YKpaiHCbKWI pagionoriyHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 3. C. 54-64 ISSN 2708-7166 (Print)

Ukrainian journal of radiology and oncology. 2022;30(3):54-64 ISSN 2708-7174 (Online)
DOI: https://doi.org/10.46879/ukroj.3.2022.54-64
YOK: 616.33-006.6006-085 m

FeMaToAoriyHi Ta iIMYHHI nopyLUeHHs
Y XBOPUX HO KOAOPEKTAABHMU PAK 3 METACTA3AMM Y MEYIHKY
NiCAS NPOBEAEHHS PAAIOYACTOTHOI ABAALLI

KysbmeHko O.B., ORCID: 0000-0002-5246-4371, e-mail: evkyzmenko@ukr.net
CopouaH IN.I., ORCID: 0000-0001-7057-6724, e-mail: pavsoro@gmail.com
Banaka C.M., ORCID: 0000-0002-9284-5697, e-mail: balaka.svjat@gmail.com

HepxasHa ycmaHosa «IHcmumym meduyHoi padionoeii ma oHkonoeii im. C.1. [puzop’esa
HauioHanbHoi akademii meQuyHUX HayK YkpaiHu», Xapkie, YkpaiHa

Hematological and immune disorders
in colorectal cancer patients with liver metastases
after radiofrequency ablation

Kuzmenko O.V., ORCID: 0000-0002-5246-4371, e-mail: evkyzmenko@ukr.net
Sorochan P.P., ORCID: 0000-0001-7057-6724, e-mail:pavsoro@gmail.com
Balaka S.M., ORCID: 0000-0002-9284-5697, e-mail: balaka.svjat@gmail.com

State of Organization «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine», Kharkiv, Ukraine

KAlo40Bi cAoBa: PE3IOME

papioyacTtoTHa abnsuis, kornopekTanbHuii — AKTyanbHicTb. KomopektanbHuii pak (KP) — ogHe 3 Hawbinbly 4YacTuMX 3nosiKiCHUX
pak, cybnonynsuii iMyHOKOMMNETEHTHMX  HOBOYTBOpEHb Y CBITi. BiH 3aliMae TpeTe Mmicue B CTPYKTypi OHKOMOFYHOI 3axBOptoBa-
KIiTUH, OHKOXBOPI. HOCTI | Apyre — B CTPYKTYpi cMepTHoCTI. [NedviHka € HanyacTilumm Micuem meTactaTuy-
Horo nowwuperHs KP, i Big 14 go 18% nauieHTiB MaloTb MeTacTasu B MediHKy nig yac
BCTaHOBIEHHS fjarHo3y. PagioyactoTHa abnsuis (PYA) Ha CbOrofHiLLHi AeHb € HanbinbL
NepcnekTMBHNUM METOAOM MiKyBaHHSA MeTacTaTUYHNUX YpaXeHb.

MeTa po6oOTU — BUBYMTU KiMbKICHIi 3MiHX remMaToiMyHOMNOriYHUX MOKa3HWKIB Ta iX BNvB
KysbmeHko Onexa BikmopieHa Ha MPOTUMNYXIIMHHY PEaKTMBHICTb Yy XBOPWUX Ha KornopekTanbHui pak nicna PYA meta-
[lepxaBHa ycTaHoBa «IHCTUTYT MeauyHOi  CTa3iB Y MeuiHky.

papionorii Ta oHkonorii im. C.IN. Mpurop’esa  Matepiann Ta MeTtoamu. KniHidHo-naGopaTopHe oBCTexeHHs nposedeHo 12 xsopum
HauioHanbHOI akagemii mMeguyHmnx Hayk Ha KornopekTanbHU pak i3 meTactasamu y nequKy, nepeBaxanu nauieHTn cTaplle

AAfl KOPECNOHAEHLLI:

YKpaiHny; 60 pokiB. Y BCIX XBOPWUX TFIiCTOMOMYHO BM3HA4anacs ageHoKapuuvHoMma, Mpu LbOoMYy
Byn. [MywkiHcbka, 6yn. 82, m. Xapkis, Y OiNbLIOT YaCTMHM — MOMIPHOrO CTyneHs 3noskicHocTi (G2). [ocnimkeHHs npoBeaeHO
YkpaiHa, 61024; Ha Tpbox eTanax: | — 3a goby [0 nNpoBedeHHs padiodacToTHoi abnsuii, [| — Ha TpeTio foby
e-mail: evkyzmenko@ukr.net nicnst PYA, Il — Ha 14-Ty 0oby nicna PYA meTacTasiB y neviHky.

Pe3synbraTti Ta ix o6roBopeHHsi. BcTtaHOBNEHO iMyHHI Ta remaTonoriyHi iHgukaTopwm
pPO3BUTKY 3anarnbHOI Bignosigi nicrna nposedeHHss PYA XBOpUM Ha KOropekTanbHUM pak
© Kysbmenko O.B., Copoyan I1.11., 3 MeTactasamu y neviHky. Ha Tpetio goby (Il etan) nicns PYA BigmiyeHo cyTTeBe
Banaka C.M., 2022 3POCTaHHS 3aranbHOI KifbKOCTi NENKOUMUTIB, BiAHOLIEHHA HenTpodinis Ao nimdouunTis,
nopyteHHs 6anaHcy CD4+ ta CD8+-nimdouuTis, 3HmxkeHHs kinbkocTi NK- Ta NKT-kniTuH,
3pocTaHHs Bigcotka CD3+HLA-Dr-, CD4+PD1+, CD8+PD1+-nimcpoumTie. Ha 14-Ty noby
(Il etan) GinblwicTe NokasHWKIB Habnuxanacb 0O BU3HAYeHWX OO NiKyBaHHSA 32 BUHAT-
KOM 3HWkeHOI KinbkocTi NK- Ta NKT-KMiTUH | NigBULWEHHS piBHA TpOMBOLMTIB.
BucHoBkuW. BuaHayeHo HU3Ky reMaTtornoriyHmx 3miH Ha TpeTto foby nicna PYA, nos’si3aHnx
i3 3ananbHOl peakuieto: 30inblUeHHs 3aranbHOi  KibKOCTI NEeNKOUMUTIB, 3pOCTaHHS
cniBBigHOLEHHS HenTpodinu/nimdountn 3 1,72 fo 4,12, cyTTEBE 3MEHLLEHHS BiGHOCHOT
Ta abcontoTHOI KinbkocTi eo3nHodiniB. Ane Ha 14-Ty goby, nicna cTuxaHHs 3ananbHoi
peakuii, cnocTepiranu HopmManisadito 6inbLLIOCTi 4OCMIAXYBaHMX NMOKA3HUKIB.
BcraHoBneHo nopylueHHs cybnonynsuiinHoro cknagy niMcoumnTiB y XBOpMX 3 MeTacTa-
3amy KP B neviHky Ha TpHTIO goby nicns PYA. MNocunioBanuck Taki, WO Manu Mmicue
e Ao BTpyYaHHs (Hu3bka kKinbkicte CD8+-nimcoumntiB Ta NK-kniTwuH) Ta BUHMKanu
nopatkoBi (36inblweHHs cnieeigHowweHHs CD4+/CD8+, 3pocTtaHHs Bigcotka CD3+-kniTuH
HLA-Dr+, CD4+- Ta CD8+-nimcdountie PD1+ (CD279+), 3MeEHLIEHHS KinbKOCTi
NKT-knitnH). Ha 14-Ty poby kapTuHa Habnwkanacsi OO No4aTkoBOI 3a BUHSTKOM
kinbkocTi NK- Ta NKT-KniTuH.
BBaxkaemo, WO cBoevacHa KOpeKLis 3ananbHOl iMyHOCYNpecii B paHHi CTPOKM nicns
PYA moxe ckopoTuTu nepiog BpasnusocTi Ao peunavsy KP, a y BigdaneHomy nepiogi
noTeHLiBaTh NO3NTUBHMI BNNMB PYA Ha NpOTUNYXMUHHY peakTUBHICTb.
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ABSTRACT

Background. Colorectal cancer (CRC) is one of the most common malignant neo-
plasms in the world. It ranks third in the structure of oncological morbidity and second
in the structure of mortality. The liver is the most common site of metastatic spread of
CR and 14 to 18% of patients have liver metastases at diagnosis. Radiofrequency
ablation is currently the most promising method of treating metastatic lesions.

Purpose - to study quantitative changes in hematoimmunological indicators and
their influence on antitumor reactivity in patients with colorectal cancer after RFA
of liver metastases.

Materials and Methods. Clinical and laboratory examination was carried out in 12 patients
with colorectal cancer with metastases in the liver, the majority of patients were
over 60 years old. Adenocarcinoma was histologically determined in all patients, and
most of them had a moderate degree of malignancy (G2). The study was carried
out in three stages: | — one day before radiofrequency ablation (RFA), Il — 3 days after RFA,
IIl — 14 days after RFA of liver metastases.

Results. Immune and hematological indicators of the development of the inflammatory
response after RFA in patients with colorectal cancer with liver metastases were
established. On the 3rd day (Il stage) after RFA, a significant increase in the total
number of leukocytes, the ratio of neutrophils to lymphocytes, the number of eosinophils,
a violation of the balance of CD4+ and CD8+ lymphocytes, a decrease in the number
of NK- and NKT-cells, an increase in the percentage of CD3+ HLA-Dr -, CD4 +PD1+,
CD8+PD1+ lymphocytes. On the 14th day (stage lll), most of the parameters were
close to those determined before the treatment, except for the reduced number of NK
and NKT cells and the increase in the level of platelets.

Conclusions. A number of hematological changes on the 3rd day after RFA related
to the inflammatory reaction were identified: an increase in the total number of leukocytes,
an increase in the ratio of neutrophils/lymphocytes from 1.72 to 4.12, a significant
decrease in the relative and absolute number of eosinophils. But on the 14th day,
after the inflammatory reaction subsided, the normalization of most of the studied
indicators was observed.

A violation of the subpopulation composition of lymphocytes was established in patients
with CR metastases in the liver, on the 3rd day after RFA. Those that had taken place
even before the intervention (low number of CD8+ lymphocytes and NK cells) and
additional ones appeared (increased CD4+/CD8+ ratio, increased percentage of
CD3+ cells HLA-Dr+, CD4+ and CD8+ lymphocytes PD1+ (CD279+), decrease in the
number of NKT cells). On the 14th day, the picture approached the initial one, with
the exception of the number of NK and NKT cells.

We believe that timely correction of inflammatory immunosuppression in the early days
after RFA can shorten the period of vulnerability to recurrence of CR, and in the long
term potentiate the positive effect of RFA on antitumor reactivity.

Kuzmenko OV, Sorochan PP, Balaka SM. Hematological and immune disorders in colorectal cancer patients
with liver metastases after radiofrequency ablation. Ukrainian journal of radiology and oncology. 2022;30(3):54—64.
DOI: https://doi.org/10.46879/ukroj.3.2022.54-64

3B’30K pO060TH 3 HOYKOBMMH NPOrPAMAMMU,
NAGHOMM | TeMamm

Ctatta € bparMeHTOM MMaHOBOI HayKOBO-4OCHIAHOI
po6otn [depxaBHOi yCTaHOBU «IHCTUTYT MeaunyHOi pagio-
norii Ta oxkonorii im. C.MN. Tpurop’eBa HauioHanbHOI
akagemii MeouuHuUX Hayk YkpaiHu» «OBrpyHTyBaHHSA BU-
6opy pesekuinHoro abo abnsuinHoOro nikyBaHHA MertacTa-
3iB KONOpEeKTanbHOro paky B MeYiHKy 3 ypaxyBaHHAM fpe-
OVKTOPIB  CUCTEMHOIO 3anareHHsi», HOMep [OepXaBHoil
peectpauii 0120U103301, npuknagHa, TepMiH BUKOHAHHSA
2021-2023 pp., kepiBHUKM — 3aBigyBay naboparopii pagia-
LiMHoiI iMmyHonorii, kaHanaat meauyHux Hayk .11, CopoyaH,
BMKOHYIOUMIA 0BOB’A3KM 3aBifgyBada KabiHeTy iHTepBeHLil-
HOI OHKonorii, KaHanaaT meanyHux Hayk C.M. banaka.
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BCTYN

KonopektanbHun pak (KP) — ogHe 3 Hamnbinbw
YacTUX 3MOosIKICHMX HOBOYTBOPeHb Y CBITi. BiH 3anmae
TpeTe Micue B CTPYKTYpi OHKOMOrYHOI 3aXBOPKOBAHOCTI
i opyre — B CTpykTypi cmepTHocTi. Y 2020 poui 6yno
3apeectpoBaHo noHag 1,9 MifbMOHa HOBMX BUNagkis
3axBoptoBaHHsa Ha KP i 935 000 cmepten [1]. lNeviHka €
Han4acTiwmMm MicueM MeTacTaTuyHoro nowmnpeHHsa KP,
i Big 14 po 18% nauieHTiB MaloTb MeTacTasu B MEYiHKy
nig 4Yac BCTaHOBMeHHs gdiarHody [2]. PapgioyacTtoTHa
abnauia (PYA) Ha CbOrofHilWHIA [eHb € HanbinbL
NepCcrnekTMBHUM  METOAOM  JliKyBaHHS  MeTacTaTUYHKX
ypaxeHb. MNpn upbomy PYA npuiiHATO BBaxaTu BiOHOCHO
6esnevyHuM METOAOM i3 PIOKMMMU  YCKNaAHEHHAMW i
nependayyBaHVMU NO3UTUBHUMY echbeKTamu.

MeHLWw BWBYEHUMUW € reMaTornoriyHi Ta iMyHHi nopy-
LWEHHS nNpu pafiovacToTHIM  abnsauii  MeTacTaTUYHUX
ypaxeHb neviHku npu KP.

[aHi wono pos3BuTKy 3ananbHOi BiAMOBI4I opraHiamy
npu pisHMx cnocobax BWAaneHHs MeTacTaTU4HUX ypa-
KeHb nediHkn npu KP, 3okpema Takux sk pagiodactoTHa
abnsauisa, € obmexeHumu. MokasaHo, WO y AesKMX NalieH-
TiB PYA npuBoaMTb [0 MNOSIBU  MyXNUMHOCHELMDIYHMX
aHTUTIN, aHTUreH-cneundivyHnx CD4+- ta CD8+-T-kniTuH
yepes Kinbka TWXKHIB 4M MicauiB nicns abnauii [3, 4].
€ cBiQYEHHS LWOAO 3pOCTaHHSA KNITUH 3 NPOTUMYXIMHHOK
aktmsHicTio nicna PYA. Bigcotok NK-knituH y nepude-
PWYHIA KpOBi KpOMMKIB y rpynax nikyBaHHs PYA 0Oys
3HAYHO BULUMM MOPIBHAHO 3 KOHTPOMbHUMWU TpynamMu.
PiBHi IH®-y Ta ®HIM-0. y NK-kniTrHax Takox 6ynu cyTTeBO
nigsuweHi nicna PYA-iHOykoBaHOI TennoBoi Koarynsii.
PYA nocuntoBana Takox ekcnpecito NKG2D peuenTtopa
aktmBauii NK-kniTUH Ta NpOTUNYXIMHHY LUTOTOKCUY-
HicTb NK-kniTUH WoAo KMiTMH  paky nediHkn [5, 6].
Y nauieHTiB, aki nepeHecnun PYA 3 npusogy renaro-
LenonsapHOi KapuuHOMM, BiA3Hayanu 3poCTaHHSA 4acTku
i abcontoTHoi KinbkocTi NK-KkniTWH, ski Manu 36inblieHy
eKCcrnpecito peLenTopiB akTMBauii Ta 3MeHLUeHy eKcrnpe-
Cit0 NPUrHivyrouMx peuenTopiB. ABTOpM Takox BigMivanu
nigsuLeHy @YHKUiOHanbHY akTMBHICTb UMX KNITUH [7].
Otxe PYA Tepania cTUMYIOE BPOOXKEHUA NMPOTUNYXINH-
HUA  IMYHITET WNAXOM 6e3nocepefHbOro  MOCUIEHHS
LMTOTOKCUYHOCTI KNIiTUH NpupoaHux Kinepis. BogHouac
JaHi Woao xapakTtepy iMyHHOI BiAnoBigi opraHiamy mnicns
PYA He € ogHO3HaYHUMM, WO, SKOKCb MIpOH, MOXe
OyTV MOB’sI3aHO K 3i CTPOKOM OOCTEXEHHSI XBOPUX, TaK
i 3 o6’eMoM BMKOHaHOI npouenypu. Tak, y XBOpPUX Ha
HeapiOHOKNITUHHMIA paK fereHb 4epe3 Tpu Micaui nicns
PYA cnoctepirany 30inblUEHHA CYNPEeCOpHMX  KMiTUH
MIi€NOIQHOr0 MOXOOXEHHSA Ta pPerynatopHux T-KnituH [8].
3HwkeHHst NK-KkMiTUH BigMIYEHO Yy XBOpMX Ha HMPKOBO-
KNITUHHUMI pak, obcTexxeHnx Ha 2, 4 Ta 6 TwxHI nicnsa
PYA [9]. KinbkicTb CD8+T-kniTUH 3Ha4YHO 3MeEeHLUMIachb
Yy XBOPUX Ha renatoLentonspHy KapuuHOMY, SIKUM MpOBO-
ounn PYA nepsuHHOT nyxnuHK [10]. Y nauieHTiB 3 nevis-
koBMMKU MeTacTazamu KP BuaHaumnn 3HWkKeHHss CD4+-T-
KNiTMH Yepes ABa gHi nicns PYA.

Meta poGOTM — BUMBYMTK KiflbKiCHi 3MiHWM remaro-
iMYHOMOFYHMX MOKa3HWKIB Ta iX BMMMB Ha NPOTUMYXITUHHY
PEeaKTMBHICTb Y XBOPUM Ha KONOPEKTamnbHUA pak nicns
PYA meTacTasiB y neyviHky.

INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignant neoplasms in the world. It ranks third in the
structure of oncological morbidity and second in the
structure of mortality. In 2020, more than 1.9 million new
cases of CR and 935,000 deaths were reported [1].
The liver is the most common site of metastatic spread
of CR, and 14 to 18% of patients have liver metastases
at diagnosis [2]. Radiofrequency ablation (RFA) is currently
the most promising method of treating metastatic lesions.
At the same time, RFA is considered a relatively safe
method with rare complications and predictable positive
effects.Hematological and immune disorders during
radiofrequency ablation of metastatic liver lesions in CR
are less studied.

Data on the development of the body’s inflammatory
response during various methods of removing metastatic
liver lesions in CR, such as radiofrequency ablation, are
limited. It has been shown that in some patients RFA
leads to the appearance of tumor-specific antibodies,
antigen-specific CD4+ and CD8+ T-cells several weeks
or months after ablation [3, 4].There is also evidence of
a decrease in the levels of regulatory T cells after RFA.
Suppression of these immunosuppressive cells can
reduce tolerance to malignant cells and lead to a more
pronounced antitumor response [5]. There is evidence
for the growth of cells with antitumor activity after RFA.
The percentage of NK cells in the peripheral blood of
rabbits in the RFA treatment groups was significantly
higher compared to the control groups. The levels of INF-y
and TNF-a in NK cells were also significantly increased
after RFA-induced thermal coagulation. RF also enhan-
ced the expression of the NKG2D receptor for NK cell
activation and the antitumor cytotoxicity of NK cells
against liver cancer cells [6].In patients who underwent
RFA for hepatocellular carcinoma, an increase in the
proportion and absolute number of NK cells with increa-
sed expression of activating receptors and decreased
expression of inhibitory receptors was noted. The authors
also noted the increased functional activity of these
cells [7].Therefore, RFA therapy stimulates innate
antitumor immunity by directly increasing the cytotoxicity
of natural killer cells. At the same time, the data on the
nature of the body’s immune response after RFA are not
unambiguous, which, to some extent, may be related to
both the period of examination of patients and the volume
of the performed procedure. Thus, in patients with
non-small cell lung cancer, an increase in suppressor cells
of myeloid origin and regulatory T cells was observed
3 months after RFA [8].A decrease in NK cells was noted
in patients with renal cell carcinoma examined 2, 4,
and 6 weeks after RFA [9]. The number of CD8+ T-cells
significantly decreased in patients with hepatocellular
carcinoma who underwent RFA of the primary tumor [10].
In patients with liver metastases of CR, a decrease
in CD4+ T-cells was determined 2 days after RFA.

Purpose — to study quantitative changes in hemato-
immunological indicators and their influence on antitumor
reactivity in patients with colorectal cancer after RFA of
liver metastases.
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MATEPIAAU TA METOAU AOCAIAXEHHS

KniHiyHo-nabopatopHe ob6cTexeHHs npoBedeHo 12 XBo-
pVYM Ha KOropeKTamnbHWA pak i3 MeTactasamu y MediHKy
(9 vonoBikiB Ta 3 XiHKM, NepeBaxanu MauieHTn craplue
60 pokiB). Y BCiX XBOpWX TiCTOMOMYHO BU3Ha4anacs
ageHoKapumnHoma, y 6inbLUoi YacTUHU — MOMIPHOTO CTYMEHS
3nogsikicHocTi (G2).

[ocnigXeHHst npoBeaeHo Ha Tpbox eTanax: | — 3a goby
0o npoBefeHHsA papgiovacTtoTHoi abnauii (PYA), Il — Ha
TpeTio goby nicna PYA, Il — Ha 14-Ty poby nicna PYA
MeTacTasiB Y MeviHKy.

Yci BUMIiptOBaHHS BUKOHYBanucb y atectoBaHux nabo-
paTopis (nabopaTopia pagiauiiHoi iMyHonorii, cBigouTBO
npo atectauito Ne 01-0011/2022 Big 07.02.2022 p. YMHHe
BMPOOOBX TPbOX POKiB, nabopaTtopis KniHiYHOI AiarHoc-
TMKK, cBigoutTBo npo atectauito Ne 01-0012/2022 Big
07.02.2022 p. YnHHE BNPOJOBX TPbOX POKIB), Ta KabiHETI
iHTepBeHLUiiHOT oHkonorii (caHiTapHuin nacnopt Ne 80-2020
Big 05.06.2020 p. oo 05.06.2025 p.).

[ocnigxeHHss npoBedeHO BigNOBIGHO 40 E€TUYHUX
ctaHgapTiB lenbcCiHCbKOT Aeknapadii  BcecBiTHbOI  Me-
OWYHOT acouiauii Npo  eTUYHI  NPUHUMNN  NPOBEAEHHS
HayKoBUX MeOMYHMX [JOCNiSKEeHb 3a Yy4acTio IHAMHA
(1964—2008 pp.), AMpPeKTMBM EBPOMNENCHKOr0 ToBapUCTBa
86/609 npo y4acTb nogen y meamko-6ionoriyHux gocnig-
XKEHHSAX, a TakoX Hakasy MiHicTepcTBa OXOPOHWM 340POB’A
YkpaiHn Ne 690 Big 23.09.2009 p. Yci maHinynauii Ta
aHaniTuyHa pobota npoBoauNMCS 3a YMOBM MUCBMOBOI
3rogn  JocrnigxyBaHux oci® nig  KOHTponem  KOMITeTy
3 BioeTukn Ta aeoHTonorii [lepxaBHoi ycTaHoBU «IHCTUTYT
Meaun4yHoi pagionorii Ta oHkonorii im. C.IM. purop’eea
HauioHanbHoI akagemii MegnyHnx Hayk YkpaiHm».

KputepisMn BKNIOYEHHS MauieHTiB Yy  JOCHILKEeHHS
6yno npoBefeHHst iM nig enigypanbHo aHacTesieo i Y3
HaBefEeHHSAM paioyacToTHOI abnsauii meTactasiB y nediHui
3 Koarynsuier MyHKUIMHUX KaHaniB 3 BUKOPUCTaHHAM
anapata CoolTipseriesE.

KpuTepii BUKMOYEHHS 3 SOCNIMAXKEHHS: iHWa nokanisa-
Lis NyxnuHW, BIACYTHICTb MeTacTasiB y MeviHKy, BiK MeHLle
18 pokiB, HebaxxaHHA navieHTa 6paTn y4acTby LOCHIKEHHI.

[Ins npoBegeHHsA remaTonoriYyHnx JOCNigKEHb BEHO3HY
KpoB 36upanun B aHTukoarynsHT EOTA y BigHoweHHi 9:1.
AHania npoBogunu Ha aBTOMAaTUYHOMY reMaTosloriYHOMY
aHanizatopi RT-7600 (Kutan). B ocHOBi nigpaxyHkis
eputpoumntiB (RBC — Red Blood Cells), newikouuTis
(WBC — White Blood Cells) i Tpom6ouuTis (PLT — Platelets)
NEeXWUTb KOHAYKTOMETpUYHUI meTon. BigcoTkoBui BMiCT
nimcpouuntie (W-SCR — WBC-Small Cell Ratio) i HewTpo-
dinie (W-LCR — WBC-Large Cell Ratio) obuncntoeTtbes
aHanisatopom npv nigpaxyBaHHi 3aranbHOi  KiNbKOCTI
nevikoumTiB 3a PO3MIPOM aMnniTyd, SKi BUHUKAOTb Mpuv
NPOXOMPKEHHI KNiTUH Yepe3 anepTypy 3 NEBHWM AiamMeT-
poM. BusHayeHHs remornobiHy npoBogunu remornooiH-
uiaHigHUM MeToaoM.

MonynauinHun  Ta  cybnonynauiiHuiA  cknag — nim-
doumnTiB  BU3HA4YaNnM METOAOM MPOTOYHOI  LIMTOMETPIl
Cytomics FC500) 3 BUKOPWUCTAHHAM MOHOKIOHANBHUX
aHTuTin cipmm Beckman Coulter (CLUA). AnHanizysanu
BMICT Takmx cybnonynsuin nimcpouuntis: CD3+, CD3+CD4+,
CD3+CD8+, CD4+CD28+, CD8+CD28+, CD3-CD16+56+,
CD3-CD16+56+159a+, CD3-CD16+56+335+, CD3-CD19+,
CD3+CD16+56+, CD3+HLADr+-CD4+PD1+ 1a CD8+PD1+.

[na BU3HaYeHHS CTaHy rymoparibHOI NaHKK iMyHITETY
NPOBOAWMAW  OOCHIAXEHHSA  KOHLUEHTpauil  LMPKYoYnX
iMmyHHMx komnnekciB (LIIK) y cupoBatui kpoBi 3a gonomo-

MATERIALS AND METHODS

Clinical and laboratory examination was carried out
in 12 patients with colorectal cancer with metastases in
the liver, of which 9 were men and 3 were women, the
majority of patients were over 60 years old. Adenocarci-
noma was histologically determined in all patients, and
most of them had a moderate degree of malignancy (G2).

The study was carried out in three stages: | — one day
before radiofrequency ablation (RFA), Il — 3 days after
RFA, Il — 14 days after RFA of liver metastases.

All measurements were performed in certified laboratories
(laboratories of radiation immunology, certification certi-
ficate No. 01-0011/2022 dated 02.07.2022 valid for three
years, clinical diagnostics laboratories, certification certi-
ficate No. 01-0012/2022 dated 02.07.2022 valid for three
years), and interventional oncology office (sanitary pass-
port No. 80-2020 from 06/05/2020 to 06/05/2025).
The study was conducted in accordance with the ethical
standards of the Helsinki Declaration of the World Medical
Association on the ethical principles of scientific medical
research involving human subjects (1964-2008),
European Society directive 86/609 on the participation
of people in medical and biological research, as well as
the order of the Ministry of Health of Ukraine No. 690
dated September 23, 2009. All manipulations and
analytical work were carried out with the written consent
of the subjects under the control of the Bioethics and
Deontology Committee of the Grigoriev Institute for medical
Radiology and Oncology NAMS of Ukraine.

The criteria for the inclusion of patients in the study
was that they underwent, under epidural anesthesia and
ultrasound guidance, radiofrequency ablation of meta-
stases in the liver with coagulation of puncture channels
using the CoolTip series E device. Exclusion criteria from
the study: other localization of the tumor, absence of
metastases in the liver, age less than 18 years, unwilling-
ness of the patient to participate in the study.

For hematological studies, venous blood was collected
in EDTA anticoagulant in a ratio of 9:1. The analysis
was performed on an automatic hematological analyzer
RT-7600 (China). The basis of counting erythrocytes
(RBC — Red Blood Cells), leukocytes (WBC — White Blood
Cells) and platelets (PLT — Platelets) is the conducto-
metric method. The percentage content of lymphocytes
(W-SCR - WBC-Small Cell Ratio) and neutrophils
(W-LCR — WBC-Large Cell Ratio) is calculated by the
analyzer when counting the total number of leukocytes
by the size of the amplitudes that occur when cells pass
through an aperture with a certain diameter. Hemoglobin
was determined by the hemoglobin cyanide method.

Population and subpopulation composition of lympho-
cytes was determined by flow cytometry (Cytomics FC500)
using monoclonal antibodies from Beckman Coulter (USA).
The following subpopulations of lymphocytes were
analyzed: CD3+, CD3+CD4+, CD3+CD8+, CD4+CD28+,
CD8+CD28+, CD3-CD16+56+, CD3-CD16+56+159a+,
CD3-CD16+56+335+, CD3 +CD16+56+, CD3-CD19+,
CD3+HLADr+-CD4+PD1+ and CD8+PD1+. To determine
the state of the humoral link of immunity, the concentra-
tion of circulating immune complexes (CIK) in blood
serum was studied using a set of reagents («CIK-HEMAY),
immunoglobulins of classes G, A, M, by the method using
sets of monospecific sera against human immuno-
globulins (NPO «Microgen») [11]1.When studying the
phagocytic activity of neutrophils in the peripheral blood
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roro Habopy peareHTiB («LIK-XEMAY), imyHornobyniuis
knacie G, A, M, meTtogom i3 BUKOpPUCTaHHAM Habopis
MOHOCMELMMIYHMX CMPOBATOK MNPOTM  iMYHOrNOOYniHIB
mognHn  (HMO  «Mikporen»«) [11]. Tpw  pocnigXeHHi
darounTapHOi  aKTUBHOCTI HenTpohinis nepudepuydHoi
KPOBi XBOpPMX BMKOPUCTOBYBanuM METOL 3aBepLLUEHOro
Garountody [12] y npsMomy BidyanbHOMY TecTi i3
3acTocyBaHHsAM cTadinokoka (wrtam C-52). OuiHoBanu
Taki NOKasHWKK haroumMTapHOi akTUBHOCTI: KinbKiCTb daro-
unTytoumx Hentpodpinie (®H), daroumtapHe yncno (PY),
GakTepuumaHy akTuMBHICTb HewTpodinie (BAH), iHgekc
3aBepLueHocTi harouutosy (I13P).

OTpumaHi pesynstatv obpobnsanucs 3a [onoMOrot
naketa STATISTICA 6.0. [Ona uucenbHOro npeacTas-
NeHHs BUBIPOK BUKOPWMCTOBYBANUCHA MOKA3HUKN MefiaHu,
a TaKoX iHTePKBaApTUIIBHOIO PO3Maxy SIK XapaKTepUCTUKM
po3CisHHA. Ond nepeBipkM [OCTOBIPHOCTI BigMiHHOCTEN
noB’sa3aHnx BUOIPOK BMKOPUCTOBYBanNM Kputepin Binkok-
COHa, HernoB’sa3aHuMx BMOIpOK — kputepih MaHHa—YiTHi.
B xopi aHanisy pesynbratiB BiporigHMMY npunmanuncs
BapiaHTn 3 p<0,05.

PE3YALTATU TA iX OBrOBOPEHHS

Y xBopux Ha KP Ha | eTani gocnigkeHHa reMaTonorivHi
NoKasHWKK 30epirannck y Mexxax Hopmu (tabn. 1). Huabkui
piBEHb €03MHOQINIB BUSABIIEHO Y YACTKM XBOPUX Ha KOmo-
pekTanbHMM pak Ha | etani gocnigxeHHs. Ha Il etani
OOCTIIKEHHA Yy XBOPUX BUSIBMIEHO O3HAKW CUCTEMHOI
3ananbHoi BignoBsigi. BigmiyeHe 3HayHe 30inNblUEHHSA
3aranbHoi KifbKOCTi NEenKoUUTIB y KpoBi, abCcomnoTHOI Ta
BiJHOCHOI KiNbKOCTi HEWTPOiNiB Ta 3HWXKEHHsI BigHOC-
HOI KinbkocTi nimdoumTiB. CniBBigHOWeEHHSA H/N 36inbLwm-
nocb 31,72 po 4,12.

of patients, the method of complete phagocytosis [12]
was used in a direct visual test using staphylococcus
(strain C-52). The following indicators of phagocytic
activity were evaluated: the number of phagocytic
neutrophils (FN), phagocytic number (FC), bactericidal
activity of neutrophils (BAN), index of completion of
phagocytosis (IPF).

The obtained results were processed using the
STATISTICA 6.0 package. For the numerical represen-
tation of the samples, the median and interquartile
range indicators were used as dispersion characte-
ristics. The Wilcoxon test was used to check the reliability
of differences between related samples, and the
Mann-Whitney test was used for unrelated samples.
When analyzing the results, options with p<0.05 were
accepted as probable.

RESULTS AND DISCUSSION

In patients with CKD, hematological indicators remai-
ned within the normal range at the first stage of the study
(Table 1). A low level of eosinophils was found in a propor-
tion of patients with colorectal cancer at the 1st stage of
the study. At the Il stage of the study, signs of a systemic
inflammatory response were found in the patients. A signi-
ficant increase in the total number of leukocytes in the
blood, the absolute and relative number of neutrophils
and a decrease in the relative number of lymphocytes were
noted. The N/L ratio increased from 1.72 to 4.12.

Ta6nuus 1. lematonorivHi nokasHukn y xsopux Ha KP Ha eTanax gocnigkeHHs
Table 1. Hematological indicators in patients with CR at the stages of the study

INokasHuk / Indicator

MepiaHa (BepXHivi KBapTUib — HWXKHIN KBApTUMb)

Median (upperquartile — lowerquartile)

| etan / | stage

Il etan / Il stage

Il etan / lll stage

INenkoumntn, 10°n / Leukocytes, 1091

5,6 (4,5-6,1)

12,7 (7,5-15,4)*

7,5(4,6-9,4)

Tlimdountn, % / Lymphocytes, %

31,4 (24,4-40,2)

17,4 (9,6-28,4)

26,9 (23,2-37,4

TNimdouutn, 10%n / Lymphocytes, 1091

1,64 (1,39-2,11)

2,13 (1,47-2,20)

2,18 (1,24-2,82

Hentpodinu, % / Neutrophils, %

53,8 (47,1-62,1)

71,5 (63,6-83,6)*

Hewitpodpinu, 10%n / Neutrophils, 10%1

2,76 (2,11-4,34)

9,06 (4,63-12,84)*

4,01 (2,76-6.27

EputpouunTn, 10*2/n / Erythrocytes, 10%2/I

5,06 (4,60-5,60)

4,26 (4,11-5,20)

)
)
59,8 (53,1-66,8)
)
)

4,49 (3,34-5,20

lemorno6iH, r/n / Hemoglobin, g/l

134,5 (112,5-152,0)

127,0 (93,0-139,0)

130,0 (106,0-141,0)

Tpom6ouutu, 10%n / Platelets, 1091

233 (205-285)

212 (185-229)

343 (240-346Y

EosuHodinu, % / Eosinophils, %

3,63 (1,45-5,80)

0,70 (0,20-0,80)

2,10 (1,10-6,50)

EosuHodinu, 10%n / Eosinophils, 1091

0,24 (0,07-0,40)

0,06 (0,03-0,09)

0,20 (0,08-0,30)

MoHouwnTtu, % / Monocytes, %

8,0 (6,3-9,9)

9,1 (6,4-10,0)

7,5 (5,9-8,0)

MoHouuTn,-10%n / Monocytes, 10%1

0,44 (0,41-0,49)

0,99 (0,68-1,26)

0,60 (0,27-0,70)

lMpumimka: *BioMiHHOCTI Noka3HukiB Ha | Ta |l eTanax BiporiaHi;
*BigMiHHOCTI noka3HukiB Ha | Ta lll eTanax BiporigHi:
zBigMiHHOCTI noka3HukiB Ha |l Ta lll eTanax BiporigHi.

Notes: *differences in indicators at the | and Il stages are probable.;

*differences in indicators at the 1st and 3rd stages are probable;

‘differences in indicators at the Il and Il stages are probab

le.
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Ha Il eTani gocnigXeHHa BigMiYeHe CyTTEBE 3HUMKEHHS
SIK BiQHOCHOI, Tak i abCOMTHOI KiNbKOCTI €03MHOINIB.
KinbkicTb TpOMOOLMTIB Ta BigHOCHA KiNbKiCTb MOHOLMTIB
He 3MiHoBanuch Ha |l etani gocnigkeHHs, Toai sk abco-
NIOTHA KiNbKICTb MOHOLMTIB 30inbLUMNack Maxe BABIYi.

AHani3 remartonoriyHmMx nokasHukiB Ha Il etani noka-
3aB Hopmanisauito 6inbLIOCTi AOCMiAXYBaHNX MOKa3HMKIB.
Y XBOpMX crnocTepirany NiaABULLIEHHS PiIBHSA TPOMOOLUTIB.

OTpuMaHHi HaMy faHi cniBcTaBnioBaHi 3 AaHWMK fiTe-
paTtypu. Baxnuneo HeBMBYEHOO NPo6nemMoto, NoB’3aHO
3 PYA, € nocuneHHss cUCTEMHOI 3amnarnbHOi BiAnoBiai.
OpHi€eto 3 NPUYMH PO3BUTKY €03MHOMEHIT NiCNS NMPOBEAEHHS
PYA moxe ByTu moyaTok po3BMTKY 3anaribHOro mnpouecy.
B ekcnepumeHTax in vitro Ha KniTUHaX paky TOBCTOI KULLIKW
noanHn Colo-205 nokasaHa 3AaTHICTb €03MHOQINIB BU-
KNvKaTu npsiMe 3HULLEHHSI MYXMAWHHUX KMiTUH  LUASIXOM
agresii Ta BUMBIMIbHEHHA LUUTOTOKCUMYHMX rpaHyn [13-15].
[Mpwn KNIHIYHMX pakoBUX 3aXBOPIOBAHHAX HAABHICTb €03NHO-
dinie B nyxnuHHMX cantax, abo B nepudpepnyHii Kposi,
€ CpUATIIMBAM NPOrHOCTUYHUM chakTopoM Anist BinbLioCTi
BUAIB paKy, BKITHOYAKOYM KOMOPEKTANbHUA pak, Xo4ya €
[0Ka3u i NpoTYMOPOreHHol poni eo3nHodinis [16].

3a paHumum L. Harbaum et al. [17] y xBopux Ha Koro-
peKkTanbHMM pak nepuTymopanbHi eo3nHodinn € Hesa-
NEXHUM MPeauKTOpOM  CMpUSITIIMBOT  BUXKMBAHOCTI  6e3
NPOrpecyBaHHs Ta pakoBO-CrneLmdivyHOT BUXXMBAHOCTI.

Y pocnigpkeHHi A.E. Prizmen tetal [18] nokasaHo 3B’s-
30K BMCOKOMO PiBHA €03MHOMINIB CTPOMWU MYXIIUHK i3 3HU-
XKEHHAM PW3UKY CMEpTI Bif YCiX MPUYMH Ta pakoBocCneun-
iYHOT BMXKMBAHOCTI MPU KONopeKTansHoMy paky. [osigom-
NS0T TaKoX, WO Oinblua KinbkicTb €03nHoginiB nepude-
PUYHOT KPOBI MOB’AI3aHa 3i 3HWXKEHHAM PU3NKY CMepPTi Bif
KOrnopekTarnbHoro paky, 0cobnmeo y KypLiB Ta Yonogikis [19].

Y HUM3Ui AocnigpkeHb NokasaHo, LWo 30inblUeHHsT nepea-
onepauinHoi abComnTHOI KifbKOCTI MOHOLMUTIB MOXe ne-
pen6adaT HECMIPUATIINBY BWXKMBAHICTb Y MaUEHTIB 3 pis-
HAMW KapLMHOMaMK, TaKUMN SK ageHOKapLUHOMa rereHi,
renaTtoLentonapHa KapuuHoma, pak nepegmixypoBoi 3ano-
31 Ta pak ctpasoxogy [20]. BeaxaloTb, WO LS 3MiHA MOXe
BigoOpaxaT cuCTeMHy 3ananbHy MpPOTUMYXIMHHY peak-
uito nicna Tepanii i Moxe OyTu Binbl 3Ha4YHMM nMapamert-
pOM Ans OUIHKW BUXMBAHOCTI Nicns Tepanil. Tak, y XBopux
Ha MMOCKOKNITUHHUI paK CTpaBOXOA4y nicrnsionepauivHa
3MiHa KiflbKOCTi MOHOLMTIB € Kpawum npegukTtopom
BMWXKMBAHOCTI, HDK nepegonepalinHa  KifbKICTb  MOHO-
uuTiB [20, 21]. MNMpegukTopHa ponb 3MiH abCOTHOI Kinb-
KOCTi MOHOUMTIB y XBopux Ha KP He gocnigKysanace.

MigBuWweHHsA piBHA TpOMBOLMTIB MOXe OyTn NoB’sisaHO
3i 30iMblUEHHsIM PiBHS Mpo3ananbHUX LWUTOKIHIB, TaKuX
[k iHTepnenkinm (IJ1-1, 11-6 Ta 1J1-11), ake cnocTepiraTb
npw 3ananbHUX Ta iHEKUiIMHMX npouecax Ta 3MnoAKICHUX
HoBOYTBOpeHHAX [21]. [ocnigjkeHHs KICTKOBOrO MO3KY
y eKcrnepuMeHTanbHUX TBapWH i3 3anisogediumMTHO aHe-
MIEI0 BUSIBUIIM €KCMaHCilo NonepeaHuKiB MerakapiouuTis,
30iNblUEHHSA NOIQHOCTI MerakapiouuTiB Ta iX MpUCKO-
peHy andepeHuiauito. JediumT 3aniza He 3MmiHOBaB Npo-
OYKLiK0 TakMX reMonoeTnyHux akTopiB pocTy, Ak TPOMOo-
noeTuH Ta UuuToKiHM [22]. Kopekuis 3ananeHHs, ke
BUHUKae nicrna PYA, moxe crnyryBaTh He TiflbKu NPUCKO-
peHHIo hi3nyHOI Ta couianbHOi peabiniTauii nauieHTa,
ane 1 nNigBULWEHHIO 3aranbHoi edeKTUBHOCTI MpoTK-
NYXSIMHHOIO NiKyBaHHS.

[ocnigXeHHs iIMYHHMX MOKa3HWKIB BUSIBUNO MOpPY-
LWeHHs B cybnonynsuinHoMy cknagi nimcgouuTis Ha | eTani
JOCNIgKEHHS, 30KpemMa, TaKi SK HasiBHICTb HM3bKOI Big-
HOCHOI Ta abcontoTHOi KinbkocTi CD8+-nimcouuTtiB Ta
NK-KRiTUH y AesKnx XxBopux.

At the Il stage of the study, a significant decrease
in both the relative and absolute number of eosinophils
was noted. The number of platelets and the relative num-
ber of monocytes did not change in the Il stage of the
study, while the absolute number of monocytes increased
almost twice.

The analysis of hematological indicators at the Il stage
showed the normalization of most of the studied indi-
cators. An increase in the level of platelets was observed
in patients.The data obtained by us are comparable with
the literature data. Several studies analyzed the relation-
ship between eosinophil levels and the course of the
disease. A low level of eosinophils is considered as
a negative factor for tumor growth, as there are data
on the antitumor effect of these cells in colorectal cancer.
In vitro experiments on Colo-205 human colon cancer
cells showed the ability of eosinophils to cause direct
destruction of tumor cells by adhesion and release of
cytotoxic granules [13—15].In clinical cancer, the presence
of eosinophils in tumor sites or in peripheral blood is
a favorable prognostic factor for most types of cancer,
including colorectal cancer, although there is evidence
of the protumorigenic role of eosinophils [16]. According
to L. Harbaum et al. [17] in colorectal cancer patients,
peritumoral eosinophils are an independent predictor
of favorable progression-free survival and cancer-spe-
cific survival.

In the study of A.E. Prizment et al.[18] showed the
association of high levels of tumor stromal eosinophils
with a reduced risk of death from all causes and cancer-
specific survival in colorectal cancer. It is also reported
that a higher number of peripheral blood eosinophils is
associated with a lower risk of death from colorectal
cancer, especially in smokers and men [19].

Several studies have shown that an increase in
preoperative absolute monocyte count can predict
unfavorable survival in patients with various carcinomas,
such as lung adenocarcinoma, hepatocellular carcinoma,
prostate cancer, and esophageal cancer [20]. It is believed
that this change may reflect a systemic inflammatory
antitumor response after therapy and may be a significant
parameter for evaluating survival after therapy. Thus, in
patients with squamous cell cancer of the esophagus,
the postoperative change in the number of monocytes
is a better predictor of survival than the preoperative
number of monocytes [20, 21].The predictive role of
changes in the absolute number of monocytes in patients
with CR has not been investigated.

An increase in the level of platelets may be associa-
ted with an increase in the level of pro-inflammatory
cytokines, such as interleukins (IL-1, IL-6 and IL-11), which
are observed in inflammatory and infectious processes
and malignant neoplasms [21]. Bone marrow studies in
experimental animals with iron-deficiency anemia revealed
expansion of megakaryocyte progenitors, increased
megakaryocyte ploidy, and accelerated megakaryocyte
differentiation. Iron deficiency did not change the pro-
duction of such hematopoietic growth factors as thrombo-
poietin and cytokines [22].

The study of immune indicators revealed abnorma-
lities in the subpopulation composition of lymphocytes
at the 1st stage of the study, in particular, such as the
presence of a low relative and absolute number of
CD8+ lymphocytes and NK cells in some patients.

At the Il stage of the study, the relative number of
CD3+ lymphocytes did not change. At the same time,
there was a trend towards an increase in the relative
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Ha Il ertani pgocnigkeHHA BigHOCHA  KiNbKiCTb
CD3+-nimouunTiB He 3MiHIOBanach. ¥ TOl e 4ac crnocre-
pirany TeHAeHUilo [0 30inblLUeHHS BIQHOCHOI KifbKOCTI
CD4+-kniTMH Ta  3MEHLUEHHA  BiOHOCHOT  KiNbKOCTi
CD8+-kniTuH, Wo BiabuBanocs Ha 306inblUEeHHi cniBBigHO-
weHHa CD4+/CD8+. BwusiBNeHO TakoX 3pOCTaHHS
CD3+-kniTuH, ekcnpecytounx HLA-Dr (Tabn. 2). HLA-DR —
OCHOBHa MoOrieKyna rOfoBHOMO KOMIMIEKCY FiCTOCyMic-
HocTi knacy Il, ska € KpuTuyHOW Ansa akTuBauii nimdo-
UMTIB Ta opradisaudil aganTMBHUX iIMYyHHUX Bignosigen

number of CD4+ cells and a decrease in the relative
number of CD8+ cells, which was reflected in an increase
in the CD4+/CD8+ ratio.

An increase in CD3+ cells expressing HLA-Dr was
also detected (Table 2). HLA-DR is the main molecule of
the major histocompatibility complex of class Il, which is
critical for the activation of lymphocytes and the organi-
zation of adaptive immune responses and is considered
as a biomarker of inflammation.

i pO3rnagaeTbcs y AKOCTi BioMapKkepa 3ananeHHs.

Tabnuus 2. IMyHHi noka3Hukmn y xBopux Ha KP Ha eTanax JocnimxeHHst
Table 2. Immune parameters in CR patients at the research stages

MokasHuk / Indicator

MegiaHa (BepxHili KBapTuUb — HUXKHIN KBapTWIb)
Median (upperquartile — lowerquartile)

| etan /| stage

Il etan / 1l stage

Il etan / 11l stage

CD3+, % / CD3+, %

72,9 (71,5-74,5)

74,3 (69,5-75,0)

74,3 (73,3-75,8)

CD3+, 10%n / CD3+, 10%I

1,19 (0,99-1,57

1,43 (1,08-1,59

1,61 (0,91-2,14)

CD4+, % | CD4+, %

45,6 (39,6-50,2

52,2 (42,0-53,6

41,3 (35,1-53,0)

CD4+, 10°n / CD4+, 10%1

0,78 (0,73-1,09

0,76 (0,66-1,16)

CD8+, % / CD8+, %

23,3 (16,2-31,1

31,2 (16,6-33,5)

CD8+, 10°n / CD8+, 10%1

)
)
0,70 (0,68-0,85)
)
)

0,41 (0,22-0,66

0,48 (0,22-0,61

0,73 (0,21-0,88)

)
)
)
18,2 (15,0~22,6)
)
)
)

CD19+, % / CD19+, % 10,3 (7,3-16,0) 16,1 (12,2-20,1 9,1(1,3-18,9)
CD19+, 10%n / CD19+, 107 0,14 (0,11-0,32) 0,40 (0,21-0,47 0,11 (0,03-0,53)
CD3-CD16+56+, % / CD3-CD16+56+, % 14,8 (11,5-17,9) 7.9 (3,8-9,9)* 3,3 (2,9-8,3)
CD3-CD16+56+,-10%n1 / CD3-CD16+56+,-107I 0,21 (0,15-0,29) 0,13 (0,03-0,14)* 0,08 (0,07-0,17)
CD3+CD16+56+, % / CD3+CD16+56+, % 8,5 (4,6-14,9) 2,2 (1,7-7,3) 1,5 (1,4-6,5)
CD3+CD16+56+,-10%n / CD3+CD16+56+,-107/1 0,31 (0,09-0,79) 0,05 (0,02-0,27) 0,03 (0,01-0,06)
HLA-DR+, % / HLA-DR+, % 3,1(2,1-3,7) 4,6 (3,0-5,6) 3,5 (2,2-5,2)
HLA-DR+, 10%/n / HLA-DR+, 101 0,046 (0,037-0,058) | 0,054 (0,050-0,130) | 0,060 (0,042-0,110)
CD4/CD8 / CD4/CD8 2,0 (1,1-2,0) 2,8 (1,9-3,7) 1,2(1,1-2,2)
CD4+CD279+, % / CD4+CD279+, % 10,4 (8,3-11,8) 13,2 (10,9-14,0) 9,8 (5,7-14,7)
CD4+CD279, 10%n / CD4+CD279, 10%/ 0,16 (0,15-0,19) 0,20 (0,19-0,28) 0,16 (0,12-0,32)
CD8+CD279+, % / CD8+CD279+, % 4,3 (3,2-6,8) 5,2 (3,4-6,9) 4,5 (1,4-8,3)

CD8+CD279,-10%n / CD8+CD279, 10%I

0,059 (0,054-0,115)

0,073 (0,040-0,180)

0,072 (0,040-0,250)

CD4+CD28+, % / CD4+CD28+, %

44,2 (36,5-49,1)

50,9 (40,2-52,3)

40,3 (31,7-52,9)

CD4+CD28+, 10°/n / CD4+CD28+, 10%I

0,64 (0,33-0,68)

0,76 (0,66-1,07)

0,68 (0,65-1,14)

CD8+CD28+, % / CD8+CD28+, %

0,97 (0,63-1,75)

0,85 (0,66—1,55)

0,69 (0,50-2,30)

CD8+CD28+, 10°n / CD8+CD28+, 10%1

0,015 (0,011-0,028)

0,012 (0,010-0,049)

0,014 (0,009-0,050)

CD3-CD16+56+335+, % / CD3-CD16+56+335+, %

0,77 (0,44-1,7)

0,54 (0,22-0,80)

0,68 (0,30-1,10)

CD3-CD16+56+335+,-10%n / CD3-CD16+56+335+,-10°%/1

0,011 (0,007-0,029)

0,008 (0,002-0,013)

0,010 (0,08-0,014)

CD3-CD16+56+159a+, % / CD3-CD16+56+159a+, %

3,6 (2,7-4,6)

1,7 (1,2-2,3)*

3,5 (0,6-4,6)

CD3-CD16+56+159a+,-10%n / CD3-CD16+56+159a+,-10%1

0,066 (0,044-0,085)

0,042 (0,014-0,35)"

0,057 (0,013-0,099)

LK, ym. oa. / Circulatingimmunecomplexes, um. unit

72,0 (54,5-123,0)

66,0 (61,5-110,5)

47,0 (47,0-86,0)

IlgG, in/lg G, r/l

13,1 (10,3-17,2)

13,1 (11,0-14,7)

11,9 (7,4-16,7)

Ig A, rin/lgA, r/l

2,41 (1,94-3,01)

2,44 (2,12-2,69)

2,36 (2,12-2,88)

IgM, rin/lg M, r/l

0,92 (0,75-1,06)

0,97 (0,84-1,02)

0,87 (0,75-1,11)

®H, % / Phagocytizing neutrophils, %

90 (90-91)

91 (90-92)

90 (90-94)

DY, ym. og. / Phagocyticnumber, ym. og.

3,74 (3,61-3,85)

3,74 (3,67-3,96)

3,71 (3,65-3,79)

BAH, % / Bactericidalactivityofneutrophils, %

38,9 (38,1-39,2)

38,5 (37,9-39,0)

38,7 (38,6-39,3)

I13®, ym. oa. / Indexofcompletionofphagocytosis, um. unit

0,89 (0,86-0,93)

0,90 (0,86-0,93)

0,91 (0,89-0,92)

IMpumimka: *BigMiHHOCTI NokasHukiB Ha | Ta |l eTanax BiporiaHi;
YBiAMiHHOCTI nokasHukiB Ha | Ta lll eTanax BiporigHi;
*BigMiHHOCTI nokasHukiB Ha Il Ta lll eTanax BiporigHi.

Notes: *differencesinindicatorsat the 1st and 2nd stagesarelikely;

Ydifferencesinindicatorsat the 1st and 3rd stages are probable;

*differencesinindicatorsat Il and 1l stagesareprobable.
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3MiHu kinbkocTi CD4+- Ta CD8+-KniTWH, eKcnpecyumnx
CD28, meMbpaHHUA KOCTUMYIHOHUNIA Binok, HeobXigHWN
ansa aktmeauii T-kniTuH, Gynu cniBCcTaBnioBaHUMKU 3i 3Mi-
Hamu kinbkocTi CD4+- ta CD8+- nimcouutiB Ha |l eTani.
BigHocHa Ta abcontoTHa kinbkictb CD4+CD28+-nimdo-
unTiB 3pocTana, ToAi Sk BigHOCHA Ta abCcontoTHa KiNnbKiCTb
CD8+CD28+-nimdoumnTiB  3meHLwyBanacb. [lpy uUboMy
Bincotok CD28+-ekcnpecytoumx knituH y nyni CD4+
Ta CD8+-knitTuH Ha |l eTtani gocnigkeHHa Mamke He
3MiHoBaBcs. MegiaHa Bigcotka CD4+CD28+-nimgouunTiB
cknagana 96,9% CD4+-nimcpoumtiB Ha | etani Ta
97,5% —Ha ll etani, mepiana Bincotka CD8+CD28+-kniTuH
ctaHoBuna 5,7% Ha | etani ta 52% — Ha |l etani
[OCNigXXeHHs BiANoBiAHO.

Y TOoM xe yac Ha |l eTtani BigmiyeHe 3poCTaHHSA $K
CD4+-, tak i CD8+-nimgouunTiB, eKkcrnpecyumx cynpe-
copHy Monekyny PD1 (CD279+). MegiaHa Bigcotka
PD1-ekcnpecytounx knituH cepen CD4+-nimcouunTiB Ha
| eTani cknagana 20,8%, a Ha |l eTani uen BiACOTOK BUpIC
0o 26,1%. MepiaHa Bigcotka CD8+PD1+-kniTvH y nyni
CD8+-kniTuH 36inblumnacek 3 26,3 ao 31,4%.

Ha Il etani gocnigXeHHs BigMiYeHe CyTTeEBE 3MEHLUEH-
HA BigHOCHOT Ta abcontoTHOI KinbkocTi NK- Ta NKT-kniTuH.
BigHocHa kinbkicte NK-kniTUH 3MeHLwmnacs mamxe yasidi
y Uen TepMiH AOCNIAXKEHHS.

MapanenbHo 3i 3HWkeHHAM NK-kniTMH BigbyBanoch
3HMKeHHs NK  KniTWH, WO eKCcrnpecylTb  aKTUBYHOMI
(CD335+ (NKp46)) Ta iHridytoui peuentopu (CD159a+
(NKG2A)). Mpu ubOMYy BUPaXeEHICTb 3HWKEHHSI eKCrpecii
BapitoBana y LWMpoOKOMy pAianaloHi. BigHocHa Ta abco-
noTHa KinbkicTb CD19+-nimdounTiB 36inblyBanacb Ha
Il eTani gocnigXeHHs.

AHani3 piBHs iMyHorno0byniHiB Ta harounTapHoi akTuB-
HOCTi HEeNTPOiniB He BUABMB 3MiH LUMX MOKa3HWKIB Ha
Il etani gocnigxeHHs. [ocnimjkeHHs iIMYHHUX MOKa3HWUKIB
Ha |l etani BuABWMNO ycyHeHHs paucbnaHcy CD4+ Ta
CD8+-kniTuH. MepiaHa BigHOCHOT KinbkocTi CD8+-kniTuH
Oyna HaBiTb BULLOK 3a BU3HA4YeHy A0 npoBedeHHs PYA
(31,2 npotn 23,3%, BignoBigHo). BigHOCHI  KinbKOCTI
CD4+- Ta CD8+-kniTuH, ekcnpecytodmx CD28+ ta PD1+
Habnmkanucb [0 BM3HAYeHUX [0 npoBedeHHa PYA.
BigHocHa Ta abcontoTHa kKinbkicTe CD19+-nimcounTie
TakoXx Oynu HabnwxkeHi OO BUXIOHUX PIBHIB Yy LN CTPOK
JocnigKeHHs. Y Ton Xe yac Ha |l etani gocnigkeHHs
3anuianack HU3bKOK BiAHOCHA Ta abcontoTHa KinbKiCTb
NK-ta NKT-knituH.

3rigHo 3 niTepaTtypHUMM JaHUMK, BUKNMKaHe abnsuieto
3pOCTaHHSA PIBHSA TTIIOKOKOPTUKOIAIB, MOXe OyTu ofHieto
i3 NpuunH 36inblueHHst ekcnpecii PD1. HelwonaBHo 6yno
nokasaHo CTUMYISALitO rMoKOKopTUKoigamm ekcnpecii PD1
Ha T-kniTmHax [23]. lNposananbHi UUTOKIHW, PIiBHI SKUX
CYTTEBO 3pOCTalTb Y paHHi cTpoku nicna PYA, Takox
CrpaBrsaioTb CTUMYNIOYNA eddekT Ha ekcripecito PD1 [24].
MosigomnsaoTb, Wo piBHIi ekcnpecii aktueytounx NKp30
Ta NKp46 peuenTtopiB KOpentowTb 3 MiTUYHOK aKTuB-
HicTio NK-KMiTUH WoAo KNiTUH  KOMOpeKTarbHOro  paky.
€ paHi, wo ekcnpecia NKp46 kopentoBana 3 6e3peuu-
OVBHOK BWXMBAHICTIO XxBopux Ha KP 3 makcumanbHum
nepiogom crnocTepexeHHst 71 mic. [27-29].

Ak Bigomo, NK-kniTuHM BigirpaloTe BUpILLANbHY porb
y NPOTUNYXJIMHHOMY iMyHHOMY 3axucTi. BoHM nposBnsATb
UMTONITUYHY aKTMBHICTb LUMAXOM MNPSIMOrO  BMAMBY Ha
NYyXIWHHI KNITUHW Ta BUBINIbHEHHS LUTOTOKCUYHUX Tpa-
Hyn, Wo MicTaTb rpaHanmu (A, B, H, K'i M) Ta nepcopuHn
abo WnaxoM cekpeuii pi3HMX UMUTOKIHIB, Takux sk IH®-y
Ta ®HIM-0o.. € NOBIAOMMNEHHS WOA0 MPOrHOCTUYHOI LLiHHOCTI
umx KniTnH npu KP.

Changes in the number of CD4+ and CD8+ cells
expressing CD28, a membrane costimulatory protein
required for T-cell activation, were comparable to changes
in the number of CD4+ and CD8+ lymphocytes in stage Il
The relative and absolute numbers of CD4+CD28+
lymphocytes increased, while the relative and absolute
numbers of CD8+CD28+ Iymphocytes decreased.
At the same time, the percentage of CD28+-expressing
cells in the pool of CD4+ and CD8+ cells at the Il stage
of the study almost did not change.

The median percentage of CD4+CD28+ lymphocytes
was 96.9% of CD4+ lymphocytes at stage | and 97.5%
at stage IlI, the median percentage of CD8+CD28+
cells was 5.7% at stage | and 5.2% at stage |l research
respectively.

At the same time, at the Il stage, an increase in both
CD4+ and CD8+ lymphocytes expressing the suppressor
molecule PD1 (CD279+) was noted. The median per-
centage of PD1-expressing cells among CD4+ lympho-
cytes at stage | was 20.8%, and at stage Il this per-
centage increased to 26.1%. The median percentage of
CD8+PD1+ cells in the pool of CD8+ cells increased
from 26.3% to 31.4%.

At the Il stage of the study, a significant decrease in
the relative and absolute number of NK and NKT cells
was noted. The relative number of NK cells decreased by
almost 2 times during this study period.

In parallel with the decrease in NK cells, there was
a decrease in NK cells expressing activating (CD335+
(NKp46)) and inhibitory receptors (CD 159a+ (NKG2A)).
At the same time, the severity of the decrease in expres-
sion varied in a wide range. The relative and absolute
number of CD19+ lymphocytes increased at the Il stage
of the study.

The analysis of the level of immunoglobulins and
the phagocytic activity of neutrophils did not reveal
changes in these indicators at the Il stage of the study.
The study of immune indicators at the Il stage revealed
the elimination of the imbalance of CD4+ and CD8+ cells.
The median relative number of CD8+ cells was even higher
than that determined before RFA (31.2% vs. 23.3%,
respectively). The relative numbers of CD4+ and CD8+
cells expressing CD28+ and PO1+ were close to those
determined before RFA. Relative and absolute CD19+
lymphocyte counts were also close to baseline levels
during this study period.

At the same time, the relative and absolute number of
NK and NKT cells remained low at the Il stage of the study.

According to literature data, ablation-induced increase
in glucocorticoid levels may be one of the reasons for
increased PD1 expression. Glucocorticoids have recently
been shown to stimulate PD1 expression on T cells [23].
Proinflammatory cytokines, the levels of which signifi-
cantly increase in the early days after RFA, also have
a stimulating effect on the expression of PD1 [24].
Expression levels of the activating NKp30 and NKp46
receptors have been reported to correlate with the lytic
activity of NK cells against colorectal cancer cells.
There are data showing that NKp46 expression correlated
with relapse-free survival in patients with CR with a maxi-
mum follow-up period of 71 months. [27-29]. As is known,
NK cells play a crucial role in antitumor immune defense.
They show cytolytic activity by directly affecting tumor
cells and releasing cytotoxic granules, whichcontain granzy-
mes (A, B, H, K and M) and perforins or by the secretion
of various cytokines, such as IF-y and TNF-a. There are
reports on the prognostic value of these cells in CR.

OpuwuriHanbHi gocnigpkeHHs

Original research



YKpaiHCbKWI pagionoriyHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 3. C. 54-64
Ukrainian journal of radiology and oncology. 2022;30(3):54—-64

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

3a pgaHumm Y.P. Tangetal. [25], NK-kniTuHun kpoBi 6ynu
HesanexHVM MpeaukTopoM BUXUBaHHA Y nauieHTiB 3 KP,
a cykynHa kinbkicte NK-kniTuH Ta B-nimdgouuTiB 36inbLuy-
Bana NporHOCTUYHY 3HauyLLiCcTb. [JocnigpkeHHs, npoBedeHe
y nauieHTiB, SKi nepeHecnu onepauito 3 npusogy KP,
nokasano, Lo nepegonepadinHa Kinbkictb NK-KniTuH
6yna NnporHoCTUYHNM hakTOpPOM peunamBy paky [26].

OTxe, y paHHi CTpPOKM Micnsi NpoBefdeHHst pafiodac-
TOTHOI abnsauii BigOyBalTbCA CUCTEMHI iIMyHHI nopy-
LWEHHS, FKi MOXYTb Ha AESKUA Yac CnpusaTy 30iMbLUEHHIO
pu3uKy MeTacTasyBaHHs. OOMexeHHs BuknvkaHoi PYA
3anarnbHoi imyHocynpecii 6e3anocepeHbO Nicrs BTpyYaHHs
MOXe OyTu cTpaTerielo 3MEHLLEHHS nepiody BpPas3nMBOCTI
no peunamsy KP, a y BigaaneHnx TepmiHax noTeHuitoBaTu
No3nTMBHUN BNAMB PYA Ha NpOTUNYXIMHHY peaKTUBHICTb.

BUCHOBKMU

Bu3HauyeHo HM3Ky remaTonoriyHmx 3MiH Ha TpeTo Ao0y
nicna PYA, noB’s3aHux i3 3ananbHOO peakuieto: 306inb-
LUEHHS 3aranbHoi KiNbKOCTI NEVKOUUTIB, 3POCTaHHS CriB-
BiOHOWEHHSA HeuTpodinu/nimcpountn 3 1,72 po 4,12,
CyTTEBE 3MEHLUEHHSA BiOHOCHOI Ta abCOMTHOI KiNbKOCTI
eosnHoginie. Ane Ha 14-Ty poby, nicna  CTUxaHHS
3ananbHOi  peakuii, cnoctepiranu Hopmanisauito  6inb-
LLIOCTi AOCNigKYBaHMX MOKA3HUKIB.

BcTaHoBneHo nopylueHHs cybnonynsauinHoro cknagy
nimcounTiB y xBopux 3 Metactazamu KP B nediHky Ha
TpeTio goby nicna PYA. MocunoBanuce Ti, 9ki manu micue
e [0 BTpyYaHHs (HM3bka KinbkicTb CD8+-mimcoumTis
Ta NK-kniTuH) Ta BMHMKaNM [O00ATKOBI  (30iNbLUEHHS

cniBBigHoweHHss  CD4+/CD8+, 3pocTaHHa  BigcoTka
CD3+-knituH  HLA-Dr+, CD4+- T1a CD8+-nimdoumTi
PD1+ (CD279+), 3wmeHweHHa kinbkocTi NKT-kniTuH).

Ha 14-ty poly kapTmHa Habnwkanacss OO0 MOo4YaTKoBOI
3a BUHATKOM KinbkocTi NK- Ta NKT-kniTuH.

BBaxaemo, WO cBoevacHa KOpekKuis 3ananbHOoi iMy-
HOCynpecii B paHHi cTpoku mnicna PYA moxe ckopotuTu
nepiog BpasnueocTi o peuuguBy KP, a y BigoaneHux
TepMiHax noTeHUiloBaTM no3nTMBHWUIA BrnveB PYA  Ha
NPOTUMNYXJTMHHY PEAKTUBHICTb.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Sung H., Ferlay J., Siegel R.L. et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. 2021. URL: https://acsjournals.onlinelibrary.
wiley.com/doi/epdf/10.3322/caac.21660

2. ®epopeHko 3.M., MNynak J1.0., MuxainoBuy 10.W. Ta iH. Pak B YkpaiHi,
2019-2020. 3axBOplOBaHICTb, CMEPTHICTb, MOKa3HWKWN AiSNbHOCTI
OHKOMOTiYHOI  cnyx6u. bronemeHb HauiHambHO20 KaHuep-peecmpy
YkpaiHu. 2021. Ne 22. 82 c.

3. ®epopeHko 3.M., Konechik O.0., l'ynak 1.0. Ta iH. KonopektanbHuit
pak B YKpaiHi: enigemionoriyHi Ta opraHisauiiiHi acnektun npobnemw.
lMpakmuyHa oHkonoHis. 2019. T. 2, Ne 2. C. 2-9.

4. Tohme S., Simmons R.L., Tsung A. Surgery for Cancer: A Trigger for
Metastases. Cancer researc. 2017. Vol. 77. P. 1548-1552.

5. Hiller J.G., Perry N.J., Poulogiannis G. et al. Perioperative events
influence cancer recurrence risk after surgery. Nature reviews. Clinical
oncology. 2018. Vol. 15, Ne 4. P. 205-218.

6. Kinoshita T., Goto T. Links between Inflammation and Postoperative
Cancer Recurrence. Journal of clinical medicine. 2021. Vol. 10, Ne 2.
228 p. URL: https://www.mdpi.com/2077-0383/10/2/228

7. Margraf A., Ludwig N., Zarbock A., Rossaint J. Systemic Inflammatory
Response Syndrome After Surgery: Mechanisms and Protection.
Anesthesia and analgesia. 2020. Vol. 131, Ne 6. P. 1693-1707.

8. McSorley S.T., Watt D.G., Horgan P.G., McMillan D.C. Postoperative
Systemic Inflammatory Response, Complication Severity, and Survival
Following Surgery for Colorectal Cancer. Annals of surgical oncology.
2016. Vol. 23, Ne 9. P. 2832-2840.

According to Y. R. Tang et al. [25], blood NK cells were
an independent predictor of survival in patients with CR,
and the combined number of NK cells and B lymphocytes
increased prognostic significance. An observational
study conducted in patients who underwent surgery for
CR showed that the preoperative number of NK cells
was a prognostic factor for cancer recurrence [26].

Therefore, in the early days after radiofrequency
ablation, systemic immune disorders occur, which can
contribute to an increase in the risk of metastasis.
Limitation of RFA-induced immunosuppression may be
a strategy to reduce vulnerability to cancer recurrence
of this intervention.

CONCLUSIONS

A number of hematological changes on the 3rd day
after RFA related to the inflammatory reaction were
identified: an increase in the total number of leukocytes,
an increase in the ratio of neutrophils/lymphocytes from
1.72 to 4.12, a significant decrease in the relative and
absolute number of eosinophils. But on the 14th day, after
the inflammatory reaction subsided, the normalization
of most of the studied indicators was observed.

A violation of the subpopulation composition of lym-
phocytes was established in patients with CR metastases
in the liver, on the 3rd day after RFA. Those that had
taken place even before the intervention (low number
of CD8+ lymphocytes and NK cells) and additional ones
appeared (increased CD4+/CD8+ ratio, increased per-
centage of CD3+ cells HLA-Dr+, CD4+ and CD8+ lym-
phocytes PD1+ (CD279+), decrease in the number of
NKT cells). On the 14th day, the picture approached
the initial one, with the exception of the number of NK
and NKT cells.

We believe that timely correction of inflammatory
immunosuppression in the early days after RFA can
shorten the period of vulnerability to recurrence of CR,
and in the long term potentiate the positive effect of RFA
on antitumor reactivity.
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Prospects for further research

In the future, limiting RFA-induced immunosuppression may be
a strategy to reduce the vulnerability to cancer recurrence of
this intervention. In the future, the dependence of the levels of

infammatory markers and

immunological indicators on the

volume and localization of tumor tissues during radiofrequency
ablation will be monitored.
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