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PE3IOME

AKTyanbHicTb. HesBaxalouM Ha HaKOMUYEHHs BEnWKOro obcAry 3HaHb  LWoAo
MOMEKYNSAPHO-TEHETUYHNX 3MiH Y pakax IereHb, BU3HAYEHHS KMHYOBUX YMHHUKIB
OHKOreHesy Ta TpurepHux (akTopiB, SKi CMpPUSATb MeTacTasyBaHHIO Ta nporpecii
ApibHokniTMHHOro paky nereHb (OKPJT), goci He € nosHum. Hapasi 3anvwaetbcs
aKkTyanbHOK npobnema  KOMMEKCHOI OLHKM MPOrHOCTUYHOIO 3HaYeHHS MOMeKy-
NAPHO-TEHETUYHMX 3MiH, HW3KM iMyHoricToximiuHmx (IFX) mapkepiB, Ski BuKOpuC-
TOBYIOTbCS ANSA AiarHOCTVKM Ta nporHodyBaHHsA [KPJ1, BnnvBy npouecis enitenianbHo-
Me3eHximanbHoi TpaHcdopmauii (EMT) Ha puavk pO3MNOBCIOMKEHHS MYXITMHHOIO
npoLecy Ta eTanbHOro HacniaKy 3axXBOPIOBAHHS.

Meta pob6oTun — ygockoHaneHHs mopdonoriyHMx Kputepiis nporHody nepebiry AKPI
Ha nigcTaBi AOCNIMKEHHA  KMiHIKO-MOPMOMOriYHMX Ta MOMEeKynApHO-6ionoriYHmnx
XapaKTepUCTUK NEPBUHHMX MYXMWH 3 Pi3HOO KNiHIYHOK NMOBEAIHKOI Ta NPOrHO30M.
Martepianu i metogu. Matepian GyB npenctaBneHunin AaHWMMK ayTOMCil, a TaKoX
XipypriyHO BuAAnNeHVMU nyxnuHamm y XBOpuWX i3 KniHik M. Xapkoa. CdopmoBaHi
OBi rpynu JocnimKeHHs: nokanisoBaHi Ta posnosctomxeHi AKPIT (1-OKPJ1 ta P-OKPI),
a TakoX BpaxoByBaBCA TepMiH 3aranbHoi BwxkuBaHocTi (3B) nauieHTiB. IFX gocnig-
)KEHHs1 MPOBOAMMM 3 BUKOPUCTaHHSAM Takux mapkepiB: CD56, CD117, Ki-67, naHuuTo-
kepaTuH, E-kagrepuH, BimeHTuH, N-kagrepuH, CD44. Byno BpaxoaHo ctagito EMT
3 BM3HAYEHHAM KOeKCMpecii eniTenianbHUX MapKepiB: NaHUMTOKepaTuHy i E-kagrepuny
Ta Me3eHXxiManbHuX — BiMeHTUHy Ta N-kaarepuHy.

Pesynbratn Ta iXx 0o6roBopeHHA. BusHauyeHo, WO [0 HECNPUATNMBUX KpUTEpiiB
MPOrHo3y Crif BiAHOCUTW: MOSIBY EKCMpecii BIMEHTUHY B pakOBUX KNiTUHAX, MiABULLEHWI
piBeHb ekcnpecii N-kagrepuHy, HassHicTe EMT ta EMT 6inbLue 3a 3 ctagito (3-5 cragin).
Bucokuin piseHb ekcnpecii E-kagrepuyHy Ta Ki-67 € cnpuATnMBMMM  KpuTepisMu
nporHo3dy. MaiTb 06MexeHe NPOrHOCTUYHE 3HAYEHHS HU3Ka KMiHIKO-MOpPONorivyHmX
O3HaK, AaHi TiCTONOrYHOro AOCHIAXEHHS, eKcrpecia naHuuTokepatuHy, CD44,
MapKepiB HEMPO-EHAOKPUHHOTO beHOoTHNY.

BucHoBku. BetaHoBneHo nporHoctuyHi kputepii AKPI woao 3aranbHOi BUXKMBAHOCTI
Ta NPVHaNEeXHOCTi 40 CTafii NokanisaoBaHoOro Yy po3noBClogKeHoro npouecy. o peko-
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ABSTRACT

Background. Despite the fact that a lot of information on molecular genetic changes
in lung cancers has been accumulated, there is still a knowledge gap regarding
determination of the key factors of oncogenesis and trigger factors that cause meta-
stasis and progression of small cell lung cancer (SCLC). The problem of comprehensive
assessment of prognostic importance of molecular genetic changes, a range of
IHC markers that are used for diagnosing and prognosing SCLC, and impact of the
epithelial-mesenchymal transformation (EMT) processes on the risk of development
of the tumor process and lethal outcome of the disease remains relevant.

Purpose — to improve morphological prognostic criteria for the course of SCLC based
on the research of clinical morphological and molecular biological characteristics of
primary tumors with different clinical behavior and prognosis.

Materials and methods. The material of the research was autopsy data and surgically
removed tumors in hospitals in Kharkiv. We formed two groups based on the type
of SCLC (limited-stage (LSCLC) and extensive-stage (ESCLC)) and overall
survival (OS) of patients. IHC studies were performed using the following markers:
CD56, CD117, Ki-67, pan-cytokeratin, E-cadherin, vimentin, N-cadherin, and CD44.
We took into account EMT stage with determination of coexpression of the epithelial
(pan-cytokeratin and E-cadherin) and mesenchymal (vimentin and N-cadherin) markers.
Results. We have found that poor prognostic criteria should include: emergence
of vimentin expression in cancer cells, increased expression level of N-cadherin,
presence of EMT and stage 3+ EMT (stages 3-5). High levels of E-cadherin and Ki-67
expression are favorable prognostic criteria. Some factors such as clinical morpho-
logical features, data of the histological study, expression of pan-cytokeratin, CD44,
and markers of the neuroendocrine phenotype have limited prognostic value.
Conclusions. We have identified prognostic criteria for SCLC regarding overall
survival and belonging to the stage of limited or extensive process. The recommended
panel of the IHC markers should include: Ki-67, E-cadherin, N-cadherin, vimentin,
pan-cytokeratin, taking into account the stage of EMT.

Yakovtsova I, Starikov VI, Yanchevskyi OV, Ivakhno IV, Abdullaieva AB, Mirzebasov MA. Morphological and
immunohistochemical prognostic criteria for small cell lung cancers. Ukrainian journal of radiology and oncology.
2024;32(1):32—43. DOI: https://doi.org/10.46879/ukroj.1.2024.32-43
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Cratta € hparMeHTOM MraHOBOI HAayKOBO-AOCHiAHOT
poboTn kadedpu NaTonoriyHOi aHaTomii XapkiBCbKOT
Meau4yHoi akagemii nicnagunnomHoi ocBiTM MiHicTep-
CTBa OXOPOHW 3pA0poB’s Ykpainu: «[llatorictonoriyHa
Ta iMyHOriCTOXiMi4Ha AiarHOCTMKa i NPOrHO3 3MosiKiCHUX
NYXMUH Pi3HOT Nnokanisauii 3 ypaxyBaHHAM ix 6ionoriyHnx
BNacTUBOCTEN Ta KriHiYHOro nepebiry», HoMep AepXKaBHOT
peectpauii: 0117U000594, npuknagHa, TEepMiH BUKO-
HaHHs: 2016—2020 pp., kepiBHWK — 3aBigyBadka kadenpu
naTonoriYyHoi aHaToMmii Ta CyA0BO-MEOUNYHOI eKCnepTuan
XapkiBCbKOro HauioHanbHOro Megu4HOro YHiBepCUTETY,
OOKTOp MeAMYHUX Hayk, npodpecop |.1. Akosuoea.

BCTYN

OpibHoKNITUHHWIA pak nereHb (OKP), 3rigHo 3 knacu-
dikauieto nyxnuH BOOS (2021 p.), € okpemum mopdo-
NOriYHUM TWUMOM paky nereHb, ctaHoBuTb 13-15% Big

The article is a fragment of the planned research
project of the Department of Pathological Anatomy of
Kharkiv Medical Academy of Post-graduate Education
«Pathohistological and immunohistochemical diagnosis
and prognosis of malignant tumors of different locali-
zation taking into account their biological features and
clinical course», state registration number: 0117U000594,
applied, period for performance: 2016-2020, led by Head
of the Department of Pathological Anatomy and Forensic
Examination of Kharkiv National Medical University,
Doctor of Medical Sciences, Professor |.1. Yakovtsova.

INTRODUCTION

According to the 2021 WHO tumor classification,
small cell lung cancer (SCLC) is a separate morphological
type of lung cancer that accounts for 13—-15% of malig-
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3MOSKICHUX HOBOYTBOpPEHb Ta € OfHiel 3 HanbinbLu
arpecvBHUX MyXNWH NOACbKOro opradiamy [2]. OKPI
XapakTepusyeTbCsl LUBMOKAM pPOCTOM Ta MeTacTasy-
BaHHAM, TUM4acOBOK BiOMOBIAAK Ha XiMiONpoOMeHeBy
Tepanito [2, 11]. MM'aTupiyHa 3aranbHa BuxUBaHICTb (3B)
nauieHTie 3 AKPJ1 ctaHoButb 2-7% [11, 16]. Cepen
nauieHTiB, siki oTpuMyBanu KoOMGIHOBaHe niKyBaHHS,
Ta 3 NyxXNuHo paHHbOI cTagii, 3B pocsrae 34% [11].

OKPJT mae Benuky KinbKiCTb FEHETUYHUX MyTauiin,
WO HaBiTb MNPV rapHin MNEpPBMHHIA BIAMNOBI4I HA UMUTO-
TOKCUYHY XiMioTepanito, 3yMOBIOE LUBUAKUN PO3BUTOK
xiMmiopeancteHTHocTi [16]. OgHMM 3 HaNBINbLUNX BUKNNKIB
Cy4acHoi OHKOMOPEONOrii € BU3HAYEHHS TpUrepHux gak-
TopiB arpecuBHoi nosefiHkn nyxnuH OKPIl. 3okpema,
HeoOXigHMI NOLLYK MONEKYNSIPHO-FEHETUYHUX 3MiH, BNNWB
Ha ski Jo3BonuTb obpaTv edekTUBHE niKyBaHHSA Ta
YHUKHYTW PO3BUTKY XiMiopeaucTeHTHocTi [9, 16, 18].

OaHMM i3 BaXXNMBUX MPOrHOCTUYHUX KPUTEPIEB pakiB
pi3HOI nokanisauii BW3HAETbCA eniTenianbHO-Me3eHXi-
MarnbHa TpaHcdopmadia (EMT), wo e npouecom BTpatu
pakoBUMW  KNiTUHAMW  eniTenianbHUX XapakTEPUCTMK
3 HabyTTaAM Me3eHxiManbHoro deHotuny. Hapasi B Hay-
KOBIiM niTepaTypi BMCBITNIOETbCS NPOrHOCTUYHE 3HauYEH-
Ha EMT Ta iHWMX oKpeMux MyTaui reHiB nepeBakHO
HepnpibHoKNiTMHHOTO paky nerexHb. Cepen OKPI ocobnu-
BocTi EMT Ta ii kniHiyHe 3HayeHHs 3anuwarTbCs He-
[OCTaTHLO gocnigxeHnmu [13].

MeTta pocnigkeHHs — YyOOCKOHaneHHs Mopdono-
rivHux KpuTepiiB nporHody nepebiry OKPJ1 Ha nigcrasi
OOCriAXeHHSA KNiHiKo-MOPMOMOriYHNX Ta MOMEKynsapHO-
6ioNoriYHNX XapakTepUCTUK NEPBUHHUX NMYXIUH 3 Pi3HOH
KNiHiYHOIO NOBEAIHKOIO Ta NPOrHO30M.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Martepian OyB npeacTaBneHUn [aHMMK ayToOMCin,
IO MPOBOAMIUCH Y LEHTparnisoBaHoOMYy naTororoaHaTo-
MiYHOMY BigdineHHi KomyHanbHOro HeKomepuinHoro
nignpuemctea «Micbka KniHiyHa  GaratonpodinbHa
nikapHa Ne 17» XapkiBCbkOi MICbKOi pagu 3a nepiog
2015-2020 poku, a TakoX XipypriyHO BUAANEHUX NyXIMH
y NauieHTIiB 3 KMiHik M.XapKoBa.

CdbopmoBaHi aBi rpynn OOCHIOKEHHS: roKarnisoBaHi
OKPIT (N-OKPM) — nyxnuHW, WO MarTb Nokanisadito B
MeXax OOHIEl OiNAHKM rpyaHOI KMiTKK, BKIMIOYHO 3 nimda-
TUYHMMM By3namu; posnosctomxkeHi AKPN (P-AKPIT) — npu
YpaxeHHi 000X nereHb, 3 MeTacTasamu y BigaaneHi nim-
daTUYHI BY3nM Yn BHYTPILLHI OpraHn Ha MOMEHT BCTaHOB-
NeHHS giarHoasy, skui 0yno BepmdikoBaHO MOPKONOrivyHO.
Oo rpynu JI-OKPJT Bxognnu Bunagkn pisHoro piBHA ypa-
XXEHHS nereHiB Ta nimdaTtnyHux By3nis, 3rigHo 3 knacudi-
kauieto TNM: T2aNOMO — 2, T3NOMO — 5, T2bN1MO — 2,
T3N1MO — 1, TAN2MO — 2, TAN2MO — 2 Bunagku. Mpyna
P-OKPI 6yna npeacrtaeneHa sunagkamu: T2aN2M1a — 5,
T2aN3M1a—3,T2bN2M1a—1,T2bN3M1b-5,T2bN3M1c—1,
T3N3M1b — 3, T3N3M1c — 2, TAN3M1a — 2, TAN3M1c - 3.

Cepepn 39 pgocnigxeHnx xsopux Ha [OKPJ1 gaHa nyx-
nvHa 6yna Brieplue BUsIBNeHa nig yac ayToncii B 7 Bu-
nagkax — ue 6ynu paku I-Il ctagii Ta oguH BMMAQOK
T2bN1MO. BignoBigHo, Ui XBOpi He OTpMMyBanu niKy-
BaHHA. YoTtupun Bunagku J1-AKPJ1 6yno BuaganeHo xipyp-
riYHO, XBOPi B MofanbLIOMy OTpMMYyBanu nofniximiorepa-
nito (MXT). PewTa 29 cnocrepexeHb — nauieHTW, ki
OTpMMYBanu NPOTUMYXMWHHE NiKyBaHHA, ane 3 noganb-
LLIOI0 NPOrpecield NyXIMHHOTO MpoLuecy Ta HecnpuaTiuv-

nancies and is one of the most aggressive tumors of
the human body [2]. SCLC is characterized by rapid
growth, metastasis, and a temporary response to chemo-
radiation therapy [2, 11]. The 5-year overall survival (OS)
of patients with SCLC is 2-7% [11, 16]. The OS of
patients with an early-stage tumor who receive combined
treatment is up to 34% [11].

SCLC has a large number of genetic mutations, which
causes rapid development of chemoresistance in case of
a good primary response to cytotoxic chemotherapy [16].
One of the biggest challenges of modern oncomorpho-
logy is to determine trigger factors of aggressive beha-
vior of the tumors and SCLC, specifically with the search
for molecular genetic changes, the impact on which
will allow more effective treatment to be chosen and deve-
lopment of chemoresistance to be avoided [9, 16, 18].

One of important prognostic criteria for cancers of
different localization is the epithelial-mesenchymal trans-
formation (EMT), which is a process of cancer cells
losing epithelial characteristics and obtaining a mesen-
chymal phenotype. As of now, the research literature
describes the prognostic value of the EMT and other
separate mutations of genes of mainly non-small cell
lung cancer. As for SCLC, the features of the EMT and
its clinical value remain insufficiently studied [13].

The objective of the work is to improve morpho-
logical prognostic criteria for the course of SCLC based
on the research of clinical morphological and molecular
biological characteristics of primary tumors with different
clinical behavior and prognosis.

MATERIALS AND METHODS

The material of the research was autopsy data
and surgically removed tumors in hospitals in Kharkiv.
The autopsies were performed in the centralized depart-
ment of anatomic pathology of municipal non-profit
enterprise «City Clinical Multi-profile Hospital Ne17» of
Kharkiv City Council over the period from 2015 to 2020.

We formed two groups based on the type of SCLC:
limited-stage SCLC (LSCLC) — tumors that are localized
within one area of the chest including lymph nodes;
extensive-stage SCLC (ESCLC) — tumors that affected
both lungs and metastasized to the distant lymph nodes
or internal organs at the time of establishment of the
diagnosis that was morphologically verified. The LSCLC
group included cases of different stages of lung
and lymph node involvement according to the TNM
classification: T2aNOMO — 2, T3NOMO — 5, T2bN1MO — 2,
T3N1TMO — 1, T3N2MO - 2, T4N2MO - 2 cases.
The ESCLC group included the following cases:
T2aN2M1a - 5, T2aN3M1a - 3, T2bN2M1a - 1,
T2bN3M1b - 5, T2bN3M1c - 1, T3N3M1b - 3,
T3N3M1c — 2, T4N3M1a — 2, TAN3M1c - 3.

Among 39 patients with SCLC, this tumor was
primarily detected during the autopsy in 7 cases: 6 cases
of I-Il stage cancers and 1 case of T2bN1MO. Thus,
these patients did not receive any treatment. In 4 cases,
LSCLC was surgically removed, and the patients received
palliative chemotherapy afterwards. The other 29 cases
were the patients who received antitumor treatment
with further progression of the tumor process and
an unfavorable outcome. According to the autopsy data,
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BUM HacnigkoM. 3a JaHUMK ayTomnCii OCHOBHUM 3aXBOpHO-
BaHHAM Yy Bcix 29 Bunagkax 6ys OKPJ1, Takox npoaHarni-
30BaHO MOKa3HMWK 3aranbHOi BUXKMBAHOCTI NaUieHTIB.

ImyHoricToximiyHe (IFX) pocnimkeHHss npoBOAMMM
3 BUKOPUCTaHHAM Takux mapkepis: CD56 (knoH 123C3,
1:100), CD117 (noniknoHanbHe aHTMTINO A4502,1:250),
Ki-67 (knoH SP6, 1:400) naHuuTokepatuH (AE1/AE3),
E-kagrepuH (EP700Y), BimeHTMH (V9), N-kagrepuH
(knoH 3B9), CD44 (DF1485), BupobHuutea DAKO (OaHis).

Knacudikauis EMT posnoginsnaca Ha 6 cragin:
0 — pakn 6e3 EMT (3 HeraTMBHOK peakLielo Ha Me3eH-
XiManbHi Mapkepu BiMeHTUH Ta N-kagrepuH); 1 ctagia —
pakn 3 o3Hakamm EMT, nepeBaxHO eniTenianbHOro
deHotuny (IFX peakuis enitenianbHWx MapkepiB (naH-
uuToKepaTuH Ta E-kagrepuH) nepeBaxae Hag peakuiero
Me3eHximanbHux Mapkepis, p < 0,05); 2 cragis — npo-
MDKHOro enitenianbHOro gpeHoTmny, Konu peakuis enite-
NianbHUX MapKepiB NepeBaXae Hag peakuietd Me3eHXi-
ManbHuX mapkepis, p > 0,05); 3 crtagia — npomixHoro
Me3eHximanbHoro deHotuny; 4 cragia — 3 nepeBaxHo
Me3eHXiManbHUM PEeHOTUNOM; 5 — pakn 3 Me3eHximanb-
HUM cbeHoTMNOM Ge3 ekcnpecii enitenianbHNUX MapKkepiB.

[na ouiHkn iHTeHcmBHOCTI ekcnpecii IMX mapkepis
BMKOPUCTOBYBanNM HaniBKinbkicHy Lwkany Big 0 go 3+:
0 - BigcyTHiCTb ekcnpecii, «+» — cnabka, «++» —
nomipHa, «+++» — BMpaxeHa eKkcnpecis. Takox nia-
paxoByBanu BiACOTOK iIMYHOMO3UTUBHWUX KIiTUH Yy noni
3opy: 0 — BigcyTHicTb ekcnpecii, 1 — 1-33% KniTWH,
2 — 34-66% kniTuH, 3 — 67—100% KnNiTUH.

PiBeHb y3romkeHOCTi MiXX ABOMa nartornioramu LIOAO
BilCOTKa eKcnpecii MapKepiB OLiHIOBaBCSA 3a 4OMNOMOrow
koedpiuieHTa mixknacoBoi kopensuii (ICC), akun pospa-
xoByBaBcs B nporpami «MedCalc» (Version 20.009, trial).

CratuctnyHy o06pobky pesynbraTiB  [OCHimKEHHS
npoeBoaMnn 3 BUMKOPUCTaHHAM naketa «MedCalcy
(Version 20.009, trial). Ons ouiHkn 3B’A3KYy MiX O3Ha-
KamMu BWKOPUCTOBYBanu TOYHMIN KpuTepin Oiwepa Ta
HenapameTpu4HUn Kputepin xi-kBagpart [lipcoHa. OTpu-
MaHi 3Ha4YeHHs MOKa3HWKIB rpyn AOCHiMKEeHHS nodaHo
3 06YMCNEHHSIM CTaHOapTHOI MOMUIIKA  CEPEAHLONO.
Ons  nigTBepaXeHHs abo CnNpOCTYBaHHS  HyNbOBOI
rinoTesan Npo 3aneXxHiCTb MK BWUPA3HICTIO MOKAa3HMWKIB
eKcnpecii  iIMyHOriCTOXIMIYHUX MapKepiB BUKOPUCTOBY-
Banu HenapameTpuuHuii kputepin CnipmaHa. [Ons rpa-
divHOro 300paXkeHHs1 i3 CTAaTUCTUYHUM OBYMCNEHHAM
BiAMIHHOCTEWN 3aranbHOi BMXXMBAHOCTI NALiEHTIB B 3anex-
HOCTI Big [OCniAXyBaHUX KpuUTepiiB BUKOPUCTOBYBaBCS
metoq kpuBux KannaHa—Marepa. CTaTUCTUYHO 3Hauy-
LMK BBaxanu pesynesratu npu p < 0,05.

PE3YABTATU TA iX OBTOBOPEHHS

Cepen nauieHtiB 3 OKPIT nepeBaxanu 4orosiku
82,1%, xiHok 6yno 17,9% Ta, sk BMOHO 3 Tabnuui 1,
navieHTn YornoBivoi Ta iHoyoi cTaTi 6ynu npeacTaBneHi
B Maixe ogHakoBoMy cniBBigHoweHHi cepen J1-OKPJ1
Ta P-OKPJ1. TMokasHuk Biky nauieHTiB B 060x rpynax
JOCnioKeHHst Takox OyB NPaKTUYHO O4HAKOBUM.

Cepen, MopdonoriYyHnXx o3HaK Ha piBHi 3abapBrneHHs
remMaToKCUNIHOM Ta €03MHOM TaKOX He BUSIBMEHi cTa-
TUCTMYHO 3HadyLli BiAMIHHOCTI MDX rpynamu pocnig-
XeHHsi. MitoTnyHa aktusHicte [KPJT Gyna Bapiabenb-
Hoto Big 10 go 78 mitosiB B 10° M2, B cepedHbOMY
39,5 + 2,7, aaepHi xapaKTepucTuKkK, Taki ak: dopma agpa,
Moro nnowia, posnogin XpomaTuHy, ocobnuBocTi sfae-

the main disease in all 29 cases was SCLC. The overall
survival of patients was analyzed.

The immunohistochemical (IHC) study was performed
using the following DAKO markers (made in Denmark):
CD56 (123C3 clone, 1:100), CD117 (A4502 polyclonal
antibody, 1:250), Ki-67 (SP6 clone, 1:400), pan-cytokeratin
(AE1/AE3), E-cadherin (EP700Y), vimentin (V9),
N-cadherin (3B9 clone), CD44 (FD1485).

According to the EMT classification, we distinguished
6 stages: 0 — cancers without the EMT (with negative
reaction to such mesenchymal markers as vimentin
and N-cadherin); stage 1 — cancers with the EMT
features, mainly of epithelial phenotype (IHC reaction
of the epitheial markers (pan-cytokeratin and E-cadherin)
prevails over the reaction of the mesenchymal markers,
(p < 0.05); stage 2 — cancers of the transitional epithe-
lial phenotype when the reaction of the epithelial markers
prevails over the reaction of the mesenchymal markers,
p > 0.05; stage 3 — cancers of the transitional epithelial
phenotype; stage 4 — cancers of mainly mesenchymal
phenotype; 5 — cancers of the mesenchynal phenotype
without expression of the epithelial markers.

For assessment of expression intensity of the IHC
markers, we used a semi-quantitative scale from 0 to 3+:
0 — no expression, «+» — mild expression, «++» —
moderate expression, «+++» — strong expression.
We also calculated percentage of immunopositive cells
in the field of view: 0 — no expression, 1 — 1-33% of cells,
2 — 34-66% of cells, 3 — 67-100% of cells.

The correlation level between two pathologists
regarding percentage of the expression of the markers
was measured using the intraclass correlation coeffi-
cient (ICC) that was calculated in «MedCalc» program
(Version 20.009, trial).

The results of the study were statistically processed
using «MedCalc» software (Version 20.009, trial).
We used the Fisher’s exact test and the non-parametric
Pearson’s chi-squared test to assess correlation bet-
ween the features. The obtained values of parameters
of the studied groups are presented with calculation of
the standard error of the mean. To confirm or reject the
null hypothesis about correlation between severity of
parameters of expression of the immunohistochemical
markers, we used the non-parametric Spearman rank
correlation coefficient. Kaplan—Meier curves were used
for graphic visualization with statistical calculation of
differences in overall survival of patients depending on
the studied criteria. The results were considered sta-
tistically significant when p < 0.05.

RESULTS AND DISCUSSION

Among the patients with SCLC, there were more
men than women — 82.1% and 17.9%, respectively, and,
as can be seen from Table 1, men and women were
presented at almost the same ratio in LSCLC and
ESCLC. The age of patients in both groups was also
approximately the same.

At the stage of staining with hematoxylin and eosin,
no statistically significant differences in morphological
features between the studied groups were detected.
The mitotic activity of SCLC varied from 10 to 78 mitoses
per 10°° m?, mean 39.5+2.7. There was no difference
in such characteristics of the nucleus, as its shape
and area, chromatin distribution, features of nucleoli,
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peub, X HasfABHICTb YW BIOCYTHICTb, OKpyrna, oBalbHO-
yn BepeTeHonodibHa dopma KniTMH, HasiBHICTb Ta
PO3MOBCIOMKEHICTb HEKPO3IB, MCTOMOrYHMIA TN GynoBu
(conigHui, YacTo rHiI3gHWIA, MOXNIMBO, TPabeKyNAPHUIA) —
He BigpisHanuce cepen OKPJ1 rpyn gocnimkeHHs.

their absence or presence, round, oval or fusiform
shape of the cells, presence and advancement of
necroses, histological structure type (solid, often nested,
possibly trabecular) between the studied groups.

Ta6nuus 1. Kniniko-mopdonoriyHi ocobnmsocti AKPI1 rpyn gocnigkeHHs
Table 1. Clinical morphological features of SCLC in the studied groups

Ipynn / Groups
OsHaku / Features

JN-OKPIT / LSCLC

P-OKPN / ESCLC

Cratb / Sex
Y/M 11 (78,6%) 21 (84,0%)
K/IW 3(21,4%) 4 (16,0%)
Bik / Age 60,3 +2,1 62,3+1,7

Mnowa pakoBux KNiTUH
Area of cancer cells

3 piameTpa nimcouunTa
3 lymphocyte diameters

3 piameTpa nimgoumnTa
3 lymphocyte diameters

dopma pakoBUxX KNiTuH//
Shape of cancer cells

KpyrnaTaoBanbHa, MOX1Ba BepeTeHonoaibHa
Round and oval, possibly fusiform

KpyrnaTtaoBanbHa, MoXnv1Ba BepeTeHonogioHa
Round and oval, possibly fusiform

CepepgHs KinbkicTb MiTo3iB y 1076 m?
Mean number of mitoses per 10 m?

41,1+£2,6

38,6 +2,7

Hekpo3 / Necrosis
B 100% (14) nyxnuH

BorHuieBi Ta po3noBcrogXKeHi

Focal and advanced in 100% (14) of tumors

BorHuweBi Ta po3noBCIOaXEHi
B 100% (25) nyxnvH
Focal and advanced in 100% (25) of tumors

Takum yYnHOM, HaBefeHi pe3ynbTaT AOBOAATHL Bif-
CYTHICTb MPOTrHOCTUYHOIO 3HAYEHHS TICTONMOMYHUX KpW-
Tepiie OKPJT Ta nigkpecntoloTb HeoOXigHICTb OUiHKM
MOMEKYNSIPHO-0ioNoriYHnX 03HaK Anst NpOrHo3yBaHHSA
GionoriyHoi Ta kniHiYHOi noBeaiHkn OKPII.

IHWi gaHi 6yno oTpumaHo wWoao BNnMBY nponidepa-
TMBHOI aKTMBHOCTI Ha KniHiyHy nosediHky OKPJIT npu
ypaxyBaHHi piBHA ekcnpecii Ki-67. Peakuis Mapkepa
B nyxnuHi Gyna BapiabenbHOW 3 BiACOTKOM paKOBUX
KNiTWH, WO OeMOHCTpyBanu ekcnpecito Big 18 oo 77%,
cepegHin  nokasHuk  ekcnpecii  Ki-67  cTaHOBMB
41,3% £ 3,1. OTtpumaHuin nokasHuk cepen J1-OKPN
OyB meHwwum (t = -2,9, p < 0,01) (gus. Tabn. 2).

Thus, the given results prove the absence of prog-
nostic value of the histological criteria for SCLC and
highlight the necessity of assessing molecular biological
features for the prognosis of biological and clinical
behavior of SCLC.

We obtained different data on the impact of proli-
ferative activity on the clinical behavior of SCLC, taking
into account the expression level of Ki-67. The reaction
of the marker in the tumor was variable, with percen-
tage of cancer cells that demonstrated expression
from 18% to 77%, mean 41.3%+3.1. The obtained
value in patients with LSCLC was lower (t = -2.9,
p <0.01) (see Table 2).

Tabnuusa 2. PiseHb ekcnpecii Ki-67 N-AKPJT ta P-OKPI
Table 2. Ki-67 expression level of LSCLC and ESCLC

I'pynu / Groups - L L

Osmakn | Features N-OKPN / LSCLC | P-OKPN / ESCLC | HoctoBipHictb / Statistical significance
Ki-67

MegiaHa / Median 51,4% + 4,8 35,0% + 3,4 p <0,01

[iana3oH / Range 25-75% 18-77%
BiacyTtHicTb EMT / Absence of EMT 8 (57,1%) 4 (16%)/ 22711 <001
HassHicte EMT / Presence of EMT 6 (42,9%) 21(84%) X P,
EMT 0-2 ct./ St. 0-2 EMT 14 (100%) 17(68%) 9 E
EMT 3-5 . / St. 3-5 EMT 0 8(32%) 1*=56,p<005

BcraHoBneHo, wo y nadientie 3 OKPI TepmiH 3B
MaB NpsiMy CTaTUCTUYHO 3HAYyLLy 3aneXHiCTb 3 piBHEM
ekcnpecii Ki-67. Mpu po3nogini AKPI 3a piBHeM ekcnpe-
cii Ki-67 = 33% T1a < 33%, BusiBNeHa npsiMa 3anexHicTb
3 TepMiHOM 3aranbHoi BuwxkumBaHocTi (x2 = 5,8, p < 0,05).
Tob6TO, NMpu 3pOCTaHHi piBHA nponidhepaTMBHOI aKTWB-
HocTi IKPJ1, BxknBaHIiCTb nauieHTiB 30inbLyBanacs.

Cxoxi gaHi woao 6inblw cnpuaTtnmMeoro nepebiry 3a-
XBOPIOBaHHs Mpun Oinblomy piBHi ekcnpecii Ki-67 otpu-
MaHo iHWKnMK aBTopamu [6, 21]. lNMpoTe meTaaHani3 BNAK-
BY nponidhepaTMBHOI aKTUBHOCTI Ha KINiHiYHWIA nepebir
PJ1, nepeBa)xxHO HeAPIGHOKIITUHHNX, NOKa3aB NPOTUSEXHI
pe3ynsrati, 9K i B pakax iHWuX nokanisauin [21, 23].

It was found that the OS period in patients with SCLC
had a direct statistically significant relationship with the
Ki-67 expression level. When distributing SCLC according
to the Ki-67 expression level (233% and <33%), we found
a direct relationship with the OS period (2 = 5.8, p<0.05),
meaning that the OS improved in patients who had
an increase in the proliferative activity of SCLC.

Similar data on a more favorable course of the disease
in the increased expression level of Ki-67 were obtained
by other authors [6, 21]. However, the meta-analysis of
the impact of proliferative activity on the clinical course
of lung cancers (mainly small cell ones) showed opposite
results, as in cancers of other localizations [21, 23].

OpuwuriHanbHi 4oCnigpKeHHSs

36

Original research



YKpaiHCbKWI PafionorivyHMii Ta OHKOMNOTiYHWI >xypHan. 2024. T. 32. Ne 1. C. 3243
Ukrainian journal of radiology and oncology. 2024;32(1):32—43

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

Tobto B OKPJ1 Ha BigMiHy Big iHWMX pakiB (K NereHsb,
Tak i iHWKX nokanisauin) Ki-67 BucTynae sik cnpusatnuemmn
NPOrHOCTUYHWUIA KpuTepii goGpoi Bignoeiai Ha npoTu-
NyXnMHHY Tepanito Ta AOBLUOI BUXMBAHOCTI MNauieHTIB.
Lle moxe GyTn 3yMOBMEHO HE XapakTEPUCTUKOK pako-
BUX KNITMH 4K acouiauieto ekcnpecii Ki-67 3 akTuBauieto
TUX YW IHWWX CUTHanNbHUX LWMAXiB, a MNepl 3a BCe
3anexHICTIO 3 BignoBiaato pakoBmx KNiTUH Ha MXT.

Bci OKPJ1 manu no3uTuBHY peakuiio 40 Mapkepis
HepoeHOOKpPUHHOro eHotuny — CD56 uu cuHanTo-
i3nHy, NpoTe B Mexax KOXHOI 3 NyXfMH IHTEHCUBHICTb
Ta BiHOCHA KiNbKiCTb KMiTWH, LLO eKCNpecyTb MapKepu,
Oyna pi3Ha, Le BKase Ha HeoaHOpPIgHICTb nonynsauil
OKPJT Ta yactkoBy BTpaTy HEMPOEHOOKPUHHOrO ¢eHo-
Tvny. 3a gaHumn okpemux asTopiB [24] go 20% [OKPI
He eKCnpecylTb MapKepu HeWpoeHOOKPUHHUX TKaHWH,
wo ceiguntb npo reteporeHHictb  OKPJl, HaBiTb
B Mexax ofgHiei nyxnuHu [17].

PisHnug y piBHi ekcnpecii CD56 cepen OKPJT rpyn
JocnigkeHHst 6yna cTaTUCTMYHO He3Hadylla. Tak, Bupa-

KEeHa peakuia Bu3dHadvanace B 92,8% JI-OKPJ1 Ta
B 72,0% P-OKPJ1 (x2=2,3, p =0,1).
Mo3sntmBHa peakuyis go CD44 BusHavanacb

y 30,8% (12/39) OKPIT i 6yna nepeBaxHo cnabkoio,
Ta He 3anexana Big NMPUHANEXHOCTI NyXNUH A0 rpyn
pocnigpxkeHHsa. Tak, cepeq JI-OKPJ1 nosutMBHa peakuis
no CD44 cnoctepiranace y 21,4% (3/14), cepen
P-OKPIT — y 36,0% (9/25). Takox Oyna BiACyTHS
CTaTUCTUYHO 3Hayylla 3anexHiCTb MK MNO3MTUBHOM
peakuieto mapkepa CD44 Ta TepmiHom 3B nauieHTiB
(p = 0,7). BcraHOoBneHO 3BOPOTHIO KOpensuinHy
3anexHicTb Mix peakuieto go CD44 ta CD56 (r = — 0,65,
p < 0,01), wo cnig nosicHOBaTK NpoLecamMn BTpaTu Tka-
HUHHOI cneundivYHOCTI pakoBUX KMiTUH, 30KpEMaA, HENPO-
€HOOKPVUHHOTO  (DEHOTMMY MpU  MOsIBi  MONEKYNspHO-
GionorivyHmx cBig4eHb cToBOYpoBOro doeHoTMNY.

OTpuMaHi pe3ynbTaTy Woao TeHAeHuii 6inbl arpe-
cuBHOI GionoriyHoi Ta kniHiyHoi nosepiHku OKPIT, aki
MatoTb ekcnpecito CD44, He npoTupivyaTb AaHUM CBITOBOI
nitepatypu [15, 22]. Ha aymky okpemwux astopis [10],
OLjiHKa MOMNeKynsipHUX ocobnmBOCTEN Ta LUNSAXiB CTOB-
OypoBOro heHoTUNy MOXe CTaTh PYTUHHOK YaCTUHOM
piarHoctukn Ta Tepanii OKPI [14, 20]. Pe3ncteHTHi go
ximioTepanii pakoBi CTOBOYpOBi KNiTWHKU, siki CknagalTb
OyXe HesHauyHy cybnonynsuio, MOXyTb BignosigaTu
3a nikyBanbHy Pe3UCTEHTHICTb Ta arpecusHicTb OKPII.
3a paHumn Wang Y. et al, 2021 [22] nosuTmBHa
ekcnipecia  CD44 «kopentoe 3 «poor performance
status», NpoTe He BUSIBNEHO KOPENsLUiAHOI 3aneXHoCTi
3 HecnpusaTnueum nporHosom OKPJ1.

CrtoB6ypoBuii peHoTvn y OKPIT yacto ineHTUdikyoThb
3 Me3eHXiManbHUMKM Mapkepamu, Takummn sk CD44,
CD90, CD87 ta CD133 [1, 4, 15]. 3a okpemMuMn gaHnmu,
a[EeHOKapUMHOMUN TereHb XapakTepusylTbCcs BiACYT-
HICTIO 3anexHocTi Mk HasBHicTio EMT Ta ctoBGypoBuM
deHoTUnoM pakoBux knituH [19]. MepeBaxHa GinbLUiCTb
pocnigxeHb He crtocyetbcss OKPJ1, i Takum 4mHOM
He MOXyTb OyTK 3acTtocoBaHi Ao [KPJ1, siki MatoTb 3Ha4HI
MONEKYNSIPHO-reHEeTUYHi BiAMiIHHOCTI.

Mpouecn EMT moxyTb GyTW 3ymMOBReHi ekcnpecieto
HW3KM OCHOBHMX haKTOpiB TPaHCKPUNLi, Takux siK: oakTop
TpaHckpunuii SNAIL, ZEB (zinc-finger E-boxbinding),
bHLH (basic helix-loop-helix transcription), TGFp (TpaHc-
dopmytounn daktop pocty — betta), Notch Towo [12].
B okpemux poboTtax goBegeHa kpuTuyHa pornb TGF-B

In other words, unlike in other cancers (lung cancers,
as well as cancers of other localizations), Ki-67 in SCLC
acts as a favorable prognostic criterion for a good
response to the antitumor therapy and longer survival
of the patients. This can be caused not only by the charac-
teristics of the tumor cells or the association of the Ki-67
expression with an activation of any particular signal
pathways, but primarily by the relationship with the
response of the tumor cells to palliative chemotherapy.

All SCLC had a positive reaction to the markers of
the neuroendocrine phenotype (CD56 or synaptophysin),
but the intensity and the relative number of the cells
that expressed the markers were different within the
area of each tumor, which is indicative of heterogeneity
of the SCLC population and partial loss of the neuro-
endocrine phenotype. According to the data of some
authors [24], up to 20% of SCLC do not express markers
of the neuroendocrine tissues, which indicates hetero-
geneity of SCLC, even within the area of one tumor [17].

The difference in expression level of CD56 between
the studied groups was not statistically significant.
A strong reaction was determined in 92.8% of LSCLC
and 72.0% of ESCLC (y2=2.3, p=0.1).

A positive reaction to CD44 was detected in
30.8% (12/39) of SCLC. It was mostly mild and was
not impacted by the tumors belonging to a specific
study group. Among LSCLC, a positive reaction to CD44
was observed in 21.4% (3/14) of cases; among
ESCLC —in 36.0% (9/25). There was also no statistically
significant relationship between the positive reaction to
CD44 marker and the OS period of the patients (p=0.7).
We established an inverse correlational relationship
between the reactions to CD44 and CD56 (r = —0.65,
p<0.01), which should be explained by the cancer cells
losing their tissue specificity, in particular, the neuro-
endocrine phenotype, and emergence of molecular
biological evidence of the stem phenotype.

The obtained results about the tendency towards
more aggressive biological and clinical behavior of
SCLC that have CD44 expression do not contradict
the data of world literature [15, 22]. According to some
authors [10], assessment of molecular features and
pathways of the stem phenotype can become a routine
part of diagnosis and therapy of SCLC [14, 20]. Chemo-
therapy-resistant cancer stem cells that account for
a small subpopulation might be responsible for treatment
resistance and aggressiveness of SCLC. According to
Wang Y. et al., 2021 [22], although positive expression of
CD44 correlates with poor performance status, no corre-
lation with unfavorable prognosis of SCLC was found.

The stem phenotype in SCLC is often identified
with such mesenchymal markers, as CD44, CD90, CD87,
and CD133 [1, 4, 15]. According to some data, lung
adenocarcinomas are characterized by the absence of
the relationship between the presence of the EMT and
the stem phenotype of the cancer cells [19]. The over-
whelming majority of the studies are not concerned
with SCLC and cannot be applied to SCLC that have
significant molecular genetic differences.

The EMT processes may be caused by the expre-
ssion of a range of the main transcription factors:
SNAIL, ZEB (zinc-finger E-box-binding), bHLH (basic
helix-loop-helix  transcription), TGF-f (transforming
growth factor beta), Notch, etc. [12]. In some works,
the critical role of TGF-B in the development of hetero-
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Yy PO3BUTKY reTeporeHHocTi Ta MeTactadyBaHHi [KPII,
a iHribyBaHHa nepepadi curHany TGF-B 3Ha4yHO 3HWXYE
meTactatuyHy aktusHicTb [KPJIl, wo, B cBolo uepry,
3YMOBIIOE MOTEHUIMHUIA TepaneBTUYHUI edeKT npu
nikysaHHi xBopux Ha [KPJI1 [8]. Notch € curHanbHum
LUMSIXOM, SIKUA 3YMOBIIOE BHYTPILLIHBOMNYXIIMHHY reTepo-
reHHicTb, po3suTok EMT, perynioe HenpoeHOOKpUHHE
AudpbepeHuitoBaHHs, nponidepadito, MXKKNITUHHY aaresito
Ta XimiopesucTeHTHicTb [17]. Tlicna npoBegeHHs Ximio-
Tepanii Ta nNpomMeHeBOi Tepanii goBegeHa akTueauis
Notch curHanbHux LWAAXIB, WO Mae CynpecuBHU
epeKkT [0 HEeNpPOEeHOOKPUHHOro  AundbepeHUitoBaHHS,
nosisn npouecis EMT Ta po3sutky ximionpomeHeBol
pe3ncTeHTHocTi [5, 7, 17].

MonekynsipHo-reHeTu4Ha  reTeporeHHicte  OKPI
3 Pi3HOMAaHITTAM TPaHCKPUMNLIAHOIT perynsuii 3ymMoBnioe
cnpobu knacudikauin OKPJ1. MpoTte MeToauka OLiHKK
nosiu Ta cryneHs EMT He € goctaHbo po3pobrneHoto
Ta HeBMnopsiakoBaHa [0 3aranbHOro BUKOPUCTaHHS,
Wo Moxe OyTM 3yMOBMEHO MNepLU 3a BCE Pi3HOI aKTUB-
HICTIO MOneKynsipHux nposiBiB npolecy Ta Bapiabenb-
HICTIO peanisauii TUX YK HWKNX CUrHanbHUX wnaxie [3].
Y paHomy OocCnigXeHHi 3anponoHoBaHo BU3HayYeHHs EMT
Ta il cTyneHs 3a o3Hakamu nosieu IMX kputepiiB Me3eHxi-
MarnbHOro d)eHoTUNy Ta CTaTUCTUYHOIO NigpaxyHKy piB-
HS CNIBBIAHOLUEHHA MK eniTenianbHAMM Ta Me3eHXi-
MarnbHUMK XapaKTepUCTUKaMU B KINiTUHAX MyXIUHN.

BusHayeHo, wo cepeg OKPN ctyniive EMT 6yB
BapiabGenbHUM, 1i nosiBa cnocTepiranacb B 69,3% Ta
6yna nepeBa)HO NPOMIXKHOIO abo HEMOBHOH).

Mo3nTuBHa peakuist 40 NaHUUTOKepaTUHY crnocTtepira-
nace y 69,2% (27/39), a 3i cnabkum piBHeMm ekcnpecii —
y 43,5% (17/39). CTaTMCTMYHO 3Hauvylla 3anexHicTb
MiXX piBHEM ekcnpecii naHUMToKepaTvHy Ta NPOrHo3oM
3axBoploBaHHA BigcyTHA. CnocTtepiranacb BiACYTHICTb
3anexXHOCTi MiXK BWXKMBAHICTIO NaUieHTIB Ta piBHEM
ekcnpecii naHumTokepaTtuHy (x? = 0,5, p > 0,05).

Ekcnpecia BiMeHTMHY Bu3Havanacb B 28,2% Big
ycix 39 pocnigxeHux sunagkax OKPI, 3 akux y 90,9%
(10/11) peakuis 6yna cnabkoto. [NpocTexeHa TeHOeHLis,
WO He € CTaTUCTMYHO 3HaudyLlok, A0 Oinbloro piBHA
ekcnpecii BimeHTUHy cepepn P-AKPI, Hix cepen J1-OKPI1.
B ogHomy cnoctepexeHHi J1-OKPI (1/14) 6yno BusieneHo
ekcnpecito BiMeHTUHY, Todi sik cepeg P-OKPJ1 nosu-
TMBHA peakuis JocCnigXyBaHOro Mapkepa BM3Havanach
B 40% Bunagkis (10/25). Takum 4nHOM, OTpuUMaHi AaHi
He cBigyaTb npo Te, wWo 6inbw arpecueHi P-APKJI
XapakTepuaylTbCs eKcrnpecielo BiMEHTUHY. 3 iHWoro
OOKy npoCTexeHa 3anexHiCTb MiX piBHEM eKcrpecii
BIMEHTMHY Ta TepPMiHOM NeTanbHOro Hacnigky nauieHTis
3 OKPN (3% = 13,5, p < 0,01) (puc. 1, b). Tak, cepeaHin
TepMiH 3B nauieHTiB 3 HeratuBHow peakuieto OKPJI
00 BiMeHTMHY cknaB 16,9 + 2,2 mic., 3 MO3UTUBHOIO
peakuieto — 6,2 + 1,7 mic. (t=-2,7, p <0,01).

Ekcnpecia E-kagrepuHy cnoctepiranace y 43,5%
(17/39) OKPI. Peakuisi 6yna membpaHHO, nepeBaxHO
cnabkoto, HasiBHOW B 7,6% kniTmH y noni 3opy.
He BusBNeHO 3anexHocTi Mk BTpaTo ekcnpecii E-kag-
repuHy Ta npuHanexdictio OKPJT go rpynu P-OKPII,
npoTe, BiACYTHICTb peakuii o E-kagrepuHy geuwlo vac-
Tiwe cnoctepiranacek cepeq P-LKPJ1. BctaHoBneHo, LWwo
3B nauieHTiB Byna 6inbLUo0 NpY NO3MTUBHIA ekcrpecil
AaHoro mapkepa (x2 = 9,3, p < 0,01) (puc. 1, c). Tak, ce-
penHin TepMiH BWXWMBAHOCTI NaUIEHTIB NpU HEraTUBHIN
peakuii E-kagrepuHy [OKPI1 crtaHoBuB 8,1 + 1,4 wmic.,

geneity and metastasis of SCLC has been proved.
Inhibition of TGF-B signal transmission significantly
reduces metastatic activity of SCLC, which, in its turn,
causes potential therapeutic effect in the treatment
of patients with SCLC [8]. Notch is a signal pathway
that causes internal tumor heterogeneity and deve-
lopment of the EMT, regulates neuroendocrine diffe-
rentiation, proliferation, cell-cell adhesion, and chemo-
resistance [17]. The activation of Notch signal pathways
that has a suppressive effect on neuroendocrine diffe-
rentiation, development of the EMT processes and
chemoradiation resistance after radiation and chemo-
therapy has been proved [5, 7, 17].

The attempts to classify SCLC explain molecular
genetic heterogeneity of SCLC with a variety in tran-
scriptional regulation. However, the methods for assess-
ing emergence and stage of the EMT are underdeveloped
and not structured for general use. The main reason for
this may be different activity of molecular manifestations
of the process and variability of realization of any particular
signal pathways [3]. In this study, we suggest determi-
ning EMT and its stage according to the signs of
emergence of IHC criteria of the mesenchymal phenotype
and statistical calculation of the ratio level between
the epithelial and mesenchynal characteristics in the
cells of the tumor.

We found that the stage of the EMT was variable
in SCLC patients. It was observed in 69.3% and was
mainly transitional or incomplete.

A positive reaction to pan-cytokeratin was observed
in 69.2% (27/39) of cases; with mild expression level —
in 43.5% (17/39). There was no statistically significant
relationship between the pan-cytokeratin expression
level and prognosis of the disease. We also found
no statistically significant relationship between the
survival of the patients and the pan-cytokeratin expre-
ssion level (32 = 0.5, p > 0.05).

Vimentin expression was determined in 28.2% out
of all 39 cases of SCLC. In 90.9% (10/11) of them,
the reaction was mild. We observed a tendency that
was not statistically significant towards a more increased
expression level of vimentin in ESCLC than in LSCLC.
In one case of LSCLC (1/14), vimentin expression was
detected, whereas in ESCLC, a positive reaction of
this marker was determined in 40% of cases (10/25).
Thus, the obtained data do not indicate that more
aggressive LSCLC are characterized by the expression
of vimentin. However, we observed a relationship
between the vimentin expression level and the date of
the lethal outcome in SCLC patients (y? = 13.5, p < 0.01)
(Fig. 1, b). The average OS period of patients with
a negative reaction of SCLC to vimentin was
16.912.2 months, with a positive reaction —6.2+1.7 months
(t=-2.7,p<0.01).

The expression of E-cadherin was observed in 43.5%
(17/39) of SCLC cases. The reaction was membranous,
mostly mild, and present in 7.6% of the cells in the field
of view. No relationship between the loss of expression
of E-cadherin and SCLC belonging to the ESCLC group
was found. However, the absence of reaction to
E-cadherin was observed somewhat more often among
patients with ESCLC. We determined that the OS of
patients was longer in cases of the positive expression
of this marker (32 = 9.3, p < 0.01) (Fig. 1, ¢). The mean
survival period of patients with a negative reaction of
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npy No3uTUBHIA peakuii E-kagrepuHy — 19,1 + 3,0 mic.
(p <0,01).

Memb6paHHa ekcnpecis N-kagrepuHy crnocTepiranach
y 64,1% (25/39) cnoctepexeHb [OKPIl. Peakuis 6yna
nepeBaxHo cnabkoto, nuwe B 5,1% (2/39) — nomipHoto.
Yci JI-OKPI manu cnabky ekcnpecito N-kagrepuHy uum
il BiOCYTHICTb. BcCTaHOBNEHO TakoX 3anexHiCTb MiX
nosisoto ekcnpecii N-kagrepuny OKPJT Ta 3B (y? = 5,8,
p < 0,05) (puc. 1, d). Tak, cepegHin TepMiH BUXUBa-
HOCTi nauieHTiB 3 BigcyTHICTI0O ekcnpecii N-kagrepuHy
ctaHoBuB 20,5 + 3,6 wMmic., ToAi SK 3 MO3WUTUBHOIO
ekcnpecieto — 10,4 + 1,8 wmic. (t=2,8, p <0,01).
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E-cadherin to SCLC was 8.1+1.4 months, with a negative
reaction of E-cadherin — 19.1+3.0 months (p < 0.01).

The membranous expression of N-cadherin was
observed in 64.1% (25/39) of cases of SCLC. The reac-
tion was mainly mild and only in 5.1% (2/39) it was
moderate. All LSCLC had the mild expression of
N-cadherin or its absence. We found the relationship
between the emergence of the expression of N-cadherin
in ESCLC and the OS (y2= 5.8, p < 0.05) (Fig. 1, d).
The mean survival period of patients with no expression
of N-cadherin was 20.5£3.6 months, with a positive
reaction — 10.4+1.8 months (t = 2.8, p < 0.01).

100
BimeHTHH
_— Vimentin
& 80 =0
o8 5 —
G .2
T 260
g 3
* —
Egm
X
]
E 20 | I 2
u w i ) Il I § § §
0O 5 10 15 20 25 30 35 40
Yac (micaui) / Time (months)
b)
100 = N-kaprepuH
L| N-cadherin
S 8o} hi- ~=0
= i B —_
5%
Z E 60}
& v
@ E
o
A0
=
5 20}
D‘ i i L i i L i i
0 5 10 15 20 25 30 35 40
Yac (micayi) / Time (months)

d)

Puc. 1. 3aranbHa BUXMBaHICTb NALEHTIB B 3aN1€XHOCTI
BiA HasiBHocTi EMT (a), ekcnpecii BimeHTUHy (b), E-kagrepuHy (c), N-kagrepuny (d)
Fig. 1. Overall survival of patients depending
on the presence of the EMT (a), expression of vimentin (b), E-cadherin (c), N-cadherin (d)

BcraHoBneHo, Wo enitenianbHuii imyHodeHoTun 6e3
HasiBHOro Mes3eHxiManbHOro iMyHodeHoTuny cnocrepi-
rascsa y 30,7% (12/39), wo Bu3Hayano BiacyTHicTe EMT.
Mosiea IMX peakuii 4o xo4a 6 ogHOro 3 MapKkepiB Me3eH-
ximanbHoro deHoTuny — BiMEeHTUMHY 4n N-kagrepuHy
cnoctepiranacb B 69,3%. 1 ctagis EMT Bu3Hayanach sk
CTaTUCTMYHO 3HaYylLle NnepeBaXaHHs eKcrnpecii mapkepis

An epithelial immunophenotype without the presence
of a mesenchymal immunophenotype was observed
in 30.7% (12/39) of cases, and it determined the absence
of the EMT. The emergence of an IHC reaction to at
least one of the markers of the mesenchymal phenotype
(vimentin or N-cadherin) was observed in 69.3% of
cases. Stage 1 EMT, which was considered as statisti-
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eniTenianbHOro iMyHodeHoTUNY Hag Me3eHXiManbHUM
y 28,2% (11/39) Bunagkis. NoBHa BiACYTHICTL ekcnpecii
enitenianbHMX MapKepiB Npy NO3UTUBHIN peakuii Me3eH-
XiMmanbHuUX cnocTtepiranacb nuwe B 1 3 39 Bunaakis,
y 2 Bunagkax ekcrnpecia MeseHXiManbHWX MapkepiB
CTaTUCTUYHO 3HaJyLLe NepeBaxarna Haj enitenianbHUMU.

OuiHka koekcnpecii mapkepis EMT nokasana npsmy
KopensuinHy 3anexHicTb noMipHoi cunu mixx N-kagrepu-
HOM Ta BiMeHTMHOM (r = 0,4, p < 0,01), a Takox Mix
N-kagrepuHom Ta Ki-67 (r = -0,5, p < 0,01), wo €
cBigyeHHaM npouecie EMT.

Ekcnpecis E-kagrepvHy AeMOHCTpyBana npsiMy kope-
nauinHy 3anexHicTb 3 ekcnpecieto CD56 (r=0,26, p <0,05)
Ta 3BOpoTHIO — 3 CD44 (r = -0,4, p < 0,01). lNepwe cBia-
UnTb NPO 30epexeHHst TKaHUHHOT chneuundivyHocTi OKPI,
TOAi SIK 3BOPOTHSI KOpensuiiHa 3anexHiCTb MK piBHEM
ekcnpecii E-kagrepuHy ta CD44 moxe BkasyBaTtu, LIO
nosiea CToBOYpOBOro iMyHOMDEHOTUMY CYNPOBOAXKYETLCH
BTPATOI0 eniTenianbHOro iMyHoeHOTUMNY PakoBUX KNiTUH.

BusiBneHo 3anexHicTb Mix HasiBHicTio EMT, ii cTagieto,
3 ofHoro 6oKy, Ta NPOrHO30M 3aXBOPKOBaHHS 3 iHLLOIO,
Wo BM3Ha4yanocb npwu nopisHaHHI JI-OKPJT ta P-OKPI1.
Tak, nosisa EMT acouitoetbes 3 P-AKPJ1 (2 =7,1,p<0,01).
BigcytHicte EMT cnoctepiranace 'y 57,1% J-OKPJ1
Ta 16,0% P-OKPN. N-OKPIT He 6ynn 3, 4 Ta 5 cTagin,
Togi sk P-OKPI mann 3 ctagito EMT y 20%, 4 ctagito —
y 8%, a 5 ctagito — B 4%. Pi3HuLA MiX rpynamu 3a KOX-
HOl i3 cTagin He Oyna CTAaTUCTUYHO 3HAYYLLOK Yepes
many kinbkicTe Bunagkis OKPI: nuwe 1 Bunagok 5 cragii
EMT, 2 Bunagku 4 ctagii Ta 5 Bunaakie 3 cragii.

BusBNeHo CTaTUCTMYHO 3Hauylly 3anexHiCTb MiX
HasBHicTio EMT i cTagieto EMT Ta TepmiHOM netansHoro
Hacnigky. Tak, BCTAHOBMEHO 3BOPOTHIO 3anexHiCTb MiX
TepmiHoMm 3B Ta HassHicTio EMT (y2 = 7,6, p < 0,01)
(aum. puc. 1, a). Takox BU3HAYEHO 3POCTaHHS CTyMeHs
EMT npwu nopiBHsiHHI crnocTepexeHb 3 3B go 1 poky
Ta 3B 6inbworo TepMiHy BignosigHo fo cragii EMT
(x% = 16,6, p < 0,01). Takum ynHom, 3B GinbLue 3a 1 pik
acouioBanaca 3 BigcytHicTio EMT (p < 0,01), Togi sk
neTanbHUA HacnigoKk BNPOLOBX OZHOMO POKY acouito-
BaBcH 3 HasABHicTio 3-5 cTtagin EMT (p < 0,01).

3a AaHuMMKM OKpeMuX aBTopiB, Ha KNiHiYHWIA nepebir
OKPJT makwTb BRAAMB MNEBHI  MOMEKyNsApHO-reHeTUYHi
o3Hakm EMT. 3okpema, CXCR4, wo 3anyyeHun Ao
CD133 — iHaykoBaHoi EMT pakiB nereHb, € He3anexHum
NPOrHOCTUYHMM  DAKTOPOM  BMXXMBAHOCTI  NaLUi€eHTIB
3 OKPI [17]. IlHwumu daktopamm EMT OKPI, wo €
HeCnpuATIMBMMU KPUTEPISIMU Mepebiry 3axBOprOBaHHS,
€ BUCOKuMi piseHb ekcnpecii MMP-9, TGF-B1, flotillin-1,
3HWKEeHHs ekcnpecii E-kagrepuHy, Towo [25]. IcHytoTb
poboT Ha niacTtaBi  OOCNIMKEHHS  MiHIA  KNiTUH
OKPIN, wo takox gooasTe BnnuB EMT Ha GionoriyHy
noBeaiHKy NyxXnuH [7].

MpoTunexHi BMCHOBKM 3a OAaHMMU OKPEMMX aBTO-
pie [15] Bu3HavatoTb, wo AKPJT 3 EMT, a came 3 Buco-
Kot ekcnpecielo ¢c-MET Ta Husbkow E-kagrepuHy —
XapakTepuayloTbcs A0BLWOK 3B Ta MEHLUO KinbKicTio
LUMPKYTIOYNX MYXIMHHUX KNITUH.

OTpumaHi Hamu gadi gossonunu HagatM  Ginblu
cuctemMaTusoBaHoro nigxogy no ouiHkm EMT  OKPI
Ta BU3HAUYUTW T SIK KPUTEPIN HECMPUATIIMBOIO NPOrHO3Y.

OTpumaHi pesynbTaty  [OCHiAKeHHs [03BOMsTb
pobutn pekomeHpauii wopo posnoginy OKPJT Ha nyx-
nmHn 3 EMT Ta 6e3 Hel, a TakoX AOUiNbHICTb BU3Ha-
yaTtu 1i CTyniHb.

cally significant superiority of the expression markers
of the epithelial immunophenotype over the ones of
the mesenchymal immunophenotype, was detected in
28.2% (11/39) of cases. Complete absence of expression
of the epithelial markers in a positive reaction of the
mesenchynal ones was observed in only 1 out of
39 cases. In 2 cases, the expression of the mesenchynal
markers statistically significantly prevailed over the
epithelial ones.

The assessment of the coexpression of the EMT
markers showed a direct moderate correlation between
N-cadherin and vimentin (r = 0.4, p < 0.01), as well as
between N-cadherin and Ki-67 (r = -0.5, p < 0.01), which
is indicative of the EMT processes.

The E-cadherin expression demonstrated a direct
correlation with the CD56 expression (r = 0.26, p < 0.05)
and an inverse one with CD44 (r= -0.4, p < 0.01).
The former indicated the preservation of SCLC tissue
specificity, whereas the inverse correlation between the
expression level of E-cadherin and CD44 may indicate
the fact that the emergence of the stem immunophe-
notype was accompanied by the loss of the epithelial
immunophenotype of the cancer cells.

We found a relationship between the presence of
the EMT and its stage on the one side and prognosis
of the disease on the other side, which was determined
in comparison between LSCLC and ESCLC. The emer-
gence of the EMT was associated with ESCLC (3% = 7.1,
p < 0.01). The absence of the EMT was observed in
57.1% of LSCLC and 16.0% of ESCLC. No stage 3, 4, and
5 EMT in patients with LSCLC were observed, whereas
in patients with ESCLC, stage 3 EMT was observed
in 20%, stage 4 EMT - in 8%, and stage 5 EMT —
in 4%. The difference between the groups in each of the
stages was not statistically significant due to the small
number of SCLC cases: only 1 case of stage 5 EMT,
2 cases of stage 4 EMT, and 5 cases of stage 3 EMT.

We found a statistically significant difference between
the presence of the EMT, its stage, and the date of the
lethal outcome. An inverse relationship between the
OS period and the presence of the EMT was determined
(x2 =7.6, p<0.01) (see Fig. 1, a). Moreover, we observed
an increase in the stage of the EMT when comparing
cases with the OS of up to 1 year and OS of a longer
period according to the EMT stages (y? = 16.6, p < 0.01).
Therefore, the OS of up to 1 year was associated with
the absence of the EMT (p < 0.01), whereas lethal
outcome within 1 year was associated with the presence
of stage 3-5 EMT (p < 0.01).

According to the data of some authors, the clinical
course of SCLC is impacted by some molecular
genetic features of the EMT. CXCR4, which is involved
in CD133-induced EMT of lung cancers, is an inde-
pendent prognostic survival factor of patients with
SCLC [17]. Other factors of the EMT of SCLC that are
unfavorable criteria for the course of the disease are
a high level of expression of MMP-9, TGF-B1, Flotillin-1,
a decrease in the expression of E-cadherin, etc. [25].
There are some works based on the research of the
SCLC cell lines that also prove the impact of the EMT
on the biological behavior of the tumors [7].

According to the opposite conclusions made on
the basis of the data of other authors [15], SCLC
with the EMT, namely with the high expression of
c-MET and the low expression of E-cadherin, are
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TakMm 4MHOM, aHani3 KriHiko-mopdonoriyHmx Ta
MoneKynsipHo-6ionoriyHnx XapaKTepUCTUK OKPI1,
30KkpeMa ocobnmBocTel ekcrnpecii Ta koekcnpecii go-
cnigxennx IFX mapkepiB go3sonsie cyautn npo Giono-
riYHy NoBefiHKy NyxnuH Ta BM3Ha4aTu Kputepii cnpusT-
NMBOro MporHody abo netanbHOro Hacnigky nauieHTiB.
Peakuis okpemnx mMapkepiB Takox [a€e nigctasy
OLiHIOBaTN 0OMEXEHE iX NPOrHOCTUYHE 3HAYEHHS.

BUCHOBKHU

BcraHoBneHo nporHocTuyHi  kputepii OKPI  wopgo
3aranbHOi BWKMBAHOCTI Ta NPWHANEXHOCTI A0 cTagii
nokani3aoBaHOro  Y/M  pO3MOBCIOAKEHOrO  npouecy
(J1-OKPI Ta P-OKPI).

[o cnpusatnueux kputepiis nporHody [OKPI1 cnig
BIOHOCUTW: BWCOKUWA piBeHb ekcnpecii E-kagrepuHy
Ta Ki-67. 1o HecnpuaTnnBux KpUTepIiB: NOSBY eKcrpecii
BIMEHTMHY B paKOBMX KNiTUHaxX, MiABUWEHUA piBEHb
ekcnipecii N-kagrepvHy, HasBHicTb EMT ta EMT 6GinbLue
3a 3 cTagito (3-5 cragin).

MatoTb obmexeHe NPOrHOCTUYHE 3HaYeHHs Taki Kpu-
Tepii: HM3Ka KMiHiko-MOpdONOriYHMX O3HaK, AaHi rictono-
rYHOro AOCNIMKEHHS (NoLLa pakoBUX KIiTWH, X dhopma,
KINbKICTb MITO3iB, HasiBHICTb Ta BMPAXEHICTb HEKpOoa3y),
ekcripecia naHuutokepatuHy, CD44, mapkepiB Henpo-
€HOOKpUHHOro cheHoTuny (CD56 Ta cnHanTogisuH).
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characterized by the longer OS and a lower number
of circulating tumor cells.

The obtained data allowed us to have a better
systematized approach to the assessment of the
EMT of SCLC and consider it as a critetion of an unfa-
vorable prognosis.

The obtained results allow the recommendations
on categorizing SCLC tumors into tumors with and
without EMT to be made and the expediency of deter-
mining its stage to be assessed.

Thus, the analysis of clinical morphological and
molecular biological characteristics of SCLC, in parti-
cular, the features of expression and coexpression of
the researched IHC markers, allows biological behavior
of tumors to be assessed and criteria for favorable
prognosis and lethal outcome in patients to be determi-
ned. The reaction of some markers also gives the
grounds for assessing its prognostic value.

CONCLUSIONS

We have identified prognostic criteria for SCLC
regarding overall survival and belonging to the stage
of limited or extensive process (LSCLC and ESCLC).

We have identified prognostic criteria for SCLC
regarding overall survival and belonging to the stage
of limited or extensive process.

Favorable prognostic criteria for SCLC should include
a high expression level of E-cadherin and Ki-67. As for
unfavorable criteria, they should include the following:
emergence of vimentin expression in cancer cells,
an increased expression level of N-cadherin, presence
of the EMT, and stage 3+ EMT (stage 3-5).

The following criteria have limited prognostic value:
a range of clinical morphological features, the data of
a histological study (area of cancer cells, their shape,
number of mitoses, presence and severity of necrosis),
expression of pan-cytokeratin, CD44, markers of the
neuroendocrine phenotype (CD56 and synaptophysin).
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Prospects for further research

Further research of prognostic criteria for SCLC at the mole-
cular biological level using an immunohistochemical method,
which is an accessible diagnostic method that is implemented
into practice of pathomorphologists, is promising.
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