epxHell 00U
1€6020 1€2K020, 8 C8A3U C YeM NAYUeHM CAMOCMOsl-
MenbHO 0OPAMUNCS 8 UHCIUMYM.

Ilpu obcneoosanuu, no oannvim KT epyonoiu
knemku (19.04.18): yenmpanorolil nepubPOHXUATLHO-
13710801 pak neeoeo neckozo 5,0%5,5 cm ¢ nopadice-
HUeM 8epXHe001e8020 U OUCHANbHBIX OMOEL08 1e6020
2nasno2o oponxos (puc. 1). A maxoice yenHmpanvHolii
nepuUbPOHXUATLHO-Y3I060U PAK NPABO2O 1€2KO20 C
nopascerHuem 8epxHedonegoz2o opownxa. Iunosenmu-
JAYUS U NYTbMOHUM BEPXHUX O00eli 000UX T1e2KUX.
Onpeodenanucey rumpamuyeckue y3ivl Knepeou om
oyeu aopmel, ouamempom 2,2 cM, pepoKasaibHvie —
1,3 cm (puc. 2). Ilo oannwvim ¢ubpobdbpouxockonuu
(28.04.2018): cnpasa npoceem B3 ujeneuoro cyicen
3a cuem 0asieHus U3He C NPUHAKAMU NOOCIUIUCTNOU
uHpuUILMpayuU,; cresa npoceem epxHe2o 001e6020
bponxa Ha 4/5 nepekpvim 3K30(QUMHOU ONYXOJbIO
(puc. 3). Tucmonoeuvecxkoe ucciedosanue: 1) us
B3 cnpasa Ne40978-82/18 — ouazu nnockoxiemoy-
HOU Kapyunomvl;, 2) U3 @epxmeco 00/1e6020 OPOHXA
cnesa Ne 40983-88/18 — ouaeu niockoxiemounou
KAPYUHOMDL.

Ha ocnosanuu peszyromamog obciedosanus
ycmanosien OUazHo3 nepeuyHoO-MHOMCECMBEHHbL
CUHXPOHHBII pAK ¢ nopaxiceruem oboux neexkux: Pax
J1€6020 1€2K020: YEeHMPALbHAS NePUOPOXUATbHO-
V310845 hopma ¢ nopasjicenuem 8epxHe20 001e6020

Puc. 1. KT opraHoB rpyaHOW KNeTKy [0 NeYeHns: LeHTpanbHasi nepubpoHxmanbHO-y3rnoBas onyxornb nesoro nerkoro 5,0x5,5 cm ¢ no-
paxkeHMeM BepxHeor1eBoro 6poHxa 1 AucTanbHbIX OTAENOB NEBOro rMaBHOro GpoHxa
Fig. 1. Chest CT before treatment: central peribronchial nodular tumor of the left lung measuring 5.0x5.5 cm with invasion of the upper
lobe bronchus and distal portion of the left main bronchus

Puc. 2. KT opraHoB rpyaHoOw KNeTkM 40 NeYeHns: LeHTpanbHasi nepubpoHxXmnanbHO-y3noBas onyxorb NpaBoro ferkoro ¢ nopaxeHnem
BepXHegoneBoro 6poHxa
Fig. 2. Chest CT before treatment: central peribronchial nodular tumor of the right lung with invasion of the upper lobe bronchus
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Puc. 3. ®nbpobpoHxockonus 40 NeYeHus:
A) BUA 13 nesoro rnaBHoro 6poHxa,

B) Bua 13 npasoro rnmaBHoro 6poHxa
Fig. 3 Fibrotracheobronchoscopy before
treatment: A) view from the left main bron-
chus, B) view from the right main bronchus

Puc. 4. KT opraHoB rpyAHoOM KNeTKM 40 feYeHus nocrie 3aBepLlueHns MHOYKLUMOHHOW XMMUOVMMYHOTEpanum
Fig. 4. Chest CT after completion of induction chemoimmunotherapy

Puc. 5. KT opraHoB rpyaHow KneTky 4o feveHns nepeq BTOpoi onepaumen ¢ npaBo CTOPOHbI
Fig. 5. Chest CT prior to the second surgery on the right side

U OUCMAanbHO20 OMOeNd 1e6020 21A8H020 DPOHXA
cT2N2MO, IlIA cmaodus, Pax npasoco nezkoco: yen-
MpanvHas nepudpoOHXUAILHO-Y3108a5 Gopma ¢ no-
padicenuem gepxrezo 0onesozo opouxa cTIN2MO,
1A cmaous.

Pewenuem xoncunuyma c yuemom n1oxo-pecuonap-
HOU pacnpocmpaneHHoCmu ONYxXoaU NepEbiM IMANnom
JleueHUsl peueHo npogecmu 3 Kypca UHOYKYUOHHOU
XUMUOUMMYHOMEPANUU NO cXeme YUCHIAMUH —
80 me/m? + cemyumabun — 1600 me/m’ ¢ pekombu-
HAHMHBIM (PAKMoOpomM HeKpOo3ad ONyXoau-mumMo3uH
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anvgpa-1— 150.000 ME/W? [8]. Jleuenue nposedeno 6
nepuod ¢ 18.05. no 26.07.18.

Hocne 3asepuwienus Kypco8 UHOVKYUOHHOU XU-
Muoummynomepanuu npogedena konmponvias KT
(10.08.18), nHa komopou eusyarusuposauna yeu-
MPATbHASL ONYXOTb 16020 1e2KO20 € NOPANCEHUEM
8EpXHE20 0016020 U OUCMATLHO20 OMOENd 16020
21asHo20 bporxa, besz onpedensemvix YemKux pazme-
PO8, CIUBAIOWASCS C AMETEKMAZUPOSAHHOU 1€20HHOLL
mKanvio. Amenexmas eepxmetl 001U 1€8020 J1E2KO20.
Tlepubponxuanvro eepxnemy 0onesomy OpOHXY cnpa-
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6a NIOMHASL MKAHb, 0ePOPMUPYIOWAs €20 NPOCEEm.
Yuacmku eunosenmunayuu eepxueti donu cnpasa.
Jlumghamuueckue yznol aopmanvrozo oxna — 1,3 cm,
npedaopmanvivie — 1,3 cm ¢ HcUpoBuIMU BKITOUEHUS-
MU, pempoxasanvivie — 1,6 cM ¢ AHCUPOGLIMU BKIIOUE-
Huamu, ougyprayuonusie — 1,3 cm (puc. 4).

Ilpu oyenxe s¢pghexmusnocmu UHOYKYUOHHOU
mepanuu ¢ ucnonvsoganue kpumepues RECIST 1.0
OUHAMUKA paACYeHeHa KAK YaCUYHbLIL omeem, 6
C8A3U C YeM NPUHAMO peuleHue 0 XUpypeuieckom
neyeruu. 3.09.18 evinonnena pacuuperHas 8epxXHais
bponxoniacmuueckas 1009KMOMUsL CLEBA C PE3EKYU-
ell 3 xpauesvix NOIYKONeY 16020 2NA8HO20 OPOHXA
U HUJICHEe20 0011e6020 OPOHXA HA YpoeHe ycmbsi BO
¢ popmupogarnuem NpAmMO20 MeHCOPOHXUATbHOZO
aHACMOoMO3a MeHCOY 2NABHBIM U HUNCHUM O0e8blM
OpoHxamu «KoHey 6 KOHey».

Tocneonepayuonnulii nepuod npomexan 6e3 oco-
bennocmeti. Ilocneonepayuonnoe eucmonozuieckoe
uccnedogamnue. 8blcokooUppepenyuposannas nio-
CKOKIIeMOUHAsI KAPYUHOMA C OPO2OGEHUEM U OUA2aMU
HeKpo3a, no TUHUU pe3eKyun 6POHX08 6e3 NPUHAKOS8
ONnyxonegozo pocma, 6 5 uz 6 uccied08aHHbIX OPOHXO-
NYIbMOHATbHBIX TUMDAMUILECKUX V3IAX — Memacma-
3bl NIOCKOKIEMOYHOU KAPYUHOMDIL, 8 TUMPDAMULECKUX
V31aX KOPHSL 1€2K020, «A0OPMATbHO20 OKHAY U 30Hbl
oughyprayuu mpaxeu Memacmazos Hem.

Yepes 3 ned npogedeno KOHMpPOoabHOe 00C1ed0-
sanue, npu KT opeanos epyonoit knemxu (13.10.18):
cocmosinue nociie pacuupeHHol @epxHell 1003Kmomuu
cnesa. Ilepubponxuansvio 60016 6epxHe2o 001€6020
OpoHXa niomHas MKaHb, 0ehopMUpPyrOWas NPOCeen
Opouxa. Yuacmku eunosenmunsyuu eepxmet 0ouu
cnpasa. Pempokasanvuvie numgpamuueckue y3uol,
ouamempom 00 2 cm (puc. 5). QubpobpoHxockonus
(19.10.18): cocmosanue nocie 6pOHXONIACUYECKOU
sepxmuell 1002kmomuu ciesd. MedcoOpouxuanvhwiii
AHACTNOMO3 COCMOSIMENbHYLI, CAUZUCTNAS 0DO0LOUKA
0e3 npusnaxos eocnanenus. Cnpasa B3 weneguono
CYIICeH 3a cuem OdGIeHUs U3BHEe ¢ NPUSHAKAMU NOO-
CAUBUCMOU UHPUILMPayUU BepXHE20 0016020 OPOHXA
(puc. 6).

Yepes 2 mec nocne nepsou onepayuu 30.10.18
8bINONIHEHA PACUUPEHHASI OPOHXONIACMUYECKAS, 6epX-
HASA 10OIKMOMUS CPABA ¢ YUPKVIAPHOU pe3eKyueti
2 Xpaujegblx NOIYKONeY Npasoeo 21deHo20 U 00HO20
NOIYKOTbYA NPOMENCYMOYHO20 OPOHX08 U HALOJICe-
HUeM MeHCOPOHXUANLHO20 AHACTOMO3ad «KOHeYy 6
Koneyy. Ilocneonepayuonusiii nepuod npomexan 6e3
ocnoxcHenuti. Ilocneonepayuonnoe eucmonocuye-
CKoe ucciedoganue: ymepeHHooupdepenyuposantas
NIIOCKOKNEMOUHAS KAPYUHOMA C OPO2OGEHUEM,; TUHUU
peseKyuU OpOHX08 He3 NPU3HAKOE ONYX01e6020 POCMA,
8 IUMPamuuecKux y3iax KOpHs Npasoco 1ecKozo,
napampaxeanvbuvlx Cnpasa — Memacmasvl NIOCKOK1e-
MOYHOU KAPYUHOMDL.

Ha ocrosanuu pesynomamog mopghonocuueckoeo
UCCcne008anUs YCMAaHo8LeH NOCMXUPYpeUYecKull na-
MOA0CUYECKUL OUACHO3: NePEUYHO-MHONCECTIBEHHDLIL
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Puc. 6. ®nbpobpoHxockonusi: MexxbpoHXManbHbIA aHacToMO3
COCTOSITENbHLIN 6e3 NPY3HaAKOB BOCManeHus u aedopmauum.
BpoHXu HWKXHEN JOMW MPOXOAUMBI
Fig. 6. Fibro-tracheo-bronchoscopy: consistent interbronchial
anastomosis without signs of inflammation and deformation. The
bronchi of the lower lobe are permeable

CUHXPOHHbIU PaK ¢ nopaxicenuem oboux neexkux: Pax
18020 1€2K020; YEeHMPATbHASL NEPUOPOHXUATLHO-
V3106as (hopma ¢ nopajpceHuem 8epxHeco 0016020
U OUCTNATBLHO20 OMOeNd 1e6020 21A8H020 OPOHXA
pyT2NIMO GIRO, IIB cmadua; Pakx npasoco nee-
K020. YEHMPANbHASL NepudpPOHXUATbHO-Y3106d05
Gopma ¢ nopasicenuem 6epxHe2o 001€8020 OPoOHXA
pyTIN2MOG2RO0, 1lIA cmaousa. /[ns onpedenenus
oanvHeluet maxmuKu 1e4eHusi nPpo8eoeH KOHCUIUYM
6 cocmase: MOPAaKAIbHO20 XUPYPea-OHKON02d, PAOUO-
noea u xumuomepanesma. C yuemom 00cmamoyHou
I pexkmusnHocmu UHOYKYUOHHOU XUMUOMEPANUU
PEKOMEHO08AHO NposedeHue 4 KyPcos a0bio8anmHOl
xumuomepanuu komounayuei kapooniamunvr AUC
5—6 u cemyumabuna 1000 me/m’ ¢ unmepsanom 28
onell.

C24.11.18 no 31.01.19 nposedeno 2 xypca aovio-
BAHMHOU XUMUOMEPANUU, KOMOPbLE CONPOBONCOATUCDH
mpomboyumonenuetl 1V cmenenu, nompebosasuietl
nogmopHuIx mpancghyzuii mpombokonyenmpama. C
1.03.19 no 15.04.19 npogedeno ewe 2 Kypca adwvio-
BAHMHOU XUMUOMEPANUY, ¢ pedyKyuetl 003bl 2eMyll-
mabuna na 50 %. [locne 3a6epuienus 1ekapcmeeHHo2o
qevenus ¢ 20.05.19 no 14.06. 19 na aunetinom ycropu-
mene Novalis TX, Varian, nocpeocmeom 7 cmamuue-
CKUX KOHGOPMHBIX NOTELL C UCTOTb30BAHUEM PENCUMA
IMRT, npogedena konconuoupyrouas iy4esdas mepa-
nusi Ha 0bracme KopHetl ae2kux u cpedocmenue PO/ 2
IpooCON46p. C25.07.19 no 08.08.19 nposedena
3D-konpopmnas IMRT nyuesas mepanus na oonacme
WelHO-HAOKTIOYUYHBIX TUMDAMUYECKUX Y3108 ¢ 0De-
ux cmopon, POJ[ 3 I'p, 5 ¢ppaxyuii ¢ neoenio oo COJ
39 uzol p. Jlyuesvix peaxyuii e ommeueHo, jeyeHue
nepenec y0061emeopumensHo.

1pu xonmponvrom obcedosanuu 6 Hostope 2020 2.
1o 0aHHbIM PUOPOOPOHXOCKONUL: COCMOSIHUE NOCTE
Oponxoniacmu4eckou eepxmel 10039KMomMuu cieea u
cnpasa. Anacmomoswi cocmosimenviivl, 6€3 NPUIHAKOS
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Puc. 7. ®nbpobpoHxockonus: MexbpoHxmanbHble aHacTOMO3bl
cocTonaTenbHble, 6e3 NpU3HaKoB BocnaneHns n aedopmMaLim.
HwxHenoneBble 6GpOHXM C 06enx CTOPOH NPOXOANMbI
Fig. 7. Fibro-tracheo-bronchoscopy: consistent interbronchial
anastomoses without signs of inflammation and deformation. The
lower lobe bronchi on both sides are permeable

socnanenus u oegpopmayuu. Jlonesvle u cecMenmap-
Hble OPOHXU C 00eux CmopoH c80OOOHO NPOXOOUMbL
(puc. 7).

Ilpu KT opeanos epyonou kaemxu (25.01.21):
NHeBMamu3ayusl 1e204HOU MKAHU He UsMeHeHa, Oe3
npusznakos smepuzemovr. Cocmosinue nocie OpoH-
Xonaiacmuueckou 8epxHell 10039KMoMUU cnpasa u
Oponxoniacmuyeckol gepxmetl 1009Kmomul cieda
OpoHxU npoxodumsl, BHympuepyorvle, akcuiisapHuvle,
HAO- U NOOKIOUUYHblE TUMPamuyecKkue y3ibl He
VEenUYeHbl.

B nacmosuyee epems nayuenm naxooumcs noo
HabOn0enuem 6e3 NPU3HAKO8 NPO2PecCupoB8arus,
YUMo NO380151€m YMEepHcOAmb, Umo MyIbmMuUMo-
danvbHoe neyueHue 08YXCMOPOHHE20 CUHXPOHHO20
nepsuyno-muoxcecmeenno2o HMPJI 1IIA cmaduu ¢
UCNONB308AHUEM NOCTE008AMENLHOL OPOHXONAACTU-
yecKoll 8epxHell 100IKMOMUU NO360AUI0 00OUMbCA
ONUMENbHOU PeMUCCUU C COXPAHEHUEM XOPOULe20
Kauecmed HCUsHU.

Oocyxnenune

B HacTosiiee Bpemst moka3aHo, 4TO IIPOTHO3 3a00-
JIEBaHUS y MAIUEHTOB MOCJIE XUPYPrUIECKOTO JICUSHHUS
T10 MIOBOJTY IBYXCTOPOHHETO CHHXPOHHOTO NEPBUYHO-
MHOkecTBeHHOro HMPJI siBnsiercst 61aronpusiTHBIM.
Mennana oOmieid BEBDKHBAEMOCTH TIPHU OIEPAITHSIX
moboro oobema nocruria 52 mec [3], S-neTHsis BbI-
)KUBaeMoCTh — 38 % [6], UTO 3HAUUMO BBIIIE TIO
CPaBHEHHUIO C BBDKMBAEMOCTBIO MPU MPEATIOIOKH-
tenpHOM IV ctaguun HMPJI. Cpenu Bcex pesexuuid
JIETKOTO, KaK MPaBUJIO, BBHITONHIEMBIX MOCIEI0Ba-
TEJBHO, IBYXCTOPOHHUE JTOOIKTOMHH MPOU3BOIATCS
MPUMEPHO OAHOM TpeTu OomnbHbIX. [locneoneparu-
OHHAsl JIETAJIBHOCTh He mpeBblaet 2,9 % [6, 10].
Cuuraercs, 4ToO THEBMOHIKTOMUS, paHee paccMaTpu-
BaeMasi KakK IJIOXOW NMPOTHOCTUYECKUH (akTop, HE

148

OKa3bIBae€T OTPHILATENBHOTO BIMSHMS Ha BBDKHBae-
MOCTb. OJJHAKO B CEPUSIX XUPYPrUUYECKOTO JICUECHHUS
cuaxpoaHoro HMPJI ¢ GonbImuM yIeIbHBIM BECOM
JTAaHHOTO BMeIIaTesIbcTBa MOCieonepanuoHHas Je-
TalbHOCTh yBenuuuBaercs B 1,5-2 pasa, 1o 4,3—6.9
% [9, 10]. Ilocne OmmaTepanbHBIX JIOOIKTOMHUMA HITH
J00PKTOMUM ¢ KOHTpaIaTepabHBIMU Cy0I00apHBIMH
Ppe3eKIMAMY 3- U S-JeTHSS 0011asi BBHKUBAEMOCTB JI0-
cruraet 84,5 u 75,0 % coorBercTBeHHO [ 7]. CunTaercs,
YTO KOHTpasarepaibHbIe CyOno0apHble pe3eKuu mpu |
craauu cuaxponHoro HMPJI orpuniarenbHO He BIUSAIOT
Ha IoKa3arely S-JIeTHEH BBDKHUBAEMOCTH B OTIMYHE OT
TaKUX CTaTUCTUYECKU 3HAYMMBIX IIPETUKTOPOB MII0XO0-
'O IPOTHO34, KaK MYKCKOH MO U IPEKJIOHHBIN BO3PACT
[3]. Kpome Toro, ycTaHOBIIEHO, YTO CaMbIMH CHITBHBIMA
MPEAUKTOPAMH IJIOXOTO MPOTHO3A SBIISIOTCS: CTENICHD
BOBJICUEHHOCTH BHYTPUTPYAHBIX TUM(paTHUECKUX
y310B N2 HR 1,94 no cpaBuenuto ¢ NO u N1 HR 1,68
1o cpaBHEHUIO ¢ NO, 1 OTHOCTOPOHHSS JTOKAJIN3ALINS
omyxoneir HR 1,45 o cpaBHEHHIO ¢ AByXCTOPOHHEH.
Jlyumme mokasarenn BbIKMBAEMOCTH IMPH JABYXCTO-
ponaem HMPJI o0ycioBnens! 601b11ei BEPOSTHOCTHIO
UCTUHHOTO NEPBUYHO-MHOKECTBEHHOTO TOPAKEHHUS C
YYETOM PACCTOSIHUSI MEKIY «OITyXOJIEBBIMH MOJISIMI
0e3 OYEBUIHBIX MPU3HAKOB IeMaTOTeHHOI'O METacTa-
3upoBaHus. Mop@oJoruieckoe CXOACTBO OMyXoJen
B KaQUeCTBE MTPOTHOCTHYECKOTO (pakTOopa HEe CBSI3aHO C
Xy/Ieil BBDKHBA€MOCThIO, HA000OPOT, BBIsIBIICHA TEH-
JEHIMS K YAy4IIEeHHIO TOKa3aTesei BDKHBAEMOCTH
OOJTBHBIX OIYXOJISIMH OJJHHAKOBOT'O THCTOJIOTUIECKOTO
cTpoenus [3].

J1s inTrocTpaliuy BIUSHUS TepeYUCIeHHBIX MTPOo-
raoctuueckux akropos T.Tanvetyanon et al. mposenu
OLICHKY BbDKHBaeMOCTH MetonoMm Kamnana—Meiiepa
B 2 rpymnmax manrdeHTOB, pa3fAeleHHbIX B 3aBUCHMO-
CTH OT HAJIMYUS TakuxX (akTOpPOB pUCKa, KaK MOI,
BO3PACT, paclpoCTpaHeHHAs cTaius 3a00IeBaHUs U
nokanu3aius omyxoin. OOHapyKEeHO, 4TO OOIHHBIE
0e3 (akTOpoB prCKa UMEITH 3HAYUTEIHHO JIYUIIYIO
BBDKHBAEMOCTh, YEM IAIlUEHTHI ¢ OoJiee YeM OJHUM
HeOnaronpusTHeIM (akropoM pucka. [lpeanomnarae-
Masi 5-JIeTHSISI BBDKUBAEMOCTD JJIs1 OOJBHBIX C OTCYT-
CTByIOITUMHE (hakTopamMH pHUcKa cocTaBmia 82 % 1o
cpaBHeHHIO ¢ 43 % I UL ¢ MPHUCYTCTBYIOIIMMHA
(akTopamu pucka [3]. [TockoabKy onnHaKoBO Onaro-
MIPUATHBIA HCXO/I HE KOCHETCS BCEX NMAlUEHTOB, yCTa-
HOBJICHHBIE IIPOTHOCTHYECKUE (PaKTOPHI HEOOXOIUMBI
JUTSL IPUHATHS KIMHAYECKUX PEIIeHUH.

TTocneonepannoHHBIN MATOJIOTUYECKUM AUATHO3,
kiaccuuurpoBansslii mo TNM otaensHO amst 06e-
X CHUHXPOHHBIX OIYXOJIEH, HMEET XOPOILYI0 KOp-
PEJSILUIO C MMPOTHO30M U Ba)KEH JUIsl IJITAHUPOBAHUS
aJbIOBAHTHON Tepanuy MepBUYHO-MHOXKECTBEHHOTO
HMPIJIL. Crnenyer oTMETUTh, YTO aJblOBaHTHas u/
WM HEO0AaIbIOBAaHTHASI XMMHUOTEPANUs IPOBOAUTCS B
25-36 % wnabmronenuii [9—11], myueBas Tepanus —
Kaxaomy 10-my 60IbHOMY CHHXPOHHBIM PAaKOM JIeT-
koro [9, 10] u HeT elle JaHHBIX O TOM, YJIyUIIAtOT JIH
TapreTHas U MMMYHOTEpaIus pe3yibraThl ieueHus. B
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KauecTBe (haKTOPOB MPOrHO3a HEOOXOANMO H3yUEHHE
TeHETUIECKOTO MPOQHIIS CHHXPOHHOTO paka JIETKO-
T0, BIUSAHUA aJILIOBaHTHOﬁ Tepalnnuunu, COCTOAHUA
(YHKIUH JBIXaTeIbHOM CUCTEMBI M COITYTCTBYIOMICH
MaTOJIOTHH.

WHTepec Hamero cooOIIeHNs 3aKITI0YaeTCs B TOM,
YTO OHO CONEP)KUT OIMUCAHHE PEIKOTO MPUMEHEHHS
pacuMpeHHoi OpOHXOIIACTHYECKOH BEpXHEU Jo-
O9KTOMHH B Ka4e€CTBE XMPYPrHUECKOr0 KOMIIOHEHTA
KOMILIEKCHOTO JICYEHUSI OOJIBLHOTO JBYXCTOPOHHUM
cunxponasiMm HMPJI. TlocnenoBarenbHoe npume-
HEHHUEC COBPCMCHHBIX TEXHOJIOTUHM JEeUEHUS MO3BO-
JISI€T I[O6I/ITI:C$1 YAOBJICTBOPUTCIIbHBIX OTAAJICHHBIX
pE3yABTATOB.

3akiarouenue

HecMmotpst Ha peIKoCTh MPEICTaBICHHOTO HAOIO-
JICHHSI, MOXKHO CJIeJIaTh PSJl IPAKTUYECKUX BHIBOJIOB.
Bo-miepBbIX, OpraHOoCOXpaHSIoIee XUPYPTHISCKOES
BMCIHIATCIIBCTBO SABJISACTCA OHpaBZIaHHI)IM BapI/IaHTOM
JICUCHUA 6OHI)HI)IX CI/IHXpOHHI)IMI/I OHYXOJ'ISIMI/I O6OI/IX
JISTKUX JIaXe TOTJa, KOrJa ABYXCTOPOHHUH MPOIECce
HUMEET CXOJHOE MOP(OIOTUIECKOE CTPOCHUE U JI0-
MMOJIMHHO HEM3BECTHO, SIBIISICTCS JIM 3a00JIeBaHUe
MIEPBUYHO-MHOXKECTBEHHBIM pakoM Jjerkoro. Ciemo-
BaTeNIbHO, CCJIA TAIIMEHT MPEICTABISICTCS XOPOIIUM
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NEPBUYHAA MALT-IMM®OMA TPAXEW
(KMMHWYECKOE HABJIFOAEHMUE)

O.B. MNMukuH, J1.B. Teneruna, U.b. Kannanckas, H.B. KyteHeBa, B.B. BapmuH,
[.B. CemukuHa

MockoBckuiA Hay4YHO-MCCneaoBaTenbCKUM OHKONOrMYeckun MHCTUTYT uM. MN.A. l'epueHa — punman ey
«HaunoHanbHbIN MEAULIMHCKMIA NCCReqoBaTENbCKUN LEHTP pagunonornmy MuHsgpasa Poccun,

r. Mocksa, Poccus
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AHHOTauuA

AkTyanbHoCTb. B cTpykType oHKonornyeckon 3abonesaeMocT pecnupaTopHON CUCTEMbI OMYXOMNn TPaxeu
3aHMMatoT okorno 2 %, uto coctaenset 0,1 cnydasa Ha 100 000 yenosek B rog. Mo gaHHBIM MUPOBOW NUTe-
patypbl, nepsuiHaa MALT-numdoma Tpaxen BCTpeyaeTcs KpaiHe pegko, B CBSA3U C YEM HET YETKO YCTaHOB-
NEHHOTO NoAXoAa K NiedeHuto aToro 3abonesBanus. CyLLecTByeT HECKOMbKO 3hdEKTUBHBIX NO3ULMIA B Bbibope
Tepanuu. B ctaTbe paccmaTpuBaoTCst BO3MOXHOCTY 3HAOCKOMMYECKOrO XMPYPrM4eCcKoro NieveHms nepBuYHon
nMMdOoMbI Tpaxeu, B 063ope nuTepaTypbl NpeacTaBneHbl COBPEMEHHbIE AaHHble 06 anMaemMmnonorim, aTmo-
naToreHese, KNMHUYECKON KapTUHE N TakTuke neveHus. OnucaHue KnMHu4yeckoro cny4as. NauveHt I,
72 roga, obparuncs B TopakanbHoe xupyprudeckoe otaeneHe MHAOW um. TN.A. TepueHa c xxanobamu Ha
OAbILLKY MPU YMEpPEHHON hM3NYECKON Harpyske u cyxow kawenb. [Mpu obcnegoBaHumM AnarHOCTUpOBaHa
onyxorb BEpXHEN TpeTn Tpaxeu, ak3oduTHast popma pocta. CteHo3 npoceeTa Tpaxewn |-l cteneHun. Ha
NepBOM 3Tane MpUHATO PeLLUEeHNE O BbIMOMHEHUW MO XU3HEHHbIM MOKa3aHUAM fevyebHO-aUMarHoCTUHECKON
3HOCKOMUYECKON onepauuy — yaaneHum 3k30(UTHOr0 KOMMOHEHTa OMyXOmnu C LieNbi BOCCTaHOBIEHMS
npocBeeTa, NMKBUAALUN Yrpo3bl BO3MOXHbBIX OCITOXKHEHWIA. [1py rMCTONOrMYeCcKoM 1 UMMYHOTMCTOXMMUYECKOM
ncenenoBaHusx gnarHoctuposaHa MALT-nMmdoma Tpaxeun. YuntbiBad UHOONEHTHbIA BapuaHT NIMMOMbI,
HebomMbLUOW 06beM Nopa)xeHWs!, BbIMOSTHEHHbI 06bEM 3HAOCKOMMYECKOro NIe4eHsl, BO3pacT nauneHTa u co-
NyTCTBYOLLYIO NATONOrMi0, NokasaHui Ans NPoBeAEHNSA CUCTEMHOM MPOTUBOOMYXONIEBON Tepanum He GbIno.
MauneHTy pekomMeHAOBaHO AMHaMuyeckoe HabnogeHue. B HacTosilee Bpems naumeHT HabnopaeTcs B
MHWUOW nm. M.A. lepueHa Ha npoTseHun 6 Mec 6e3 Npu3HakoB peumanBa 3aboneBaHusl. 3akrnoyYeHue.
[aHHbIN KNMHUYECKUI NPpUMED MOKa3biBAET BO3MOXHOCT METOAA SHA0CKOMNUYECKOW XMPYPrmn, KOTOPbIN Mo-
3BONUI NPOBECTU pafuKanbHOEe OpPraHOCOXPaHsoLLEee NeYeHne y naumeHTa ¢ auarHo3om nepsuyHor MALT-
nMd oMbl Tpaxen. C y4eTom ak30hUTHOM (POPMbI POCTa OMNYXONu NPUMEHEHNE MeToga KOMOMHYPOBAHHOIO
3H0CKOMUYECKOrO NeYeHMsl NO3BONUIO n3bexarb OTKPbITOM XMPYPrMYecKon onepauun B BUOE pe3ekumn
Tpaxeu, YTO CYLLECTBEHHO YNyYLLUMITO Ka4eCTBO XM3HW NaLMeHTa.

KntouyeBble cnoBa: onyxonu Tpaxeu, 3HAOCKONUYeCKas XMPYpPrus, akcTpaHoaanbHas nuMmdoma
MapruHanbHoW 30Hbl, MALT-numcoma, BUAeobpoHxocKkonus.
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Abstract

Background. Tracheal cancer accounts 2 % of all upper respiratory tract cancers, with the incidence of 0.1
cases per 100,000 people per year. Primary tracheal MALT-lymphoma is extremely rare, and therefore there
is no clearly established approach to the treatment of this disease. There are several effective positions re-
garding the choice of therapy. This article discusses the feasibility of endoscopic surgical treatment of primary
tracheal lymphoma. The review of the literature presents current data on the epidemiology, etiopathogenesis,
clinical features and treatment strategy for this disease. Description of the clinical case. A 72-year-old
patient was admitted to the Thoracic Surgical Department of the P.A. Hertzen Cancer Research Center with
complaints of shortness of breath with moderate physical exertion and dry cough. The examination revealed
a tumor in the upper third of the trachea showing an exophytic growth, and grade I-lll tracheal stenosis. To
restore the lumen of the trachea and prevent complications, the endoscopic resection of the exophytic part
of the tumor was performed. Histological and immunohistochemical studies revealed MALT-lymphoma of
the trachea. Taking into consideration the indolent form of lymphoma, small size of the tumor, patient’s age
and comorbidity, there were no indications for systemic anticancer therapy. The patient was recommended
to be followed up. The patient is alive with no evidence of disease recurrence. Conclusion. This case report
demonstrates the feasibility of performing organ-preserving endoscopic surgery in the patient with primary
tracheal MALT-lymphoma. Taking into consideration the exophytic form of the tumor growth, endoscopic sur-
gery made it possible to avoid unnecessary open tracheal resection, thus significantly improving the quality
of life of the patient.

Key words: tracheal tumors, endoscopic surgery, marginal zone extranodal lymphoma, MALT-lymphoma,

videobronchoscopy.

Beenenne

B cTpykType oHKOIOTHYECKOH 3a001eBaeMOCTH
pecnupaTopHOl CUCTEMBI OITYXOJIH TPaXen 3aHIMAIOT
okono 2 %, yto coctasiseT 0,1 cayyas Ha 100 000
yenoBek B rof [1]. Hanbonee pacnpocTpaneHHBIMEI
THECTOJIOTUYECKHMHU THIIAMH paka Tpaxew SBISIOTCS
IJIOCKOKJIeTOYHAsI KapiuHoMma (45 %), aJleHOKHCTO3-
Has kapuuHoma (16 %) n HenuddepeHurpoBaHHas
kapraOMa (12,8 %) [2]. Taxke UMEIOT MecTo BTO-
PHUYHBIC OITyXOJIM TPaXEH, BO3HUKAIOIIUE B PE3yJIbTaTe
WHBa31H MEPBUYHBIX OIYXOJIeH, METaCTATUYECKH U3~
MEHEHHBIX JINM(OY3IIOB HIT TeMaTOr€HHBIX MeTacTa-
30B [3]. [To maHHBEIM MUPOBO TUTEPATYyPBI, IEPBUIHAS
MALT-nmum@oma Tpaxen BCTpeUaeTcs KpaitHe penko,
B CBSI3HU C YE€M HET YETKO YCTAHOBJIEHHOTO MOIX0/a K
JIUSHUIO 3TOTO 3a00JICBAHMUS.

Pacimpenue BO3MOKHOCTEN 9H/10 CKOTTMYECKOM ST~
arHOCTHKH ¥ CO3/IaHUE BUICOIH I0CKOTIOB TOCIIEIHETO
MOKOJIEHHUs C(OPMUPOBAIIM HOBOE HATIPaBIICHHUE B 9H-
JOCKOITNH — paAMKaIbHas MM YCIIOBHO-PaUKaIbHAS
SH/IOCKOTINYECKasi XUPYPIHs, a COBEPIICHCTBOBAHHUE
SHJOCKOINYECKON XUPYpPru4eCKOl TEXHUKH, CO3/a-
HUE BBICOKOTEXHOJIIOTHYHOH ammapaTypsl (J1a3epHOi,
ANEKTPOXUPYPTUUECKON U JPYTOi) MO3BOJIHMIN pac-
IIUPUTH KIMHUYECKUE MOKa3aHUA K YHOCKOIHYe-
CKMM OTIepanusM KaK K CaMOCTOSITEIbHOMY METOTY
nedenus [4].

MeCTHBIMH TOKa3aHUSMH K DHIIOCKOITHUYECKOMY
yIAJIECHUIO 3JI0KAYECTBEHHBIX OMYXOJIed Tpaxeu U
oponxoB B.B. CoxonoB u coasr. (2010) u JI.B. Teme-
ruHa (2017) cuurator criepyromue: 1) 3K30UTHBIH
TUI POCTa OMYXOJIU; 2) AOCTYNHOCTh AUCTaIbHOU
IPaHuULIbI OIYXOJIM Yepe3 BUICOIHIOCKOIT; 3) pacioio-
YKEHHUE OITYXOJIH B IJIABHBIX, TOJIEBBIX U CETMEHTAPHBIX
Oponxax; 4) HaJM4YMe aTeIeKTa3a Wil OOCTPYyKTHBHO-
ro TTHEeBMOHHUTA (W/WIIK €ro yrposa); 5) OTCYTCTBHE
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KT/MPT nipr3HakoB NeprOpOHXHAIBHOTO OITyXOJIEBO-
TO KOMITOHEHTA W YBEIMUEHHBIX BHYTPUTPYIHBIX JIY
(B cily4yae MJIaHUPYEMOTO PAAUKAIBLHOTO YAAJICHUS
onyxonu) [4, 5]. Ilpu 3ToM >HIOCKONUYECKAST XU-
PYPrus Kak METo paAuKaIbHOIO YAAJICHUS OILyXOJIH
MTO3BOJISIET IOJTHOCTHIO0 BOCCTAHOBUTD MPOCBET TPaxeu
uiu kpyrnHoro oponxa B 100 % Habnronenuii (n=60),
JIOOUTBHCS KIMHUYECKON PEMHCCUU B CPOKHU OT 1
roga 1o 27 AeT ¢ MeAMaHON BBKUBAEMOCTHU, PABHOU
8,5 mer [5].

B nanHoOl cTarbe ONMUCHIBAETCS PEIKUN KIH-
HHUYECKUI ClIydyald yCHEIIHOIO HHJO0CKOIIMYECKOIrO
yIaIeHus NePBUYHON JTUM(POMBI Tpaxeu, KOTopast
copMupoBanmach U3 KIETOK MapTHHAILHON 30HBI,
ACCOIMHUPOBAHHON ¢ TUM(POUTHON TKAHBIO CITU3UCTON
obomouku (MALT).

Kinnunueckoe Ha0/noneHue

Hayuenum I1., 72 200a, scumenv 2. YibsaHo8cka,
oopamuncsa 6 uone 2021 2. ¢ mopaxanvrnoe Xupyp-
euueckoe omoenervue MHUOU um. 11.A. T'epyena c
HCanobamu Ha 0ObIUKY NPU YMEPEHHOU DUULECKO
HazpysKke u cyxoul kauteivb. M3 anamuesa: cuumaem
ce0st BOILHBIM HA NPOMSINCEHUU NOCTEOHUX 5 Mec (¢
saneaps 2021 2), koeda Hauan ommeuams NPU3HAKU Obl-
XxamenvHot Hedocmamoynocmu. Ilayuenm-Kypuibuyux
(cmaoic — 52 nauxo/nem), umeem cOnymcmeyowyo
namono2uio: eunepmonuieckas bonesns 1 cmenenu,
1 cmaouu, puck CCO 2; xponuueckasi 136 1yKo8UYbl
JIIK, ene obocmpenusi.

Ilo oannvim CKT opeanoe epyonoil Kiemku
(31.05.21): 6 npoceeme mpaxeu na ypogue C7 no
npagou cmenke HA WUPOKOM OCHOBAHUU ONpeOes-
emcsi H0800Opazosanue pazmepom 14X11X22 um,
cyacusarouiee npoceem mpaxeu Ha 2/3; maxice
umeromca KT-npusnaku xponuueckozo bpouxuma.
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Buympuepyonou numgpadenonamuu He 0OHApY#CeHO
(puc. 1a, 6).

Ilo oannvim eudeodopouxockonuu (BEC) om
30.06.21: copmanv noosuscua, ne usmenena. Ha
npomscenuu 2,0 cm npoceem mpaxeu c60600€H.
Jucmanvree onpedensemcs 3K30(pummuas onyxois,
waposuoHol (hopmsl, APKO-KPACHO20 yeemd, pas-
mepamu 2,0%2,0 cm, cmewarouasca npu uHCmpy-
MEHMANbHOU NANbNAYUYU, CYHCUBAIOW A NPOCEen
na 2/3. Y onyxonu umeemcs wiupokoe ocHosamuue,
npubauzumenvuvimu pasmepamu 1,2x1,0 cm, pac-
NON0XMCEHHOE N0 nepeoHe-npasol cmenke. B pexcume
NBI umeromces npusnaku 8mopuiHo20 ONnyxoniesozo
HeoaHeuozenesa — 3eleHoe okpauusanue (puc. 18, 2).
Hucmanvuasn epanuya onyxonu pacnonroxceHa Ha
5,5 cm eviwe epebns kapunvl. Huowcnsas mpemo
mpaxeu He USMEHEHA, KaApUHAa 0Cmpas, HOOBUINCHASL.
bponxu ocmompernsi ¢ obeux cmopon 0o V nopsaoka —
npoceemvl He CYIHCeHbl, UWNOPbl OCMpble, CeKpem
CKYOHDLU, CAU3UCIMO20 Xapaxkmepda. 3akiioyenue:
ONyxXoib @epxuell mpemu mpaxeu, dK30QPum-
Has ¢opma pocma. CmeHo3 npoceema mpaxeu
1I-11T cmenenu.

Ha xoncunuyme ¢ yuacmuem anecmesuonoza,
Xupypea, paouonoza, XumMuomepaneema u HO0CKo-
nucma, 8 césa3u ¢ 9K30(DUMHbIM XAPAKMePoM pocmda
ONYXONU, Y2PO301i CIEHO3a U/ AchUKCULL, HA NEPEOM

omane ObLIO NPUHAMO PeUeHUe O GLINOIHEHUU 1O
JHCUSHEHHBIM NOKA3AHUAM J1e4eOHO-OUACHOCUYECKOT
9HOOCKONUYECKOU onepayuu — yoanieHuu 9K30umHno2o
KOMHOHEHmMa ONYXoau C Yelblo 80CCHAHO8LEHUS NPO-
ceema, MUKGUOAYUU Y2PO3bl BOZMOICHBIX OCTONCHEHULL
U HANPAasieHuU Mamepuald Ha NiaH080e 2UCHONO2U-
yeckoe ucciedosaHue.

DOuoockonuueckas onepayus — peKanaiu3ayusl
npoceema mpaxeu gvinoanerna 01.07.21. Ilpu BFC:
20pMaHb NOOBUIICHA, He usmeneHna. Ha npomsocenuu
2,0 cm npocesem mpaxeu ceobo0en. ucmanvhee co-
Xpausiemcesi 9K30QOUmMHas Onyxoib, WaposuoHot (op-
Mbl, ApKo-KpacHozo yeema, pasmepamu 2,0%2,0 cu,
CMeWarnwancs npu UHCMpYMeHmMalbHOU NAIbnayul,
cysrcusarouyas npoceem mpaxeu Ha 2/3. Jfucmanvras
2panuya onyxonu pacnonioxceHa Ha 5,5 cm eviuie
epedus kapunwl. 1100 kKonmponem 8udeooPOHXOCKONaA
BbINOTHEHA SHOOCKONUYECKAs ONePayusl: 1a3epHas de-
CMPYKYUsL NpU NOMOWU NOJLYNPOBOOHUKOBOZO 1d3epd
Dornier u momanvHas nemunesas 1eKMpPOIKCYUIUSA
ONYXONU mpaxeu Ha SUCMONI02UYeCcKoe UCCIe008aHUe
(puc. 2 a—e). Ocnodxcuenuil npu GbINOIHEHUU IHOOCKO-
NUYeCcKol onepayuy He Omme4eHo.

Iocne yoanenus onyxoau KIuHU4ecKu nayuenm
ommemui 3HAYUmMeNbHoe YiydueHue coCmoaHusl
6 6ude OMCYMCMEUs. NPUIHAKOE ObIXAMEAbHOU
He0oCmamo4HOCm.

Puc. 1. lnarHocTrka oIyXoiu MeiHoro otaena Tpaxen y namuentTa I1.:
a — crimpanbHast KT opraHoB rpynHOif KIeTKH (akcnaibHas IpoeKus); 6 — To ke (GppoHTanbHas NPOSKNHs); B — 9K30(UTHAS OITyXONb (3HI0POTO-
rpamma B GextoMm cBete — WLI); T — To ke Ipu y3KOCIEKTPaIbHOM HCCiIeloBaHuH (dHI0(poTorpamma B pexxnme NBI)
Fig. 1. Diagnosis of a tumor of the cervical trachea in patient P.:
a — spiral CT scan of the chest (axial projection); b — spiral CT scan of the chest (frontal projection); ¢ — exophytic tumor (WLI white light endophoto-
gram); d — exophytic tumor (narrow-spectrum study, endophotogram in NBI mode).
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Ilo oannvim naano8020 Mopghorocuueckozo uc-
crnedoganus (20.07.21): ¢ppacmenmor cauzucmotl
00010UKU ¢ NOKPOBOM U3 MEMANLAZUPOBAHHO20
MHO2OCIOUHO20 NIOCKO20 INUMENUS C U3bIAZGIEHUEM,
6 CYOINUMENUATLHOU OCHOGE ONPeOelsiemcs paspac-
manue 310KAUYECMEEHHO20 MOHOMOPHHO2O HOBOOD-
PAa308aHUsl U3 OMHOCUMENLHO METKUX TUMPOUOHBIX
KIEeMOK, 4mo Modicem COOmMEencmaosams iumpome
u3 menkux Kiemok (puc. 3a, 6).

s ymounenus ouazHo3a npogedeno UMMyHoU-
CIMOXUMUYECKOEe UCCTIe008AHUE: 8 ONYXOTIeGbIX Kienl-
xax peaxyus ¢ Pan Cytokeratin, CK7, Chromogranin
A, CD20 necamusnas. Onuu CD45, CD79a nosumugnoi.
B wacmu smux knemox 6vis1615emcs ROLONCUMENbHASL
peaxyus ¢ Plasma cell. Onu BCL2 nonosicumensvheol,
CD23, CDS, cyclin DI neeamusnul. Paccesnvl ne-
muozouuciennvie CD3 nosumugnvie T-numgpoyumor.
Ki67-nonoosicumenvhuvle Kiemxu HeMHO2OUUCTEHHbIE,
He npesviwiaiom 7 %. 3axaouenue: KapmuHa JIum-
¢onponugpepamusnoco 3abonesanus. Umerowuecs
UBMEHeHUs. MO2Ym UMemb MeCmo npu aum@ome u3
KJIEMOK Map2uHaibHoU 3016l (puc. 38).

Ilo oannvim uzuxanvHozo ocmompa, nabopa-
MOPHBIX, (DYHKYUOHATLHBIX U UHCMPYMEHMATbHBIX

MemMo008 00C1e008aHUSL OPYSUX OUA208 ONYXONLE8020
nopasicenus 8bIA6NIEHO He ObLIO.

Takum obpazom, nayueHmy yCmaHoB1eH OUASHO3:
IKCMPAHOOANbHASL B-Kiemoynas iumgoma uz kiemox
MAp2UHATLHOU 30HbL, ACCOYUUPOBAHHAS C TUMPOUO-
HOU MKAHBIO CAUSUCMOL 000I0UKU, C NOPAANCEHUEM
mpaxeu, I cm. Cocmosnue nocie 3HOOCKONUYECKo20
XUpypauyeckozo iedeHus.

Yepes 2 mec nayuenmy nposedeHo KOHMPOIbHOe
obcneoosanue. [lpu CKT (20.08.21): cmpyxmypa cme-
HOK, GHAMOMUs NPOCEEMO8 U NPOXOOUMOCMb mpaxeu
U OPOHX08 He HAPYULeHbl, CHEHKU MEeIKUX OPOHX08
HEepasHOMEPHO YMONUeHbl, YNIomHeHbl. B mecme pa-
Hee 8U3YaIU3UPYeMO20 00paA306atUs GepXHell mpemu
mpaxeu Onyxoneeou namoaocull He GulsGIeHo (puc.
4a, 6). IIpu BEC (24.08.21): eopmarb noosuicHa, He
U3MeHeHda, NPoceem mpaxeu Ha 6cem NPOMANCeHUU
c80000¢en. 110 npasoti cmenke onpedensiemcs Yuacmox
onumMenu3ayUU CIUUCMOoU, pasmepami 00 7 X8 mm, ¢
NPUSHAKAMU HAYANA PUOPO3HO-PYOUOBLIX USMEHEHUIL.
Onyxonesoti ununempayuu vem. Ilamonozuuecxkozo
8MOPUUHO20 COCYOUCTNO20 pUcYHKa 8 pedicume NBI ne
BbIAGIEHO. 3aKI0UeHUe: COCMOsIHUE NOCTIe FHOOCKONU-
yecko2o yoaneHus onyxonu mpaxeu. Ilonosxcumenvmuiii

B/C

Puc 2. Duockonuyeckas onepanus — peKaHaJIM3alys IMPOCBETa TPAXEH:
a — Jla3epHasi JeCTPYKIHUs OIyX0JH; O — MeTIeBast ANEKTPOIKCUU3US; B — KOAryJISILIHOHHBIHA CTPYII B 30HE YAAJICHHOH «HOKKH» OITyXOJIH
(HEMOCPEICTBEHHBIN Pe3yJbTaT ONEPALMU — ITOJIHOE BOCCTAaHOBICHUE IIPOCBETA TPAXEN); T — yAaJICHHAs OIyX0Jlb (Makponpenapar)
Fig. 2. Endoscopic surgery — recanalization of the lumen of the trachea:
a — laser destruction of the tumor; b — loop electroexcision; ¢ — coagulation eschar in the area of the removed “leg” of the tumor (the immediate result
of surgery is the complete restoration of the lumen of the trachea); d — removed tumor (gross specimen)
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Puc. 3. T'ucronoruyeckoe MCCICAOBAHIE YIAICHHOTO penapara — auMdoma:
a — MHKpO(OTO, OKpacka reMaTOKCHIMHOM H 203UHOM, X 10; 6 — MUKPO(OTO, OKpacka reMaTOKCHIMHOM U 903HHOM, *40; B — IMMYHOTHCTOXHMHYC-
CKoe uccienaoBanue, X100
Fig. 3. Histological examination of the resected specimen — lymphoma:
a — microphoto, stained with hematoxylin and eosin, x10; b — — microphoto, stained with hematoxylin and eosin, x40; ¢ — immunohistochemical
study, x100

a/a

WUBIN V.P HURIN VP

2470802021 3 2410442021 §
07:48117 07:5075%

Puc. 4. Pesynstat aHgockonuyeckomn onepauum yepes 2,5 mec:
a — NpocBeT Tpaxen cBoboAeH — NPOoKCcMMarnbHasi rpaHMLa 30Hbl paHee onpeaensiBLIEerocst onyxoneBoro nopaxexus (cnupansHas KT);
6 — AMcTanbHasa rpaHuLa paHee onpeaensBLLIErocs onyxorneBoro nopaxeHus (cnupansHas KT);
B — 3MMTENM3auns Crv3vncTon B 30HE yaarneHHow onyxonu, gopmmpoBaHmne pybua (sHaoodoTtorpamma B pexxume WLI); r — otcyTcTBrE
NpU3HaKoB BTOPUYHOIO HEOAHIMOreHe3a B 30He hopMupytoLerocs pybua (aHgogotorpamma B pexkvme NBI)
Fig. 4. 2.5 months after endoscopic surgery: a — the lumen of the trachea is free — the proximal border of the zone of a previously deter-
mined tumor lesion (spiral CT); b — distal border of a previously determined tumor lesion (spiral CT);
¢ — epithelialization of the mucosa in the area of the removed tumor, scar formation (endophotogram in WLI mode); d — no signs of
secondary neoangiogenesis in the area of the developing scar (endophotogram in NBI mode)
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ahhexm neuenus 6 sude NOIHOU pe3opoyuU NePeUUHOL
onyxonu (puc. 48, 2).

Yuumwieas unoonenmuoiii sapuanm aumgpomol,
HEOOMbULOU 0O0bEM NOPANICEHUSL, BbINOIHEHHDIL 00beM
9HOOCKONUYECKO20 Ne4eHUs, 603pacm NayueHma u
CONYmemayIowyio namono2uio, NOKa3aHuil Oas npo-
8e0€HUsL CUCIEMHOU NPOMUBOONYXOLEBOU MePanuu
He ovino. Ilayuenmy pexomenoo8ano ouHamuyeckoe
HaOI00e e U KOHCYIbMAYUsl 2eMamonoed no Mecniy
AHCUMENbCMEA.

Obcy:xnenue

Jlumdombl — rpynmna 3JI0KaueCTBEHHBIX OITY-
XOJIEBBIX 3a00JieBaHUN TUM(PATHUYECKOH CHCTEMBI,
[IPENMYIIECTBEHHO Oepyline CBOE Hayajo U3 TKaHeH
TUM(aTHYECKUX Y3JI0B, OTHAKO B OJTHOM U3 YEThIPEX
ClIy4yaeB MMEeT MECTO MOopa)keHHe SKCTPaHOAANb-
HBIX KJIETOK JuMdounnHol Tkauu [6]. B opranmsme
COIEPXKUTCS OONBIIOE KOIMYECTBO CBOOOTHOMN, HE
3aKJIFOYEHHON B COENMHUTEIbHOTKAHYIO KarCymTy
TM(GOUTHON TKaHH, KOTOPAst JIOKAIU3YeTCsl B CTEHKAaX
HKEITYI0YHO-KHUIIIEYHOTO, PECITUPATOPHOTIO U yPOTeHHU-
TAJILHOTO TPAKTOB. JINM(OLUTEI CIIM3UCTON 000I0UKH
BBINOJIHSIOT BXKHYI0 IMMYHOJIOTHYECKYIO (PYHKIIHIO
mytem cekpennu IgA. Ilox Bo3neiicTBuEM UIMTETHHOM
AQHTUTEHHOM CTUMYJISILMH B-1MM(pOLIMTOB BOZHUKAIOT
MaTOJIOTMYECKHE KIIETOYHbIC MOIYJISILINH, CIIOCOOHBIE
K (hopMHpPOBAHHUIO OITYX0JIEBOTO cyOcTpaTa. CaMbIMU
pacipoCTpaHEeHHBIMH (HaKTOpaMU PUCKA SIBISIOTCS
KypeHHe, XpOHUYECKre U ayTOMMMYHHbBIE 3a00JieBa-
HHs, KOHTaKT ¢ acbectoMm [7, 8].

Ha nomo MALT-nmum¢pom ¢ mopakeHHEeM Tpaxeo-
OpoHxuanbHOro epesa npuxogurcs mexee 0,5 % mep-
BUYHBIX 3I0Ka4€CTBEHHBIX HOBOOOPA30BAHUM JIETKUX
n menee 1 % Bcex mumdom [9]. Onnaxo cpenn MALT-
muMdoM nerounsie TuM(oMbl BecTpedatotest B 19 %.
Hawnbonee yactas nokanu3anust opakxeHHs BHISBIISICT-
Csl HAa YPOBHE INIaBHBIX U A0JIeBbIX OpoHxoB. HecmoTpst
Ha 3T0, nepBUYHBIC TposBieHns MALT-mumbomsr,
MOopaXkaroliel Tpaxero, O4eHb PEIKH, YTO BO3MOXKHO
OOBSICHUTh MEHBIIEH KOHLIEHTpauuer JTuMQOuIHBIX
KJIETOK B CIIU3UCTOM oOonouke Tpaxen [10].

[Mogo6uno apyrum omyxomnsm tpaxeun, MALT-
TUM(OMBI HE UMEIOT CIIEHU(PUUECKUX CHMIITOMOB,
KIIMHAYECKHE TPOSIBIICHUS B OCHOBHOM O0YCIIOBJICHBI
CTEHO30M IIpocBeTa Tpaxeu. [lanuenTs! IpebsBIIsIoT
XKaJI00bl Ha MPOTPECCUPYIOLIYIO OIBIIIKY, Kallleb,
CTPHIIOPO3HOE JbIXaHUE — MPHU3HAKU OOCTPYKIUU
LEHTPaJIbHBIX JbIXaTeIbHbIX MyTeHd Ha 73 o0bema U
Oonee. JlaHHBIE CHMOTOMBI MOTYT OMIMOOYHO Olie-
HUBATh KaK MPOsIBICHHE OPOHXMAIBbHOW acTMbl WIIN
XPOHHYECKOW OOCTPYKTUBHOW OOJIE3HU JIETKUX, OJI-
HaKo Teparnus OpOHXOAUIAaTaTopaMHu M CTepOUaMU
He gaeT kimHu4eckoro 3¢ dekra. [IpumeuarensHo,
YTO KPOBOXApPKAHbE, €I1€ OJUH YacCThli CUMITOM
MEPBUYHOTO 3JI0KaYE€CTBEHHOTO HOBOOOpA30BaHUs
Tpaxeu, OTCYTCTBYET, MOCKOJbKY CIM3HUCTas 000-
noyka Tpaxen B OonmpmmHcTBe MALT-mumdom He
noBpexzeHa [11].
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HecMmoTps Ha mepBoHauaIbHOE MHEHHE O MOHO-
OpPraHHOM MOPa’KEHUH, ITOCIIEAYIOIINE NCCIIETOBaHNS
nmokasanu, 4to BHeracTpaibabie MALT-mumbomer
TIPOSIBIISIFOT CKJIOHHOCTH K INCCEMUHUPOBAHHOMY pac-
npoctpanenuto noutu y 50 % nanuentos. [[puanmas
BO BHUMAaHHE BAJIOTEKYIUI XapakTep U MeJIEHHbIN
poct MALT-muMQoMBL, 3TH pe3yabTaThl TAKKe pH-
BEJIU K TUIIOTE3€ O TOM, YTO PELIUANBBI, BOSHUKAIOLINE
BCKOpE IOCJIE NMEepBOHAYAIILHOTO JAMarHo3a U MecT-
HOT'O JICYCHUS, MOIJIH ObITh CHHXPOHHBIMH OYaramu
MALT-nmumdombl, He 00HApPYKEHHBIMHU JI0 Hadaja
teparnu [12, 13]. JlaHHBIA QakT clieayeT yUnTHIBATh
MIpH OTIPEECNICHUH CTaJAuM 3a00JeBaHus U BhIOOpE
METO/1a TepauH.

Kommnbrorepnasi Tomorpadus opranoB rpyxHoi
KJICTKH W BHICOOPOHXOCKOITHS ¢ OMOTICHE — OCHOB-
HBIE METO/IbI IMATHOCTHKH OITyXOJIEBBIX 32a00IeBaHS
Tpaxeu, OJJHAKO XapaKTep MaToJI0rMYEeCcKOTo Mpolecca
MOYKHO YCTaHOBUTbH TOJIBKO ITyTEM TUCTOJIIOTNYECKOTO
UCCIIEIOBAHUS C IPUMEHEHUEM UMMYHOIHCTOXUMHU-
9eCKOTO OKparmuBaHus. Mopdomorndecku THM(OMBI
tuna MALT xapakTepusyloTcss KJIE€TOUHOH reTte-
POTEHHOCTBIO HEOIJIACTUYECKHUX KIIETOK, BKIIOUAs
LHEHTPOLUTONON00HBIE KIETKH, MOHOLUTOUIHbBIC
B-xitetku, Majble TUMQOLUTHI U MIa3MaTHYECKUE
KJICTKH. B TKaHAX CIM3UCTON 000T0YKH KICTKHA Map-
THHAJILHOH 30HBI 0OBIYHO HHUIIBTPUPYIOT IUTEINH,
o0pa3yst mTuMQo3NUTeNNAIBHBIC TOPAKEHUS. XOTs
CUUTAETCS, YTO JTUM(OSUTENINATIbHbBIE TTOPAKECHUS
SABISAIOTCS oTHuuTeNnsHON yepToit MALT-mumdomsl,
OHM HE SIBJISIFOTCS MPEINOCHUIKON Ul TOCTaHOBKU
auarsHos3a. IIpy MMMyHOTHCTOXMMHYECKOM HCCIe-
nmoBaHud KieTkn MALT-mumMpoMbI dKCTIpecCupyroT
MOHOTHUIIHBII ITOBEPXHOCTHBIN g, yamie sBiIAOTCA
IgM-nonoxutensusiMu (IgM+), uem I1gG+ nnu
IgA+, Ho He IgD+, u B 40 % cmyuaeB skcnpeccupy-
10T nuToIuiasmMarndyeckue Ig. OmyxoseBble KIETKU
3KCIIPECCUPYIOT aCCOLMUPOBaHHbIE ¢ B-kieTkamu
aHTHurensl, Takue kak CD19, CD20, CD22, CD79a u
CD79b, u sBnstorcst CD5-orpunarensabivu (CDS-),
CD43-/CD43+, CD3-, CD23-, CDI11c-/CDllc+ n
CD10-. Coobmmanoch 06 nMMmyHOpeakTHBHOCTH CD5
B HEOOJIBIIIOM KOJIMYECTBE CITy4acB, BOSHUKAIOIINX B
HEKOTOPBIX IKCTPAHOAATBHBIX YYacCTKax, 0COOCHHO B
npuaaTkax rasa [14].

B cBs13u ¢ 0TCYyTCTBHEM PaHIOMU3NPOBAHHBIX HC-
CJIEJIOBaHMH HET YOEOUTENHHO JOKA3aHHBIX JAaHHBIX
OTHOCUTENbHO MeTona yedenuss MALT-mumpom
Tpaxen. CymiecTByeT HECKOIbKO 3(PPEeKTUBHBIX IO-
3ULUi KacaeMo BbIOOpa Tepamuu. B nureparype
MIPUCYTCTBYIOT COOOIIEHNS 00 YCTIEIITHOM XHPYPTH-
YECKOM JICYeHHH JIoKanu3oBaHHbIX Gopm MALT c
0e3pelMINBHBIMH OTAAJEHHBIMH pe3yabraraMu [11,
15—18]. OnHako UCMOJb30BaHUE ATOU CTpaTeruu
MOCTEIICHHO COKPAIIAeTCs, TOCKOJIbKY IMOCIECOIIe-
paloHHBIe OCIOKHEHHUsI 0ojiee OMacHBI, YeM cama
nuM¢poma. YUUTBIBasi arpeCCUBHOCTD XUPYPTUUECKUX
BMEILATEIbCTB, IPEANOYTEHHE CTOUT OTAATh JHIO-
CKOTIMYECKUM MeTomaM — 3T0 3 (EKTHBHBIA METO
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ycTpaHeHHs OOCTPYKIMHU LIEHTPaJIbHBIX JIbIXaTeIbHBIX
MyTei, KOTOPBIN JIETKO MEPEHOCUTCS MALMEHTAMU U
TpeOyeT MEHBIIIEr0 BOCCTAHOBUTEIHHOTO TIEPHOAA
[19]. B mpeacTaBieHHOM KIMHUYECKOM HAOIIOICHIHI
MalKeHTy MPOBEJIEHO YHAOCKONNYECKOE yaleHHE
OITyXOJIM TIPH ITOMOIIY MOy IPOBOIHUKOBOIO Jla3zepa
Dornier u 371€KTpONeTIv ¢ XOPOLUIMM KIMHUYECKUM
addexrom. Takske CyIIECTBYET CTpaTErHsi BpeMEHHOTO
CTEHTHPOBAHUS IbIXaTEJIbHBIX MMyTEeH ¢ OCIeqyIOLIeH
XMMHUO- U PAIHOTEPANIUEH, IIOCKOJIBKY 3TO YIy4dIIaeT
peCIUpaToOpHOE COCTOSHHUE MALMEHTAa IO HACTYIIIICHUS
KIHUYEecKoro oreta [20].

OnHUM U3 BEPOSATHBIX METOZ0B KOHCEPBATHBHOTO
JIeYeHHs SIBJISIETCS JTyueBasi Teparusi, KOTopas 1oKa3ana
cBOIO 3(p(heKTUBHOCTH MPHU JIOKATTM30BAHHOM 3a0ouie-
BaHUU, B MOHOPEKUME min B komOuHanuu ¢ [IXT [16,
20-23]. B ciiyuae nucceMHMHUPOBAHHOTO MITH pedpax-
TEpHOT0 3a00JICBaHNMS BAPHAHTBI CHCTEMHOTO JICYCHHUS C
XMMHOMMMYHOTEPAIHEH CIUTAIOTCS METOJOM BBIOOpA.
XUMHOTEpaneBTHUeCKne U MMMYHOOHKOJIOTHYECKUE
[penaparbl peKo NCTI0JIb30BAIUCH KaK YacThb JIEUEHUS
niepBoii simHIE MALT-mumdomMbl HauanbHOW CTaIWH,
MTOCKOJIBKY MECTHAs Tepamus crocoOHa 00eCIeInTh
JUTUTETBHBIN Oe3peruIuBHEIN epuon [24]. OxHako B
HACTOSIIEE BPEMsI OITyOJTMKOBAHO OOJIBIIIOE KOJINYECTBO
CTaTel, ONUCHIBAIOLINX YCICIIHOE JICUEHHE PaHHUX
cramuit MALT-tumpomM ¢ TOMOIIIBI0 XUMHOUMMYHO-
Teparmu [25-27]. B gacTHOCTH, pUTYKCHMab moKasas
70 % otBer mpu MALT-ntumdpome, HE3aBUCHUMO OT
JIOKamu3auy omyxonu [28]. B HEKOTOphIX ciaydasx
MALUEeHTBI MOTYT OBITh OCTABJIECHBI IO ANHAMHUYECKOE
HaOroIeHue, PH YCIOBUN OECCUMITTOMHOTO TEYEHUS
3a0osieBaHusl. JIaHHBIH [0/IX0/1 MOYKET OBITh IIPE/IIOKEH
TS TIOXKHJTBIX TIAMEHTOB MM OOJIBHBIX C TSDKENIOH CO-
MyTCTBYIOLIEH nartojaoruei [29].

Crnenyet orMeTuTh, 40 TUMpoMbl MALT umerot
OTJIMYHBIN POTHO3 € MTOKa3aTesIMU 0011Iel S-neTHel
BbDKUBaeMocTH Bbile 90 % u 10-neTHeil BbKUBae-
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AxTyanbHocTb. HelpoaHaokpuHHblie onyxonu (H3O) TOHKOW KULLKM ABNSIOTCS PEOKUMW U MeOfIeHHO pa-
CTYLLMMM OMyXOfsiMU, KOTOPblE BO3HMKAKT M3 HEVMPOIHAOKPUHHBIX KIETOK XKenyAo4YHO-KMLWEYHOro TpakTa,
CUHTE3MPYIOLLMX CEPOTOHUH U1 OpYyrue Ba3oaKTMBHbIE MOMeKyrbl. [lnarHocTuka ssBnseTcsa CroXHoW 3agaden,
M 3a4acTyto AnarHo3 ycTaHaBnmnBaeTCsl Ha No3gHen ctaguy 3aboneBaHus, NOCKOMbKY OMyXOrb ANUTENbHOe
BpemMsA MOXeT OblTb 6ECCUMNTOMHON UMM COMPOBOXAATLCA Hecneundunyeckumm xamnobamm co CTOPOHBI
KenygovHo-kuweyvHoro TpakTa. MNMpumepHo y 40 % nauueHToB B pesyrbrate ropMOHarnbHOM akTUBHOCTU
HENPO3HAOKPUHHbBIX OMyXOren TOHKOW KWLIKU pa3BUBAETCH KapLUUHOUAOHBLIA CUMHOPOM. XUpypruyeckoe ne-
YeHue SABMSETCA €OUHCTBEHHBIM METOAOM JleyeHuss nokanunaoBaHHbIX HOO TOHKOM Kuwku. MaTuneTHss
BbDKMBAEMOCTb NMaLMEHTOB cocTaBnseT okono 85 %, ¢ megmarHon 9,3 roga. OnucaHue KNMHUYECKOro
cnyyvas. bonbHyto anvTensHoe BpeMs 6ecrnokonny xanobbl Ha Cyxmne «NpunmBbI», NpeacTasnsaLme cobom
BbIpaXKEHHOE NMOKPaCHEHME KOXM NLIA U B MEHbLLIEN CTEMEHW KOXM TyMNOBUILLIA, CONPOBOXAAIOLLMECH YYBCTBOM
)Kapa, BbIpa>XeHHO rofioBon 00nbio 1 crne3oTeyeHreM, obLen cnabocTbio, owyLeHneM nctoweHus. MNaum-
eHTKa Ha npoTskeHun 14 net 6e3ycneLLHo NPoxoania CUMITOMaTUYeCcKOe NeYeHne y pasHbIX CneumnannucToB
(rvHekomora, TepaneBTa, NcMxuaTtpa, SHAOKpMHoMora u ap.). B pesynsrate AnuTenbHOrO U KOMMMEKCHOTO
obcnenoBaHuA Obin YCTaHOBIEH AMArHO3 HEMPOIHOOKPUHHOM OMyXOonu NoAB3AO0LIHON KUWKKM. MaumeHTka
Obina pagukansHo npoonepupoBaHa (pPT2N1MO. Cr. 11IB, G2), Ho ¢ y4eToM hakTOpoB HEGNaronpusaTHOroO
nporHosa (MetacTtas B IMMdaTU4eCcKnin y3en 6pbbkenkn, Hanmume KapuuHOMAHOIrO CUHAPOMA, NMOBbILIEHHbIE
Oroxumunyeckne mapkepbl, ypoBeHb Ki67 6 %, Hanuuve peuentopoB comatocTatuHa 2-ro u 5-ro Tuna B 60 %
ONyXOmneBbIX KIETOK) B AANbHENLLEM NauyeHTKe Noka3aHo NedyeHne aHanoramm comatoctatnHa. 3aknove-
Hue. Mpu nogo3peHun Ha HOO TOHKOM KMLLKK, OCOBEHHO NPY HANMYMKN KAPLUUHOMAHOIO CMHAPOMA, criegyeT
NPUNOXWTb BCE YCUNWSA AN NOATBEPXKAEHMS AMarHosa ¢ NOMOLLbI KOMOMHALMN aHaTOMUYECKON N OyHK-
LMOHanbHON BU3yanu3aLumm onyxonu ¢ buoxnMmmyecknmy mapkepamu. NpaBunbHas TpakToBKa KIMHUYECKON
KapTWHbl no3sonuna Gbl HanpaBWTb MAaLMEHTKY Ha Takue UCCNedoBaHWs, Kak COMaToCTaTUH-peLenTopHas
cumHTUrpadus n/vunmn 68Ga-rNMI3T/KT ¢ nccnegoBaHneM OMOXMMUYECKMX MApKEPOB B KPOBU Y MOYE U, COOT-
BETCTBEHHO, AnarHoctupoBatb HOO TOHKOM KuLLKK B Bonee paHHWE CPOKU 1 Ha paHHewW cTaguu.

KnioyeBble croBa: HeMPO3HAOKPUHHAA ONyXoJib, HEMPO3IHAOKPMHHBIE BUOMapKepbl, HEMPOIHAOKPUHHAs
OnyxoJsib TOHKOW KULLKKW, KapUMHOUAHbIA CUHAPOM, KapLUMHOMAHOE cepAaue.

#=7 PopnoHoB EBrenuit Oneroeud, rodionov_eo@oncology.tomsk.ru
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NEUROENDOCRINE TUMOR OF THE SMALL BOWEL
AND CARCINOID SYNDROME: DIFFICULTIES IN DIAGNOSIS:
A CASE REPORT
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Siberian State Medical University of the Ministry of Health of Russia, Tomsk, Russia?

2, Moskovsky trakt, 634050, Tomsk, Russia?

Abstract

Background. Neuroendocrine tumors (NETs) of the small bowel are rare and slow-growing tumors arising
from intraepithelial endocrine cells that synthesize serotonin. Diagnosis of these tumors poses a significant
challenge because they are often not diagnosed until an advanced stage, since the tumor may be asymptomatic
or accompanied by non-specific gastrointestinal complaints. Approximately 40 % of patients develop carcinoid
syndrome due to hormonal activity of NETs. Surgery is the mainstay treatment of locoregional small bowel
NETs. The five-year survival rate of patients is about 85 %, with a median rate of 9.3 years. Case description.
The female patient complained of facial redness and, to a lesser extent, redness of the skin of the trunk,
accompanied by a feeling of heat, severe headache, lacrimation, and general feeling of weakness. The patient
unsuccessfully received symptomatic treatment prescribed by various specialists (gynecologist, therapist,
psychiatrist, endocrinologist, etc.) for 14 years. Based on the comprehensive examination, NET of the small
bowel was diagnosed. The patient underwent radical surgery (pT2N1MO, stage 1lIB, G2), but taking into
account the unfavorable prognostic factors (metastases in the mesenteric lymph node, presence of carcinoid
syndrome, elevated biochemical markers, Ki67 level = 6 %, presence of somatostatin receptors of 2 and
5 types in 60 % of tumor cells), the patient was further treated with somatostatin analogues. Conclusion.
When small bowel NETs are suspected, especially with the evidence of carcinoid syndrome, every effort
should be made to confirm the diagnosis using a combination of anatomical and functional tumor imaging
with biochemical markers.

Key words: NET, neuroendocrine biomarkers, small bowel NETs, carcinoid syndrome, carcinoid heart

disease.

Beenenne

Heiipoannokpunnsie onyxonu (HOO) tonkoii
KHIIKY SBJSIOTCSA PEAKUMHU U MEIJIEHHO PACTYIIUMU
OTYXOJISIMH, KOTOPBhIE BO3HUKAIOT M3 HEHPOIHIO-
KPUHHBIX KJIETOK JKEITyJOYHO-KHIIEYHOTO TPaKTa,
CHUHTE3UPYIOIINX CEPOTOHUH U IPYTHE BA30AKTHBHBIC
Mosekynbl [1]. HacToTa BCTpeuaeMOCTH COCTABIISET
menee 0,8 na 100 000 yenosek B rof [2], mpu 3TOM
HS0 cocrasmsror go 40 % Bcex HOBOOOpa3oBaHUit
TOHKOU KHIIKH [3, 4].

Huarnoctuka H3O TOHKOM KUILIKY SBISIETCS CIOXK-
HOW 3aj1a4el, U 3a49acTyI0 JINarHO3 YCTaHABIMBASTCS
Ha TIO3IHEH CTauu 3a00JI€BaHUSL, TOCKOIBKY OITYX0Jb
JUTUTEIILHOE BPEMS MOXKET ObITh OECCUMIITOMHOM HITH
COIIPOBOXK/IaThCs HECTCIIM(DUISCKUMHE KaT00aMH CO
CTOPOHBI JKEIyJOYHO-KULIeuHoro TpakTa [4]. B pex-
KHX CITydasx 3a00JieBaHUEC MOXKET MaHU(PECTUPOBATH
TaKUMH OCJIOKHCHHUSMH, KaK KHUIIIEYHAS HEIPOXOIH-
MOCTb, Tiepdopanus KHIIKK WX KpoBOoTeueHue [5].
H320 ToHKON KHILKK UMEIOT BBICOKYIO CKIOHHOCTD
K METacTa3UpOBAHUIO B JUM(paTHIeCKre y3IIbI KOPHS
Opeokeiiku u B nedens [1]. Ilpumepno y 40 % ma-

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 160-167

IIHCHTOB B Pe3y/IbTaTe TOPMOHATHHON AKTHBHOCTH
HEWPOIHJTOKPUHHBIX OMYXOJIEW TOHKOM KUIIKU C
TUNEPIPOAYKIMEH BA30aKTUBHBIX BELIECTB, [NIABHBIM
00pa3oM CepOTOHHHA, Pa3BUBACTCS KapIIMHOWIHBIN
curnpom. KnuHmdeckne mposBiIeHNs BapbUPYIOT OT
KJIaCCHYECKOM Tpua bl (MOKpacHeHNE KOXKH, Jrapest 1
OpOHXOCIa3M) 10 HEPBHO-IICUXUYECKUX CUMIITOMOB,
TMeJJTarpbl ¥ Pa3BUTHS JIOKATLHOTO WM OTHAAJICHHOTO
(hudpo3za [6]. [Tpu mogo3pernu Ha HOO TOHKOM KUTIKH
WCIIONIB3YIOTCSA TaKMe METObI BU3yanu3aiuu, kak KT
u MPT opranos Oprournoii nonoctu, 68Ga-I19T/KT B
KOMOWHAIINY C IIOKa3aTeJsIMU OMOXMMUYECKHUX MapKe-
poB — XxpoMorpanuH A, cepotonuH u 5-'MYK [7].

XUpypruueckoe JICUCHHUE SBISIETCS AUHCTBCHHBIM
METOAOM JeueHUs JioKanuzoBaHHbIX HOO ToHKOMI
KuIku. DPPeKT mpuMeHeHus TeKapCTBEHHOM Tepa-
MUY 3aBUCUT KaK OT (PYHKIMOHAJIHHOW aKTHBHOCTH
OITyXOJIU, TaK U OT €€ OMOJIOTMYECKOTO MOTCHIINA A
(crertienun mudepeHITMPOBKYU OITYyXOIH, HATMYHUS CO-
CYJIMCTON W NMEePUHEBPAIHHON MHBA3WH, KOJIMYECTBA
HEKPO30B, BBICOKOW MUTOTHYECKOH U TIpotudepaTB-
HOW aKTUBHOCTH KJICTOK OITyXoJiu) [7].

161



CASE REPORTS

[Tpumepro 80 % nanueHToB yMHPAOT OT HEYEHOU-
HOW HEIOCTaTOYHOCTH BCIIEICTBUE METACTATHUECKOTO
ropakeHus, a 16 % — OT KUIIEIHON HETTPOXOAMMOCTH
[1]. [IsTuneTHSS BEDKUBAEMOCTD IMAIIUEHTOB C HEHPO-
SHIOKPUHHBIMH OITYXOJISIMU TOHKOM KHIITKH COCTaB-
nseT okoio 85 %, ¢ menuanou 9,3 roma [3].

IIpencrapisieM KIMHMYECKHI Ciydai, MOKa3bl-
BAOIINN TPYAHOCTH TUATHOCTUKH nanueHTku ¢ H20
TOHKOM KHIIIKH.

Hayuenmxa 1L, 1974 2. p., caumaem cebs 601bHOU
¢ 2005 2., ko20a cmana ommedams cyxue « npUIUBHL»
6 8U0e GLIPAINCEHHO20 NOKPACHEHUsL KONCU TUYa U
6 MeHbulel cmenenu Kodcu mynosuuyd, coOnposo-
aAcoarowuecss 4y8Cmeom Hcapd, GblPalCeHHOU 20106-
HOUl OONbIO U caezomedeHuem, obuell ciabocmobio,
owywenuem ucmowenus (puc. 1). anuvie npunussi
BO3HUKANIU HECKOTILKO pA3 8 OeHb, NOCe npuema nuyu
U NPU I0OBIX CMPECCOBHIX COCTNOAHUSX, KYNUPOBATUCH
camocmoamenvro. Taxoice npedvasnana xHeanodwvl Ha
HEYCMOoU4UBslll CIMYyJ ¢ INU300AMU QUAPelU.

U3 anamnesa: nabmoodanace y eunexonoea c 1998 .
€ OUACHO30M: SHOOMEMPUO3 MeNd MAMKU, OPIOULUHB]
MA020 Masa, AUYHUKOS, 08aHCObl BbINOIHALACH OUA-
eHocmuueckas aanapockonus ¢ obuoncuei. B 2005 a.
VCMAHOBNIEHA BHYMPUMATNOYHAS MepanesmuyecKkas
cucmema «Mupenay, nocie ye2o NOABUIUCH YKA3AH-
Hovle dcanodvl. Ilpoxoouna nHeoOHOKpamuo nedenue
6 mepanesmuyeckom cmayuounape ¢ OUd2HO30M
6€2eMO-COCYOUCASL OUCOHUS NO CMEULAHHOMY MUNy
¢ abOpMUBHBIMU CUMNATNO-AOPEHATIOBLIMU KPUIAMIL.
Habnwooaemcs y 3H0OKpuHoI02a ¢ OUASHO30M XPOHU-
YeCKUll aymouMMYHHbIL MUpeouount, Uunomupeos,
npunumaem L-mupoxcun. B 2013 2. nponeuena no
no6ody onucmopxosa. Hecmomps na npogooumyio
mepanuio, NPUIUBLL COXPAHANUCH, HEOOHOKPATNHO
(2009, 2013 22.) nposoounocs oociedosarue, KAOUAS
Y3U wumoeuonoui sicenesv, Y3IU u MPT opeanog
OPIOWHON NOTOCTU MA020 MA3a — 63 BbIPAINCEHHOU

namonoauu. [[eazcovt evinoansnioce MPT 2onosnoco
mosea (6 2009 u 2015 22.), namonoeuu He 8vis81eHO.
Ipoxoouna neyenue y ncuxuampa no nogooy coxpa-
HAIOWUXCA dHcanoo, 6e3 0cob6020 r¢pexma.

K 2019 &. vacmoma u unmeHcU8HOCMyb NPULUBOS
VCUTUTIACD, 6HOBb OOPATUNACH K SHOOKPUHOLO2Y, GNeEP-
8ble 3aN0003PeH KAPYUHOUOHBLI CUHOPOM, HAZHAYEHO
obcnedosanue. o oanuvim MPT opeanos OprowHol
nonocmu (14.03.19): conuonoe obpasosanue 8 Hux3CHem
omaoice OprowHOU nonocmu, pasmepamu 44x37 mm
00HOPOOHOU CMPYKMYPbL, HAKANAUBAIOUIEe KOH-
mpacm. Ilpu sudeoxononockonuu (2.04.19) npusnaxu
9KCMPAOPLAHHOU KOMAPECCUU CUSMOBUOHOU KUK
0e3 npusHaKos NPopacmanus CIMeHKU KUWKU U36He.
Onxomapkepol om mapma 2019 2. (CA 19-9, CA 125,
PDA) 6 npedenax peghepercHvIx 3HAYUEHUTL, NOBLIULEHBL
xpomoepanun A — 219 mxe/n (pepepencuvie 3nauenus
<100) u cymounas s3xcKkpeyusi KOpMmu3oid 8 mMoue —
501,7 umonv/cym (peghepencuvie snauenus <485,6).
Hccneoosanue yposns ecopmonos (uncyiun, @CI,
mecmocmepoH, nponakmun, I'CIII') — nokazamenu 8
npedenax Hopmol. CKT opeanos 6prownoti nonocmu
u manoeo masa (1.04.19) (nepecmomp ¢ HUU onxo-
noeuu THUMI]) na ypoene ThS 6 bOpwiowcetixe monkotul
KUWKU — 00beMHOe 00pa308anue 08aIbHOU Yopmbl ¢
yemKuUMU KOHmMypamu, pazmepamu 44 x36x65 um, He-
00HOPOOHOU CIMPYKMYPbL, YACb COCYO08 DPbIICEliKU
TMOHKOU KUWKIU TMECHO NPULEHCUM K 00PA308aHUIO.
Kpome moeo, obuapysceno obpasosanue, pacnona-
earoujeecs HUxce 8 CmeHKe OOHOU U3 nemeib MOHKOU
Kuwiku, 00 28 Mm 6 duamempe, cysicusaioujee npoceent
Kuwku, Ho 6e3 npusHaxkos oekomnencayuu (puc. 2).

Xupypeuueckoe neuenue 8 niaH080M NOpsAOKe
nposeoerno 7.05.2019. Ilpu nanapomomuu 6via671eHo,
Umo 6 3a0PIUUHHOM NPOCMPAHCINGE 8 NPOeKYUU
KOPH3L OPbIdICeliKU ROOB300UHOU KUK ONPeOesAcCh
ONYX0.lb, NPAKMUYECKU He cMeujaemas, pasmepom
75%55%50 mm; 6 npoexyuu 3a0PIOUWUHHON ONYXOAU

Puc. 1. ®oTorpacust naumeHTkx
BO BpeMs 3n13o4a npunuea,
KOTOPbIN NPOABNAANCA MHOXe-
CTBEHHbIMW aCUMMETPUYHBIMU
NATHamMK MypnypHO-KpacHoro
LBeTa Ha KOXe BEepXHMUX KOHeuY-
HocTen
Fig. 1. The photo of the patient
during an episode of a hot
flash; asymmetric multiple
spots of purple-red color with
localization on the upper limbs
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Puc. 2. KT opraHoB 6ptowwHoi nonoctu. Ha ypoBHe Th5 B Bpbixelike TOHKOW KULLKM 06beMHOe 06pa3oBaHue oBaribHOW hopMbl C
YETKMMU KOHTYpamu, pasmepamu 44x36x65 MM, HEOQHOPOAHOW CTPYKTYPbl, YaCTb COCYA0B BPbIKENKM TOHKOM KULLKN TECHO NPUINEXUT
Kk obpasoBaHuio; 0bpasoBaHue, pacronararoLeecs Hke B CTEHKE OAHON U3 NneTerlb TOHKOW KULWKK, B AvameTpe pasmepamu Ao 28 MM,
CyXMBaeT NpocBeT kuku. MNMprmMedanne: A — dppoHTanbHas npoekuums; b — carmttanbHas npoekums; B — 3D-pekoHcTpykuus. CrnnowHas

cTpernoyka — MeTacTaTu4eckuin y3en, MyHKTUpHas — onyxorneBas TkaHb
Fig. 2. CT image. At the level of the Th5 vertebra in the mesentery of the small intestine, there is an oval large lesion with clear contours,
dimensions: 44x36x65 mm, heterogeneous structure, part of the vessels of the mesentery of the small intestine is closely adjacent to the
lesion. A lesion located lower in the wall of one of the loops of the small intestine up to 28 mm in diameter, narrowing the intestinal lumen.
Note: A — frontal projection; B — sagittal projection; C — 3D-reconstruction. Solid arrow — metastatic node, dotted arrow — tumor tissue

Puc. 3. OnepaunoHHbIn npenapat. PparMeHT peseumpoBaHHON
TOHKOW KULLKM C MeTacTaTnyeckum numgoysnom. Ha nosBepxHo-
CTM CNU3NCTOM 0B0MOYKM KULLKN MMEIOTCSA 3 NIOTHBIX OKPYIbIX
obpasoBaHusa pa3mepamu 4o 28 MM, Cepo-po30BOro LBeTa, Ae-
dopmMmupytoLLmnx cTeHky. MeTtactatudeckuii numdatnieckuii y3en
B Opbibkenke K1wkn, paamepom 75x55x50 mm
Fig. 3. A fragment of the removed intestine with metastatic lymph
node is presented. On the surface of the mucous membrane
there are 3 dense rounded lesions up to 28 mm in size, gray-pink
in color, deforming the intestinal wall. The mesenteric metastatic
lymph node, 75x55x50 mm is size

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 160-167

nemJist N00G300UWHOU KUWKU UMend 3 BHYMpPUCmeHnoy-
HbIX NIOMHBIX OKPY2IbIX 00pa308anus, 0eghopmupyro-
wux cmenky Kuwiku. Buinonnena onepayus ¢ obveme
KOMOUHUPOBAHHOU pe3eKyul HeopeauHol 3a0pro-
WUHHOLL ONYXONU C pe3eKyuell nemeib No08300UHO
KUuwxu, anneHosxmomuetl (puc. 3).

Tucmonozcuuecxoe ucconedosanust om mas 2019 2.
MHocecmeennasi HOO monkou Kuwxu ¢ memacmasom
8 auMepamuueckull y3ein OpvidceliKu MOHKOU KUWKU
(momanvHoe 3amewjenue TUMPAMULECKo20 y3id
onyxonvio), G2. Ilo nunuam pezexyuu onyxonesotl
mKaHu He 0OHapydiceHo. B uepseobpasznom ompocmke
NPUSHAKU XPOHUYECKo20 anneHouyuma. B kiemkax
onyxonu onpeoensemcs oughghysnas sxcnpeccust Syn-
aptophysin, Chromogranin, Cytokeratin AE1/AE3.
Ilporugepmuenas axmusnocmov evicoxas — Ki67
akcnpeccupyemcs ~6 % onyxonegwix Kiemox (puc. 4).
Jlonoanumenvno npogedeno MI X-uccredosanue
6 @I'BY «Poccutickuti HayuHbll YeHmp paouoso-
UL U XUPYP2UYECKUX MEXHOT02UU UM. AKAOeMUKA
A.M. I'panosar» Munsopasa Poccuu: nosumusHas pe-
aAKYusi 8 ONYX0aU HA peyenmopsl K cCOMamoCmamuHy
2-20 u 5-e0 muna (60 % xknemox).

Ha ocnoge nonyuennvix dannvix ycmanognen oua-
2HO3: HEelPOIHOOKPUHHASL ONYXOJIb NOO300UHOU KU~
ku, pT2NIMO. Cm. IlIB. C yuemom cmaduu npoyecca,
2UCMOJI02UYECKO20 3aKII0UeHUS, NOBbIUEHHO20 co0ep-
AHCANUS 8 KPOBU MAPKEPOS HEUPOIHOOKPUHHOU ONYXOIU
nayueHmKe NOKA3aHO NPOBeOeHUe AOBIBAHMHO20
JleyeHUs 8 8UOe HA3HAYEHUsL AHATI0208 COMAMOCMAMU-
na (Comamynun-Aymooicens (naupeomud) 120 me n/k
1 pa3 6 28 omeii,; nepsas unvexyus om 20.06.19.).
Hayuenmka pe2ynsapno npoxoouia KOHMpoaibHoe
oocneoosanue: IIIT/KT ¢ 68Ga-DOTA-TATE u c
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68Ga-DOTA-NOC, KT OBIT u OMT, uccreoosanue
mapkepos 5-I' VK, cepomonun u xpomozparnun A.
Ilpu ouepeoHom naanosom nposedeHuu KOHMpOJib-
Hoeo oocnedosanusi [IDT/KT ¢ 68Ga-DOTA- TATE
om 11/2021 (¢ Caunxkm-Ilemepbypee): npusnarxos
npo2peccupo8anus 310KA4eCmEeHH020 Npoyecca He
sviseneno. [IIT/KT ¢ 68Ga-DOTA-NOC om 11/2021 :
NOSIBUNCS. COMHUMETbHBII 04A2 @ Nenie MOHKOU KUWKU
Ha yposne L5 pasmepamu 9 mum ¢ SUV=3,2, pexo-
Menoogano Habmodenue ¢ ounamuxe. Coxpansiemcs
8bICOKULL YPOBEHb CEPOMOHUHA 8 Kposu (om 1,5 do
2,5 6vlue HOpmbl), YPOSHU XpomospatuHa A 6 Kpoeu u
Memabonumos KamexonamMuHos U CEpOMOHUHA 8 MoYe
(BMK, I'BK, 5-'M1YK) 6 npedenax nopmwi. I1o dannvim
MPT opeanos OprowHoU norOCmMu U MAL020 Ma3a om
saneaps 2022 2. 26HbIX NPUZHAKOS NPOSPECCUPOBAHUSL
ONYX01e8020 npoyecca Hem.

Hlayuenmka npoodondcaem buomepanuro auma-
JI02aMU COMamocmamuta no Hacmosuee epems. B
npoyecce mepanuu pe2yisapno euinonnsaniocs IXOKI —
namono2uyeckux usmMeHeHull He eviasneno. Ilepenocum
JleueHue 8 Yeiom YO081emeopUmensHo, ¢ A61eHUAMU

Xonecmamuyecko2o 2enamuma, CUHOpoOMa Manibao-
copoyuu U manboueecmuu, npoBOOUMCs KOPPeKyus
JleyeHusl.

Oo6cy:xneHue

Kapuunouiuelii CHHIPOM BO3HUKAET B pE3yJbTaTe
CHHEPIreTUYECKOI0 B3aUMOJCHCTBUS OIYyXOJIEBBIX
(hakTopoB (CEpOTOHMH, KUHUHBI, KAJUIMKPEHH, TPO-
CTamIaHIMHBI U JIp. ), TONaJaloUIuX B OOIIHI KPOBOTOK
[5, 8]. [Ipu omyxoJ1six, OrpaHMYEHHBIX TOHKON KUILIKOH
U PErHOHAPHBIMH JTUM(ATHUSCKUMH Y3J1aMH, 0O0JTb-
MIUHCTBO 3THUX MCEAMUATOPOB NOCTYIACT B ICUCHb U
HWHAKTUBUPYETCS TaM, CJIeJOBaTEIbHO, KIIaCCHYECKHI
KapUMHOUJIHBIH CHHAPOM PEIKO HaOIonaeTcsl npu
OTCYTCTBUH OTJAIEHHOTO MeTacTazupoBanus [9, 10].

Bricokunii ypoBeHb HUPKYIUPYIOLLIETO CEPOTOHNHA
MOJKET BBI3BaTh TAKOE€ T'PO3HOE OCJIOXKHEHHUE, KaK
KapLMHOMIHAs O0JIE3Hb CEepLa, KOTOpas HopaXkaeT
10 20 % manueHToB ¢ KapIUHOWIHBIM CHHIPOMOM
U xapaktepusyeTrcs (GuOpo30M KiaraHOB MPaBbIX
otaenoB cepauna. Knananueiii ¢uOpo3 B KOHEUHOM
UTOT€ MPUBOAUT K CEpACYHON HETOCTAaTOUYHOCTH U

]

=

Pwuc. 4. MukpodoTo. MNcTtonornyeckne n UMMyHOTMCTOXMMUYECKOE uccnegosaHue, x10:

A — B CTEHKe TOHKOW KULLKW POCT MHBa3WBHOW OMyXOmM1 rHE34HOr0 CTPOEHWS, MPEeACTaBNEHHON KPYMHBIMW OTHOCUTENIBHO MOHOMOPMHbI-
MW KreTKaMu, C XOpOLUO 3aMETHLIMU SAPbILLKAMU U TUMMYHOW KOHAUrypaumen xpoMaTHa no TUMy «Cofb C NepLemM», HEMHOrO4UCHEH-
HbIMU MuTo3amu, 4 x10 HPF (2 mm?2), okpacka remaTokCUnmHoM 1 303uHoMm; b — UIMX, B onyxonesbix kneTkax BbisiBrieHa Anddy3Has
akcnpeccus xpomorpaHuHa A; B — UIMTX, andpdysHas akcnpeccus cuHantodumanna; I — UMX, akcnpeccus CD56 otcyTcTBYeT (9apa
KMeToK AoKpaLleHbl remaTokcunuHom Maviepa)

Fig. 4. Microphoto. Histological and immunohistochemical images , x10:

A —invasive nested growth in the wall of the small intestine, represented by large relatively monomorphic cells, with clearly visible
nucleoli and a typical salt and pepper chromatin configuration, few mitoses, 4 x 10 HPF (2 mm?), stained with hematoxylin and eosin;
B — immunohistochemistry, diffuse expression of chromogranin A was detected in tumor cells; C — immunohistochemistry, diffuse ex-
pression of synaptophysin; D — immunohistochemistry, no expression of CD56 (cell nuclei stained with Mayer’s hematoxylin)

164

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 160-167



CNYYAN U3 KNTMHUYECKOW MPAKTUKN

CBSI3aH CO 3HAYUTENbHO XYIIIUM MporHoszom [11,
12]. [posiBieHne KapIMHOUIHON OOJIE3HH cepiia
MOXKET OBITh He3aMETHBIM, M €ro HanOoJee HaJIexK-
HO BBISIBIISIIOT C TIOMOIIIBIO dXOKapauorpaduu, XoTs
N-KOHIIEBOW HATPUIYpETUIECCKUH TTENTHI THITA Pro-b
(NT-proBNP) siBisieTcst CBIBOPOTOYHBIM MapKEPOM C
BBICOKOM OTpULIATENIbHON MPOTHOCTUYECKOM 1IEHHO-
cteio [11, 12].

HDO0O TOHKOW KHUIIKH, HECMOTpPsSI Ha MaJjble pas-
MEpbI, UMEIOT TEHJICHLIUIO BHI3BIBATH BBHIPAKCHHYIO
($ubpo3HyI0 peakuio B OpbDKEHKe U 4acTO COMpO-
BOXK/IAIOTCSI METACTaTUYECKUM MOPAKEHUEM PErro-
HapHBIX JTUMQOY3JIOB, B CBSI3U C YeM MPAKTHUECKU Y
50 % maIMeHToB HAOIIOAIOTCS CUMITTOMBI OOCTPYK-
nuu kumredauka [13].

KapuuHouiHblif CUHAPOM B OMMCAHHOM KIIMHH-
YEeCKOM CJIydae SIBUJICS TEPBBHIM M €IUHCTBEHHBIM
MIPOSIBIIEHUEM OITyXOJIEBOTO TIporiecca, mpu 3tom HO0
TOHKOW KHIIIKHU JAJTUTEIHHOE BPEMS HE OMpeesiiach
T10 JIAaHHBIM HHCTPYMEHTAIILHBIX METOI0B 00CIIe/I0Ba-
Hus. HecMoTps Ha «CTaxy KapUUHOUIHOTO CUHAPOMA
U BBICOKHUI YPOBEHb CEPOTOHMHA B KPOBH, y Halu-
€HTKH OTCYTCTBYIOT NpH3HAKH (uOpo3a KiIanmaHOB
n muchyskun cepamna no nanaeiM DXOKI. U3-3a
CBSI3W KapIIMHOMIHOW OOJIE3HU CepAla ¢ TOBBIIIEH-
HBIM YPOBHEM CEPOTOHWHA TIAITICHTKE PEKOMEHIOBaH
npenapar TeIOTPUCTAT, KOTOPBIA MPUMEHSIETCS Y
MalEeHTOB KaK ¢ KapIMHOUIHOM OOJIE3HBIO cepla,
TaK U C BICOKMM YPOBHEM cepoToHHuHa [12].

MynbTHCIHpalIbHAsS KOMIIBIOTEpHAs TOMOTpadus
OpIOMIHOW TOJIOCTH MOXET CIYXUTh HadaJlbHBIM
JUAarHOCTUYECKUM METONIOM, B TO BpeMsi kak MPT
MOXKET 0OHApyKMBaTh METAcTa3bl B MIEUEHH C Oolee
BBICOKOM TOYHOCTBIO 10 CPABHEHHIO C KOMITBIOTEPHOU
Tomorpaduei. OqHAKO, yIUTHIBAS, UTO OOIBITHHCTBO
OITYXOJIEH HMEIOT PEIeTOPhl COMAaTOCTaTHHA, (PyHK-
LIMOHAJIBbHBIC METOIbI BU3yaIH3alliu, Takue kak [19T/
KT c ananoramu coMatocTaruHa, MEUCHHBIMU TaJITU-
eM-68, 3HaUUTEIbHO YIYUIININ AUATHOCTHYECKYIO
YyBCTBUTENBHOCTH [14]. Ilo naHHBIM YeTbIpex MeTa-
aHaJIM30B, CPeNHssl UyBCTBUTEIbHOCTE 68Ga-119T/
KT mist HO0 nro00i JTOKalM3auyi COCTABISET OT
88 10 93 % [15]. Kpome Toro, ucnosib30BaHue TakKux
OmoMapKkepoB, Kak XpOMOTPaHUH A M S5-THIPOKCHH-
nomykcycHas kuciota (5-I'MYK) B cyrounoit moue,
ITUPOKO PACTIPOCTPAHCHO B KAUECTBE KOMIUICKCHOM
nuarnoctuku H20.

ITo maHHBIM IUTEpATYyphl, U3-3a OTHOCHUTEIHHO
peIKOl BCTpEUaeMOCTH HEUPOIHIOKPUHHBIX OITY-
XOJIeH, HEJOCTAaTOYHON OCBEIOMIICHHOCTH Bpaueid
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MEQYNNAPHbLIA PAK LLUTOBUOHOW XXENE3bI
B COYETAHUU C AYTOUMMYHHbLIM TUPEOUOUTOM
NOCNE NEPEHECEHHOIO COVID-19

E.B. PsabuyeHko

'BY3 «Kpaeas knuHunyeckasi 6onbHuua Ne 2» MunHsgpaa KpacHogapckoro kpasi,
«MexTeppuTtopranbHbIn LEHTP 3HOOKPUHHOM Xupyprumy, r. KpacHogap, Poccusa
Poccus, 350012 r. KpacHopap, yn. KpacHbix naptuaaH, 6/2. E-mail: rev7512@mail.ru

AHHOTauuA

AxTtyanbHocTb. KopoHaBupycHasi 6onesHb 2019 . (COVID-19) — naHgemus HoBoro Teicsyenetusi. COVID-19
MOXET BbI3BaTb KaK Tero4yHoe, Tak 1 CUCTEMHOE BocnareHune, NoTeHUMansHo onpeaenssi nonmopraHHyo auc-
dyHkumto. OaHHble o B3anmocssasn mexay COVID-19 u wmtoBuagHon xenesow (LK) nosienstotca ¢ mapta
2020 r. LnTtoBmaHas xenesa n BUpycHast MHeKUUsI, a Takke CBA3aHHbIe C Hel BOCNanuTenbHO-MMMYHHbIe
peakLmMn HaxoasiTCs B CIOXHOM B3aumoaencTeum. Hambonee yacto BCTpedaeMbIM ayTOMMYHHbIM 3aborne-
BaHuem LK aBnserca xpoHWyeckui ayTOMMMYHHbIA Tupeonant (ANT) (XpoHuuyecknin numMdoumnTapHbiv
TMpeouauT, TupeonanTt Xawmmoto). MegynnsipHbli pak wutoBuaHon xenessl (MPLLUXK) obHapyxuBatoT B
BMAE y3emnka LMTOBUAHON xene3bl. Ha MOMEHT NOCTaHOBKM AMarHo3a 4YacTo BbISIBMAOTCS LWelHble nuMmda-
TUYECKMe y3rbl U OTAaneHHble MeTacTasbl. Pa3BuTne ayToaHTUTEN MOXET ObiTb YacTblo Gonee CrnoXxHoro
3aLLMTHOrO MPOTUBOOMYXOMNEBOIO MEXaHW3ma, Liernblo KOTOPOro SIBMSIETCSA YCTPaHEHNE MpeaLIEeCTBEHHNKOB
OyoyLimx onyxonesbix KneTok. Llenb nccnepgoBaHusi: npeacTaBneH KIMMHUYECKUIA criydal AUarHOCTUKK
MeAYNMsPHOro paka LMTOBUAHOW Xenesbl nocne nepeHeceHHoro COVID-19. OnucaHue KIIMHUYEeCcKoro
cnyyas. MNauueHTka 43 net, nepebonesLuas KopoHaBMpycHor nHeBmoHuel (COVID-19), Ha poHe KoTopoi
OTMeYarcs NoBbILLEHHbIN YPOBEHb CbIBOPOTOYHOIO npokanbuuTtoHunHa (MK), 4To SsBUMnock ocHoBaHWEM A4S
pononHutensHoro obcnenoBanus. M3 aHamHesa: ¢ 2020 r. HabnogaeTcs no nosogy AUT, KOTOpkIN NposiB-
nsncs y3noBbiM 0bpa3oBaHWEM LLMTOBUAHOW xene3bl HebonbLioro pasmepa. MNpu obcnenosaHum nocrne
Bblnuncku n3 COVID-ctaumoHapa BbinoriHeHo Y3WU LK, npu KOTOpOM BbISIBIIEHO yBENUYEHUe pa3MepoB y3na
B neBou gone A0 15 MM, ypoBeHb KanbuntoHnHa — 681 nr/mn. Mpu TOHKOUroNbHOM acnmpaumoHHon Groncum
LLPK: nogo3peHue Ha megynnspHbein pak LK. B nnaHoBoM nopsigke BbINOMHEHa TMPEOUOIKTOMUS C LieH-
TpanbHon numdageHakTomuelrt (VI 3oHa). [Npu ructonornyeckom ncecnegoBaH1m onepaLumoHHoro Marepumana
NnoaTBEPXKAEH MeaynmsipHbIA pak LMTOBUOHON >xenes3bl. 3aknioveHue. B npeacrtaBneHHOM KNMHUYECKOM
cnyyae MefynnsipHbIi pak LMTOBWUAHOW Xerne3bl BbiBreH nocrne nepeHeceHHoro COVID-19 ¢ noBbILWEHHbIM
YPOBHEM CbIBOPOTOYHOMO MPOKaNbLMTOHUHA, YTO SIBUIIOCH OCHOBaHWEM 4111 AMArHOCTUYECKOro Noucka.

KnioyeBble crnoBa: meaynnspHbIA pak WMTOBUAHOM XKerne3bl, KanbLUUTOHMH, NpoKanbuMToHuH, COVID-19,
TUPEOUAIKTOMMUS, LieHTparnbHas nuMmdaneH3KToMus.

MEDULLARY THYROID CANCER IN COMBINATION
WITH AUTOIMMUNE THYROIDITIS AFTER COVID-19

E.V. Ryabchenko

Krasnodar Regional Clinical Hospital Ne 2, Endocrine Surgery Center
6/2, Krasnykh partisan str., 350012, Krasnodar, Russia. E-mail: rev7512@mail.ru

#=7 PsiouyeHko EBreHui BukrtopoBuy, rev7512@mail.ru

168 SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 168—173



CNYYAN U3 KNTMHUYECKOW MPAKTUKN

Abstract

Background. Coronavirus disease 2019 (COVID-19) is a pandemic of the new millennium. COVID-19 can
cause both pulmonary and systemic inflammation, and can rapidly progress to multiple organ failure. Data
on the relationship between COVID-19 and the thyroid gland have been available since March 2020. The
thyroid gland and viral infection as well as associated inflammatory-immune reactions participate in a complex
interaction. The most common autoimmune disease is chronic autoimmune thyroiditis (chronic lymphocytic
thyroiditis, Hashimoto thyroiditis). The majority of medullary thyroid cancers present as a thyroid nodule.
Cervical lymph nodes and distant metastases are often detected at the time of diagnosis. The development
of autoantibodies may be part of a more complex protective antitumor mechanism, the purpose of which is
to eliminate the precursors of future tumor cells. The purpose of the study was to describe a clinical case
of diagnosing medullary thyroid cancer in the patient who had COVID-19. Case description. We present
the case of a 43-year-old woman who had coronavirus pneumonia (COVID-19), which was accompanied by
an increase in serum procalcitonin (PC) level, which required additional examination. Since 2020, she had
been observed for autoimmune thyroiditis, which was manifested by a thyroid nodular of a small size. After
discharge from the COVID hospital, an ultrasound examination of the thyroid gland revealed an increase in
the left lobe thyroid nodule up to 15 mm. The level of calcitonin was 681 pg/ml. Fine needle aspiration (FNA)
biopsy of the thyroid gland showed suspicion for medullary thyroid cancer. Thyroidectomy with central lymph
node dissection (level VI) was performed. A planned histological examination of the surgical specimen confirmed
medullary thyroid cancer. Conclusion. In the present clinical case, medullary thyroid cancer was detected in

the patient who had COVID-19 with elevated PC level, which was the basis for a diagnostic search.

Key words: medullary thyroid cancer, calcitonin, procalcitonin, COVID-19, thyroidectomy, central

lymphadenectomy.

Beenenne

Koponasupychnas 6onezns 2019 r. (COVID-19)
SIBJISIETCS. BBICOKOTPAaHCMUCCHBHBIM HH(EKIIMOHHBIM
3a00JeBaHNEM, BBI3BAHHBIM BHUPYCOM TSKEIOTO
ocTporo pecnuparoproro curapoma (SARS-CoV-2),
onnonenoyeynsiM PHK-Bupycom ¢ Hanmmumnem 000-
JIOYKH, IPUHAAJICKALIUM K OeTa-KOpOHAaBUPYyCaM
[1, 2]. Cpenn npyrux OHMOMapKEepOB C TIHKECTHIO
3a00JIeBaHUSI U CMEPTHOCTBIO CBSI3aHBI CHIBOPO-
touHblii ipokansuuToHuH (IIKT), C-peakTuBHBIN
oenok (CPB), depputun, D-gumMep, WHTEpIEHKHH-6
u naktaraerunporenasa (JIAI). Illupoko mpusHano,
yTo nosbiieHue yposHs [IKT yka3piBaeT Ha Hauaso
KpUTHYecKor (a3pl BUpycHOU uHpekuun [3]. V ro-
CIMTAIM3UPOBAHHBIX HALMEHTOB C KOPOHABUPYCHON
6ome3npo 2019 . (COVID-19) noBwIIeHHBIE YPOBHA
IKT (>0,10 ar/mn) u CPb ObuTH He3aBUCHMBIMU (ak-
TOpaMH pHCKa CMEPTHOCTH ¢ KoahuiimeHTamu prcka
52,68 u 5,47 coorBeTcTBeHHO [4]. HampoTtus, cooTHO-
meHne HeHTpo o K tuMdorram (>3,59) He pu-
3HAHO HE3aBUCHMBIM (akTopoMm pucka cmeptu. [IKT
KaK I€HHBII IPOJYKT, CBSI3aHHBIN C KAJIBLIUTOHUHOM,
SIBJIIETCSI TIPE/IIECTBEHHUKOM KaJbLIUTOHUHA, JKC-
[IPECCUPYEMbIM SIUTEINATBHBIMH KJIETKAMH YEJIOBEKa
BO BpeMsI TSDKEJIOT0 CUCTEMHOTO BOCTIATIEHU S, H(EK-
un u cericuca. Tem He MeHee IIKT Taxke sBisieTcst
MIPOTOPMOHOM KaJIbLIUTOHMHA M COBMECTHO CEKpe-
TUPYETCSI ¢ KaJIbLIATOHUHOM MapadoTUKYIIIPHBIMU
xietkamu DK, I[IKT wHemaBHO cTanm 6momMapkepoM
MPILX [5, 6]. U3mepenue ypoBHS KaJbIIUTOHMHA B
CBIBOPOTKE KPOBH OTPa)KaeT KOJUYECTBO U aKTHB-
HOCTh HOPMAJbHBIX MapadoUIMKYISAPHBIX U KJIETOK
MPHIXK. KoHiieHTpaius KaJIbIIATOHUHA B CHIBOPOTKE
KpPOBH y TIAIIMEHTOB C y3JIaMU ITUTOBUIHOMN KeJe3bl
MOJKET MPHUBECTH K paHHel nuarHoctuke MPIIK.

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 168-173

Ha gomro MPIK npuxoaurtes okono 5 % Bcex 3710-
KaueCTBEHHBIX HOBOOOpasoBanwuii LI2K [7]. PakoBo-
sMOpuoHaNbHBIH aHTUTeH (PDA) siBIsieTcst MeHee
crienuduaecknm o6momapkepom s MPIK, gem
kanpuuToHUH U [1IKT, HO MOkeT OBITEH MONIe3eH IpH
OLIEHKE paclpOCTPaHEHHS U MPOTHO3a 3a00JICBaHHSI.
[locne onepanuu yaBoeHHEe BpeMEHH KaJbIIUTOHUHA
U ypoBHSI POA B ChIBOPOTKE KPOBH IMPEANONATAIOT
KaK BBDKHBAEMOCTh 0€3 PEIHMINBOB, TaK M OOIIYIO
BbDKHMBaeMOCTh [8]. HalOmroneHue 3a mamueHTamMu C
HEeOoNpeeIIeMbIMHU Oy XOJIEBBIMHA MapKEPaMH BKITIO-
YaeT eKETOHbIC H3MEPEHHSI YPOBHS KaJIbIINTOHWHA U
IIKT B ceiBOpOTKE KpoBH [9].

Hean nccaeaoBanusi — IEMOHCTPAIS KITMHHYE-
CKOTO CITy4asi TUarHOCTHKH MEAYJSIPHOTO paKa IIUTO-
BUJIHOM skene3bl nocie nepenecenHoro COVID-19.

Onucanue KJIMHAYECKOTO CIyYast

Iayuenmrka, 43 nem, cocnumanuzuposana  om-
Oenenue Kpaesoii knunuueckoli O0IbHUYbL 8 A82YCme
2021 e. ¢ scanobamu Ha cyxoul Kawenb, MOUHOMY U
motueynvie bonu. I[P u anmueennvie mecmsi noo-
meepounu ungexyuio SARS-CoV-2.

U3 anamnesza: 6 2020 2. npu nnranosom Y3U
WUMOBUOHOU dHcene3bl 0OHAPYHCEH OOUHOUHBLLL
2unoaxozennvlll  yzen, ouamempom oo 10 mm. Ilpu
MOHKOU2OILHOU acnupayuonnol ouoncuu (TAB):
OaHuble 30 AYMOUMMYHHBIL MUPEOUOUN C YMEPEeH-
HO 8blpadicerHoU npoaugepayueli snumenus. Bcew
nayuenmam, He3aeUucUMo Om CMpPYKmypbvl V3id Mbl
HazHauaem aHaiu3 Ha KaibyumoHuH. Ypoeenv Kanb-
YUMOHUHA 8 CHIBOPOMKE KPOBU COCMABTANL — 2 ne/Mi,
anmumena x nepoxcuoase — 250 ME/mn. Bonvnou
PEKOMEeHO08aH0 OuUHAMUYecKoe HabmodeHnue ¢ Y3H-
xkoumponem LK uepes 200.
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CASE REPORTS

Ha momenm nocmynnenus npu gusuxaioHom 06-
C1e008AHUU BbIABNIEHA KPENnUMayus 8 NPpasom 1e2KoMm,
memnepamypa mena 0o 36,7 °C, naceiyenue O, —
97-99 %. Ipu cocnumanuzayuu CPE cocmaensin 5,2 me/n
(peppeperncuuiii ouanazon <5,0 me/n), IIKT —
5,4 ne/mn (pegpepencruiii ouanason <0,50 ne/mn).
OcmanvbHvle 1a00pamopHble noKasameiu Kposiu — 8
nopme. Ipu CKT opearog epyonotl Kiemxu 6bis6/1eHbl
3amemMHeHUs. HeNpasUIbHOU GopMybl 6 HUdICHel Jole
npagoeo 1ecko2o;, NaApeHXuMamosHoe NopadceHue
neekux — 5 %. Hauamo npomusosupycroe neuenue.
asunupasup no 1,6 2 2 paza 6 cym ¢ 1-1i denwv, 3amem
no 600 me 2 pasa 6 cym 6 meuenue 5 OHell, Kpome moeo,
OONbHASL NOTYYANA HUSKOMOLEKVIAPHBIU 2eNAPUH OJisL
npogurakmuxu mpombodmoéonuu. Iloxkazanuti 0is
nposedeHus oKcueeHomepanuu He 0bi10. YposeHs
CPE ocmasancs nuskum — 3,6 me/n wa ciedyiouwuil
O0eHb nocie cocnumanusayuu, chudicerus ypoers IHHIKT
He ommeuero — 6,06 me/mn. CmabuibHO HOPMATbHBIL
ypogenb CPB ¢ nocmosinno @blcokumu 3HaueHusimu
IIKT ne obvsacusaicsa 63aumocsa3vio ¢ uH@pexyuel.
Tocne gpinucku us KOpOHABUPYCHO20 omoenenus 6ob-
HOU peKOMEHO08AHO AMOYIAMOPHOe 00C1e008aHUe C
KOHCYynbmayuet 3HO0OKPUHOLO2A.

Ha smom smane ouaenocmuxu, no 0anHvlm 1a060-
PAMOPHBIX AHANUZ08 YPOBEHb KATbYUMOHUNA 6 CblE8O0-
pomke kposu cocmasnsn 681,0 ne/mn (pepepencuuoiii
ouanaszon 2—11,0 ne/mn). Boinonneno Y3HU weu, npu

xomopom pazmepvl LLDK coomeemcmeosanu nopue,
8 1€601 00l OOHAPYIHCEH SUNOIXO2EHHbII Y3el, Ouad-
Mmempom 00 15 mm; 8 npasotl done — sueucmylil y3er,
ouamempom 00 5 MM, eOUHUYHbLE NAPANMPAXEATbHbIE
AuUM@amuieckue y3vl CLed SUN0IX02EHHO20 XAPAK-
mepa, ouamempom 00 10 mm. Ilpu Komnviomeproi
momoepaghuu — ouazosoe 0Opazosanue 1e6oi 00U
LK, ymepennoe nposisienue welHol aumgpadeno-
namuu ciesa, 8 epyoOHoU Kiemke 00beMHbIX 00pa-
306aHull He obHapydcerHo. Buinoinena nynkyuonnas
ouoncus LLPDK: nodospenue na medyiisapHblil pax.
buoncuro uz mumpoysnos wieu ne GbINOIHALU, M.K.
OaHHbBIX 34 UX nopadicenue He OvLIO. B naanosom no-
PsIOKe BLINOTHEHA MUPEOUOIKMOMUSL C YEeHMPATbHOLU
aumepadensxmomuett (VI 30na) ¢ obeux cmopon noo
KOHMPOAEM 6036PAMHBIX HEPEOE C UCNONb30SBAHUEM
nepemMenHo20 Helpomonumopunea. I ucmonozuueckoe
uccnedosanue ONepayuUoHH020 Mamepuaid: ieéds
007151 — MEeOVIIAPHAsL KapyuHoma pasmepom 15 mm
(pT1b) ISD-O-code 8345/3; nepeweex u npasas
00Jis1 — AYMOUMMYHHbII MUPEoUOUm, Kiemuamxka u
aum@oysnwt VI 30nb1 weu — 2 aumpamuueckux yana
0e3 onyxonesoeo pocma. /uaernoz noomeepicoen npu
UMMYHOSUCTOXUMUYECKOM ucciedosanuu (puc. 1).
1o knaccupurayuu TNM npoyecc coomeemcmeosan
pTla(m)NOMO [9].

Yepes 1 Heo nocie onepayuu 1a00pamopHvie noKa-
3amenu 6v1IU CLEOYIOUWUMU. KATTLYUMOHUH CHI80POM-

(a)

Puc. 1. MukpodoTto. Mopdonoruyeckoe
uccrnenoBaHve 06beMHoOro obpasoBaHus Ln-
TOBWAHOW Xenesbl: a) LMTorm4eckoe nccnego-
BaHWe TOHKOWIONbHOro acnupara: nofo3peHve

Ha MefynnsapHYI0 KapUUMHOMY LLMTOBUAHON
Xenesbl, onpeaensTcs BepeTeHoobpasHble
KMNEeTKN C NATHUCTBIM XPOMAaTMHOM, pacnorno-
XKEHHblE B MMI0X0 CMMOYeHHbIX rpynnax, x10;
B) rMCTONOrn4yeckoe nccnefoBaHve: meayn-
nNspHas KapuyHOMa LUMTOBMAHON Xenesbl,
OCTPOBKM OMYXOMNeBbIX KNETOK C KPYIMbIMU UK
OBanbHbIMK SAPaMU U NECTPbIM XPOMAaTUHOM,
oKpacka reMmaToKCUITMHOM U 303MHOM, x10;
c) UI'X-uccneposaHue ¢ cMHaNTOMU3NHOM,
x10; d) IX-uccnepgosaHue, oTCyTCTBME
OKpaLUMBaHUs Ans pakoBO-3MOPUOHANBLHOIO
aHTureHa, x10; e) UM'X-uccneposarue c Ki67:
8,4 % onyxonesblX KNETOK ABNSAIOTCA
Ki67- nonoxutenbHbiMu, x10
Fig.1. Microphoto. Morphological examination
of a thyroid nodule: a) fine-needle aspiration
cytology: suspicion of medullary thyroid
carcinoma, spindle-shaped cells with speckled
chromatin, located in poorly cohesive clusters,
x10;

b) histological examination: medullary thyroid
carcinoma, tumor cells with round or oval
nuclei and fine stippled chromatin, stained with
hematoxylin and eosin, x10; ¢) IHC assay with
synaptophysin, x10; d) IHC assay, no staining
for carcino-embryonic antigen, x10; f) IHC
assay with Ki67: 8.4% of tumor cells are Ki67-

positive, x10
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Ta6bnuual/Table

XpOHOHOrMﬂ AUArHOCTUKU U nevYeHnsa nauneHTKn
Chronology of diagnosis and treatment of the patient

08.08.2021

Tocnuranuzanus u monteepskacHne SARS-CoV-2; Beicokuit yposeHb CPB, mpokaibunToHnHa/

Hospitalization and confirmation of SARS-CoV-2, high CRP, procalcitonin

08.08.2021

11.08.2021

KT-rpynnoit knetku/CT scan of the chest

[loBeImIeHHBIH ypoBeHS NpokanbiuToHnHa, CPB — HOpM™Ma/

Elevated procalcitonin, CRP — the norm

15.08.2021

16.08.2021

Beimucka u3 crannonapa/Discharge from the hospital
KT mewn, Y3U DK, TAB LK, ananu3 Ha KaabIUTOHUH/

CT of the neck, ultrasound of the thyroid gland, FNA of the thyroid gland, calcitonin analysis

18.08.2021

FOCHI/ITaIII/ISaIII/IH, TUPCOUIIKTOMMUS, HEHTPAJIbHAsA III/IM(i)aIIeHZ)KTOMI/ISI/

Hospitalization, thyroidectomy, central lymphadenectomy

21.08.2021

Hckirouenue cemelinoro anamuesa (RET-anturen)/

Exclusion of family history (RET-antigen)

xu— 1,0 ne/mn (peghepencuotii ouanazon <11,0na/mn),
TIKT—- 0,28 me/n (pegpepencuviii ouanazon <0,50 me/n),
obwuil kanoyutl — 2,3 mmonv/1 (peepencrulil oua-
nazon 2,10-2,60 mmonv/n), pocham —1,05 mmonv/n
(peghepencuovnii ouanazon 0,8—1,45 mmonv/n). Ilpu
npueme 150 mxe negomupoxcuna mupeompon-
Hottl ecopmon — 0,5ME0/n (pegpepenchuvlil Ouanaszon
0,30—4,2 mEo/n). Haznaueno kaunuyeckoe o6cnedosa-
nue o uckmouenuss MEN-2 cunopoma, exiouasuiee
onpeoeinenue ypoGHs. Memanehpunos Modu, Karbyus
CHIBOPOMKU, UOHUSUPOBAHHO20 KAbYUS U NAPAMOP-
MoHa. Hckarouen cemetinblii anamues 0Jisi KOMNOHEH-
moe MPIIK u MEN-2. Ilepecmpoennvlii 60 pems
mpancgexyuu (RET) ne svisgun mymayuii 6 KOOOHAX
Cys609, Cys61l1, Cys618, Cys620 u Cys 634.

Oocy:xneHue

B mpencrTaBieHHOM KIWHHYECKOM Ciydae MpH
rocruTalin3anuu y OOJIbHOM C Jerkoit ¢popmoit
COVID-19 BoisBinennoe Boicokoe 3HadeHue [TKT
MIPUBEIIO K CIy9aifHOMY OOHapy>KEHUIO BBICOKOTO
YPOBHS KQIBIIUTOHIHA [TOCIIE BBITACKY MAIIMEHTKH U3
CTalnyoHapa. B 1eHs mocTyIienns Jeqanium BpauoM
0Ka3aJicsi HJJOKPUHOJIOT, KOTOPBIN TPOBOANII JIEUEHHE
B OT/EJICHUH, YUUTHIBas NepenpouiInpoBaHue Moz
nHpekmnoHHbH Toctutads COVID-19, HeoOsraHOE
couetanue BbicOKOro ypoBHs IIKT u moutu HOp-
mansHoro CPB, mpuBnekio ero BHUMaHue, Tak Kak
nprurHoi noseimenHoro [TKT moxer 6p1ts MPLLDK,
C YYETOM OTATOIIEHHOTO aHaMHe3a (ayTOMMMYHHBIH
THPEOUINT C y37a000pa3oBanreM). CBOeBpeMEHHAS
JMarHOCTUKA ¥ peKOMEH AU YHJOKPHUHOJIOTa IoCTe
BBINKCKYU NAMEHTKH U3 TOCTIUTAIIS SIBUJIKCH 3a7I0TOM
ycnexa B neuenun MPIIK, nockonbKy oT MOMEHTa
MTOCTYTIICHNS B CTAIIMOHAP JI0 BHITTOJTHEHUS OTIEPAITHH
MPOIIO J0CTaTOYHO HEMHOTO BpeMeHH (Talnuiia).
Komnbrorepnas Tomorpadusi TpyaHO# KIETKH Oblia
4acThiO 00CIIeI0OBAHUS TIPU TIOCTYIIIICHHH 10 TIOBOLY
COVID-19. JlonoaHuTeabHbIe 00CACAOBAHUS, B T.U.
KT u Y31 men, peKOMEHAOBAHO BBIITOJIHUTH TPH

CUBUPCKIY OHKONOTMMYECKW XXYPHAT. 2022; 21(3): 168-173

BBIMKCKE U3 cTanoHapa. OJHUM U3 OTPULIATEIbHBIX
MOMEHTOB B JIaHHOH CUTYalMH1 SIBJISETCS TO, YTO HeE-
BO3MOXXHO onpesienTs ypoBeHb [IKT npu BeisiBIIeHUN
MPIX y marmento ¢ COVID-19. Kpome Toro, B 1u-
TepaType HeT JaHHBIX OTHOCUTENILHO YPOBHS KaJIbLIU-
TOHHWHA B CBIBOPOTKE KPOBH, UcKIovaromiero MPILDK.
B otnmmane ot 10-MuUHYTHON TTPOOBI TIOTYBBIBEIEHUS
kanpuutonuHa, [IKT umeer pedepenc momyssiBe-
nenust 22-35 4 [10]. AHrnoTeH3MHIIPEeBpaIIAtoNIUit
¢depment 2 (ACE2) u TpancMeMOpaHHasi mpoTreasa
cepun 2 (TMPRSS2) y4acTByrOT B HHTEpHAIH3AINH
SARS-CoV-2, urpasg BaXHYIO pOJb B MaTOTCHE3e
COVID-19 [11]. OTu penentopsl pacnojoXeHbl Ha
pa3HbIx opra"ax. Camble BBICOKHE YPOBHHU JKCIpeC-
cun u aktuBHocTH ACE2 oOHapyKeHbl B TOHKON
KHUIIIKE, TOYKAX, CEPALE, CIIOHHBIX XKeJle3ax, SnuKax 1
IIMTOBUIHOM JKeJe3e, Tora Kak 0ojee HU3KUe YPOBHH
HaOII01aIMCh B MO3Te, KOKe, THIO(U3E U CKEJIETHBIX
Mblmmax [12, 13]. @onnukynspHble KIETKU LIUTO-
BHUJIHOM kene3bl skcnpeccupyroT ACE2, kak nokasan
MIPSIMOI MOJIEKYJISIPHBIN aHamu3 00pa3noB TkaHu [1DK
nocie onepanuu [14], mpuBOasS K TOMY, 4TO >Keie3a
cta"oBuTcs BocripuumMunBoil K SARS-CoV-2. 13Becr-
HO, 4TO UHTETPUH o(V)B3 pacrio3HaeT U CBA3BIBAET MO-
tuBbl Arg-Gly-Asp u Lys-Gly-Asp, Tokaan3oBaHHBIC
B MOJIeKyJIsIpHOH cTpykType kKak ACE2, Tak u mmmnax
oenka SARS-CoV u SARS-CoV-2, BO3MOXKHO, Urpast
poiib B aHTaroHuzauuu cesasbiBanust SARS-CoV-2 ¢
ACE2 u, crenoBaTebHO, YMEHBIIAS MTPOHUKHOBE-
Hue SARS-CoV-2 B kitetkn-xo3seB [15]. [Tockonbky
SARS-CoV-2 MoxeT anbTepHAaTUBHO B3aUMOICHCTBO-
BaTb C MHTErpuHOM 0 V)B3, MpearnoiaraoT, YTo 3TOT
IPOLIECC MOXKET CIIOCOOCTBOBATh MHTEPHAIU3ALNN
SARS-CoV-2 B k1eTKH-X035€Ba B Ka4eCTBE aIbTeP-
HaTUBHOTO IMyTH, cooTBeTcTBYIOMIEro ACE2 [16]. Co-
IJIACHO 3TOW TOUYKE 3PEHHUs, MOXKET OBITh PACCMOTPEH
JIPYTOi TTaTO(U3NOIOTHIECKUH crieHapuid. | opMOHBI
K MoryT cBA3bIBaTh pEeLENTOPbl MHTEIPUHA Ha
MOBEPXHOCTH KIJIETKH, aKTUBUPYS CUTHAJIbHBIE MTyTH
BHYTPU KJIETKH U PETYIUPYs TPAHCKPHUIILIHIO I'€HOB,
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YYaCTBYIOIIUX B aHTHAIIONITOTUIECKHUX, aHTHOTCHETH-
YEeCKHX CBOMCTBAX 1, B KOHEYHOM CUETE, TTOJIICPKUBAS
nporudeparturo KiaeTok [ 17]. IMeroTcst JaHHbIe 0 TOM,
YTO JICBOTUPOKCHH MOXKET CIIOCOOCTBOBATH XEMO- U
PaAMOPE3UCTEHTHOCTH U PO PECCUPOBAHUIO HEKOTO-
PBIX 3JI0Ka4e€CTBEHHBIX HOBOOOpa3oBanuii LLK myrem
aKTUBAIIUX BTOPOTO ITyTH Yepe3 naTerpuH o(v)P3 [18,
19]. Kpome TOr0, JIEeBOTUPOKCHH MOKET YBETTMUNBATh
AKCIPECCHUI0 MHTETrprHA 0(V)B3 Ha TOBEPXHOCTH KJle-
TOK; CIIeIOBATEIIbHO, T4 MOXET yCHIIMBATh B OOIBIIICH
creneHn nHTepHamu3anuio SARS-CoV-2, BO3MOXKHO,
yxymmas nporuo3 B cixydae COVID-19 [19].
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OHKOJIOTUH M30paH YICHOM-KOpPPECIOHIeHTOM Poccuiickoli akajieMuu Hayk

Konnexmue HUU onxonocuu Tomcxkoco HUMI], peoaxyuonnas xonneeus « Cubupcko-
20 OHKOJIO2UYECKO20 JICYPHANAY» NO30PAGIAIOM C 3ACIYHCEHHbIM u3dpanuem. Ilpumume
UCKpeHHUe no30pasieHus u camole 000pvlie nodcenanus 6 céa3u ¢ Bawum uzbpanuem
ueHom-Koppecnonoenmom Poccuiickoti akademuu nayk. Omom ¢haxm ceudemenbcmayem

He MONbKO 0 Bawux HayyHvIX 3aciy2ax, HO U 0 MOM, YMO OHU HAULIU OOIHCHOE NPUSHAHUE
v Bawwux xonnee.
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AKAOEMUK NEBOH AHOPEEBUY ALLPA®AH
(K 70-NETUIO CO AHA POXOEHUA)

Jleron AnapeeBnu Ampadsa poxmics 12 wroHs
1952 r. B ropozne barymu. B 1975 1. okonumn sieue6-
HbIi (pakyasreT CTaBpONOIBCKOTO TOCYIAPCTBEHHOTO
MEIULUHCKOTO UHCTUTYTA, 3aTeM B 1975-78 rr. —
KJIIMHUYECKYI0 OpJIUHATYPY 110 OHKOTMHEKOJIOT MU IPU
MOCKOBCKOM Hay4YHO-HCCIIE0BATEIHLCKOM OHKOJIO-
rudeckoMm uHcturyte um. [1.A. I'epuena (MHUOU
um. ILA. I'epuena). B 1978—1981 rr. — aciupantypa
IIPU 3TOM K€ MHCTUTYTE, C MOCICAYIOIIEH 3alUTON
KaHIuAgacTkoi mauccepramuu. B 1982-1986 rr. —
MJIQJIINA Hay4YHBIA COTPYIHUK OTICICHUS OHKOI'HU-
nekonoruu MHUOMU um. I1.A. Tepuena, ¢ 1986 . —
CTapILINi HayYHBIN COTPYAHUK MOCKOBCKOIO HAyYHO-
HCCIEA0BATEIBCKOIO PEHTICHOPAAUOIOTHYECKOTO
uactutyta M3 PO, rne B 1989 romy 3ammuTun auc-
CepTaIMI0 Ha COUCKAHHUE YUYEHOH CTEMEHU TOKTOopa
MEIULUHUHCKUX HayK Mo Teme «CTaHaapTH30BaHHAs
MUATHOCTHKA paka dSHIoMeTpus». B 1995 1. opranu-
30BaJl U BO3IVIABUJI OTJICJICHUE KOMOMHUPOBAHHBIX
METOJIOB JICYCHHUsSI THHCKOJIOTHYSCKUX 3a00JICBaHUI
TOTO € MHCTHUTYTa (B mocieaytoneM — Poccuiickuit
Hay4HbI LIEHTP PEHTreHOpaauonorun MuHznpasa
Poccuu, PHLIPP). ITpodeccop. C 2008 r. 3aBeyrormit
OTACJIOM paHHEro KaHIeporeHes3a, MPOPUIAKTUKH,
JUArHOCTUKU U KOMIUIEKCHOTO JICYCHUSI OHKOJIOTH-
yecKknx 3a00JeBaHN JKEHCKHX PENpOTyKTHBHBIX
opranoB 3toro nentpa. C 2017 1. 3amecTUTEeNb IH-
pexropa ®I'BY «HMMUI akyiiepcTBa, THHEKOJIOTUHI
n nepunaronorun uM. B.M. KymakoBa» Mun3znpasa
Poccuu, rae on opranu3oBan v BO3IVIaBUII HEPBLIU B
Poccun MHCTUTYT OHKOTMHEKOJIOTUY U MAMMOJIOTUH,
BXOJAIIMKN B CTpYKTypy HanuoHanbHOro MeIuIvH-
CKOTO HCCJEI0BATEIbCKOr0 LIEHTPA aKyIIepCTBa,
THUHEKOJOTUM U MEPUHATONOTUHU UM. aKaJeMUKa

CUBUPCKIM OHKONOTMMYECKW XXYPHAT. 2021; 21(3): 175-176

B.M. Kynakosa. Ynen-koppecnonaent PAMH c
2011 r, unen-koppecnonaent PAH c 2014 r., akazne-
muk PAH ¢ 2016 .

Axkagemuk JILA. AmpadsH — crienuanict B 00-
JIACTH OHKOTHHEKOJIOTMH, 3aHHMMAETCsl MpodJieMaMu
MpOo(UITAKTHKY ¥ paHHEH TUAarHOCTUKU paka perpo-
JTYKTHBHBIX OPTaHOB. BBIMOMHSAET BCE BHIBI XUPYP-
TUYCCKUX OTIePAlUN IO TTOBOTY THMHEKOJIOTHUSCKUX
U OHKOTMHEKOJOTHYECKUX 3a00JeBaHUM, yIelseT
BHHUMAaHHUE BO3MOXKHOCTSAM MPOBEJICHUSI OPraHOCOXpa-
HSIIOLUX ONEpaluil IpyY MATOJIOT U KEHCKOU MOJI0BOM
cdeprr. OOIacTh HAYYHBIX WHTEPECOB aKaJeMHKa
JILA. Aupadsina Becpma oOmmpHa. MM o6ocHoBaHa
KOHIICTIIUST YEThIPEX MaTOTCHETUYSCKUX BapUAHTOB
MOCTMEHOTAay3bl, YTO CTan0 (PyHAAMEHTATbHBIM
OCHOBaHMEM MIOHUMAHHS TPYII PUCKA B OHKOJIOTHH.
Ero nay4dnbie ricciieoBaHus KacatoTcs mpooiIeM mpo-
(unakTuku, ckpuHuHra. OG0CHOBAaHBI U IPEIOKEHBI
TEXHOIIOTUH MPOQIIAKTUKU paKa MOJIOYHOU KeJe3bl
C WCITONIb30BaHUEM IIPENapaTroB MYJIBTUTAPTETHOTO
s(pdexra (mpenaparsl pazpadOTaHbl POCCUACKHUMHU
yueHsIMU ). IM oka3zaHa u mpeyiokeHa HOBas METO-
JIOJIOTHSI CKPHHWHTA PaKa MIeHKH MaTKu (MIMMYyHO(ep-
MEHTHBIN aHanmm3 Ha O6enok E7). OmgHuM U3 mepBhIX
JLLA. Ampadsia Ipe oK uT Haeto MUPOKOTO UCTIONh-
30BaHUs HEO0AbIOBAHTHOW JIEKAPCTBEHHOU TEpaIUU
MPU MECTHOPACTIPOCTPAHEHHBIX 3JI0KAYECTBEHHBIX
nporeccax (pak IIEWKH MaTKH, PaK SIMYHUKOB) C
MOCIIEAYIONINM TPUMEHEHHEM KOMOWHUPOBAHHBIX H
PACIIMPEHHBIX XUPYPTUYCCKUX BMEIIATEIILCTB, YTO
MO3BOJIMJIO YBEIIUYUTH S-JICTHIOIO BBDKHUBAEMOCTD C
20-30 % 1o 70 % u Ooiee.

B nocneame rofpl 1ojt ero pyKoBOACTBOM pa3BEPHY-
TBI KICCIICTOBAHNS, KACAIOIINECS OHKOJIOT MIECKIX ACTICK-
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IOBUJNEN

TOB ITOCTMEHOIIAY3bl U MOJIEKYISIPHO-OUOIOTHUECKUM
(hakTOpOB KaHIIEpPOreHe3a, aTOreHeTUIECKOI, TapreT-
HOW MPO(UITAKTUKU paKa PEermpOIyKTUBHBIX OpPTraHOB.
TecHoe coTpyTHUUECTBO C OMOXUMUKAMH, TCHETUKAMH,
MOJIEKYJISIPHBIMU OHOJIOTaMH B 3HAYUTEIBHON CTETICHN
chopMHUPOBAJIO PSL KITIOUEBBIX TO3ULIUH, KACAOILIIXCS
PaHHEro KaHIEeporeHe3a NEepBUYHON OIyXOJM, MeXa-
HU3Ma €€ MPOTPECCUU U PA3BUTHS «METACTATUYECKOM
0one3Hm», YTO TPUHIHUITUATHLHO U3MEHHJIIO MOAXOAbI B
JICYeHNH U 0003HAYMWIIO PeajbHYI0 MEPBUUYHYIO MPO-
(MITAKTHKY B IPEOYTIPSKICHIE penuanBoB. bonee 20
JIET UM Be/IyTCs LieNIeHaNpaBIeHHbIE NCCIeIOBAHUS TI0
npobieMe paka SHYHUKOB — CAMOTO TSKEJIOTo 3a00Jie-
BaHMUS B OHKOJIOTHH. Pe3ynbsTaToM 3THX UCCIIEI0BaHUN
CTaja KOHLEMNIH IBYX IaTOr€HETHYECKUX BapUAHTOB
SMUTETNATHHOTO 3JI0Ka4€CTBEHHOTO IMpoIlecca, Ha
OCHOBE KOTOPBIX Pa3padoTaHbl MPUHIUIBI PPEKTHB-
HOM Tepamnuu, MO3BOJMBIINE YBEJIUYUTH S-JETHIONO
BEDKHBAeMOCTH 10 72 %.

B 2017 rony JI.A. Ampadsia Bo3miasuia MHCTUTY T
onkornHekonorun B HMUII akymepcTsa, ruHekono-
ruu u nepunarosoruu uMm. B.W. Kynakosa. B unctu-
TyT€ pa3BEepPHYTHI OTAEICHHS TAaTOJIOTHH MOJOYHOM
JKeJIe3bl, HHHOBAI[MOHHON OHKOJIOTMH U THHEKOJIOTHH,
OT/€JIEHHUE NMPOTHUBOOIYXO0JEBON JIEKapCTBEHHOU
Tepanuu. ['0OTOBUTCS K OTKPBITHIO €IMHCTBEHHAs
CIEIMAIN3UPOBaHHAS KIMHUKA «Pak SMYHUKOBY.
KomnnekTus yske 7 neT HapaluBaeT MOTEHIHAI BCETO
CIEKTpPa XUPypPruueCcKUX BMEIIATEeNbCTB: OPraHOCOX-
PaHsIOIIHE OTlepalliy, MaJIOMHBA3UBHbIC U JIAIIAPOCKO-
[IUYECKUE OINEPALNH, COXPAHEHHE PENPOLyKTUBHON
(DYHKIIMH y MOJIOJBIX MAIIMEHTOK C OHKOJIOTHYECKIM
3a00JIeBaHUEM, PaIMKAIIBHBIC OTIEPALIH MPH TTO3THUX
CTaIUsIX OHKOTMHEKOJIOTMUYECKHUX MTPOLIECCOB, OpraHu-
30BaH MEXIUCLUIUIMHAPHBIN TOAXO0[ BeleHUs Oepe-
MEHHOCTH TIPH Pa3IMYHBIX JIOKAIN3ANNAX paka. JTH
MHHOBALIMH MIO3BOJISIIOT COXPAHUTH PETIPOAYKTUBHYIO
(YHKIUIO Y MOJIOABIX MALUEHTOK, TOCTHYb OBICTPO
peabmnuTanuu U dcTeTudeckoro 3ddexra. TecHas

Hay4YHasl U MPUKIATHAS UHTETPAIMS C aKyllepaMHu-
TUHEKOJIOTAMU, PEIPOILYyKTOIOTaMU, HEOHATOIOTaAMU
TIO3BOJTIJIA HA COBEPIIIEHHO HOBOM WHTEJUIEKTYaIbHOM
YPOBHE peaanu30BLIBATh MpooOIeMbl «Pak 1 6epemeH-
HOCTBY, «PerpoayKIis y OHKOJIOTHYECKUX TMAIHCH-
TOK». BHeApeHnI0 HOBBIX pa3padoTOK CIIOCOOCTBYET
co3nanHoe akajgemukoMm JI.A. AmpadsHom Poccuii-
CKO€ OOMIECTBO CICIUAIIMCTOB 1O MPOdUIaKTHKE
U JICYCHHIO OIMyXOJeH PenpOoAyKTUBHBIX OPTaHOB
(POCOPCQC).

JI.A. AmpacsiH — opraHu3aTop MHOTHX KOHTPECCOB,
koH(pepeHumii 1 cumno3nymoB. JI.A. AmpadsHom
noarotorieHo 10 moktopos u 40 KaHAUIATOB MEIU-
IMUHCKUX HayK. MM ommyOnukoBano Oosee 380 HaydHBIX
crareii, 7 MoHoTpadwuii, 13 1maB B MmoHorpadusax. O
OJIMH M3 c0aBTOpOB HalmoHaibHOTO PYKOBOJICTBA
«Onkorunexonorus» (2019). JI.A. AmpadsH BXoauT
B COCTaB PEAAaKIIMOHHBIX COBETOB XYpHAIOB: « OHKO-
THHEKOJIOTHSD», « OMyXO0JN KEHCKON PEeTTPOAyKTHBHOMN
CHCTEMBD», «AKYIIEPCTBO M THHEKOIOT U, «AKyIIIep-
CTBO, TMHEKOJIOTHS, PEMpOAYKIHsy, «Menuuunckas
BH3yanuzanus». Ynen J[uccepranmoHHOTO coBeTa
OI'bY «PHIPP» Munszapasa Poccuu, unen luccep-
TaIMOHHOTO coBeTa Hay4Horo meHTpa akymepcTsa,
TUHEKOJIOrMM U nepuHaroinorud Munsapasa Poccun,
yieH JluccepTalmoHHOro coBeTta mpu MOCKOBCKOU
MeaunuHckoil akagemun uM. U.M. CeuenoBa. Unen
Acconpanuu oHkojioroB Poccuu, uinen Poccuiickoit
accolualuy aKyllepoB-TMHEKOJIOTOB, uieH Poccuii-
CKOHM accolMaly peHTTeHOJIOT0B-PaIUO0IIOrOB, YJIeH
Poccuiickoli accommaiuy ruHEKOII0r0B-0HKOJIOroB. C
2017 . akagemuk JI.A. Ampadsa — mpe3unent Poccuii-
CKOT0 00I11eCTBa CIIEIMAIMCTOB I10 JICYEHUIO OITyXOJeH
ykeHCKol peniponykTuBHOM cuctembl (PACOPC). Uiien
EBpomneiickoii acconuaiyy rHHEKOJIOTOB-OHKOJIOTOB,
4yJeH AMEPUKAHCKOW accoIMamiy THHEKOJIOTOB-
9HJIOCKOITUCTOB. 3aciyxeHHbIH Bpau PD. HeomgHoxpar-
HO OTMEYEeH IpaMOTaMU MUHHUCTPA 3APaBOOXPAHEHUS
P®. Mmeet nmpaBUTEIbCTBEHHBIE HATPAIbL.

Compyonuxu Hayuno-uccieoo8amenbcko2o uHCMumyma OHKON02UU,
peokonnecusi « CUOUPCKO20 OHKONOSUHECKO20 JHCYPHALAY
cepoeyro nozopasisarom Jlesona Anopeesuua Awpaghana c oouneem.

176

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(3): 175-176



YJIEH-KOPPECNOHAEHT PAH, MPO®ECCOP
FrEOPIMA UbIPEHOBMY OAMBAEB
(K 80-NIETUIKO CO AHA POXOEHUA)

18 utona 2022 r. ucnonnuiocs 80 ner ['eopruto
LpipenoBuuy J/laMOaeBy — BHIHOMY OTEUECTBEHHOMY
XHPYPrY, JOKTOPY MEIMIMHCKUX HayK, Mpodeccopy,
wieHy-koppecnonaenty PAH.

I'Ll. JlamGaeB pomuiics B ¢. Xonoi KsaxTuHckoro
pationa bypst-Monronsckoit ACCP. B 1959 r. mo-
CTYIWJI Ha JIeueOHbIN (hakyapTeT YNTHHCKOTO MeTu-
LIMHCKOTO MHCTUTYTA, MOCJIe OKOHYaHHUsI KOTOPOTO C
1965 no 1969 1. paboTast Xupyprom 1 IJiaBHbIM BpauoM
y4acTKOBO# OonpHHMIEI TToC. bansra YntuHCKOH 00-
nactu. C 1969 mo 1971 1. oOyvancst B KITMHHYECKOH
opauHarype Ha kadenpe ooueit xupyprun Tomckoro
MeaunuHackoro uaetutyta (TMU).

B 1973 r. 3ammTiul KaHAUJATCKYIO JUCCEPTALIMIO
Ha TeMy «MexaHOo-3JIeKTPUYECKUM METO/ perucTpa-
LM MOTOPHKH KETYJOUHO-KUILIEYHOTO TPakTay. B ot
rO/ibl OH aKTMBHO 3aHUMAeTCs N3y4eHHUEM MOTOPUKH
KEITYAOYHO-KUIIEYHOTO TPaKTa U €€ aBTOHOMHOM
JNEKTPOCTUMYIIALNEN, HHTEHCUBHO M3y4aeT U3Me-
HEHHS TUMYycCa y MAIMEHTOB C MPOTPECCHUPYIOIICH
MBILICYHOH JUCTPOPUCH.

[Tocne 3amutsl B 1988 1. qoKTOpCKOM AuccepTa-
nuu «Xupyprudeckasi KOppeKIus CHCTEM U OPTaHOB
y OOJIBHBIX C MPOTPECCUPYIONMICH MBITIICUHON JIHC-
tpodueii» ['eopruii LpipenoBuy lambaeB u3dpan
3aBeAyIOUM Kadeapol ToCuTalbHON XUPYPTUH C
kypcom oHkosorun TMU (1989 ).

I.L]. {TamGaeBBIM OCYIIIECTBIEHBI KPYITHbIE HAYY-
HBIE HCCIIEJIOBAHUS B PA3JINYHBIX OTPACIIAX XUPYPTUU
Ha CThIKE C MMMYHOJIOTHEN, pEKOHCTPYKTUBHON XU-
pyprueii, matodusuonorueit. [lox ero pykoBoacTBOM
IIPOBEJICHB! (DyH/IAMEHTaJIbHbIE HCCIIEAOBAHUS I10-
BEJIEHUSI HAHOCTPYKTYPHOTO MOPHUCTOr0 HHUKEIHIA
TUTaHa B OMOJIOTHYECKHUX TKAHSX U IOKa3aHa BO3MOXK-
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HOCTB IIUPOKOTO €0 MPUMEHEHHS B KaueCTBE UMITIaH-
Tara NPU Pa3NIUYHBIX XUPYPTUUECKHUX OINEepalusix.
I'Ll. /IlamOaeB siBIsIETCS OMHUM M3 OPTaHHU3aTOPOB
enuHcTBeHHOro B mupe HUU menunmnHckux marepua-
JIOB ¥ IMIIAHTATOB C NAaMATHIO (hOPMBI, Oa3upyrolIe-
rocs BT. TOMCKe, I71€ BEYTCSI BBICOKOTEXHOIOTUYHbBIE
Pa3paboTKH MO CO3AaHUI0 UMIUIAHTATOB C MaMSThHIO
¢dopmMBL. DTH pa3pabOTKH € YCIEXOM arpoOOHPYIOTCS
Y BHEAPSIOTCS B KIIMHUYECKYIO MPAKTHKY JIEUEOHBIX
yupesxaenuii Poccun, Monromuu, Kopen, BenukoOpu-
TaHuM 1 Apyrux crpad. [1pu yuactun 11, lamGaeBa
AKTHBHO BElyTCs DKCIIEPUMEHTAIIbHBIE HCCIIEI0BaHUS
B 00J1aCTH TPaHCIIJIAaHTALIMU [IEYEHH, II0YEK C UCIIOIb-
30BaHHEM COCYANCTHIX ITOTYOHUOIOTHYECKHX ITPOTE30B
¥ 10 (POPMHUPOBAHUIO YCTOHUMBOW WMMYHOJIOTHYE-
CKOM TOJIEpAaHTHOCTH. B sKCIEpHMEHTE U KIMHHKE
CO3AI0TCS CIIOCOOBI JIEUEHUSI C IIOMOLIBIO TPAHCILIAH-
TaIlUH KJIETOYHBIX M OPTaHHBIX KYJIBTYP Ha TOPUCTHIX
HOCHUTENSIX U3 HUKEU/1a TUTaHa MpU caXxapHOM Jina-
Oere, mcopuase, MMMYHOAC(OUIUTHBIX COCTOSHUSX,
aHeMMsIX, OpOHXHAJIBHOM acTMe, LUPPO3€ MEUEHH,
MPOTPECCUPYIONIEH MBIIICYHOH AUCTPOPHH.

IL1. lambaes sBiisiics npezcenarenem OomiecTra
xupyproB Tomckoit obmactu (1998-2015 rr.), unenom
JccepranronHoro coera mpu Cubl MY u MexnyHa-
pomuoit akamemun A-SME (MMIUTaHTaThI ¢ TaMSATBIO
(OpMBI), WICHOM PEAAKIIMOHHON KOJUIETHH YKypPHAJIOB:
«CHOMPCKUT METUITMHCKUH Ky pHaD», « IMIIaHTaThl
¢ aMATbI0 HOPMBI», «BOIIPOCH! PEKOHCTPYKTUBHOM 1
TJIACTHYECKOH Xupyprum», « MenuinHa B Kyz0accey.
I'eopruii LpipenoBuu aBrop 659 meuyarHbIx paboT, B
ToM umcie 22 moHorpaduii, 91 uzodpereHus, moa
€ro PYKOBOJICTBOM 3alUIIeHO 50 KaHAuAaTCKUX U 23
JOKTOPCKUX AHccepTalyy. Ero yueHUKH yCIenHo pa-
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Ootarot B By3ax, HUU, yupexneHusx 3apaBooxpaHe-
nusi Poccuiickoit @enepanuu, ' epmanuu, MoHronmu,
B CTpaHax OJIMKHETO 3apyOexbsl.

3a BBICOKHE HAy4HBbIE JIOCTM)KEHUS M HAy4HO-
npakruueckue paspaborku [.1[. /lambaeB Harpax-
JeH Menanblo «3a 3aciayru nepen OredectBom» 111
crerean (2000), memansio BJIHX (1984), 30moToii
MEJalibl0 Ha MEXJYHapOoJAHOW BbICTaBKE B bproc-
cerne (2000), menanwio «IIpodeccuonan Poccun»
n opzreHoMm l'unmnokpara (2007), opaenom «3a mpo-
(eccroHaNbHYIO Y€CTh, JOCTOMHCTBO MU IOYETHYIO
nenoByto penytanuio» Il cremenn (2008), mouet-
HbIM 3HaKoM «lopaocte Tomckay (2017), opaeHom

«Tomckas cnasay (2017). EMy npucBoeHO mo4eTHOe
3BaHME «3aCiTy’)KEHHBIH JIeATeNb HayKu PecryOmnku
Bypsatus» (2003), 3BaHne moyeTHOTO Tpodeccopa
MOHTOJBECKOTO MEMUIIMHCKOTO YHUBepcuTeTa (2006).
L. JJambaeB — nobeautens KoHKypca «Yemosek
roga — 2010 B Tomckoil obnacTh» B HOMHHALIUH
«JIunepctBo». B 2015 . oH ynocroeH 3BaHUS «3a-
CITY)KEHHBIN AesTens Hayku PD», B 2016 1. 3a BBI-
JIAIOIIUECS JOCTIKEHUSI B HAyYHO-TIEIarOTHIeCKOM
JIeATEIbHOCTH Y 3HAYUTEIbHBIA BKIIAJ] B Pa3BUTHE
Hayku U oOpazoBanus Cubl'MY mpucBoeHO 3BaHHE
«ITouetnsiit mpodeccop Cuol MVY».

Compyonuxu Hayuno-ucciedosamenbckoeo uHCmumyma OHKOLO2UU, PEOKOIe2Us.
«Cubupcro2o OHKONO2UUECKO20 HCYPHANAY» CePOeH O NO30PAGIISION
Teopeus Llvipenosuua /lambaesa c 1obduneem.
300posws Bam na doneue 200vl, brazononyuus u meopyeckux ycnexos!
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MNAMATU NPODECCOPA BUKTOPA KOHCTAHTUHOBUYA KOCEHKA

24 ampens 2022 1. yiien u3 KU3HU JTOKTOp Meu-
LMHCKHUX HayK, 3aBeAYIOIINH Kadeapoli OHKOJIOTHH,
mydeBoii Teparuu 110 Omckoro rocygapcTBeHHOTO
MeJUIMHCKOro yHuBepcuTeTa Bukrop Koncrantuno-
BHY KocéHok.

Bukrop Koncrantunosnu KocéHok okoHUMI
neqeOHbIi (pakynprer OMCKOTO TOCYIapCTBEHHOTO
MeauIHCKOTo HHCTUTYTa B 1979 1. C 1979 1m0 1980 T
npoxoaua oOydeHHe B MHTEpHATYype Mo oOmei
xupypruu. B 1987 rony 3ammTiil KaHIUJATCKYIO
nuccepranuio 1o teme «Topakockonuueckas yib-

Tpa3ByKoBas KjieeBas repMeTu3alnus paH JErKoTo
NpHU TpaBMaTH4YECKOM MHEBMoOTopakce». B 1998
rony Bukrop Koncrantunosuu Koc&Hok 3amutui
JIOKTOPCKYIO quccepTanuio o teme «CoBpeMeHHbIE
TOPAKOCKOIIMYECKHE TEXHOJIOTHH B HEOTIIOKHOM TO-
pakanbHOM xupyprum». B 2008 rony emy nprucBoeHo
yuéHoe 3Banue npodeccopa o kagenpe.

Oxosno 10 ner Kocenox B.K. saBnsncs uienom
nuccepranuonHoro cosera 24.1.215.01 mpu HUU
onkosiornun Tomckoro HUMII no cneuuanbHOCTH
3.1.6 — oHKosorus, JiyueBas Tepamusi.

Csemuas namams o Bukmope Koncmanmunosuue 6yoem jicumsv 6 cepoyax e2o Koanee

u opyseti.

Pe()am;uﬂ «Cu6upcz<ozo OHKOJIO2UYEeCKO20 JHCYypHaAIa» evlpasrcaem UuCKpeHHue cobones-
HOBAHUA pO()Hbl.M U OnNUBKUM Bukmopa Koncmanmunosuua.
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