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AHHOTAIIUA

TepMHHOM «pak» 0003HAYAIOT 3JI0KAYECTBEHHBIE OITyXOJIH PA3JIMYHOTO TUIA. KaXKAbIl U3 9THUX TUIIOB KJIacCHUPUIIN-
pyeTcs B 3aBUCUMOCTH OT TKaHU, U3 KOTOPOU Pa3BUBAETCA OIYXOJIb. PaKk BO3HUKAET BCJIEJICTBHE HEKOHTPOJIUPYEMOTO
JleJIeHUsI KJIETOK, KOTOPbIEe 3aHUMAIOT MECTO 3/[0POBBIX KJIETOK. JIeTalIbHOCTH IIPY PaKe, B OCHOBHOM, SIBJISI€TCSI PE3YJIbTa-
TOM TIOBPEXK/IEHUH, BHI3BAHHBIX MeTacTadaMH. BOT mmouemy KpaifHe Ba’KHO JIMarHOCTHPOBATh 3a00JieBaHUE HA paHHEH
CTaINH, TIPEXK/IE YEM TOABSATCS MeTacTasbl. [1ocjie MOCTaAHOBKY THATHO3a HAUMHAETCS JIedeHre PaKa: OHO IPEeAIoaraer
HCII0JIb30BaHUE PA3IMYHBIX METO/IOB, IPUMEHEHNE KOTOPBIX KOOPAAMHUPYETCs Ha IIPOTSKEHUH BCero Kypca jiedeHust. Ot-
BET OILYXOJIU Ha TEPANHIO MOXKeT OBITh pa3iunIHbIM. OJJHU BU/BI PaKa JIydllle JIedaTcsl C IOMOIIbI0 XUPYPTUIECKHUX METO-
JIOB, IPyTHe BOCIPUUMYUBBI K XUMUOTEpanuu. Hepeako A1 JOCTHIKEHUsI HAaUJIYUIIEro Pe3ysIbTaTa He0OX0IUMO OTHO-
BpPeMEHHOE HCII0Ib30BAHNE HECKOJIBKUX METO/IOB Tepanui. VccireoBaHu:A B 061aCTH OHKOJIOTUH /10 HACTOSIIETO BpeMe-
HU B OOJIBIIIMHCTBE CBOEM OBLTH MOCBSIIEHBI PAKOBOM KJIETKE KaK TAKOBOH. AKTyaJIbHOH 3a/1aueil Ha COBPEMEHHOM JTarle
MIPEJICTAaBIIsIETCA IOHUMAaHUe TOTO, KaK ATa KJIETKA B3aUMOJIEHCTBYET CO CBOUM OJIMKANUIIUM OKpyKeHHeM. Kakue mpo-
I[eCChI OHA TPUBOJUT B IEWCTBHE, YTOOBI YCKOJIB3HYTh OT HMMYHHOM CHCTEMBI, JIN60, HAIIPOTUB, YCIIEIITHO IUCCEMUHHUPO-
Barh? IlOHMMaHNe 3TUX MEXaHU3MOB MOKET IIPUBECTH K CO3/IaHHI0 HOBBIX 3 ()EKTUBHBIX METOOB JIEUEHUS.

Karoueewvte caoea: paxk, JHK, renetnka, OHKOreHes.

ABSTRACT

Cancer is a generic term that groups different types of malignant tumors. Each of them has a specific name according to
the tissue that gave birth to it. It appears when cells multiply in an uncontrolled manner and take the place of healthy
cells. Deaths from cancer are mainly due to damage caused by metastases. This is why it is important to diagnose the
disease early, before it spreads in the body. After the diagnosis announcement, cancer management is put in place: it
involves several treatments that are articulated throughout the course of care. Cancers have the particularity of reacting
differently to treatments. Some types of cancer are best treated with surgery. Others respond better to drugs called
chemotherapy. It often happens that several treatments are administered together to ensure the best possible results.
Studies have so far focused largely on the tumor cell itself. The new challenge for researchers is now to understand how
these cells interact with their immediate environment. What processes do they put in place to escape the immune system
or to successfully spread? Understanding these mechanisms could lead to the development of new types of treatment.

Keywords: cancer, DNA, genetic, oncogenesis.

TToctynuia 18.02.2021 Received 18.02.2021

IIpunsaTa 15.03.2021 Accepted 15.03.2021

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Mumyn Hypa: JlaGopatopusi 6HOTEXHOJIOTHIl PENPOAYKIIMH KIUBOTHBIX Mimoune Nora: Laboratory of Biotechnologies related to Animal Reproduc-
(JIBP2K), UHcTuTyT BeTepuHapuu, Yuusepcuret biuset 1, PB 270, r. Banza, tion (LBRA), Institute of Veterinary Sciences, University of Blida 1, PB 270,
AJpkup. Blida, Algeria.

E-mail: nora.mimoune@gmail.com E-mail: nora.mimoune@gmail.com

Journal homepage: http://jsms.ngmu.ru 77



Mumyn H. u dp. / Journal of Siberian Medical Sciences 2 (2021) 77-103

BBEAEHWUE

Pak mpencraBiiseT co60il HEKOHTPOJIUPYEMYIO
nposridepanyio TaK HA3BIBAEMBIX 3JI0KAUECTBEH-
HBIX KJIETOK, OOYCJIOBJIEHHYIO PSIZIOM WX ITaTOJIOTH-
YecKUX XapakTepucTuk. IIponudepamusa MoxKer
OBITH JIOKATHHOU (OIIyX0JIb) INOO PACIPOCTPAHSITE-
¢ Ha pa3JIMYHblE OPraHbl M TKAHH IOCPEICTBOM
suMdo- Wk KpoBoToKa (MeTacTassl). Pak — 3T0 ma-
tostorusa JIHK. B HeKOTOPBIX TeHax Ipe/iCcTaBiIeHbI
aHOMAJIUH, YK€ UMEBIIHECS B UCXOTHOU SUIEKIIET-
Ke: XapaKTepHbIe /Il PEeJIKUX BUJIOB HACJIE/ICTBEH-
HOU (POPMBI paKa U Te, YTO BOSHUKAIOT B OT/IETbHBIX
KJIETKAX B TEUEHUE KU3HU U CBOUCTBEHHBI MHOTUM
BUZIaM HPUOOPETEHHOTO paka. IJTO 3HAYUT, UTO
TeHbl, UMEBIIIe BHAYaJie HOPMAIBHYIO CTPYKTYPY,
MIO/IBEPIJINCh U3MEHEHUAM. Pak BBI3bIBaeTCs TeHe-
TUYECKUMHU aHOMAJIMSAMU B KiIeTke. Kak MUHUMYyM
HeoOXoauMbl 2 miIn 0ojiee, OOBIYHO 4, aHOMAJIUH,
4yTOOBI KJIETKA CTajla 3JI0KauyecTBeHHOH [1]. B aTom
cyIyJae KJIeTKa yTpaduBaeT cruelududeckyo popmy,
IepecTaeT OTBeYaTh HA BHEIIHUE CUTHAIBI, B YaCT-
HOCTH, Ha CUTHAJIBI, MOJABJsAOIIMe poct [2]. OHa,
TaK ’Ke KaK U ee MMOTOMCTBO, OECKOHTPOJIBHO pas-
MHOKaeTcs. EMWHCTBEHHAas MaJTUTHU3UPOBAHHAS
KJIETKA MOJKET CTaTh NMpUYMHON paka [3]. JanHoe
o0lI1iee ompeiesieHre paka HOCUT OMUCATETbHBIN Xa-
paKTep, U ero CJI0KHO MPUMEHATH B IOBCEAHEBHOMN
MpaKTHKe, Tpebyercs pabouee onpeaeseHue. Bree-
HHE HOBBIX MapKEPOB MOBBICHJIO TOUYHOCTb OHKO/IH-
arHOCTHUKH, HO OTO MOXKET MPUBECTU K CEPHE3HBIM
W3MEHEHUSAM II0Ka3aTeJIed pacipoCTPAHEHHOCTH U
MOTPENTHOCTAM MPUMEHHUTETHPHO K YaCTU PAKOBBIX
nopakenuil. Tekymue kaccuduKanuu OIyXoJied
BcemupHnoti opranmzanuu 3gpaBooxpanenus (BO3)
BKJIIOYAIOT HOBBIE pa3pabOTKM, OCHOBAaHHbBIE HA JIAH-
HBIX TaTOMOP(OJIOTUH U TeHETUKHU, TIPU 3TOM BEY-
UMH  JUATHOCTUYECKUMH  KPUTEPHUSIMH  I10-
MpeXKHEMY OCTAIOTCSA MOpPQOJIOrHUecKue, B JaHHOU
CUTYaIlUN Pe3yJIbTaThl MOJIEKYJISIPHBIX HCCIIEIOBA-
HHUU MOTYT CTaTh Ba}KHBIM JIOIIOJTHEHHEM K THCTOJIO-
THYECKOMY HUCCJIEIOBAHUIO, HO HE 3aMEHSAT €ro [4].

Pak sBisieTcss BaskHeHIEH Mpo0IeMOl 3ApaBo-
OXpaHEHUsI BCJIEJICTBHE OOJIBITION pacIpOCTPaHEHHO-
CTH, TSXKECTU BBI3BIBAEMOTO MOPAKEHUA U CJIOKHO-
CTel, CBSI3aHHBIX C JIEUEHUEM ITAllIEHTOB OHKOJIOTH-
geckoro mpodwis [5]. CorsacHO wucceqoBaHUAM
GLOBOCAN 2012 (MupoBoii atsiac paka), B 2012 T.
3apEruCTPUPOBAHO MIPUOIU3UTENBHO 14.1 MJTH HOBBIX
CJIyJaeB paka U 8.2 MJIH yMEPINHX OT MPHUYHH, CBS-
3aHHBIX C PAKOM; JIJIs CpaBHEHUSA B 2008 T. 3TH 1Tud-
PBI COCTaBUIU 12.7 U 7.6 MJIH COOTBETCTBEHHO. O1ieH-
Ka pacipoCTpaHEHHOCTH IOKaszasa, 9YTo B 2012 T. B
Mupe y 32.6 MJIH UeJI. cTapiile 15 JieT ObLT pak, Jua-
THOCTHPOBAHHBIN B MPE/IIECTBYIOIINE 5 JIeT [6].

INTRODUCTION

Cancer is the uncontrolled proliferation of so-
called malignant cells, due to certain abnormal
characteristics. The proliferation can remain local-
ized (tumor) or spread to other sites, either lym-
phatically or through the blood (metastasis). Cancer
is a DNA disease. Certain genes present abnormali-
ties already existing in the initial egg for rare he-
reditary cancers and appearing in certain cells dur-
ing life for the many acquired cancers. This means
that genes of normal structure at the start have
changed. Cancer is caused by genetic abnormalities
in a cell. At least two changes and often more, usu-
ally four, are necessary for the cell to become malig-
nant [1]. The cell loses its specific shape, no longer
reacts to external signals, in particular to signals
growth inhibiting [2]. It multiplies excessively, as
well as its descendants. A single malignant cell can
be the basis of cancer [3]. This general definition of
cancer is descriptive and difficult to apply routinely,
working definitions being required. The introduc-
tion of new markers has improved diagnostic preci-
sion, but can potentially result in big changes in
prevalence and uncertainties for particular lesions.
The current World Health Organization classifica-
tions of tumors incorporate new developments
based on pathology and genetics, the leading crite-
ria still being morphological; in this context, mo-
lecular findings complement the histological evalu-
ation without replacing it [4].

Cancer is a real public health problem, due to its
frequency, its severity and the difficulties associated
with its management [5]. According to GLOBOCAN
2012 (Global Cancer Atlas), an estimated 14.1 million
new cancer cases and 8.2 million cancer-related
deaths occurred in 2012, compared to 12.7 million
and 7.6 million in 2008, respectively. Prevalence es-
timates for 2012 show that there were 32.6 million
living people (over the age of 15) diagnosed with can-
cer in the previous five years [6].

After the diagnosis is announced, cancer man-
agement is put in place: it involves several treat-
ments that are articulated throughout the course of
care. The decision on the choice of treatment is tak-
en by mutual agreement between the doctor and the
patient [7]. There are three primary approaches to
treating cancer: surgery, radiation, and pharmaco-
logical therapy (including chemotherapy, targeted
therapy, hormone therapy and immunotherapy).
Surgery and radiotherapy remain two essential
strategies in the treatment of cancer [5]. The main
objective of the current researches is to reduce the
side effects of these treatments. Regarding surgery,
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ITocste TorO, KaK IMArHO3 paKa MOCTaBJIEH, Pa3-
pabaThIBaIOTCA MEpPHI 110 €r0 JIEYEHUIO: OHO IT0/Ipas-
yMeBaeT MyJIbTUAUCIUIUIMHAPHBIN MOAX0/ — IIPHU-
MeHeHHe PAa3/IMYHBIX METOZOB, KOTOpbIe OYIyT KO-
OPJIMHUPOBAThCs B Tpoliecce JyiedyeHus. [IpuHsaTHE
pelieHyuss OTHOCUTENBHO JI€UEHUS IIPOUCXOAUT C
y4eToM MHeHWs namueHTta. [7]. CymiectByeT Tpu
OCHOBHBIX TIOAXOJIa K JIEUEHWIO paKa: XUpypruye-
CKHH, JiyueBas Tepamus U ¢apMakorepanusa (Xu-
MHO-, TApreTHast, IMMYHO- ¥ TOPMOHOTepanus). Xu-
PYPTHs U JiyuyeBasl Tepamlus OCTAIOTCs AByMs 6as3o-
BBIMU CTPATETUsIMU B JieueHUH paka [5]. OcHOBHas
3a71a4a COBPeMEHHBIX UCC/IeIOBAHUE — CHU3UTB I10-
6ouHble 3(pdeKThI TeueHus paka. biaromaps gqoctu-
JKeHUAM POOOTU3UPOBAHHOU XUPYPTUU IOSBIIIACH
BO3MOKHOCTh IIPOBOJIUTh MAaJIONHBA3UBHBIE BMe-
maTeabcTBa. UTO KacaeTcs JiyueBOH Teparuu, TO 3a-
Jlauel sBJseTcs pa3paboTka METOAUK, KOTOPHIE TI0-
3BOJIAT MAaKCUMaJILHO TOYHO 00JIy4aTh OIyX0JIh, Oe3
MIOBPEXKIEHUs OKPYKAIOIINX 3/I0POBBIX TKaHeH. Ta-
KUM 00pa3oM, COBpeMeHHbIE HCCIIeZIOBAHUS (POKY-
CUPYIOTCS HA U3YYEHUU COOCTBEHHO KJIETKU OITyXO-
su. Cefiyac mepez; MCC/I€ZIOBATENAME CTOUT HOBAsd
3a71a4a: UM IIPEACTOUT HOHATh, KAK PAKOBBIE KJIETKHU
B3aUMOJIEWCTBYIOT CO CBOMM OJIMKAUIIIUM OKpYKe-
HHUEM U KaK{e IMPOIECCHl OHU HCIIOIb3YIOT, UTOOBI
n36ekaTh BCTPEUH C UMMYHHOHN CHCTEMOU WU Me-
TacTa3upoBaTh? I[IoOHNMaHNe 5TUX MEXaHU3MOB MO-
JKeT IPUBECTH K MOSIBJIEHUIO HOBBIX BU/IOB JIEUEHHUS.
B Hamem 0630pe pesicTaBiIeHbl COBPEMEHHBIE JTAH-
HBIe, Kacaloluecs OHKOTeHe3a ¥ MEXaHU3MOB, IIPU-
BOJAIIUX K MeTacTa3upoBaHuio. OH OXBaTHIBaeT 00-
I[He AaCIIeKThl OHKOIATOJIOTHH, BKJIIOYAs HOBBIE
JIaHHBIE O JIEUeHNH PaKa.

YTO TAKOE PAK?

Pax — 31O TepMuH U3 00J1aCTH T€HETHKH, KC-
I0JIb3yEeMBIH JIJIsI OITUCAHUS OOJIBIIION IPYIIIBI 3260~
JIEBaHUI, MOPAXKAIOIIUX JII00YI0 YacTh TeJIa U XapaK-
TEPUI3YIONUXCSA IMaTOJIOTUYECKOU Mposmdeparnuein
BBIIIIEJIIIIX U3-110]] KOHTPOJIS KJIETOK [8] u TemM oT-
JIMYATOIIHUXCS OT 370POBBIX, POCT U JieJIEHHE KOTO-
PBIX KOHTpOJIUpyeTCs: opranu3mom. Ectu 310poBbie
KJIETKH, CO BPEMEHEM CTapelollie WU OKa3bIBalo-
[IHEeCs TOBPEK/IEHHBIMH, YMUPAIOT, TO aHOMAJIbHBIE
BBIPACTAIOT JI0 HEOOBIYHBIX PA3MEPOB U OE30CTaHO-
BOYHO J1eJIATCs, GOPMUPYS, KaK MPABUJIO, JOCTATOY-
HO OOJIBIIYI0 COBOKYITHOCTH KJIETOK, Ha3bIBAEMYIO
OIyXOJIbI0. BhIIIeAIIne m3-moja KOHTPOJIS KJIETKH
CIIOCOOHBI TPOPACTATh B IPHJIETAIOIINE TKAHU HJIN
pacmpocTpaHAThCA B JOOBIE IPYTHE OPraHbl — BTOT
MpoIlecCc Ha3bIBAeTCs MeTacTa3supOBaHUEM, DaKTH-
YEeCKH OH SIBJISIETCA OCHOBHOW NMPUUYMHOU CMEPTHU
OHKOOO/BHBIX [9, 10]. C TOUKH 3peHHsT OGHOJIOTUH

advances in robotics allow the development of less
invasive approaches. With regard to radiotherapy,
the objective is to develop more precise irradiation
techniques, allowing as much as possible to spare
the healthy tissues surrounding the tumor to be de-
stroyed. Research has so far focused largely on the
tumor cell itself. The new challenge for researchers
is now to understand how these cells interact with
their immediate environment. What processes do
they put in place to escape the immune system or to
successfully spread? Understanding these mecha-
nisms could lead to the development of new types of
treatment. This review highlights the new facts in
cancer development and mechanisms implicated in
oncogenesis and metastasis. It covers the general as-
pects of cancer including the new data in cancer
therapy.

WHAT IS CANCER

Cancer is a genetic term used to describe a large
group of diseases that can affect any part of the body
and are characterized by the abnormal proliferation
of miss-regulated body cells [8], which in contrast
to normal cells that grow and divide to form new
ones as the body needs them; and when they grow
old or become damaged, they die, these abnormal
cells grow beyond their usual boundaries and divide
without stopping, forming in most cases lumps of
cells called tumors, the miss-regulated cells can in-
vade adjoining parts of the body and even spread to
other organs in a process called metastasis, which is
in fact the major cause of deaths from cancer [9, 10].
From a biological point of view, cancer could be de-
scribed as a loss of multicellularity, where cells lose
their specialization, value their existence over the
organism’s and ignore body signals that normally
tell cells to stop dividing and/or ones that start a
process known as apoptosis (programmed -cell
death) [8, 9] (Fig. 1).

With the possible unique exception of the naked
mole rat (Heterocephalus glaber), almost all meta-
zoans especially long living animals face the chal-
lenge of cancer, with some animals being more prone
to it than others [8], beyond animals there is an ar-
gument that other multicellular organisms, i.e.
plants, suffer from cancer as well [11], however, oth-
er authors beg to differ, they state that plants do not
develop cancer [12]. This quasi-ubiquity across al-
most all metazoan species enforces the idea that can-
cer mechanisms are deeply embedded in our evolu-
tionary history, a conjecture that is in line with Ge-
netics and Paleontology [8] as dinosaur tumors have
been documented several times [13].
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340POBBIE KJIETKH
NORMAL CELLS

PAKOBBIE KJIETKI
CANCER CELLS

Puc. 1. 3710poBbIe U HOPaXKEHHbIE PAKOM TKaHHU [9]
Fig. 1. Normal tissues and cancerous ones [9]

pPak MOKHO pacCMaTpPUBATh KaK yTpaTy MHOTOKJIe-
TOYHOCTH, KOT/Ia KJIETKU TEPSIOT CBOIO CIIEI[HaTN3a-
nuio, GYHKIUIO U UTHOPUPYIOT CUTHAJIBI O HEOOXO0-
JIUMOCTH IIPEKPATHUTD JIeJIEHNE /U1 BKIIOUUTHCS B
MpoIlece arornTo3a (IIporpaMMHPOBAaHHOU THOEH
KJIETOK) [8, 9] (puc. 1).

[IpakTryecKn BCE MHOTOKJIETOUHBIE OPTraHU3-
MbI, 0COOEHHO >KWUBOTHBIE C OOJIBIIION IPOJOJIKH-
TEJIbHOCTBIO KU3HU, IOJIBEPXKEHbI PaKy, OAHU B
0oJIblllel, IPyTHe — B MEHbIIEH CTElleHH, U, BO3-
MOKHO, €IUHCTBEHHBIM W YHUKAJIbHBIM HCKJIIOYE-
HUeM sBJisieTcs Tosbii 3emuiekon (Heterocephalus
glaber) [8]. Psj ydeHBIX moJiaraer, 4ToO, IOMHMO
JKMBOTHBIX, PAKOM IOPAKAIOTCSA U JPYTHe MHOTO-
KJIETOYHblE OpPraHU3Mbl — HAIPUMEP, PACTEHUS
[11], ux OIITTOHEHTHI TPU/IEPIKUBAIOTCS IPYTOTO MHE-
HUs, CIUTas], YTO y PACTEHHH HE MOXKET OBITh paka
[12]. 9Ta AKOOBI YHUBEPCAIBHOCTh paKa IpaKTHUe-
CKH JIJIS1 BCEX MHOTOKJIETOUHBIX BH/IOB TIO/ITBEPK/Ia-
€T TUIT0TE3y O TOM, UTO B OCHOBE KaHI[EPOreHe3a Jie-
JKUT JIDEBHEUIINN SBOJIIOIUOHHBIA MEXaHU3M —
IIPEATIOIOKEHNE, KOTOPOE COIJIACYETCS C JAHHBIMU
HCCIIEZIOBAaHUN B 00JIaCTH T€HETHKH W ITaJ€0HTOJIO-
THH, IOCKOJIbKY HEOTHOKPATHO OBLTH OIIHCAHBI OITy-
XOJIN y IUHO3aBPOB [8, 13].

BUJIbI PAKA

PakoBas OIIyX0J1b MOKET BOBHUKHYTH B JIIO0OH
obJlacTH OpraHM3Ma, COCTOSIIETO M3 TPUJIJIMOHOB
KJIETOK. B HacTosImee BpeMs BBIIEJISIOT OoJiee 200
Pa3HOBHJIHOCTEH paKa, GOJIBIIMHCTBO U3 KOTOPBIX
MIOATIA/IAIOT TIOJT OHY U3 TPEX OCHOBHBIX KATETOPHI:
1) KAaPIIUHOMBI, 2) CAPKOMBI U 3) JIEUKO3BI U TUMGO-
Mbl. KaprimHoMma — 3J10KauecTBEHHAA OITyXO0JIb, Pa3-

CANCER TYPES

Cancer can arise from almost anywhere in the
body, which is comprised of trillions of cells. There
are more than 200 types of cancer and most fall un-
der one of three main categories: 1) carcinomas,
2) sarcomas, and 3) leukemias and lymphomas. Car-
cinomas are malignancies of epithelial cells; the most
prevalent category as they account for more than
90% of human cancer. Sarcomas are malignancies of
connective tissues like muscles, bones, cartilage and
fibrous tissue, the rarest in human cancer, account-
ing for no more than 2%. Leukemias and lymphomas
account for 8% of human cancer and arise from the
blood-forming cells and from cells of the immune
system, respectively [9, 14].

Cancer in animal cells

How cancer arises and cancer drivers. The
question of “What causes cancer” has intrigued
humanity for many generations and was among
the hottest topics of science for centuries [15]. And
today, we know that the fundamental abnormality
resulting in the development of cancer is the con-
tinual unregulated proliferation of cancer cells
[14]. These cells arise from normal cells after they
undergo a transformation process known as carci-
nogenesis (oncogenesis or tumorigenesis) [16],
this histopathological process is accompanied by
the accumulation of genetic alterations to genes
that normally control cell function, mainly ones
that control how a cell grows and divides [9, 17].
These genetic changes that contribute to cancer
are called “Cancer driver mutations” and tend to
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BHUBAIOIIAsACS U3 BIUTETUAIBHBIX KJIETOK. JTO ca-
MbBIH pacIpoCTpPaHEeHHBIN BUJI paka, Ha JOJIF0 KOTO-
poro npuxonurcs 6osiee 90 % Bcell OHKOIIATOJIOTHHU
yestoBeka. CapkoMa — 3JI0KQUeCTBEHHASI OILyXOJIb,
KOTOpasi pa3BUBAeTCA U3 COEAUHUTENIbHON TKaHU
(MPBINIIEYHOM, KOCTHOH, XpAIMEBOH W ¢Gubpo3HOii).
ATO caMbIil peAKUi BUJ paka — Ha ero J0JII0 IpHU-
xozutes He 6osiee 2 % ciydaeB. JIeliko3 u iumdoma
IIPOUCXOJAT U3 KJIETOK KPOBETBOPHOH U UMMYHHOM
CUCTEM COOTBETCTBEHHO, HA WX JIOJII0 MPUXOAUTCSI
8 % cayyaeB paka B UEJIOBEUECKOH IOIYJIAINUU
[9, 14].

Pax u xkaemxu opzsaHuma

BosHukxHoBeHue u pazsumue pakogoil onyxoau.
Bormpoc 0 ToOM, UTO BBI3BIBAET PAK, HHTEPECOBAT Ue-
JIOBEUECTBO Ha MPOTSKEHUU MHOTUX TOKOJEHUH U
OBbLI B HAYKE OJTHUM U3 CaMbIX 371000/THEBHBIX [15].
Ha ceromHsIIHUN eHb U3BECTHO, YTO OCHOBA aHO-
MaJIiy, TIPUBOASAIIEH K Pa3BUTUIO OIMyXOJU — He-
MpeKpainarmnascsai OeCcKOHTpoJIbHAs mposrdepa-
[UST PAKOBBIX KJIETOK [14]. DTH KJI€TKM BO3HUKAIOT
U3 3JIOPOBBIX, IIOCJIE TOTO KaK OHH ITO/IBEPIVIHCH
TpaHchOpMaIUK B XOJ/ie IIPOIecca, Ha3bhIBAEMOTO
kaHIeporeHe3oM (oHkoreHe3oMm) [16]. OHkoreHes
COTIPOBOK/TaeTCSI HAKOTLJIEHUEM TTOBPEK/IEHUH B re-
HaX, KOHTPOJIUPYIOIIUX KJI€TOUHbIE (DYHKITUHU, TJIaB-
HBIM 00pa30M, POCT U JieJIEHHE KJIETOK [9, 17]. I'ene-
THYECKHUe U3MEHEHUs], CIIOCOOCTBYOIIE 00pa3oBa-
HUIO OITyXOJIHU (MX HA3BIBAIOT JIpAaWBEPHBIMU KaHIlE-
POTE€HHBIMH MYTAIUAMU), BIUAIOT Ha IPOTOOHKOTE-
HBI, TEHBI-CYIIPECCOPHI OIMYX0JEBOTO POCTa U T'eHHI,
yuactByomue B penapanuu JHK [9]. [ToBpexnen-
HbI€ T€HbI, KOTOPbhIE CIIOCOOCTBYIOT BOSHUKHOBEHUIO
OITyXOJIU, HA3hIBAIOT FeHaMU-/IpaiiBepamMu paka [18].

Bce narosiornueckrie u3MeHeHUsI OOBIYHO SIBJIS-
IOTCSI COMAaTUYECKUMU COOBITUAMU, XOTSI HEKOTOPbIE
repMUHAJIbHbIE MyTallUd MOTYT IPOBOIIMPOBATH
BO3HUKHOBEHHE II€PEIAIOIIErocsi IO HaCJIECTBY
WIK CEMEHHOTO PAKOBOTO CHHAPOMA. 37eCh CIIeIyeT
OTMETHUTD, YTO IJIABHBIM ITyHKTOM B IIPE/ICTABJIEHUH
MOJIEKYJISIPHOH OHKOJIOTHH O PaKe SIBJISIETCS TO, UTO
OH He BO3HUKAeT BHE3AIHO, B OZIUH MOMEHT, a eIu-
HUYHAS TeHeTHYecKas MyTallus PEIKO IMPUBOJUT K
00pa30BaHUIO 3JI0KAYECTBEHHOU OITyXO0JIH, 3TO, CKO-
pee, MHOTOCTYIIEHUATHIH IIPOIIECC, COCTOSIIUN U3
MMOC/IEIOBATEIbHBIX TTOBPEK/IEHUN B HECKOJIbKHUX,
3aYacTyl0 MHOTOUYHCJIEHHBIX PAKOBBIX TeHax [19], B
YuCsie KOTOPBIX:

— IIpoTtoonkorensl. OHU KOAUPYIOT IPOTEUHBI,
KOHTPOJIMPYIOIIAE KJIETOUHYI IpOoJHdepanuio,
aromnTo3 win oba mporecca. Korja st TeHbl orpe-
JIeJIEHHBIM 00pa30M MOBPEXKIAIOTCA WU AKTUBUPY-
I0TCsI, OHH TPaHC(POPMUPYIOTCS B OHKOTEHBI, KOTO-

affect the following genes: proto-oncogenes, tu-
mor suppressor genes and DNA repair genes [9],
the affected genes are known as “Cancer driver
genes” [18].

The alterations are usually somatic events, al-
though some germ-line mutations can predispose a
person to heritable or familial cancer and we must
note that a central feature of today’s molecular view
of cancer is that cancer does not develop all at once,
a single genetic change is rarely sufficient for the de-
velopment of a malignant tumors, rather it is a mul-
tistep process of sequential alterations in several,
often many of the cancer genes [19] among which
are:

— Proto-oncogenes. They encode proteins that
control cell proliferation, apoptosis, or both. When
these genes are altered in certain ways or activated,
they may become cancer-causing genes or onco-
genes, allowing cells to grow and survive when they
should not [9, 20].

— Tumor suppressor genes. These genes belong
to the negative regulators of the cell cycle, they regu-
late cell growth and division, cells with certain alter-
ations in tumor suppressor genes may divide in an
uncontrolled manner [9, 21]. Among these tumor
suppressor genes is the p53 gene, alterations or inac-
tivation of p53 through mutations or interactions
with oncogenes are the most common genetic chang-
es in human cancer [21].

— Oncogenes and tumor suppressor genes. They
may come in the form of microRNAs (miRNAs)
which are a family of small non-coding RNAs that
regulate a wide array of biological processes includ-
ing carcinogenesis. In cancerous cells these dysregu-
lated miRNAs have been shown to affect the hall-
marks of cancer, including sustaining proliferative
signaling, evading growth suppressors, resisting cell
death, activating invasion and metastasis, and even
inducing angiogenesis (the process of forming new
blood vessels) [22].

— DNA repair genes encode proteins involved in
fixing damaged DNA. Cells with mutations in these
genes tend to develop additional mutations in other
genes facilitating the Carcinogenesis process [9]
(Fig. 2).

The driver mutations are the result of either
intrinsic factors namely the evolutionary nature
of metazoan cells and aging, or due to the interac-
tion between a person’s genetic factors and exter-
nal agents [18] which are classified into 3 catego-
ries:

— Physical carcinogens, such as ultraviolet and
ionizing radiation.
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pbI€e MO3BOJIAIOT KJIETKAM OECKOHTPOJIBHO JIETUTHCS
U He THOHYTS [9, 20].

— leHbI, TOJABJIAOIINE OIYXOJIEBBIA POCT. fB-
JISIIOTCSL HETATUBHBIMHU PETyJIATOpaMU ITUKJIA pPOCTa
U JleJIeHUs KJIETOK; KJIETKU C OTIpe/ieJIEHHBIMU MyTa-
OUSAMH B T€HAX-CyIIPECcopax MOTyT OECKOHTPOJIBHO
nenuTthes [9, 21]. T'eH p53 — oauH U3 Hanbosee 3Ha-
YUMBIX CpeiNl TeHOB-CYIIPECCOPOB, MOBPEXKEHUS B
HeM WU ero WHAKTUBAIlUA BCJIEJCTBHE MyTaIlUuU
WJIN KOHTAKTa C OHKOT'€HOM SIBJISIOTCS OZHOU U3 ca-
MBIX PACIIPOCTPAaHEHHBIX TeHeTUUeCKNX aHOMaIUH y
YeJIOBEKa IpH pake [21].

— OHKOreHaMH U TeHaMHU-OHKOCYIIpeccopaMu
MoryT BeicTynatb MUKpoPHK — kitace masnbix Heko-
pupyomux mosnekysn PHK, perynumpyromux mumpo-
KHUH CIIEKTP OMOJIOTMUeCKHUX IIPOIIECCOB, B TOM UHCIIE
KaHIleporeHes. B pakoBBIX KJI€TKAX JeperyJIupoBaH-
Hble MUKPOPHK MoOTyT comeiicTBOBAaTh KITIOUEBBIM
IporieccaM, XapaKTEPHBIM JJIsI PAKOBOU OIYXOJIH,
BKJIIOYASA TOJJIepKaHuEe YCTOMYMBOU mposudepa-
TUBHOH CUTHAJIN3AINU, YKIOHEHHE OT CYIIPECCOPOB
nposridepanyiu ¥ 3al[UTy OT aIONTO3a, HHBA3UIO U
MeTacTa3upOBaHME U JaiKe aHTHoreHe3 (oOpasoBa-
HHE HOBBIX KDOBEHOCHBIX COCY/IOB) [22].

— Tennr penaparuu JTHK. Koaupyror Genkw,
VJacTBYIOIIE B BOCCTaHOBJeHUU wucxogHou JTHK
rocsie NoBpeXxJeHusA. Kietku ¢ MyTanusMu B reHax

— Chemical carcinogens, such as components of
tobacco smoke, arsenic (a drinking water contami-
nant).

— Biological carcinogens, such as infections
from certain viruses, bacteria, or parasites [10].

Tumors and how cancer cells interact with
their surroundings. Cancer cells have an increased
capacity for proliferation, survival and invasion, al-
lowing them to survive when they should not, and to
form new cells when they are not needed, the extra
cells just like the original divide and multiply with-
out stopping, they have also the ability to compete
with normal cells, go unnoticed by the immune sys-
tem and establish themselves in tissues forming in
most cases growths called Tumors [9, 23]. A tumor
is any abnormal proliferation of cells and almost all
cancer types result in solid tumors with the excep-
tion of blood cancers like leukemias. Tumors can be
benign or malignant. A benign tumor does not
spread into, or invade, nearby tissues but rather
stay confined to its original location, and when re-
moved this type of tumors do not usually grow back.
A malignant tumor on the other hand is capable of
both invading surrounding tissues and of spreading
to distant organs throughout the body via the circu-
latory or lymphatic systems: metastasis. In oncolo-
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penapanuu JIHK 00ycioBIUBaOT pa3BUTHE JOTIOJ-
HUTEJIbHBIX MyTallu{d B JPYTHX FeHax, 9YTO CII0CO0-
CTByeT IIpolieccy KaHieporesesa [9] (puc. 2).

JpaliBepHble MyTallUH SBJIAIOTCA PEIYIHTATOM
160 BHYTPEHHMX IIPOIIECCOB, & UMEHHO — CJIE]I-
CTBHUEM OJBOJIIOIMOHHON MPUPOABI KJIETOK MHOTO-
KJIETOYHBIX OPTAaHU3MOB U CTApEHMUSI, JTUO0 B3aUMO-
JIEACTBUS TeHeTHYeCKuX (HDaKTOPOB UYeOBEKa U
BHemHUX (¢akTopoB [18]. BHemnue ¢hakTophl MO~
PpaszensaioTesa Ha 3 BUjia:

— OusuyecKue KaHIEPOTEHbI, TaKHe KaK yJib-
TpadroIeTOBOE U HOHUBUPYIOIIIee U3JIyUeHHE.

— XuUMHIYecKre KaHIEPOTeHbl, TAKIE KaK KOM-
[TOHEHTHI TAOAYHOTO IHIMA, MBIIIbSK (3aTPSI3HUTED
IIUTHEBOM BOJIBI).

— bBuosornueckre KaHIEPOTEHBI, TaKHe KaK
nHGEKIUY, BbhI3bIBAEMblE HEKOTOPHIMU BHPYCAMH,
OakTepusAMU WU apa3uTaMu [10].

Onyxoau u 83aumodeticmeue paxkosblx KAemox
Co ceoum okpyxceHuem. PakoBble KJIETKH OTIHYa-
IOTCSI TIOBBINIIEHHOH CIIOCOOHOCTHIO K Tposiudepa-
UV, UHBA3UHM U 3HAYNUTEJIbHON BBIKUBAEMOCTHIO,
YTO II03BOJIIET UM H30eKaTh 3alporpaMMUPOBaH-
HOH rubesnu, 6ECKOHTPOJIBHO PACTU U HENPEPHIBHO
ZenuThesa. Kpome Toro, 5T KJIETKH KOHKYPUPYIOT CO
37I0POBBIMU KJIETKAMH, 00XO0/s1 3alIUTHbIE MEXaHU3-
Mbl UMMYHHOU CHUCTEMbI; B TKAHIX TaKHe KJIETKU B
OOJIPIIIMHCTBE CITyyaeB 00pa3yloT pa3pacTaHusd, Ha-
3bIBaeMbIe OIyXOJIsAMU [9, 23]. Omyxosib — pe3ysib-
TaT HEKOHTPOJIUPYEMOU mposiudepanuyl KJIeTOK, U
IIPAKTUYECKU BCe BHUBI paKa MPUBOAAT K COJIUI-
HBIM /TJTOTHBIM OITyXOJISIM, 32 UCKJIFOUeHHUEM JIEHKO-
30B. Omyx0Ji1 MOTYT OBITh TOOPOKAYECTBEHHBIMU U
3JI0KaYeCTBeHHbIMU. [[06pOoKauecTBEHHAsS OITyXOJIb
He IpopacTaeT B OJIu3IeKalue TKaHu, He 001a1aeT
WHBA3UBHBIM POCTOM, OCTAETCS TaM, T/le BO3HUKIIA,
a TI0cJIe XUPYPrUIECKOTO JIeUeHHU I OOBIYHO He Peru-
IUBHUpPYeT. 3JI0KauecTBEHHAs OIIyX0Jib, HAIPOTHUB,
criocoOHA aKTUBHO IIPOpacTaTh B OJIu3Jsieskariie
TKaHU U Yepe3 KPOBOTOK U JIMM(PATHIECKYIO CUCTe-
My PacIpOCTPAHATHCSA B yAaJIeHHbIE OT IEPBUYHOTO
ouara 4acTu OpraHU3Ma — MeTacTa3upOBaTh.

B 0oHKOJIOTHH K PaKy OTHOCST TOJIBKO 3JI0KaUe-
CTBEHHBIE OIYXOJIH; B CYII[HOCTH, UMEHHO CI0C00-
HOCTh K METAaCcTa3UPOBAHUIO OOYCJIOBJIUBAET WX
KPaNHIOI0 OMACHOCTD U SIBJISIETCS MPUINHOM JIETATTb-
HOCTH y WAIMEHTOB OHKOJIOTUYECKOTO IPOGUIIs
[14]. B oTsinume OT 10OpPOKAYECTBEHHBIX OIyXOJIeh
Ppa3HOU JIOKaIu3anuu, J0OpOKauYeCTBEeHHBIE OITyXO-
JIX TOJIOBHOT'O MO3Ta IIPE/ICTaBJISIOT KPAWHIOIO Ormac-
HOCTb U, MPAKTUYECKH TaK Ke, KaK U 3JI0KAaUeCTBEH-
HBIE OITyXOJIN, HECYT yIrpo3y Ku3HU 60y1pHOTO [9].

VuuThIBas, YTO OIYXOJIM BOBHUKAIOT BCJIEICTBIE
n30BITOYHON W Hepekpariawleiicsa mpoaudepa-

gy only malignant tumors are properly referred to
as cancer, and in fact the property of being meta-
static is what makes this type of tumors so danger-
ous and is the reason for most deaths of cancer [14].
Contrary to most benign tumors elsewhere in the
body, benign brain tumors are extremely dangerous
and much like malignant tumors are life threaten-
ing [9].

Given the fact that tumors arise from the ex-
cessive and the non-stopping proliferation of can-
cer cells, it is a common misconception that they
are lumps of clones of the same cells, tumors how-
ever much like organs are composed of multiple
cell types with different functions and even an ex-
tracellular matrix, and despite being structurally
and functionally abnormal a lot of tumor develop-
ment aspects resemble processes seen in develop-
ing organs [24]. As tumors progress and develop
they undergo dramatic morphological changes and
much like normal organs this includes the stroma.
Different components of the tumor stroma influ-
ence the progression and with varying influence
rates as the stroma of the later stages is more sup-
portive of tumor progression than the stroma of
early stages. Cancer cells can also instruct sur-
rounding tissues to undergo changes that promote
malignancy, fibroblasts activated by the tumor mi-
croenvironment are largely responsible for tumor-
associated changes in the extracellular matrix
(ECM), mainly upregulating and extensive remod-
eling, this altered ECM then influences tumor pro-
gression by architectural and signaling interac-
tions, further more normal fibroblast when in con-
tact with their neighboring cells inhibit migration
and adhere normal cells to each other, forming an
orderly array of cells, cancer cells in contrast, move
nonstop even after contact with their neighbors,
migrate over adjacent cells, and grow in disor-
dered, multilayered patterns.

Another fundamental aspect of the develop-
ment and differentiation of tumors is the recruit-
ment of vasculature. To assure growth, tumors re-
cruit blood vessels in a process named the “Angio-
genic switch”, which can occur at different tumor
progression stages. In contrast to the normal vascu-
lature, tumor blood vessels are irregular and can
have dead ends resulting in an abnormal blood flow,
as well as extravasation of excess fluid and proteins
from the capillaries, the leaked fluids and proteins
are then taken by the lymphatic system and reintro-
duced into the blood stream promoting lymphatic
growth [14, 24].
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UM PAKOBBIX KJIETOK, CYIIECTBYeT OLINOOYHOE, Ha
Halll B3IVIAJI, [PEJICTABJIEHUE, COIJIACHO KOTOPOMY
OTIyXOJIb — 9TO 00pa30BaHUeE, COCTOSIIEE U3 OFMHA-
KOBBIX KJIETOK, SIBJISIOIINXCS KJIOHAMU OJHUX U TEX
’Ke KJIETOK, HO OIyXOJIH, IIOZ0OHO IPYTUM OpraHam,
COCTOSIT 3 MHOKECTBA TUITIOB KJIETOK C PA3THYHBIMH
pyHKIMAMY U Jacke BHEKJIETOUHOTO MaTPUKCA U, He-
CMOTPsS Ha CTPYKTYPHYIO U (DYHKI[MOHAJIBHYIO Jie-
(exTHOCTH, MHOTHE ACIIEKTHI X PA3BUTHUS HATIOMU-
HAIOT TAKOBbIE B PA3BUBAOIIMXCSA OpraHax [24]. Omy-
XOJIM B XOZIe POCTA W Pa3BUTHUSA IPETEPIIEBAIOT Ce-
pbe3Hble MOPGOJIOTHUECKHe W3MEHEHUs: KaK U B
OOBIYHBIX, 3I0POBBIX OpraHaX, B 3TH U3MEHEHUA BO-
BJIeUeHa W cTpoMa. Pas3jinuHble 3JIEMEHTHI CTPOMBI
OTIyXOJIH BJIUAIOT Ha ee IPOrPeCCUPOBaHUE B Pa3HOM
CTENeHN: HA IMO3JHUX CTAAVAX Pa3BUTHUS OITyXOJIH
cTpoMa B OOJIBIIIEN CTENIEHHU TIO/IJIEPIKUBAET OITyXO0JIe-
BYIO IIPOTPECCHUI0, YEM CTPOMA TOU JKe OIyXOJIh Ha
paHHe# ctanun. PakoBble KJIETKH TaKKe MOTYT WH-
CTPYKTUPOBATh KJIETKH OKPYKAIOIINX TKAaHEH, CIIO-
COOCTBYsI I3MEHEHUSIM, BEAYIINM K UX MaJIUTHU3A-
OUH. AKTUBUPOBAHHBIE OIyX0JIEBBIM MUKDPOOKDY?Ke-
HHeM (GUOpPOO6IIACTHI B 3HAUUTEILHON Mepe CIoco0-
CTBYIOT Pa3BUTUIO U3MEHEHHUH B DKCTPAIETIOIIPHOM
MaTpUKCe — IIPEXKE BCErO, CTUMYJIHPYS €r0 aKTHB-
HOCTb U IIPUBO/ISL K OOIIIMPHOMY PEMO/IETMPOBAHHIO.
Tenepb 3TOT U3MEHEHHBIN BHEKJIETOUHBI MAaTPUKC
OKAa3bIBAET BJIMSHIE HA OIyXOJIEBYIO IPOTPECCUIO Ue-
pe3 apXUTEKTOHUKY U CUTHAJIbHOE B3aUMOJIENCTBHE.
Bce 370 BezieT k TpaHcoOpManuy BHEKJIETOYHOTO Ma-
Tpukca. Ecsti B HOpMe pu KoHTaKTe Grubpob1acTon
C COCEZIHMMH KJIETKAMU OHU IIO/IABJIAIOT MUTPALIUIO
U YIEPKUBAIOT KJIETKU JIPYT BO3JIE IPYTa, (POPMHUPYS
JIOCTATOYHO YIIOPATOYEHHYIO KJIETOIHYIO CTPYKTYPY,
TO NPU HAJUYHHU OIYyXOJIEBOTO IIPOIECCA PAKOBBIE
KJIETKH, HAIIPOTHUB, JIBUTAIOTCS B PEKUMe HOH-CTOI
JlaKe I0ocjle KOHTAKTa C COCETHUMU KJIETKaMU, Ha-
I10J13aI0T HA HUX U IPOJIUGEPUPYIOT, 00pasyst MHOTO-
CJIOVHBIE HEYTIOPsIOUeHHbIE KJIETOUHbIE CKOTIEHUS.
Jlpyrass wimoueBass 0COOEHHOCTh Pa3BUTUS U
nuddepeHITUPOBKY OIyX0JIEH — BOBJIEYEHHE B IIPO-
IIecc COCyAUCTOro pycia. st obecrieueHus: CBOETo
pocTa OImyXoJii BOBJIEKAIOT KPOBEHOCHBIE COCYZIBI B
poriece, KOTOPBIN Ha3bIBAETCS «aHTHOT€HHOE Iepe-
KJIIOUeHUEe» U KOTOPHIN MOKET MIPOUCXOAUTH Ha pas-
HBIX CTAJUAX OIyXOJIEBOHU Iporpeccuu. B oTymume
OT HOPMAJIPHOM KPOBEHOCHOU CETH, OITyXOJIeBas
MMeeT HelPAaBUJIbHOE CTPOEHUE, MOTYT BCTPEUAThCS
CJIETIBIE ITEeTIIN, YTO 00y CIOBIMBAET HAPYIIEHUS KPO-
BOTOKQ, a TAKKE TPAHCCYAAITUI0 U30BITOUHOH KU/~
KOCTH U G€JIKOB M3 KaNWJULIPOB. DTa M30bITOYHAS
JKHU/IKOCTD U IIPOTENHBI IIOMIA/IAeT B TUM(PATHIECKYIO
CHCTEMY U 3aTeM BHOBb B KDOBOTOK, UTO BEJIET K I10-
SIBJIEHUIO METACTa30B B iuMdoysiax [14, 24].

The first step in the tumor development process
is the initiation phase; it is the result of the original
progenitor cell that gives rise to the tumor acquiring
the genetic alterations that gives it the characteristics
of a cancerous cell.

The promotion phase is next and it is a lengthy
step characterized by the excessive proliferation
and the outgrowth of a population of preneoplas-
tic tumor cells. The next phase is a transitional
phase between the premalignant state and the de-
velopment of invasive cancer: the progression
phase, at this stage the proliferating cells may un-
dergo more mutations at an accelerating rates,
some of these mutations may give a selective ad-
vantage to the cell, such as an even more rapid
growth, and the descendants of a cell bearing such
a mutation will consequently become dominant
within the tumor population, this causes a fast in-
crease in the tumor size, some other mutations are
theorized to have an invasive and metastatic po-
tential that could promote the next phase which is
Metastasis [14, 25].

When cancer spreads “metastasis”. Consi-
dered a hallmark of cancer, metastasis involves the
spread of tumor cells from the primary site to in-
vade neighboring tissues and more importantly dis-
tant organs using both the circulatory and lymphat-
ic systems, and the formation of secondary tumors
throughout the body [26] (Fig. 3). Even in tumors
that are sensitive to radiotherapy or chemotherapy,
once cancer spreads throughout the body, it be-
comes a formidable foe even for the most sophisti-
cated therapies as metastasis is the main reason of
treatment failure, and is the primary cause of can-
cer morbidity and mortality (90% of cancer deaths),
the best that people in this situation can hope for is
to survive for a few more years [26—28]. Despite the
high survivability only less than 0.1% of tumor cells
acquire the ability to metastasize as these cells go
through a series of sequential and interrelated sto-
chastic events that first allow cancer cells to dis-
perse and survive in distant sites and later to grow
as secondary tumors. In order to complete the pro-
cess which is termed Metastatic cascade, cancer
cells must detach from the primary tumor, break
through supporting membranes; go into the circu-
latory and lymphatic systems, hide from the im-
mune system, extravasate at distant capillary beds,
and finally infiltrate, invade and proliferate in dis-
tant organs. The adaptation to the microenviron-
ment of the tissue in which the cells have landed
which is invariably quite different, this may cause
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IlepBoii dha3oii pa3BUTHS OIyXOJIEBOTO IIPOIIEC-
ca fABJISAETCS UWHHUIUANMA. B TeHOMe KJIeTKU-
IIpe/IIIECTBEHHUKA ITPOUCXOAAT TeHEeTUYECKUe Ha-
PYIIeHUs, Ha/IeJISIONIMe KJIETKYy CBOMCTBAMU PaKoO-
BOH KieTku. Bropas daza — mpomonuu — 6osiee
JUTATEIbHA, YeM IepBasi, ¥ XapaKTepu3yeTcs n30bI-
TOYHOH mpoJimdepanuedl U POCTOM IOIMYJIAINU
npeapakoBbiXx KierTok. Ciemymomas ¢asa — mpo-
IrpPecCUN — MEPEXOHAs MEeXAY IPEIPAKOBBIM CO-
CTOSIHMEM W BO3HUKHOBEHHWEM WHBa3WBHOIO PakKa,
KOT/Ia JIeJIsIIIecs KJIeTKU MOTYT HaKaIIUBaTh My-
TaI¥u ¢ BO3PaCTAIIed CKOpOoCcThio. HekoTophlie 13
STUX MyTallMi MOTYT HA/IeJIUTh OT/AEJIbHYIO KIJIETKY
U30UpaTeTbHBIM TPEUMYIIECTBOM, HAIPUMED, €Ile
0oJiee BBICOKOUM CKOPOCTBIO JIEJIEHUST; BIIOCTIE/ICTBUH
5TO IMPUBEJIET K TOMY, YTO, 00s1a71as1 IOJIOOHBIM IIpe-
HMMYIIECTBOM, €€ TIOTOMCTBO CTaHET JOMHHUPOBATH
B IONIyJISAIINU OITyXOJIEBBIX KJIETOK. B pesysbraTe
OILyX0JIb OBICTPO YBEJIMUUTCH B pazMepax. MoKHO
MIPETIOJIOKUTD, UTO KaKHUe-TO PYTHe MyTaluu, 00-
JIaJlafonirie WHBA3WUBHBIM M METaCTaTHYECKUM IIO-
TEHI[UAJIOM, IIPUBEIYT K cJenymollei ¢dasze — mera-
CTa3UpPOBAHUIO [14, 25].

Kax memacma3supyem pax. Cuuraroreecs 0fi-
HUM U3 OTJINYUTEJIBHBIX IIPU3HAKOB PAKa MeTacTa-
3UpOBAHUE TOJPa3yMeBAET PACIPOCTPAHEHUE OITy-
XOJIEBBIX KJIETOK M3 IEPBUYHOTO OYara B OKPY?Karo-
II[1e TKAHU U, YTO CAMOE BaXKHOE, B OT/[AJIEHHBIE OP-
raHbl IOCPE/ICTBOM KaK KPOBEHOCHOM U TuMbaTuye-
CKOH CHCTEM, TaK U C IIOMOINBI0O 00Pa30BaHUSA BTO-
PUYHBIX OIyXOJIEH II0 BCeEMY OpraHusmy [26]
(puc. 3). laxe OMyXO0JI1, YyBCTBUTEIbHbIE K JIyI€BOU
U XUMUOTEPAINH, B CJIydyae MeTaCTa3MPOBAHUSA CTa-
HOBSITCSI TPO3HBIM HCIBITAHUEM JIAKE /IS CaMbIX
BBICOKOTEXHOJIOTUYHBIX METO/IOB JIEUEHHs, II0-
CKOJIPKy METACTa3bl — OCHOBHAs INpUYMHA HEdd-
(beKTUBHOCTH Tepanuy U BeAyliasi IPUYUHA OHKO-
JIOTUUECKOU 3a00JIeBaeMOCTH U CMEPTHOCTH (90 %
cMepTei), U JIydlliee, Ha YTO MOTYT Ha/IesIThCsI JIFO/TH
B MOAOOHOU CHUTyallid, — 3TO IPOXKHUTH elle He-
CKOJIBKO JieT [26—28]. HecMOTpsl Ha BBICOKYIO BbI-
JKHBAE€MOCTD, JIUIIb MeHee 0.1 % OITyXOJIEBBIX KJle-
TOK IPUOOPETAIOT CIOCOOHOCTh K METacTa3upoBa-
HUIO, TAK KaK MEPEKUBAIOT PsJI TOCIEI0BATETLHBIX
U CBSI3aHHBIX MEXKIY COOOH CTOXaCTHUYECKHX COOBI-
THU, TO3BOJIAIOIINX UM CHAYaIa PACIPOCTPAHUTHCSA
B JTI0ObIE 30HBI OPTAaHNU3Ma, BBIKUTH TaM, a BIIOCJIE/-
cTBUU — cHOPMHUPOBATH BTOPUYHBIE OIyX0Ju. UTO-
OBl 3aBEPIIUTH IIPOIIECC, KOTOPBIH HA3BIBAETCSA META-
CTaTHYECKUM KaCKaIOM, OITyXOJIEBbIE KJIETKU JT0JIK-
HBI OT/IEJIUTHCS OT IIEPBUYHOM OITYyXOJIH, IIPEO0JIETH
0azaJIbHYI0 MeMOpaHy, IIONACTh B IIPOCBET KPOBE-
HOCHOTO U JTUMQATUIECKOTO COCYZA, YKPBITHCS OT
UMMYHHOH CHCTEMBI, 3aTEM BBINTH U3 KATUIJIAPHO-

the metastatic cells to remain inactive at the distant
site for a long time before proliferating again, if at
all, when they do however, these cells establish a
microenvironment much like the original tumor to
facilitates angiogenesis and proliferation, resulting
in malignant secondary tumors [26].

Despite being the leading cause of deaths, me-
tastasis remains the least understood process in
cancer development as little is known about why it
occurs, an early hypothesis suggests that it is an in-
nate trait of cancer, caused by the genetic mutations,
this conjecture, however, is not in line with evi-
dence-based medicine as not a single gene has yet
been identified as responsible for metastasis, also a
number of embryonic cells during the development
of any organism, naturally migrate over long dis-
tances to their final location, without any genetic
mutations. Other hypothesis states that metastasis
is acquired, and induced by external factors like an
adequate oxygen supply or immune reaction/in-
flammation [29].

A new hypothesis suggests that chromosomal
instability induces the metastatic cascade. Chromo-
somal instability is caused by continuous errors in
chromosome segregation during mitosis, these er-
rors induce the rupture of micronuclei and the se-
cretion of genomic DNA into the cytosol, which
subsequently activates cytosolic DNA-sensing
pathways. The chronic signaling promotes tran-
scriptional shift from a proliferative and highly
metabolic state, ideally suited for primary tumor
growth, to a mesenchymal state associated with up-
regulation of inflammatory pathways. On the light
of these results a specific process comes to mind:
the epithelial-mesenchymal transition (EMT) [30].
EMT (Fig. 4) is the trans-differentiation process
through which transformed epithelial cells develop
the ability to invade, resist stress, and disseminate.
It was shown that the various EMT stages possess
diverse cellular characteristics, chromatin land-
scapes, and gene expression signatures which are
regulated by distinct transcription factors and sig-
naling pathways. Not only that but within a tumor,
the various EMT stages are situated in diverse mi-
croenvironments and not in an anarchical manner,
as metastatic cells with the most pronounced mes-
enchymal phenotype for example proliferate near
endothelial and inflammatory cells. These tumor
cells stimulate angiogenesis by releasing large
quantities of chemokines and proteins to attract
immune cells, thus promoting the development of a
unique inflammatory and highly vascularized niche
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Fig. 3. Metastasis: when cancer spreads [9]

ro pycja B IPYrOH YacTH Tejia U, HAKOHEIl, TPOHUK-
HYTh B KaKOH-JH0OO OT/IaJIEHHBIH OpraH, 3aXBaTUTh
ero u OeCKOHTPOJIbHO TposrdepupoBaTb. Heobxo-
JIMMOCTD /IalITHPOBATHCS K MUKPOOKPY?KEHHUIO TKa-
HU, B KOTOPOW OHU OKAa3aJIMCh U KOTOpast 3aBEJIOMO
3HAYUTEJIHHO OTINYAETCS, MOXKET IIPUBECTH K TOMY,
YTO OIIyXOJIEBBIE KJIETKU JIOBOJIBHO JIOJITOE BPEMs
OCTaHyTCA HEAKTHUBHBIMH, IIPEXK/IE YEM B KaKOU-TO
MOMEHT BHOBb HAUHYT NPOTH(MEPUPOBATD; U, JaXKe
€CJIM 3TO TPOUBOH/IET, KJIETKH HCIIOJIB3YIOT TE Ke
MeXaHU3MbI, YTO B IEPBHYHOM OYare — CO3Za/IyT
MUKDPOOKpY:KeHue, 6JIM3K0e K TOMY, UYTO OBLIO B ITep-
BUYHOH OITyXOJIM, YTOOBI CIIOCOOCTBOBATh aHTHOTeE-
He3y U nposudepanu, U 5TO 3aBePIINTCA 00paso-
BaHMEM BTOPHUYHOTO OYara MaJIMTHU3AINH [26].
ITportecc MeTacTa3upoOBaHUsA, SBJAICH OCHOB-
HOUM NPUYMHOH CMEPTH, OCTAeTCs MeHee BCEro Io-
HSITHBIM, IIOCKOJIBKY MaJIO U3BECTHO, B YEM €r0 IIPHU-
yrHA. PaHee moJiarajay, 4YTO MeTaCTa3WpPOBAHUE —
XapakTepHasg OCOOEHHOCTb paka, 00ycJIOBJIEHHAs
reHEeTHYECKUMHU MyTalusMu. MexXIy TeM 3Ta TUIIO-
Te3a He COTJIACyeTCs C TeM, YTO JI0Ka3aTeIbHOU Me-
JIULIIHE He y/1aJloch OOHAPY:KUTh HHU OJ{HOTO r'eHa,
OTBETCTBEHHOT'O 32 METACTa3UpPOBaHUE, KPOME TOTO,
B XO/I€ Pa3BUTHs JIIOOOTO OPraHU3Ma HEKOTOPOE KO-
JINYECTBO 3MOPHUOHAJIBHBIX KJIETOK B HOPME MUTPH-

facilitating the intravasation of metastatic cells into
the blood and lymph streams. This hypothesis is
further supported by the fact that tumor cells that
express a mix of epithelial and mesenchymal phe-
notypes are more effective in circulation, coloniza-
tion at the secondary site, and the development of
metastasis [28, 30].

How the body deals with cancer. Another ques-
tion that always follows “What causes cancer?” is
“How do cancer cells avoid destruction by the im-
mune system?” The involvement of one’s immune
system in tumor progression is well documented,
whether is it inhibiting or enhancing the develop-
ment of tumors, this interaction is considered a hall-
mark of cancer [31, 32]. In theory, the immune sys-
tem by its adaptive nature should be able to control
and stop tumors from developing, it is not the case
however, as the tumor develops from neoplastic tis-
sues to a clinically detectable tumors, cancerous cells
develop mechanisms to go by unnoticed or ignored
by the immune system and avoid tumoricidal attacks
[32].

Carcinogenesis is a very conditional process, it
is known that cells possess innate and effective de-
fense mechanisms like DNA repair tools to deal with
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pyeT Ha 6OJIBIIIOe PACCTOSTHHE K MECTY CBOETO OKOH-
YaTeJIbHOTO PACIIOJIOKEHNs 6e30 BCAKUX TeHeTHhde-
ckux Mmytanuii. CoryiacHO Ipyroi rurores3e MeTacTa-
3UpPOBaHUE — 5TO MPUOOPETEHHBIN IPOIECC, UHIY-
[IMPOBAaHHBIN BHENTHUMH (HaKTOpaMH, KaK, HAIPU-
Mep, HeaJIeKBaTHOe IOCTYIUIEHHE KUCJIOPOoJia WJIN
MMMYHHAsI peakus/BocrayieHue [29].

CorytacHO OJTHOH M3 COBPEMEHHBIX TUIIOTE3 Me-
TacTaTUYECKUH KacKa/l MHAYIUPOBAH XPOMOCOMHO
HeCTaOMJIBHOCTBIO, KOTOpasi 00ycJIOBJIEHA OITUOKa-
MH B PAaCXOXXKJ€HUM XPOMOCOM BO BpeMs MHTO3a.
9TH omuOKU TPOBOIUPYIOT pPa3pyllleHHe MUKDPO-
sAnep U cekpenuio renomHo# /THK B 1iuT030s16, 9TO
BIIOCJIE/ICTBUU AKTHUBUPYET IIyTH OOHAPYKEHUS ITU-
To30bpHON JIHK. XpoHnyeckass CUTHATU3AIUS CIIO-
COOCTBYeT TPAHCKPUIIIMOHHOMY CIIBUTY OT COCTOSI-
HUSA UHTEHCUBHOH Mpoandepanuu 1 aKTUBHOTO Me-
Tabosin3Ma, UIeaIbHO COOTBETCTBYIOIIHX TOTPEOHO-
CTSIM Pa3BUBAIOIIENCS MEPBUYHON OIYXOJIH, K Me-
3€HXUMAaJIbHOMY COCTOSHUIO, ACCOIMUPOBAHHOMY C
aKTHBAIlMEN BOCHAJIUTENbHBIX ITyTel. CrazaHHOe
BBIIIIE ITOIBOAUT HAC K KOHKPETHOMY ITPOIIeCCy, Ha-
3bIBAEMOMY SIIHUTETNATHbHO-MEe3eHXUMUIBHBIM I1e-
pexogom (DMII) [30]. OMII (puc. 4) — mporiecc
Tpa"cauddepeHIIUPOBKY, IIPU KOTOPOM TpaHcdop-
MUDPOBaHHBIE 3IUTEINATIbHBIE KJIETKU II0JIY4aloT
CII0COOHOCTh K MHBA3UU, COMPOTHBJIEHUIO CTPECCO-
BBIM BO3/IECTBUAM W AUCCEMHHUPOBaHUIO. [loka-
3aHO, 4TO pasjauuHble cTaguu IMII umeroT pa3ind-
Hble KJIETOUHBbIE XapaKTEPUCTHUKU, XPOMATHHOBBIHI
JlaHAmadT, CHTHATYPHI SKCIIPECCHH T€HOB, KOTOPHIE
peryiupyioTcss pasHbIMU (aKTOpaMH TPAHCKPHII-
MU U CUTHAJIBHBIMU MyTAMHU. HO He TOJBKO 3TO:
BHYTPH OILyX0JIu pazHble craguu IMII sokanusoBa-
HBI B PAa3HOM MHUKDPOOKDPYKEHUHU, IpUUeM He Oecrio-
PAMOYHO, TTOCKOJIbKY, HAIIPUMED, MeTacTaTUYecKue
KJIETKU ¢ Hauboyiee BBIPAKEHHBIM Me3€HXHMAaJIb-
HBIM (PeHOTUTIOM ITPOSIUDEPUPYIOT PAJIOM C SH0TeE-
JIMATBHBIMU W BOCIAJIUTEIbHBIMH KJIETKAMU. IJTHU
OIIyXOJIEBBIE KJIETKU CTUMYJIUPYIOT QHTHOTEHES, BBI-
CcBO0O0K/1as1 OOJIBIIIOE KOJITUYECTBO XEMOKHUHOB U1 6eJI-
KOB, UTOOBI IPUBJIEYb UMMYHHbIE KJIETKU, TEM Ca-
MBIM CITOCOOCTBYSI 00pPa30BAHUIO0 YHUKIHBHOU BOC-
MMAJTUTEIBHOU ¥ BBICOKO BaCKYJ/IAPU30BaHHOU HHUIIIH,
MIONAJIAHUI0 METACTATUYECKUX KJIETOK B KPOBO- U
suMOTOK (MHTpaBazanusa). JTa TUIOTE3A JIOMOJI-
HUTEJIBHO MTO/ATBEPIK/IaeTcs TeM (aKTOM, UTO OITyX0-
JIEBBIE KJIETKU, KOTOPbIE HKCIIPECCUPYIOT CMEIIaH-
HBIU SIIHUTEINATBHBIN U Me3eHXUMUAIBHBIN (heHOo-
THII, UMEIOT 00Jiee BBICOKHI IOTEHI[MAJI B OTHOIIIE-
HUH UPKYJIAIAN, JTUCCEMUHUPOBAHUS U 00pa3oBa-
HUSA MeTacTasos [28, 30].

Kax opzanusm 6opemcs ¢ pakom. Cienom 3a
BOIIPOCOM «YTO BHI3BIBAET PAK?» BCEI/IA BCTAET JIPY-

mutations, and when the damage is beyond repair,
they commit suicide or apoptosis. However, in light
of the fact that thousands of damage events affect
the genome every day and the trillions upon trillions
of cells where this could happen the chances of those
mutations to go by unfixed and accumulate increase
dramatically [33], most of the times though this
isn’t an issue as the immune cells eliminate rather
quickly any cell that displays cancerous behavior,
but this is a numbers game, sooner or later some
cells will develop the ability to elude from the im-
mune system [10].

This ability is termed Cancer immune evasion
and it imposes a big obstacle in the development of
effective cancer therapies [31].

Tumors and immunity

Generally speaking, immune cells (CD8+ and
CD4+) can suppress tumor growth through the pro-
duction of interferon (IFN)-y and cytotoxins, how-
ever, several factors such as chronic inflammation
may negatively affect this process.

Cancer cells possess tumor antigens, which fa-
cilitate their recognition and elimination by the im-
mune cells, however, due to the genetic instability
the constant cell division can generate tumor cells
with reduced immunogenicity that can evade im-
mune elimination, this could create an “equilibrium”
where the immune cells destroy tumor cells that keep
dividing and accumulating mutational changes by
chance or in response to immune-induced inflam-
mation, this balanced state eventually favors the tu-
mor as cancer cells develop the ability to impair the
immune system capability to eradicate them, through
immune suppressive effects or by loss of target anti-
gen expression. This phenomenon explains tumor
dormancy, where tumors stay dormant for years in
patients before re-emerging or re-initiating their
proliferation [31].

Immune suppression. In essence this happens
mainly due to activated regulatory T cells (Tregs) or
other regulatory cells in the tumor microenviron-
ment suppressing other immune system compo-
nents. Due to the dead ends in the tumor vasculariza-
tion, a leakage of liquid and proteins happen at the
site encouraging lymphatic formation while tumor
cells release chemokines to attract the Treg cells
[9, 311.

Defective antigen presentation. Tumors also
evade the immune system through a complex down-
modulating antigen processing that downregulate
the major histocompatibility complex (MHC) I path-
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Fig. 4. Mechanism of epithelial-mesenchymal transition [28]

roii Bompoc: «Kak pakoBeIM KJIeTKaM yaaetcs usbe-
JKaTh YHUUYTOXKEHUS MUMMYHHOU cucTteMon?» Peak-
1T IUMMYHHOU CHCTEMBI, KOTOpasi MOXKET KaK Ioza-
BJIATH Pa3BUTHE OIYXOJIH, TaK ¥, HAIPOTHUB, YCHIU-
BaTh €r0, — JIOKYMEHTAIHHO IIOJITBEPIKAEHA U CUU-
TaeTcsl OJHUM U3 KJIUEBbIX MPU3HAKOB paka [31,
32]. TeopeTuyecky HMMyHHAs CHCTEMA B CITY CBOE-
ro aJIATUBHOrO XapakTepa J0JDKHA ObLia ObI KOH-
TPOJIIPOBATh U OCTAHABJIUBATH PA3BUTHE OIYXOJIU.
OJIHAKO B JIEMCTBUTEJHLHOCTH BCEe OOCTOMT HMHAUe:
paKoBBIe KJIETKU BBIPAOATHIBAIOT MEXAaHU3MBI, II0-
3BOJISIONIE UM Pa3BUBATHCA U3 HEOIIACTUUECKHX
TKaHel B KJIMHUYECKU PACIIO3HABAEMBIE OIYXOJIH U,
0CTaBasiCh He3aMeUeHHBIMH WJIU He BbI3BIBASA peak-
MY UMMYHHOH CHUCTEMBI, U36eraTh ee TYMOPHUIUI-
HOH aKkTHUBHOCTH [32].

Kanrneporenes — kpaiiHe 00yCJIOBJIEHHBIN ITPO-
necc. M13BeCTHO, UTO KJIETKU 00JIaIal0T BPOXKIEHHBIM
s dexrrBHBIM MexaHuzMoM penapanuu JHK, croo-
COOHBIM YCTPAHHUThH MyTaIlUH JILOO, eCTH UCIIpaBie-
HUe OIMNOOK HEBO3MOXKHO, BBI3BATh CAMOYHHUUTOMKE-
HUe TTOBPEXKIEHHOU KiIeTKH (armomnTos). OHAKO, YIu-
TBIBAA TOT (PAKT, UTO THICAYIHN BBI3bIBAIOIIIX IIOBPEK-

way, proteosome subunits latent membrane protein
(LMP)2 and LMP7, transporter associated with anti-
gen processing (TAP) protein, and tapasin, which
leads to cytotoxic T lymphocytes (CTL) no longer
recognizing target antigens on the tumor cells, allow-
ing them to go by unnoticed [31].

Immune deviation. Tumor cells exhibit a behav-
ior where they induce anergy in T cells by engaging
the T cell receptor in the absence of costimulation,
this happens because cancer cells in themselves fail
to express costimulatory molecules.

Tumor cells evade immune attack by shifting the
balance from Thi to Th2 as well hence the name “de-
viation”, they do this by releasing transforming
growth factor (TGF)-§ [31].

Apoptosis. Apoptotic cells, themselves, are po-
tent regulators of their cellular environment. Tu-
mors, especially, exist in a dynamic balance of cell
proliferation and cell death. In both normal and ma-
lignant tissues, apoptotic regulation is exerted
through immune as well as non-immune mecha-
nisms. Apoptotic cells suppress the repertoire of im-
mune reactivities, both by attenuating innate (espe-
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neHre (HaKTOPOB €XeTHEBHO BOB3JIEHCTBYIOT Ha Te-
HOM, a 5TO TPWUIMOHBI U TPHJUIMOHBI KJIETOK, BEPO-
SITHOCTH TOTO, YTO BO3HUKIITHE OIIUOKY OYAyT IPOILy-
IeHbl U HaAKOIATCS, Pe3Ko Bo3pactaer [33]. Ho B
OOJIPIITUHCTBE CIIyYaeB KJIETKH WUMMYHHOH CHCTEMBI
JTOCTAaTOYHO OBICTPO PACIIO3HAIOT U HEUTPATUBYIOT
BCAIKYIO KJIETKY, OOHAPY?KHBAIOIIYIO OIIyXOJIEBOE II0-
BeJIEHUE; U BCE JKe, KaK B JIOTepee, PAHBIIIE WU I033Ke
YV HEKOTOPBIX KJIETOK BO3HHUKAET CIIOCOOHOCTh YKJIO-
HSTBCS OT PACIIO3HABAHUSI UMMYHHOH CHCTEMOM [10].
Takas cocoOHOCTh, Ha3bIBa€Masi PAKOBOM MMMYH-
HOH 5Ba3uel, fABJISETCA CEPHE3HBIM IPEIATCTBHEM
I pa3pabotku 3¢ dbeKTuBHON OHKOTepanuu [31].

Onyxoau u ummyHumem

Boob1ie roBopsi, uMMmyHHbIe KiaeTku (CD8+ u
CD4+) MOTYT IIOJIaBJISITh POCT OIYXOJIU 32 CUET BbI-
paborku unTepdepona y (MPH-y) 1 IUTOTOKCUHOB,
OJITHAKO HEKOTOPBIE (PAKTOPHI, K IPUMEDPY XPOHUYE-
CKOe BOCIIaJIeHHe, MOTYT HETaTUBHO BJIUATH HA 3TOT
mporiecc. PakoBble KIeTKH 06J1a/1a10T OIyX0JIEBBIMU
aHTUTEeHAaMH, KOTOpbIe 00JIervaoT paclio3HaBaHUE U
SJIMMHUHALMI0 UMMYHHBIMU KieTkamu. Ho Bcien-
CTBUE T€HETHYECKOH HeCTaOWIBPHOCTH IIOCTOSTHHOE
JleJIeHre KJIETOK CIIOCOOHO TeHEPUPOBATh KJIETKHU C
MIOHIKEHHOW WMMYHOTE€HHOCTHIO, KOTOpPbIE MOTYT
n30eKaTh SJIIMMUHANNN. ITO MOXKET CO3ATh OIpe-
JleJIeHHOE PaBHOBecHe, KOTZla UMMYHHAs CUCTeMa
VHHUYTOKAET OITyXOJIEBBIE KJIETKH, KOTOPBIE MTPOJIOJI-
JKAIOT ZIEJIUTHCS ¥ HAKATUIMBATh MyTAIlHH, CJIyIaliHO
WY B OTBET HAa UMMYHHO-UH/IyI[HPDOBAaHHOE BOCIIA-
JieHue. To cOATaHCUPOBAHHOE COCTOSTHUE B KOHEY-
HOM HUTOTe OJIarONPUATCTBYET OIyXOJIU, TOCKOJIBKY
PaKoBbIe KJIETKU NMPHUOOPETAIOT CIIOCOOHOCTH OCJIa-
GJISITh UMMYHHBIN MeXaHU3M, HAIPABJIEHHBIN Ha HX
3paIuKAIMI0, Yepe3 UMMYHOCYIIPECCUBHOE BO3/Iei-
CTBUIE WUJIU yTPATy SKCIPECCUY aHTUTE€HA-MUIIIEHH.

OmnucaHHbIl peHOMEH 0OBACHSIET COCTOSTHUE T10-
KOsl OITyXOJIM, KOT/IJa OHA MHOTHE TOZbI HAXOJIUTCS B
JIATEHTHOM COCTOSIHUH, «CITUT», TIPEKIE UeM aBTUBH-
3UPOBATHCS WX BO30OHOBUTH ITpostudeparnuio [31].

Hmmynocynpeccus. OOGycIoBiieHa, TJIaBHBIM
o0pa3oM, aKTHUBallMed pEeryJaTOPHBIX T-KJIETOK
(Treg) wiu IPyTHX PETYIATOPHBIX KJIETOK B MUKPO-
OKPY?KEHUHU OITyXOJIH, KOTOPbIE MOJABJISAIOT JIPYTHE
3B€HbsI UMMYHHOH CHCTeMBbI. I13-3a Hajnuus ciie-
IIBIX TIE€TEJIh B COCYAUCTON CETH OIyXOJIU MPOUCXO-
JIUT BBIXOJ, *KUJKOCTH U OEJTKOB B TKAHb OITyXOJIU,
YTO CHOCOOCTBYET 06pa30BaHUI0 JIUMQBI, B TO BpEMA
KaK OIIyXOJIeBble KJIETKH CEKPETHUPYIOT XeMOKUHBI,
aktuupymwomue Treg [9, 31].

Jedexmnasn npesenmauyus aHmuezeHa. Omyxoau
TakKe M30eraloT TYMOPHITUIHBIX MEXaHU3MOB HM-
MYHHOH CHCTEMBI ITOCPEICTBOM IOHIDKAIOIIEN Pery-

cially inflammatory) responses and by abrogating
adaptive responses. In addition, apoptotic cells mod-
ulate multiple vital cell activities, including survival,
proliferation, and growth [31, 34].

Tumor heterogeneity. As we stated earlier tu-
mors much like organs present a wide range of dif-
ferent cells with different genetic alterations and
states of differentiation, this is known as “Tumor
heterogeneity”, and is translated in tumor cells ex-
pressing a wide variety of antigens, an “Antigen het-
erogeneity” that contributes to differences in behav-
ior towards the immune system, also these antigens
are unevenly distributed throughout the tumor’s
population and induce different immune responses
to the same determinant, making the tumor more re-
silient [19, 31].

ONCOLOGY
What is Oncology

Oncology is a branch of science that deals with
prevention, diagnosis and treatment of cancer.

Prevention

Involves any action taken to lower the risk of
cancer, this includes maintaining a healthy lifestyle,
avoiding exposure to known cancer-causing sub-
stances and cancer risk factors, and taking medicines
or vaccines that help the body prevent the occur-
rence of cancer [9].

Screening

Cancer screening is the action of checking for
cancer (or for abnormal cells that may become can-
cer) in people who do not display any cancer symp-
toms. The screening is carried out through a series
of tests known as “Screening tests” and is of great
importance, because one of the worst things about
cancer is its ability to develop undetected, as such
the screening helps doctors to diagnose and treat
types cancer early on before reaching life threate-
ning stages, where treating it might be difficult or
even fail [9].

Of the most effective tests we name:

— Low-dose helical computed tomography:
used for the detection of the most predominant type
of cancer: lung cancer, showing great results as it
helped in reducing deaths among heavy smokers.

— Pap test and human papillomavirus (HPV)
testing: each alone or in a combination used for the
early detection, diagnosis and prevention of cervical
cancer as they allow doctors to spot abnormal cells
before fully becoming cancerous.
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JISIIIAY B MPOIIECCe TOATOTOBKY aHTUTE€HA K IIPe3eHTa-
IIUH, YTO BBI3BIBAET JAUCPETY/IAIMIO B TJITABHOM KOM-
wiekce rucrocopmecrumoctu I kiacca (MHC 1), sna-
TEHTHBIX MeMOpaHHBIX Oenkax 2 u 7 (LMP2 and
LMP7), TpancnopTHOM OeJiKe, CBSI3aHHOM C IIOATO-
TOBKOU aHTUTEHA K Tpe3eHTaruu (TAP), 1 TanasuHe,
MIPUBOJIAIIYIO K TOMY, YTO ITUTOTOKCUUYecKue T-Tum-
donuter (CTL) TepsOT crtoCOGHOCTh PaCIO3HABATh
AHTUTEH Ha OITyX0JIEBOH KJIETKe-MHUIIIEHU, TO3BOJISS
el ocTaThCs He3aMedeHHoMH [31].

Hmmynnas desuayus. OmyxosieBble KJIETKU Jie-
MOHCTPHPYIOT ITOBEIEHHE, IPU KOTOPOM OHH BBI3bI-
BalOT aHepruio T-KJIeTOK, B3AUMO/IEHCTBYsI C PeIlen-
TOPOM B OTCYTCTBUU JIOTIOJTHUTEIHHON CTUMYJIAIIUU
(kocTuMyAIMN). DTO TPOUCXOIUT IIOTOMY, UTO Pa-
KOBBIE KJIETKH CaMHU IO cebe yTpauuBaioT CII0CO0-
HOCThb 5KCIIPECCUPOBATH MOJIEKYJIBI IS JIOMIOJTHU-
TEJIbHON CTUMYJISAIIAH.

OmnyxoJieBble KJIETKH WU30€erarT JeHCTBUSA 3a-
IIUTHBIX (AKTOPOB CHCTEMbI UMMYHHUTETA BCJIEI-
cTBUe cMerneHus 6amamnca ot T-xemmepos 1 (Thi)
T-xenmepam 2 (Th2) (310, cCO6CTBEHHO, U Ha3BIBAIOT
JleBHAINeEl), KOTOPOe MPOUCXOIUT 32 CUYET BHICBO-
6orknenus Tpancdopmupyroiiero gakropa pocra 3
(TGF-B) [31].

Anonmos. ATIonTO3HbIE KJIETKH CaMH 10 cebe
SIBJISIIOTCSI TIOTEHI[UAJIBHBIMU PETYJIITOPAMU CBOETO
KJIETOYHOTO MUKPOOKpY:keHUsA. OImyxoyn B 0coOeH-
HOCTHU Pa3BUBAIOTCS B YCJIOBUAX AUHAMIYECKOTO Oa-
snaHca nposudepanuu u rubenu kierok. Kak B 310-
POBO¥, TaK ¥ B MOPA’KEHHON PAKOM TKAaHU aIlONTO3
perysupyercsi Kak IMMYHHBIMA MeXaHU3MaMHU, TaK
YU MeXaHU3MaM{ HEMMMYHHOH IPHUPOAbI. AMONITO3-
HbIE KJIETKU CHIDKAIOT UMMYHOPEAKTHBHOCTD, UCTO-
asi BO3MOZKHOCTH BPOXKJIEHHOTO (0COOEHHO BOCHa-
JINTEJIbHOT0) UMMYHHOTO OTBETa U IOZJABJIsASA ajarl-
THUBHBIA IMMYHHBIN OTBeT. Kpome Toro, anonTo3Hble
KJIETKH MOMAYJIUPYIOT MHOTHE >KU3HEHHO Ba’KHbIE
MPOSIBJIEHUS] KJIETOUHOH JIeATETHbHOCTH, BKJIIOUAs
BBDKUBaHUE, TPOIUQEPAINio u pocT [31, 34].

TI'emepozennocmb onyxoaeswvix k1emox. Kak Mbl
y>Ke TOBOPWJIM PaHee, OIyXOJIb IPECTABIISET COOOU
IIHPOKUI CIIEKTP PA3JIMYHBIX KJIETOK, C PA3HBIMHU T'e-
HETUYECKUMHU TIOBPEKIAEHUAMH U B PA3JINYHOU CTe-
neHu aubdepeHITTPOBAHHBIX (3TO, COOCTBEHHO, U
€CTh TeTePOTEHHOCTD), UTO TPAHCIUPYETCS OIyX0JIe-
BBIM KJIETKAM, HKCIPECCUPYS IIUPOKUU CIEKTP aH-
TUreHoB. Takass aHTUTeHHAsA TeTepPOTeHHOCTh OIIpe-
JIEJISET PA3/INYUs B X IOBEJEHUH 10 OTHOIIIEHHUIO K
MMMYHHOU CHCTEME B CHCTEME KJIETOUHOTO UMMYHU-
Teta. Kpome TOro, 3TN aHTUTEeHbI HEPABHOMEPHO pac-
MIPEIEJISIOTCS B KJIETOYHOMU MOTMYJISIIUY U BBI3BIBAIOT
Pa3HBIN UMMYHHBIA OTBET Ha JIEUCTBUE OTHOU U TOH
’Ke aHTUTE€HHOU JIeTEPMHUHAHTBI, /ieJ1asi OILyX0JIb elle
OoJiee ycTrounBoOM [19, 31].

— Colonoscopy, sigmoidoscopy, and stool tests
(high-sensitivity fecal occult blood tests and stool
DNA tests): these screening tests help in the early de-
tection of colorectal cancer, colonoscopy and sig-
moidoscopy help in spotting abnormal growths be-
fore turning into cancer.

— Mammography: used for the detection of
breast cancer and has been shown to reduce deaths
from the disease among women over age 50.

— Other screening tests include: alpha-fetopro-
tein blood test, breast MRI, CA-125 test, clinical
breast exams and regular breast self-exams, PSA
test, skin exams, transvaginal ultrasound and virtual
colonoscopy [35].

Diagnosis

Diagnosing cancer is not an easy task, due to its
stealthy nature and having generic symptoms that
can be confused with symptoms caused by other ill-
nesses, doctors often use the following tests to better
diagnose cancer [35]:

— Lab tests: includes any lab examination of
tissue samples, blood, urine or other body fluids, to
measure the levels of certain substances that could
indicate the presence of cancer, these substances
are dubbed tumor markers, which are any sub-
stance produced by tumor cells or by other normal
body cells in response to the presence of cancer.
Some of these lab tests provide good results about
the state of the patient, other tests are done in addi-
tion to imaging tests for a more precise and better
diagnosis.

— Cancer imaging: a term that covers an array of
tests that are carried out using specialized machines
to create images of areas inside of the body allowing
doctors to check for the presence of tumors. Cancer
imaging is also used to help guide surgical and radio-
graphical treatments [35]. The imaging tests include:

« CT scan, or computed tomography: the patient
lies down on a table that slides through a donut-
shaped scanner which is linked to a computer, the
scanner uses X-rays to take a series of images from
different angles to construct a detailed 3D image of
the inside of the body.

e MRI: much like the CT scan the patient lies
down on a table but in this case, it slides into a long
round chamber that uses powerful magnet and radio
waves to produce detailed images that can show the
difference between healthy and unhealthy tissues as
well as the abnormal growths. In some cases, when
taking CT and MRI tests, the patient may receive a
contrast material either by swallowing a dye or by in-
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OHKOJIOI'nNA
Ymo maxoe oHkoao2un?

OHKoJIOTHUS — pasziesl MeIUIUHbI, 3aHUMalo-
muics mpobseMaMu MPOPUITAKTUKY, JUATHOCTHKHI
U JIeUeHus paka.

IMpodpuraxmuxa

Bxoiouaer Ppa3JIindHbI€ MEPOIIPUATUA, HAIIPpAB-
JIEHHBIE HA CHUYKEHME PUCKA 3a00JI€BAaHUA PAKOM —
BeJIEHUE 37I0POBOTO 00pasa >KU3HH, UCKIIOUEHHUE
KOHTAaKTa C M3BECTHBIMHW KAaHIEPOTC€HHBIMH BeEIle-
cTBaMHU U (haKTOPAMH PUCKA, IPUEM, B CJIyuae He00-
XO/TUMOCTH, JIEKAPCTBEHHBIX MPENapaToB Jnb0 HC-
II0JIb30OBaHHE BAKIIMH, KOTOPbI€ IIOMOTAIOT IIPE/I0T-
BpaTUThH Pa3BUTHE paka [9].

Cxpunumnz

OHKOJIOTUYECKUH CKPUHUHT — O0O0C/IeIoBaHUE
Ha BBIABJIEHHE 3JI0KAYECTBEHHBIX HOBOOOpAa30Ba-
HUI, Ipe/ICTaBJIsIET COOOH CHCTEMY PaHHEH Juarto-
CTHKHU JIIOJlef, He HUMEIONUX KaKUX-JIN00 CHMIITO-
MOB PaKa; OH I03BOJISET BBIABJIATH JIU0O0 y3Ke HMEI0-
myecsl 3JI0KaYeCTBEHHBIE OIYXOJIH, JINOO aTHINY-
HbI€ KJIETKH, KOTOPbIE MOTYT UX BbI3BATh.

CKpUHHHT I0/Ipa3yMeBaeT IIPOBEIEHHE psia
HCCIIeIOBAHU, N3BECTHBIX KaK CKPUHUHTOBEHIE Te-
CTBI, U UMeeT Ype3BbIYaliHO OOJIBIIIOe 3HAUEHUE, 110~
CKOJIBKY OZTHO M3 CAMBIX KOBAaPHBIX CBOMCTB paKa —
5TO CIIOCOOHOCTH pa3BUBAThCA He3aMeTHO. CKpu-
HUHT II03BOJISIET BBIABUTD 3JI0KAUEeCTBEHHBIE OITyX0-
JIV Ha PAaHHUX CTAJUAX, IPEXKJE UeM OHU JTOCTUTHYT
YTPOKAMOIINX KU3HU DTANOB PA3BUTHSA, KOTAA UX
JledeHHe MOXKeT 0Ka3aThCs TPYAHBIM UJIH Take 6e3-
pes3yJsibTaTHBIM [9].

Hawubosnee spdhekTnBHBIE METOABI CKPUHHIHTA:

— Huskojo3Hass cnupaabHas KOMIIBIOTEPHAs
Tomorpadus. Vcnosnp3yeTcs 771 BeIABIEHNA Haubo-
Jiee pacIpoCTPAaHEHHOTO BUA PaKa — PaKa JIETKUX.
ATOT METOJ], TOKa3aJl CBOIO 3 (PEKTUBHOCTD B CHIKE-
HUH CMEPTHOCTH CPEIU 3aSA/JIBIX KYPUIBIIIKOB.

— Tecr IlamaHukosay u TecT Ha OOHApy:KeHUe
Bupyca namwuioMbl desnoeka (BITY). IIpumense-
MBI€ IO OT/AEJIBHOCTH HJIU BMECTE HUCIIOJIB3YIOTCS 1T
BBISIBJIEHUsI, TIOCTAHOBKY JUATHO3a U MPeAyIpeK/Ie-
HUS paka IIeMKU MaTKH, IT03BOJIASA BBIABJIATH aTU-
[IUYHBIE KJIETKU B IEPBUKAIBPHOM KaHAJIE JI0 TOTO,
KaK OHHU [IPEBPATATCS B 3JIOKAYECTBEHHYIO OITYXOJIb.

— KoJstoHOCKOIIHSI, CUTMOUIOCKOIIHUS 1 AHAJIU3bI
Kauia (BBICOKOUYBCTBUTEJIbHBIN aHAIN3 HA CKPBITYIO
KpoBb U aHanu3 (pekanpHou JITHK). Mcmosnb3yrores
JUI PaHHEH AMATHOCTHKU KOJIOPEKTAIBPHOTO PaKa.
KoJioHOCKOTIHS ¥ CUTMOUZIOCKOIIUS TTO3BOJISIIOT BbI-
SIBUTHh aHOMAaJIbHbIe HOBOOOPA30BaHUsA JI0 TOTO, KaK
OHU IIPUOOPETYT 3JI0KAUECTBEHHBIE XapaKTeED.

jection to help highlighting certain areas and makes
reading the images easier.

« Nuclear scan: before this scan the patient takes
radioactive substance known as “Tracer” which flows
through the blood stream and collects in certain ar-
eas of the body, then the scanner measures the radio-
activity in the body resulting in images of the organs
or bones where the tracer has collected. The tracer
then loses its radioactivity with time and is eliminat-
ed naturally from the body.

« Bone scan: falls under the nuclear scans type, it
checks for abnormal areas in bones and is used to
diagnose bone cancer or metastatic cancer that has
spread into the bone.

« PET: Positron emission tomography, also a
nuclear scan, in this case, however, the tracer “radio-
active glucose” is used to visualize and measure met-
abolic activities by tracking of where glucose is taken,
cancer cells by nature take more glucose than normal
cells giving 3D detailed pictures of the health and
cancerous tissues.

Ultrasound: the scanner “transducer” is passed
on the skin of the body parts in question by a techni-
cian while the patient lies down on a table. The trans-
ducer uses high energy sound waves that runs
through the tissues, then the machine captures the
echo and uses it to produce the images which are
dubbed “sonogram” [35].

— Biopsy: in oncology biopsies are considered
the cornerstone of malignancy diagnosis and are
used to identify tumor histology, and confirm the
presence of metastases for staging [36]. A biopsy
test involves the observation of a tissue sample un-
der the microscope to produce a complete “pathol-
ogy report”, which contains details about the diag-
nosis. The sample is usually taken using a needle,
through surgery or endoscopy (colonoscopy and
bronchoscopy) [35]. In the past 2 decades, the in-
troduction of imaging techniques into biopsy have
enabled safe and accurate diagnosis of primary
and metastatic cancer, and today percutaneous
image-guided biopsy is one of the most commonly
performed procedures in radiology departments
[37]. Another recent development in biopsy is the
ability to detect, characterize tumors using cancer
biomarkers (circulating tumor cells, circulating tu-
mor DNA and exosomes) circulating in body fluids
such as the blood, this approach is known as “lig-
uid biopsy” and is set to revolutionize the early de-
tection of cancer by allowing doctors to analyze the
blood instead of a tissue sample as the synergy of
multiple circulating biomarkers can reveal the
specifics and of a cancer including status, origin
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— Mammorpadus. Mcnosnbayeres Ajd JUarHo-
CTHKH pPaKa MOJIOUHBIX »KeJle3 U, KaK ObLI0 IoKasa-
HO, UTPAET BAXKHYIO POJIb B CHUKEHUU CMEPTHOCTHU
OT 3TOU MATOJIOTHH y XKEHIIUH CTapIIe 50 JIeT.

— JIpyrue CKpUHUHTOBble METOJbI: aHaJINU3 Ha
anbda-heTornpoTeNH, MArHUTHO-PE30HAHCHASA TO-
morpaduss MOJIOYHBIX JKeJe3, aHanu3 Ha CA-125,
KJIMHUYECKUH OCMOTP MOJIOYHBIX JKeJjie3 JJU00 caMo-
CTOSITEJIBHBIM OCMOTp, aHanu3 KpoBu Ha IICA,
OCMOTP KOXKHU; TpaHCBarnHajabHOoe Y3U, BUpPTyaIb-
Hasi KOJIOHOCKomus [35].

Jluaznocmukxa

JluarHoctruka paka — HeEMpOCTas 33/1avya u3-3a
CKPBITOTO XapaKTepa TeYeHUsI U HecHelupUIECKUX
CHMIITOMOB, KOTOPBIE MOTYT OBITh HHTEPIIPETHPOBA-
HBI KaK MPU3HAKU KaKOro-JTHU00 APyroro 3abosieBa-
HUsA. Bpaun 9acTo UCIoIb3yIOT CIIeIyIOIIe METOIbI
JUIS YTOYHEHUA JInardosa [35]:

— JlaboparopHas nuarHoctuka. VcciemoBanue
00pasIoB TKaHU, KPOBU, MOYH U JPYTUX KUJKOCTEH
OpraHu3Ma C IeJIbI0 OIpE/IeJIEHUs YPOBHSA CIIEIH-
(ryecKux BeIecTB, KOTOPBIE MOTYT CBU/IETETHCTBO-
BaTh O HAJIMYKMH paka. OTH BEIECTBA, HA3bIBAEMbIE
OHKOMapKepaMH#, IPOJYIUPYIOTCA OIyXOJIEBBIMH
KJIETKaMH WJIH 3J0POBBIMH KJIETKAMH OpTraHH3Ma
[IpU HAIMYUU PaKOBOU omyxosu. HekoTopble u3
9TUX JIAOOPATOPHBIX TECTOB ITO3BOJIAIOT COCTAaBUTH
IpeZICTaBJIeHHEe O CTaryce MalueHTa, JAPYTHe HC-
IIOJIB3YIOTCSI COBMECTHO C BH3YQIbHBIMU METOJIAMU
HCCIIeZIOBAaHUA JJIA TOBBIIIEHUs KayecTBa JUArHo-
CTHKH U YTOYHEHWU TUarHo3a.

— Busyanmzanus. 9To meselil psi METOIOB, I10-
3BOJISTIONIUX C [IOMOIIBIO CIIEITAATM3UPOBAHHOM amma-
paTypbl BU3yJIU3UPOBATh OIPEZeIEHHbIE PETHOHBI B
TeJIe YeJIOBEKA C LIEJIbI0 BBIABJIEHUS OIMyX0JIu. Busya-
JIM3AIUA TaKXKe WCIIOJIb3YETCA TPH IIPOBEJEHUN XH-
PYPTHUYECKUX BMEIIATETbCTB U PAIMOTEPATINH [35].

OCHOBHBIE METO/bI BU3YJIN3AIIHU:

» Komneiorepaas tomorpadus (KT). ITarueHt
IIOMEIIAaeTCs Ha CTOJI, KOTOPBIH IJIaBHO IepeMelra-
eTCs uepe3 KOJIBIIO CKaHePa, KOTOPBIY MOIKII0UEH K
KOMITbIOTEpY. M cnoyib3yeTcsi pEHTTEHOBCKOE H3JIy-
YeHUe, IMO3BOJIAIONEE IOJIYUUTh CEPUI0 CHUMKOB
IO/ PA3HBIM YIJIOM, YTOOBI T€HEPUPOBATD JI€TAJIb-
Hble 3D-n300pakeHus HCCilelyeMbIX 00IacTen.

« MarautHo-pe3oHaHcHas Tomorpadus (MPT).
Bo muorom HannomunHaet KT: manueHnT ykiazipIBaeT-
¢ Ha CTOJI, HO TOJIPKO 3aTeM OH IepeMeIaeTcs B
JUTMHHYIO OKDPYTJION (GOpPMBI KaMepy, B KOTOPOH C
IIOMOIIBI0 MOIHBIX MAarHUTHBIX U PAJHOBOJIH CO3-
JIAI0TCS JIeTaJIbHbIe M300paskeHUsl, MO3BOJIAIOIINE
muddepeHITPOoBaTh 3/T0POBbIE U U3MeHEHHbIE TKa-
HU, a TAKKE BBISIBUTh HOBOOOPA30BaHMUS.

and progression. Moreover, liquid biopsy helps
characterize the immune response towards cancer
facilitating immunotherapy [38]. Artificial intelli-
gence plays a huge role in the standardization of
liquid biopsy as the development of an algorithm
that handles the information and classifies the tu-
mor. In fact, the development of an algorithm that
can combine all the data liquid biopsy provides to
obtain a precise tumor profile would usher a new
era in cancer diagnosis, screening, and could pro-
vide a detailed orientation to guide treatment
choices [39].

Staging

Cancer staging involves the classification of can-
cer by determining its state and extent of spread, de-
termining the stage of cancer is indispensable in on-
cology as it helps doctors understand the state of the
patient, the prognosis and the seriousness of the dis-
ease, and is a prerequisite to shape the optimal treat-
ment plan [40].

Several staging systems enable the determina-
tion of the stage of cancer, of which the TNM classifi-
cation system is the most widely used. The TNM sys-
tem classifies cancer according to the size and state
of the primary Tumor (T), the involvement of region-
al lymph Nodes (N) and the presence of Metastasis
M) [9].

Primary tumor (T):

TX: Main tumor cannot be measured.

TO0: Main tumor cannot be found.

T1, T2, T3, and T4: Refers to the size and/or ex-
tent of the main tumor. The higher the number after
the T, the larger the tumor or the more it has grown
into nearby tissues. T may be further divided to pro-
vide more detail, such as T3a and T3b.

Regional lymph nodes (N):

NX: Cancer in nearby lymph nodes cannot be
measured.

NO: There is no cancer in nearby lymph nodes.

N1, N2, and N3: Refers to the number and loca-
tion of lymph nodes that contain cancer. The higher
the number after the N, the more lymph nodes that
contain cancer.

Distant metastasis (M):

MX: Metastasis cannot be measured.

MO: Cancer has not spread to other parts of the
body.

Ma1: Cancer has spread to other parts of the body
[9].

Treatment

The history of cancer treatment dates back to
ancient Egyptian and Greek civilizations, although
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B HEKOTOPBIX CIIydasix JiJisl IOBBIIIEHUs] TOUHO-
ctu fuarHoctuku npu nposesienuu KT u MPT nmanu-
€HTaM BBOZAT KOHTPACTHOE BEIeCTBO — IIyTeM BHY-
TPUBEHHOU MHBEKITUH JIULOO IEPOPATIHHO.

« Pasiion30TOIHOE Hccie[oBaHue (CIMHTUTPA-
dus). Ilepen ucciemoBaHMeM MAUEHT TPUHUMAET
pazuodapManeBTUUECKUH IpenapaT — WHIUKATOP,
KOTOPBIH II0MAalaeT B KPOBOTOK U HAKAIJIMBAETCS B
OTIpe/ieJIEHHBIX 00JIaCTAX TeJla. 3aTeM CKaHEPOM U3-
MepsieTCs PaJi0aKTUBHOCTh B MECTax, I7ie OH ObLI
HaKOIUIEH; II0 pe3yJbTaTaM CKAaHMPOBAHHSA CO37a-
F0TCsI U300paKEHUST OPTaHOB HJIM KOCTHOTO CKeJIeTa,
r7e ObLT 0OHApYKeH WHJNKATOP, KOTOPBIH CO Bpe-
MEHEM TepsieT CBOIO Pa/IMOAKTUBHOCTb U €CTECTBEH-
HBIM ITyTEM BBIBOJUTCS U3 OpTaHU3MA.

» Pasimon3oTonHoe ckaHUpPOBaHUE KOocTel. Ba-
PHAaHT PaIiOU30TOITHOTO UCCIeI0BaHUsI. VICIoIb3y-
eTcs TSl IMAaTHOCTUKU OIyXOJIeH KOCTeW Wu pac-
MIPOCTPAaHEHHOCTHU METACTa30B B KOCTHOH TKaHU.

o I103UTPOHHO-3MHUCCHOHHAsT ToMOrpadus
(IT3T). Takske BapuaHT PAAHONU30TOITHOTO UCCIIE0-
BaHus. HcmosbdyeTcss pagurodapMarieBTUUYeCKUH
Iperapar ¢ TJIF0K030H /11 BUByaTu3alluy U U3Mepe-
HUsA META0OJIMYECKOH aKTUBHOCTH IO TIOTJIOIIEHUIO
WHJUKATOpa C TJIIOKO30M KJIETKAaMH OpraHU3Ma.
HawuboJipiriee motpebieHre TITI0OKO3bI IPOUCXOUT B
PaKOBBIX KJIETKAX, UTO W IMO3BOJIsAET auddepeHIu-
pOBaTh 3/I0POBBIE W MOpPAYKEHHBIE TKAHU, & TAKIKe
MIOJIYYUTh JleTajabHble 3D-u300paskeHus 370POBbIX
U TTOPa’KeHHBIX PAKOM TKaHEH.

» YipTpa3BykoBoe uccaenoBanue. ObcaenoBa-
HUE MPOBOIUTCSA C IIOMOIIBIO YIBTPA3BYKOBOTO JIaT-
YHKa, KOTOPHIM OIEPUPYET CIEIUAHUCT, ITPOBOIA
€ro UM IO HCCIeAyeMON YacTH Tejla MalueHTa, Je-
JKallero Ha croJsie. Vcrnoap3yeTess BBICOKOMHTEHCHB-
HBIH YJIBTPa3BYK, KOTOPBIH MPOXOJAUT Uepe3 TKaHU
OpraHu3Ma, 3aTeM OTPaKEHHBIH CUTHAJ (9X0) yIaB-
JIMBaeTcs ammapaTtypoid u (opmupyer mszobOpake-
HUE, Ha3bIBAEMOE COHOTpaMMOH [35].

— Buorncus. B oHKoJIOTHH OUOIICHS CUUTAETCS
KJIFOYEBBIM HCC/IEIOBAHUEM B ITOCTAHOBKE JUATHO-
3a U UCIIOJIb3YETCA JJIsl ONPEIeIEHUs THCTOIOTH-
YECKOT'0 CTPOEHUS OIYXOJIH, & TAKIKe MOATBEPIKIE-
HUA haKTa MeTacTa3uPOBAHMUSA IJIs1 yTOYHEHUS CTa-
nuu 3aboneBannu [36]. Buormcus BKIouaer uszyue-
HHue 00pasiia OMyXOJIH C UCIIOJIb30BAaHUEM MHUKPO-
CKoOIIa, YTOOBI IPEICTABUTDh UCUEPIIBIBAOIIIEE [1aTO-
TUCTOJIOTUYECKOE 3aKJIIOUeHHUe, I03BOJIAIONIEe
JlaTh OIIEHKY IMaTOJIOTHU U c(POPMYyJIUPOBATDH JIHa-
rHo3. O6GpasIpl JUIA aHAJIU3a 3a0UPAIOTCA € IIOMO-
b0 TYHKIMOHHOW WIJIbI TPU XUPYPTHUECKUX
BMEIIIATEIbCTBAX JIUOO DHOCKOIMMUYECKUX IPOIie-
nypax (kosioHO- 1 6poHxockonusi) [35]. B mocen-
HHE IBa JeCATUIETHS UCIT0JIb30BaHNE METO/I0B BH-

radical and primitive, surgery and cauterizations
were practiced to remove the abnormal growths,
these were in most cases ineffective and even caused
deaths, but it was a start, a start to a bumpy history
with ups and downs, not only to the ineffectiveness
and side effects but also to raising hope and facing
the harsh reality of failure [41, 42].

Nowadays, oncology and cancer treatment
branch of into three categories: medical oncology
which is based on the use of chemotherapy, immuno-
therapy, hormonotherapy, and several drugs to treat
cancer; radiation oncology which includes the use of
radiation to treat the disease, and surgical oncology
which rely on surgical approaches to remove tumors
and deal with cancer. Chemotherapy, surgery and ra-
diotherapy remain the most common and widely
used cancer treatments [41]. Being a complex dis-
ease, most cancer cases are treated with a combina-
tion of two or more treatment approaches rather
than one.

Another concept that has always been involved
with cancer treatment is the management of side ef-
fects. Because cancer is essentially a malfunction and
abnormal proliferation of cells, most treatments that
deal with it tend to harm healthy tissues as well,
which in some cases would have sever implications
on the patient’s health [9].

Common treatment approaches

Surgery. The oldest trick in the book regarding
the treatment of cancer, although quite different and
evolved than early approaches in ancient civiliza-
tions in essence cancer surgery still involves the re-
moval of the tumor or cancerous cells from the body.
The classical surgery approach remains the most
used in cancer treatment, technological advances,
however, drove several approaches to surgically treat
cancer:

— Cryosurgery: for some early stage cancer
types like skin cancers this approach is used, it in-
volves the use of liquid nitrogen or argon gas to
destroy tumorous cells by exposure to extreme
cold.

— Lasers: unlike classical surgery which de-
pends on sharp tool to cut the tissues this approach
uses focused light beams which increase the accuracy
dramatically.

Hyperthermia. It refers to exposure of the tu-
mor cells to high temperatures for their destruction
or to make them more sensitive for other treatments
like chemotherapy and radiotherapy [41, 42].

Chemotherapy. Chemotherapy relies on the
use of drugs to stop or slow the fast growth of can-
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3yasin3aluu pU MPOBeieHUY OUOIICUHU TO3BOJIUIIO
3HAYUTEJIHHO MTOBBICUTH 6€30IaCHOCTh U TOYHOCTD
JUATHOCTUKY IIEPBUYHOTO JINOO METaCTaTHIECKOTO
paka, ¥ B HACTOSIII€e BpeMsI YPECKOKHAS OUOTICH
107l BU3YaJIbHBIM KOHTPOJIEM SIBJISIETCS OJHOU U3
HauboJiee BOCTPEOOBAHHBIX TUATHOCTUYECKUX Ma-
HUIYJISAIAH, TPOBOIUMBIX B OT/EJEHUIX JIyUeBOH
Tepanuw [37]. JIpyruM COBPEMEHHBIM JIOCTHUKEHU-
€M B TEXHOJIOTHSIX OUOTICUU SIBJISIETCS BBISIBJICHUE U
OIleHKA MPOTPECCUU OIYXOJIEH C UCIIOJIb30BAHUEM
OGuoMapKepoB paka (IUPKYIHPYIOIIMX OIyX0JIEBBIX
kietok, ux JJHK u sk30c0M), IPUCYTCTBYIOIIUX B
OHOJIOTUUECKUX KU/IKOCTSX, B YACTHOCTH B KPOBH.
DTO HaIpaBJieHUe, MMOJIyYUBIIee HA3BAHUE <«KH/]I-
KOCTHas1 Ouoricusi», 6e3 MpeyBeTUYEeHHUs MOYKHO
CYUTATh MMPOPHIBOM B IUATHOCTUKE PaKa, IIOCKOJIb-
Ky 6e3 HHBa3UBHBIX BMEIIIATEIbCTB TO3BOJISIET BbI-
SIBUTh OCOOEHHOCTH 3JI0KaUYeCTBEHHOI OIYXOJIU, B
TOM YHCJIE CTaTyC, IPOUCXOXKAEeHWEe U HaJIudue
nporpeccur. Bosiee TOTO, KHUAKOCTHAsI OUOIICHS
MTO3BOJISIET OIIEHUBATh UMMYHHBIN OTBET HA ITPOBO-
JUMYyI0 UMMyHOTepanui paka [38]. MckyccTBeH-
HBI{ MHTEJUIEKT UTPAET OTPOMHYIO POJIb B CTAH/IaP-
TU3AIUH KUIKOCTHON OGUOTICHUY, TOCKOJIBKY IT03BO-
JISIET CO37IaBaTh aJITOPUTMbI, 3HAUYUTEIHHO O0JIer-
Yyaplie aHadu3 U KIACCU(DUKAINUIO OIYXOJIH.
C yBepEeHHOCTHIO MOKHO CKa3aTh, YTO UCIOJIH30BA-
HHE TEXHOJIOTHH MCKyCCTBEHHOTO WHTEJIEKTA,
paspaboTka ajJropurma, KOTOPBIA 0000IIaeT Bce
JTAaHHbIE KUKOCTHON OUOTICUY JIJIs TIOJIyUYeHUsI Jie-
TQJIBHOTO TPOGMUIA OIMYXOJIH, OTKPHIBAET HOBYIO
9Py B IMarHOCTUKE U CKPUHHUHTE paka u OyIeT CIo-
cobcTBoBaTh Gosiee apdekTUBHOMY BHIOODPY Tepa-
nuu [39].

Kaaccugukauyusn

B ocHOBY kaccuduKaIuy paka MOJIOKEHBI Ta-
KHue MOKa3aTesd, KaK CTafus Pa3BUTUS U CTEIEeHb
pacmpocTpaHeHusi, HAJIMUUE METAcTa30B B JuMdba-
TUYECKUX y3JIaX U OTAAJIEHHBIX JacTAx Tesa. Kiac-
cuduKays omyxoau HeoOX0aUMa B OHKOJIOTUH, T10-
CKOJIBKY JJA€T IIPEJICTABIEHNE O COCTOSHUH TTAINeH-
Ta, I03BOJIAET IPOTHO3UPOBATH X0/ 60JIE3HY, ee TH-
JKeCTh M HCXOJl; a TaKXKe ABJAETCH HeOOXOAMMBIM
yCJIOBHEM Il Pa3spaboTKU ONTHMAJIBHOTO IUIaHA
neuenus [40].

Jna xnaccudukanuu paka IpHMEHSIOTCS He-
CKOJIBKO CHCTeM, HauboJsiee pacrpocTpaHeHa Kjiac-
cuduranysa TNM, B KOTOPOH yUUTBHIBAIOTCA CIEAYIO-
I{e MapaMeTpbl: pa3Mepbl 1 MEeCTHOE pacIpocTpa-
HeHue nepBuYHOM onyxosu (T), BoBIeueHre peruo-
HapHBIX JuMdaTuyeckux y3108 (N) u Hamu4une oT-
JasieHHbIX MeracTtasos (M) [9].

cer cells; the substances are known as cytostatics
and they fall under different types and often are
used in combination with each other. The medica-
tion is usually introduced into the body through
infusion into a vein or in some cases as tablets. In
systemic treatments the drugs circulate in the
blood stream and affect the whole body meaning
they could deal with undetected cancer cells or tu-
mors; however, this causes these cytostatics to act
on and harm healthy tissues. In some types of can-
cer local chemotherapy is used and the medica-
tions are introduced not into the blood stream but
rather injected directly into the affected part of the
body. For people requiring chemotherapy treat-
ment over a long period of time a port is installed
under their skin, which is a small container that is
connected to a large vein and remain in the body
for as long as the course of treatment lasts enabling
the infusion to be connected directly to it without
having to look for a vein and puncture it for each
treatment.

Chemotherapy cycles. Most chemotherapy
treatments are given in repeated cycles with specific
intervals, the nature of the drug (how long the effect
lasts and side effects), the state of the patient (how
much it takes for the body to recover), and the overall
length of the treatment influence the number of cy-
cles and the intervals [9].

Radiotherapy. Radiotherapy falls under two
types depending on the type of radiation used: pho-
tons radiation (x and gamma rays) which is the most
widely used and particles radiation (protons, elec-
trons and neutrons) [43, 44].

In oncology, radiation therapy plays a big role in
dealing with cancer as 50% of all cancer patients re-
ceive radiation therapy at some point during their
course of cancer treatment, and it contributes to-
wards 40% of curative treatment. Radiation could be
used as a cure for cancer as well as palliative treat-
ment to relieve patient of the symptoms, and in a lot
of cases is used in combination with surgery, chemo-
therapy and immunotherapy.

Considered a physical agent (photons, protons,
electrons or neutrons), the radiation used in this ap-
proach form electrically charged ions hence the
name “ionizing radiation”, and deposit energy into
the cells of the tissues it passes through. The radia-
tion acts by damaging genetic materials, thus block-
ing and striping the cells of the ability to divide, mul-
tiply and proliferate, this, however, is true for all
cells and radiotherapy is harmful for both healthy
and cancerous tissues. Normal cells are more effi-
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IlepBuuHas omyxossb (T):

TX — onpezesiuTs pa3Mepbl 1 MECTHOE PacIpo-
cTpaHeHue TTePBUYHOHN OIYX0JIH HEBO3MOYKHO.

TO0 — mepBUYHAsA OIMyX0JIb HE OOHAPYKEHA.

T1, T2, T3 u T4 — oTHOCcUTCA K pasMepam U
MECTHOU PaCIpPOCTPAHEHHOCTH IEPBUYHON OITyXO-
su. Yem 6ostbire nudpa nocsae 6ykBol T, TeM KpyTi-
Hee OIlyXOJIb JIMOO TEeM CHUJIbHEEe OHA BpPACTaeT B
OKpy:katomue TKaHu. [yt GOJIbINEH JeTamn3aIiuu
mpoliecca B KIacCH(MHUKAIUM MOTYT J00aBJIATHCS
6ykBbI mocse 1udp, Hanpumep T3a u T3b.

Pernonapusie tumbarudeckre y3isl (N):

NX — oreHKa He MOKET OBITh IIPOBE/IEHA.

NO — meTacrasbl OTCYTCTBYIOT.

N1, N2 u N3 — COOTHOCHUTCS C KOJIUYECTBOM H
BOBJIEUEHHOCTHIO IMM(MATUUECKUX Y3JI0B.

Otnanennsle meracrassl (M):

MX — olleHKa He MOKeT ObITh ITPOBE/IEHA.

MO — HeT oTHaJIEHHBIX METAaCTa30B.

M1 — ecTb OTHAIEHHBIE MeTacTassl [9].

JleueHue

Vcropus seueHns paka HaunHaeTcs ele B /[pes-
HeM Erurrre u JIpeBHei! I'peniniy, 7€ IPaKTUKOBAJIUCH
TaKwue, IyCTh PAANKAIbHbIE U IPUMHUTHBHBIE, METO/IBI
JledyeHUs1 HOBOOOpa30BaHUM, Kak HcceueHNe U NpU-
JKUTaHHUe, KOTOPbIe B OOJIBIIMHCTBE CIyJaeB ObLIN He-
3(pHeKTUBHBI JTUOO TPUBOJIWIN K CMEPTH OOJIBHOTO.
Ho 5T0 6BLI0 JIUIIIH HAYAJIOM TEPHUCTOTO IIYTH, Ha KO-
TOPOM OBLITU B3JIETHI U MTAJIEHNs, CBA3aHHbBIE HE TOJIb-
KO ¢ HeahPEKTHBHOCTHIO, TOOOYHBIME 3(derTamMu
JledeHus1, HO TaKXKe C OKPBUIAIOIIeH Ha/leXI0l U cy-
POBOI peaTbHOCTHIO IOPaXKeH U [41, 42].

B HacrosIiee BpeMs JeueHne OHKOJIOTHYECKUX
3a60s1eBaHUI 00BE/IUHAETCSA B TPU OCHOBHBIE T'DYII-
IIBI: JIEKAPCTBEHHAsl Tepamnus (XUMHO-, UMMYHO- U
TOPMOHOTEpAIUs, a TAKXKe HCIOJIb30BAHUE JIPYTHX
[IpernaparoB); JiydeBas Tepanus (IpUMeHEHHE HO-
HU3UPYIOIIEr0 H3JIyUYeHUs); XUPYPIHUecKoe Jieue-
Hue (ylaJIeHre OIyX0JIed U MOPasKeHHBIX UMU Opra-
HOB). Hawmbosiee pacnpoCTpaHEHHBIMHU OCTAIOTCH
XUMUOTEPATHs, JIydeBasi TEPAIUs U XUPYPIHUECKOoe
negenue [41]. TIockobKy pak — MHOTO(AKTOPHOE
3abosieBaHue, B GOJIBIIMHCTBE CIyIaeB UCIIOJIb3YET-
¢ KOMOWHAITUSA U3 JIBYX WU O0Jiee BU/IOB JIeUeHUsI.

JIpyroil Ba>KHBIA acCITeKT JIEUEHUs] paKka — KOp-
peknus mobouHbIX 3(PGHEKTOB, BBI3BIBAEMBIX HEKO-
TOPBIMH BUZAMH Tepanuu. [I0CKOJIbKY pak — 3TO, B
CYIITHOCTH, HAapyIIeHue (pyHKIINN U HEKOHTPOJIUpye-
Mad nposudepanys KJIETOK, TO B OOJIBIIIMHCTBE CIIy-
YyaeB JieueHe, HalIPaBJIEHHOE ITPOTUB 3THX (heHOMe-
HOB, CIIOCOOHO ITOBPEIUTH U 37I0POBBIE TKAHU, UTO B
pAze ciydaeB MOXKET UMeTh TsKeJsIble II0CIe/ICTBUSA
JUIsI opranuama 60J1bHOTO [9].

cient at repairing themselves compared to cancer-
ous ones, still with the aid of technological advances
the aim of this type of therapy is to maximize the
radiation doses to abnormal cells while minimizing
exposure to normal cells even in tumor neighboring
tissues.

In most cases radiation is delivered as external
radiation by specialized machines that aim high en-
ergy beams to the tumor; in some cases like prostate
cancer that requires routine treatment or when re-
treatment is indicated, internal radiation is used in-
stead, dubbed “Brachytherapy” is done by sealing a
radiation source directly to the tumor site; other cas-
es require a third type known as “Radioisotope ther-
apy” which involves the injection of a liquid form of
radiating substances that are designed to target spe-
cific tissues like thyroid.

Given that radiotherapy is very harmful to
healthy tissues, innovation and technological ad-
vances are of great importance for optimal treatment
process this drives different techniques for radio-
therapy:

— Fractionation: in a nutshell it involves the de-
liverance of different radiation regimes depending
on the type, stage and state of the tumor, as well as
the sensibility of the tissues surrounding it.

— 3D Conformal radiotherapy (3D CRT): guided
by CT imaging this technique allows for accurate lo-
calization of tumor for the deliverance of radiation as
well as normal organs for shielding.

— Intensity modulated radiation therapy
(IMRT): guided and controlled by a computer, this
approach allows the oncologist to control the inten-
sity of the radiation enabling irregular-shape radia-
tion doses, enabling better targeting for tumors and
avoidance of healthy tissues.

— Stereotactic body radiation therapy (SBRT):
Relying on the previous technological advances
this approach is based on the precise deliverance of
very high individual doses of radiation over only a
few treatment fractions to small, well-defined pri-
mary and oligometastatic tumors anywhere in the
body.

Radiation therapy other than as a cure, it is com-
monly used as an adjuvant treatment following sur-
gery, or after chemotherapy when by itself is not ex-
pected to be enough of a cure. Another revolutionary
use for radiotherapy is when associated with chemo-
therapy in what is known as “Radio-chemotherapy”,
as cytostatics have effects that activate when com-
bined with radiation, in this case it is local chemo-
therapy as it only has an effect where radiation was

applied [44].
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HawuGoJsee pacupocTpaHeHHbIE BUIBI
JIeYeHus paKa

Xupypeauueckoe sneveHue. ITO CTapeHmui us
BCeX BO3MOXKHBIX CIIOCOOOB JIEUeHUs PaKa, XOTS OH B
3HAYNUTEJIBHON Mepe OTIMIAETCS U YCIIeJ HBOJIIOI-
OHUPOBATh II0 CPABHEHUIO C IO/IXOZAMU JIPEBHUX
OUBUWIN3AaNMH. B CyIHOCTH, OHKOXUPYPTHUs IIO-
IIpeKHEMY IIO/IPA3yMeBAET y/laJIeHUe OILyXOJIH VTN
OILyXOJIEBBIX KJIETOK M3 opranmuama. Kiaccrueckuit
XUPYPTUYECKUH TIOIXO/T OCTAETCs HanboJIee NCTI0JIb-
3yEMBIM B JIEYEHUU PaKa, OTHAKO TEXHOJIOTHUECKIE
JIOCTIKEeHUSA IPUBEJIH K [TOSIBJIEHUI0 HEKOTOPBIX HO-
BBIX IIO/TXO/IOB:

— Kpuoxupyprusa. IlpumeHsercs Ha paHHHX
CTaINAX HEKOTOPHIX BUJIOB paka — HaIpHUMep,
k0. C 1eJIBI0 IECTPYKIIMH OITyXOJIEBBIX KJIETOK HX
[IO/IBEPTAIOT JEHCTBUIO SKCTPEMAIBPHO HUBKHUX TEM-
mepaTyp, KOTOpble XapaKTepPHBHI JJIA KUIKOTO a30Ta
U aproHa.

— IIpumeneHue 1a3epos. B oimune OT Ki1accu-
YEeCKOU XUPYPIuH, KOTOPOU /I MCCEeUeHUs TKaHEN
HeOOXOAMM OCTPBIH MHCTPYMEHT, B JAHHOM ITOIXOZIE
HCIIOIB3YIOTCA CHOKYCHPOBAHHBIE BBICOKOMHTEH-
CUBHBIE IIyYKH CBeTAa, YTO CYIIECTBEHHO IOBBIIIAET
TOYHOCTH BO3/IEHCTBUSI.

TI'unepmepmus. Ilpencrapiser cobou BO3EN-
CTBHE BBICOKHX (41—45 °C) TeMueparyp Ha KJIETKU
OIIYXOJIH C LIEJIbIO UX PA3PyIIeHHUs JINOO MTOBHIIIIEHUS
BOCIIPHUMYUBOCTH K APYTUM BHUAAM JIEUEHUA, Ta-
KUM KaK XUMUO- WIH JIydeBas Tepanus [41, 42].

Xumuomepanua. Onupaerca Ha NPUMEHEHUE
JIEKaPCTBEHHBIX ITPENIAPATOB /IS IPEKPAIIEHUS WIH
3aMeIJIeHHs pOCTa PaKOBBIX KiIeTok. Hanbortee pac-
MIPOCTPAaHEHHBIMU SBJIAIOTCS I[IMUTOCTATHKU, KOTO-
pble [eyATCs HAa HECKOJIBKO TPYHI U OOBIYHO HC-
[IOJIB3YIOTCA B KOMOWHAIUU JPYT ¢ Apyrom. I{uro-
CTaTHYeCcKHe IpernapaThl OOBIYHO BBOJATCA IIyTEM
nHGY3UH B BeHY, BHYTPUBEHHO, HO B HEKOTOPBIX
CJIydasx MPUHUMAIOTCA MAIeHTOM BHYTDb B BHUE
TabseTok. IIpu CUCTEMHOM JIEUeHUU OHU IIUPKYJIH-
PYIOT B KPOBOTOKE U BJIMSIOT HA BECh OPTAHU3M, UTO
[I0/Ipa3yMeBaeT BO3/leliCTBLe Ha HEBBIIBIEHHBIE Pa-
KOBbI€ KJIETKU HWJIH OITyXOJIH; OHAKO 3TO MIPUBOIUT
K TOMY, YTO ITUTOCTATHKH BO3/IEHCTBYIOT U HA 3/I0PO-
Bble TKaHU U MOBPEeXKAAIOT uX. [Io3TOMY Tpu HEKOTO-
PBIX Pa3HOBUIHOCTSAX paka IPOBOJUTCA MeECTHAS
XUMUOTepaInusa, KOrjla MUTOCTaTUYeCKHe IIperapa-
THI BBOJATCA He B OOIIMI KPOBOTOK, a HEIOCPEN-
CTBEHHO B ITIOpaXkeHHYI0 06s1acTh. [lariueHTam, KOTo-
pBIM IIOKa3aHA JJIUTEJIbHAs XUMUOTEpAIusA, HM-
IUIAHTUPYeTCA IMOAKOXKHAsI IOpT-CUCTeMa Jig HH-
(dy3uu, mpeACTaBIAIONIYI0 COO0NW HEOOBIIYI0 eM-
KOCTBh, KOTOpAas Yepe3 TPyOOUKy-KaTeTep MOAKITIoUe-
Ha K KPyITHOU BeHe U OCTaeTcs B TeJle, II0Ka IIPO/I0I-

Immunotherapy. Surgery, chemotherapy and
radiotherapy have few things in common of which
the wide use in oncology and that they are not spe-
cific therapies, in contrast cancer immunotherapy
represents a standing example of precision oncology,
in essence, this type of treatment could be defined as
helping or tailoring the immune system to deal with
cancer. The idea of using the immune system to fight
off cancer originated in the nineteenth century when
scientists noticed spontaneous regression of tumors
following the development of superficial skin infec-
tion; the idea reemerged again in the twentieth cen-
tury but it remained a hard to control and to manipu-
late approach, until recent years with better under-
standing of the process of immune surveillance, by
which innate immune cells eliminate cancer ones
and thanks to technological advances it revolution-
ized the field of oncology in terms of survival and
quality of life [45—47]. Immunotherapy is built on
4 main pillars:

— Immune checkpoint blockade: one of the
main ways cancer cells evade the destruction by the
immune cells is through immune suppression by
calling for regulatory T cells, this approach involves
inhibition of the immune system’s intrinsic regula-
tory mechanisms, thus, driving the activation of a
better anti-cancer immunological responses.

— Immunotherapy with cytokine therapy: can-
cer cells influence and activate their microenviron-
ment (stroma, blood vessels and immune cells), this
influence has a positive feedback on the development
of cancer and is indispensable for tumor progression
and metastasis. This happens through an orchestrat-
ed signaling crosstalk between tumor-associated
neutrophils (TANs), tumor-associated macrophages
(TAMs), innate lymphoid cells (ILCs), myeloid de-
rived suppressor cells (MDSCs), mast cells, T cells
and NK cells that produce various factors such as en-
zymes, chemokines and cytokines which can increase
angiogenesis and drive cancer progression. This
therapeutic approach relies on the disruption of this
dynamic by the calculated injection of cytokines that
stimulate the immune cells to attack and destroy the
cancerous ones [48].

— Cellular therapy (redirected T cells): a new
and very promising approaches have surfaced in the
last few years which include the isolated tumor-infil-
trating lymphocytes (TILs) from an existing tumor
mass, and co-culturation with IL2 to grow and pro-
liferate ex vivo, then the reintroduction of the sub-
population of the proliferating cells into the tumor
site. The high numbers of TILs are reinfused to the
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JKaeTcs Kypce JiedeHus. Takas cucremMa II03BOJIAET
BBOJIMTH IIPEIaparhl JJIUTETbHOE BpeMs 6e3 moncka
BEH U UX IIOBTOPHOM MYyHKITUH JJI KaXKIOTO ceaHca
Teparum.

BOJIBIIIMHCTBO XMMUOTEPATIEBTUUECKUX MEH-
KaMEHTOB, KaK ITPABUJIO, BBOJUTCS ITOBTOPSIOIIH-
MHCS IHMKJIAMH C OIpPeeIEHHBIMU HWHTEpPBAIAMHU.
KosnuecTBO IUKIIOB U JJIUTEIHHOCTh WHTEPBAJIOB
3aBUCAT OT TUIIOB UCIIOJIb3yEMBIX ITPEapaToB (Ipo-
JIOJKUTEJIBHOCTD JIEWCTBHA, 1T000YHbIE 3(PPEKTHI),
COCTOSTHUS TallKeHTa (BpeMeH!, He0OX0UMOT0 JIJIst
BOCCTaHOBJIEHHUsI OPTaHMU3Ma), a TaKKe OOIen IJIu-
TEeJIbHOCTHU JieueHus: [9].

Jlyuesas mepanus. JlydeBast Tepamusi mopas-
JleJIeTCs Ha [Ba BHA B 3aBHCHUMOCTH OT THIIA HC-
[10JIb3YEMOTO HB3JIyUEHUS: BOJIHOBOE (PEHTTeHOB-
CKOEe W TaMMa-u3JIydeHHe), HCII0JIb3yeMOoe varle
BCEro, U KOPIYCKYJIIpHOE (IIPOTOHBI, 3JIEKTPOHBI U
HEUTPOHBI) U3JIydeHUE [43, 44].

B oHKOJIOTHY JIyueBast TEPAMIUS UTPAET BAKHYIO
POJIb, TIOCKOJIBKY 50 % BCEX OHKOJIOTHYECKUX Ialfy-
€HTOB Ha TOM WJIM WHOM 3TaIle JIEYEHUsI IOJIyIatoT
ee, M OHA Ha 40 % o0ecrieunBaeT pauKaJIbHOCTD Jie-
veHus. JIyueBast Tepanus MOKET IPUMEHATHCS KaK
JUTST U3JICUEHNS, TaK U JJIs Ta/UTAAIN, 001erd9e s
CHMIITOMOB GOJIBHOTO, ¥ BO MHOTHX CJIy4asiX OHa HC-
MOJIb3yeTCsI COBMECTHO C XUPYPrUYECKUM JI€UeHH-
€M, XUMHO- U UMMYHOTeparnuen.

CyTh MeTO/ia 3aKJI0UaeTcsl B HCIOJIb30BAaHUU
WOHUBHUPYIOIIET0 U3JIyuyeHus (MOTOKa Pa3IMUHBIX
yacTuil: GOTOHOB, IIPOTOHOB, BJIEKTPOHOB HJIU HEM-
TPOHOB), CIIOCOOHOTO 0OPA30BBIBATH BJIEKTPUUECKHU
3apsi’KeHHbIEe MOHBI (OTCIO/Ia €r0 Ha3BaHUE «HOHH-
3UpPYIOIee») U MepefaBaTh SHEPTUIO KJIETKAM TKa-
HeH, yepes KOTOPhIe OHO TPOXOIUT. M3IyueHue BO3-
JIECTBYET Ha KJIETKH, IOBPEXK/IAST UX TeHETHUECKUH
MaTepPUA ¥, TAKUM 00pa30M, JIUIIAS UX CIIOCOOHO-
CTU K POCTY ¥ IIposiudepanuu; OTHAKO OHO BO3/IeH-
CTBYeT Ha BCe KJIETKHU, IMO3TOMY JIydeBas Teparus
BPEIUT KaK 3JI0KAYECTBEHHBIM, TaK U 370POBBIM
KJIeTKaM. 3/I0pPOBbIe KJIETKH UMEIOT OOJIBIINH perma-
PATUBHBIN MTOTEHIHAJ 110 CPABHEHUIO C PAKOBBIMHU
KJIETKaMH, TeM He MeHee BaKHeHIasa 3a1aua jryde-
BOM Tepamuu COCTOUT B MPUMEHEHUH, Osarozapst
TEXHOJIOTUYECKMM HOBIIECTBAM, MAaKCHMAaJIbHOH
JTO3bI MBJIyUeHHUS K PAKOBBIM KJIETKAM IIPU MHUHU-
MaJIbHOM BO3JIEHCTBUH Jla’ke Ha TpHJIeKallie 3/10-
pOBBIE TKaHU.

B GoJIbIIIMHCTBE CITy4YaeB JIydyeBoe BO3JIEHCTBUE
Ha OTyXO0JIb MPOUCXOAUT IUCTAHIIMOHHO C TIOMOIIBIO
CIIeNMaJIbHOM almapaTypbl, KOTOpas HaIpaBJIseT
BBICOKOYHEPTETHYECKUE YUK — HCTOUHHUK H3JIy-
YeHUs] HAXOJUTCS CHAPY’KH; B HEKOTOPBIX CIydasix,
HAIpUMep IPH pake IPOCTaThl, Korja Tpebyercs

patient to provoke in vivo immune response, this is
known as the adoptive cell transfer (ACT). Despite
being promising and showing great results, this ap-
proach, however, works only on specific cancers and
not all types, hence the focus on the development of
ACT strategies using modified patient-specific
T cells that carry genetically engineered antigen re-
ceptors in the form of either native engineered T cell
receptor (TCRs) or chimeric antigen receptors
(CARs). The idea for the TCRs approach arose from
the fact that not all patients have T cells that have
already recognized their tumors due to defective an-
tigen presentation or other factor, thus taking T cells
from patients, but instead of just activating and ex-
panding the available anti-tumor T cells like with
the classic ACT strategy, here the T cells can also be
equipped with a new receptor that enables them to
target specific cancer antigens enabling targeted
therapy. The CARs approach on the other hand re-
volves around equipping the T cells (and in newer
trials natural killer cells — NK) with synthetic recep-
tors to overcome the biological limitations of the an-
tigens needing to bounded by the major histocom-
patibility complex (MHC) to be recognized by the
immune cells [48].

— Therapeutic vaccines: vaccination against tu-
mor initiation-involved viruses can provide a pre-
cautionary measure against cancer. This is known as
“Preventative vaccines” that help in the prevention of
cancer, the revolutionary approach however, in-
volves engineered vaccines that stimulate an im-
mune response against cancer — “Therapeutic vac-
cines”. By acting against both tumor-specific anti-
gens (TSAs) and tumor-associated antigens (TAAs)
these engineered vaccines can provoke an immune
response by stimulating the immune system to rec-
ognize and destroy tumor cells presenting said anti-
gens. Another promising and novel approach re-
volves around the activation of anti-Treg cells (anti-
regulatory T cells), this enables the immune system
to bypass the immune suppression induced by the
cancerous cells in the tumor microenvironment

[9, 48].

Why conventional treatments fail

Despite coming along way, despite all the tech-
nological advancements, and despite all the efforts of
oncologists, research centers and philanthropists,
cancer therapeutics remains the treatment with the
lowest clinical trial success rate of all major diseases.
This is in one part to the inability of conventional
treatments (surgery, chemotherapy and radiation) to
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CTaH/AAPTHOE MPO/IOJIKUTEIPHOE JIeueHne Ju00 1o-
KazaH THOBTOPHBIM KypC JIy4eBOUM Tepamuul, UCTOY-
HUK WU3JIyYeHUs] BBOAUTCS HEIIOCPEJCTBEHHO B CaM
opras (mmpocrary), 3TO Tak Ha3bIBaemasi Opaxurepa-
IUsT; B IPYTUX CIIydasX MPUMEHSETCs Tepamnus, u3-
BecTHas KaK PAIION30TOITHAS, KOTOPAs OApa3yMe-
BaeT MHBEKIIUIO PAJMOAKTUBHOTO (apMIpenapara,
IIeJII0 KOTOPOTO SIBJISIETCS OIpeJieJIEHHAsT TKaHb,
HanpuMep IIUTOBUAHOM JKeJIe3bl.

YuuTeIBasg, YTO JIydeBasd Tepanus HAHOCUT
0OJIBIIION BpeZ] 370POBBIM TKAaHAM, WHHOBAIIUU U
TEXHOJIOTUYECKUE TOCTHKEHUS, TIO3BOJIAIONINE MU-
HUMU3UPOBATH BIWAHNE U3JIydYeHUs HAa OPTaHU3M,
BOCTpeOOBaHBI U IPOKJIA/IBIBAIOT IOPOTY HOBBIM Me-
TOIMKAM, CPEU KOTOPBIX:

— @®pakiuoHHaA JydeBas Tepamnusa: HeoOXoau-
Masi o0Iast A03a pajiualiuu IeJIUTCSA Ha HECKOJIbKO
03 — (paknuii. Pexxumbl GpakIMoOHHON Tepamuu
3aBUCAT OT TUIIA, XaPAaKTEPUCTHK, CTA/TUH OITyXOJIH, a
TaKKe YyBCTBUTETHLHOCTH OKPY?KAIOIUX ee TKaHeH.

— 3D-xoudopmuas syueBas Tepamus (3D
CRT): ara TexHosorusi, peayimsyeMasi 10/l KOHTPO-
sem KT-Busyanusaruu, MO3BOJISIET MaKCHMAaJIbHO
TOYHO BO3ZEHCTBOBATH HA MOPAXKEHHYIO TKAHb, HE
[IPUYNHAA yIepO OKPYKAIOITUM TKAHIM.

— JlyueBas Tepanus ¢ MOAYJIUPOBAHHON UHTEH-
cupHOCThIO (IMRT). Mcnosip30BaHrEe KOMITBIOTEPH-
3UPOBAHHBIX JIMHEHHBIX YCKOPHUTEJIEH IT03BOJISET
KOHTPOJIIPOBATh MHTEHCUBHOCTD JIyUEBOTO MOTOKA
u 06ecreunBaTh IMOJIyIEHUE T03bI OIyX0JIbI0 HETpa-
BWIbHOU (OpMBI, n3beras BO3JIEHCTBUS HA 3710pO-
BbI€ TKaHU.

— Crepeorakcuyeckas jiydeBas tepamnus (SBRT).
Omnmpaercsi Ha NPEIIECTBYIOIINE TEXHOJIOTHIECKIE
JTIOCTH)KEHUST; OCHOBBIBAETCSA HA MPENU3UOHHOM 00-
JIy4eHUU OYeHb BBICOKIMU WH/IUBU/TYAIbHBIMU 1032~
MU PaJiany, IOJieJIEeHHBIMU Ha OIPeZieIeHHOE KO-
JnyecTBo ceaHcoB. SBRT mo3BosisieT BO3/1eHCTBOBATD
Ha MeJIKHe, C YeTKMMH KOHTYpaMU IEPBUYHbBIE U
OJIUTOMETACTAaTHYECKUE OITyXOJU B JIFOOOM 4YacTHh
Tesa.

JlyueBas Tepamus NpUMEHsETCA HE TOJIBKO B
KadyecTBe CaMOCTOATEJIbHOTO MeTO/Ia JIeYeHUs B OH-
kosorur. OOBIYHO OHA WCIOJIB3YETCS KaK abIo-
BaHTHAS TEPAIUs IIOCJIe XUPYPTHUUECKUX OIlepPariHil
WIN XUMHUOTepaNuH, KOIZla UX CaMOCTOSATEIbHOE
MpUMeHeHHe He TMPEeICTABIISAETCS TOCTATOUHBIM ISt
usjieueHus. J[pyruM OPUHIUIHAJIBHO HOBBIM Ha-
[IpaBJIeHUEM JIyIeBOH TEPAINH SBJISETCA €€ HUCIIO0Ib-
30BaHUE B KOMILIEKCE C XUMUOTEPANeil — OHO U3-
BECTHO KAaK XUMHUOJIyUYEBas TEPANUsi, ITOCKOJIbKY
UMeIoIHecs Y HUTOCTATUKOB 3G dEKTHI TPOSBIIAIOT-
cs TIOCJIe BO3/IEWICTBUS HBJIyUEHHSA. DTO KacaeTcs
MECTHOTO ITPUMEHEHUI XUMUOTEPATIHH [44].

completely eradicate cancer, even if few tumor cells
survive, their nature gives them the ability to prolif-
erate again, and cancer will reemerge, even though
immunotherapy shows great promise to deal with
this problem, the fact of the matter is that the ap-
proaches of this type of treatment are in the early
stages and more clinical trials are needed for the in-
corporation of this treatment method [46—49]. To
make matter worse, this survivability issue is ampli-
fied by the fact that tumors possess cytogenetically
different clones that arise from the initial trans-
formed cell after undergoing further genetic altera-
tions, this heterogeneity results cancer cells behav-
ing differently and vary widely in their response and
sensitivity to radiation and to the different kinds of
cytotoxic drugs, making clinical management diffi-
cult [19, 49].

Due to their genetic instability cancer cells can
develop treatment resistance and it gets even worse
as in a lot of cases it is a “multidrug resistance” even
for drugs these cells have never been exposed to, this
is correlated with the amplification of a part of the
genome that contains a gene called MDR1. This gene
codes for a plasma-membrane-bound transport
ATPase, which, if overproduced, can prevent the in-
tracellular accumulation of certain lipophilic drugs
by pumping them out of the cell [49].

Another big reason and one of the most treat-
ment failure causing properties of cancer is its meta-
static nature. Metastasis renders almost all local
therapies useless, and furthermore the ability to me-
tastasize in a stealthy manner hinders the accuracy
of diagnosis and the ability to determine the right
treatment plan [50].

CONCLUSION

The search of cancer cures is very difficult but
the situation is not entirely hopeless, our under-
standing of cancer increases by the second, and new
technological advances are always on the horizon,
one in particular carries with it a great promise to
revolutionize cancer treatment field, as well as pleth-
ora of other biology and translational medicine: the
CRISPR/CAS system (clustered regularly inter-
spaced short palindromic repeats — CRISPR associ-
ated proteins).

This paper does not contain any studies involv-
ing animals or human participants performed by the
authors.
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HmmyHnomepanua. Xupyprudeckoe JedeHUe,
XUMUO- U JIy4eBas Teparus UMeIT HECKOJIBKO 00-
IIUX XaPaKTEPUCTHUK, CPEAU KOTOPBIX — IIUPOKOE
IIpUMeHeHNe B OHKOJIOTUN U HecHelupUIHOCTD Jie-
4eOHOTO BO3/EHCTBUS, HANPOTUB, UMMYHOTEPATIIHSI
paka mpencTaBiseT cOO0H HEM3MEHHBIA IIPUMeEp
MPENU3UOHHON (IIepCOHATM3UPOBAHHOM) OHKOJIO-
ruu. [To cyTtu, 5TOT MeTOA JieueHusI MOXKHO OTIpefie-
JIUTHh KaK MOMOIIb UMMYHHOU CHUCTEME WJIU ee Ha-
cTpo¥ika st 60pb0ObI ¢ pakoM. Ve UCIoIb30BaHus
UMMYHHOI CHUCTEMBI /1J1s1 60phOBI C pAKOM BO3HHUKJIA
eme B XIX B., KOT/1a ydeHble OTMETHIIN CIIOHTAHHYIO
PErpeCCHI0 OIyXO0JIeH MOCsIe IEPEHECEHHOU TTOBEPX-
HOCTHOU MH(}EKITUN KOXKW; BHOBb 9Ta U/l BO3HUK-
sa B XX B., HO IO-TIPEXKXHEMY OBLIO TPY/THO KOHTPO-
JINPOBaTh UMMYHHBIE TIPOIECCHI U YIIPABJIATh UMHU.
Vike B HacTosIee BpeMs, Oyaromapsi Iporpeccy B
IIOHUMAHUN MEXaHW3MOB WMMYHHOHM 3aIllUTHI, B
YaCcTHOCTH, CIIOCOOHOCTH BPOXKJEHHOTO UMMYHHUTE-
Ta UIeHTU(GUITIPOBATH U 3aTEM SJIMMUHUPOBATD Pa-
KOBBIE KJIETKH, a TaKXKe Oyarosapsi pa3BUTHIO TEX-
HOJIOTUH, MOABUJIOCH HAIIPaBJIE€HUeE, IT03BOJIAIOIIEE
MIOBBICUTH BHKMBAEMOCTD U KAUeCTBO »KU3HHU MaIu-
€HTOB OHKOJIOTHYECKOTOo pobuis [45—47]. Ummy-
HOTepAaINus BKIYAET 4 MOAX0/1a:

— WurubupoBaHue KOHTPOJIBHBIX TOYEK HM-
MYHHOTO OTBeTa. II13BECTHO, UTO OJHUM H3 OCHOB-
HBIX CIIOCO0OB, IO3BOJISIOIINX PAKOBBIM KJIETKAM
n36ekaTh YHUYTOXKEHHUSI WMMYHHOH CHCTEMOH —
5TO UMMYHOCYIIPECCHUsI, CBSI3aHHAS C IOBBIIIEHUEM
ypoBHA peryaaTopHbix T-mumdonutos. Iloaxon
OCHOBAaH Ha WHTHOWPOBAHWHU BHYTPEHHUX PETyJIs-
TOPHBIX MEXaHU3MOB UMMYHUTETA, YTO CIIOCOOCTBY-
€T MOBBIIIEHNI0 UMMYHHOT'O OTBEeTa Ha PAKOBYIO HH-
Ba3MHIO.

— IuToKMHOTEpanus: PAaKOBbIE KJIETKH OKa3bI-
BAIOT aKTUBUPYIOIIlee BIUSHUE HA CBOE MUKPOOKPY-
JkeHHe (CTpoMy, KPOBEHOCHBIE COCYAbI, IMMYHHbIE
KJIETKU), YTO TIOJIOJKUTEJIPHO CKA3bIBAEeTCA Ha pas-
BUTHH OITyXOJIU U ABJIsAETCA 00s3aTeIbHBIM YCIOBU-
€M OITyX0JIEBOH MPOTPECCUM U MeTacTa3upPOBAHUS.
OcHOBa 3TOTO IPOIECCA — COTIACOBAHHOE CUTHAIIb-
HOE B3aNMOJIeCTBHE MEXKAY OIIyX0JIeaCcCOIIMUPO-
BaHHBIMU HerTpoduaamu (TANS), omyxosieaccomu-
npoBaHHBIMH Makpodaramu (TAMs), mumdoungHbI-
MH KJIeTKaMu BpokaeHHoro mmmyHurera (ILCs),
CYIIPECCOPHBIMU KJIETKAMU MHUEJIOUTHOTO MTPOUCXO-
sknerus (MDSCs), TyaHbIME KjieTkamu, T-1uMdo-
nuramMu U NK-kjieTkamu, IpOAyIUPYIOIIUMU pas-
JinuHble (PAKTOPHI, TAKKME KaK SH3UMbI, XEMOKUHBI U
OUTOKUHBI, KOTOPBIE CIIOCOOHBI CTUMYJIUPOBATH aH-
TUOTEHE3 U CJIY>KUTD J[palBEpaMM OIyXOJIEBOH IIPO-
rpeccud. J[aHHBIN TepameBTUUYECKUN IOAXO0]T OCHO-
BaH HA IPEPHIBAHUU OMUCAHHOTO JUHAMUYECKOTO

B3aUMOJIEUCTBUA IIyTEM WHBEKIUH PACCIUTAHHOU
JI03bI IIUTOKUHOB, YTOOBI CTUMYJTUPOBATH UMMYH-
HYyI0O aTaky W YHHUYTOXKEHHE OIYyXOJIEBBIX KJIETOK
[48].

— Krnerounas tepanusi. HOBBIN M 10CTaTOUYHO
MEPCIEKTUBHBIN 1M0AX0/1. OCHOBAaH Ha KyJIBTUBUPO-
BaHUHM W30JMPOBAHHBIX WHOUIBTPUPYIOIIUX OILy-
xoJib auMdonuToB (TILS), BbIIeJIEHHBIX U3 HUMEI0-
meucs: omyxoyu. KyJIbTUBHPOBAHHE BBITIOTHSAETCS
coBMecTHO ¢ IL-2, ¢ TeM 4TOOBI 00ecneanuTh POCT U
mponudepanuio KJIeToK ex vivo, AJ1s1 TIOCIEAYIOETO
BBEJIEHUS CYOIIOIYJIAIUU JAEAINIUXCA KIETOK B 0Uar
omyxoJiu nmanuenTa. bosabmoe konnuectso TILs BBO-
JIUTCS TMAIMEHTY, YTOObI BHI3BATh HMMYHHBIH OTBET
in ViVO — 3TOT TPOILIeCC MOJIYUIJI Ha3BaHUE «aJ[OTI-
TuBHBIA TlepeHOC T-mumoruros» (ACT). Hecmo-
TPSI Ha OTPe/IeJIEHHbIE YCIIEXU B IPUMEHEHUH 3TOTO
MOJX0/1a, CJAeAyeT OTMETUTb, YTO OH 3(dQeKTHUBeH
IIpY JIEYEHUH HE BCeX BUIOB paka. Ciie/ICTBHEM 3TO-
ro cTajia pazpaboTKa cTpaTeruii a[ONTHBHON UMMY-
HOTepAaIuy, MPEe/INoIaraoiux co3Tanne Moaudu-
IIMPOBAaHHBIX MalHeHT-ceuGuIHbIX T-1uMdoru-
TOB C T€HETUYECKU MOAUDUIIMPOBAHHBIMU AHTUTEH-
HBIMU pelleNTOPaMU, KaK HATUBHBIMHY TPAHCTEHBIMU
penentopamu T-xirerok (TCRs), Tak ¥ TpaHCT€HHBI-
MM XHMEPHBIMU AHTUTEHHBIMH PperenTopamMu
(CARs). CyTb 3TOH TEXHOJIOTUHM COCTOUT B CJIEJTYIO-
meM: u3-3a JAedEeKTHOU Ipe3eHTalld aHTHTeHa
b0 JeHCTBUA JIPYTUX HEraTUBHBIX (DAKTOPOB He
Bce T-TUMOOIUTHI CIOCOOHBI PACIIO3HABATH OIYXO0-
JIeBble KJIeTKU. [103TOMYy y mammeHTa U3BJIEKAETCS
yacTh T-TUM@OIUTOB U 3aHOBO MY BBOJITUTCS, TOJIb-
KO yKe B MOIU(PUITUPOBAHHOM BH/IE, C TPAHCTEHHBI-
mu CARs, KOTOpBIe T03BOJIAIOT T-1uMPOIUTY TOUHO
pacmo3HaBaTh OITyX0JieBble KjIeTKu. Kpome Toro, B
paMKax IMOAXo/la K Tepamuu C HCIO0JIb30BaHUEM
T-nmumdonutoB ¢ CARS npeinpruHUMAIOTCA TOIBIT-
KU CO3/IaHUs PelnenTopoB (B HOBEHIIUX HCC/IeI0BaA-
Husax — g NK-kineTok, KuwiepoB), Osaropaps
CUHTETHYECKHM PELEeNTOpaM IIPE0/I0JIEBAIOIIUM
OmoJIOTHYECKHEe OTrpaHUYEeHHUs B pAaCIO3HABAHUU
AHTUTEHOB, IIPE/ICTABJIEHHBIX TJIABHBIM KOMILIEK-
coMm rucrocopmectumoct (MHC), kjeTtkamMu HM-
MYHHOI cucTeMblI [48].

— Bakuunorepanud. BaknuHanuga npoTuB BU-
PYyCOB, TOTEHIIUAIHLHO HPUBOJAIINX K Pa3BUTHIO
OITyXOJIEU, SIBJISIETCSI TPEBEHTUBHBIM MEPOTPUSATH-
eM. Takue BakIIHBI HA3bIBAIOT MPO(PUIAKTUUECKH-
mu. Ho ecth 1 60Jiee coBpeMeHHOe HallpaBjIeHUE, B
paMKax KOTOPOTO pazpabaThIBAlOTCsS BaKIIMHBI, KO-
TOpbIE He IPEIOTBPAINAIOT Pa3BUTHE OIyXOJeH, a
CTUMYJIUPYIOT HIMMYHHBIA OTBeT. JleHCTBYS HA MH-
IIeHU — oIyxoJiecrenuduunbie aHTUTeHbI (TSAS) u
OITyXOJIeaccoluupoBaHHble aHTUTeHbl (TAAsS), Ta-
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KHe BaKIMHBI BHI3bIBAIOT UMMYHHBIH OTBET, II03BO-
JISTIONAH PACIIO3HATh U YHUUTOXKUTD PAKOBBIE KJIET-
Ku. /Ipyro¥ mepcrneKTUBHBIHA MTOAXO7, IPEII0IaraeT
aKTHBAIUIO aHTUPETYIATOPHBIX T-KJIETOK, YTO IO-
3BOJIUT OpPTraHU3My U30eKaTh HWMMYHOCYIIPECCHH,
WHIyIUPYEMOH PAKOBBIMU KJIETKAMH, B MUKPO-
OKPYKEHUH 3JIOKAYECTBEHHOU ommyxoiu [9, 48].

HpI/I‘-II/IHI)I HEyJadg B KOHBeHHI/IOHaJIbHOﬁ
TEépanmnuu paxKa

HecMoTpst Ha mPOJOKAIOIIHECs HCCIeI0Ba-
HUA B 00JIaCTH TepAUU PaKa, TEXHOJIOTHUYECKUH
MIPOTPECC U YCUJIHs, TPeATTPUHIMaeMble OHKOJIOTa-
MH U OOIIEeCTBEHHOCTHIO, BCE MPUMEHSIEMOE JIeUue-
HUe TIPU PaKe MO-TIPeKHEMY MMeeT caMble HU3KHE
mokazaresu 3GQGEKTUBHOCTH B KJIWHUYECKUX HC-
IIBITAHUAX CPEJIN BCEX OCHOBHBIX Oosie3Hed. He cy-
IIIECTBYET FapaHTUH, UTO JIIOO0H M3 U3BECTHBIX Me-
TOZIOB TEPAMTHHU paKa (XUPYPTUUYECKUN, XUMHO- WU
JlydeBasi TePAIKs) MOKET IMOJHOCTHIO YHUUTOKUTh
BCe PAKOBbIE KJIETKH. J[aske ecyiu mocjie IpoBeieH-
HOTO JIEUeHUsT BbIXKUJIA MUHUMAJIbHAS MOy IS
3JI0KaUYE€CTBEHHBIX KJIETOK, B CHJIYy CBOEH IPHPOIbI
OHU CIIOCOOHBI BHOBb HayaTh Iposirdepalinio, uTo
MPUBEJIET K PEIUAUBY. Bosbliive HaIeKabl BO3JIa-
raloTCs Ha PEBOJIIOIMOHHOE UMMYHOTEpAIeBTHYe-
CKOe HalpaBJieHNe, HO UCCIe0BaHUs B 3TOH 001a-
CTH HAXOJATCS ellle Ha HAayaJbHOU CTaJNH, a pas-
pabaTbiBaeMble METOJ(bI HY’KJAIOTCS B IIOATBEPIK-
JIEHUU Pe3yJIbTaTOB B X0/l JAJIbHEHIINX KIMHUYE-
CKUX HCCIIeJIOBAHUH [46, 47, 49]. CuTyamus ycyry-
GJ1s1eTCsA elle U TeM, UYTO M3HAYaIbHO TpaHCcHOopMu-
poBaHHAas KJIeTKAa HMeeT I[UTOTeHETHYECKH pas-
JIMYHOE TTOTOMCTBO (KJIOHBI), YTO OOBSCHSETCS TIO-
CIEAYIONIUMH Te€HETUYECKUMU ITOBPEKIECHUSIMHU.
Takas reTepOTeHHOCTD MOMYJISAIUK 3JI0KAYeCTBEH-
HBIX KJIETOK IIPUBOJUT K TOMY, UTO PAKOBbIE KJIETKH
[I0-pa3HoOMy BeAyT cebsi, OHU 3HAYUTEJHHO OTJIH-
YaTcs CBOUM OTBETOM U UYBCTBUTEIHHOCTHIO K JIy-
YeBOMY BO3/IEHCTBHIO U PA3HBIM BHAM ITUTOTOKCH-
YeCKHUX JIEKAPCTB, YTO KPalHe OCJIOKHSIET TEPATIHIO
[19, 49].

BcenencTBue reHeTUUECKON HECTaAOMTBHOCTH pa-
KOBBI€ KJIETKH MOTYT BhIPA00TATh PE3UCTEHTHOCTH K

CIINCOK JIUTEPATYPbI

1. Cavenee W., White R. Anomalies génétiques et can-
cers // Pour la Science. 1995. Vol. 211. P. 60—68.

2. Paul S., Régulier E. Bases moléculaires de l'onco-
genese// Ann. Biol. Clin. 2001. Vol. 59. P. 393—402.

3. Favrot M.C. La cellule cancéreuse // Rev. Prat. 1997.
Vol. 47. P. 1029-1036.

4. Diaz-Cano S.J. General morphological and biological
features of neoplasms: integration of molecular fin-
dings // Histopathology. 2008. Vol. 53. P. 1—-19.

IIPOBOJIUMOMY JIEUEHHUIO U, H0JIee TOro, B HEKOTOPBIX
cIy4yasx pa3BUBaEeTCs MHOXKECTBEHHAS JIEKAPCTBEH-
Hasl yCTOUYHUBOCTB, TKE K JIEKAPCTBAM, C KOTOPBIMH
5TH KJIETKU He BCTPeYaINCh IIpex/ie. ITOT heHoMeH
CBSI3aH ¢ aMIUTU(UKAIFEN TOW YacTh TeHOMa, B KO-
TOpOU HaxouTcsi reH MDR1. TOT reH OTBETCTBEHEH
3a MexaHu3M AT®-3aBrcUMOro TpaHcMeMOPaHHOTO
ImepeHoca, KOTOPBIM, NPU  TUIEPIKCIIPECCUU
P-rimukonporenna, koaupyemoro resoM MDR1, BbI-
BOJUT U3 KJIETKU HEKOTOpble JTUIO(pUIbHBIE JIeKap-
CTBEHHBIE CPEJICTBA, MPENATCTBYS UX aKKyMYyJIAIUA
[49].

Ipyras BakHasd NPHUYUHA, JOCTATOYHO YacTo
MPUBOAAIIAA K HEyZlauaM B TEpPAlMU pakKa, 3aKJIio-
JaeTcs B CIIOCOOHOCTH OIyXOJIM K METACTa3HpOBa-
Hulo. Hasmuue MeTacTasos JiesiaeT IOYTU Bce BUJbI
MECTHOTO JieueHHUsI Oecrioie3HbIMU; 60Jiee TOro, TEH-
JIeHITUA K JJATeHTHOMY MeTacTa3uPOBAHUIO NIPeIAT-
CTBYET TOUHON IIOCTAHOBKE JIMar€o3a 1 He I03BOJIA-
€T COCTaBUTh KOPPEKTHBIN ILJIaH JIeueHus [50].

3AK/IIOYEHME

[Touck 3¢ deKTUBHOrO JieueHUss MPOTUB paka
IIpeZICTaBJIsIETCS KpaliHe CI0KHOM, HO, HajieeMcsl, He
OesHazmexxHoU 3azavyed. Hamm mnpencraBieHus o
IIpUpO/ie PaKa U MeXaHU3MaX ero Pa3BUTHUS IIOCTO-
SIHHO PaCIIMPSIOTCSA, pa3pabaThlBaIOTCs HOBBIE TEX-
HOJIOTUU, KOTOPbIE MOTYT OBITh BHE/IDEHBI B KJIMHU-
YecKyro MpakTUKy. OHU U3 HUX CBA3AHBI C IIPOPHI-
BaMU B TEPAIUU, IPYTHE — C OTKPBITUSIMHU B MOJIE-
KYJIIpDHOI OMOJIOTUY Y TPAHCIIAIIMOHHON MeTUIIITHE
(peyn uzeT 0 KJ1acTEPHOM CUCTEME KOPOTKUX ITaJIMH-
apomubix moBTOpoB (CRISPR) ¢ CRISPR-accomuu-
poBanHBIM O6estkoM 9 (Casg) ¢ peryIapHbIMH HHTEP-
BaJIaMU KaK MOIIHOU IU1aT¢dopMe /IS PEAAKTUPOBa-
HUS TeHOMa, HapyIIeHUH TPaHCKPUIIIINHU, SITUTeHe-
THYECKOH MOAYJIAIIUY U BU3YAJIU3aI[UN TEHOMA).

JTa cTaThsl HE COAEPIKUT BBITTOJTHEHHBIX aBTO-
paMu HCCIEOBAaHUN C YIAaCTHEM S>KHUBOTHBIX WJIN
JIIofe.

KondaukT nHTEpEeCOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JINKTA HHTEPECOB.
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