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AHHOTAIIUA

TTOIIBITKY OTIPEETUTh OHOJIOTHYECKOE TIOBE/IEHIE OITyX0JIel ObLITH HEOTHEMJIEMOH YaCThIO UCCIIEIOBAHUIN B OHKOJIOTHH B
TeYeHUe MTOUTH 100 JIEeT. 3a ATOT MePHo7, OBLIO POBEJEHO MHOKECTBO PAbOT 10 OIeHKe IEHHOCTH OT/IeJIbHBIX (DAKTOPOB,
BKJTIOUAOIIUX KaK KJIMHUYECKYI0 HHGOPMAIHIO O MaI[ieHTe, TaK U MaToMop¢oIornyecKre 0COOEHHOCTH CTPOEHUS OILy-
X0U. BpUTH TIpe/yioskeHbl M MOAUGbUIIMPOBAHBl PA3IHMUYHbIE CUCTEMbI, KOMOMHUPYIOIINE BCEBO3MOKHBIE COUETAHUS
XapaKTePUCTUK HOBOOOPA30BaHUS U AIIUEMUOIOTHYECKIX TapaMeTpoB. Takum 06pa3oM, MOIX0/IbI K IPOTHO3UPOBAHUIO
OMOJIOTHYECKOTO TIOBEJIEHUS OIyX0JIel MOXKHO YCJIOBHO Pa3/IeJIUTh Ha /{BAa THIA: TIEPBBIH — aHAJTUTUYECKUH MOXOM —
OCHOBAaH Ha BBISIBJIEHUH OT/EIbHBIX MOP(OIOTUUECKHUX WU KINHUYECKUX (PaKTOPOB, BIUSIONINX HA TEUEHHE OIyX0JIe-
BOT'O ITPOIIeCca, ¥ BTOPOH — CHCTEMHBIH ITO/IX0/T, 3aKTFOYAIOIIHUICA B 00be/ITUHEHUN HECKOJIBKUX CBSI3aHHBIX M B3AaUMOJIEH-
CTBYIOIIUX MEK/y COOOU MPU3HAKOB B €UHYI0 MPOTHOCTHYECKYIO MOjiesb. CyIlIecTBYIOIIHEe CUCTEMBI KaaccupUKaIuu
OTyX0JieH Mayieku OT coBepliiieHcTBAa. TeM He MeHee 00lllee MHEHUE MATOJIOTOB, XUPYProB U KIUHUYECKUX OHKOJIOTOB
COCTOUT B TOM, UTO MapaMeTPhl, XapaKTEPU3YIOIie MPOTHO3, 3aC/Iy>KUBAIOT TOTO, YTOOBI OBITH YACTHIO CTAHIAAPTHOTO
1aToMOp¢OJIOTHYECKOTO OTUETA JIJIsi GOJIBIIMHCTBA OIYXOJIEH.
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ABSTRACT

Attempts to determine the biological behavior of tumors have been an integral part of research in oncology for nearly
100 years. During this period, many works have been carried out to assess the value of individual factors, including both
clinical information about the patient and the pathomorphological features of the tumor. Various systems have been pro-
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posed and modified, combining all possible combinations of neoplasm characteristics and epidemiological parameters.
Thus, approaches to predicting the biological behavior of tumors can be conditionally divided into two types: the first, an
analytical approach, is based on revealing individual morphological or clinical factors that affect the course of the tumor
process, and the second, a systemic approach, which consists in combining several related and interacting constitute signs
into a unified predictive model. Existing tumor classification systems are far from perfect. Nevertheless, the general con-
sensus among pathologists, surgeons, and clinical oncologists is that prognosis parameters deserve to be a part of the
standard pathology report for most tumors.

Keywords: colorectal cancer, prognosis, model, antitumor immunity, microenvironment.
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BBEJIEHUE

OpHO 13 OCHOBHBIX 337]a4 Bpaya, COIVIaCHO y4e-
HUIO MeJUITMHCKOU IIKOIBI ['Mnmokpata, sBiseTcs
JIOCTHKEeHUEe MacTepcTBa B UCKYCCTBE IIPOTHO3UPO-
BaHWA JlaJIbHEHINEro TedeHus 3abosieBaHusa [1].
CambIM Ba:KHBIM (PAKTOPOM, OIPEAESIONINM IPO-
THO3 IallieHTa C COJIMAHBIMHU OILyXOJIIMH IIOC/Ie
MIOTEHI[UATIPHO KypabeabHON PEe3eKINU, SBIISIETCS
pacnpocTpaHeHHOCTh OIIyXO0JIM, KOTOpas CBA3aHa C
BO3HUKHOBEHUEM OTZaJIeHHBIX MeTacTa30B.
Xopomio M3BECTHO, YTO CKPBITHIE (OKKYJIBTHBIE,
JIDEMJTIOIIFIE) METACTa3bl MOTYT OBITH JIaXKe Y TaI-
€HTOB IIOCJIe IIOJIHOTO XHUPYPIUYEeCKOro yZAajieHus
IIepBUYHOM OIyX0u, U 3TOT (eHOMEeH fABJIseTcs
[IPUYMHOY Pa3BUTHUS yKe ABHBIX MeTacTa3oB. [Ipu-
6JIMBUTETIBHO 20 % IMalEeHTOB C KOJIOPEKTAIBHBIM
PakoM UMeIOT CHHXPOHHBIE OT/JaJIeHHbIe MeTaCTa3bl
Ha MOMEHT o0palneHus. Penuins omyxoau B Teue-
HHe 5 JIeT IIocjie Ollepallud B BHJI€ OTJaJIeHHBIX
MeTaXpOHHBIX METAacTa30B oTMedaeTcs B 25 % CiIy-
4JaeB KOJOpeKTaIbHOro paka Il craguu u B 50—60 %
— III craguu [2]. BeposATHOCTh HATUYUS CKPBITOH
JIUCCEMUHAIIUU OITyXOJIN JIEKUT B OCHOBE HCIIOJIb-
30BaHUS CUCTEMHOU aIbIOBAHTHOU XMMHOTEPATTUH
y aI[UEHTOB, KOTOPBIM OBLIO ITPOBEJIEHO PAJIUKAIb-
HOe JieueHue IepBUYHOU ommyXoau. Db GeKTUBHOCTD
aJIPIOBAHTHON XHUMUOTEpAINY, Ha3HAYaeMoOu ¢
LeJIBI0 IIOJABJIEHUA OTJAJeHHBIX MeTacTa3oB U
yIIy4llleHUs BBIXKUBAEMOCTH, IEMOHCTPUPYETCA IpU
III craguu KOJIOPEKTaJBbHOTO paKa, HO OCTaeTcs
HeomHo3HauHOU mipu II craguu [3]. Ilamuentam c
BBICOKMM PHUCKOM CKDBITBIX METacTa30B pPeKOMeH-
JIOBAHO HA3HAYATh KyPC IIUTOTOKCHYECKON XUMIO-
Tepalluy B TedeHue 6 Mec. I'pymiia BBICOKOTO prcKa
Ha IpaKTUKe olpesesdeTcs 0 HAJIMIUI0 MeTacTa-
30B B JuM@aTuuecKux yajaax mo cucreme TNM.
ITprMeHeHUe MOCIeoNepaiOHHON XUMUOTEpAINU
YCHEINTHO CHIKAET JIETAJIBHOCTD JI0 30 U 1axe 50 %.
OpHaKO UCIIOJIb30BAHUE IOJIOKHUTEIbHBIX JuMda-
TUYECKUX Y3JI0B KaK eINHCTBEHHOH /leTepMUHAHTHI

INTRODUCTION

One of the main tasks of a doctor, according to
the teachings of Hippocrates’ medical school, is to
achieve mastery in the art of predicting the further
course of the disease [1]. The most important fac-
tor determining the prognosis of a patient with
solid tumors after a potentially curable resection is
the extent of the tumor, which is associated with
the occurrence of distant metastases. It is well
known that latent (occult) metastases can occur
even in patients after complete surgical removal of
the primary tumor, and this phenomenon is the
reason for the development of already obvious
metastases. Approximately 20% of patients with
colorectal cancer have distant synchronous metas-
tases at the time of presentation. Tumor recur-
rence within 5 years after surgery in the form of
distant metachronous metastases is observed in
25% of cases of stage II colorectal cancer and in
50—60% of stage III [2]. The likelihood of latent
tumor dissemination underlies the use of adjuvant
systemic chemotherapy in patients who have
undergone radical treatment of the primary tumor.
The effectiveness of adjuvant chemotherapy, pre-
scribed to suppress distant metastases and
improve survival, has been demonstrated in stage
III colorectal cancer, but remains controversial in
stage II [3]. Patients with a high risk of latent
metastases are recommended to prescribe a course
of cytotoxic chemotherapy for 6 months. In prac-
tice, the high-risk group is determined by the pres-
ence of metastases in the lymph nodes according
to the TNM system. The use of postoperative che-
motherapy has successfully reduced mortality by
up to 30 and even 50%. However, the use of posi-
tive lymph nodes as the sole determinant of adju-
vant therapy ignores the fact that 25% of patients
who have not had lymph node metastases never-
theless develop relapses [2]. In contrast, an unfa-
vorable outcome is not observed in all cases with
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aJIbIOBAHTHOU TEPAIITMH UTHOPHUPYET TOT (PAKT, UTO Y
25 % manueHTOB, He HMEBIIHX METAaCTa30B B JIMM-
daruuecknx ysyiax, TEM HE MeHee Pa3BUBAIOTCS
peuuguBbl  [2]. HamporuB, He6JIarONpUATHBIN
HCXOJT HAOJTIOAETCsA HE BO BCEX CITyUasaX C MOJIOKH-
TeJIbHBIMU JUM(PATAUYECKUMU y3aaMmu. [Ipumene-
HUE WH/UBUJIyaTU3NPOBAHHON OIIEHKU pHCKa
MeTacTa3uPOBAHUS MOTIJIO ObI IOMOYb PAITHOHAIH-
3UPOBATh CXeMy IIOCJIEONIEPAIlMOHHOIO BeJEHUA
maruenToB. CorracHo pekoMmeHzaanusm National
Comprehensive Cancer Network (NCCN), exxeroz-
HO€ TMPOXOXKJIEHHE KOMIIBIOTEPHOU ToMorpaduu
TOKA3aHO MaIfeHTaM M3 T'PYIIbl BHICOKOTO pUCKA
peuuanBoB. Kak oTMeuasioch BbIIIe, ONpeAeieHNe
rpynnsl pucka mno cucreMe TNM mMeeT 3HaUUTEIIb-
Hble OTPAaHUYEHU; Y HEKOTOPBIX MMAIleHTOB € KOJIO-
pexranbubIM pakoM 11 ctaguu 3a6oeBanme mpoTe-
KaeTr OJlarompusiTHee, yeM y manueHToB co I cra-
nued, u He Bce ciaydyau III crajium MMeEOT OJ(HO-
THITHO He0JIarOIPUSITHBIH MTPOTHO3.

B cBsI3u ¢ BHINIECKA3aHHBIM 3HAUUTEIHHOE KOJIH-
YeCTBO yCHJINH OBLIIO IPEJIIIPUHATO JIJIs1 pa3paboTKU
YyBCTBUTEJIbHBIX METOJUK BBISABJIEHUS CKPBITHIX
PETHUOHAPHBIX U CHUCTEMHBIX METACTA30B Y TMAI[UEeH-
TOB C KOJIOPEKTAJIbHBIM pakoM. IIporHocruueckue
MapKepbl, KOTOPbIE TTO3BOJISIOT UIeHTU(DUITTPOBATH
MMAIMEHTOB C BBICOKUM WJIM HU3KUM PHUCKOM OT/Ia-
JIEHHBIX METacTa30B, MOTYT UMETh OOJIbIIOE BIIHSA-
HUEe Ha KJIWHUYECKYI0 TAaKTHKY BeJeHUs JaHHBIX
ManueHToB, BKJIIOUasd BO3MOKHOe Ha3HAYeHUE ab-
IOBAaHTHOTIO JIeUeHUs.

AHAJINTUYECKHUI ITOIXO/T,

Ceasp Mexay Mopdosoruedl M KINHUYECKUM
IIOBEJIEHNEM OIyXOJIed U3BeCcTHa OoJjiee 4eM croJie-
THe, a BBIABJIEHHE TAaKUX KJIMHUKO-TIATOJIOTHYECKUX
KOppeIANui MOXKHO OOHapy:kuTh B paboTax
Pynonnsda Bupxosa. BriepBbie commoctaBuTh MUKPO-
CKOITUYEeCKre OCOOEHHOCTH OIYXOJIM C MX OHOJIO-
rHefl W KJIWHUYECKUM IIOBEJIEHUEM ITOIBITAJICS
Hasup Ilayns ¢dou Xauzeman (David Paul von
Hansemann) B cBoeii pabote 1897 I. « MUKPOCKOITH-
YecKas JUATHOCTHKA 3JI0KAYECTBEHHBIX OITyXOJIEH».
OJlHaKO MPOTHO3UPOBAHUE IIOBEJIEHUS OIyXOJeh
OJTHOU U TOM ’Ke JIOKAJTHU3AIUU U TUCTOJIOTUYECKOTO
THIIA OCTABAIOCH SMITUPUYECKUM 0 1920 T., KOTJa
amepukaHckuil narosor Ansbept Bpomepc (Albert
C. Broders) BmepBble OIYOJHMKOBAJ Pe3yJIbTAThI
OIIEHKU CTEIIeHW THCTOJIOTMUECKOU 3JI0KAUeCTBEH-
HOCTH IUIOCKOKJIETOYHBIX KapIMHOM TyObl [4].
Pabota Bpozepca BriepBble moKa3ajaa BO3MOXKHOCTh
C TIOMOIIBI0 MUKPOCKOIIMYECKOTO WCCIIEZOBAHUS
TKaHHU OIPENIEJIATh C BHICOKOH CTEMEHBI0 TOYHOCTH
CII0COOHOCTD OIIYXOJIU K MeTacTa3upPOBaHUIO U Pop-

positive lymph nodes. The use of an individualized
assessment of the risk of metastasis could help
rationalize the postoperative management of
patients. According to the National Comprehen-
sive Cancer Network (NCCN) guidelines, annual
computed tomography is indicated for patients at
high risk of recurrence. As noted above, the TNM
classification use for the risk group staging has
significant limitations; some patients with stage III
colorectal cancer have of more favorable disease
than those with stage II, and not all stage III cases
have a similarly poor prognosis.

In connection with the above, a significant
amount of effort has been made to develop sensi-
tive methods for detecting latent regional and sys-
temic metastases in patients with colorectal cancer.
Prognostic markers that identify patients at high or
low risk of distant metastases can have a significant
impact on the clinical management of these
patients, including the potential for adjuvant treat-
ment.

ANALYTICAL APPROACH

The relationship between morphology and clini-
cal behavior of tumors has been known for more
than a century, and the identification of such clini-
cal and pathological correlations can be found in
the works of Rudolf Virchow. For the first time,
David Paul von Hansemann tried to compare the
microscopic features of tumors with their biology
and clinical behavior in his 1897 work “Microscopic
diagnosis of malignant tumors.” However, predict-
ing the behavior of tumors of the same localization
and histological type remained empirical until
1920, when the American pathologist Albert C.
Broders first published the results of assessing the
degree of histological malignancy of squamous cell
carcinomas of the lip [4]. Broders’ work showed for
the first time the possibility of using microscopic
examination of tissue to determine with a high
degree of accuracy the ability of a tumor to meta-
static spread, and to make a prognosis, regardless
of clinical information [5]. For several years, the
principle of assessing the histological grade has
been adapted for other anatomical localizations
and histological types of tumors. In 1936, Dr. Cuth-
bert E. Dukes applied the Broders system for the
rectum, supplementing it with a technique for
assessing the depth of invasion and the volume of
tumor spread [6]. Further studies have shown that
the joint assessment of the histological grade of
malignancy and stage in colorectal cancer has a
greater prognostic accuracy than each method sep-
arately [7]. Currently, the prognosis of the disease
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MYyJIUPOBATh IPOTHO3, HE3aBUCUMO OT KJIMHUYECKOH
nHpopmanuu [5]. 3a HECKOJBKO JIeT TPUHITUAI
OIIEHKU THCTOJIOTUYECKON CTEIeHH 3JI0KaueCTBEH-
HOCTU OBLI aIalTUPOBAH JUUISI APYTHX aHATOMHYe-
CKHX JIOKQJIU3AIUH U TUCTOJIOTMUECKUX TUIIOB OILy-
xosieii. B 1936 1. moktop Karbept /Iptokce (Cuthbert
E. Dukes) npumenun cucremy Bpojepca ajisi mpsi-
MOU KHIIIKH, JIOIIOJTHUB METOJWUKON OIIEHKH TIJIy-
OWMHBI WHBAa3UM U 00OBEeMa paCIpPOCTPAHEHUSA OIy-
xoau [6]. JlaJpHEHINNe HCCIENOBAaHUA IMOKa3aJIH,
YTO COBMECTHAsI OIleHKA CTEIeHU THCTOJIOTUYECKOMH
3JI0KAYECTBEHHOCTH U CTAUU IIPH KOJIOPEKTATBHOM
pake uMeeT OOJIBIIYIO IPOTHOCTHYECKYIO TOUHOCTb,
yeM KaxkJast MeTOIMKa 110 OT/ZeIbHOCTH [7]. B HacTo-
sIee BpeMsi MPOTHO3 3ab0JieBaHUs W HEOOXO/H-
MOCTb Ha3HAYEHUS a/TbIOBAHTHOMN TEPATIUH OCHOBBI-
BaeTcs B IIEPBYI0 OYepesb Ha maToMopdosioruye-
CKOU o1leHKe oIyxoJsiu 1o cucteme TNM c onpeziesne-
HUEM TJIyOMHBI MHBA3WHM U HAJIMYHUSA METAacTa30B B
pervoHapHbIX JuMdaTtudeckux yanax [8]. Omaako
9Ta KIaccudUKaIUsA IPEAOCTaBIIsAET JUIIb OTPAHU-
YeHHYI0 WHQOpMAIMI0 O IMPOTHO3€e, ITOCKOJIBKY
KoJie0aHUs BPIKUBAEMOCTH TAI[EHTOB C OJMHAKO-
BOU cTaaueii, B ocobernuoctH II (MecTHOpacmpocTpa-
HEHHBIA mporiecc, 6e3 MeTacTa3oB B JIMdOy3yax),
MOTYT JIOCTUTaTh 30 % [9, 10]. ¥ yacTy marueHToB ¢
pacmpocTpaHeHHBIM  mporieccoM — 3abosieBaHue
MOSKET OCTaBaThCs CTAOWJIBHBIM TOJaMH. B TO ke
BpeMs BBHIABJIEHHbIE HA paHHEH CTa[UM OILyXOJIH
MOTYT OBICTPO IPOTPECCUPOBATh U IPUBOJAUTH K
JIETAJILHOMY HCXOJTy JIasKe IIOCJIE TIOJTHOTO XUPYPTH-
Jeckoro ynaieHus [10]. J{ys ayumiet crpaTuduka-
MU pUcKa penuauBoB American Joint Committee
on Cancer (AJCC) omy0GyiuKOBas JOMOJTHUTETbHBIN
CIIMCOK TMICTOJIOTHYECKHUX MapPKEPOB, BKJIFOUAIOIIII
THUCTOJIOTHYECKUH THUII OMYXOJIH, CTEIIeHbh T'HCTOJIO-
TUYECKOU 3JI0OKAYECTBEHHOCTH, JUMQOBACKYJISIP-
HYI0 WHBa3U0, MEPUHEBPAIbHYI0 WHBA3HUIO, JIEMO0-
3UTHl OIYXOJM B KJETUATKe, SKCTpaMypaIbHYIO
BEHO3HYIO0 MHBA3UIO ¥ KOH(PUTYpaIuio omyxosiu [11].
ITepeyeHb 3HAYMMBIX THUCTOJOTUYECKHUX I1apaMe-
TPOB, PEKOMEH/IOBAHHBIX /i1 (POPMYIUPOBAHUS
IMaTOJIOT0-aHATOMUYECKOTO 3aKJII0UEHUs, COTJIAaCHO
«Krnaccuuranuyu omnyxosed IMHUIEBAPUTEIbHOU
crucTeMbl» BceMUpHOU OpraHU3amuu 37pPaBoOXpa-
HEHUs 5-TO IIepecMOTpa, BKJIFOYAET: CTENeHb Aud-
(bepeHIupPOBKH, TEPHHEBPAIHHYIO HHBA3UI0, HHTPA-
MypaJbHYIO U 9KCTPaMypPaJbHYIO COCYAUCTYIO HHBA-
3UI0, THBA3HIO B TUM(MATHUECKHUE COCYIbI, OIyXO0JIe-
BbI€ JIETIO3UTHI U MoukoBaHue [12]. CoryiacHO KJIH-
HUYECKHM pekoMmeHanussM American Society of
Clinical Oncology (ASCO), NCCN u European Society
for Medical Oncology (ESMO), 1151 aieHOKapIHOM
TOJICTOM KUIIKU K JIOKa3aHHBIM HeOJIaTONPUATHBIM

and the need for adjuvant therapy are based pri-
marily on the pathomorphological assessment of
the tumor according to the TNM system with the
determination of the depth of invasion and the
presence of metastases in regional lymph nodes
[8]. However, this classification provides only lim-
ited information about the prognosis, since fluctua-
tions in the survival of patients with the same stage,
especially ITI (locally advanced process, without
metastases in the lymph nodes), can reach 30% [9,
10]. In some patients with advanced disease pro-
cess, the disease may remain stable for years. At
the same time, tumors detected at an early stage
can rapidly progress and lead to death even after
complete surgical removal [10]. To better stratify
the risk of recurrence, the American Joint Commit-
tee on Cancer (AJCC) has published an additional
list of histological markers including histological
tumor type, histological grade, lymphovascular
invasion, perineural invasion, tumor deposits,
extramural venous invasion, and tumor configura-
tion [11]. The list of significant histological param-
eters recommended for the formulation of the
pathological and anatomical conclusion, according
to the “Classification of the Digestive System
Tumors” of the World Health Organization 5% revi-
sion includes: the degree of differentiation, peri-
neural invasion, intramural and extramural vascu-
lar invasion, invasion into the lymphatic vessels,
tumor deposits and budding [12]. According to the
clinical guidelines of the American Society of Clini-
cal Oncology (ASCO), NCCN and the European
Society for Medical Oncology (ESMO), for colon
adenocarcinomas, the proven adverse prognostic
factors include: inadequate lymphadenectomy,
perineural and vascular/lymphatic invasion, poor
differentiation, obstruction and intestinal perfora-
tion [2, 8]. Frequent morphological heterogeneity
of tumors, including the presence of sites of necro-
sis, as well as the absence of unified systems and
approaches to identifying these factors, limits the
possibility of their assessment in practice.
Vascular invasion. Extramural venous inva-
sion is an independent prognostic factor according
to the results of many multivariate studies and is
considered a direct risk factor for the development
of liver metastases [13]. Researchers distinguish two
main relevant morphological signs of extramural
venous invasion: the “orphan arteriole,” that is a cir-
cumscribed tumor nodule adjacent to an artery in a
presume vein, and the “protruding tongue,” that is a
protrusion of tumor into pericolic fat adjacent to a
well-muscularized artery [14]. In accordance with
the histological features that correlate with the risk
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IIPOTHOCTUYECKUM (hpaKTOpaM OTHOCAT: HeaJIeKBaT-
Hy10 JTUMGOTUCCEKIINIO, TIEPUHEBPAJIBHYIO U COCY-
JUCTYIO/TUM(aTUUECKYI0 WHBA3HUIO, HUBKYIO CTe-
neHb JuddepeHIupoBKH, 0OCTPYKIHIO U TTepdopa-
nuio Kumku [2, 8]. Yacras mopdosiornueckas rete-
POTEHHOCTH OIyXO0JIeH, BKJIIOUAsi HAJIMUKE YUYACTKOB
HEKpO3a, a TaKKe OTCYTCTBHE YHU(UIIPOBAHHBIX
CHCTEM W IIO/IXOJIOB K BBIABJIEHUIO YKa3aHHBIX (pak-
TOPOB, OTPAHUUHMBAET BO3MOXKHOCTh MUX OIIEHKH Ha
MIpaKTHUKE.

Cocyducmana uHeasua. IKCTpaMmypasibHasd
BEHO3Has UHBA3UsI OTHOCUTCS K HE3aBUCUMBIM IIPO-
THOCTUYECKUM (AaKTOpaM IO pe3yabTaTaM MHOMKE-
CTBa MyJIbTUBapUaOETbHBIX UCCIEOBAHUIN U CUNTA-
eTcsl MPSAMBIM (haKTOPOM PHCKA Pa3BUTHS MeTacTa-
30B B ItedeHu [13]. McceienoBaTesy BBIIEISIOT JBa
OCHOBHBIX JIOCTOBEPHBIX MOP(GOJIOTUUECKUX IIPH-
3HaKa YKCTPAaMypaJTbHOU BEHO3HOU WHBA3WU: MPU-
3HAK «W30JINPOBAHHOM apTepUH» — OYEPUEHHBIHI
y3eJ1 OITyXOJIM, TPUWIEKAIMUH K apTEPUH B MECTE
MIpe/IoJIaraeMoy BeHbI, ¥ MPU3HAK «KJIUHA» — B/a-
IOIUHCA B KJIETUATKY, 32 TPAHUIBI MBIIIEYHOH 060-
JIOUKH, KJIMH OIYyXOJIU 110 XOJTy BEHHI [14]. B cooTBeT-
CTBUU C TUCTOJIOTHYECKUMU 0COOEHHOCTSIMU, KOppe-
JIMPYIOIIMMU C PUCKAMU METACTa3UPOBAHUSA, DKC-
TPaMypaJIbHYI0 BEHO3HYIO WHBA3HIO I10JIPA3JIEJISIOT
Ha TpU BapuaHTa: (PIOTUPYIOIIYIO, 3aTIOTHSIOIILYIO 1
OKKJIIO3UBHYIO [15]. IIpu mepBoM BapumaHTe OITyXO-
JIEBBIE CTPYKTYPBI CBOOOIHO PACIIOIAral0TCs B IIPO-
CBETE COCY/Ia, COXPAHSETCS MPOCBET MEXKAY OIyXO-
JIBIO W 9H/IOTEINEM. B ciIydae MOJIHOTO 3aTI0JTHEHUSA
IPOCBETAa BEHBI C 3aMEIEHHEM HHJOTETHATIBHOU
BBICTHJIKH OTIYXOJIbIO BEHO3HYIO HHBA3UIO0 OTHOCST K
3aMOJIHAIIEMY THIYy. [IpH OKKJIIO3UBHOM THUIIE
WHBAa3WH IIPOCBET BEHBI TAK)KE IMOJIHOCTBHIO 3aIl0JI-
HEH OIIyXOJIEBBIMH CTPYKTYpaMH, HO CTE€HKA BEHBI
3HAYNTEJIbHO IIOBPEXKEHA Pa3pacTaHuAMU GUOPO3-
HOU TKaHW M BOCHAJUTEJHbHOU WHQWIbTPALHEN.
BceencTBre cTepTOCTH BEHO3HOM CTEHKH M ITOJTHOTO
OTCYTCTBHUSI IIPOCBETA TAKOW THUIl HHBAa3UHM YaCTO
OCTaeTCsl HEBBISIBJIEHHBIM IIPH OKPacKe reMaTOKCH-
JIMHOM ¥ DO3WHOM. YOEIUThCA B HAJMUUK IKCTPa-
MypaJIbHOU BEHO3HOU WHBA3UH MIOMOTAIOT TUCTOXH-
MHYECKHE METOJUKHU, TIO3BOJISIOIIHE BBISBIIATD 3J1a-
CTHUYECKHUE BOJIOKHA, COXPAHSIOIINECS B COCYAUCTOM
cTeHKe [14]. Y manueHToB ¢ KOJIOPEKTATbHBIM PAKOM
omnpeziesieHre BEHO3HONM MHBA3UU — JIYUIIIHH METO/
MIPOTHO3UPOBAHUS BUCI[EPATILHBIX METACTa30B, HAU-
OoJlee YacTOW JIOKAIM3AIUENd KOTOPBIX SBJISETCS
neuedb. CoobIaercs, 4YTo BHKHUBAEMOCTD IAIlHEeH-
TOB C KapIIMHOMOW, BOBJIEKAIOIIEH BEHBI, JOCTO-
BEPHO HUKE, YeM y MaIieHTOB 6e3 BEeHO3HOU WHBa-
3ud [13]. OjlHaKO, HECMOTPS HA BBICOKYIO CIIEIH-
¢uyHOCTh, BOCIPOM3BOAUMOCTh NMPU3HAKA 3HAUU-

of metastasis, extramural venous invasion is divided
into three types: floating, filling, and occlusive [15].
In the first variant, the tumor structures are freely
located in the lumen of the vessel, the lumen between
the tumor and the endothelium is preserved. In the
case of complete filling of the vein lumen with
replacement of the endothelial lining with a tumor,
venous invasion is referred to as the filling type. In
the occlusive type of invasion, the vein lumen is also
completely filled with tumor structures, but the vein
wall is significantly damaged by growths of fibrous
tissue and inflammatory infiltration. Due to the
abrasion of the venous wall and the complete
absence of the lumen, this type of invasion often
remains undetected on staining with hematoxylin
and eosin. Histochemical techniques can be used to
verify the presence of extramural venous invasion,
which allows the identification of elastic fibers
retained in the vascular wall [14]. In patients with
colorectal cancer, the determination of venous inva-
sion is the best method for predicting visceral metas-
tases, the most common localization of which is the
liver. It has been reported that the survival rate of
patients with carcinoma involving veins is signifi-
cantly lower than that of patients without venous
invasion [13]. However, despite the high specificity,
the reproducibility of the sign varies considerably in
practice due to differences in the defining criteria.
Thus, according to the data of various studies, the
frequency of venous invasion is from 10 to 60%,
which leads to difficulties in analyzing the signifi-
cance of this parameter in large population studies
and including this parameter in the TNM system.
The significance of intramural venous invasion as a
prognostic factor is currently not unambiguously
assessed by researchers.

Perineural invasion. Perineural invasion is
determined by the presence of tumor structures cov-
ering at least 1/3 of the nerve circumference. Peri-
neural invasion is considered one of the independent
factors of unfavorable prognosis [16—18]. However,
different works demonstrate contradictory results on
the prognostic impact of this factor in a group of
patients with stage II colorectal cancer [19]. It is also
believed that extramural perineural invasion has a
greater adverse effect on prognosis, however, the dif-
ferences between intramural and extramural peri-
neural invasion have not been adequately studied
[18].

Budding. A large number of works are devoted
to the study of the effect of the tumor budding on the
colorectal cancer prognosis. So, in the PubMed
abstract database for the period from 1983 to 2021,
there are 552 works in this area. Budding is defined
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TeJIbHO BapbUpYeT Ha IMPAKTHKE W3-3a PA3JINYUN B
OIIpelesIAIoINX KpuTepusax. Tak, 1o JaHHBIM pas-
HBIX WCCJIEOBAHUN YACTOTAa BEHO3HOW HWHBA3WHU
COCTaBJIAET OT 10 710 60 %, UTO MPUBOJUT K 3aTPYy/-
HEeHHUAM aHaIN3a 3HAYMMOCTH 3TOTO IapaMeTrpa B
OOJIBIINX TMOMYJISAIIMOHHBIX UCCIIEIOBAHUAX U BKJTIO-
4YeHUd 3TOro napamerpa B cucreMmy TNM. 3HaueHue
WHTPaMypaJIbHOM BEHO3HON HMHBA3WU KaK IPOTHO-
cTudeckoro ¢pakTopa B HACTOsIIIIEe BPeMs OIeHUBA-
€TCsI MCCIIE0BATEIIMU He OHO3HAYHO.

IlepunespanvHas uHea3uAn. lleprHeBpab-
Has WHBA3UsS ONpeJEsIAeTcs M0 HAJTUYUI0 OXBaTa
OIyXOJIEBBIMH CTPYKTYpaMH KaK MUHHUMYM 1/3
OKDY?KHOCTH HepBa. IlepuHeBpanpHass WHBA3UA
CUHTAEeTCs OJHUM U3 HE3aBUCUMBIX (HaKTOPOB
HebaronpusATHOTO IporHosa [16—18]. OgHako pas-
Hble paboThl /IEMOHCTPUPYIOT IIPOTHBOPEUYNBHIE
Ppe3yJIbTaThl UCCIIEIOBAHUN BIUSHUS 3TOTO (haKTopa
B rpymme mnamnueHToB co II cragueil KOJIOpeKTasIb-
HOoro paka [19]. Takke cumTaercs, UYTO HKCTPAMY-
pasibHAasT TepUHEBpaJbHAs WHBA3UsA OKa3bIBAeT
OospIIuii HeGIArOmPUATHBIN 3G @EKT HA MPOTHO3,
TeM He MeHee Pa3/INJusA MeXy HHTPaMypaJbHON U
SKCTPaMypaJIbHON ITepUHEBPAIIBHON MHBa3HueH nusy-
4eHbI HeJlocTaTouHo [18].

ITouxkoeaHue. bonbloe KoJIUYecTBO paboT
MIOCBSAIIIEHO WCCJIEIOBAHUIO BJIUAHUA (eHoMeHa
IIOYKOBAHMUS OIIYXOJIEBBIX KJIETOK HA MIPOTHO3 KOJIO-
pektasipHOTO paka. Tak, B pedeparuBHOU Oase
PubMed 3a mepuog ¢ 1983 mo 2021 . HACYUTHIBA-
eTcs 552 paboThl B 3TOM o6stacTy. [loukoBaHME ompe-
JlenisgeTcd Kak HaJaudrde OJWHOYHBIX KJIETOK WU
KJIACTEPOB, BKJIIOYAIOIINX JI0 4 KJIETOK, B MHBA3UB-
HOM (PpOHTE OIYXOJIH B IpeAesiax 1.0 MM OT JIMHUH
naBasuu. [Ipeamnosnaraercs, 4To MOYKOBAaHUE OTPa-
JKaeT TPOIeCC OT/IEJIEHUsT OIYXOJIEBBIX KJIETOK HA
paHHEM »3Tame MeTacTaTUYECKOro Imporecca. Ilo
pesyJsibTaTaM OOJIBIITMHCTBA WCCIEAOBAHUHN ITOYKO-
BaHUE, 0COOEHHO €CJTH OHO BBIPAXKEHHOE, OTHOCAT K
quciry (paKTOPOB BBHICOKOTO PHCKA Y IAI[UEHTOB CO
II cragyeli KOJIOPEKTAJIBHOTO PaKa, UMEIOIUX JTAKeE
0oJiblllee MPOTHOCTHYECKOE 3HAUeHUEe IO CpaBHe-
HUIO CO CTeleHbI0 T dePEHIINPOBKH OIyX0JIH [ 20,
21]. ITpu KOJIOpeKTaIPHOM paKe IIOYKOBAHUE KOppe-
JIUPYET C MOBBIIIIEHUEM YaCTOTHI METACTA30B B JIUM-
doysnax, OTHATEHHBIMU MeTacTa3aMH, MeCTHBIM
penuuBUPOBAaHNEM U HUBKOH BBDKUBAEMOCTBHIO
[22]. ITo aToi mpuunHe MexkIyHapOAHBIH IPOTHUBO-
pakoBbiii coio3 (Union for International Cancer
Control — UICC) orHec HmOYKOBaHHWE K JIOIOJIHU-
TEJIbHBIM IPOTHOCTUYECKUM (paKTOpaM BbIKHBae-
MOCTH TIPH KOJIOPEKTUIBbHOM pake [23]. i craH-
JIapTU3alUH OIeHKU IIOYKOBAHUA B KOJIOPEKTAJIb-
HBIX a/ICHOKAPIMHOMAX B 2016 T. COCTOSIICS MEXKIY-

as the presence of single cells or clusters of up to
4 cells in the invasive tumor front within 1.0 mm of
the invasion line. It is assumed that budding reflects
the separation of tumor cells at an early stage of the
metastatic process. According to the results of most
studies, budding, especially if it is high-grade, is con-
sidered a high risk factor in patients with stage II
colorectal cancer, having an even greater prognostic
value compared to the histological grade of tumor
[20, 21]. In colorectal cancer, budding is correlated
with an increased incidence of lymph node metasta-
ses, distant metastases, local recurrence, and low
survival [22]. For this reason, the Union for Interna-
tional Cancer Control (UICC) has classified budding
as an additional predictor of colorectal cancer sur-
vival [23]. To standardize the assessment of budding
in colorectal adenocarcinomas, an international con-
sensus took place in 2016, which determined the cri-
teria for assessing this indicator [21]. Traditionally,
in colorectal cancer, budding is considered a mor-
phological manifestation of the epithelial-mesenchy-
mal transition (EMT) phenomenon in the invasive
tumor front [24].

EMT is a biological process in which a polarized
epithelial cell, which usually interacts with the
basement membrane through the basal surface,
undergoes multiple biochemical changes, allowing
it to adopt the phenotype of mesenchymal cells
including enhanced mobility, invasion, resistance
to apoptotic stimuli and a significant increase in
production of the extracellular matrix components.
The completion of EMT is evidenced by degradation
of the underlying basement membrane and forma-
tion of a mesenchymal cell, which can migrate from
the epithelial layer where it originated. During
EMT, the following main events occur: loss of api-
cal-basal polarity by malignant epithelial cells due
to disruption of tight intercellular junctions and
loss of intercellular adhesion molecules such as
E-cadherin and integrins; remodeling of the cyto-
skeleton with the redistribution of actin fibers under
the cell membrane, which will further ensure the
formation of cytoplasmic protrusions; degradation
of the underlying basement membrane of the epi-
thelium, which ultimately leads to penetration into
the surrounding stromal matrix and active migra-
tion of cells that have lost their intercellular junc-
tions [25]. Although the mechanisms underlying
the epithelial-mesenchymal transition in carcino-
mas are well understood, the mechanisms that
determine the phenomenon of budding remain
unclear [26]. Despite the close relationship between
budding and epithelial-mesenchymal transition,
little is known about the molecular events that
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HAapOJHBIA KOHCEHCYC, OIPENETUBIINA KPUTEPUH
OIIEHKHU 3TOTO ToKazaTess [21]. TpaaunuonHo npu
KOJIOPEKTAJIbHOM paKe TIOYKOBAaHUE CUMTAETCS MOP-
¢omormueckum mposiByieHrEM (eHOMEHa SITUTEIH-
aJIbHO-ME3EHXUMAaTBLHOTO Ttepexozia (AMII) B mHBa-
3UBHOM (PPOHTE OIyXO0JTH [24].

OMII — 5T0 GHUOJIOTMYECKUH Ipoliece, B XOfe
KOTOPOTO MOJIAPU30BaHHAS SIIUTETUATbHAS KIIETKA,
KoTOpasi OOBIYHO B3aUMOJIEHCTBYET C 0Oa3abHOM
MeMOpaHOH depe3 06a3ayJibHYI0 ITOBEPXHOCTb, IIpe-
TepIieBaeT MHOKECTBEHHbIE OMOXUMHUYECKHE H3Me-
HEHUsI, IO3BOJISIONINE el TPUHATH (PEHOTUIT Me3eH-
XUMAaJIbHBIX KJIETOK, BKJIFOUAIONIUM IOBBIIIIEHHYIO
MHUTPAIUOHHYIO CIIOCOOHOCTD, TTO/IBUKHOCTD, TTOBBI-
[IEHHYIO YCTOUUYUBOCTD K allONTO3y U 3HAUYUTETHHOE
yBeJINYeHUE MPOJYKIIMH KOMIIOHEHTOB BHEKJIETOU-
Horo matpukca. O 3aBepiiennu DMII cBujerennb-
CTBYeT Jierpajialius mojJjiexKaniell 6a3aJibHOH MeM-
OpaHbl U 0Opa3oBaHUE Me3eHXHMAaJIbHOU KJIETKH,
KOTOpasi MOJKET MUTPUPOBATH OT SIHUTETUATHHOTO
cJi04, T7le OHa Bo3HUKJIA. B mponecce DMII mpoucxo-
JIST CJIEIYIOIIe OCHOBHBIE COOBITHS: yTpaTa 3JI0Ka-
YeCTBEHHBIMH SIHUTEIMAIbHBIMU KJIETKAMU CBOEHU
amuKaJbHO-0a3a/IbPHOM  TMOJISIPHOCTH  BCJIE/ICTBHE
HapYIIEHUS IJIOTHBIX MEKKJIETOUHBIX KOHTAKTOB U
IIOTEPH MOJIEKYJI MEKKJIETOUHOHU aJ[re3Uu, TaKHUX
Kak E-kaZrepyH ¥ MHTETPUHBI; PEMOJIETMPOBAHKE
IUTOCKEJIETa C TepepacipesieIEeHHeM AKTHHOBBIX
BOJIOKOH I10/T [IOBEPXHOCTHIO KJIETOUHOW MeMOpaHBI,
YTO B JlaJIbHENIIIEM 00ecrieduT GOPMHUPOBAHUE ITPO-
TPY3WH IHUTOIOILIA3MBI; Jlerpafaliys MoJIeKarinen
0azaJibHOW MeMOpaHBbI SIUTENTHs, YTO B KOHEUHOM
WUTOTE BEJET K IEeHeTPAIluUd B OKPY:KAIOIUH CTPO-
MaUTHHBIF MATPUKC ¥ aKTUBHON MUTPAIUU YTPATHB-
KX MEXKKJIETOUHbIe KOHTAKThI KIeToK [25]. Xors
MeXaHU3MBbI, JIesKall[ie B OCHOBE SIUTEIUATbHO-
ME3eHXUMAJIPHOTO Iepexo/ila B KapIMHOMAaX, H3y-
YeHBI JIOCTATOYHO ITOJTHO, MEXaHU3MbI, OIIPE/IEIIII0-
mre GeHOMEH MOYKOBAaHUs, OCTAIOTCS 70 KOHIA
HescHBIMU [26]. HecMOTpsI Ha TECHYIO CBSI3b MEXKIY
IMIOYKOBAaHHUEM M SIUTEIAATHLHO-ME3eHXUMaTbHBIM
IIepexo/I0M, MaJIo U3BECTHO O MOJIEKYJISIPHBIX COOBI-
TUSX, OIpezesomux tTakoi penorun. N. Yamada
et al. mpoeMOHCTPUPOBAIN OTCYTCTBUE WJIM COXPa-
HEHUEe HEIOJHOH MeMOpaHHOM BKCIIPECCUH WJIH
U3MeHeHne Ha abeppaHTHYIO [TUTOIIa3MaTHUYECKY IO
sKcnpeccruio E-kajireprHa B OTIIOYKOBBIBAIOIIIUXCS
KJIETKaX MPH KOJOPEKTAJTHHOM paKe, uTO COTJIaco-
BBIBAETCS C MPEABIIYIIUME UCCIeOBaHUAMU [26].
OmHAKO BKCIpeccHy OEJIKOB SIUTEHaTIbHO-Me3eH-
xuManbHoro mepexoma (ZEB1, TWIST, SNAIL,
SLUG) B 3THX KJIETKAaX BBISIBJIEHO HE OBLIO. ABTOPBI
TIPEJIIIOJIOKUIIM, YTO B OCHOBE asibTepanuu E-kaj-
repruHa B MOYKYIOIIHUXCA CTPYKTypaX MPU KOJIOPEK-

determine this phenotype. N. Yamada et al. demon-
strated no or incomplete cell membrane expression,
or a change to aberrant cytoplasmic expression of
E-cadherin in budding cells in colorectal cancer,
which is consistent with previous studies [26].
However, no expression of epithelial-mesenchymal
transition proteins (ZEB1, TWIST, SNAIL, SLUG)
was detected in these cells. The authors suggested
that the alteration of E-cadherin in budding struc-
tures in colorectal cancer is based on other molecu-
lar mechanisms not associated with the phenome-
non of epithelial-mesenchymal transition. At the
same time, the expression of these proteins was
detected in some cells of the surrounding stroma.
This finding may reflect the fact that some of the
stromal cells are the transformed tumor cells.

Immune infiltrate in the tumor microen-
vironment. The problem of the mutual influence of
tumors and the immune system, the direct participa-
tion of the latter in various mechanisms of antitumor
protection of a macroorganism was discussed back in
1863 when Rudolf Virchow first described the infil-
tration of solid tumors by leukocytes [27]. Histori-
cally, such an immune response was considered a
reflection of an attempt by the immune system to get
rid of the tumor, but more and more studies began to
appear indicating the paradoxical ability of tumor-
associated immune cells to stimulate tumor progres-
sion [28, 29]. The ability of a tumor to continue to
develop and spread throughout the body, despite the
immune protection, was named the Hellstrom para-
dox after two immunologists, Ingegerd and Karl Erik
Hellstrom, who first described this phenomenon
about 50 years ago [30]. The concept of antitumor
immune surveillance has recently been expanded to
include the protective role of the immune system in
tumor growth and its involvement in the selection of
tumor cells. The balance between conflicting immune
responses in a tumor can become a predictive tool or,
possibly, a therapeutic goal for redirecting these cells
to destroy the tumor [29]. Nonspecific mechanisms
of antitumor protection dominate at the early stages
of the response when the number of transformed
cells still does not exceed a thousand. And only if the
number of tumor cells increases to a million or more,
the mechanisms of antitumor immunity, determined
by an antigen-specific immune response, come to the
fore [31].

Tumor-associated macrophages (TAMs) are
important regulators of carcinogenesis. Although
macrophages are classically considered the main
effector cells of the immune protection, numerous
studies have demonstrated the role of TAMs in main-
taining various forms of tumor progression. Their
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TaJIbHOM paKe JIeXKaT JIPyTHe MOJIEKYJIIPHbIE MeXa-
HU3MBbI, He CBSI3aHHbIE ¢ DEHOMEHOM 3TIUTETUATIBHO-
Me3eHXUMAaJIbHOTO Iepexozia. [Ipu aToM sKcmpeccus
9TUX OEJIKOB ObLIa BBISIBJIEHA B YACTU KJIETOK OKPY-
JKAIOIIed CTPOMBI. JTa HAXOJKa MOXKET OTPaXKaTh
TOT (DAKT, UTO YACTh KJIETOK CTPOMBI IIPECTABIISAET
cob01 TpaHCcHOPMHUPOBAHHBIE OITyX0JIEBBIE KIIETKHU.
HmmyHHblil uHPurbmpam 6 onyxo.n1e6om
MuxkpooxpydxceHuu. O npobieme B3aNMHOTO
BJIMSTHUS OIyXOJIEW ¥ IMMYHHOU CHCTEMBI, O HEIIO-
CPEJICTBEHHOM YYaCTHH TOCIeAHEH B Pa3JIHYHBIX
MeXaHU3Max ITPOTHUBOOIYXOJIEBOH 3aIIUTHI MaKpO-
opraHuzMa 3aroBopuiu emje B 1863 r., Korza
Pynosnbd BupxoB BrepBble onucaa WHGUIBTPAIIHIO
COJIMTHBIX OITyXOJIeH JledKoruramu [27]. Victopuue-
CKH TaKOU UMMYHHBIH OTBET CYUTAJICS OTPAKEHUEM
MOTBITKA UMMYHHOH CHCTEMBI U30ABUTHCSA OT OILy-
XOJI, OTHAKO BCE YAIlle CTAJIN HOSABIIATHCS PabOTHI,
CBUJIETEJIHCTBYIOIIHE O MAapPaJIOKCAIBHOHN CITIOCOOHO-
CTH OITyXOJIb-aCCOIUUPOBAHHBIX UMMYHHBIX KJIETOK
K CTHUMYJISIIMU OIyXOJIEBOU mporpeccuu [28, 29].
CrocoGHOCTD OITyXOJIU IIPOJOJKATh Pa3BUBATHCS U
pacmpocTpaHAThCA IO OpPraHW3My, HECMOTPs Ha
MMMYHHYIO 3aIIIUTY, TOJIy4rIa Ha3BaHUE MapaZokca
Xesuicrpoma (Hellstrom paradox) B uecThb ABYX
ummyHostoroB Ingegerd u Karl Erik Hellstrom, Boep-
BBI€ OIHCABIINX 3TOT (eHOMEH OKOJIO 50 JIET Ha3as
[30]. KoHnenys mpoTHBOOITyX0JIEBOTO HMMYHHOTO
Haji3opa OblIa B IOC/IE/THEE BPeMs pacIIdpeHa U
Telephb BKJIIOYAET IIPOTEKTHUBHYIO POJIb UMMYHHOM
CHCTeMBI IIPH OILyXOJIEBOM POCTE U IIPEATIOJIATAET ee
yuacTHe B CEJIEKIIMH OITyXOJIEBBIX KJIETOK. basaHc
MeXIy KOHQIUKTYIOIINMU UMMYHHBIMHI OTBETAMHU
B OIyXOJIM MOXKET CTaTh MHCTPYMEHTOM IIPOTHO3a
WJIA, BOBMOKHO, TEPATIEBTUYECKOH I€JIBI0 JIJIsI TIepe-
HaIpaBjIeHUs 9TUX KJIETOK HA YHUYTOXKEHUE OILy-
xonu [29]. Hecnenududeckrne MeXaHU3MBbI ITPOTH-
BOOITyXOJIEBOH 3aIUTHl JOMUHUPYIOT Ha Hadaslb-
HBIX CTaINAX OTBETA, KOT/IA KOJIMYIECTBO TpaHCHOP-
MUPOBAaHHBIX KJIETOK €ellle He NPEeBBIIIAeT THICIUN.
W TONBKO €ecyi KOJUYECTBO OITYXOJIEBBIX KJIETOK
BO3pAacTaeT 0 MIWLINOHA W 0OoJiee, HA IepeqHUH
IJIAaH BBIXOJAT MEXaHU3MBI IIPOTHBOOITYX0JIEBOTO
MMMYHUTETA, JETePMUHUPOBAHHbIE AHTHUTEH-CIIE-
IU(UIECKIM UMMYHHBIM OTBeTOM [31].
Omnyxosb-acconuupoBanablie Makpodaru (OAM)
SIBJISIIOTCS BAXKHBIMHU PETY/IATOPAMH KaHI[EPOTeHe3a.
Xorsa mMakpodaru KIacCHYeCKH CUHUTAIOTCA OCHOB-
HBIMH  3(G(PEKTOPHBIMH  KJIETKAMU HMMYHHOU
3aIUThI, MHOTOUKCJIEHHbIE HCCIEIOBAHUSA IPOe-
MoHCTpupoBanu posb OAM B mopaep:kaHuu pas-
JINYHBIX AaCIIEKTOB IIPOTPECCUPOBAHUS  OILYXOJIU.
Hawubosiee 3HaunMa UX POJIb HA mepeaHeM (QpPOHTE
OIIyXOJIW, TZI€é OHH OIPENEeJISIIOT MHBA3UBHBIA KIle-

most significant role is at the front of the tumor,
where they determine the invasive cellular pheno-
type. One of the explanations for the disparate roles
of macrophages in the homeostasis of normal tissue
and in carcinogenesis lies in their phenotype. Macro-
phages are functionally plastic and can change their
polarization state to adapt to different physiological
conditions. At the extreme points of their phenotypic
spectrum, the polarization of macrophages varies
from M1 to M2: “classically activated” M1 macro-
phages produce pro-inflammatory type I cytokines,
participate in antigen presentation, and play an anti-
tumor role; on the contrary, “alternatively activated”
M2 macrophages produce type II cytokines, promote
anti-inflammatory responses, and perform protu-
morogenic functions [32]. However, it should be
noted that this classification only partially reflects
the complexity of macrophage activation in response
to various tissue microenvironments. At this time,
we do not fully understand how macrophages switch
from tumor suppression to tumor stimulation at the
onset of disease. It has been suggested that environ-
mental conditions such as tumor hypoxia may medi-
ate this transition by activation of chemoattractants
of macrophages, including endothelin-2 and vascu-
lar endothelial growth factor (VEGF) [33]. The accu-
mulation of TAMs in these areas correlates with
angiogenesis and invasive phenotype, which sug-
gests a trigger effect of hypoxia on the corresponding
polarization of macrophages. It has also been
reported that it is possible to switch between M2 and
M1 phenotypes through altered signaling of nuclear
factors. For example, it has been shown on models of
ovarian cancer that NF-kB leads to switching from
M2 to M1, recruiting natural killer (NK) cells, and
subsequent tumor regression [34]. In studies using
Lewis lung carcinoma cells, the role of tumor necro-
sis factor alpha (TNF-a) in inducing TAMs repolar-
ization towards the M1 antitumor state has been
established [35]. Recent studies have shown sus-
tained regression of high-grade gliomas through
inhibition of CSF-1R leading to depolarization of
macrophages of the M2 phenotype [36]. All of these
studies offer therapeutic promise for re-educating
resident TAMs. According to A. Algars et al. the num-
ber of peritumoral M2 in colorectal cancer is posi-
tively correlated with survival, but in stage IV
colorectal cancer there is an inverse relationship
with relapses. In addition, distant tumor metastases
and relapses are more likely to occur in patients with
a large number of M2 TAMs. Thus, it is believed that
the role of TAMs in the development of colorectal
cancer depends on their predominant type, location
in the tumor, and stage of the disease [37].
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TOYHBIN peHoTHI. OTHO U3 OOBACHEHUHA HECOTIOCTA-
BUMBIX poJiedl Makpodaros B roMeocTa3e HOpMasb-
HOU TKaHU U NIpU KaHIIEPOTeHe3e JIEXKUT B UX (HeHOo-
turie. Makpodaru (GyHKIIMOHAIBHO MJIACTUYHBI U
MOTYT HU3MEHATh CBOE COCTOSHUE MOJIAPHU3AINH,
YTOOBI MTPUCTIOCOOUTHCS K PAZIMYHBIM (DU3UOJIOTH-
yecKUM ycaoBUAM. Ha KpalHMX TOYKax CBOEro
(peHOTUIINIECKOTO CIEKTPA OJIsIpU3aIua Makpoda-
roB BapbupyeT oT M1 10 M2: «KjIacCUYEeCKU aKTUBU-
poBaHHBIE» Makpodara M1 mpoaylnupyoT IPOBOC-
MaINTEbHbIE IIUTOKUHBI | THIIA, YIACTBYIOT B IIpe-
3€HTallM{ aHTUTeHA U UTPAIOT IPOTUBOOIIYX0JIEBYIO
pOJib; HAINPOTHUB, «aJIbTEPHATUBHO AKTUBHPOBAH-
Hble» Makpodaru M2 OpoAyIUpPYIOT ITUTOKUHBI
II Tuma, cocoGCTBYIOT MPOTHBOBOCHATUTETHHBIM
OTBETaM U BBIIIOJIHAIOT IPOTYMOPOTeHHBIE (PYHKIIUU
[32]. OgHako ciielyeT OTMETUTD, YTO TaKas KJIACCH-
ukanua UMb YaCTUYHO OTPaXKaeT CJIOKHOCTh
aKTHUBAaIlUM Makpo@aros B OTBET Ha pa3jIMuyHbIe TKa-
HeBble MUKpocpeabl. B HacTosAmee BpeMs MbI He
MIOJIHOCTBIO IOHKMaeM, Kak Makpodaru nepexkyirda-
I0TCA C [I0ZIaBJIeHUA Ha CTUMYJIMPOBaHUe OIIyXOJIH B
Hauasie 3a60s1eBaHUsI. BhIJIO BBICKA3aHO IPEJITOJIO-
JKeHHe, YTO YCJIOBUSA OKPYKAIOIIEH cpenbl, Takue
KaK TUIIOKCHUA OILyXOJIM, MOTYT OIIOCpeAOoBaTh 3TOT
repexoy] akTUBaIeld XeMOaTTPAKTaHTOB Makpoda-
r'OB, BKJIIOYas H/I0TEJINH-2 U PaKTOP pocTa SH/I0Te-
s cocynoB (VEGF) [33]. Ckomienue OAM B 3THX
00J1aCTSIX KOPPEJIUpPYeT ¢ aHTHOT€HEe30M U NHBA3UB-
HBIM (EHOTUIIOM, YTO IO3BOJIAET IIPEIOJIOXKUTH
TPUTTEPHOE BO3/IENCTBUE TUIIOKCUN HA COOTBETCTBY-
IOIIYIO TOJIsIpU3aIiiio Makpodaros. Takke coobIa-
eTcs O BO3MOKHOCTHU IepeKIIoueHus Mexay M2 u
M1 deHOoTHIIAMHU Yepe3 U3MeHeHUe Ilepefadyyu CUT-
HaJIOB AfepHBbIX dakTopoB. Tak, HA MOJeNIAX paka
AWYHUKOB IOKa3aHo, yTo NF-xB npuBoaut k nepe-
KIroYeHuto M2 Ha M1, IpUBJI€YeHUIO €CTeCTBEHHbBIX
kwuiepoB (NK) u mocseayrolieil perpeccuul OImy-
xonu [34]. B wucciemoBaHUSAX C HCIOJIb30BaHUEM
KJIETOK KapLMHOMBI JieTKuX JIpiouca ycraHOBJIeHa
poab dakTopa Hekposa omyxosiu anbda (TNF-a) B
UHAYLUpoBaHuU penosigpusanuu OAM B Hanpasie-
HUU IPOTHUBOOIYXOJIEBOTO cocTosiHUA M1 [35].
HenaBHue wucciefoBaHus IOKA3aId YCTOUUHUBYIO
perpeccuio TJIMoM BBICOKOU CTENEHU 37I0KAUeCTBEH-
HOCTH TtocpejictBoM mHTHOMpoBaHus CSF-1R, mpu-
BOJMBIIEr0 K  JIeNOJIApU3allid  Makpodaron
M2-denorumna [36]. Bce atu uccaeoBaHUSA OTKPHI-
BAIOT TepalleBTUUEeCKUe IEePCIEKTUBHI «Iepeobyue-
Hus» pesusieHTHbIXx OAM. Ilo manubpiM A. Algars
et al. KOJTMYECTBO MEPUTYMOPATIBHBIX M2 IIPH KOJIO-
PeKTaJIbHOM pakKe IIOJIOKUTEJIbHO KOppesupyeT C
BBDKMBAEMOCTBIO, HO TIPU KOJIOPEKTAJIBHOM pakKe
IV crapmm otmedaercss obpaTHas CBA3b C PEIUAU-

As a part of the tumor microenvironment, mast
cells and neutrophils also have both pro- and antitu-
mor properties [38]. After activation and degranula-
tion, they become maximally pro-inflammatory and
actively recruit cells of the innate immune system,
mainly macrophages, as well as cells of the acquired
immune system, which enhances the local antitumor
immune response. However, their presence may
result in tumor progression due to the release of
VEGF, which supports angiogenesis, and MMP-9,
which degrades the extracellular matrix, which facil-
itates metastasis [39]. The inconsistent and contra-
dictory predictive value of the presence of mast cells
in the tumor microenvironment may be associated
with the heterogeneous nature of the studied tumors
and animal models [29, 40].

NK-cells are circulating immune cells and are
believed to be the earliest protection against hema-
togenous and metastatic tumor cells. Often, NK-
cells can also be found in the tumor microenviron-
ment, and their appearance is associated with a
favorable prognosis for many tumors [38]. How-
ever, the antitumor activity of NK cells is realized
only at the earliest stages of the cancer process,
which is due to their small population (only 10% of
all lymphocytes) and a rapid decrease in activity
under the influence of the secretion of transforming
growth factor beta (TGF-B) with an increasing
volume of tumor cells [ 41].

Despite the fact that several populations of
immunocompetent cells (NK-cells, macrophages of
monocytic origin, dendritic cells, and some others)
take part in the implementation of the program of
the cell-mediated component of antitumor immu-
nity, the main load falls on the activated T lympho-
cytes. Among the lymphoid cells in the tumor micro-
environment, different populations of T lympho-
cytes can account for up to 10% of all tumor cells.
These include: CD8+ cytotoxic T lymphocytes and
CD4+ T helper cells (Thi, Th2, Thi7, Treg, etc.).
Studies have shown that the presence of large num-
bers of these immune cells in the microenvironment
correlates with a favorable prognosis for many types
of solid tumors [40]. However, not all CD4+ T lym-
phocytes have antitumor activity. In a number of
experimental and clinical studies, Th2 and Thiy
suppressed adaptive immunity, inducing anergy of
CD8+ T lymphocytes, and also contributed to the
proliferation and inhibition of apoptosis of tumor
cells. Treg lymphocytes (Foxp3+ T lymphocytes),
usually accounting for about 4% of CD4+ T cells, in
the tumor microenvironment can occupy up to
20-30%. An increase in their level leads to the sup-
pression of the antitumor activity of effector CD8+
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Bamu. Kpome Toro, 0T/1a/IeHHBIE MEeTaCTa3bl OIIYyXOJIH
U PEIUUBHI Yallle BO3HUKAIOT Y HAI[UEeHTOB C 00JIb-
mum grcsiom OAM M2. Takum 06pa3om, cCuuTaeTcs,
uto posib OAM B pa3BUTUU KOJOPEKTAJIBHOTO pakKa
3aBHCUT OT UX MPe0bJIaAIoIIero THIIA, PACIIOIOMKE-
HUS B OIyXOJIH U CTaJ[uu 3a00ieBaHus [37].

B cocraBe 0omyx01eBOro MUKPOOKPY?KE€HUS Tyd-
Hble KJIETKU U HEUTPOWIBI TakKe 00JIaIal0T Kak
IIpo-, TaK U IPOTUBOOIYXOJIEBBIMU CBOUCTBAMU
[38]. Tloce aKTUBAMM U JIETPAHYJIAIIUA OHH CTa-
HOBATCS MaKCUMAaJIbHO IPOBOCIAJINTEIBHBIMH U
AKTUBHO PEKPYTUPYIOT KJIIETKU BPOKI€HHOU UMMYH-
HOU CHCTEMBI, TJIABHBIM OOpa3oM Makpodaru, a
TaKKe KJIETKU TPUOOPETEHHOM UMMYHHOM CUCTEMBI,
YTO YCHJIMBAET MECTHBIA IIPOTHUBOOITYXOJIEBHIN
UMMYHHBIU 0TBeT. OZfHAKO Pe3ysIbTaTOM HUX IIPUCYT-
CTBUSI MOKET OBITh M TPOTPECCUPOBAHLE OITYXOJIH 32
cuer BhICBOOOKAeHUs1 VEGF, mopmep:kuBaroiiero
aHruorene3, u MMP-9, nerpamupyromieir BHEKJe-
TOYHBIH MAaTPHUKC, UTO 00JIerdyaeT MeTacTa3npoBa-
Hue [39]. HemocnenoBaTebHasA U MPOTUBOPEYUBAst
IIPOTHOCTUYECKASA I[€HHOCTh INPUCYTCTBUA TYIHBIX
KJIETOK B OIIyXOJIEBOM MHUKDPOOKPYKEHUHU MOKET
OBITH CBSI3aHA C TETEPOTEHHOM MPUPOJION HCCaeaye-
MBbIX OITyXOJIEH U JKUBOTHBIX MOJIEJIEH [29, 40].

NK-KJIETKU MPEICTABIAIOT COO0H IMUPKYIUPYIO-
[[e UMMYHHbBIE KJIETKH M, KaK II0JIAraioT, CIIyKaT
caMOU paHHEH 3aIUTON OT TreMaTOTeHHO-MeTacTa-
3UPYIOIINX OITyX0JIeBbIX KieToK. Hepenko NK-
KJIETKU TaKyKe MOTYT OBITh OOHAPYKEHBI B OIIyXOJIe-
BOM MHKPOOKDPY:KEHUU, U UX IOSIBJIEHUE ACCOLINU-
POBaHO ¢ 6JIarONPUSATHBIM ITPOTHO30M JIJIsI MHOTHUX
omyxosel [38]. OiHAaKO TPOTUBOOITYX0JIEBAsI AKTUB-
HocTh NK-kieTok peanusyercs TOJIBKO HA CaMBbIX
PaHHUX CTAaUAX PAKOBOTO IPOIlecca, YTo 00yCI0B-
JIEHO WX MaJIOH momyJssanued (JIuib 10 % oT Bcex
JUMGOIUTOB) M OBICTPHIM CHUKEHUEM aKTUBHOCTU
IO/l BJIUSHUEM CEKPeluu TPaHChHOPMHUPYIOIIETO
dakropa pocra Gera (TGF-B) mpu Hapacraroiem
00'beMeE OITyXOJIEBBIX KIJIETOK [41].

Hecmotps Ha TO, UTO B peasu3aliiy mporpaMMbl
paboThl  KJIETOYHO-OIOCPEIOBAHHOTO KOMIIOHEHTA
IIPOTUBOOIIYX0JIEBOTO UMMYHUTETA IPUHUMAIOT y4a-
CTHe HECKOJIBKO TIOIYJISIINNA UMMYHOKOMITETEHTHBIX
kierok (NK-xietkm, mMakpodarua MOHOIUTAPHOTO
IIPOUCXOXK/IEHU, IeHAPUTHBIE KJIIETKH 1 HEKOTOPhIE
JIPyTHE), OCHOBHASI HATPY3KA JIOXKUTCS Ha aKTUBUPO-
BaHHble T-mumdbonutsl. Cpesu TUMOOUIHBIX Kile-
TOK B OIIyXOJIEBOM MUKDOOKDY:KEHHU Da3/INuHble
onyssAnun T-TuMEOITUTOB MOTYT COCTABJIATH 10 10
% oT Bcex KyeTok omyxosu. K Hum otHOocaresa: CD8+
nutotokcuueckue T-mumdonutel u CD4+ T-xesmepsl
(Th1, Th2, Th1y, Treg u T.1.). VicemenoBanus mokKa-
3aJI1, YTO IPUCYTCTBHE OOJIBIIOTO KOJMYECTBA STUX

T lymphocytes, NK and dendritic cells, and progno-
sis worsening for many types of tumors [42]. How-
ever, some researchers associate high Treg levels in
colorectal cancer and follicular lymphomas with a
favorable prognosis, which may be due to their abil-
ity to suppress the inflammatory response that acti-
vates cell proliferation and metastasis [42]. In 2006,
F. Pages and J. Galon performed a study to assess
the nature of immune infiltrating cells in colorectal
cancer. It was found that a high density of CD3+,
CD8+ T lymphocytes and CD45RO+ T memory cells
is associated with relapse-free and overall survival.
This study laid the foundation for the Immunoscore
system, the goal of which is to develop a standard-
ized approach to assessing the local response of
adaptive immunity in tumors [10, 43]. However, the
proposed system does not take into account the
effect of non-specific immunity cells, which consti-
tute a significant part of the tumor microenviron-
ment and play a decisive role in the heterotypic reg-
ulation of the tumor process.

Research into the role of tumor-infiltrating
immune cells has been going on for decades. At the
moment, it is clear that their influence is ambivalent.
On the one hand, the ability to eliminate, on the
other hand, to stimulate the development of a tumor,
depending on the prevailing features of intercellular
interactions in the microenvironment [44]. In the lit-
erature, there are more than one hundred works
demonstrating a decrease in relapse and an increase
in survival due to infiltration of certain immune cells.
Despite the fact that many studies are devoted to the
role of individual subtypes of immune cells, their
density and distribution in a tumor, the lack of stan-
dardized approaches to qualitative and quantitative
assessment does not allow this indicator to be used
in clinical routine.

SYSTEM APPROACH

Despite the established reliable relationship
with the prognosis, the sensitivity of individual fac-
tors is significantly reduced when they are assessed
in specific patients. First of all, this is due to insuf-
ficient consideration of the mutual influence of var-
ious indicators, their transforming and modulating
interactions. Thus, in a study by T. Konishi et al.,
which included a cohort of 851 patients, the predic-
tive value of the severity of poorly differentiated
tumor clusters, tumor budding, perineural inva-
sion, desmoplastic reaction, Crohn-like lymphoid
reaction in the invasive tumor front, and the WHO
grade of the entire tumor were compared [11]. The
highest predictive accuracy in the assessing the
relapse-free survival, as well as the best reproduc-

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

89



Koncmanmunos A.C., Illeaexosa K.B. / Journal of Siberian Medical Sciences 4 (2021) 80—96

WMMYHHBIX KJIETOK B MHKDPOOKPYKEHHH KOPPEJIH-
pyer c OJIaTONPUATHBIM IPOTHO30M JIJII MHOTHX
TUIIOB COJTUAHBIX OmyXxoyied [40]. OmHako He Bece
CDg4+ T-mumdornutsl 001a7aI0T TPOTUBOOIYXO0JIe-
BOU aKTUBHOCTHIO. B ps/ie sKcnepHMeHTaIbHBIX H
kauHuYeckux uccaemoBanuii Th2 u Thiy yraeranu
aJIJaITUBHBIA UMMYHUTET, WHAYIIUPYS aHEPTUIO
CD8+ T-1uMdonuToB, a TaKXKe CIOCOOCTBOBAIH
npoudepanu U yTHETEHHIO allOIITO3a OIyX0JIEBBIX
kaeTok. Treg-mumdornutsl (Foxp3+ T-1umMdoruTe),
O0OBIYHO COCTaBJIAIOIIME OKOJIO 4 % CD4+ T-KJIeTOK,
B OITyXOJIEBOM MUKPOOKPYKEHUH MOTYT 3aHUMAaTh
J10 20—30 %. IloBblllIeHHE WX YPOBHS IPHUBOIUT K
MO/IABJIEHUIO  IPOTHBOOITYXOJIEBOM  aKTHBHOCTH
addexropubix CD8+ T-mumdoruroB, NK u nen-
JIDUTHBIX KJIETOK W YXy/IIIIEHHIO TPOTHO3a JJIsI MHO-
T'UX BUJIOB OmyXoJiel [42]. OjiHaKko HEKOTOPBIE UccIIe-
JIOBaTeJN CBSA3BIBAIOT BBICOKHE YpPOBHU Treg mpH
KOJIOPEKTJIBHOM pake U GOJUIUKYIAPHBIX JUMOO-
Max ¢ 6JIarONPUATHBIM IIPOTHO30M, YTO MOXKET OBITH
00yCIOBIEHO X CIIOCOOHOCTHIO TIO/IAB/IATH BOCITAIH-
TEJIbHYIO PEeaKIIUI0, aKTHBUPYIOIIYIO Mposudepa-
[MI0 KJIETOK U MeTacTa3upoBaHue [42]. B 2006 T.
F. Pages u J. Galon mpoBesu ucciaefnoBaHue, MOCBs-
II[EHHOE OIleHKE XapaKTepa KJIETOYHOTO KMMYHHOTO
WHOWIbTPaTa IMPU KOJIOPEKTAJIHLHOM pake. BpLio
YCTAHOBJIEHO, UTO BbICOKasA IUIOTHOCTH CD3+, CD8+
T-mumornuroB u CD45R0O+ T-kireTok nmamATH acco-
IMUPOBaHa ¢ 6e3pelUINBHON U 00IIel BEIXKUBAEMO-
CTBI0. DTO HCCIeI0BAHIE MTOJIOKUIIO HAUaI0 CUCTEME
Immunoscore, IeJbI0 KOTOPOH SIBJISIETCS paspa-
0OTKa CTaHJAPTU3UPOBAHHOTO IOJIXOZla K OIIEHKE
MECTHOH peaKIUK afJallTHBHOTO UMMYHHUTETA B OIIy-
x0J151X [10, 43]. OlHAKO B IPeJIO;KEHHOU CHCTEME He
VIUTBIBAETCS BJIUSAHUE KJIETOK HECTENU(pUIECKOTO
WMMYHHUTETA, COCTABJISIONINX 3HAYUTEIbHYIO YaCTh
OIIYXO0JIEBOTO MUKPOOKPY?KEHHS U UTPAOIIHX OIpe-
JIEJISIONIYI0 POJIb B TETEPOTHUITHYECKON PETYJIAINU
OTIyXO0JIEBOTO TIpoIlecca.

HccenepoBanusa posau WHOUIBTPUPYIOIIUX OILY-
XOJIb UMMYHHBIX KJIETOK HIyT HE OJTHO JIECATHUIIETHE.
Ha Tekyuii MOMEHT SICHO, UYTO UX BJIUSHUE aMOU-
BasieHTHO. C OTHOW CTOPOHBI — CIIOCOOHOCTH 3JIH-
MHHHPOBATh, C IPYTOA — CTUMYJIUPOBATh Pa3BUTHE
OIYXOJIK B 3aBUCHMOCTH OT CJIOKMBIIUXCSA 0COOEH-
HOCTEH MEKKJIETOUHBIX B3aUMOJIEUCTBUN B MUKPO-
OKpy:KeHUH [44]. B JmTepaType HaCUUTHIBAeTCs
6oJiee cTa OT/IEJIBHBIX PabOT, JIEMOHCTPUPYIOIINX
CHIDKEHUE PEIUIUBOB U IOBBINIEHNE BbIKUBAEMO-
CTU B CBSI3M C WH(QUIbTpAIMENd OIpeJieJIEHHBIMU
WMMYHHBIMH KJIeTKamu. HecMoTpst Ha TO, YTO MHOTO
HCCIIEZIOBAaHUH TIOCBSAIIEHO POJIM OT/IETbHBIX TTO/ITH-
0B IMMYHHBIX KJIETOK, UX IJIOTHOCTH U PacIpese-
JIEHUIO B OIyXOJIH, OTCYTCTBHE CTAHapPTU3UPOBAH-

ibility, were demonstrated by the poorly differenti-
ated tumor clusters, the lowest — by the WHO
grade.

For the first time, the problem of the mutual
influence of tumors and various processes of anti-
tumor protection was discussed at the end of the
first decade of the XX century. Analyzing numerous
clinical observations and experimental works,
researchers came to the conclusion that a number
of conditions are necessary for the development of
a tumor: 1) the presence of cells capable of atypical
and destructive growth; 2) relevant local and gen-
eral conditions. There are two important factors in
the development and differentiation of cancers:
1) biological properties of tumor cells; 2) the coun-
teraction of the organism. The degree of malig-
nancy of the tumor depends on the mutual changes
of these factors, which is expressed in its structure.
For the first time this concept was developed in
detail in the work of Nikolai N. Finogenov “On the
Development of Cancer in Connection with the
Manifestation of Tissue Reactions in the Body” in
1909. These relationships were described by the
following formula: A/B = X, where A — the growth
of the epithelium; B — the counteraction of the
organism, the expression of which is the reaction of
the mesoderm; X — the tumor. As in normal tissue,
tumor cells receive even more signals for division
from neighboring cells (paracrine signals) and
through systemic mechanisms (endocrine stimula-
tion). Heterotypic signaling between different types
of cells in a tumor is as important for maintaining
their growth, as the mechanisms of cell autonomy.
It is believed that most of the stimuli that trigger
the proliferation of tumor cells come from the stro-
mal component of the tumor mass. It has been
established that the extracellular matrix can modu-
late the proliferation, differentiation and migration
of cells in embryogenesis, during regeneration, and
also during tumor growth. This situation somewhat
changes the concept of tumor autonomy: a tumor
can develop only if the mechanism of co-operation
of the tumor parenchyma with stromal cells is in
place to release a sufficient number of factors stim-
ulating growth [28].

In recent years, many models have been devel-
oped to predict survival, response to therapy, and
distant spread of colorectal cancer. A predictive
model is a formal combination of several predic-
tors that can be used to calculate the risks of a spe-
cific endpoint over a period for individual patients.
The likelihood of obtaining reliable models for
clinical practice is increased if they are developed
using a large dataset, based on a well-thought-out
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HBIX TOJXOJ0B KAa4eCTBEHHOH M KOJIMYECTBEHHOU
OIIEHKHU He MO3BOJIAIOT MCIIOJIb30BaTh 3TOT IIOKA3a-
TeJIb B PYyTUHHOH ITPaKTHUKE.

CUCTEMHBI ITOIXO/T

HecMoTpsi Ha YCTaHOBJIEHHYIO JIOCTOBEPHYIO
CBS3b C IIPOTHO30M, YYBCTBUTEJIBHOCTH OTAEIbHBIX
(paKTOpPOB 3HAUUTETHPHO CHUKAETCS IIPU UX OIeHKE
V KOHKPETHBIX IAI[UeHTOB. B mepByI0 ouepesb 5TO
CBSI3aHO C HEJIOCTATOUYHBIM yUETOM B3aUMOBJIUSHUS
Ppas3JIUYHBIX [TOKa3aTesied, uX TPaHCHOPMUPYIOIIUX
U MOAYJIMPYIOIINX B3auMoeicTBuil. Tak, B uccie-
nmosanuu T. Konishi et al., BkyirouaBiiiemM KOropry us
851 mamueHTa, IPOBEJIN CPAaBHEHHE IIPOrHOCTHYE-
CKOU IIEHHOCTU BBIPpAKEHHOCTH HU3KoauddepeH-
[IMPOBAHHBIX OITyXOJIEBBIX KJIACTEPOB, TOUKOBAHUSI,
IEpUHEBPAJILHON WHBA3UHU, JECMOILJIACTUYECKOHN
peakIiuu CTPOMBI, BBIPAKEHHOCTH JUMQOUTHOMH
UHQUIBTpAIIU B UHBA3UBHOM (DPOHTE OIIyXOJIH, a
TaKKe CTelleHU 'UCTOJIOTHIECKOH 37I0KaUeCTBEHHO-
ctu [11]. HauboJsipliyto MpOTHOCTUYECKYIO TOYHOCTh
B OLleHKe 0e3pelnINBHON BBIXKUBAEMOCTH, a TAKKeE
JIYUIITYIO BOCIIPOH3BOIMMOCTD, TPOZIEMOHCTPUPOBAIT
II0Ka3aTeJib BRIPAKEHHOCTH HU3KOAUMbepeHIpo-
BAHHBIX OIYXOJIEBBIX KJIACTEPOB, HAUMEHBIIYIO —
CTeIeHb TUCTOJIOTHYECKOH 3JI0KaUeCTBEHHOCTH.

BrepBbie 0 mpobsieMe B3aUMHOTO BJIUSHUSA OITy-
X0JIEd U Pa3JINYHBIX IPOIECCOB ITPOTHBOOIIYXOJIE-
BOU 3aIUTHl 3aTOBOPWJIM B KOHIIE TIEPBOH JI€Ka bl
XX B. AHATU3UPYsA MHOTOUKCIIEHHbIE KIMHUYECKIE
HaOJTFO/TIEHY s ¥ DKCIIEpUMEHTAIbHBIE paOOTHI, UCCIIe-
JIOBATEH MPUIILIN K 3aKII0YEHUIO, YTO /IS Pa3BU-
TUS OIYXOJHM HEOOXOAUM IEJIbIH psf  YCIOBHH:
1) HaJIH4Yhe KJIEeTOK, CIOCOOHBIX AaTUIIMYECKH U
JIECTPYKTUBHO PACTH; 2) COOTBETCTBYIOIIVE MECTHBIE
u ob1ue ycaoBus. B pazsutuu u quddepeHnupoBke
PAaKOB CYIIIECTBYIOT /IBa BaXKHBIX dakTopa: 1) 6uoo-
TUYECKHE CBOMCTBA OITyXOJIEBBIX KJIETOK; 2) MIPOTH-
BofielicTBHe opranuszma. OT B3aMMHBIX U3MEHEHUH
9TUX (HAKTOPOB 3aBUCUT CTENEHb 3JI0KAYECTBEHHO-
CTH OITyXOJIU, YTO BBIPAIKAETCSA B €€ CTPYKType. Briep-
BbI€ 5Ta KOHIIENIUsA ObLIa JeTaTbHO pa3paboTaHa B
TpyZie Hukonasa Hukonaesuuya ®uHorenona «O pas-
BUTHH pakKa B CBA3U C IPOsIBIEHIEM TKAHEBOH peak-
MY B OPTAaHU3ME» B 1909 T. ITH B3aUMOOTHOIIIEHUS
OpUTH ommcaHbl cienyoomen opmysoit: A/B = X,
rzie A — poct snuTenusn; B — npotuBoneiicTBue opra-
HU3Ma, BBHIpaKEHUEM KOTOPOTO SIBJISIETCS PeaKIus
Me307iepMbl; X — omyxosyb. Kak u B HOpMaJbHOU
TKaHH, KJIETKU OIYX0JIeW B OOJIBbIIEN CTETIEHU ITOJTY-
YaOT CHUTHAJIBI K JIEJIEHUI0O OT COCEQHUX KJIETOK
(mapakpuHHBIE CUTHAJIBI) U Uepe3 CUCTEMHBIE MeXa-
HUBMBI (9HJOKpUHHAS CTUMYJIAHA). ['eTepoTummy-
Hbl€ CUTHJIBI MEXKJY Pa3HbIMH THIAMH KJIETOK B

statistical analysis plan, and tested on an indepen-
dent sample. Risk models, as opposed to individ-
ual prognostic factors, are designed to provide a
more accurate assessment of the outcome for an
individual patient through the computational inte-
gration of various elements of a particular patient’s
data. Despite their advantages, predictive models
are currently used relatively rarely in clinical prac-
tice.

Based on the results of the 2013 review of the
AJCC working group, 176 predictive tools were pro-
posed in the form of various formulas, risk scores,
calculators and nomograms, the purpose of which
was to establish additional prognostic data to com-
pensate for the shortcomings of the existing system
of stratification of the risks of adverse outcomes. To
predict the survival of patients with colorectal can-
cer, 29 such models have been proposed [45]. Only
three models, two for patients who underwent adju-
vant therapy and one for locally advanced rectal can-
cer, met all the AJCC inclusion and exclusion crite-
ria. Most of them were excluded because they were
developed using a series of clinical trials in individ-
ual institutions or based on data that did not reflect
current clinical standards of treatment, or there was
no external validation of the results. Among the
works of Russian authors over the past five years, we
came across two mathematical models for predicting
the likelihood of risk of developing lymphogenous
metastasis in patients with colorectal cancer [46, 47].
However, these models rely mainly on the character-
istics of the tumor parenchymal cluster, without tak-
ing into account the ecological niche of the tumor
microenvironment.

CONCLUSION

In approaches to prediction of tumors, two
methodological principles can be conditionally dis-
tinguished: the first, analytical, is based on reveal-
ing individual morphological or clinical factors that
affect the course of the tumor process, and the sec-
ond is systemic, which consists in combining sev-
eral related and interacting signs into a single prog-
nostic model. Until now, no models based on the
morphological criteria predicting the development
of distant hematogenous metastases in patients
with colorectal cancer have been developed. For the
most reliable assessment of the risk of distant
metastases, a model that includes the morphologi-
cal markers of the key mechanisms of tumor metas-
tasis from the spectrum of prognostic factors of
colorectal cancer seems promising. Revealing the
interrelationships of morphological signs of a high
risk of progression, characterizing the internal
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OIYXOJIM MMEIOT TAKOE K€ BaKHOE 3HAUEeHUe JIJist
MO/IIEP>KaHUSA X POCTa, KAaK U MEXaHU3MbI KJIETOU-
HOI aBTOHOMUHU. CUUTAETCSI, UTO OOIBIITUHCTBO CTH-
MYJIOB, 3aITyCKAIOIIUX MPOIU(EPAITHIO OITyX0JIEBBIX
KJIETOK, HCXOJUT W3 CTPOMAJIbHOTO KOMIIOHEHTA
OTIYXOJIEBOH MaccChl. YCTaHOBJIEHO, UTO DKCTpAIE-
JTIOJIAPHBIA MATPUKC MOKET MOJTYJIMPOBATh IIPOJIU-
deparnurio, quddepeHINPOBKY U MUTPAITUIO KIJIETOK
B oMOpHoreHese, MpyU pereHepariu, a TakKe P
Omyx0JieBoM pocTre. Takoe IOJI0KeHUE HECKOJIBKO
U3MEHSET Mpe/icTaBjieHre 00 aBTOHOMHOCTH OIIy-
XOJIK: OIyXOJIb TIOJIyYaeT BO3MOKHOCTh pa3BU-
BaThCs, TOJIBKO €CJIi OyJleT IeHCTBOBAaTh MEXaHU3M
KOOITEpAIINU OITyXOJIEBOU MMAPEHXUMBI C KJIETKAMH
CTPOMBI JIJIs1 BBIZIEJIEHUS OCTATOUHOTO KOJIMYECTBA
(axTopoB, crumyupyomux poct [28].

B mocsniennue rompl 6610 pa3paboTaHO MHOMKeE-
CTBO MOJieJied, TO3BOJISIOINX IPOTHO3UPOBATH
BBKMBAEMOCTh, OTBET HA TEPANIHI0O U OTJAJIEHHOE
pacrpocTpaHeHne KOJIOPEKTAILHOTO paka. [Iporuo-
CTUYecKas MOJIe b — 9T0 (popMasibHast KOMOWHAITHS
HECKOJIbKUX IIPEUKTOPOB, HAa OCHOBE KOTOPOH
MOKHO pacCYUTATh PUCKH BO3HUKHOBEHUS KOH-
KPETHOW KOHEUHOW TOUKH B TeUYEHHE OIpesesieH-
HOTO TIEPUO/IA VIl OT/IEJIbHBIX MAIlUeHTOB. BeposT-
HOCTb ITOJIyJYeHUs HAJEKHBIX MOJeIeN I KIUHU-
YeCKOU MPAaKTUKU MOBBIIIAETCS, eCJT OHU paspaba-
THIBAIOTCS € HCIIOJIb30BaHHEM OOJIBIIIOrO0 Habopa
JIAaHHBIX, OCHOBAHbBI HA ITPOJ[yMaHHOM ILJIAHE CTaTH-
CTUYECKOTO aHa/IN3a U MPOILIN TPOBEPKY Ha Hesa-
BUCHMOU BBIOOpDKe. Mozenn pucka, B OTIMYUE OT
WHAWBHUIYAJIbHBIX IPOTHOCTUYECKUX (AKTOPOB,
MpelHAa3HAYEHbl IS TOJydeHus 0ojiee TOUYHOM
OIleHKU pe3yJibTaTa JJIs OTAEeJIbHOTO Ial[hieHTa 3a
CYET BBIYUCIUTEIPHON HWHTErpaliil PasInIHBIX
5JIEMEHTOB JJAHHBIX KOHKPETHOTO maruenTa. Hecmo-
Tps Ha CBOM IIPEUMYIIECTBA, ITPOTHOCTHUUYECKHUE
MOJIEJTA B HACTOSIIEE BPEMS B KJIMHHYECKON ITpaK-
TUKE HUCIIOJIb3YIOTCS OTHOCUTEIBHO PEIKO.

ITo pesysnbpratam 0630pa paboueii rpymmsr AJCC
Ha 2013 T. ObUIO IPEJIOKEHO 176 MPOTHOCTHIECKHUX
WHCTPYMEHTOB B BH/IE PA3IUYHBIX HOpMYJI, 6AI0B
PHCKa, KAJIBKYJIITOPOB U HOMOTPAMM, IIEJTBI0 KOTO-
pbIX SABJISIETCA YCTAHOBJIEHHWE JIOTIOJTHUTEIHHBIX
MIPOTHOCTUYECKUX IAaHHBIX, TO3BOJISIONIHAX KOMITEH-
CHpOBATh HEJIOCTATKH CYIIECTBYIOIIEH CHCTEMBI
cTpaTU(PUKAIIMA PUCKOB HEOJIArompUATHBIX HCXO0-
JT0B. J[JIsT TPOTHO3UPOBAHUS BBI’KMBAEMOCTHU TTaI[-
€HTOB C KOJIOPEKTAJIbHBIM PAKOM OBLIIO IIPEJIOKEHO
29 Takux mMojenel [45]. Torbpko Tpu mMonenu, aBe
JUTSL TIAIIMEHTOB C a/IbIOBAHTHOI Tepamued W OfHa
JUIST  MECTHOPACIpPOCTPAHEHHOTO paka IpsAMOH
KHIIKH, COOTBETCTBOBAJIN BCEM KPUTEPHUAM BKIIOUE-
Husa u uckiaoueHus AJCC. BoapIIUHCTBO U3 HUX

properties of tumor cells and components of the
tumor microenvironment, such as tumor-infiltrat-
ing immune cells and tumor-associated stroma, will
allow for a more accurate stratification of the risk of
disease progression in patients with colorectal can-
cer and, as a result, the personalized therapeutic
tactics [48]. The existing tumor classification sys-
tems are far from perfect. Nevertheless, the general
consensus among pathologists, surgeons, and clini-
cal oncologists is that prognosis parameters deserve
to be a part of the standard pathomorphology report
for most tumors.
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OBUIM HWCKJIIOUEHBI, TaK KaK IpU UX pa3paboTke
HCIIOTb30BAINCh CEPUN KJIMHUYECKUX HCCIIEI0OBA-
HUH B OT/IEJIbHBIX YUPENKAEHUAX MM IPOTHO3BI
OCHOBBIBUINCh HA JIAHHBIX, HE OTPAMKAIOIIUX TEKY-
[[ye KINHUYECKHe CTAaHAAPTHI JIEUEHUsI, UJIH OTCYT-
CTBOBaJIa BHEIIHASA BJIU/AIUsA pe3ysibraToB. Cpenu
paboT POCCHICKUX aBTOPOB IMOCJIEAHUX IISATH JIET
HaM BCTPETWJIOCh JIB€ MAaTe€MaTHYEeCKUX MOJEIN
[IPOTHO3UPOBAHMA BEPOSATHOCTU PHCKA Pa3BUTHUA
JUMOOTEeHHOTO0 MEeTACTa3UPOBAHUA Y TAIEHTOB C
KOJIODEKTAJIbHBIM pakoM [46, 47]. OpgHako 5Tu
MO/IEJIN OIIUPAIOTCS IIPEUMYIIIECTBEHHO HA XapaKTe-
PUCTUKH TMapeHXHMATO3HOTO KJacTepa OITyXOJIH,
0e3 yueTa COCTaBJIAIONIEN HKOJOTUYECKON HUIIU
OILyX0JIEBOI'O MUKPOOKPY KEHHUS.

3AK/IIOYEHUE

B moaxomax K TPOTHO3UPOBAHUIO OIyXOJIEU
MOKHO YCJIOBHO BBIJIEJIUTH J[BA METO/IOJIOTHUECKHUX
MIPUHINIA: TTEPBBIH — AHAIUTHYECKUH — OCHOBAH
Ha BBISIBJIEHUU OT/EIbHBIX MOPGHOJIOTHYECKUX HIIH
KJIMHUYECKUX (DAKTOPOB, BIIUAIOIIUX Ha TEUeHHUe
OITyXOJIEBOTO IIPOIlecca, M BTOPOH — CHCTEMHBIH,
3aK/IIOYAIOIIUAICA B 00beIMHEHNN HECKOJIBKUX CBSI-
3aHHBIX U B3aUMOJIEHCTBYIOIIUX MKy COO0H IpH-
3HAKOB B €IMHYI0 IPOTHOCTHYECKYI0 MOzenb. Jlo
HACTOSAIIEr0O MOMEHTa MOZeed, OCHOBAHHBIX Ha
MOP(]OJIOTHYECKUX KPUTEPHUAX, MTPOTHOZUPYIOIINX
pa3BUTHE OT/IAJIEHHBIX FeMaTOT€HHBIX METACTAa30B Y
MMAIFIEHTOB C KOJIOPEKTAJIBHBIM paKoM, He paspaba-
ThIBasIoCh. 1 Hambosiee JOCTOBEPHOU OIEHKHU
pHCKA Pa3BUTHUs OT/IAJIEHHBIX METACTA30B IIEePCIeK-
THUBHOH TIPEJCTABJIAETCS MOJIENIb, BKJIIOUAIOIIAS
MOp(]oJIOTHYECKE MapKephl KJIIOYEBBIX MeEXaHU3-
MOB METACTa3UPOBAHUs OIYXOJIEH U3 CIIEKTPA IIPO-
THOCTHYECKHX (PAKTOPOB KOJIOPEKTATIBHOTO PAKa.

92

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



Konstantinov A.S. et al. / Journal of Siberian Medical Sciences 4 (2021) 80—96

BrlsiByieHHE B3aUMOCBsA3€H MOPQOJIOTHUECKUX TIPU-
3HAKOB BBICOKOTO PUCKA IIPOTPECCUPOBAHUS, XapaK-
TEPUBYIOIINX BHYTPEHHUE CBOMCTBA OILYyXOJIEBBIX
KJIETOK ¥ KOMIIOHEHTOB OITyX0JIEBOTO MUKDPOOKPYKe-
HUSI, TaKUX KaK OIyX0Jb-HHOWIBTPUPYIOIINE
UMMyHHbIE KJIETKH U OITyXOJIb-aCCOIUUPOBAHHAS
CTPOMA, [TO3BOJIUT IPOBOIUTH O0JIEE TOUHYIO CTPATH-
¢dukamuio pucka nporpeccuu 3ab60JIeBaHUA Y HAIU-
€HTOB C KOJIODEKTIBHBIM PAaKOM U, KaK Pe3yJIbTarT,
epcOHUGUIUPOBAHHO OIPENIENIATh TEPAIEBTHYE-
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CKYIO TaKTUKY [48]. Cy1ecTByroIue cucTeMbl KJac-
cudUKalUy OIyXoJIed JlajJleKhu OT COBEPIIEHCTBA.
Tewm He MeHee 0011Iee MHEHHE IATOJIOTOB, XUPYPIOB U
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