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KAlo40Bi cAoOBaQ: PE3IOME

BTOPUHHO-HAOPSIKOBUI pak rpyaHoi 3a-  AKTyanbHicTb. OfHielo i3 3Ha4YHUX 0COGNMBOCTEN BTOPUHHO-HAOPSIKOBOIrO paky
noau, TpaHckpunuinHuii cdaktop NF-kB,  rpyaHoi 3anosu (BHPI'3), HaibinbLl 3nosikicHoi dhopmMmn HOBOYTBOPEHb, € BUPAXEHICTb
LIMTOKIHWN. XPOHIYHOTO 3amnareHHsl, sike Mae 3Ha4YeHHs [AONns naTtoreHesy Ta MporpecyBaHHs
3axBOpIOBaHHA. HWHI  HakonuueHi [okasn  B3aEMOBIOHOLLEHb  KaHLeporeHesy
Ta 3ananeHHs. Baromy pornb Sk Mpu 3ananeHHi, Tak i Npy KaHueporeHesi BigirpatoTb
TpaHckpunuiiinid  daktop (NF-kB) Ta nposananbHi umtokiHW. Perynsuis NF-kB
CUrHarbHUX LWINAXiB NopyLueHa npy 6araTbox 3MosiKiCHUX 3aXBOPIOBAHHSIX, Y TOMY YMCH
binuti OnekcaHdp Mukonatioguy " NpY 3axXBOPHOBaHHSIX Ha pak rpyaHoi 3ano3un. OTxe, OOCHIMKEHHS BMICTY npo3anarb-
[epxaBHa ycTaHoBa «IHCTUTYT MeanyHoi  HMX UMTOKiHIB Ta NF-kB € akTyanbHUM i Moxe AaTtv UiHHY iHdopmauito npo nepebir
papgionorii Ta oHkonoriiim. C.M. Fpurop’eBa  NyxnuHHOro npouecy. Ane 3ycTpidaeTbca Hebarato HaykoBMX Npaupb, SKi NPUCBAYEHI
HauioHanbHoi akagemii MeguuyHMx Hayk — LMTOKIHOBOMY mpodpinto y chiesigHoLleHHi 3 NF-kB npu nyxnuHax rpyaHoi 3anosu.

AAfl KOpEeCnOoHAEHLI:

YkpaiHu», BiOAineHHs OHKOXipyprii; Meta po6otn — BuByeHHsi BMicTy NF-kB-p105 Ta nposananbHux uuToKiHiB (IL-6,
Byn. [puropia Ckosopoau, 6ya. 82, IL-8, TNFa)y cuposartui kposi xBopux Ha BHPI'3.

M. XapkiB, YkpaiHa, 61024; Martepianu 1a metoamn. ObcTexeHo 87 xBopux (42 — Ha BHPI3, 45 — Ha PI3)
e-mail: abely@ukr.net 0o nikyBaHHsi. 42 xsopi Ha BHPI'3 y ctagii T4bN0-3MO 6ynu Bikom Big 34 fo 71 poky

(mepiana 53,1). MpoTokoBuii pak koHcTaToBaHo Y 30 nauieHTok (71,43%), 4YacToukoBUI —
y 12 (28,57%). MyxnuHa Ginbwe 5 cm BuseneHa y 20 oci6 (47,6%), meHwe 5 cm —

© binut O.M., Mimpsiesa H.A., y 22 (52,4%). Mpyny nopiBHSHHA cknanu 45 XBOpUX Ha MICLEBO-NOLUMPEHNUIA pak
KpacHocenbcbkuti M.B., rpygHoi 3ano3u 6e3 Habpsiky B crtagii T3-4N1-3MO, Bikom Big 30 go 67 pokis
lpebiHuk J1.B., 2024 (mepiana 52,3). MNyxnuHa noHag 5 cm 6yna y 12 (26,7%), meHwe 5 cm —y 33 (73,3%)

nauieHTok. MpoTokoBuin pak AiarHoctoBaHo Yy 33 xBopux (73,3%), 4acToukoBu —
y 12 (26,7%). Y rpyny koHTponio ysiiwnu 10 nauieHTok 3 ibpoageHomMamu.
Bmict umtokiHie (IL-1B, IL-2, IL-6, IL-8, TNFa) y cupoBaTui KpoBi XBOPMX BU3HaYanu
3a [onomorol iMyHodepmeHTHoro aHanisy (IPA) 3 BUKOPUCTAHHSM CTaHOApTHUX
Habopie peaktuBiB 3AO «Bektop-Bect». Bmict cyboamHuui NF-kB1 (p105 — p50)
BM3Ha4anu metogom IOA 3 BukopuctaHHsM peaktusie «Human NFkB — p105 (Nuclear
factor NF-kappa-B p 105 subunit) ELISA Kit». BumiptoBaHHs npoBoamnu 3a 4ONOMOro
HaniBaBTOMaTWU4HOrO iIMyHOhEepMeHTHOro aHanizatopa «lmmunochem-2100» (CLUA).

Pesynbrati Ta ix o6roBopeHHA. BusHaueHo, wo npu BHPI3 piBHi npo3ananbHux
umTokiHiB IL-6, IL-8, TNFa 36inbwytoTbest y 1,4 pasu, NOPIBHAHO 3 MOKa3HWKaMM
npu PI3, Hanbinbwum 6yB piBeHb IL-8. Cymaphuin piseHb NF-kB y xBopux Ha
BHPI'3 36inbwysascs B 14,7, a npu PI3 B 2,4 pasu, nopiBHsiHO i3 ocobamu 3 ¢ibpo-
ageHomamu. PiBeHb NF-kB y rpynax xsopux Ha BHPI3 3 IL-6, TNFa 6yB BuLle,

OpuwuriHanbHi 4oCnigpKeHHSs 134 Original research
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AAS ULUTYBAHHS:

Hi>X y rpynax 3 PI3 'y 3,1 pasu Tta 1,7 pasu BignosigHo. BusiBneHo, WO HanBULLMIA piBEHb
NF-kB 6yB y rpyni 3 uutokiHom IL-8, i npu BHPI'3 iioro piseHb 6yB Bulle y 5,7 pasum,
Hi>xx npu PIr3. Y xsopux Ha BHPI'3 BcTaHoBneHo kopensauii Mk NF-kB Ta umTtokiHamu:
NF-kB ta IL-8 (r = 0,80; p < 0,05); NF-kB 1a IL-6 (r = 0,60; p < 0,05); NF-kB Ta
TNFa (r = 0,60; p < 0,05). OTxe, ocobnusicTio BHPI'3 € 36inbLieHHss Bmicty NF-kB
Ta IL-6, i TNFa, Ta 3Ha4He nigBueHHs piBHS NF-kB Ta IL-8, nopiBHAHO 5K 3 noKasHu-
kamu npu PI3, Tak i 3 noka3Hukamm ocib 3 ibpoageHomamu.

BucHoBku. BuasneHo aktuBauiio TpaHckpunuiiHoro daktopa NF-kB-p105 Tta Bipo-
rigHe nigBWLWEHHS piBHIB npo3ananbHuX uuTokiHiB (IL-6, IL-8, TNFa) B cupoBartui
KpoBi xBopux Ha BHPI'3, nopiBHsiHO 3 ocobamu i3 ¢ibpoageHomamu, WO CBiguUTbL
Npo BUCOKUWA KaHLEPOreHHU MoTeHUian MNyxfAuMHW Ta HasBHICTb 3ananbHOro KOMMo-
HeHTa. lNoka3aHo, wo HamBuwmn piseHb NF-kB-p105 BusiBNAeTbCA y rpyni XBOpuUX
Ha BHPI'3 3 HanBuwwmm piBHeM uuTOKiHIB IL-8. BcTaHoBMNEHO, Wwo y xBopux Ha BHPI'3
piBeHb TpaHcKpunuiiHoro caktopa Ta npo3ananbHux uuTokiHiB IL-6, IL-8, TNFa
y cupoBaTui KpOBi BiporiaHO BULLUE, HiX y xBopux Ha PI3, wo niaTBepgXye BUCOKY
arpecuBHICTb Li€i POpMY 3aXBOPIOBaHHS.

Binuin O.M., Mitpsieea H.A., KpacHocenbcbkuii M.B., Mpebitunk J1.B. OcobnmBocTi ekcnpecii TpaHcKpunuinHoro chaktopa
NF-kB y XBOpuX Ha BTOPMHHO-HAOPSKOBWIA pak rpyaHOI 3aro3n 3 pisHMMK Npo3ananbHUMU LUTOKIHaMW. YkpaiHCcbKull
padiornoeidHutima oHkonoaidHut xypHarn. 2024.T.32.Ne2. C. 134—-142.DOI: https://doi.org/10.46879/ukroj.2.2024.134-142
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ABSTRACT

Background. One of the most prominent features of secondary edematous breast
cancer (SEBC), which is the most malignant form of this type of cancer, is severity
of chronic inflammation that is important for pathogenesis and progression of the
disease. As of now, there is evidence of association of carcinogenesis and
inflammation. The transcription factor (NF-kB) and pro-inflammatory cytokines play
a pivotal role in both inflammation and carcinogenesis. The regulation of NF-kB signal
pathways is impaired in a lot of malignant diseases, including breast cancer (BC).
Thus, the study of the content of pro-inflammatory cytokines and NF-kB is of high
priority, as it can provide valuable information about the course of the tumor process.
However, there are few research papers that deal with association of cytokine profile
and NF-kB in breast tumors.

Purpose — is to study the content of NF-kB-p105 and pro-inflammatory cytokines
(IL-6, IL-8, TNFa) in the blood serum of patients with secondary edematous
breast cancer.

Materials and Methods. 87 patients (42 with SEBC, 45 with BC) were examined prior
to treatment. The age of 42 patients with T4bN0-3MO SEBC ranged from 34 to 71 years
(median 53.1). The ductal cancer was found in 30 patients (71.43%), the lobular cancer —
in 12 patients (28.57%). The tumor of more than 5 cm was detected in 20 individuals
(47.6%), the tumor of less than 5 cm — in 22 individuals (52.4%). The comparison
group consisted of 45 patients with BC, with their age ranging from 30 to 67 years
(median 52.3). They had T3-4N1-3MO0 non-edematous locally advanced BC. The tumor
of more than 5 cm was detected in 12 patients (26.7%), the tumor of less than 5 cm —
in 33 patients (73.3%). The ductal cancer was diagnosed in 33 patients (73.3%),
the lobular cancer — in 12 patients (26.7%). The control group consisted of 10 patients
with fibroadenomas. The content of cytokines (IL-1B, IL-2, IL-6, IL-8, TNFa.) in the blood
serum of patients was measured using the ELISA assay and CJSC «Vektor-Best»
standard assay kits. The content of NF-kB1 subunit (p105 — p50) was measured using
the ELISA assay and the Human NFkB — p105 (Nuclear factor NF-kappa-B p 105 subunit)
ELISA Kit. The measurement was performed using the Immunochem-2100 American
semi-automatic immunoassay analyzer.

Results. It was found that in SEBC, the levels of pro-inflammatory cytokines IL-6, IL-8,
TNFa were increased by 1.4 times, compared to the parameters in BC, and the level
of IL-8 was the highest. The total level of NF-kB increased by 14,7 times in patients
with SEBC and by 2,4 times in patients with BC, compared to individuals with fibro-
adenomas. The level of NF-kB in SEBC in groups with IL-6, TNFa was higher than
in groups with BC by 3.1 and 1,7 times, respectively. It was found that the highest level
of NF-kB was in the group with cytokine IL-8. In SEBC, it was higher by 5.7 times than
in BC. In patients with SEBC, correlations between NF-kB and cytokines were
established: NF-kB and IL-8 (r = 0.80; p < 0.05); NF-kB and IL-6 (r = 0.60; p < 0.05);
NF-kB and TNFa (r = 0.60; p < 0.05). Thus, one feature of SEBC is the increase in the
content of NF-kB, IL-6, and TNFa, and also a significant increase in the level of
NF-kB and IL-8, compared to the parameters in patients with BC as well as in
patients with fibroadenomas.

Conclusions. It was found that there was activation of the transcription factor
NF-kB-p105 and a significant increase in the levels of pro-inflammatory cytokines
(IL-6, IL-8, TNFa) in the blood serum of patients with SEBC, compared to patients
with fibroadenomas, which indicates high carcinogenic potential of the tumor and
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the presence of the inflammatory component. It was demonstrated that the highest
level of NF-kB-p105 was detected in the group of patients with SEBC with the highest
level of cytokines IL-8. It was also found that in patients with SEBC, the level of the
transcription factor and pro-inflammatory cytokines IL-6, IL-8, TNFa in the blood
serum was significantly higher than in patients with BC, thereby confirming severe
aggressiveness of this form of the disease.
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3B’30K pO060TH 3 HOYKOBUMMU NPOrPAMAMM,
NAGHAMM | TEMAMU

CtatTa € hparMeHTOM NIIAaHOBOiI HayKOBO-AOCHIAHOI
pobotn [epxaBHOi yCTaHOBU «IHCTUTYT MeAMYHOI
pagionorii Ta oHkornorii im. C.T1. Mpurop’eBa HauioHanbHoT
akagemii MegmyHux Hayk YkpaiHu» «Po3pobutn npor-
paMmy KOMMIEKCHOTO MiKyBaHHA XBOPWUX Ha BTOPWHHO-

HabpsaKOBUW pak rpyAHOi 3amno3n 3 ypaxyBaHHAM
MEXaHi3miB naTtoreHesy 3ananbHOro i HabpsKoBOro
KOMMOHEHTIB  arpecuBHOCTI  MyXMMHHOTO  MPOLECY»,

Homep pAepxaBHoi peectpadii: 0118U001712, wwndp
Temn: HAMH 03.18, npvknagHa, TepMiH BWKOHaHHS:
01.2018-12.2020 pp., KepiBHWUK — ampekTop [epxaBHOi
yCTaHOBU «IHCTUTYT MeguyHoi pagionorii Ta OHKOMorii
im. C.IN. Ipurop’eBa HauioHanbHOi akagemii MeguyHuX
HayK YkpaiHu», [OOKTOp MeAWYHUX Hayk, npodecop
M.B. KpacHocenbcbkui.

BCTYN

BTopuHHO-HabpskoBui pak rpyaHoi 3anosm (BHPIT3)
€ OfHiel 3 HanbinbL 3MosAKICHUX (HOPM HOBOYTBOPEHD,
AKi MalTb HECNPUATIIMBUIA MPOrHO3 — 5-piyHa BWDKU-
BaHiCTb y cepegHboMmy He nepesuwye 12-50% [1].
OgpHieto i3 3Ha4yHMX ocobnusocTten BHPI'3 € BupaxeHictb
XPOHIYHOrO 3ananeHHs, fKke Mae 3Ha4YeHHs AN narto-
reHesy Ta NporpecyBaHHsi 3aXBOPIOBaHHS [2]. HWHI Hako-
nMyeHi [O0Ka3n B3aEMOBIAHOLWEHb KaHUeporeHesy Ta
3ananeHHsa [3]. Benuke 3HauyeHHs K MNpu 3ananexHi,
Tak i Npu KaHUueporeHesi, MaloTb TPaHCKPUMLiINHWUIA
daktop (NF-kB) Ta wuutokiHu. NF-kB npeancraense
coboto retepogumepHuin komnnekc 6inkis poguHun Rel.
laeHTudikoBaHo 5 6inkiB poamHn NF-kB, ska Bmiwye
saransHui JHK-38’a3ytounn gomen: (NF-kB1 (p50/p105),
NF-kB2 (p52/p100, Rela (p65), RelB i cRel. NF-kB
€ Of4HUM HambinbLw yHiBEpCanbHUM KNITUHHUM peryns-
TOPOM, SKWA Bigirpae BaxnMBy pPoOfb Y KMITUHHIN
nponidepalii, anonTosi, aHrioreHesi, 3ananeHHi, OCKiNnbkn
BiH perynoe eKCrnpecito reHis, Ak 3any4yeHi 4o Lmx npo-
ueciB [4]. Perynauia NF-kB curHanbHux wnsxie nopy-
WweHa npu 6GaraTbOX 3MOSKICHUX  3aXBOPIOBAHHSX,
y TOMY 4ucni N Npu 3axBOPIOBaHHAX Ha pak rpygHoi
3ano3n. Axtueauia NF-kB npussogntb no akrtusisadii
aHTMaNoOMNTUYHUX TeHiB, TUM camum 3abe3nedvye mexa-
Hi3M BWXMBaHHA KNITUH AN NPOTUCTOSHHA  disiono-
riYHOMY CTpecy, SKUWA BUKMNMKAE 3ananbHy peakLito.
MoegHaHHA OHKOMOriYHMX Ta 3ananbHUX MPOLECiB, Lo
CcynpoBoaXyloTbca  akTueidauieto  NF-kB, 3ymosnioe
BaXNMBICTb BMBYEHHS LbOro haktopa npu arpecuBHIn
dopmi BHPI'3, naTtoreHes Akoro noe’a3aHWin 3 KaHUepo-
reHesoM Ta pPO3BUTKOM 3ananbHuX npouecis. PisHoma-
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project of State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National
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for performance 01.2018-12.2020; led by Director
of State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine», Doctor of Medical
Sciences, Professor M.V. Krasnoselskyi.

INTRODUCTION

Secondary edematous breast cancer (SEBC) is
one of the most malignant forms of neoplasms that
have unfavorable prognosis — 5-year survival does not
exceed 12-50% on average [1]. One of the most
prominent features of SEBC is severity of chronic
inflammation that is important for pathogenesis and
progression of the disease [2]. As of now, there is
evidence of association of carcinogenesis and inflamma-
tion [3]. The transcription factor (NF-kB) and cytokines
play a pivotal role in both inflammation and carcino-
genesis. NF-kB is a heterodimeric complex of Rel family
proteins. There are 5 proteins of NF-kB family that
contains a DNA-binding domain: NF-kB1 (p50/p105),
NF-kB2 (p52/p100), Rela (p65), RelB, and cRel. NF-kB
is one of the most universal cellular regulators, which
plays an important role in cell proliferation, apoptosis,
angiogenesis, and inflammation, since it regulates
expression of genes involved in this process [4]. The regu-
lation of NF-kB signal pathways is impaired in a lot
of malignant diseases, including breast cancer (BC).
The activation of NF-kB leads to activization of antipathic
genes, thereby maintaining the cell survival mechanism
to resist physiological stress that triggers inflammatory
reaction. The combination of oncological and inflamma-
tory processes, accompanied by activization of NF-kB,
is what makes studying this factor in aggressive form
of SEBC important, as pathogenesis of SEBC is asso-
ciated with carcinogenesis and development of
inflammatory processes. The variety of biological effects
of cytokines and their key role as mediators prove
their participation in inflammation and malignant neo-
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HiTHICTb GionoriyHnMx edekTiB UMTOKIHIB, X Kro4voBa
pornb SIKk MediaTopiB 3yMOBMHOE y4acTb MpuU 3ananeHHi
Ta 3MosiKicHMX HoBOYTBOpeHHsiXx [5]. [lepexpecHa
B32aEMOAISA MDK IMYHHUMW | 3MOAKICHUMKW KNITUHaMW,
O CTUMYIIHOE PICT NYXIUHW, ONOCEePEaKOBYETLCS LIMTOKI-
HaMu, €Ki aKTUBYKOTb OHKOreHHi daktopu NF-kB [6].
B imyHHux knituHax NF-kB cnpusitoTe npogykuii npo-
3ananbHUX UMTOKiHIB, Takmx sik IL-1, TNF-a, IL-6, IL-8,
wo onocepeakoByoTb aktuBauito NF-KB y pakoBux
KnitnHax [7]. B 3anexHocTi Big Aii Ha 3ananbHWiA nNpo-
Luec UMTOKIHM MOoJinaTbCa Ha 2 rpynu — nposananbHi
Ta npotm3ananbHi. TpaHckpunuinHum daktop NF-kB
iHOYKY€E npo3anarnbHi LUUTOKIHW, SKi peryniolTb iMyHHY
BignoBiab. 3B’s130K KOHUEHTpaLil LUMTOKIHIB 3 OCHOBHUMM
BMACTUBOCTAMW  3MOSKICHOT TKaAHWHW Hadae MOXu-
BiICTb BMKOPUCTaHHSI [AaHWX MOKa3HWKIB B SIKOCTi Map-
KepiB MyXNWHHOI Mporpecii Ta NporHo3dy paky rpygHol
3ano3un [8]. OTxe, gocnigXeHHs BMICTY npo3ananbHuX
uutokiHiB Ta NF-kB moxe gatu uiHHy iHdopmaLio npo
nepebir nyxnuHHoro npouecy. Haxanb, y [OCTynHii
nitepatypi 3ycTpivaeTbcs HebaraTo npaupb, siki npuces-
YeHi JOCniAXEeHHI0 LIMTOKIHOBOrO npodinto y cniBsigHO-
weHHi 3 NF-kB npu nyxnuHax rpygHoi 3anosu, 3okpema,
npu BHPI3, Big siknx 3anexuTtb sk nepebir 3ananbHOro
npoLecy, Tak i PO3BMTOK MYXIMHHOIO NPOLIECY.

Meta po6Gotu — BuBYeHHs BMicTy NF-kB-p105
Ta nposananbHux uutokiHiB (IL-6, IL-8, TNFa) y cupo-
BaTLi KpoBi Yy xBopux Ha BHPI'3.

MATEPIAAU TA METOAU AOCAIAXXEHHA

O6cTexeHo 87 xBopux (42 —Ha BHPI'3, 45 — Ha PI'3).
Bci xBopi nikyBanuca B [epxaBHii yCTaHOBI «IHCTUTYT
MeaunyHoi pagionorii Ta oHkonorii im. C.M. Mpurop’esa
HauioHanbHOT akagemii MeguuHuxX Hayk  YKpaiHu».
Yci nauieHTkm Gynu obcTexeHi 4o NiKyBaHHS.

42 xsopi Ha BHPI'3 y ctagii T4bN0-3MO 6ynu Bikom
34-71 p. (vmepiaHa 53,1 p.). Y 26 xiHOK Bia3HayeHa
MeHonay3a. lMpoTtokoBuin pak koHcTatoBaHo y 30 naui-
€HTOoK (71,43%), yactoukoBun — y 12 (28,57%). Myx-
nuHa Ginbwe 5 cm BusaBneHa y 20 ocib (47,6%), MeHwe
5cm -y 22 (52,4%).

lpyny nopiBHAHHA cknanu 45 XxBOpuX Ha MicueBo-
MOLUMPEHUI pak rpygHoi 3anosu 6e3 Habpsaky B cTagii
T3-4N1-3MO, Bikom 30-67 p. (megiaHa 52,3 p.), 19 na-
uieHTok Oynn y wmeHonaysi. [lyxnuHa noHag 5 cwm
Bu3HaveHa y 12 (26,7%), meHwe 5 cm — y 33 (73,3%)
naujieHToK. MNpoToKoBUIA pak AiarHOCTOBaHO y 33 XBOPWX
(73,3%), yactoukoBun —y 12 (26,7%).

Y rpyny koHTponto ysinwnu 10 nauieHTok 3 ibpo-
afeHoMamu, siki NPOXOaUNN NiKyBaHHA B HALUIN KNiHiL,.

BmicTt umTokiHiB (IL-1B, IL-2, IL-6, IL-8, TNFa) y cupo-
BaTLi KPOBi XBOPWMX BM3HA4Yanu 3a OOMOMOrOK TBEPAO-
asHoro iMyHo(EepMEHTHOIO aHanidy 3 BUKOPUCTaHHAM
cTaHpapTHux Habopis peaktusiB 3A0 «Bektop-bect».
BumiptoBaHHs npoBogunu  3a  OONOMOroOK  Hanis-
aBTOMaTU4YHOrO iIMyHOOE€PMEHTHOTO aHanisatopa
«Immunochem-2100» (CLLA).

Y BCiX XBOPWX OCHOBHOIi Ta rpynu NopiBHAHHSA BU3Ha-
Yanu BmicT cyboamHuui NF-kB1 (p105 — p50) y cupo-
BaTLi KpOBi MeTOAOM iMYyHO(PEepMEHTHOro aHanisy 3
BMKOPUCT@HHAM  CTaHgapTHOro  Habopy  peakTuBiB
«Human NFkB - p105 (Nuclear factor NF-kappa-B
p 105 subunit) ELISA Kit» («Elabscience Biotechno-
logy Inc. USA»). BumiptoBaHHA npoBogunu 3a A0ONOMOo-

plasms [5]. The cross-coupling between immune and
malignant cells, which stimulates tumor growth, is
mediated by cytokines that activate NF-kB oncogenic
factors [6]. In immune cells, NF-kB contribute to produc-
tion of pro-inflammatory cytokines, such as IL-1, TNF-q,
IL-6, IL-8, which mediate the activation of NF-kB in cancer
cells [7]. Depending on the effect on the inflammatory
process, cytokines are divided into 2 groups: pro-
inflammatory and anti-inflammatory. The transcription
factor NF-kB induces pro-inflammatory cytokines that
regulate immune response. The connection of cytokine
concentration with the main properties of a malignant
tissue allows these parameters to be used as markers
of the tumor progression and prognosis for BC [8].
Thus, the study of the content of pro-inflammatory
cytokines and NF-kB can provide valuable information
about the course of the tumor process. However, there are
few research papers that deal with association of cytokine
profile and NF-kB in breast tumors, including the ones
in SEBC, which effect both course of the inflammatory
process and development of the tumor process.

Objective — is to study the content of NF-kB-p105
and pro-inflammatory cytokines (IL-6, IL-8, TNFa) in the
blood serum of patients with SEBC.

MATERIALS AND METHODS

87 patients (42 with SEBC, 45 with BC) were
examined. All of them underwent treatment at State
Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical
Sciences of Ukraine». All the patients were examined
prior to treatment.

The age of 42 patients with T4bN0-3MO0 SEBC ranged
from 34 to 71 years (median 53.1). Menopause was
found in 26 women. The ductal cancer was found in
30 patients (71.43%), the lobular cancer — in 12 pati-
ents (28.57%). The tumor of more than 5 cm was detec-
ted in 20 individuals (47.6%), the tumor of less than
5 cm —in 22 individuals (52.4%).

The comparison group consisted of 45 patients
with BC, with their age ranging from 30 to 67 years
(median 52.3). They had T3-4N1-3MO non-edematous
locally advanced BC. 19 women were in menopause.
The tumor of more than 5 cm was detected in 12 pati-
ents (26.7%), the tumor of less than 5 cm — in 33 pati-
ents (73.3%). The ductal cancer was diagnosed in 33 pa-
tients (73.3%), the lobular cancer — in 12 patients (26.7%).

The control group consisted of 10 patients with fibro-
adenomas who underwent treatment at our institution.

The content of cytokines (IL-1B, IL-2, IL-6, IL-8, TNFa.)
in the blood serum of patients was measured using
the ELISA assay and CJSC «Vektor-Best» standard
assay kits. The measurement was performed using the
Immunochem-2100 American semi-automatic immuno-
assay analyzer.

The content of NF-kB1 subunit (p105 — p50) was
measured in all patients of the main group and the com-
parison group using the ELISA assay and the Human
NFkB — p105 (Nuclear factor NF-kappa-B p 105 subu-
nit) ELISA Kit («Elabscience Biotechnology Inc. USA»).
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rol HaniBaBTOMAaTU4HOrO iIMYHOEPMEHTHOrO aHanisa-
Topa «Immunochem-2100» (CLUA).

Bio nauieHTOK oOTpuMMaHo iHpopMOBaHy 3rogy Ha
ydyacTb Yy [JOCRiMKeHHi, sike npoBeAeHO BiAMNOBIAHO
[I0 OCHOBHMX GioeTUuHMX HopM ['enbciHebKoi aeknapallii
BcecBiTHbOI MepguyHOi acouiauii «ETWYHI  npuHUMNK
MEAMYHUX [OCHiKEeHb 3a Yy4yacTi IHAWMHWU Y SIKOCTI
o6’ekta gocnigxeHHsy (1964-2013 pp). MNpoTokonu go-
cnigkeHHss cxBaneHi KomiteTom 3 nuTaHb 6ioeTuku
Ta peoHtonorii Y «IHCTUTYT MeguuHoi pagionorii
Ta oHkonorii im. C.I. Npurop’eea HAMH Ykpainny.

CTaTUCTUYHUIA aHani3 gaHuX BUKOHyBanu 3a AOono-
MOroK nakeTa CTaTUCTUYHMX nporpam «Statistica» npwm
BMKOPUCTaHHI HenapamMeTpuyHWX METOAIB ANs Manunx
BMOipoKk, AaHi npeactaeneHo y surmsai Me [LQ; UQ],
Me — megiaHa, [LQ; UQ] — BepxHin Ta HWXHIN KBapTUIi.
Pesynbratv nopiBHIOBanM MiX rpynamy 3a LOMOMOIo
KpuTepito MaHHa—YiTHi. Po3bixxHoCTi BBaxanu cratuc-
TUYHO 3Hauywummn npu p < 0,05. KoedpiuieHT paHrosoi
Kopensuii Bu3Hadanu 3a metogom CnipmeHa.

PE3YAbTATU TA iX OBFOBOPEHHS

Y 42 xBopux Ha BHPI3, y 45 xBopux Ha PI'3 Ta
y 10 nauieHTOK 3 hibpoageHoMamMu 00 nikyBaHHS Oyro
Bu3HavyeHo piBeHb NF-kB-p105 Ta npo3ananbHux
LUMTOKIHIB y cnpoBaTLi kpoBi. [laHi HaBegeHi y Tabnuui 1.

The measurement was performed using the Immuno-
chem-2100 American semi-automatic immunoassay
analyzer.

The patients gave an informed consent for participa-
tion in the study that was performed in accordance
with the main bioethical norms of the World Medical
Association Declaration of Helsinki «Ethical principles
of medical research involving human subjects» (1964—
2013). The research protocols were approved by the
Bioethics and Deontology Committee of State Orga-
nization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical
Sciences of Ukraine».

The statistical analysis of the data was performed
using «Statistica» software package and nonparametric
methods for small samples. The data are presented
as Me [LQ; UQ]; Me is a median, [LQ; UQ] are upper
and lower quartiles. The results were compared between
groups using the Mann-Whitney U test. Differences
were considered statistically significant at p < 0.05.

The rank correlation coefficient was assessed
using the Spearman’s method.

RESULTS AND DISCUSSION

The level of NF-kB-p105 and pro-inflammatory
cytokines was measured in the blood serum of 42 pati-
ents with SEBC, 45 patients with BC, and 10 patients
with fibroadenomas prior to treatment. The data are
given in Table 1.

Ta6nuusa 1. PiseHb NF-kB — p105 y cupoBatui kpoBsi xBopux Ha BHPI'3, PI'3 3anexHo Big BMICTY Npo3ananbHUX LUTOKIHIB
Table 1. The level of NF-kB-p105 in the blood serum of patients with SEBC, BC
depending on the content of the pro-inflammatory cytokines

[pyna koHTponto OcHoBHa rpyna ['pyna nopiBHAHHSA
Control group Main group Comparison group
[MokasHuKm
Parameters PibpoageHoma (n=10) BHPI'3 PIr3
Fibroadenoma (n=10) n SEBC n BC
Me (2LQ, UQ) Me (L2Q, UQ) Me (2LQ, UQ)
IL-6, nr/mn 1,82 19,80*2 13,20*
IL-6, pg/mL (0,02—4,30) 14 (14,70-24,30) 15 (11,90-14,60)
NF-kB, Hr/mn 1,50 7,90*2 2,51
NF-kB, ng/mL (0,05-5,30) (0,80-16,80) (0,04-6,39)
IL-8, nr/mn 4,70 148,60** 58,20
IL-8, pg/mL (2,40-5,80) 14 (84,80-211,4) 15 (36,20-82,7)
NF-kB, Hr/mn _ 17,50* 3,09
NF-kB, ng/mL (16,80-17,50) (0,04-8,39)
TNFa, nr/mn 2,80 15,60*2 9,10*
TNFa, pg/mL (1,60-3,20) 14 (10,20-18,20) 15 (7,10-12,3)
NF-kB, Hr/mn _ 8,30*2 3,58
NF-kB, ng/mL (0,80-17,50) (0,04-11,8)
lMpumimku:

*3HavyLiCTb BiAMIHHOCTEN MK MOKa3HWKaMmn KOHTPOsbHOI Ta rpynamu BHPI3, PI3 (kputepin ManHa—YiTHi, p < 0,05).

A3HavyLicTb BigMiHHOCTEN M nokasHukamu rpyn BHPI3 ta PI'3 (kputepii MaHHa—YiTHi).

Notes:

*Significance of differences between the parameters of the control group and SEBC, BC groups (Mann—-Whitney U test, p < 0.05).
ASignificance of differences between the parameters of SEBC and BC groups (Mann—Whitney U test).

B oOcHOBHI rpyni xBopux Ta B rpyni MNOPIBHAHHSA
y cupoBaTtLi KpoBi 3HangeHa kinbkictb NF-kB, IL-6, IL-8,
TNFa, siKi MOXIMBO BUMIPATH.

AHani3 piBHIB nposananbHUX LMTOKIHIB y cupoBartLi
KpoBi y xBopux Ha BHPI'3 nokasaB 36inblUeHHs piBHiB
IL-6, IL-8, TNFa y 10,9 pa3u, y 31,6, y 5,6 BignosigHo,

The measurable amount of NF-kB, IL-6, IL-8, TNFa
was found in the blood serum of patients of the main
group and the comparison group.

The analysis of levels of pro-inflammatory cytokines
in patients with SEBC showed an increase in IL-6, IL-8,
TNFa levels by 10.9, 31.6, and 5.6 times, respectively,
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NopiBHAHHO 3 MokasHuMkamu ocib 3 cibpoageHoMamu.
Mpn PI3 Takox cnocrepiraeTbCa NigBULLEHHS PIBHSI MPO-
3ananbHux umTokiHiB IL-6, IL-8, TNFa y 7,2 pa3u, y 12,4,
y 3,2 pasu BignoBigHO, Y 3iCTaBneHHi i3 rpynokw nopis-
HSIHHS, ane MiABULLEHHS PIBHIB LUMTOKIHIB Ginblie npu
BHPI'3, Hix npu PI3. BusHadeHo, wo npu BHPI3
piBeHb IL-6, IL-8, TNFo 36inbwyetbcs y 1,4 pasu,
2,5 pas3n, 2,3 pasu, BignoBigHO, MNOPIBHAHO 3 MOKa3HU-
kamu npu PIr3. Hanbinbwum 6yB piBeHb LMTOKIHY IL-8.

[ns ouiHkn B3aemo3s’sa3ky NF-kB 3 BMiCTOM UMTOKIHIB
y cupoBartui kposi xBopi Ha BHPI'3 ta PI'3 6ynu posno-
JineHi no rpynam 3anexHo Bif pi3HUX LIUTOKIHIB. B KOXHI
3 Hux BM3Ha4vanu piseHb NF-kB. Ak BuaHo 3 Tabnuui,
cymapHuin piseHb NF-kB (B ycix rpynax) 36inbLuyBaBcs
B 11,7 pasu npu BHPI'3, a npu PI3 y 2,4 pa3n, nopis-
HAHO i3 ocobamu 3 pibpoageHomamu. PiBeHb NF-kB
y xBopux Ha BHPI'3 y rpynax 3 IL-6, TNFa 6yB BuLie,
Hi>X y rpynax npu PI3y 3,2 pasu ta 1,7 pasu BignosigHo.
BusasneHo, wo Haneuwuin piseHb NF-kB y rpyni 3 uuto-
kiHom IL-8 npu BHPI'3 6yB BuLle y 5,7 pasu, Hix npu PI3.

Y xBopux Ha BHPI3 BcTaHoBneHo kopensuii Mix
NF-kB Ta untokiHamu:

NF-kB 1a IL-8 (r = 0,80; p < 0,05)

NF-kB 1a IL-6 (r = 0,60; p < 0,05)

NF-kB ta TNFa (r = 0,60; p < 0,05)

Otxe, ocobnusicTio BHPI'3 € 36inblieHHss BMiCTy
NF-kB Tta IL-6, i TNFoa, Ta 3Ha4yHe nigBULLEHHS PiBHS
NF-kB Ta IL-8, nopiBHAHO Sk 3 nokasHukamu npu PI3,
Tak i 3 nokasHMkamum ocib 3 ibpoageHoMmamu.

Bigomo wo IL-8 — Hanbinbl akTUBHWUIA iHOYKTOp 3a-
naneHHs, piBeHb SKOro 3Ha4yHo niasuweHnn npu BHPI'3,
HanexuTb 0o CXC-xemokuHiB [9]. He meHWw Baxnuvea
BnacTtusicTb IL-8 y kaHueporeHesi [10]. Llei nposananb-
HWUI LIMTOKIH NOCUINIOE aHrioreHes, Biirpae BaXxxnmBy porb
y BWXMBAHOCTI eHAoTenianbHUX KNiTUH Ta ix nponidepa-
uii, iHribye anonTo3, MOCUMNIOE EKCMPECio aHTManonTUY-
HUX reHiB, 6epe yyacTb y hOpMyBaHHi pPe3NCTEHTHOCTI
00 ximionpomeHeBoi Tepanii, MeTacTasyBaHHS.

MynbTUdYHKUIOHaNbHUIA iHTEprenkiH-6 € HanbinbLu
BMBYEHMM MPONYXAMHHUM LUuTokiHOM [11]. 3a paHumun
niTepaTypu NiaBULLIEHHS PiBHS IL-6 3a yMOB 3nosikicHOro
npouecy CBiAYUTbL NPO HECnpuUATNUBUIA nepebir 3axBo-
ptoBaHHs [12]. BogHouyac Bigomo, wo IL-6 HanexuTb
0O HTEepnenkiHiB, SKi MOCUNIOITL 3anarneHHsl, LWo €
CNpUATNIMBUM (DOHOM B OHKOreHesi.

MposananbHuit  umtokiH  TNFa, piBeHb  sikoro
NiaBULLEHMIA, € NPOMOTOPOM 3ananeHHs1 Ta aHrioreHesy,
Lo cTuMyntoe nyxnuHy [13].

KputnyHoto B acouiioBaHOMy i3 3ananeHHsIM KaH-
ueporeHesi € dyHkuia NF-kB. Bigomo wo TpaHckpun-
uinHnn cpaktop NF-kB moxe BigirpaBaTn cyTTeBy pornb
npu XpoHiyHoMmy 3ananenHi [14]. NF-kB moxe 6yTtn
3anyvyeHuit 0o 3B’A3Ky 3 3anarneHHsM Ta KaHueporeHe-
30M, BCTaHOBNeHi 3B'a3knm Mixk NF-kB Ta nposananb-
HUMK LmTOoKiHamm [15]. OTxe, iMyHODepMeHTHUI aHani3
Bmicty NF-kB Ta nposananbHWX UUTOKIHIB Yy cupoBartLi
KpoBi y xBopux Ha BHPI'3 nokasas, Lo cnocTepiraetbca
3Ha4yHe MNiOBULLEHHSA Ta B3aEMO3B’A30K LMX aKTopis,
wo 3ymosnioe arpecuHicte BHPI'3, natoreHe3 skoro
NOB’A3aHMIN 3 KaHLIEpPOreHe3oM i pPO3BMTKOM 3anarnbHUX
npoueciB Ta € O03HaKOK HecnpusiTnueoro nepebiry
3axBoploBaHHA. Lle yarogxyeTbcs i3 gaHumm nitepa-
Typu WoAO pe3ynbTaTiB Mpo 3AaTHICTb K NMYyXIUHHUX
KNITWH, TakK i KNITKH, SIKi OXONMEeHi 3ananbHMM NpoLecom,

compared to the parameters of individuals with fibro-
adenomas. In BC, there was also an increase in the
levels of pro-inflammatory cytokines IL-6, IL-8, TNFa
by 7.2, 12.4, and 3.2 times, respectively, compared to the
comparison group, but the increase in the level of cyto-
kines was higher in SEBC than in BC. It was found that
the levels of IL-6, IL-8, TNFa increased by 1.4, 2.5, and
2.3 times, respectively, in SEBC, compared to the para-
meters in BC. The level of cytokine IL-8 was the highest.

To assess association of NF-kB and the content of
cytokines in the blood serum, patients with SEBC and BC
were divided into groups according to different cytokines.
The level of NF-kB was measured in each of the groups.
As can be seen from Table 1, the total level of NF-kB
(in all groups) increased by 11.7 times in SEBC and by
2.4 times in BC, compared to patients with fibroade-
nomas. The level of NF-kB in patients with SEBC
in groups with IL-6, TNFa was higher than in groups with
BC by 3.2 and 1.7 times, respectively. It was found that
the highest level of NF-kB was in the group with cytokine
IL-8. In SEBC, it was higher by 5.7 times than in BC.

In patients with SEBC, correlations between NF-kB
and cytokines were established:

NF-kB and IL-8 (r = 0.80; p < 0.05)

NF-kB and IL-6 (r = 0.60; p < 0.05)

NF-kB and TNFa (r = 0.60; p < 0.05)

Thus, one feature of SEBC is the increase in the con-
tent of NF-kB, IL-6, and TNFa, and also a significant in-
crease in the level of NF-kB and IL-8, compared to the pa-
rameters in BC as well as in patients with fibroadenomas.

It is known that IL-8 is a CXC chemokine receptor
and the most active inductor of inflammation, the level
of which significantly increases in SEBC [9]. The role
of IL-8 in carcinogenesis is no less important [10].
This anti-inflammatory cytokine contributes to angio-
genesis, plays an important role in the survival of endo-
thelial cells and their proliferation, inhibits apoptosis,
enhances expression of anti-apoptotic genes, partici-
pates in development of resistance to chemoradiation
therapy, metastasis.

The multifunctional interleukin-6 is the most studied
pro-tumor cytokine [11]. According to the literature data,
an increase in the level of IL-6 in a malignant process
indicates an unfavorable course of the disease [12].
At the same time, it is known that IL-6 is an interleukin
that enhances inflammation, which is a favorable fac-
tor for oncogenesis.

The increased level of anti-inflammatory cytokine
TNFa is a promoter of inflammation and angiogenesis,
which stimulates the tumor [13].

The function of NF-kB in inflammation-associated
carcinogenesis is critical. It is known that the transcrip-
tion factor NF-kB may play a pivotal role in chronic
inflammation [14]. NF-kB may be involved in the asso-
ciation with inflammation and carcinogenesis, as well as
with pro-inflammatory cytokines [15]. Thus, the ELISA
assay of the content of NF-kB and pro-inflammatory
cytokines in the blood serum of patients with SEBC
showed a significant increase and interconnection of
these factors, which contributed to the aggressiveness
of SEBC, the pathogenesis of which was associated
with carcinogenesis and development of inflammatory
processes, and it was also a sign of an unfavorable
course of the disease. It correlates with literature data on
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npogyktyBatu NF-kB Ta uuTOKiHKM, AKi
nporHo3 nepebiry 3axBoptoBaHHS [16].

3 ornagy Ha BUKMAZEHE MOXHa 3poOUTM BUCHOBKMU,
wo npu BHPI3 pouinbHo BM3Havatu piBHi NF-kB
Ta npo3ananbHUX UWUTOKIHIB ANsi XapaKTepuCTUKX arpe-
CMBHOCTI NyXNMHHOMO NpoLEecy Ta BMOOPY TaKTUKM MiKy-
BaHHS1, HanpaBfeHoOro Ha MpUrHiYeHHs npo3ananbHUX
NaHLUoriB OHKOreHe3sy.

noripyoTb

BUCHOBKHU

BusBneHa akTuBauis TpaHCKpunuinHoro dakropa
NF-kB-p105 Ta BiporigHe nigBuLLEHHS PiBHIB Npo3anarnb-
HUX LmMTOKiHIB (IL-6, IL-8, TNFa) B cupoBaTLi KpoBi XBOpUX
Ha BHPI'3, nopiBHsiHO 3 ocobamu i3 cibpoageHomamu,
CBiAYNTb MPO BUCOKWUMA KaHLEpPOreHHWW noTeHuian nyx-
NVHU Ta HAasABHICTb 3ananbHOro KOMMOHEHTA.

[MokasaHo, wo Hameuwmin piseHb NF-kB-p105 BusB-
nseTbea y rpyni xsopux Ha BHPI3 3 HavBuUwwmMM piBHEM
UMTOKiHIB IL-8.

BcraHoBneHo, wo y xsopux Ha BHPI'3 piBeHb TpaH-
CKpunuinHoro daktopa Ta npo3ananbHUX LMTOKIHIB
IL-6, IL-8, TNFao B cupoBaTLi KpOBi BipOrigHO BULLE, HiX
y xBopux Ha PI3, wo nigTBepaXye BUCOKY arpecus-
HICTb L€l (hOpMM 3aXBOPHOBAHHS.
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the ability of both tumor cells and cells with the inflamma-
tory process to produce NF-kB and cytokines that worsen
the prognosis for the course of the disease [16].

In view of the above-mentioned information, one may
conclude that it is relevant to measure levels of NF-kB
and pro-inflammatory cytokines to characterize agg-
ressiveness of the tumor process and select the proper
treatment aimed at suppressing pro-inflammatory
chains of oncogenesis.

CONCLUSIONS

It was found that there was activation of the tran-
scription factor NF-kB-p105 and a significant increase in
the levels of pro-inflammatory cytokines (IL-6, IL-8, TNFa)
in the blood serum of patients with SEBC, compared
to patients with fibroadenomas, which indicates high
carcinogenic potential of the tumor and the presence
of the inflammatory component.

It was demonstrated that the highest level of
NF-kB-p105 was detected in the group of patients
with SEBC with the highest level of cytokines IL-8.

It was also found that in patients with SEBC, the level
of the transcription factor and pro-inflammatory cyto-
kines IL-6, IL-8, TNFa in the blood serum was signifi-
cantly higher than in patients with BC, thereby confirming
severe aggressiveness of this form of the disease.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

[MepcnekTvBM nopanblvX AOCHIMKEHb BKHOYAOTb BUBYEHHS
MONEKYNSAPHNX MeXaHi3MiB, Ski 3abe3nevyloTb 3B'SI30K MiX
aktneauieto NF-kB Ta nigBulieHHAM piBHIB nposananbHuX
LUMTOKIHIB Yy Maui€HTOK 3 BTOPUHHO-HabPSAKOBMM paKkoM rpyaHoOi
3ano3n. OcCKinbku BCTaHOBMEHO, WO Ui akTopy ChNpusioTb
arpecyBHOCTI MyXJIMHHOMO Npouecy, nodanblui [OCHiMKEHHS
MOXYTb ByTW cnpsiIMOBaHi Ha Po3pO6Ky TepaneBTUYHNX CTpaTerin
ansa npurHiveHHs aktmBHocTi NF-kB Ta BignoBigHWX UMTOKIHIB
ONs MOKPALLEeHHSA NPOrHo3y Ta e(PeKTUBHOCTI MiKyBaHHS.

Takox BapTO 30CepeauTUCs Ha MOLWyKy HOBMX Giomapkepis
ONS paHHbOi AiarHOCTVKM Ta NpOrHo3yBaHHA nepebiry 3a-
XBOPIOBaHHS, WO MOXe cnpusaTtv 6Ginblw TO4HOMY BubOpyY
iHOUBIAyanbHUX TepaneBTUYHUX NigxodiB. |HWWMA Baxnveun
HanpsMok — pocnigpkeHHs poni NF-kB Ta nposananbHux
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Prospects for further research

The prospects for further research include the study of mole-
cular mechanisms that ensure the connection between NF-kB
activation and increased levels of pro-inflammatory cytokines
in patients with secondary edema breast cancer. Since it has
been established that these factors contribute to the aggressive-
ness of the tumor process, further research may be aimed at
developing therapeutic strategies focused on inhibiting the
activity of NF-kB and the corresponding cytokines to improve
prognosis and treatment efficacy.

It is also worth focusing on the search for new biomarkers
for early diagnosis and disease course prediction, which may
contribute to a more accurate selection of individualized
therapeutic approaches. Another important direction is the study
of the role of NF-kB and pro-inflammatory cytokines in the
formation of resistance to chemoradiotherapy, which may open
new opportunities for enhancing tumor sensitivity to treatment.
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CAOBQ: PE3IOME

Tepanis, SKicTb xuTTa, AKTyanbHicTb. OnTMMi3auis nigxo4iB 4o NikyBaHHA nauieHTiB 3 rmiobnactomoto (I'B)
€ aKTyanbHWM 3aBAAHHAM, B TOMY YMCIi, 3@ paxyHOK Oifbllu LUMPOKOro BMpOBaja-
XEHHS1 pexuMmiB rinodpakuinHoi npomeHeBoi Tepanii (I'MT). BogHoyac nogoBXeHHs
BMXMBAHOCTI 6e3 36epexeHHs akocTi xuTTa (AXK) nauieHTa He MoOXe BBaxaTuUCb
YCMILLHWUM FliKyBaHHSIM.

MeTta pobotu — npoaHanidyBatu AXK xBopux Ha B nicna ag'loBaHTHOrO nNpomeHe-
BOrO MiKyBaHHS B rpynax CTaH4apTHOro Ta rinogpakLUiiHOro pexnmia ONPOMIHEHHS.

Matepianu T1a metoan. CTo m'ATgecsaT AeB’dATb nNauieHTiB 3 BepudikoBaHoo B
nicna  xipypridHoro nikyBaHHa B [lepxaBHin ycTaHOBi «IHCTUTYT Henpoxipyprii
im. akag. A.lN. PomogaHoBa HauioHanbHOI akagemii MeguyHnx Hayk YkpaiHu» B nepi-
on 3 2014 poky no 2020 pik 6ynu posnodineHi Ha ABi rpynu BiANOBIAHO OO 3aCTOCO-
BaHoro pexumy IMT: rpyna CIMT (n = 49) — cTaHAapTHUIA pexum (CymapHa BOTrHWLLEBa
posa (CBA) 60,0 Ip, nigeegeHa 3a 30 dpakuin); rpyna IMT (n = 110) — rinodpakuin-
Hun pexxum (CBL 52,5 p, niaBeaeHa 3a 15 dpakuint). OnutyBaHHs wopo AX B Tpbox
TOYKax crnocTepexeHHs yepe3 3, 6 Ta 12 wmic. micns MNT npoBogunock 3a LIKanow
rnobaneHoro cratycy 3gopos’st (FC3), gomeHamun GE3COHHS | BTOMU ONUTYyBanbHUKa
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Gyn. 32,
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Yysawoea O.0., Kpydok I.B.,
XmenbHuubkull I.B., CmapeHbkuli B.I1.,
Cmynel B.A., 3emckosa O.B., 2024

AAS LUTYBAHHS:

€Bponelcbkoi opraHisauii 3 BUBYeHHS1 Ta nikyBaHHs paky (EORTC) Quality of Life
Questionnaire Core-30 (QLQ-C30 version 3.0). CTaTMCTM4HWUI aHani3 NpPOBOAMBCA
K B mexax ogHiei rpynu (CIMT i IMT okpemo; BHYTPILIHbOrPYNoBuUi aHanmis), Tak
i Mk rpynamu CIT i IMIT, 9K NOPIiBHAHHSA HE3aneXHUX rpyn 3 PisHUMU KiNbKOCTAMMU
CrnocTepexeHb OKPEMO A1 KOXXHOIO TEPMiHY CNOCTEPEXEHHS (MDKIPYNOBUIA aHanis).
Pesynbrati Ta ix 06roBopeHHs. [Mpy BHYTPILUHBOrPYNOBOMY aHanisi 3a kpuTepiem
®dpigmaHa BigxuneHa rinoteda HO npo BIiACYTHICTb CTATUCTUYHO 3HAYYLLOl Pi3HWLI
Loao pesynbraTtiB TPbOX NOCMIQOBHUX ONWUTYBaHb 3a wkanot [C3, gomeHamy BTOMU
Ta 6e3coHHsa sk B rpyni CIMT (p = 0,00003; p = 0,00002; p = 0,00002 BignosigHo),
Tak i B rpyni ['MT (p = 0,00000; p = 0,00001; p = 0,00001 BignoeigHo). MNpn nonapHomy
NOPIBHAHHI pe3ynbTaTiB APYyroro i nNeploro onutyBaHb (6 npoTn 3 Mic.) 3a TecToM
BinkokcoHa B rpyni CIT 3adikcoBaHO CTAaTUCTUYHO 3Hadywe 3HwkeHHa XK
3a 6e3coHHam (p = 0,000733); y rpyni I'MT — 3a BTomoto (p = 0,016813). [Nnoteza HO
npu MOPIBHSAHHI pesynbTaTiB TPETbOro Ta ApYyroro onuTyBaHHs (12 npotu 6 Mic.)
ansa Bcix pocnimkeHnx napametpis SXK (FC3, 6e3coHHs i BToma) sik B rpyni CIT,
Tak i B rpyni IMT BigxuneHa (p < 0,017 3 kopekuieto BoHdeppoHi). MNpn NOpiBHAHHI
pesynbraTtiB TpeTboro Ta nepworo onuTyBaHHA (12 npotu 3 wmic.) y rpyni ITIT
3aghikcoBaHO CTATUCTUYHO 3Hadylle 3HukeHHa $XK 3a Bcima gocnigxyBaHWMU
napametpamn FXK: wkana MC3 (p = 0,000078); Broma (p = 0,000294); Ge3coHHSA
(p = 0,000318). Mpun NOpiBHAAHHI pe3ynbTaTiB ONUTYBaHHA B Uux Todkax y rpyni CIMT
3apeecTpoBaHO CTAaTUCTUYHO 3Hauylle 3HkeHHs AXK 3a wkanoto MC3 (p = 0,004650)
Ta BTomow (p = 0,017938), 3 piBHEM CTAaTUCTUYHOI 3HAYYLLOCTI, WO HaGNUXaeTbCs
[0 BCTAHOBIEHOIO B POGOTi KPUTUYHOIO 3HA4YEHHS1, BpaxoByoun nonpaeky BoHdeppoHi.
MixrpynoBuii aHania 3a U-tectom MaHHa-YiTHi NpoaeMOHCTpyBaB CTaTUCTUYHO
3Hauywy nepesary MIT Hag CIT 3a ycima gocnigxeHumun nokasHukamm XK y Tpbox
nocnigoBHMX Todkax onuTyBaHHA (p < 0,05). [ns yTo4YHEeHHs HasiBHOCTI nepesaru
B AX rpynu ITIT 3acTtocoBaHO p-TecT, kv NiaTBEpAMB, WO nauieHTn rpynu TIT
OOMiHYIOTb 3a npoaHanizoBaHumMu nokasHukammn HAXK Hag rpynoto CIT Ha Bcbomy
nepiogi CnocTepexeHHs.

BucHoBku. AHaniz AXK 3a pesynbratamu TpbOX NOCAIQOBHWX ONMTYyBaHb Yepes 3, 6
Ta 12 mic. nicna MT 3a wkanot MC3, foMeHamu BTOMU Ta 6€3COHHSI onuTyBarbHUKa
EORTC QLQ-C30 npogemMoHcTpyBaB 3HMXeHHs AXK nauieHTiB Sk B rpyni ctaHaapT-
HOro0 pEeXuMy OMPOMIHEHHsl, TaK i B rpyni rinopakuiiHoro pexumy OMNpPOMIHEHHS.
BoagHouac 3apeecTpoBaHO CTaTUCTMYHO 3Hauyuly nepesary rpynu [TIT Hag rpynoto
CINT 3a Bcima pocnigmkyBaHummn napametrpamu HAXK npu nNOpiBHSAHHI  pesynbrartis
TPbOX MOCMIAOBHMX OMUTYyBaHb. 3anponoHoBaHun pexum [TIT gna  naudieHTtis
i3 Bneple piarHoctoBaHol B MoOxe po3rnsgaTucb K NPUAHSATHA anbTepHaTuBa
CIT B po3pisi BnnmBy Ha AX.

Mmasaupkun O.A., Mpsasos A.b., Yyeawosa O.10., Kpyyok |.B., XmenbHuuskui I.B., CtapeHbkun B.I1., Ctynen B.A,,
3emckoBa O.B. AHani3 siKoCTi XWUTTS NaujieHTiB 3 rniobnacTomoto nicns ag’toBaHTHOI NPOMEHEBOT Tepanii. YkpaiHcbkul
padionoaidHuti ma oHKomoaiyHul xypHai. 2024. T. 32. Ne 2. C. 143—-163. DOI: https://doi.org/10.46879/ukroj.2.2024.143-163
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ABSTRACT

Background. Optimizing approaches to the treatment of patients with glioblastoma (GB)
is an urgent task partly owing to the wider implementation of hypofractionated radiation
therapy (HRT) regimens. At the same time, increasing survival without maintaining
the patient’s quality of life (QoL) cannot be considered successful treatment.

Purpose — to analyze QoL of patients with GB after adjuvant radiation treatment in
the groups of standard and hypofractionated radiation regimens.

Materials and methods. 159 patients with verified GB, who had undergone surgery
in State Institution «Romodanov Neurosurgery Institute of the National Academy
of Medical Sciences of Ukraine» over the period from 2014 to 2020, were divided
into two groups according to the regimen of RT: SRT group (n = 49) — standard regimen
(total dose 60.0 Gy in 30 fractions over 6 weeks); HRT group (n = 110) — hypofrac-
tionated regimen (total dose 52.5 Gy in 15 fractions over 3 weeks). The patients were
surveyed about QoL three times during their follow-up (3, 6 and 12 months after RT)
according to the Global Health Status Scale (GHSS), domains of insomnia and fatigue
of the European Organisation for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire Core-30 (QLQ-C30 version 3.0). Statistical analysis was
performed separately for each group (SRT and HRT; intragroup analysis), as well as
between SRT and HRT groups as comparison of independent groups with a different
number of follow-up examinations for each period of the follow-up (intergroup analysis).
Results. The HO hypothesis about the absence of statistically significant difference
between the results of three subsequent surveys according to the GHSS, domains of
insomnia and fatigue in both SRT (p = 0.00003; p = 0.00002; p = 0.00002, respectively)
and HRT (p = 0.00000; p = 0.00001; p = 0.00001, respectively) groups in the intra-
group analysis according to the Friedman test was rejected. The pairwise comparison
of the results of the second and the first survey (6 vs. 3 months) according to the
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Wilcoxon test showed a statistically significant decrease in QoL in the domain of
insomnia (p = 0.000733) in SRT group and in the domain of fatigue (p = 0.016813)
in HRT group. When comparing the results of the third and the second survey
(12 vs. 6 months), the HO hypothesis for all the studied parameters of QoL
(GHS, insomnia, and fatigue) was rejected in both SRT and HRT groups (p < 0.017 with
the Bonferroni correction). When comparing the results of the third and the first
survey (12 vs. 3 months), a statistically significant decrease in QoL in all studied
parameters of QoL was observed: GHSS (p = 0.000078); fatigue (p = 0.000294);
insomnia (p = 0.000318). The comparison of the results of these surveys in SRT group
showed a statistically significant decrease of QoL in GHSS (p = 0.004650) and
fatigue (p = 0.017938), with the level of statistical significance getting closer to the
set critical value considering the Bonferroni correction. The intergroup analysis
according to the Mann-Whitney U test showed a statistically significant advantage
of HRT over SRT in all studied parameters of QoL in three subsequent surveys
(p < 0.05). The p-test confirmed these data: HRT group patients had better parameters
of QoL than SRT group patients over the whole period of the follow-up.

Conclusions. The analysis of QoL according to the results of three subsequent
surveys 3, 6, and 12 months after RT according to the GHSS, domains of insomnia
and fatigue of the EORTC QLQ-C30 demonstrated a decrease in QoL of patients
in both SRT and HRT groups. At the same time, a statistically significant advantage
of HRT group over SRT group in all studied parameters of SRT was observed
when the results of three subsequent surveys were compared. The proposed regimen
of HRT for patients with primarily diagnosed GB may be considered an acceptable
alternative to SRT in view of impact on QoL.
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3B’5130K pO6GOTH 3 HOYKOBUMU MPOFPAMAMM,
NAGHAMM | TEeMaMH

PoGota BukoHaHa B pamKax HaykoBO-4OCHIOHON
po6otn [epxaBHOi ycTaHOBM «IHCTUTYT Hempoxipyprii
im. akag. A.ll. PomopgaHoBa HauioHanbHOI akagemii
MeanyHux Hayk YkpaiHu» «[Jocnigntn edeKkTUBHICTb
af’loBaHTHUX iIMyHOTepaneBTUYHUX Ta pagioTepanes-
TUYHUX TEXHOMOrii B KOMMIIEKCHOMY NiKyBaHHi 3noskKic-
HWX rMianbHUX NYXNMH  TONIOBHOMO  MO3KY», HOMEp
gepxasHoi peectpauii Ne 0119U03900, npuknagHa,
TepMiH BuKOHaHHA 2020-2022 pp., KepiBHUK TemMun —
OOKTOP MeanvHux Hayk, npodecop O.A. Masaubkui.

BCTYN

miobnactoma (F'B) — ue nepBuHHa 3nosikicHa nyx-
fiMHa TOMOBHOMO MO3KY, LU0 HanexuTb A0 HanbinbLu
arpecuMBHUX BUWAIB OHKOMOMYHMX 3aXBOPKOBaHb MoAN-
Hu [1]. Binbwe 90% nauieHTiB 3 'G nomunpae npoTarom
MATU poKiB, NpW MepdiaHi 3aranbHoi BwxkuBaHocTi (3B)
12-15 wmic. [2]. BpaxoByioun BKpanl MNECUMICTUHHWUIA
nporHo3 'b, nowyk Ginbw edekTUBHUX TepaneBTUYHUX
cTpaTterin Ansa uiei kateropii nauieHTIB 3anuviaeTbes
HaraneHoto notpeboto. BogHoyac, NoAoBXEHHS BMXUBa-
HocTi 6e3 306epexeHHs skocTi xutTa (AXK) nauieHTa
He MOXe BBaXaTuCb YCNilWHUM nikyBaHHAM [3]. Mpome-
HeBa Tepania (MT) HanexuTb OO OCHOBHWMX METOAIB
nikyBaHHs nauieHTiB 3 B, WO npogemMoHcTpyBana nosun-
TUBHWA BNMB Ha BWXMBAHICTb B OaratouncrneHHmnx
pocnigxeHnsx [4, 5].

CyuyacHi TexHonorii NpeLunsinHoro, BUCOKOKOH(OPM-
HOro nigBeAeHHs JO3M1, CYTTEBO MIHIMi3yl04M NPOMeHeBY
TOKCMYHICTb, HagalTb MOXNMBICTbL ONTUMi3yBaTu CTaH-
AaptHi pexumu MT. B cBolo 4vepry, ue npusBoaunTb A0
GinbLU LUMPOKOTO BMKOPWCTaHHA CKOPOYEHMX 3a TpuBa-

Relationship with academic programs,
plans and themes

The work was performed as a part of the planned
research project of State Institution «Romodanov Neuro-
surgery Institute National Academy of Medical Sciences
of Ukraine» «Investigation of the effectiveness of adju-
vant immunotherapeutic and radiotherapeutic techno-
logies in the complex treatment of malignant glial brain
tumorsy, state registration number No. 0119U03900,
applied, implementation term 2020-2022, led by Doctor
of Medical Sciences, Professor O.Ya. Glavatskyi.

INTRODUCTION

Glioblastoma (GB) is a primary malignant brain
tumor that belongs to the most aggressive types of human
cancers [1]. More than 90% of patients with GB die
within & years, with a median overall survival (OS) of
12—-15 months [2]. Taking into consideration an extre-
mely poor prognosis for GB, searching for more effective
therapeutic strategies for patients with this disease
remains an urgent need. At the same time, increasing
survival without maintaining the patient's quality of
life (QoL) cannot be considered successful treatment [3].
Radiation therapy (RT) is one of the main treatment
methods for patients with GB that has demonstrated
positive impact on survival in numerous studies [4, 5].

Modern techniques of high-precision and high-
conformal dose delivery allow standard regimens of RT
to be optimized by significantly minimizing radiation
toxicity. Consequently, it leads to a wider use of shortened
RT courses, in particular, hypofractionated RT (HRT)
in patients with brain malignancies [6-8]. Today HRT is
considered a possible alternative to standard regimens
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nictio kypciB T, B Tomy umcni rinodpakuyinHoi MT (ITIT)
y nNauieHTiB i3 3MOSKICHUMW HOBOYTBOPEHHSIMU TOrOB-
Horo Mo3ky [6-8]. CworogHi [TIT posrnagaetbcsa K
MOXNMBa anbTepHaTMBa CTaHOapTHUM CXemMam npome-
HEeBOro NiKyBaHHS 32 YMOBW 3iCTaBMOBaAHOCTI OHKOMOriy-
HUX pesynbraTie, AX Ta npomeHeBoi TokcnyHocTi [9—-11].
AKTyanbHi OOCRIMKEeHHs NpUAINATb  3HaYHy yBary
aHanisdy pesynetartis [TIT y nauienTis 3 I'b, nepw 3a Bce
Lwoao BNNUBY Ha BuxuBaHicTb [12—-14]. MpoTe, gocnia-
XKEeHHS, npucesideHi aHanisy AXK y pospisi rinodpakuin-
HOrO OMPOMIHEHHS HEWPOOHKOMNOrMYHUX NaLuieHTiB, BCe
e 3anuwalTbCs npegMeToM obMexeHoi  KinbKOCTi
nybnikauin. Came UbOMY NWUTaHHIO MPUCBAYEHa Halla
poboTa, fka [OeMOHCTpye pesynstati adanisy X
nicna 3actocyBaHHa CIMT Ta IMIT y nauieHTiB i3 BnepLe
niarHoctoBaHoto Mb.

MeTta po6oTtu — npoaHanidysatu AXK xsopoux Ha 'b
nicns ag’toBaHTHOTO MPOMEHEBOrO fiKyBaHHA B rpynax
CTaHOAPTHOrO Ta rinodpaKkLUiHOrO PEXUMIB ONPOMIHEHHS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y npocnekTBHE OOHOLIEHTPOBE AOCHigXeHHs1 Oyno
BkntoveHo 159 (100%) nauieHTiB 3 MaToricTonoriyHo
BepudikoBaHolo Micnsa XipypriyHoi pesekuii YnM cTepeo-
TakcmyHoi Gioncii (CTB) rniobnactomoto, siki oTpumanu
ap’loBaHTHe NpoMeHeBe NikyBaHHA B [lepXkaBHiln yCTaHoBI
«lHcTUTYT Hewmpoxipyprii iMm. akag. A.fl. PomogaHoBa
HauioHanbHOI akagemii MegnyHnx Hayk YkpaiHu» B ne-
piog 3 2014 poky no 2020 pik. 3aranbHa koropta 6yna
po3nogineHa Ha ABi rpynu, ki 6ynu cdopMoBaHi Bia-
noBigHo Big 3actocoBaHoro pexumy MT: rpyna CMT —
49 (30,8%) nauieHTiB, OMPOMIHEHNX 3a CTaHOAPTHUM
pexxumoM (cymapHa BorHuilesa gosa (CB[L) 60,0 Ip, nig-
BeaeHa 3a 30 dopakuin, 5 gHIB Ha TXKAEHb, pa3oBa BOrHU-
wesa go3a (PBA) 2,0 I'p, npotarom 6 TwxHiB); rpyna MT —
110 (69,2%) nauieHTiB, ONpoMiHEHMX 3a rinodpakuinHUM
pexumom (CBO 52,5 Ip, ninBepeHa 3a 15 dpakuiin;
5 pHiB Ha TwxkaeHb, PB 3,5 'p, npotarom 3 TWXHIB).
OnpoMiHeHHS NPOBOAMMOCH Ha NiHINHOMY MpUcKoptoBaui
«Trilogy» (CWA) (6 MeV), 3 BMKOpPUCTaAHHAM OMpPOMi-
HEHHs1 3 MOogyntoBaHHAM iHTeHcuBHocTi (IMRT).

KpuTtepii BKNOYEeHHNA NauieHTiB y 4OCAIOKEHHS:

— YOrOBIKM Ta XiHKWN BiKOM = 18 pOKiB;

— naTomMopdonoriyHo nigTeepaKeHnn giarHo3s b
(ondysHoi rmioMn 4 CTyneHsa 3nosKiCHOCTI BiAMOBiAHO
o knacudikadii 3a WHO);

—naujieHTn 3B, aKi oTpUManu Kypc ag’'toBaHTHOrO NpPo-
MEHEBOro nikyBaHHA 3a cTaHgapTHum (CBLO 60,0 Ip,
nigseneHa 3a 30 dppakuii npoTarom 6 TWXKHIB) Yum rino-
dpakuivium (CBL 52,5 lp, nigBegeHa 3a 15 dpakuin
NpoTAromM 3 TUXKHIB) pexmuMamu;

— OdiKyBaHa TpuBanicTb XUTTH > 3 Mic;

— ycBigomneHa Ta [o6posinbHa noiHdopMoBaHa
nMcbMoBa 3roga Ha nikyBaHHA, OaxkaHHA Ta 3[4aTHICTb
OOTpMMyBaTUCh MNpouenyp AOCHiAKEHHA W noganblioro
CMOCTEPEXKEHHS.

KpuTepii BUKNIOYEHHA NaUEHTIB 3 AOCMIOKEHHS:

— Bik monogue 18 pokis;

— BiACYTHICTb naTtomopdonoriyHoi Bepudikauii giar-
Ho3y 'b (audy3Hoi rmioMmn 4 cTyneHs 3nosikicHOCTi Bigno-
BigHO Ao knacudikadii 3a WHO);

— nauieHtn 3 I'b, aki He oTpumanu ag’toBaHTHOI [T,
abo ski O6ynu onpomiHeHi 3a ponomoroto Byab-skoro
iHWOro pexumMy onpomiHeHHsi, okpim CIMT (CBA 60,0 p,

of RT under the condition of comparability of oncolo-
gical results, QoL, and radiation toxicity [9-11]. Recent
studies are strongly focused on the analysis of the results
of HRT in patients with GB primarily in regard to its
impact on survival [12-14]. However, there is still
a limited number of publications that deal with analysis
of QoL in view of HRT of neuro-oncology patients.
Our study is concerned particularly with this issue and
describes the results of the analysis of QoL after SRT
and HRT in patients with primarily diagnosed GB.

Objective — to analyze QoL of patients with GB
after adjuvant radiation treatment in the groups of
standard and hypofractionated radiation regimens.

MATERIALS AND METHODS

159 (100%) patients with pathohistologically verified
GB after surgical resection or stereotactic biopsy (STB)
were included in our prospective single-center study.
All of them received adjuvant radiation treatment in
State Institution «Romodanov Neurosurgery Institute
of the National Academy of Medical Sciences of Ukraine»
over the period from 2014 to 2020. The cohort was
divided into two groups according to the regimen
of RT: SRT group — 49 (30.8%) patients who were
treated according to standard regimen (total dose 60.0 Gy
in 30 fractions over 6 weeks, dose per fraction 2.0 Gy);
HRT group — 110 (69.2%) patients who were treated
according to hypofractionated regimen (total dose
52.5 Gy in 15 fractions over 3 weeks, dose per fraction
3.5 Gy). RT was performed on Trilogy LINAC (6 MeV)
using intensity-modulated radiation therapy (IMRT).

Patient inclusion criteria for the study were:

— men and women 218 years;

— pathomorphologically confirmed diagnosis of GB
(WHO grade 4 diffuse glioma);

— patients with GB who received a course of adjuvant
radiation treatment according to the standard (total dose
60.0 Gy in 30 fractions over 6 weeks) or the hypo-
fractionated (total dose 52.5 Gy in 15 fractions over
3 weeks) regimens;

— life expectancy >3 months;

— informed voluntary written consent to receive
treatment; willingness and ability to adhere to the
procedures of the study and further follow-up.

Patient exclusion criteria for the study were:

— age less than 18 years;

— absence of pathomorphological verification of
diagnosis of GB (WHO grade 4 diffuse glioma);

— patients with GB who did not receive adjuvant RT
or who were treated with any other treatment regimen
than SRT (total dose 60.0 Gy in 30 fractions over 6 weeks)
or HRT (total dose 52.5 Gy in 15 fractions over 3 weeks);

— unwillingness to participate in the study, unsatis-
factory compliance.

The total cohort of patients consisted of 86 (54.1%)
men and 73 (45.9%) women. There were 24 (49.0%) men
and 25 (51.0%) women in SRT group and 62 (56.4%)
men and 48 (43.6%) women in HRT group. The median
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nigsegeHa 3a 30 dpakuin) um MT (CBO 52,5 Ip,
nigBefeHa 3a 15 cpakuin);

— HebaxaHHsi 6paTh yyacTb y AOCNiOXKeHHi, He3ago-
BiNNbHWIM KOMMMamneHc.

3aranbHa BMbipka nauieHTiB cknaganack 3 86 (54,1%)
yornosikis Ta 73 (45,9%) xiHok; y rpyni CIT HanivyBanocs
24 (49,0%) yonosikn Ta 25 (51,0%) xiHok; B rpyni I'MT —
62 (56,4%) vonosiku Ta 48 (43,6%) xiHok. MegiaHa Biky
B 3aranbHin BUbipui cknana 54,0 (95% posipunii iHTepBan
(Ol) 46,0-63,0) pokis (iHTepsan 20-81); y rpyni CMNT —
54,0 (95% [l 44,0-63,0) pokis (iHTepsan 20—73); y rpyni
IMT — 55,0 (95% [l 46,0-62,0) pokis (iHTepsan 27-81).

3a o6’eMom XipypriyHoi pesekuii 3aranbHa Bubipka,
rpynu CIMT Ta IMIT posnoginunucb HacTyMmHUM YUHOM:
BUAANEHHA NyXNUHM MO nepudoKarnbHin 30Hi (ToTanbHe
BuaaneHHsi/«gross total resection») — 82 (51,6%),
23 (46,9%), 59 (53,6%) Bunagkis; cybToTanbHe BMAaneH-
HA—23(14,5%), 11 (22,4%), 12 (10,2%) BMNaakis; 4YacTkoBe
BuaaneHHsa — 39 (24,5%), 10 (20,4%), 29 (26,4%); CTb —
15 (9,4%), 5 (10,2%), 10 (9,1%) BMnaakis BiANOBIGHO.

Y Tabnuui 1 nogaHo OCHOBHI KNiHIYHI XapaKTepuUCTUKN
KOropTw, L0 AOCNIOXKYETbCS, i3 3a3HaYEHHAM pPO3paxoBa-
HOro pPiBHA CTAaTUCTUYHOI 3HAYYLIOCTi 3a pesynbratamu
aHanisy OAHOPIAHOCTI po3noainy Mo rpynax 3a uumu
NoKa3HUKamu.

age in the total cohort was 54.0 (95% confidence
interval (Cl) 46.0-63.0) years (interval 20-81); in SRT
group — 54.0 (95% CI 44.0-63.0) years (interval 20-73);
in HRT group — 55.0 (95% Cl 46.0-62.0) years
(interval 27-81).

According to extent of surgical resection, the total
cohort, SRT and HRT groups were divided the following
way: removal of the tumor along the perifocal zone
(gross total resection) — 82 (51.6%), 23 (46.9%),
59 (53.6%) cases; subtotal resection — 23 (14.5%),
11 (22.4%), 12 (10.2%) cases; incomplete resection —
39 (24.5%), 10 (20.4%), 29 (26.4%) cases; STB -
15 (9.4%), 5 (10.2%), 10 (9.1%) cases, respectively.

Table 1 demonstrates the main clinical characte-
ristics of the studied cohort, including the calculated
level of statistical significance according to the results
of the distribution homogeneity analysis in the groups
according to these parameters.

Tabnuus 1. OCHOBHI KMiHiYHI XapakTepucTvKu 3aranbHoi Bubipku Ta rpyn CMOT i MMT
Table 1. The main clinical characteristics of the total cohort, SRT and HRT groups

MokaaHmku 3aranbHa Bubipka | Mpyna CMAT | Mpyna AT
Characteristics Total cohort SRT group | HRT group
(n = 159) (n = 49) (n=110) |[P1-2|p13|p23
Ipynu / Groups 1 2 3
Yonosikn / Men,
KinbKicTb / number, (%) 86 (54,1) 24 (49.0) | 62 (56,4) | 053 | 071|038
XKiHkun / Women,
KinbkicTb / number, (%) 73 (45,9) 25 (51,0) 48 (43,6) 053 0,711 038
Bik, poku / Age, years 54,0 54,0 55,0
Meniaka (HIKHIA Ta BEPXHiVt KBapTUTTL) (46,0:63,0) | (44.0;63,0) | (46,0:62,0) | 1,00 | 1,00 | 1,00
Median (lower and upper quartile)
[MiH — makc] / [min — max] [20-81] [20-73] [27-81]
< 60 pokiB / years,
KinbkicTb /number, (%) 106 (66,7) 33 (67,3) 73 (66,4) 0.93 | 0,96 | 0,90
= 60 pokiB / years,
KinbkicTb / number, (%) 53 (33,3) 16 (32,7) 37 (33,6) 0,93 | 0,96 | 0,90
O6’em xipyprivHoi pesekuii nepBuHHOI NyxnuHu / Extent of surgical resection of the primary tumor
TotanbHo / Total
KinbkicTb / number, (%) 82 (51,6) 23 (46,9) 59 (53,6) 0,57 | 0,74 | 0,44
Cyb6T1oTansHo / Subtotal
KinbkicTe / number, (%) 23 (14,5) 11 (22,4) 12 (10,2) 019 1 0,39 | 0,06
YactkoBo / Incomplete
KinbkicTb / number, (%) 39 (24,5) 10 (20,4) 29 (26,4) 0.55 | 0,73 | 042
CrepeotakcumyHa bioncis / Stereotactic biopsy
KinbkicTb / number, (%) 15 (9,4) 5(10,2) 10 (9,1) 0.87 1092|082
DyHKLiOHaNbHUIA CTaTyC 3a LUKanoto KapHOBCLKOro
Functional status according to the Karnofsky Performance Scale
6anu / points 80,0 80,0 80,0 1,00 | 1,00 | 1,00
Megiana / Median
(HWxHIN Ta BepxHin kBapTunb) / (lower and upper quartile) (70,0; 90,0) (80,0; 90,0) | (70,0; 90,0)

lMpumimka:

MixrpynoBa AOCTOBIpHICTb ANs KiNbKICHUX MOKa3HWUKiB po3dpaxoBaHa 3a Kruskal-Wallis ANOVA & Median test,

BeJIMYMH — 3a y?2 Pirson test.
Note:

ans BiOHOCHUX

Intergroup confidence for quantitative values was calculated according to the Kruskal-Wallis ANOVA & Median test; for relative

values — according to the Pearson’s 2 test.
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Y 15 (9,4%) cnocTepexeHHsX 3aranbHOi BWOIpKn
(10 (6,3%) nauienTiB rpynn TTIT i 5 (3,1%) nauieHTiB
rpynu CIT) ag’toBaHTHY T npoBOAMNM B MOHOPEXUMI,
6e3 ximiotepanii (XT). BignosigHo, kombGiHOBaHe Ximio-
npoMeHeBe af’loBaHTHE niKyBaHHA 3aCcTOCOBYBarocb
y nepeBaxHOI YacTUHW [OCRigXKYBaHOI KOroptn —
144 (90,6%) nauieHTn, 3 Akunx y BinbLUi YacTuHi BUNag-
KiB 3acTocoByBanacb ankinytoya XT (Temosonomig) —
125 (78,6%) nauieHtiB, HatomicTb XT npenapatamu
HiTpo3oceuoBmMHn  (PCV) 3actocoByBanacb  nuule
y 19 (12,0%) nauieHTiB.

Y rpynax CIT i ITIT Temo3onomig oTpumyBanu
38 (77,6%) i3 49 nauienTiB Ta 87 (79,1%) i3 110 nauieHTis;
PCV - 6 (12,3%) i3 49 nauieHTie T1a 13 (11,8%)
i3 110 nauieHTiB BignosiaHo. Y Bcix nauieHTiB XT
npoBogMnack 3a yMOBM BiACYTHOCTI NPOTMNOKa3aHb.

Aun3aiiH AocAiaxeHHs XK

HocnigxeHHs AXK xBopux Ha ['b nicns ag'toBaHTHOI
MT npoBogunocb 3a AOMOMOrow onuTyBanbHuka XK
€BponencbKkoi opraHizauii 3 BMBYEHHS Ta niKyBaHHS
paky (EORTC) Quality of Life Questionnaire Core-30
(QLQ-C30 version 3.0) [15], iHdoOpMaTMBHICTL SKOrO
Oyna npodeMOHCTpoBaHa B GaraToumcrieHHUX Aocnia-
KEHHAX [16—19].

OnnTyBaHHs NauieHTiB Woao rnobansbHoro crartycy
3gopoB’ss (TC3) Ta 3a gomMeHamMu Oe3COHHS i BTOMM
(bann cumnTOMIB) NPOBOAMIIOCH TPWUYi  MOCHIAOBHO
Npu KOHTPOMbHUX OMMsAax B MiCNSNPOMEHEBOMY
nepioadi, BiANOBIOHO OO MNnaHy CMNOCTEPEXEeHHs 4epes
3, 6 Ta 12 mic. nicna 3aBepweHHa MT (B noganbiomy
nepwie, apyre i TpeTe ONUTYBaHHS).

Yci wkanun Ta OAMHWYHI MOKA3HWKW OLiHIOTHLCA
B 6anax Big 0 mo 100. Wo 6inbw Bucokum € Gan
3a wkanotw [C3, 1o Ginbw BUCOKMM € piBeHb SAXK.
Hagnaku, wo 6inbw Brcokum € 6an 3a wkanow cuMnTo-
MiB, TO OinblWl BWCOKMM € piBeHb KMiHIYHOT CUMMTO-
matukm. CymapHi 6anum pospaxoBaHi 3 «cupux» Ganis
(raw scores) BignNOBIAHO [0 HacTaHOB 3 MigpaxyHKy
6anis EORTC QLQ-C30.

CTtatnctnyHmm aHania nokasHukie AXX nposogmecs
K B Mexax opgHiei rpynu (okpemo ans CIMT i [TTIT)
NOPIBHAHHAM pe3ynbTaTiB NepLuioro, ApYyroro i TpeTboro
ONUTYBaHHA (BHYTPILLIHBOrPYNOBUA aHanis), Tak i Mix
rpynamu CIMT i TIT, 9K NOPIBHAHHA He3anexHux rpyn
3 pI3HUMW KINbKOCTAMW CMOCTEPEXEHb OKPEMO Ans
KOXXHOrO TEPMiHY CNOCTEpPEXeHHs (rpynoBuIn aHanis).

[ns BHYTPILUHLOrPYNoBOro CTaTUCTUYHOINO aHanmnisy
3actocoByBaBcsl TecT ®PpiamaHa (Friedman test), skuin
€ HenapameTpu4yHUM aHarorom AMCNEpPCINHOro aHanisy
nosTopHuXx BumiptoBaHb ANOVA. 3aiicHioBanacs Takox
anocTepiopHa nonapHa nepesipka BigMIHHOCTEN B TPbOX
NocnifoBHMX ONUTYBaHHAX Yepes 3, 6 i 12 mic. nicna MNT
3a [OMOMOrol HenapaMeTpUYHOro TeCcTy 3HAKOBMX
paHriB BinkokcoHa (Wilcoxon signed-rank test) 3 nonpas-
koo BoHdpeppoHi (Bonferroni) KpuTu4HOro piBHS cTa-
TUCTUYHOT 3HAYYLLIOCTI, SKUA NPUARHATUIA B Ui poBOoTi.

Hynboa rinote3a HO, fka nepesipsinaca kputepiem
dpiamaHa, nonsarana y Tomy, Wo AaHi TpbOX NOCHiA0OBHUX
onnTyBaHb € BUBGipkamu 3 ogHiel reHepanbHOT CyKYMHOCTI.
Tobto HO rinotesa nonsrae B TOMy, LIO HasiBHi BigMiH-
HOCTi MiXk TPbOMa OMUTYBaHHSIMW € CYyTO BUNAAKOBUMMU.

Y BUNaAKy BiAXWNEHHS HyNbOBOI FiNOTE3n 3a Kpu-
Tepiem ®piamaHa npoBoauTbCsi TecT BinkokcoHa, wWo6
anocTepiopHO BUSIBUTU, SIKi came pes3ynbraT TPboX Mo-

In 15 (9.4%) patients of the total cohort
(10 (6.3%) patients of HRT group and 5 (3.1%) patients
of SRT group), adjuvant RT was performed in mono-
regimen without chemotherapy (CT). Accordingly,
combined chemoradiation adjuvant treatment was used
in the majority of the patients of the studied cohort —
144 (90.6%) patients, most of who received alkylating
CT (temozolomide) — 125 (78.6%). The other 19 (12.0%)
patients received nitrosourea-based CT (PCV).

In SRT and HRT groups, 38 (77.6%) out of 49 patients
and 87 (79.1%) out of 110 patients received temo-
zolomide and 6 (12.3%) out of 49 patients and 13 (11.8%)
out of 110 patients received PCV, respectively. All the pa-
tients who underwent CT had no contraindications to it.

Design of the study of Qol

The study of QoL of patients with GB after adjuvant
RT was performed using the European Organisation for
Research and Treatment of Cancer (EORTC) Quality of
Life Questionnaire Core-30 (QLQ-C30 version 3.0) [15],
whose informative value has already been proved in
numerous studies [16-19].

The patient survey about Global Health Status (GHS)
and domains of insomnia and fatigue (symptom points)
was conducted three times subsequently during check-
up examinations in postradiation period according to
the follow-up plan 3, 6, and 12 months after cessation
of RT (further referred to as the first, the second, and
the third survey).

All scales and values are measured in points from 0
to 100. The higher the score on the GHS scale, the
higher the level of QoL, and vice versa, the higher
the score on the symptom scale, the higher the level
of clinical symptoms. The total score was calculated
from raw scores according to the recommendations
on the EORTC QLQ-C30 scoring.

The statistical analysis of QoL parameters was
performed separately for each group (SRT and HRT),
comparing the results of the first, second, and third
survey (intragroup analysis), as well as between SRT and
HRT groups as comparison of independent groups
with a different number of examinations for each period
of the follow-up (intergroup analysis).

We used the Friedman test, which is a nonparametric
analogue to the repeated measures ANOVA dispersion
analysis. In addition, aposterior pairwise check of
differences in three subsequent surveys 3, 6 and
12 months after RT was performed using the nonpara-
metric Wilcoxon signed-rank test with the Bonferroni
correction for critical level of statistical significance
for this study.

The HO hypothesis, which was tested using the
Friedman test, was that the data of three subsequent
surveys were samples from one universal set, i.e.,
the differences between the three surveys were
entirely coincidental.

In case of rejection of the null hypothesis according
to the Friedman test, the Wilcoxon signed-rank test
is performed to find aposteriorly which results of three
subsequent surveys may be considered statistically
different, meaning that the HO hypothesis that the
median of the universal set of pairwise differences
of the results of two surveys equals 0 is tested [20].
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CnigoBHMX ONUTYBaHb MOXYTb BBaXaTWCHA CTaTUCTUYHO
pisHumu. Tob6To nepeBipsieTbCst HynboBa rinotesa HO,
Lo MefiaHa reHeparnbHOI CYKYMHOCTI NapHUX BigMiHHOC-
Ten pesynbraTiB ABOX onuTyBaHb AopiBHioe 0 [20].

[na npoBegeHHs rpynoBOro aHanisy Lwoao nopis-
HAHHSA pe3ynbTaTiB ONUMTYBaHb MiX He3anexHumu rpy-
namu CIMT i IMT BuKoprcTOBYBaBCS HenapameTpUYHUiA
U Tect ManHa-YiTHi (Mann-Whitney U-test). Lle Hena-
pamMeTpUYHMUIA CTaTUCTUYHUI KPUTEPIN, LLO BUKOPUCTO-
BYETbCA ANSA OUHKA Pi3HULI MK OBOMa He3anexHumu
BMbGipkamm 3a piBHeM Byab-SKOT 03HaKW.

B peckpunTuBHIM cTaTUCTUL ONS NEepeBipKM OOHO-
PiAHOCTI MiXrpynoBOro po3noginy KinbKiCHUX MOKa3HUKIB
BukopuctoByBascs Kruskal-Wallis ANOVA & Median
test, BiZHOCHMX BENUYNH — TECT %2

Y BCiX pO3rnsAHYTUX CTaTUCTUYHUX TeCTax NpurMMaBca
KPUTUYHUI piBEHb CTAaTUCTUYHOI 3HaYvyLwocTi akput = 0,05
3 ypaxyBaHHsSM BIigMNoBigHMX MonpaBok BoHdeppoHi
(Bonferroni) ans Tecty 3HakoBuKX paHriB BinkokcoHa.

306upaHHss  Ta  nigrotoBKa  NEPBUHHWUX  [AaHUX
3piicHioBanacs B MS Excel, ctaTUCTUYHI po3paxyHKu
BMKOHYyBanucsi 3a [OMOMOrow nporpamHoro 3abesne-
YeHHs cTatucTuyHoro adanisy gaHux STATISTICA 64
v.12.5.192.0 Windows NT 6.2.

PE3YABTATU TA IX OBTOBOPEHHS

MpoTtarom nicnsnpomeHeBoro nepiogy cnocrepe-
XeHHs1 3a xBopumu Ha B 3aranbHa KinbkicTe nposefe-
HMX onuTyBaHb wWoao AX 3a wkanot C3 i gomeHamu
WwKan cumMnTomiB Oe3CoHHA Ta BTOoMM cknana 239,
3 akmx 85 onutyBanb — y rpyni CIT, 154 onuTtyBaHHs
y rpyni I'MT. 3okpema, npu nNepLiomMy onuTyBaHHI (Yepes
3 wmicaui nicna 3aeepweHnHa MT) y rpyni CMT 6yno
onutaHo 34 (69,4%) nauieHtu, y rpyni IMT — 74 (67,3%)
nauieHTa; npu ApyroMy OnuTyBaHHi (4epes 6 Micauis
nicna MNT) y rpyni CMT — 30 (61,2%) nauieHTis, y rpyni
IMT — 48 (43,6%) nauieHTiB; Npu TPETLOMY OMUTYBaHHI
(vepes 12 wmicauis nicna MT) y rpyni CMT — 21 (42,9%)
nauieHT, y rpyni MT — 32 (29,1%) nauieHTn.

Ha nepwomy etani cratuctnyHoro aHanizy HAX
nauieHTiB gocnigysaHoi BMbipku 6yna ouiHeHa oKpeMo
B rpynax CMNT i IMT (BHYTpilWHLOrpynoBun aHanis).
To6T0, OKpemo po3rnaganucst AaHi, oTpuMaHi B rpynax
CNT i AT npum TpbOX MOCRIAOBHUX OMUTYBaHHAX
3a wkanoto C3 Ta pgomeHamn GE3COHHSA | BTOMM
3a EORTC QLQ-C30.

BignoBigHO [0 pesynbTaTiB CTAaTUCTMYHUX po3pa-
XyHKiB 3a Kkputepiem ®pigmaHa cnig BigXvnuTtu rino-
Tesy HO wogo TpboX MOCNIAOBHUX ONUTYBaHb, SKi
penpesenTytotb C3 3a EORTC QLQ-C30 y nauieHTiB
rpoynn CIMNT: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqgr. (N =21, df =2)=20,57143;
p = 0,00003; Coeff. of Concordance = 0,48980;
Aver. rank r = 0,46429.

BogHouac, pesynsrat aHanoriyHoro CTaTMCTUYHOMO
aHanisy ans rpynu MIT Takox A03BONSAOTb BiOXWMMUTU
rinotesy HO woao TpbOX MOCMIOOBHUX ONUTYBaHb, SKi
penpeseHTytoTb C3 3a EORTC QLQ-C30: Friedman
ANOVA and Kendall Coeff. of Concordance ANOVA
Chi Sar. (N = 32, df = 2) = 39,03529; p = 0,00000;
Coeff. of Concordance = 0,60993 Aver. rank r = 0,59734.

Pesynsratv npoBefeHoOro Bule CTaTUCTUYHOIO aHa-
nigy NC3 3a EORTC QLQ-C30 woao Tpbox NocnigoBHUX
onutyBaHb nauieHTiB rpynu CIT Ta IMT npointoctpo-

We used the nonparametric Mann-Whitney U test
in the group analysis on the comparison of the results
of the surveys between SRT and HRT groups. It is a non-
parametric statistical test used for calculating difference
between two independent samples according to the
value of any parameter.

In descriptive statistics, the Kruskal-Wallis ANOVA &
Median test and the Pearson’s x2 test were used for
testing the intergroup distribution homogeneity of
quantitative and relative values, respectively.

In all statistical tests, the critical level of statistical
significance was set at acrit = 0.05, considering the
respective Bonferroni corrections for the Wilcoxon's
signed-rank test.

Primary data collection and preparation were done
in MS Excel, statistical calculations were performed
using STATISTICA 64 v.12.5.192.0 Windows NT 6.2
software for statistical data analysis.

RESULTS AND DISCUSSION

During the postradiation follow-up period, the total
number of times the patients were surveyed about QoL
according to the GHS scale and domains of insomnia
and fatigue symptoms was 239. Among them, the patients
from SRT group were surveyed 85 times and the patients
from HRT group — 154 times. During the first survey
(3 months after cessation of RT), 34 (69.4%) patients
in SRT group and 74 patients (67.3%) in HRT group were
surveyed; during the second survey (6 months after RT),
30 (61.2%) patients in SRT group and 48 (43.6%) patients
in HRT group were surveyed; during the third survey
(12 months after RT), 21 (42.9%) patients in SRT group
and 32 (29.1%) patients in HRT group were surveyed.

At the first stage of statistical analysis, QoL of pati-
ents of the studied sample was calculated separately
in SRT and HRT groups (intragroup analysis), i.e., the
data obtained in SRT and HRT groups in three sub-
sequent surveys according to GHS and domains of
insomnia and fatigue according to the EORTC QLQ-C30
were analyzed separately.

According to the results of statistical calculations
according to the Friedman test, the HO hypothesis
about three subsequent surveys that represent GHS
according to the EORTC QLQ-C30 in patients from SRT
group should be rejected: Friedman ANOVA and
Kendall Coeff. of Concordance ANOVA Chi Sar.
(N =21, df = 2) = 20.57143; p = 0.00003; Coeff. of
Concordance = 0.48980; Aver. rank r = 0.46429.

At the same time, the results of this statistical analysis
for HRT group also allow the HO hypothesis about three
subsequent surveys that represent GHS according to the
EORTC QLQ-C30in patientsfrom SRTgrouptoberejected:
Friedman ANOVA and Kendall Coeff. of Concordance
ANOVA Chi Sar. (N = 32, df = 2) = 39.03529; p = 0.00000;
Coeff. of Concordance = 0.60993 Aver. rank r = 0.59734.

The results of the abovementioned statistical analy-
sis of GHS according to the EORTC QLQ-C30 in three
subsequent surveys of patients from SRT and HRT groups
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BaHO Ha puc. 1 3acobamun box-and-whisker plot 3 po3spa-
XYHKOM MefiaHu pe3ynbTaTiB BiANOBIAHOIO ONUTYBaHHS.

RTRegime=Sandand
Bax & Whis ker Piol

® Median

10 o
SRR R 25%T5%
GHSIm GHSEm. GHS12m MineMax

are illustrated in Figure 1 using the box-and-whisker plot,
with calculation of median results of the respective survey.
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Puc.1. mo6anbHui ctatyc 3gopoB’ss (GHS) 3a EORTC QLQ-C30 y rpyni ctTaHgapTHOI NpomMeHeBoi Tepanii
(RT Regime = Standard) i rpyni rinodpakuinHoi npomeHesoi Tepanii (RT Regime = Hypo RT) 3a pesynsratamu
TPbOX NOCMIAOBHMX ONUTYBaHb (3, 6, 12 MicALIB NiCNA ONPOMIHEHHST).
Median — mepiaHa, 25-75% — iHTepkBapTUnbHUI po3Max, Min — Max — MiHiMarnbHe i MakcMarbHe 3Ha4YeHHS
Fig. 1. Global Health Status (GHS) according to the EORTC QLQ-C30 in the group of standard radiation therapy
(RT Regime = Standard) and the group of hypofractionated radiation therapy (RT Regime = Hypo RT) according to the results
of three subsequent surveys (3, 6, 12 months after irradiation).
Median — median, 25-75% — interquartile range, Min — Max — minimum and maximum value

Ak BMOHO 3 pucyHKy 1, MOXHa BUCYHYTM npuny-
LLeHHS, WO 3a pesynsratamMmy TPeTboro onutyBaHHs MC3
sk y rpyni CMT (RT Regime = Standard), Takiy rpyni 'MT
(RT Regime = Hypo RT), Mae TeHAEHLl0 A0 NOripLIeHHs
Nno BiOHOWEHHIO K [0 MonepeaHbOro  OMUTYBaHHSA,
Tak i 4O NepLloro.

Pesynbtatn TecTyBaHHA 3a KpuTepiem PpiamaHa
rinoteav HO woAo TpbOX MOCAIAOBHUX ONUTYBaHb,
SKi penpeseHTylTb cumnTomMu 3a gomeHamu EORTC
QLQ-C30 BTOMM i 0e3COHHs,, npeacTaBneHi Hwxk4ye
okpemo ansi rpyn CMOT i TMT:

e CMT:

— BTtoma: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N = 21, df =2) = 21,48485
p = 0,00002; Coeff. of Concordance = 0,51154 Aver.
rank r = 0,48712;

— 6e3coHHs: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N = 21, df =2) =21,33333
p = 0,00002; Coeff. of Concordance = 0,50794 Aver.
rank r = 0,48333;

o [TIT:

— BTtoma: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N = 32, df = 2) = 24,25243
p = 0,00001; Coeff. of Concordance = 0,37894 Aver.
rank r = 0,35891;

— 6e3coHHs: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N =31, df =2) =23,73171
p = 0,00001; Coeff. of Concordance = 0,38277; Aver.
rank r = 0,36220.

TakMM 4uMHOM, 3a pesynbTataMu HaBedeHVX BULLe
CTaTUCTUYHUX po3paxyHkiB rinotesa HO woao Tpbox
NocniAoBHMX ONUTYBaHb NPO CUMMTOMU BTOMM i 6€3COH-
Ha 3a EORTC QLQ-C30, BiaxunsieTbcs 3 BiAMNOBiAHUM
piBHEM CTaTUCTUYHOI 3HaYYLLOCTi, NPUAHATAM B LibOMY
[OCNIOXKEHHI.

AHanoriyHi pesynsratM po3paxyHKy 3a CUMMTOMamwu
BTOMM Ta 6e3coHHsa 3a EORTC QLQ-C30 B rpynax CMNT
Ta [MT Takox NpoincTpoBaHO Ha puc. 2 3acobamu
box-and-whisker plot.

Based on Figure 1, one may suggest a hypothesis
that according to the results of the third survey,
GHS in both SRT (RT Regime = Standard) and HRT
(RT Regime = Hypo RT) groups tends to decrease,
compared to the second as well as the first survey.

The results of the Friedman test of the HO hypo-
thesis about three subsequent surveys that represent
symptoms in domains of insomnia and fatigue of the
EORTC QLQ-C30 are given below for SRT and
HRT groups separately:

e SRT:

— fatigue: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N = 21, df =2) = 21.48485
p = 0.00002; Coeff. of Concordance = 0.51154 Aver.
rank r = 0.48712;

— insomnia: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N =21, df =2) =21.33333
p = 0.00002; Coeff. of Concordance = 0.50794 Aver.
rank r = 0.48333;

e HRT:

— fatigue: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N = 32, df = 2) = 24.25243
p = 0.00001; Coeff. of Concordance = 0.37894 Aver.
rank r = 0.35891;

— insomnia: Friedman ANOVA and Kendall Coeff. of
Concordance ANOVA Chi Sqr. (N =31, df =2) =23.73171
p = 0.00001; Coeff. of Concordance = 0.38277; Aver.
rank r = 0.36220.

Thus, according to the results of the abovementioned
statistical calculations, the HO hypothesis about three
subsequent surveys about the symptoms of fatigue
and insomnia according to the EORTC QLQ-C30 is
rejected with respective level of statistical significance
for this study.

Similar results of calculations according to the
symptoms of fatigue and insomnia according to the
EORTC QLQ-C30 in SRT and HRT groups are also
illustrated in Figure 2 using the box-and-whisker plot.
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Puc. 2. Cumntomm BTOMM (Fatigue) 3a EORTC QLQ-C30 y rpyni ctaHgapTHoi npomeHeBoi Tepanii (RT Regime = Standard)
i rpyni rinodpakuinHoi npomeHesoi Tepanii (RT Regime = Hypo RT) 3a pesynsratamu
TPbOX NOCMIAOBHMX ONUTYBaHb (3, 6, 12 MicALIB NiCNA ONPOMIHEHHS).
Median — mepiaHa, 25-75% — iHTepkBapTUnbHUI po3Max, Min — Max — MiHiMarnbHe i MakcMarnbHe 3Ha4YeHHS
Fig. 2. Symptoms of fatigue (Fatigue) according to the EORTC QLQ-C30
in the group of standard radiation therapy (RT Regime = Standard)
and the group of hypofractionated radiation therapy (RT Regime = Hypo RT) according to the results
of three subsequent surveys (3, 6, 12 months after irradiation).
Median — median, 25-75% — interquartile range, Min — Max — minimum and maximum value

Ha puc. 2. npogemMoHcTpoBaHo, LWo Yepes 12 micauis
cumntom BTOMM sk B rpyni CIT, Tak i B rpyni MT mae
TEHAEHUiI0 OO0 MOriplEeHHA MO BiAHOLLEHHIO AK 4O No-
NepenHbOro ONUTYBaHHS, Tak i 4O pe3ynbraTiB nepLioro
onuTyBaHHs. [Mpu upomy BbGavaeTbes, WO Uen edekT
posBmBaeTbca cCTpiMkiwe B rpyni [TIT, xova u4epes
12 wMmicAuiB BiH LWe He pJocarae piBHSA HeratuBHOI
OLiHKM, NpuUTaMaHHOro BiAMOBIAHOMY OMUTYBaHHIO B
rpyni CIMT (55 6anis npotn 78).

Ha puc. 3 ans cumntomaTukn 6€3COHHS TakoX BUAHO,
Wo 4Yepes 12 mic. pesynsratv onuTyBaHHs B rpyni CIT
NPakTU4YHO MOBEPTalTbCA [0 pesynbraTiB  nepLioro
onuTtyBaHHs (3 mic.). MNpote B rpyni [MIT HasiBHa TeHAeH-
Lis 4O NOTipLUEHHS NO BiAHOLLEHHIO SIK 4O NonepeaHboro
ONWUTYBaHHS, TaK i 4O pe3ynbTaTiB NePLLOro ONUTYBaHHSI.
MpoTe Tak camo, K i ANs CMMNTOMATUKM LLOAO BTOMMW,
pesynbTaT He [JocsArae piBHSA HeratMBHOI  OLHKW,
npuTaMaHHoro BiAMNOBIAHOMY onuTyBaHHO B rpyni CIT
(31 6anis npoTtu 67).

Y 3B’s13Ky 3 ONUCaHUMW BULLE MPUMNYLLEHHAMMW OO0
3MiH MedliaH NnpoaHanisoBaHux nokasHukis AX (puc. 1-3)
BaXNMBO 3a3HAYUTK, LIO Li NPUNYLUEHHS MOXYTb OyTn
BM3HaHNMM CTAaTUCTUYHO 3HAYYLLMMK BUCHOBKaMM Bigno-
BiHO 0O KPUTMYHOIO PiBHA o, BCTAHOBMEHOrO B poboTi,
B XOAi BHYTPILUHBLOrpyrnoBOro aHanidy 3a LOMOoMOrot
TecTy BinkokcoHa Ta MiXrpynoBOro MOPIBHAHHS rpyn
CNT i MMT U-tectom MaHHa—YiTHi, Ik OnMcaHo HuxX4e.

HacTtynHuM eTanom BHYTpILIHLOrpPynoBoro [ocnia-
)eHHst napameTpiB AXK y rpynax CMT i [MIT 6yno npose-
[OEHHS1 CTaTUCTUYHOrO aHanisy 3a gonomoroto Tecty Bin-
KOKCOHa A5 NOonapHOro MOpiBHSAHHS pe3yrnkTaTiB onuTy-
BaHHSA NepLUOro NPOTU APYroro; APYroro NpPoTN TPeTboro;
NepLLOro NpoTn TPETLOro okpemo B rpynax CMT i IMT.

Pe3ynbratv LbOro CTaTUCTUYHOrO aHanisy nogaHo
B TAbNuUUi 2.

MopiBHAHHA  pesynbTaTiB  nepworo i Apyroro
onutyBaHHs (3 npotu 6 Mic.) nNpogeMOHCTpyBano
HasIBHICTb CTATUCTUYHO 3HaudyLloi pisHuui B rpyni CIMT
3a gomeHoMm 6e3coHHst (p = 0,000733); B rpyni IMT —
3a gomeHom BTomu (p = 0,016813).

Figure 2 shows that the symptoms of fatigue in
both SRT and HRT groups tend to worsen 12 months
after therapy, compared to the second as well as the
first survey. It can also be seen that this effect develops
more rapidly in HRT group, although it does not reach
the level of negative assessment as in the respective
survey in SRT group (55 points vs. 78 points).

Figure 3 also shows that the results of the survey
about the symptoms of insomnia in SRT group after
12 months are practically the same as the results of
the first survey (after 3 months). However, in HRT group,
there is a tendency toward worsening, compared to
the results of the second as well as the first survey.
Nevertheless, similarly to the symptoms of fatigue,
the results do not reach the level of negative assess-
ment as in the respective survey in SRT group (31 points
vs. 67 points).

Taking into consideration the abovedescribed
assumptions about changes in medians of the analyzed
parameters of QoL (Fig. 1-3), it is important to note
that these assumptions may be considered statistically
significant conclusions according to the set critical
level o during the intragroup analysis using the
Wilcoxon test and during the intergroup comparison
of SRT and HRT groups using the Mann-Whitney U test
as described below.

The next stage of the intragroup study of the para-
meters of QoL in SRT and HRT groups was conducting
a statistical analysis using the Wilcoxon test for pairwise
comparison of the results of the first against the
second survey; the second against the third survey;
the first against the third survey in SRT and HRT
groups separately.

The results of this statistical analysis are given
in Table 2.

The comparison of the results of the first and the
second survey (3 vs. 6 months) demonstrated the
presence of statistically significant difference in SRT
group in the domain of insomnia (p = 0.000733) and
in HRT group in the domain of fatigue (p = 0.016813).
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Puc. 3. Cumntomm 6e3coHHs (Insomnia) 3a EORTC QLQ-C30 y rpyni ctaHgapTHoi npoMmeHeBoi Tepanii (RT Regime = Standard)
i rpyni rinodppakuinHoi npomeHeBoi Tepanii (RT Regime = Hypo RT) 3a pesynsratamu
TPbOX NOCMIAOBHMX ONUTYBaHb (3, 6, 12 MicALiB NiCNA ONPOMIHEHHS).
Median — megiaHa, 25— 75% — iHTepkBapTUnbHUA po3max, Min — Max — MiHiManbHe i MakcumanbHe 3Ha4YeHHs
Fig. 3. Symptoms of insomnia (Insomnia) according to the EORTC QLQ-C30
in the group of standard radiation therapy (RT Regime = Standard)
and the group of hypofractionated radiation therapy (RT Regime = Hypo RT) according to the results
of three subsequent surveys (3, 6, 12 months after irradiation).
Median — median, 25% — 75% — interquartile range, Min — Max — minimum and maximum value

Tabnuus 2. 3HaveHHs p-Value 3a TecToM BinkokcoHa nonapHOro NOpiBHAHHS pe3ynbraTiB OnMTyBaHb,
Lo penpe3eHTyoTb AKicTb %mnTTa 3a EORTC QLQ-C30 B rpynax CMT ta MT
Table 2. p-Value according to the Wilcoxon test of the pairwise comparison of the results of the surveys
that represent QoL according to the EORTC QLQ-C30 in SRT and HRT groups

p-Value
OnutyBaHHSA Ipyna CMT / SRT group pyna MT / HRT group
Survey
Be3coHHs Btoma Be3coHHs BTtoma

Mes i e Insomnia Fatigue e § Els Insomnia Fatigue
lepLue NpoTw ApYroro onuTyBaHH 0,363489 | 0,000733 | 0,204931 | 0206604 | 0,116545 | 0,016813
The first survey against the second survey
Apyre npoTy TPETLOrO OMUTYBAHHS 0,000655 | 0,000673 | 0,000293 | 0,000027 | 0,000318 | 0,000041
The second survey against the third survey
1epLue NpoTw TPETLOro ONUTYBAHHA 0,004650 | 0,833936 | 0,017938 | 0,000078 | 0,000318 | 0,000294
The first survey against the third survey

Mpumimka:

Ona BigxuneHHs/NpuitHATTA rinotean HO 3actocoBaHo nonpaeky BoHdeppoHi 3 o = 0,017.

Note:

for accepting/rejecting the HO hypothesis, the Bonferroni correction with o = 0.017 was used.

Mpu uboMy 3a pe3ynsratamMu CTaTUCTUYHWUX PO3-
paxyHkiB cnig sigxunuTtu rinotesy HO npo BiAcCyTHICTb
CTaTUCTUYHO 3HAYYLLOI Pi3HULI NPU NOPIBHAHHI pe3ynb-
TaTiB Apyroro i TPeTbOro ONWUTYBaHHA Ans BCIX A0-
cnigpkeHnx kateropin AXK 3a EORTC QLQ-C30 (I'C3,
6e3coHHs | BToMa) sk y rpyni CIT, Tak i B rpyni [T,

TakvuMm yuHoM, sk y rpyni CIT, Tak i y rpyni I'MT, X
Npv TPETLOMY OLiHIOBaHHI, ¥ NOPIBHAHHI 3 APYrMM OL|iHIO-
BaHHSAM, CTaTUCTMYHO 3HauYyLle PO3Pi3HAETbCA AN YCiX
pocnigpkysaHux napametpiB (FTC3, 6escoHHs, BTOMA)
3rigHO 3 KpUTEpiEM 3HaKOBMX paHriB BinkokcoHa anga no-
B’s13aHMX BMBIPOK 3 ypaxyBaHHAM nonpaBok BoHdeppoHi.

[Mpy nNoOpiBHAHHI pe3ynbTaTiB MepLoro i TPeTboro
onutyBaHHA y rpyni [TIT 3adikcoBaHO CTaTUCTUYHO
3Hayylwy pisH U0 3a BciMa [ocnigXyBaHMMM napa-
metpamm AXK: FC3, BToma, 6€3COHHS.

Y rpyni CINT nepLue i TpeTE ONUTYBaHHS CTAaTUCTUYHO
3HauyLe BigpisHanocs 3a C3 (p = 0,004650). HatomicTb
B LM rpyni NOPIBHSAHHA pe3ynsraTtiB NepLuioro i TpeTboro
ONWUTYBaHHS 3a CUMMTOMamMn BTOMMW NMPOLEMOHCTPYBano

According to the results of statistical calculations,
the HO hypothesis about the absence of statistically
significant difference when comparing the results of the
second and the third survey for all studied categories of
QoL according to the EORTC QLQ-C30 (GHS, insomnia,
fatigue) in both SRT and HRT groups should be rejected.

Thus, compared to the second assessment, QoL
statistically significantly differs in the third assessment
for all studied parameters (GHS, insomnia, fatigue) in
both SRT and HRT groups according to the Wilcoxon
signed-rank test for linked samples considering the
Bonferroni corrections.

The comparison of the results of the first and the
third survey in HRT group showed statistically significant
difference in all the studied parameters of QoL: GHS,
fatigue, insomnia.

In SRT group, the first and the third survey statistically
significantly differed in GHS (p = 0.004650). However,
the comparison of the results of the first and the third
survey in this group demonstrated p-value = 0.017938
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piBEHb CTaTUCTU4YHOI 3HaudywocTi p-value = 0,017938,
WO HabNMXYETLCA A0 KPUTUYHOTO 3HadveHHs o = 0,017
ansa BigXuneHHA/NpunHATTA rinote3an HO, Bpaxosyoun
Kopekuito BoHdeppoHi. [Ona 6e3coHHs po3noainu
nepworo i TpeTboro onutyBaHHsA Yy rpyni CMT cratuc-
TWUYHO 3HauyLle He po3pisHsanuck (p = 0,833936).

OTxe, pesynsrat CTaTUCTUYHMX PO3pPaxyHKiB 3a
TecToM BinkokcoHa p[o3BonstoTb 3pobUTU  BUCHOBOK,
WO Hanbinbll 3Ha4YHWIA NposiB pi3HMLI cnocTepiraBcs
MK ApYrMM i TPeTiM onuTyBaHHSAMU, NpY LibOMY B 060X
rpynax gocnigpkeHHsi. HaTomicTb HanMeHLL NposiBIEHO
Oyna pisHMLS MK nepwmMm i ApyrMM OMnUTYBaHHSIMU,
npy UbOMY CTaTUCTMYHO 3Hayywia pisHuuda y rpyni CMT
Oyna 3achikcoBaHa TiNbkM 32 [JOMEHOM OE3COHHS,
ay rpyni I'MT — TiNnbknM 3a AOMEHOM BTOMM.

LlikaBuMu € pesynsraT NOPIBHAHHSA MEpLUOro i Tpe-
TbOrO OMUTYBaHHS, SIKi CBigYaTb NPO HasIBHICTb CTaTUC-
TWMYHO 3HAYYLLIOT Pi3HMLI 3a BCiMa JOCNiaXyBaHUMK napa-
meTtpamu AX 'y rpyni I'MT, sk nokaszaHo B Tabn. 2 BuLle.

BogHouac, y rpyni CIMT pesynstat NOPIBHAHHS
NnepLIoro i TPETbOro OMNWUTYBaHHS He € nodibHumu Jo
pesynbraTie rpynu [MIT: ctatnctnyHa pisHuusa 3adikco-
BaHa wopao NC3 (p = 0,004650); BiacyTHA CTaTUCTUYHA
pisHMusa wopo 6esconHs (p = 0,833936); 3a BTOMOIO
3apeecTpoBaHU  piBEHb  CTATUCTMYHOI  3HAYYLLOCTI
(p = 0,017938), WO HaAGNMXKYETLCA OO KPUTUYHOIO
3HadeHHs o = 0,017 gns BigXUNeHHA/MPUAHATTA rino-
Te3n HO, BpaxoBytoumn kopekLito BoHdeppoHi.

Pe3ynbraTv cTaTUCTUYHOTO TECTYBAHHS, LLO HaBedEeHi
BULLE, TakoX [J03BONSATbL NiATBEPOUTU CTATUCTUYHY
3HaYyLWiCTb NpUNyLiEeHb LWOAO BHYTPILHLOrPYMNOBOrO
NOPIiBHAHHA TeHAeHUin nokasHukiBa AXK, npointoctpo-
BaHMX Ha puc. 1-3.

Buwe Oynu onucaHi pesynstaty BHYTPILUHLOrpYyno-
BOFO [JOCMIOXEHHs Ta BCTAHOBMEHa CTaTUCTU4HA
3HaYyLWiCTb WOAO0 BiOMNOBIAHMX pe3ynbraTiB NOPIBHAHHS
TeHaeHUin nokasHukie AXK y nauieHTiB nicns MMT.

BignoBigHO, HacTyMHUM KPOKOM OOCHIAXEHHS € MiX-
rpynosuin aHania rpyn CIT i [MIT, akuin Hagae Moxnu-
BicTb 3a pgonomoroto U-tecta MaHHa—YiTHi nopiBHATK
AX nauieHTiB uux rpyn 3a BigNOBIAHUMW TepMiHamMu
onutyBaHHA. TecTyBaHHa rinotesan HO 3a kputepiem
MaHHa—YiTHi go3Bonsie 3pobuTM BUCHOBKWU LWIOAO CTa-
TUCTMYHOI 3HAYYLLOCTI BUSIBMEHUX MDKIPYNOBUX TEHOEH-
uin nokasHukis AXK, onncaHux suLle.

Pesynbtatn po3paxyHky ctatuctuk U-tecty MaHHa—
YiTHi ana nopiBHAHHA AX mix rpynamu CIT i MT
NPOOEMOHCTPYBaNM CTaTUCTUYHO  3HAYyLLly Pi3HMLIO
(p < oKpuT) MDK BCiMa [OCHiIXEHUMU MOKasHUKamu
AXK (FC3, BToma Ta 6e3COHHs1) Ha BCiX eTanax onuTy-
BaHHA 3 KPUTUYHUM piBHEM CTaATUCTMYHOI 3HAYYLLOCTI,
BCT@HOBIEHOI B LbOMY AOCHIAXEHHI.

OkpiM LbOro, 104aTKOBO BUKOPUCTAEMO CTATUCTUYHMN
aHanis 3a gonomorot nokasHuka p [21]. Llen nokasHumk
€ HenapameTpUYHOI MipPOK NEPEKPUTTS MiX ABOMa po3-
noginamm, sikun moxe npunmatn 3HaveHHs Big 0 go 1.
Obuaea KpaWHi 3Ha4YeHHs MpeacTaBnsAlTb MOBHE PO3-
OineHHs posnoginis, toai sk p = 0,5 o3Hayae noBHe
nepekputTd. [1Ba po3noginu, siki CyTTEBO BiApi3HATLCA
3a U-kputepiem MaHHa—YiTHi, TUM He MeHLI, MOXYyTb
MaTh Mamxe iOeHTUYHI MefiaHu («cepedHi» nauieHT
nepLuoi rpynu He po3pPI3HAETLCA i3 «CepefHiM» nauieH-
ToM apyroi). OgHak, KO 3HaYeHHS NOoKa3HMKa Py LbOMY
BUMNaZKy CTaHOBUTb, Hanpuknag, 0,7 Ha KopucTb rpynu 1,
TO Ue Bigobpaxae Ton dakT, Wwo nauieHtTn rpynu 1 BCi
pa3oM NpeBantoTb Haj nauieHTamu rpynu 2 3aranom.

which was close to the critical value a = 0.017 for
rejecting/accepting the HO hypothesis, taking into consi-
deration the Bonferroni correction. For insomnia, distri-
butions of the first and the third survey in SRT group
did not differ statistically significantly (p = 0.833936).

Thus, the results of statistical calculations according
to the Wilcoxon’s test allow the conclusion to be made
that the most significant difference was observed
between the second and the third survey in both groups.
There was the least difference between the first and
the second survey, and statistically significant difference
in SRT group was observed only in the domain of
insomnia, whereas in HRT group — only in the domain
of fatigue.

The results of the comparison of the first and the
third survey are interesting because they indicate
the presence of statistically significant difference in all
the studied parameters of QoL in HRT group, as
shown in Table 2.

At the same time, the results of the comparison of
the first and the third survey in SRT group are not
similar to those in HRT group: there is statistical diffe-
rence in GHS (p = 0.004650); there is no statistical
difference in insomnia (p = 0.833936); in the domain of
fatigue, the level of statistical significance (p = 0.017938),
which was close to the critical value a = 0.017 for
rejecting/accepting the HO hypothesis, taking into con-
sideration the Bonferroni correction, was observed.

The abovementioned results of statistical testing
also allow the statistical significance of the assump-
tions about the intragroup comparison of the tenden-
cies of QoL parameters that are illustrated in Fig. 1-3
to be confirmed.

Thus, we described the results of the intragroup
study and set statistical significance for the respective
results of the comparison of the tendencies of QoL
parameters in patients after RT.

Consequently, the next stage of the study was
an intergroup analysis of SRT and HRT groups, which
made it possible to compare QoL of patients of these
groups according to the respective periods of surveys
using the Mann-Whitney U test. Testing HO hypothesis
according to the Mann-Whitney U test allows us to
make conclusions about the statistical significance of
the discovered intergroup tendencies of the parameters
of QoL described above.

The results of the calculation of the Mann—Whitney
U test statistics for comparing QoL between SRT
and HRT groups demonstrated statistically significant
difference (p < ocrit) in all the studied parameters
of QoL (GHS, fatigue, insomnia) at all stages of the study
with the set critical level of statistical significance.

We also used an additional statistical analysis with
p parameter [21]. This parameter is a nonparametric
measure of overlap between two distributions that
can take a value from 0 to 1. Both extreme values
present a complete division of distributions, whereas
p = 0.5 means a complete overlap. However, two
distributions that significantly differ according to the
Mann—-Whitney U test may have almost identical
medians (the «average» patient of the first group does
not differ from the «average» patient from the second
group). Nevertheless, if the value of p parameter in
this case is, for example, 0.7 in favor of group 1, it indi-
cates the fact that all the patients of group 1 prevail
over all the patients of group 2.
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Llen meTtog 6yno obpaHo Ans CTAaTUCTUYHOrO aHa-
nidy, OCKiNbkW BiH [O03BONSAE OUIHUTU CTaTUCTUYHY
3HaYyLLiCTb OMMCaHMX BULLE MPUMNYLLEHb LWOAO TEeHAEH-
uin B nokasHukax XK, WO npeBaniolTb Ha KOXHOMY
3 eTarniB ONUTYBaHHS.

Pesynbtat cTaTMCTMYHMX pO3paxyHKiB LWIOAO Bia-
MiHHocTi rpyn CMT i IMIT y pocnigxyBaHux napamer-
pax SAXX Ha eTanax OnNUTYBaHHA 3a MOKA3HWKOM P
(HenapameTpuyHOi Mipn NepekpuTTsS MK ABOMa po3-
noginamu) npogemoHcTpyBanu, wo rpyna [T wmae
Kpalli NMOKa3HUKM Ha BCiX eTanax onuMTyBaHHS ANs BCiX
pocnigkyBaHux napametpis AXK (FC3, BToma, 6€3COHHS).
Mpu iHTepnpeTauin uUbOro pesynsraTy BpaxoBaHa
0coONMBICTb BU3HayeHHs Ganis AXX ansa wkanum C3
i gomeHiB cumnTomiB (BTOMa i Ge3COHHs1) BignoBigHO.
Tak, wo Ginbw BUcokMM € Gan 3a wkanoto [C3, TO
GinbLl BMCOKUM BBaXaeTbCsl piBeHb AXK; HaToMicTb, WO
Oinbll BUCOKUM € Ban 3a LUKanow CUMMNTOMIB, TO GiNnbLu
BMCOKNM € piBEHb NPOSBIB KIiHIYHOI CUMNTOMATUKMN.

Hwxkuye HaBegeHa box-and-whisker plot aHanituka
Ans inocTpadii Ta iHTepnpeTauii BkadaHux BULLEe pe3yrb-
TaTiB wopao nopisHaHHA rpyn CMT Ta [MIT 3a Bcima napa-
meTpamu AXK, Wo gocnigkyoTbes B poboTi, Anst nepLioro
Ta OCTaHHBLOrO (TPETLOrO) ONUTYBaHHS (puc. 4—6).
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&
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This method was chosen for statistical analysis,
as it allowed statistical significance of the abovemen-
tioned assumptions about the tendencies of the para-
meters of QoL, which prevailed at each of the stages
of the survey, to be assessed.

The results of statistical calculations of the difference
between SRT and HRT group in the studied parame-
ters of QoL at different stages of the survey according
to the p parameter (a nonparametric measure of overlap
between two distributions) demonstrated that HRT group
had better parameters at all stages of the survey in all
the studied parameters of QoL (GHS, fatigue, insomnia).
When interpreting this result, we took into consideration
the feature of QoL scoring for the GHS scale and domains
of symptoms (fatigue and insomnia), respectively.
Thus, the higher the score on the GHS scale, the
higher the level of QoL; on the contrary, the higher
the score on the symptom scale, the higher the level
of expression of clinical symptoms.

The box-and-whisker plot analysis is given below
for illustrating and interpreting the abovementioned
results of the comparison between SRT and HRT groups
in all studied parameters of QoL for the first and the
last (third) survey (Fig. 4-6).
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Puc 4. mo6anbHuni ctatyc 3gopos’sa (GHS) npy nepiomy Ta 0OCTaHHbOMY OMUTYBAHHSAX Y rpynax ctaHgapTHoro (Standard)
i rinodppakuiviHoro (Hypo RT) pexvmis onpoMiHEHHS.
Median — mepiaHa. 25-75% — iHTepkBapTUnbHUI po3Max. Min — Max — MiHiMarnbHe i MakcMarnbHe 3Ha4YeHHS
Fig 4. Global health status (GHS) in the first and the last survey in the group of standard radiation therapy (Standard)
and the group of hypofractionated radiation therapy (Hypo RT).
Median — median, 25-75% — interquartile range, Min — Max — minimum and maximum value

lMpomeHeBa TOKCUYHICTb: MPOTArOM YCbOro nepioay
cnoctepexeHHs B rpynax ['MT i CMNT He 6yno 3apeecTtpo-
BaHO XXOAHOro BUMaAKy TSXKKOI MPOMEHEeBOI TOKCUYHOC-
Ti > 2 cTyneHs 3a CTC (Common Terminology Criteria for
Adverse Events (CTCAE — Version 4.0), wo notpebysas
Ou wnuTanisadii Yn npu3eiB 61 0o cMepTi NauieHTa [22].

OuiHka AXX HeMpOOHKONOriYHMX MauieHTiB npuBep-
Tae yBary Bce OinblUoi KiNbKOCTi JOCNIQHMKIB, OCKiNbKM
BU3HAETbCS BaXMBUM KpPUTEPIEM ANS NPUAHATTS Khi-
HIYHUX pilleHb Woao0 egEKTUBHOCTI TOro 4u iHWOro
BUAY NiKyBaHHS.

Cy4acHi nigxogn go aHanisy AX, nepw 3a Bce 3a
gonomoroto onutyeansbHuka EORTC QLQ-C30, HagatoTb
MOXIMBICTb KiNbKICHO OUiHIOBaTKM napameTpw, siki Bigoo-
paxatoTb Pi3Hi acnekTn cy6’ eKTUBHOTO CMPUAHATTS CTaHy
nauieHTa B po3pi3i NeBHOro 3axBOPIOBaHHS, Bif pyHKUiO-
HanbHOT OOMEXEHOCTi 4O CTYNEHsI 3aJ0BONEHHS XXUTTSAM.

Radiation toxicity. There were no cases of severe
radiation toxicity > 2 according to CTC (Common Termi-
nology Criteria for Adverse Events (CTCAE — Version 4.0),
which required hospitalization or led to the death of
the patient, during the whole period of the follow-up
in SRT and HRT groups [22].

The assessment of QoL of neuro-oncology patients
attracts attention of an increasingly greater number of
scientists because it is considered an important criterion
for making clinical decisions about effectiveness of
a certain type of treatment.

The modern approaches to analyzing QoL, parti-
cularly using the EORTC QLQ-C30, make it possible
to quantitatively assess parameters, which show various
aspects of subjective perception of the patient’s state
in the context of a certain disease (from functional limi-
tation to the degree of life satisfaction).
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Puc 5. Cumntomatuka BTomu (Fatigue) npu nepLiomMy Ta OCTaHHbOMY ONUTYBaHHAX Y rpynax ctaHgapTHoro (Standard)
i rinodpakuinHoro (Hypo RT) pexvmiB onpoMiHEHHS.
Median — mepiaHa. 25-75% — iHTepkBapTUnbHUI po3max. Min — Max —miHiManbHe i MakcuMarnbHe 3Ha4eHHs
Fig 5. Symptoms of fatigue (Fatigue) in the first and the last survey in the group of standard radiation therapy (Standard)
and the group of hypofractionated radiation therapy (Hypo RT).
Median — median, 25-75% — interquartile range, Min — Max — minimum and maximum value
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Puc 6. CumntomaTtunka 6e3coHHs (Insomnia) npu nepLiomy Ta OCTaHHbOMY ONUTYBaHHSAX y rpynax ctaHaapTHoro (Standard)
i rinodpakuinHoro (Hypo RT) pexvmiB onpoMiHEeHHS!.
Median — megiaHa. 25-75% — iHTepkBapTUnbHUI po3max. Min — Max —miHiManbHe i MakcuMarnbHe 3Ha4eHHS
Fig 6. Symptoms of insomnia (Insomnia) in the first and the last survey in the group of standard radiation therapy (Standad)
and the group of hypofractionated radiation therapy (Hypo RT).
Median — median, 25— 75% — interquartile range, Min — Max — minimum and maximum value

Tomy cepepn nikapis AXX Bxe He cnpunMaeTbCa K
3aHagToO cKknagHe Ta amopdpHe MOHATTH, a € AieBuM
iHCTPYMEHTOM MPUAHATTS KNiHIYHUX pilleHb, 3 aHaniTny-
HAM [OKa3oBUM niarpyHTam [23, 24]. 3ictaBneHHs
Pi3HMX BWUAIB NiKyBaHHA 3a pesynbratamu ouiHkm FAXK
[03BOMsie ob6upatn Hambinblw onTMManbHy Tepanilo 3a
YMOBM BiACYTHOCTI 3HAYyLlOi Pi3HULiI Yy BMXMBAHOCTI
Ta TOKCMYHOCTI METOAIB, O MNOPIBHIOTLCS.

Pesynbtatn aHanisy BWXXMBAHOCTI NaUiEHTIB Uiei BU-
Gipku (rpynu CIMT ta MT) getanbHO BUCBITNEHI B iHLLIN
ny6nikauii [25]. CTaTUCTUYHI po3paxyHKM He 3apeecTpy-
Banu nepesarn y BMXMBAHOCTI B 3anexHOCTi Bif 3acTo-
CyBaHHs BuOy npomeHeBoro nikyBaHHA. MegiaHa
3aranbHoi BmxkmBaHocTi (3B) y rpynax CMT i IMT cknana
15,0 (95% Al 14,1—17,1) i 16,5 (95% Al 14,1-18,8) mic.
BignosigHo (logrank test; p = 0,06757). 3a yacom go
HacTaHHsA nporpecii rpynu CMNT ta M T npakTn4Ho He pos-
pisHsanuck: y rpyni CIMNT megiaHa 6e3nporpecmnBHOI BMKK-
BaHocTi (BINB) cknana 9,0 (95% Al 9,0-10,0) micauis;
y rpyni MT mepiana BINB cknana 9,0 (95% A1 8,0-10,0) mi-
csauiB (logrank test; p = 0,43374).

Thus, QoL is not considered an overcomplicated
and amorphous term by doctors anymore. It is an effective
tool for clinical decision-making with analytical evidential
basis [23, 24]. The comparison of different types of
treatment according to the results of the assessment
of QoL allows the most optimal therapy to be chosen,
given that there is no significant difference in survival
and toxicity of compared methods.

The results of the survival analysis of the patients of
this cohort (SRT and HRT groups) are described in detail
in a different publication [25]. Statistical calculations did not
show an advantage in survival, depending on the type of
radiation treatment used. The median overall survival (OS)
in SRT and HRT groups was 15.0 (95% CI 14.1-17.1)
and 16.5 (95% CI 14.1-18.8) months, respectively
(logrank test; p = 0.06757). According to the time period
before onset of progression, SRT and HRT groups
did not differ practically: in SRT group, the median
progression-free survival (PFS) was 9.0 (95% CI 9.0—
10.0) months; in HRT group, the median PFS was 9.0
(95% CI 8.0—10.0) months (logrank test; p = 0.43374).
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Hartomictb aHaniz AXK npotsirom 12-micsiqHoro nicnsi-
NPOMEHEBOr0 Nepiofy cnocTepexeHHs 3adikcyBas nepe-
Bary OinblWw KOpOTKOro pexumy onpomiHeHHs (ITT)
3a napameTtpamu onutyBanbHuka EORTC QLQ-C30, wo
pocnipkysanuce: 'C3, BTomMa, 6€3COHHS. BHYyTpilLHbO-
rpynoBuii aHania nNpoaeMOHCTPyBaB CTaTUCTUYHO 3Ha-
yyLly pisHUU0 MK nokasHukamu AXK y mexax ogHiel
rpynu npv MOPIBHSAHHI pe3ynsraTiB TPbOX MOCMIAOBHMX
onuTyBaHb (TecT PpigmaHa), a TakoX [03BOMNMB MNpO-
BECTW MOMapHe MOPIBHSAHHA pe3ynbTaTiB ONUTYBaHHSA
(6 npotu 3 mic.; 12 npotu 6 mic.; 12 npoTn 3 Mic.) okpemo
B rpynax 3a KpWUTEpieEM 3HaKoBMX paHriB BinkokcoHa
ONsi NoB’sizaHnx BUBIPOK 3 ypaxyBaHHAM kopekuii BoH-
deppoHi. Mpu ubomy Hambinblw BMpasHa pi3HULS Y
nokasHukax AX y rpynax CMNT i IMT 6yna 3adikcoBaHa
npu nonapHOMYy MOPIBHSIHHI ApYyroro NpoTW TPEeTbOro
ONUTYBaHHA, HaNWMEHLa — npWU MOPIBHSIHHI NepLuoro
Ta Apyroro onuTyBaHHs (Tabn. 2).

Cnig 3a3HaunTy, WO AMHaMika LeHTpanbHOI TeHOEeHLUii
AXK 'y mMexax rpynum OeMOHCTPYE MOCTYNOBE 3HUXKEHHSI
AX, penpeseHtoBaHoi [C3 Ta BTOMOI NpoTSIrom nepiogy
CMOCTEPEXEHHS, 3 HWXYOK IHTEHCMBHICTIO HeraTuBHOI
AuHamiku B rpyni [T, B nopiBHAHHI 3 rpynoto CIT.

AX, penpeseHToBaHa ©e3CoHHAM, 4epe3 12 wMic.
nicna [T npakTM4HO MoOBepTaeTbCs [0 pe3ynbraTiB
nepworo onutyBaHHa B rpyni CMT. Ane B rpyni T
BOa4YaeTbCs TEHAEHLis OO0 MOripLUEHHS NPOTSAroM nepi-
oQy CMOCTEPEXEHHs,, Xo4a W Tak camMo, $K i LWoao
BTOMW, pe3ynbTaT He AOocsrae piBHA HeraTMBHOI OLHKY,
npuTamaHHOro BianoBigHOMYy onuTyBaHHIo B rpyni CIT.

MopiBHSAHHSA AocnigkyBaHMx B poboTi napameTpis
AX rpyn CMT i [MIT 3a gonomoroto U-tecty MaHHa—YiTHi
3adikcyBano HasBHICTb CTATUCTMYHO 3HAYYLLOi Pi3HWUL
Ha BCiX eTanax OMNWTYBaHHA Ta MoKa3ano nepe.ary
y SXK 3a nokasHukom megiaHu nadieHtis rpynu [TIT.
BpaxoBytoun 0coBGNMBOCTI LbOrO0 CTATUCTUYHOTO TECTY,
KU [O3BONSIE NOPIBHIOBATY HE3aneXHi rpynu, iHTepnpe-
Tauis horo pesyneratiB Moxe OyTu Takor: 3adikcoBaHO
nepesary B AX «cepegHboro» nauieHta rpynu [T
Hap «cepegHiMm» nauieHTom rpynu CIT.

[nsi yTOYHEHHs1 HasiBHOCTI nepeBary B MOKa3HUKaxX
AXK opHiel 3 pgocnimxyBaHux rpyn Oyno 3acTtocoBaHO
aHarni3 3a JoNoMoror P-TECTY, L0 JO3BOSISIE MOPIBHIOBATU
CYKYMHICTb navujieHTiB B rpyni, To6To Becb po3nogin. byno
3acBigyeHo, Wo Bci nauieHTn rpynu MTIT gomiHyoTb 3a
npoaHanisoBaHnMu nokasHukamu AXK Hag rpynoto CIT.

Cnig 3a3HaunTy, WO KinbkicTb nybnikauin, npuces-
YeHux aHanizy FAXK nauieHTiB i3 3nofKiCHMMMK rnioMamm
nicna 3acTtocyBaHHA rinodpakuinHoi [T, Bce wWe
3annwaeTbcst 0OMEXEHO!0.

Takum ymHowm, rinodpakuivHi pexummn MT y nauien-
TiB 3 BnepLUe AiarHOCTOBaHOK rMiobrnacToMo € peko-
MEHLOBaHNMMK Y SIKOCTi CTaAHOAPTHOrO MiKyBaHHS Ans
nauieHTiB noxmnoro Biky abo/Ta 3 HECNpPUATNNBUM Npo-
rHO30M, a TakoX Mpu nporpecii (peunausi) NyXNUHK
[26, 27]. Tomy acnekt AX y pospisi NpomeHeBOro
nikyBaHHA npu  rniobnactoMi Hanbinblle BUBYEHWUI
came npw Takux KniHiYHMX BapiaHTax.

Mpuknagom Takoro aHanisy € HewodaBHs ny6nika-
uisa Baviskar, Y. Ta cniBaBT. (2023), WO AeMOHCTpye
pesynbrati |l a3n NpocnekTUBHOrO KMiHIYHOrO BUMpPO-
OyBaHHS, MeTO siKoro Oyno BMBYMTM [OBrOCTPOKOBI
pesynbratn AX Ta BUXMBAHHA NaUieHTIB 3 HECMPUATIK-
BMM MPOrHO30M [TiOMM BUCOKOFO CTYMEHs1 3MOSIKICHOCTI,
aki oTpumyBanu naniatmsHy [TIT (CBO 35 [p 3a
10 dpakuin npotsarom 2 TuxHiB) [28]. OuiHioBaHHSa AXK

However, the analysis of QoL during the 12-month
postradiation period of the follow-up showed an advan-
tage of a shorter treatment regimen (HRT) according
to the studied parameters of the EORTC QLQ-C30: GHS,
fatigue, insomnia. The intragroup analysis demonstrated
statistically significant difference between the parame-
ters of QoL within one group when comparing the results
of three subsequent surveys (the Friedman test) and
allowed us to conduct a pairwise comparison of the
results of the survey (6 vs. 3 months; 12 vs. 3 months)
in groups separately according to the Wilcoxon signed-
rank test for linked samples, considering the Bonferroni
correction. The most significant difference in QoL para-
meters in SRT and HRT groups was observed in the
pairwise comparison of the second against the third
survey, the least significant — in the comparison between
the first and the second survey (Table 2).

It should be mentioned that the central tendency
of QoL within the group demonstrates a gradual deterio-
ration of QoL over time, which is represented by GHS
and fatigue during the follow-up period, with lower
intensity of these negative changes in HRT group,
compared to SRT group.

QoL represented by fatigue practically returns to the
results of the first survey in SRT group 12 months
after RT. However, in HRT group, there is a tendency
toward worsening during the follow-up period despite
the fact that, similarly to fatigue, the results do not reach
the level of negative assessment, which is characteristic
of the respective survey in SRT group.

The comparison of the studied parameters of QoL
in SRT and HRT groups using the Mann—-Whitney U test
demonstrated the presence of statistically significant
difference at all stages of the survey and showed
an advantage in QoL according to the median value
in HRT patients. Taking into consideration the features
of this statistical test that allows independent groups
to be compared, interpretation of its results may be the
following: an advantage in QoL of the «average»
patient of HRT group over the «average» patient of
SRT group was observed.

To confirm the advantage in the parameters of
QoL of one of the studied groups, the analysis with
p-test was used. This test makes it possible to compare
all the patients in the group, i.e., the whole distribution.
It was found that all patients in HRT group dominated
in the analyzed parameters of QoL over SRT group.

It should be mentioned that the number of publica-
tions that are concerned with the analysis of QoL
of patients with malignant gliomas after hypofractionared
RT remains limited.

Hypofractionated regimens of RT in patients with
primarily diagnosed glioblastoma are recommended
as standard treatment for elderly patients and/or patients
with unfavorable prognosis, as well as in progression
(recurrence) of the tumor [26, 27]. Therefore, the aspect
of QoL in view of radiation treatment in glioblastoma
is the most studied particularly in these clinical variants.

An example of this kind of analysis is a recent
publication of Baviskar Y. et al. (2023) that demonstrates
the results of Il phase of a prospective clinical trial,
the purpose of which was to study long-term results
of QoL and survival of the patients with unfavorable
prognosis for high-grade glioma who received palliative
HRT (TRD of 35 Gy was delivered in 10 fractions
for 2 weeks) [28]. The assessment of QoL was performed
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NpoBOAMMOCL 3a JonomMorow onutysanbHuka QLQ-C30
Ta WOro [odaTKoBOrO Moaynss AN HOBOYTBOPEHb
ronoBHoro Mo3ky BN20. AsTopu npogemoHCTpyBanu,
Wo ckopoyveHu kypc naniatmsHoi [TIT y nauieHTiB 3
HECNPUATANBMM MPOrHO30M 3MOSIKICHOI rMioMU acouito-
€TbCsA 3i cTabinbHUMKM Ta/abo NoKpaLLeHUMWU MOKa3HU-
kamu AX. Micns naniatueHoro kypcy IMT 6yno 3adik-
COBaHO CTaTUCTUYHO 3HauYylle MOKPAaLLUEHHS1 3a TaKumu
gomeHamun sk BToma (p = 0,032), saguwka (p = 0,042)
Ta pyxoBa AucoyHkuis (p = 0,036) 3 nnuHOM yacy.
OTxe, aBTOPY NPOAEMOHCTPYBaNM, Lo 3anporoHOBaHWN
HUMM FiNOPPAKUINHUIA PEXMM ONPOMIHEHHS CRig po3rnsi-
[aTn 9K Takui, WO MOB’A3aHUN 3 NEBHUMMW KNiHIYHUMMK
nepeearamu, a came — No3nTMBHUM BMnMBoM Ha AX na-
LiEHTIB 3 HECNPUATIMBMM MPOrHO30M 3MO0SKICHOI rNioMu.

Hatomictb Arakawa Y. Ta cnisaBr. (2022) B ny6nikauii,
NPUCBAYEHIN BUOOPY ONTUMarbHOI MikyBanbHOI TakTUKu
Ansa niTHiX nauieHTiB 3 B, HaronowyoTb, WO XPOHOIOo-
rYHMN BiK HE MOBWHEH BUKMOYMATU MOXMUBICTb MYNbTU-
MOZanbHOro nikyBaHHS, a TaKoX 3abesnedeHHs 3ago-
BiNnbHOI AX npu nogoBxeHHi BuxunBaHocTi. Npu LboMy
aBTOpM 3as3Ha4aloTb, Wwo, xoda n [TIT B noegHaHHI
3 XimioTepanieto TeMo30roMigoM nicns XipypriYyHoro BTpy-
YaHHS cTana pekoMeHOOBaHWUM MiKyBaHHSM ANs MiTHIX
nauieHTie 3 'b, geski npobnemn 3anuwalTbCs HEBU-
piweHnmMn. A came, NUTaHHA KiNbKOCTi dpakuin Ta
posoBoro pexumy MMT, aki 6 gossonsnu 3abesnevnTu
Hankpalli nokasHukn AX Ta BuxkmnBaHocTi [29].

Melo S.M. Ta cnisasT. B 2021 p. onybnikyBanu meTta-
aHanis, sKkMM nNoBIiOOMISAE MNPO YOTUPWU PaHOOMI30BaHi
KniHiYHi gocnigkeHHs 3 BuBYeHHA XK npu 3acTocy-
BaHHi [TIT y niTHIX nauieHTiB 3 Bneplie AiarHOCToBa-
Hoto B [30]. Ockinbkn AXK gocnigxyBanu pisHUMKU Me-
ToOamMu Ta B Pi3Hi YacoBi TOYKM (NUwe ABa AOCHIOKEeH-
Hs1 3a gonomorot onutyeanbHuka QLQ-C30 ta BN20),
BaXKKO 3p00OWTU y3aranbHEHHS pe3ynbTaTiB NPOBEAEHOrO
aHanisy. BapTo HaronocuTu, Wo cepeq KiHiYHUX BUNpO-
OyBaHb, PO3rMAHYTMX Y LbOMY MeETa-aHanisi, € Ti, sKi
BIOHOCATb 00 HaWbinbl 3HavyLMX B HEWPOOHKOMOril
3a OCTaHHi gecatunitts. Lle cBigumTb npo Te, Wo npoBigHi
CBITOBI (paxiBUi MPOTArOM MNEBHOrO Yacy He MalTb
CYMHIBIB LLIOOO BaXNWMBOCTI Aony4veHHs napametpis AX
Y SIKOCTi KiHLeBUX TOYOK KNiHIYHMUX AOCHiOKEHb.

BogHouac daktop AXK mae cyTTeBe 3HayeHHs Ans
BM3HAYEHHS1 ONTUManbHOI NikyBanbHOI TaKTUKM Npu Npo-
rpecii 3nosikicHoi rniomu. OCKinbKM OO CbOrOAHI He iCHye
KOHCEHCYCHOro Mornsay LWoAo CTaHA4apTHOro NiKyBaHHSA
LUMX NauieHTiB Ta TpMBalOTb OOCHILKEHHS, CNpPsSMOBaHi
Ha po3pobky GinbLl ePEKTUBHNX TEPANEBTUYHUX CTpaTe-
riv [31, 32]. Hanpuknag, Maitre P. Ta cniBaBT. gocnignnm
AX Ta noBCSKAEHHY XUTTEBY aKTMBHICTb NauieHTiB nicns
NMOBTOPHOrO OMPOMIHEHHS 3 MpUBOAY peuMauBy/nporpe-
cii rniomun [33]. ABTOpK npoaHanidyBanu, wo AX, oui-
HeHa 3a QLQ-C30 ta BN20, nicns noBTOpHOro onpomi-
HEHHS1 BMCOKMMW [03amMu 3 MpMBOAY Nporpecii rmiomu
3anunwaeTbcs CTabinbHOK Ta CynpoOBOAXKYETLCS MOKpa-
LLEeHHSAM B MOBCSKAEHHIN XUTTEBIA aKTUBHOCTI 3a Moau-
dikoBaHuM iHaekcom Barthel.

HatomicTb iHWi aBTOpyM nNOrNMUONIOKTL  OUCKYCito
LoAo KMiHIYHOrO 3HavYeHHsa aHanidy AXK y HepooHKoro-
riYHMX NauieHTiB Ta PO3MIPKOBYIOTb Hag TUM, YK 3aBXAU
NOCUMEHHA CUMNTOMIB Ta noripweHHs AXX nos’A3aHi
3 nporpecieto NyxnuHu [34].

HaiiGinbl NOBHO Le NUTaHHS PO3KPUTO B HEeLloaaB-
HiM ny6nikauii, cniBaBTOpamMy $sIKOi € MNOTYyXHa rpyna
NPOBIAHUX CBITOBUX HEWPOOHKOMoriB. Lle MynbTUueHT-

using the QLQ-C30 and its additional BN20 brain tumor
module. The authors demonstrated that the shortened
course of palliative HRT in patients with unfavorable
prognosis for malignant glioma was associated with
stable and/or improved parameters of QoL. After the
palliative course of HRT, statistically significant impro-
vement was observed in such domains, as fatigue
(p = 0.032), dyspnea (p = 0.042), and movement dys-
function (p = 0.036) over time. Thus, the authors
demonstrated that the hypofractionated treatment
regimen proposed by them should be considered as the
one associated with certain clinical benefits, namely
the positive impact on QoL of the patients with unfa-
vorable prognosis for malignant glioma.

However, Arakawa Y. et al. (2022) emphasize in their
publication that is concerned with the choice of an optimal
treatment strategy for elderly patients with GB that
chronological age should not exclude the possibility of
multimodal treatment, as well as provision of satisfactory
QoL in case of the increase in survival. The authors also
state that although the combination of HRT and chemo-
therapy with temozolomide after the surgery has become
a recommended treatment for elderly patients with GB,
some problems remain unsolved, namely the issue of the
number of fractions and dose regimen of RT that would
ensure the best parameters of QoL and survival [29].

In 2021, Melo S. M. et al. published a meta-analysis
that described four randomized clinical trials about
studying QoL when using HRT in elderly patients with
primarily diagnosed GB [30]. Because of the fact that
QoL was studied using different methods and at
different points of time (only two studies used QLQ-C30
and BN20), it is difficult to summarize the results of the
performed analysis. It is worth emphasizing that among
the clinical trials analyzed in this metaanalysis, there are
ones that are regarded as the most significant in
neuro-oncology in recent decades. It indicates that the
leading world experts have been already certain for
some time about the importance of adding parameters
of QoL as endpoints of clinical trials.

At the same time, the factor of QoL plays a significant
role in determining optimal treatment strategy in pro-
gression of malignant glioma because there is no con-
sensus about standard treatment of these patients
and the studies aimed at developing more effective
therapeutic strategies are still in progress [31, 32].
For example, Maitre P. et al. studied QoL and everyday
life activity of patients after repeated treatment of
recurrence/progression of gliona [33]. According to the
authors’ analysis, QoL assessed according to QLQ-C30
and BN20 remains stable and is accompanied with
improvement in everyday life activity according to the
modified Barthel index after repeated high-dose treat-
ment of progression of glioma.

Nevertheless, other authors deepen discussion on
the clinical importance of QoL analysis in neuro-oncolo-
gy patients and think over whether the enhancement of
symptoms and deterioration of QoL are associated with
the tumor progression [34].

This issue is described in most detail in a recent
publication written by a powerful group of the leading
world neuro-oncologists. It is a multi-centre study that
includes a numerous cohort of 5539 patients with glio-
mas (64% of them have GB), in who QoL during the
PFS period was analyzed and the factors associated
with QoL deterioration were determined using QLQ-C30
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poBe [OCHiMKEHHS BKMovae GaratoumcrneHHy BuGipKy
5539 nauieHTiB 3 rmiomammn (3 HUX 64% Bunapgkis 'B),
y sikux 3a pgonomorot onuTyBanbHuka QLQ-C30 T1a
BN20 6yno npoaHanizoBaHo XX npotsrom nepioay
BWXMBaHHA ©e3 nporpecii Ta BM3HayYeHO dhakTopw,
noe’sisaHi 3 noripweHHam AXX [35]. BcraHoBneHo, LWo
Maike B nomnoBuHi (47%) BMNagkiB cnocTepiranocb
noripLeHHs1 NoB’sA3aHol 3i 3gopoB’siM AXK npoTtsarom Ges-
nporpecusHoro nepiogy. Jluwe piBeHb YHKUiOHaNbHOT
CnpoMoXHOCTi ByB noB’s3aHuii 3 noripweHHsM XK Ha
CTaTUCTUYHO 3HAYYLLOMY Ta KMiHIYHO 3Ha4yLLOMY PiBHI.
KpiM  pyHKUiOHaNbHOT CNPOMOXHOCTI, KiflbKa  iHLUMX
dakTopiB, BKNOYaOUM MNITHIN BiK, Yonoeidya cTaTtb i giar-
Ho3 B, Oynu HesanexHo MNOB’'s3aHi 3 MOripLEHHAM
neBHux wkan AX. OgHak cTyniHb NOripLeHHss He BBa-
XaBcs KMiHIYHO 3HavywumM. BusHayeHo, WO nikyBaHHA
He Oyno He3anexHo nos’sidaHe 3 noripweHHsM AXK npo-
TArom nepiogy 6e3 nporpecyBaHHs. BTiM, 3acTocyBaHHsi
Oesiknx MeTofiB nikyBaHHs, okpiMm T, Gyno noe’sisaHe
3i CTATUCTUYHO 3HAYyLUUM, arne He KNiHIYHO 3HaYyLiMM
noripweHHsam AX. A came, ximioTepanis Ta noegHaHHsA
ximioTepanii 3 iHribiTopamy aHrioreHe3y Oynu nos’si3aHi
3 MOTipLUEHHAM Y (hisiyHOMY (DYHKLIOHYBaHHI Ha cTaTuc-
TMYHO 3HAYYLLIOMY, ane He KMiHIYHO 3HaYyLLOMY PiBHI.

Lis po6GoTa € Bkpail BaXNMBOK AN HEMPOOHKOMOriB,
OCKinbku Ha GaraTouncenbHin BMBIpLi i3 3acTOCyBaHHSM
NOTY>XHUX METOAIB CTATUCTUYHOIO aHanisy Aocnigxye,
4n MoxHa nigTpumyBatn HAXK nauieHTiB 3 rniomoto
npotsiroM nepiogy 6e3 nporpecyBaHHsi. BusHayeHo, siki
came couianbHo-gemorpadiyHi Ta KNiHiYHI - dakTopu
He3anexHo noe’A3aHi 3 noripweHHam XK npotarom
nepiogy 06e3 nporpecyBaHHsi. BaxnuBum BUCHOBKOM
€ Te, Wo 6e3nocepenHbO fikyBaHHS He Byno He3anexHo
noe’sisaHe 3 noripweHHaMm X nauieHTa npoTtsarom
nepiogy 6e3 nporpecyBaHHsi. 3achikcoBaHoO, O «4ac A0
noripweHHs AX» (ue NOHATTA BUKMOYAE Mporpecito
NyXnnHU SK MO4it0, | TaKMM YMHOM, Kpalle Bigobpaxkae
MoxXnueui BANMB Ha HAXK HecnpuatnvBux edekTiB)
OyB [OOBLUMM, HiXX «BWXKMBaHICTb 6e3 noripeHHs AXK»
(ue noHATTA BkNtoYae noripweHHa HAXK, nporpecito
nyxnuHu abo cMepTb NauieHTa) y nepeBaxHin GinbLuocTi
(85-92%) BkMOYEHUX A0 aHanidy KriHiYHMX BUNPOLY-
BaHb. Lle cBiguMTb NpoO BaXnuMBICTb MNpoOrpecyBaHHs
rMioMK K KITHOYOBOI Nogii, WO CNpUYMHSE 3HMKEHHS AXK.

Buwe HaBegeHi gaHi 3acBiguyoTb, Wo aHania AX
€ HeoOXiQHOW CKMaJoBOK OUiHKM pe3ynbTaTiB  Niky-
BaHHA nauieHTiB 3 B Ta Ginbw WKMpoko 3any4vaeTbes
00 Cy4yaCHUX HEeMpPOOHKONOriYHMX AocnigkeHb. Bigno-
BiJHO, Halle OOCNIOKEHHS Y3roXKYeTbCA 3 akTyarbHOK
npobnemMaTmKol Ccy4YacHOi HeWpooHKomnorii Ta pagia-
LiNHOT OHKOMOTii.

Mn npoBenu BHYTPILHBLOTPYNOBUA Ta MDKIpynoBuin
CTaTUCTUYHWUIA aHani3 nokasHukis AX gna rpyn CIMT
Ta [TIT, 9kMn npogeMOoHCTpyBaB AMHAMIKY BU3Ha4YeHUX
y poboTi 3MiHM nokasHukiB AXK npoTsrom nicnsinpome-
HeBOro nepiogy Ta 3acBiguMB nepesary rinogpakLin-
HOrO pexXmMmy OMPOMIHEHHS B OOCHIAXYBaHiA KOropri.
TobTo, nauieHtTn 3 I'b, aAkum 3acTtocoyBanacsa [TIT,
Manu CcTaTUCTMYHO 3Haudywe Buwy AX 3a ouiHeHumu
B poboTi nokasHuMkamu, a came 3a wWwkanow [C3
Ta AOMEHaMn BTOMM i GE3COHHS.

[o ocHoBHUX o6MeXeHb Hawoi poboTu cnig BiaHec-
TM OOMEeXeHWUn TepMiH CMOCTEePEeXeHHS Ta KinbKoOCTi
nauieHTiB y rpyni ctaHgapTHoOro dpakuioHyBaHHS, Bid-
CyTHICTb gaHux wopao AX nepeg onpomiHEHHAM Ta
AaHux, siki 6ynu 6 oTpMmaHi 3a JONOMOrOK (HLWMX LiKan

and BN20 [35]. It was established that almost half (47%)
of the patients experienced deterioration of health-
related QoL during the PFS period. Only the level of
functional ability was associated with deterioration
of QoL at the statistically significant and clinically
significant level. Apart from the functional ability, several
other factors, including elderly age, male sex, and diag-
nosis of GB, were independently associated with
deterioration of certain QoL scales. However, the degree
of deterioration was not considered statistically signifi-
cant. It was determined that treatment was not inde-
pendently associated with deterioration of QoL during
the PFS period. Nevertheless, the use of some treatment
methods apart from RT was associated with statisti-
cally significant but not clinically significant deterioration
of QoL, namely chemotherapy and the combination of
chemotherapy with angiogenesis inhibitors were asso-
ciated with deterioration of physical functioning at the
statistically significant but not clinically significant level.

This study is vitally important for neuro-oncologists
because it researches the issue of whether there is
a possibility to maintain QoL of patients with glioma during
the PFS period on a numerous cohort of patients using
powerful methods of statistical analysis. It was deter-
mined which exact social demographic and clinical
factors were independently associated with deterioration
of QoL during the PFS period. An important conclusion
is the fact that the treatment was not directly indepen-
dently associated with deterioration of QoL of the
patients during the PFS period. It was noted that «the time
before deterioration of QoL» (this term excludes tumor
progression as an event and thus depicts the possible
impact of unfavorable effects on QoL in a better way)
was longer than «survival without deterioration of QoL»
(this term includes deterioration of QolL, tumor pro-
gression, or death of the patient) in the overwhelming
majority (85-92%) of the patients included in analysis
of the clinical trials. It indicates the importance of
glioma progression as a key event that leads to dete-
rioration of QoL.

The abovementioned data prove that the analysis of
QoL is an essential part of the assessment of treatment
results of patients with GB and is more widely implemented
in modern neuro-oncology studies. Consequently, our
study is concerned with currently important problems
of modern neuro-oncology and radiation oncology.

We performed an intragroup and an intergroup
statistical analysis of QoL parameters for SRT and HRT
groups that demonstrated the changes of studied para-
meters of QoL over time during the postradiation period
and showed the advantage of hypofractionated treat-
ment regimen in the studied cohort, i.e., patients with GB
who received HRT had statistically significantly higher
QoL according to the studied parameters, namely GHS
scale and domains of fatigue and insomnia.

The main limitations of our study are the limited
follow-up period, the limited number of patients in the
group of standard fractionation, and the absence of data
on QoL before treatment and the data that would be
received using other scales of the EORTC QLQ-C30.
We believe that further studies on the analysis of QoL
of neuro-oncology patients are of great importance.
It is necessary to study impact of different factors
(age, functional status, comorbidity, molecular status
of the tumor, different variants of multimodal therapy, etc.)
on Qol, especially those directly associated with radiation
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onutyBanbHnka EORTC QLQ-C30. Mwu BBaxaemo,
Wo nodanblui AochifjKeHHs, npucBaYeHi aHanisy XK
HEMNPOOHKOMOrYHMX MAaUEHTIB, € BKpal BaXNMMBUMW.
Bapto pocnigntm Bnnue Ha SAXK pisHuMx dakTopiB
(BiK, PyHKLiOHaNbHWI cTaTyc, KOMOPOIOHICTb, Moneky-
NSPHUIA CTaTyC NyXMWHK, Pi3Hi BapiaHTX MynbTUMOAarb-
HOi Tepanii, Towo), ocobnuneo Tux, Wo 6Ge3nocepenHLO
noB’sa3aHi 3 NPOMEHEBMM MNiKyBaHHAM, 30Kpema, Pi3HUX
pexumiB rinogpakuioHyBaHHS (Hanpuknag, cepeaHbol
iHTEHCMBHOCTI rinodpakuioHyBaHHA NpPOTU ynbTparino-
dpakuioHyBaHHs/CTEpeoTakCUYHOI pagioxipyprii), 06’emy
MiLLEHi ONPOMIHEHHS, Nokanisawii 4iNsAHKM ONPOMIHEHHS
B TONMOBHOMY MO3Ky, CTYMEH pafiauiiHoro HaBaHTa-
XKEHHSI Ha KPUTWYHI CTPYKTYpU MO3Ky. LlikaBum € Bu3Ha-
YEHHS1 NEBHUX KNiHIYHUX O3HAK/CMMMTOMIB «MPOSPOMY»
3HWKeHHA AXK B paHHbOMY nicnanpomMeHeBoMy nepiofi,
0cobnMBO B TWUX BUMAgKax, KomuM B Mi3HbOMY nicns-
npomeHeBoMy nepioai AXK 3HauHO 3HUXKYETLCS, OCKINbKK
Le noe’si3aHo came 3 J030BMM HaBaHTaxeHHsM. Lle fno-
3BoNMno 6 BWAINATM NaUiEHTIB «Migd PU3NKOM» LLOAO
3HuxkeHHs AXK y nicnanpomeHeBomy nepiodi Ta BOOCKO-
HanUTK 3axoau wono 36epexeHHs AXX nauieHTiB 3 b
nicns arpecMBHOro0 MySsTUMOAAMNBHOIO MiKyBaHHS.

BpaxoBytoun BuLLe3a3Ha4yeHe, OTpMMaHi Hamu pe-
3ynbTaTM MOXHa BBaXaTW TakKMMW, LIO MiATBEPOXYOTb
JouinbHiCTb  BiNbll  LUMPOKOrO  3aCTOCYBaHHS  FiMo-
dpakuiiiux pexumis MT y nauientis 3 . Ockinbku
BOHW [EMOHCTPYITb BIiACYTHICTb nepesBarn cTaHgapT-
Horo pexumy [T gk B OHKoMoriyHMx pesynbratax [25],
Tak i Wwopno 36epexeHHs AX.

BUCHOBKMU

3anponoHoBaHu pexum [T gna  nadieHTiB i3
Bnepwe piarHoctoBaHoo b (CBO 52,5 p, ninBeneHa
3a 15 dpakuin, PBO 3,5 'p) moxe po3rnsgaTucb $K
NPUAHATHaA anbTepHatMBa cTaHgapTtHin [T  wono
BnnuBy Ha XK, BpaxoByoun HacTynHe:

Y rpyni I'MIT npu NOPIBHSAHHI OCTAHHBLOIO Ta MEepLUOro
onuTyBaHb (12 npotn 3 Mic.) 3apeecTpoBaHO CcTaTuc-
TUYHO 3Hauvylle 3HWXeHHs piBHa AXK 3a Bcima gocnig-
XyBaHUMKU napameTpamu (wkana C3, gomeH BTOMM,
OoMeH 6e3COHHs).

Y rpyni CMT cratuctuyHa pisHmga y XK mix
OCTaHHIM Ta MepLIuM onNuTyBaHHsAMM (12 npoTtn 3 Mmic.)
3apeecTpoBaHa 3a Wwkarnoto NC3 Ta LoOMeHOM BTOMM.

Mpu anHanisi rpyn CIMT i IMT okpemo BCTaHOBMEHO,
WO HambinbWw nomiTHe 3HWxeHHa AXK B 06ox rpynax
crnocTepiranocb MNpu MOPIBHAHHI pesynsraTiB TPETLOro
Ta gpyroro onutyeaHb (12 npotu 6 mic.). MNpu ubomy
CTaTUCTMYHO 3Hauylla pisHuua 6Gyna  3adikcoBaHa
ans Beix gocnigxysaHux napametpis SXK.

HanmeHLww nposieneHoto pisHuusa y AXK B 060x rpynax
BUSBUNACL MPW MOPIBHAHHI ApPYroro i nepLioro onuTy-
BaHb (6 npotm 3 wmic.): B rpyni CIT 3adikcoBaHo
CTaTUCTUYHO 3Hauylle 3HwkeHHa XX 3a gomeHowm
6e3coHHs, B rpyni IMT — 3a AJOMEHOM BTOMMU.

AHaniz AX 3a pesynbratamy TpbOX MOCAIAOBHUX
onuTyBaHb Yepes 3, 6 Ta 12 mic. nicna MNT 3a wkanoto C3,
JomeHamu BToMu Ta 6e3coHHst onuTyBanbHuka EORTC
QLQ-C30 npopemoHcTpyBaB 3HWXKeHHs AXK nauieHTiB
SIK B rpyni CTaHOapTHOIO PEXWMY OMNPOMIHEHHS, TakK i B
rpyni rinodpakuiiHOro pexumy onpomiHeHHsi. BogHovac
3apeecTpoBaHO CTATUCTUYHO 3Hauyllly nepesary rpynu

treatment, particularly different regimens of hypofraction-
ation (for example, medium-intensity hypofractionation
against ultrahypofractionation/stereotactic radiosurgery),
volume of irradiation target, localization of the area of
irradiation in the brain, degree of radiation load on critical
structures of the brain. An interesting thing is deter-
mination of certain clinical features/symptoms of
«prodrome» of deterioration of QoL in early postradia-
tion period, especially in cases when QoL significantly
deteriorates in late postradiation period, and how it is
associated particularly with radiation load. It would allow
«risk patients» to be distinguished based on deterio-
ration of QoL in postradiation period and measures
of QoL preservation for patients with GB after aggressive
multimodal treatment to be improved.

Taking into consideration the abovementioned
information, the results that we obtained could be
considered as the ones that confirm the relevance of
a wider use of hypofractionated regimens of RT in
patients with GB because they demonstrate the absence
of advantage of the standard regimen of RT in both
oncological results [25] and preservation of QoL.

CONCLUSIONS

The proposed regimen of HRT for patients with
primarily diagnosed GB (TRD of 52.5 Gy delivered in
15 fractions, with SRD of 3.5 Gy) may be considered
an acceptable alternative to SRT in view of impact
on Qol, taking into consideration the following:

In HRT group, the comparison of the last and the
first survey (12 vs. 3 months) showed a statistically
significant decrease in the level of QoL according to all
the studied parameters (GHS scale, domain of fatigue,
domain of insomnia).

In SRT group, statistical difference in QoL between
the last and the first survey (12 vs. 3 months) was obser-
ved according to the GHS scale and domain of fatigue.

The separate analysis of SRT and HRT groups
showed that the most significant deterioration of QoL
in both groups was observed when comparing the results
of the third and the second survey (12 vs. 6 months).
Statistically significant difference was observed for all
the studied parameters of QoL.

The least significant difference in QoL in both groups
was observed when comparing the second and the first
survey (6 vs. 3 months): in SRT group, a statistically
significant decrease in QoL according to the domain
of insomnia was observed, in HRT group — according
to the domain of fatigue.

The analysis of QoL according to the results of
three subsequent surveys 3, 6, and 12 months after
RT according to the GHSS, domains of insomnia and
fatigue of the EORTC QLQ-C30 demonstrated a decre-
ase in QoL of patients in both SRT and HRT groups.
At the same time, a statistically significant advantage
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IMT Hag rpynoto CIT 3a Bcima gocnigxyBaHUmn napa-
meTpamu FAXK npu MNOpiBHAHHI pe3ynbTaTiB ONUTYBaHHS
B YCiX TPbOX TOYKaX.
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of HRT group over SRT group in all studied parameters
of SRT was observed when the results of three sub-
sequent surveys were compared.
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Prospects for further research

Quality of life is an important factor for clinical decision-making.
Therefore, the relevance of neuro-oncology studies concerned
with analysis of quality of life of patients with brain tumors
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HOBOYTBOPEHHSMW rONoBHOrO MO3Ky. [inodppakuiiHa npome-
HeBa Tepania NpoAEeMOHCTpyBana 3iCTaBfioBaHi 3a BUXWUBaA-
HICTIO Ta NPOMEHEBOK TOKCUYHICTIO pes3ynbTaty y nauieHTiB
3 rniobnactomoto. BogHoyac, BANUB pi3HUX PEXUMIB OMpoMi-
HEHHSI Ha $SKICTb XWUTTA HEWPOOHKOMOTMYHUX nNauieHTiB 3anu-
LAETbCS HeOoCTaTHbO BUBYEHUM. 3iCTaBMEHHSI Pi3HUX BUAIB
nikyBaHHA 3a OLHKO BNNMBY Ha $SKICTb XUTTA [J03BOMSE
obupaTt HanbinbL onNTUMarnbHy Tepanito 3a YMOBW BiCYTHOCTI
3HaYyLLOl Pi3HULI Y BWXMBAHOCTI Ta TOKCWYHOCTI MeTofiB, LIO
NopiBHIOTLCA. TOMY CyyacHi HeMpooHkonorn MarTb BinbLu
aKTVBHO ONaHOBYBATW BIAMOBIAHWN aHaMNITUMHUIA iHCTPYMEH-
Tapin Ta BKMNOYATW SAKICTb XWUTTA OO MNEPBUHHUX KiHLEBUX
TOYOK MaByTHIX MPOCMNEKTUBHUX AOCHIOKEHD.

KoHdAIKT iHTepecis

ABTOpPU 3a51BNSAIOTb NPO BIACYTHICTb KOHMIKTY iHTEpECIB.

IHdpbopMmauis npo diHAHCYBAHHS

diHaHcyBaHHs BuaaTkamu [epxkaBHoro BromkeTy YkpaiHu.

BIAOMOCTI MNPO ABTOPIB

aBaubkun OnekcaHap AKOBUY — JOKTOP MEANYHUX HayK,
npodecop, HayanbHYK BiAAINY ag'loBaHTHUX METOAIB NiKyBaHHs
npu MyxnuHax LeHTpanbHOI HepBOBOi cucTeMun [lepxaBHOi
ycTaHoBu «IHCTUTYT Hewpoxipyprii im. akag. A.l. PomogaHoBa
HauioHanbHoi akagemii MmegnyHux Hayk Ykpainu»; Byn. lNnatoHa
Manbopogau, 6ya. 32, m. Kuis, Ykpaina, 04050;
e-mail: oleksandr.glavatskyi@gmail.com
Ten.: +38 (067) 466-34-73
BHecok aemopa: KoHuenuisi 00CriOXeHHs], 3azaribHe
Kepy8aHHS1 IPOeKMOoM.

psizoB AHApi BopucoBUY — JOKTOpP MEOWMYHMX Hayk,
CTaplwui  OOCMiAHWK, 3aBigyBad Big4iNneHHst  pagioHenpo-
xipyprii ~ [lepxaBHOi  ycTaHOBM  «lHCTUTYT  Hewpoxipyprii
im. akag. A.lN. PomopaHoBa HauioHanbHOI akagemii MeanyHux
Hayk Ykpainuy; Byn. MNMnatoHa Man6Gopoawn, 6yn. 32, m. Kuis,
Ykpaina, 04050;

e-mail: grandoc61@gmail.com

Ten.: +38 (097) 280-71-50

BHecok aemopa: 36ip 0aHux, KoHUenuisi 00C/TiOXeHHS.

YyBawoBa Onbra lOpiiBHa — [JOKTOp MeEAWYHMX Hayk,
CTapLUMiA HayKoBWIA CMiBPOBITHWK, HavanbHWK Bigdiny Hempo-
pagionorii Ta pagioHenpoxipyprii [lep>kaBHoi ycTaHOBU «IHCTUTYT
Hemnpoxipyprii im. akag. A.lN. PomogaHoBa HauioHanbHoi aka-
Oemii MegmyHMx Hayk Ykpainuy; Byn. [natoHa Mainbopoau,
oya. 32, m. Kuis, YkpaiHa, 04050;

e-mail: cho72@ukr.net

Ten.: +38 (050) 331-45-52

BHecok aemopa: KoHuenuisi 00C/TiOXeHHs.

Kpyuok IpuHa BonogumupiBHa — kaHavMaoaT MeauyHKX
Hayk, nikap 3 MNpOMeHeBOi Tepanii BigAdiNeHHs pagioHenpo-
xipyprii, HaykoBWi CRniBpoBITHVMK BigAiny Hevipopagionorii
Ta pagioHevpoxipyprii [lep)aBHOI yCTaHOBM «IHCTUTYT Henpo-
xipyprii im. akag. A.l. PomogaHoBa HauioHanbHOi akagemii
MeanyHMX Hayk YkpaiHuy; Byn. MNMnatoHa Manbopoau, 6ya. 32,
M. Kui, YkpaiHa, 04050;

e-mail: kruchokirina86@gmail.com
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BHecok aemopa: 36ip 0aHux.

increases. Hypofractionated radiation therapy demonstrated
comparable results of patients with glioblastoma according
to survival and radiation toxicity. At the same time, the impact
of different regimens of radiation on the quality of life of neuro-
oncology patients remains insufficiently studied. Comparison
of different types of treatment according to the assessment
of impact on the life quality allows the most optimal therapy
to be chosen, provided the absence of significant difference
in survival and toxicity of the compared methods. Thus, modern
neuro-oncologists should master the range of respective
analytical tools and include quality of life in primary endpoints
of future prospective studies.
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PE3IOME

AkTyanbHicTb. KapoTugHuii aTtepocknepo3 € OCHOBHMM YMHHWKOM  PO3BUTKY
iLueMiyHoro iHcynbTy. BusHayeHHsi nokanisauii Ta CTPYKTYypu aTtepoCKnepOTUHHMUX
ONALWOoK, CTyNeHsA CTeHO3y BHYTPILIHLOI COHHOI apTepii MoXe AONOMOrTW MPOrHo3y-
BaTV PO3BUTOK MOPYLUEHb LiepebpanbHOi reMoanHaMikv 3a JONMOMOTrOK KOMMMEKCHOro
yNbTPa3BYKOBOro AOCHIAXEHHSI COHHUX apTepint.

MeTa po60oTu — exorpadiyHO OLIHUTU 3B’A30K MiXK XapakTepoM aTepoCKepo3y COHHUX
apTepin Ta nokanisauieto iLleMiYHOro iHCynbTY.

MaTtepianu Ta metoam. Y 127 nauieHTiB (Bikom 37—74 poku, B cepeaHboMy 5617 pokiB)
3 iwemivyHnm iHcynsToM (II), BisyanisyBanucs aTtepoCKnepoTUyHi Bnsilku B COHHUX
apTepisx, BU3HaYanucs ix nepeBaxHa okarisauisi, BHYTPILLHS CTPyKTypa Ta CTyniHb
CTEHO3y Yy [BOBMMIpDHOMY Ta KONbOpPOBOMY [AOMNMMEpiBCbKOMY pexumi. [lauieHTu
3 iIMOBIpPHMM KapgioemMb0oniYHUM NOXOAXKEHHSM iHCYNbTY Bynu BUKIIOYEH 3 BUBIPKM.
Pe3synbratn Ta ix obroBopeHHA. KapotuaHun cteHo3 BenuumHoro >60% peecTpy-
BaBcH y 23 (18,14£3,4%) xsopux npasobiyHum |l Ta y 38 (30,0+4,1%) xBopux 3 niso-
6iyHum Il (p=0,04). Mpu kapotngHomy cteHosi Ginbwe 60% cepedHi apudPMeTUYHI
3Ha4eHHs iHaekciB VBca/Vaca y xBOopux 3 npaBobiYHUM iweMidyHum iHcynstom (1)
3,07+0,34 Ta y xBOpuX 3 NiBOGIYHUM iemidH1M iHcynbsTom (J11I) — 3,21+0,45, Ha cTaTtuc-
TUYHO 3HavyLomy piBHi BuLi (p=0,01), Hix npu cTeHosi <60%. KanbuuHoBaHi 6nsLkm
y xsopux 3 Il peectpyBanucs y 3 (4,9+2,8%), a y xsopux 3 Jlll — y 4 (6,6+3,2%) Bu-
nagkax, romoreHHi onsawkun —y 6 (9,8+3,8%) Ta 'y 7 (11,5+4,1%) Bunagkax, rereporeHHi
6nawkn —y 9 (14,844,5%) ta y 13 (21,345,2%) sunagkax. bnswkn 3 Bupaskoto 6yno
BuaBneHo y 5 nauiextis 3 MIl (8,243,5, %) Ta y 14 nauientiB 3 Jll (23,015,4%), wo
Ha CTaTUCTMYHO 3Hayyllomy piBHi (p=0,01) yacTiwe 3a BUSBMEHHS KanbLMHOBaHMX
onawok npu Jlll. Y xBopux 3 JllI nokanisauis 6naWOK y NPOKCMMANbHOMY CErMeHTi
BHYTPILWHBLOI COHHOI apTepii Big3Havanaca y 21 (34,416,1%) Bunagky, LWwo
Ha CTaTUCTUYHO 3HauyLoMmy piBHi (p=0,04) yacTiwe 3a iHLWi BiAAiNM COHHUX apTepii.
BucHoBku. BCTaHOBNEHO, IO TSXKKMI KApOTUAHUWA CTEHO3 MpW MiBOBIYMHOMY iLLeMiy-
HOMY [HCYNbTi 3yCTPiYaeTbCA Ha CTATUCTMYHO 3HAYyLIOMY piBHI YacTiwe (p=0,04)
3a cTeHo3 <60%, Hix npy npasobiyHomy 1.

Bupaska (gectpykuis) 6mawok € Hanbinbw 3Havywum daktopom po3sutky I
i BUSIBMISIETLCA HA CTATUCTUYHO 3HaYYLLOMY PiBHi YacTille 3a KanbLMHOBaHI GMsALIKM
(p=0,01) npwm Il

Y xBopux 3 JllI TSXKKUIA KapOTUAHWUIA CTEHO3 Y MPOKCMMAanbHOMY Biadini BHYTPILIHLOI
COHHOI apTepii peecTpyeTbCa Ha CTAaTUCTUYHO 3HaYyLWoMy piBHI yacTiwe (p=0,04),
HiXX B iHLUMX Bigdinax COHHUX apTepin.

OpuwuriHanbHi 4oCnigpKeHHSs

164 Original research


https://doi.org/10.46879/ukroj.2.2024.164-175
https://orcid.org/0000-0002-8456-7332
https://orcid.org/0000-0002-8456-7332
mailto:rizvanabdullaiev@gmail.com
https://orcid.org/0009-0008-5167-2807
https://orcid.org/0009-0008-5167-2807
mailto:coronar09@ukr.net
https://orcid.org/0009-0007-8114-4637
https://orcid.org/0009-0007-8114-4637
mailto:larysoon.kh.ua@gmail.com
https://orcid.org/0009-0002-4488-420X
https://orcid.org/0009-0002-4488-420X
mailto:aminocapron@gmail.com
https://orcid.org/0009-0001-0998-4654
https://orcid.org/0009-0001-0998-4654
mailto:romanabdullaiev@gmail.com
http://R.Ya
https://orcid.org/0000-0002-8456-7332
https://orcid.org/0000-0002-8456-7332
mailto:rizvanabdullaiev@gmail.com
https://orcid.org/0009-0008-5167-2807
https://orcid.org/0009-0008-5167-2807
mailto:coronar09@ukr.net
https://orcid.org/0009-0007-8114-4637
https://orcid.org/0009-0007-8114-4637
mailto:larysoon.kh.ua@gmail.com
https://orcid.org/0009-0002-4488-420X
https://orcid.org/0009-0002-4488-420X
mailto:aminocapron@gmail.com
https://orcid.org/0009-0001-0998-4654
https://orcid.org/0009-0001-0998-4654
mailto:romanabdullaiev@gmail.com
mailto:rizvanabdullaiev@gmail.com

YKpaiHCbKWI pagionoriyHniA Ta OHKOMNOTiYHWA XypHar. 2024. T. 32. Ne 2. C. 164—175
Ukrainian journal of radiology and oncology. 2024;32(2):164—175

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

AAS LUTYBAHHS:

Mpu kapoTugHoMy cTeHosi Binblue 60% cepeaHi apudMETUYHI 3HAYEeHHsT iHAEeKCIB
VBca/V3ca y xBopux 3 Il (3,07+0,34) Ta y xBopux 3 JII (3,21+0,45), Ha cTaTUCTUYHO
3HadyLomy pisHi BuLi (p=0,01), Hix npn cTeHosi <60%.

Abgynnaes PA., €dimernko A.C., CucyH J.A., E€divmenko C.I., Abgynnaes P.P. 3B'si30k MiX aTepocknepo3om
COHHMX apTepili Ta nokanisaujielo ilemiyHoro iHCyneTy. YkpaiHcbkul padionoeidHuli ma OHKOMoeiqHUl XypHarl.
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ABSTRACT

Background. Carotid atherosclerosis is the main factor in the development of
ischemic stroke. Determining the location and structure of atherosclerotic plaques
and the degree of stenosis of the internal carotid artery can help to predict the
development of cerebral hemodynamic disorders using a comprehensive ultrasound
examination of the carotid arteries.

Purpose. To assess the relationship between the nature of atherosclerosis of the
carotid arteries and the location of ischemic stroke by means of echography.

Materials and methods. In 127 patients (age 37-74 years, average 5617 years)
with ischemic stroke (IS), atherosclerotic plaques in the carotid arteries were visualized,
their predominant localization, internal structure and degree of stenosis were
determined in two-dimensional and color Doppler modes.

Result. Carotid stenosis of >60% was recorded in 23 (18.1+3.4%) patients with right-
sided IS and in 38 (30.0+£4.1%) patients with left-sided IS (LSIS) (p=0.04). With carotid
stenosis more than 60%, the Vica/Vcca index in patients with RSIS was 3.07+0.34,
and in patients with LSIS — 3.21+0.45, which was significantly (p=0,01) higher than
in stenosis <60%. Calcified plaques in patients with RSIS were recorded
in 3 (4.9+2.8%), and in patients with LSIS — in 4 (6.6+3.2%) cases, homogeneous
plaques — in 6 (9.843.8%) and in 7 (11.5£4.1%) cases, heterogeneous plaques —
in 9 (14.8+4.5%) and 13 (21.3+5.2%) cases, plaques with ulceration — in 5 (8.2+3.5%)
and 14 (23.0+5.4%) cases, respectively. In patients with LSIS, localization of
plaques in the proximal segment of the internal carotid artery in 21 (34.416.1%)
cases was observed to be significantly (p=0.04) more frequent than in other segments
of carotid arteries.

Conclusions. It has been established that carotid stenosis of more than 60% in LSIS
occurs significantly (p=0.04) more often than in right-sided ischemic stroke.

Ulceration (destruction) of plaques is the most significant factor in the development
of IS and in the LSIS it is recorded significantly (p =0.01) more often than calcification.
In patients with LSIS, severe carotid stenosis is recorded significantly (p=0.04)
more often in the proximal section of the internal carotid artery.

The highest index Vsca/Vcca among patients with LSIS and RSIS with high
reliability (p=0.01) is recorded in carotid stenosis of more than 60%, than <60%.

Abdullaiev RYa, Yefimenko AS, Sysun LA, Yefimenko SG, Abdullaev RR. Relationship between carotid
atherosclerosis and localization of ischemic stroke. Ukrainian journal of radiology and oncology. 2024;32(2):164-175.
DOI: https://doi.org/10.46879/ukroj.2.2024.164-175
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NAGHAMM | TEeMAMM
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BCTYN

ATepocKnepo3 COHHUX apTepin € OHIELD i3 OCHOBHUX
MPUYMH iLUEMIYHOIO IHCYNBTY, @ TakoX MapKepom CTaHy
CYOMHHOI cucTeMy Ta OuiHkM pusmky. Kpim cTyneHs
noKanbHOro CTEHO3Y COHHWX apTepii, KOMMNOHEHTU Gns-
WOK € BaXnMBUMWU akTopaMu iXHbOI HecTabinbHOCTI
Ta nodanbLlOro puU3nKy TPaH3UTOPHOI ieMiYHOI aTaku
abo iHcynbTy. ToyHa xapakTepucTvka bnisiLok [o3Bornsie
BUSIBUTM MNaUiEHTIB i3 BWUCOKUM pU3NKOM Lepebpo-
BacKynsipHMX nopyweHb. HectabinbHa Onsilka xapak-
TEpPU3yeTbCH HAsIBHICTIO B Hi [iNsHOK KPOBOBWUIUBY,
BUTOHYeHOi abo pedekTHoi hibpo3HOi 06OMOHKK, Lo
nokpueae GaraTe Ha niniamM HekpoTu4He sapo [1].

HesBaxatoum Ha HasABHICTb BEMNUKOI KiNIbKOCTi MeToaiB
Bidyani3auii ekcTpakpaHianbHOro Bigainy COHHUX apTepin,
MOKM LLIO OCTATOYHO HEe BCTAHOBIEHO, SKWUW i3 HUX Mae
OyTV 30M0TMM CTaHOAPTOM ANl BU3HAYEHHSI HAsIBHOCTI
aTepockneposy Ta OUiHKM Noro TspkkocTi [2]. JocnigxeH-
Hs1 David Pakizer (2023) nokasytoTb, Wwo metog KT mae
HanbinbLly TOYHICTb ANA BUSIBNEHHS Bpas3nueux 6ns-
WOK Ta iX XapakKTepUCTWKW, ane He Oyno BUSIBNEHO
CTaTUCTUYHO 3Hayywoi pisHuUi 3 pesynsratamu MPT
B OUiHLi xapakTepy Onsilok. 3a xapakTepucTuKow cra-
6inbHMX Gnswok KT ta MPT nokasanu maibke ogHakoBy
To4HicTb — 90% npotu 89%, BignosigHo [3]. Pe3ynsratn
iHLWUMX JocnigXeHb nokasanu, Wwo TouvHicTb KT B ouiHui
HecTabinbHOCTi GNALWOK He Taka BMCOKA, SIK BKa3ylTb
iHWi gocnigHukm [4].

3a paHumu Murgia A.M. Ta cnisagr. (2020) nopiBHsIHO
3 MPT, KT He MoXe BM3Ha4MTU BCi KOMMOHEHTU HecTa-
GinbHOCTI GnSAWOK, BoAHOYAC BOHA Kpalle BUSIBMSIE BCi
KanbuMHoBaHi 6nswkn [5]. IHWi gocnigHWKK BBaXaroTb,
L0 BUSAIBMEHHS O3HaK HecTabinbHOCTI ONALIOK 3a Aomno-
moroto KT ponomoxe nporHosyBatv 10-piuHUA  pU3nK
CepLieBO-CyAMHHMX 3aXBOPIOBaHb aTepOCKIEpOTUHHOIO
reHesy [6, 7, 3].

Hanbinbll BaxkMM 3aBOaHHSM B OLHUi Xapaktepy
aTepoCKNepoOTUYHMX ONSLIOK € BU3HAYEHHS MOPOroBoi
MeXi MiX X cTabinbHUM i HecTabinbHUM CTAaHOM, OCKiNbKK
HecTabinbHi GRsALWKN BBaXatoTbCA MOTEHUINHO NpUYK-
HOl rocTpoi iwemii ronoBHoro Mo3ky [8]. 3a gaHumun
Lechareas S. Ta cniBaBT. (2016) OgHMM 3 OCHOBHWX
KpuTepiiB HecTabinbHOCTI aTepoCcKnepoTUYHOI OnsLwKn
€ O3HaKa aKTUBHOrO 3anarieHHs1 B aTepOCKIepPOTUYHIN
OnswLi, sKi BKNIOYAKTL peecTpauilo CyauH ycepeauHi
onsawok abo nigBueHHs1 piBHS C-peakTuMBHOro 6Ginka,
KOMMMeKCy iHTepnewnkiHiB, Mmienonepokcuaasn, rnyTaTioH-
nepokcugasu i TiH. [9]. Byno npogemMoHCTpoBaHO, Lo
36inNbLUEHHsT PO3Mipy BEMMKOrO HEKPOTMYHOrO A4pa,
GaraToro Ha ninigw, i HasiBHICTb TOHKOI po3ipBaHoOi ib-
PO3HOI Kancynu niaBULLYE PU3nK po3BUTKY iHCynbTy [10].

YnbTpasBykoBe 300paKeHHsI — aTepOCKNEPOTUYHUX
ONSILLOK 3 ypaxyBaHHSAM KIiHIYHOT CMMNTOMATUKM 4O3BO-
Nsie Kpalle OuiHWTK ixHIo cTabinbHicTb abo HecTabinb-
HicTb, Oinbll agekBaTHO MPOrHO3yBaTW PU3WK PO3BUTKY
nopyLleHHs1 LepebpanbHoi  remoguHamikn  [11, 12].
Ockinbkn  Mikponyxupui € xopowwumu  Bigbveadamu
yNbTpasByKy i NPaKTUYHO HeWTpanbHi ANns opraHiamy,
BOHM MOXYTb OyTV BUKOPUCTaHi sIK KOHTpacTHa pPevyoBM-
Ha Ang Bidyanisauii KaninspHOro MOTOKY BcepeauHi
aTepocKnepoTUYHUX Gnswok [13—19].

MeTta pocnigxeHHs1 — exorpadivHa oujiHKa 3B’a3Ky

INTRODUCTION

Carotid atherosclerosis is one of the main causes of
ischemic stroke, as well as a marker of the state of the
vascular system and risk assessment. In addition to the
degree of local carotid stenosis, plaque components
are important factors in plaque instability and subsequent
risk of transient ischemic attack or stroke. Accurate
plaque characterization can help identify patients at
high risk for cerebrovascular disease. An unstable
plaque is characterized by the presence of areas of
hemorrhage within it, a thinned or defective fibrous
membrane covering the necrotic core with rich lipids [1].

Regardless of a large number of methods for visua-
lizing the extracranial part of the carotid arteries, it
has not yet been established which of them may be
the gold standard for identifying of atherosclerosis and
assessing it severity [2]. A study by David Pakizer (2023)
showed that CT had the greatest accuracy for identi-
fying advanced plaques and their characteristics, but
there was no statistically significant difference from
MRI in assessing the nature of plaques. In characte-
rizing stable plaques, CT and MRI showed similar
accuracy — 90% versus 89%, respectively [3]. The results
of other studies have shown that the accuracy of CT
in assessing plaque instability is not as high as other
researchers have indicated [4].

According to Murgia A.M. et al. (2020) compared
to MRI, CT cannot detect all components of plaque
instability, but at the same time it is better at identifying
all calcified plaques [5]. Other researchers believe that
identifying signs of plaque instability using CT will help
predict the 10-year risk of cardiovascular diseases of
atherosclerotic origin [6, 7, 3].

The most difficult task in assessing the nature of
atherosclerotic plaques is to determine the threshold
boundary between their stable and unstable state, since
unstable plaques are considered a potential cause
of acute cerebral ischemia [8]. According to Lechareas S.
et al. (2016) one of the main criteria for atherosclerotic
plaque instability is the appearance of signs of active
inflammation in the atherosclerotic plaque, which include
registration of vessels inside the plaques or increased
levels of C-reactive protein, interleukin complex, myelo-
peroxidase, glutathione peroxidase, etc. [9]. It has been
demonstrated that increasing the size of a large lipid-rich
necrotic core and the presence of a thin ruptured fibrous
capsule increases the risk of stroke [10].

Ultrasound imaging of atherosclerotic plaques,
taking into account clinical symptoms, makes it possible
to better assess their stability or instability, and more
adequately predict the risk of developing cerebral
hemodynamic disorders [11, 12]. Since microbubbles are
good reflectors of ultrasound and are practically
neutral for the body, they can be used as a contrast
agent to visualize capillary flow inside atherosclerotic
plaques [13—19].

Objective — echographic assessment of the relation-

MK XapakTepom aTepocknepo3dy COHHuX aptepii  ship between the nature of carotid atherosclerosis and
i nokanisaujieto iLLemMi4yHOro iHCynbTY. the localization of ischemic stroke.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

MpoBeneHo aHania pesyneraTiB exorpadii ekcTpa-
KpaHianbHOro BiAAiny 3aranbHWX Ta BHYTPILIHIX COHHUX
aptepin 127 naujeHTiB 3 iwemiyHUM iHcynstom  (l1).
HiarHos Il ycim xBopvM Oyno BCTaHOBMEHO Ha OCHOBI
OaHUX KMiHIKO-iIHCTPYMEHTarnbHUX OOCTiaAXeHb, 30Kpema,
MarHiTHo-pe3oHaHcHoi Tomorpadii (MPT). Bik xBopux Ba-
pitoBaB y mexax 37—74 poku (y cepeaHboMy 567 pokiB).
Cepen pocnipxyBaHux 69 (54,3+4,4%) 4yonosikiB Ta
58 (45,7+4,4%) xiHok. Byno BnBY4eHO ocobnmBocCTi aTe-
POCKNEPOTUYHMX OnAWOoK 3 ypaxyBaHHAM rokanisauii
iHcynety. Mpaso6iunnn Il (MIl) giarHocTyBascsa y 59 xBo-
pux, nisobiynun Il (JIll) — y 68 xBopux. Exorpadis
BMKOHyBanaca Ha npunaai Ultima 3 BuKOpUCTaHHAM
niHiMHOro gartyuka y gianasoHi yactot 5-10 My, MPT —
npunagom Siemens Magnetron ST (0,33 TI).

[nsa BM3Ha4YeHHS JOCTOBIPHOCTI BiAMIHHOCTEN OAHUX
BMKOPWCTOBYBaBCSA KpuTepin y? — xi-kBagpaT [lipcoHa,
KpuTepin MaHHa-YiTHi. MNpyn nNpoBegeHHi CTaTUCTUYHOIO
aHanisy BM3HaYanucs: CepefHsa BenuuuHa napameTpis
(cepegHe apudmeTnuHe), iX CTaHOApPTHE BiAXWUINEHHS,
YacToTa BMSABMEHHA TUX YW HWMX YNbTPa3BYKOBMX
cumnTomiB y BigcoTkax. Npu BenuuuHi p<0,05 BigmiH-
HICTb MiX MOPIBHIOBAHUMW FpynaMmu BBaXarnacs Takolo,
WO € Ha CTaTUCTUYHO 3Hadywomy pieHi. CepegHi
apudMeTUYHi  Ta CTaHOapTHI  BiOXWNEHHS  BKasaHo
y surnagi (M+SD).

PE3YABTATU TA iX OBFOBOPEHHS

Ak BugHo 3 Tabnuui 1, y 17 XBOpUX KapOTUAHUIA CTEHO3
ctaHoBuB <30%, B 49 xBopux — He bGinbwe 31-60%,
y 61 xBoporo — >60%, BignoBiaHo. KapoTuaHuii cTeHo3
<30% peectpyBaBca y 7 (5,5+2,0%) xBopux Ha Il
y 10 (7,942,4%) xBopux Ha Tlll, cteHo3 y Mexax
31-60% —y 23 (18,1+£3,4%) i y 26 (20,5+3,6%) xBOpUX,
>60% — y 38 (30,0+4,1%) Ta y 23 (18,1+3,4%) xBOpPUX
BianoBiaHO. CTaTUCTUYHO 3HAYYLLMIA piBEHb BigMiIHHOCTI
(p=0,04) mix NIl Ta JIl 6y BuUsiIBNEHWA TinNbkn npwu
KapoTugHomy cTeHosi >60% (Tabn. 1).

MATERIALS AND METHODS

The results of echography of the extracranial
part of the common and internal carotid arteries of
127 patients with ischemic stroke (IS) were analyzed.
The diagnosis of IS in all the patients was based on
clinical and instrumental examinations, including mag-
netic resonance imaging (MRI). The age of the patients
ranged from 37-74 vyears (average 5617 vyears).
Among the subjects, 69 (54.3+4.4%) were men and
58 (45.7+4.4%) women. The characteristics of athero-
sclerotic plaques were studied taking into account
the location of the stroke. Right-sided IS (RSIS) was
diagnosed in 59 patients, left-sided IS (LSIS) -
in 68 patients. The echography was carried out on
an Ultima device using a linear sensor in the fre-
quency range of 5-10 MHz. the MRI — on the Siemens
Magnetron ST (0,33 TI).

To assess the reliability of the data, the non-
parametric Mann-Whitney method and y? criterion —
Pearson chi-square, were used. Statistical analysis
included mean values, standard deviation, percentages
of frequencies of sonographic symptoms. The difference
between the compared groups was considered
statistically significant, when p value was <0.05.
The mean and standard deviation values were pre-
sented as (M+SD).

RESULTS AND DISCUSSION

As can be seen from Table 1, in 17 patients carotid
stenosis was <30%, in 49 patients — within 31-60%,
in 61 patients — >60%, respectively. Carotid stenosis
<30% was recorded in 7 (5.5+£2.0%) patients with LSIS,
in 10 (7.9+2.4%) patients with RSIS, stenosis within
31-60% — in 23 (18.1£3.4%) and in 26 (20.5+3.6%) pati-
ents, >60% — in 38 (30.0+4.1%) and 23 (18.1+3.4%) of
patients, respectively. A statistically significant difference
(p<0.04) between RSIS and LSIS was detected only
with carotid stenosis >60% (Table 1).

Ta6nuus 1. Po3nodin nauieHTiB 3a CTyneHeM KapoTUAHOrO CTeHo3y Ta nokanisadii iueMiyHoro iHcynsTy

Table 1. Distribution of patients according to the degree

of carotid stenosis and localization of ischemic stroke

CTyniHb KAPOTUGHOTO CTEHO3Y lwemiyHni incynst / Ischemic stroke

Degree of carotid stenosis MpaBo6iunuii / Right-sided NisoGiunni / Left-sided
<30% (n=17) 10 (7,942,4%) 7 (5,5+2,0%)
31-60% (n=49) 26 (20,5%3,6%) 23 (18,13,4%)

- 38 (30,0+4,1%)
>60% (n=61) 23 (18,1£3,4%) 0<0.05
Bcboro / Total
(n=127) 59 68

KapotugHum cteHo3 noHag 60% Bu3HavaBcs SK TSX-
kuii i 6yB posgineHun Ha 3 rpagadii: 61-79%, 80-89%
Ta >90% BignosigHo [20]. [lMpaBobiyHuiA iwWemivyHWn
iHCYNbT Ha TNi 3HA4YHOro cTeHo3y (>60%) BUHUMK y 23,
niBoGiYHMI iwemiyHmi iHcynbT — y 38 xBopux (p<0,01).
KapotugHuin cteHo3 y mexax 61-79% cnocTepiraBca
y 10 (16,414,7%) xBopux 3 Il Ta 'y 24 (39,3+6,3%) xBo-
pux 3 Jlll (P<0,01), B mexax 80-89% —y 13 (21,3+5,2%)
Tay 12 (19,745,1%) 1a Ginbwe 90% — no 1 (1,6+1,6%)
XBOpOMY, BiAMoBiAHO (Tabn. 2).

Carotid stenosis greater than 60% was defined as sig-
nificant and was divided into 3 grades: 61-79%, 80-89%
and >90%, respectively [20]. Right-sided IS against the
background of significant stenosis (>60%) occurred in
23 patients, left-sided IS — in 38 patients (p<0.01). Carotid
stenosis in the range of 61-79% was observed in 10
(16.414.7%) patients with RSIS and in 24 (39.3+6.3%) pa-
tients with LSII (P<0.01), within 80-89% —in 13 (21.315.2%)
and 12 (19.7+5.1%) and more than 90% —in 1 (1.6+£1.6%)
patient in each IS side group, respectively (Table 2).
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Tabnuua 2. Po3nogin nawuieHTis i3 ilueMiYHUM iHCYnbBTOM Npu KapoTMaHOMY cTeHo3i >60%
Table 2. Distribution of patients with ischemic stroke with carotid stenosis >60%

KapoTtngHui cteHo3>60%
Carotid stenosis>60%

IlwemiyHum iHcynbT / Ischemic stroke

MpaBobivHun / Right-sided

NiBo6ivHuM / Left-sided

61-79% (n=34)

10 (16,4+4,7%)

24 (39,326,3%)
p<0,01

80-89% (n=25)

12 (19,745,1%)

13 (21,3£5,2%)

>90% (n=2)

1(1,6+1,6%)

1 (1,641,6%)

Bcboro / Total

23 (37,746,2%)

38 (62,3+6,2%)
p<0,01

(n=61)

3a BigcyTHOCTIi abo He3HayHOMYy KapoTMOHOMY CTe-
HO3i nikoBa CUCTOriIYHA LIBUAKICTb KPOBOTOKY Y BHYTPILL-
Hill COHHIN apTepil HE3HAYHO BULLA, HIX Y 3aranbHii COHHIN
aptepii (puc. 1). Hamn 6yno BMBYEHO CMiBBIOHOLIEHHS
NiKOBOI CUCTONIYHOI LUBUAKOCTI KPOBOTOKY Y BHYTPILLHIN
Ta 3aranbHin CoHHin apTepisx (VBca/V3ca) 3 ypaxyBaH-
HAM kapoTugHoro cteHosy (<30%, 31-60% Tta >60%)
Ta nokanisauii iuemiyHoro iHcynety (Tabn. 3). Ak BugHo
3 Tabnuui 3 y xBopux 3 NpaBobiYHUM iHCYNBTOM cepenHsi
BenuymHa iHgekcy VBca/V3ca npu kapoTUAHOMY CTEHOSI
<30% cknana 1,41+0,13, B mexax 31-60% — 1,73%0,19,
npu cteHosi >60% — 3,07+0,34 BignosigHo. [ns XBOpuX
3 niBoGIYHMM iHCYNBTOM Ui napameTpu CTaHOBWMMW
1,35+0,14, 1,67+0,21 Ta 3,21%+0,45, BignosigHo. Cnig
3a3HaunTK, WO iHaekc VBca/V3ca y XBopux i3 NniBoGiYHUM
Ta npaBobiYHMM iHCYNLTOM MpU BiAMOBIAHOMY CTYMEHi
CTEHO3y He BIAPI3HABCSH Ha CTaTUCTUYHO 3HAYYLLOMY
piBHi (p=0,81; p=0,99, p=0,14)

In the insignificant or absent carotid stenosis, the
peak systolic blood flow velocity in the internal carotid
artery is slightly higher than that in the common carotid
artery (Fig. 1). We have studied the relationship between
peak systolic blood flow in the internal and common
carotid arteries (Vica/Vcca) in cases of carotid stenosis
(<30%, 31-60% and >60%) and localization of ischemic
stroke (Table 3). As can be seen from the table in patients
with right-sided stroke, the average value of the Vica/Vcca
index with carotid stenosis <30% was 1.41+£0.13, between
31-60% — 1.73£0.19, with stenosis >60% — 3.07+0.34
(p<0.01 and p<0.001), consistent. For patients with
left-sided stroke, these parameters were 1.35+0.14,
1.67+0.21 and 3.21+0.45 (p<0.01 and p<0.001), res-
pectively. It should be noted that the Vica/Vcca index
in patients with left-sided and right-sided stroke with
the corresponding degree of stenosis did not differ
significantly (p=0.81, p=0.99, p=0.14).

A 5
S 2.1

= [P A
45 1 W

0 v |

Puc. 1. Ha niBin YacTuHi exorpamu nokasaHui 4ONNNepPiBCbKUNA CNEKTP HOPMarbHOrO KPOBOTOKY,
peectpoBaHuii i3 3CA (V — 51,16 cm/c), npaBopyy — i3 BCA (V — 67,74 cm/c). CnieBigHoweHHs VBca/V3ca ctaHoBuUTb 1,32
Fig. 1. The left side of the echogram shows the Doppler spectrum of normal blood flow
recorded with the CCA (V — 51.16 cm/s), on the right side — with the ICA (V — 67.74 cm/s). The Vica/Vcca ratio is 1.32

Ta6nuus 3. CniBBigHOLLEHHS MiKOBOI CUCTOMNIYHOI LUBMAKOCTI KPOBOTOKY
y BHYTPILLHI/ COHHIN Ta 3aranbHili COHHIV apTepisix (VBca/V3ca) 3a CTyneHeM CTEHO3Yy KapoTUAHUX apTepin
Table 3. The ratio of peak systolic blood flow velocity
in the internal carotid and common carotid arteries (Vica/Vcca) according to the degree of stenosis of the carotid arteries

CTyniHb CTEHO3Yy KapOTMAHMX apTepili Ta cniBBigHOLEHHs VVBca/V3ca
ILwemivHniA iHcynbT Degree of carotid stenosis and Vica/Vcca index
Ischemic stroke 1 2 3
<30% 31-60% 60-89%
MpaBobiyHui 3,07£0,34
Rip ht-sided 1,41+0,13 1,73+0,19 p3-2<0,01
9 p3-1<0,001
NiBOGiuHMIA 3,21£0,45
Left—sided 1,3510,14 1,74+0,18 p3-2<0,01
p3-1<0,001
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Hamn BuBYeHO AuHamiky iHoekcy VBca/V3ca npu
pisHnx rpagauisx (61-79%; 80-89% i >90%) 3Ha4yHoro
CTEHO3Y 3 ypaxyBaHHSAM Nokanisadii iHcynety (Tabn. 4).
Mpu kapotngHomy cTeHo3i >90 BU3HAYEHHSA iHAOEKCY
VVBca/V3ca BUSBUIIOCS HEMOXNIMBUM. Y XBOpUX i3
NpaBobiYHUM iHCYNLTOM cepefHsl BEnu4YMHA  iHOEKCY
VBca/V3ca npu KapoTuaHOMy CTeHo3i B Mexax 61-79%
ctaHoBuna 2,64+0,23, y mexax 80-89% — 3,49+0,45,
a y xBopux i3 niBoGi4yHMM iHcynsToMm — 2,83+0,31
Ta 3,61+0,53, BignosigHo. MMpu UbOMY 36inNbLUEHHS
ctyneHsa cteHody Ao 10% Ha CTaTUCTUYHO 3HaAuYyLLOMY
piBHI He BNNMBanoO Ha 3pocTaHHsA iHAekcy VBca/V3ca
(U=98, p=0,08).

We studied the dynamics of the Vica/Vcca index
at various gradations (61-79%; 80-89% and >90%)
of significant stenosis, taking into account the location
of the stroke (Table 4). With carotid stenosis >90,
determination of the Vica/Vcca index was impossible.
In patients with right-sided stroke, the average value
of the Vica/Vcca index with carotid stenosis in the range
of 61-79% was 2.64+0.23, in the range of 80-89% —
3.4910.45, and in a patients with the left-sided stroke —
2.83+0.31 and 3.61+0.53, respectively. At the same
time, an increase in the degree of stenosis to 10%
did not lead to a statistically significant increase in
the Vica/Vcca index (U=98, p=0,08).

Ta6nuus 4. CniBBiAHOLLEHHS MIKOBOI CUCTOMIYHOI LLIBUAKOCTI KPOBOTOKY
y BHYTPILLHIN COHHIilA Ta 3aranbHivi COHHIN apTepisx (VBca/V3ca) 3a cTyneHeM CTEHO3y KapoTUAHUX apTepin
Table 4. The ratio of peak systolic blood flow velocity
in the internal carotid and common carotid arteries (Vica/Vcca) according to the degree of stenosis of the carotid arteries

lWwemiyHun iHcynbT

CTyniHb CTEHO3Y KapOoTMAHMX apTepin Ta cniesigHoleHHs VBca/Vaca (61 — 90%)
Degree of carotid stenosis and Vica/Vcca index

Ischemic stroke

61-79% 80-89% >90
MpaBobiuHuii / Right-sided 2,6410,23 3,4910,45 He Bu3H. / not specified
JiBoGiyHuiA / Left-sided 2,83+0,31 3,61+0,53 He Bu3H. / not specified
Ona  ouiHkm remogMHaMiYyHOI 3HAYYLIOCTi aTepo- To assess the hemodynamic significance of athero-
CKMEepoOTMYHMX OnsAWwoK Ha CTiHkax 3aranbHoi Ta  sclerotic plaques on the walls of the common and internal

BHYTpILWHBOI CoHHOI apTepinn (3CA Ta BCA) nosHaveHo
4 yMOBHi cermMeHTu: 1-i CerMeHT — MpOKCMManbHWUN
cermeHT 3CA = 2 cm Big Gidypkauii; 2-n cermeHT —
pinsHka 3CA poBxuHow [0 2 cM nepen Gidypkauieto;
3- cermeHT 3anmae ginsHky BCA [oBXMHOK A0 2 €M
Big novatky Gidypkauii 3CA; 4-n cermMeHT — gncTanbHa
AingHka ekcTpakpaHianbHoro Bigainy BCA, ska nounHa-
€TbCA 3 BigcTaHi binbLwe 2 cm Big Gicpypkauii 3CA (puc. 2).

carotid arteries (CCA and ICA), 4 conventional segments
are designated: 1%t segment — proximal segment of the
CCA 22 cm from the bifurcation; 2™ segment — a section
of the CCA up to 2 cm long before the bifurcation;
The 3 segment occupies a section of the ICA up to 2 cm
long from the beginning of the CCA bifurcation;
The 4" segment is the distal section of the extracranial
section of the ICA, which begins at a distance of more
than 2 cm from the bifurcation of the CCA (Fig. 2).

RECA
2 | < LICA
LECA -
— 3
-4 _ Lcca
‘_

Puc. 2. Cxema cermenTiB 3CA Ta BCA ans no3HavyeHHs nokanisadii aTepocknepoTUyHMX 6rsilok
Fig. 2. Diagram of segments of the CCA and ICA to indicate the localization of atherosclerotic plaques

1 — npokcumansHuii cermeHT 3CA 2 2 cm Big Gidpypkaulii;
2 — cermeHT 3CA g0 2 cm Bif Bidypkauii;

3 — cermeHT BCA 10 2 cm Big Gicdbypkauii;

4 — puctanbHuii cermeHT BCA 2 2 cm Big Gidbypkauii

Y Tabnuui 5 nokasaHa nepeBaxHa nokanisauia
onsawok 3CA ta BCA, wo Buknukae cteHos Ginbwe 60%
3 ypaxyBaHHsIM nokanisadii iLueMiyHoro iHcynety. ATepo-
cknepotnyHe ypaxeHHss 3CA 3i cteHosom noHag 60%
peectpyBanocs y 5 (8,2,+3,5%) Bunagkax i3 npaBo6iy-
HMM Ta y 9 (14,8,+4,5%) Bunagkax 3 niBOGIYHUM

1 — proximal segment of the CCA = 2 cm from the bifurcation;
2 — segment of the CCA up to 2 cm from the bifurcation;

3 — segment of the ICA up to 2 cm from the bifurcation;

4 — distal segment of the ICA = 2 cm from the bifurcation

Table 5 shows the predominant localization of CCA
and ICA plaques causing stenosis of more than 60%,
taking into account the localization of ischemic stroke.
Atherosclerotic lesion of the CCA with stenosis of more
than 60% was recorded in 5 (8.2£3.5%) cases with
right-sided stroke and in 9 (14.844.5%) cases with
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iHcynsToMm, a BCA —y 18 (29,5,15,8%) Ta 29 (47,5,16,4%)
BUNagKiB, BiAnoBigHo.

left-sided stroke, and the ICA — in 18 (29.5+5.8%) and
29 (47.5+6.4%) cases (p<0.05), respectively.

Ta6nuus 5. MNepeBaxHa nokanisauis 6nswok 3CA 1a BCA npu cteHosi >60%
Table 5. Predominant localization of CCA and ICA plaques with stenosis >60%

Kapotuani aptepii IwemivHui incynbT / Ischemic stroke
Carotid arteries MpaBoGiunuii / Right-sided NiBoGiuHmii / Left-sided
?niﬁ‘ é)CCA 5 (8,2¢3,5%) 9 (14,8+4,5%)
E'nczﬁ;)'CA 18 (29,5¢5,8%) 29 (‘;1’8’;%4%)
a(::g)o / Total 38

Y Tabnuui 6 nogaHo daHi Npo CTPYKTypy atepo-
CKNEPOTUYHMX BrALIOK 3anexHo Big nokanisauii iHCynb-
Ty Npyv KapoTuAHOMY cTeHosi noHag 60%. KanbumHo-
BaHi OnAwku npu niBoGiYHOMY iHCYNbLTI Big3Ha4anucs
y 4 (6,6+3,2%) Bunagkax, Nnpu nNpaBobiYHOMY iHCYNbTI —
y 3 (4,9+2,8%) Bunagkax, roMoreHHi onawkm — y 7
(11,5124,1%) Ta y 6 (9,813,8%) BMNagkax, reTeporeHHi —
y 13 (21,315,2%) ta y 9 (14,844,5%) Bunagkax, 3 Bu-
paskot —y 14 (23,0+5,4%) Ta 'y 5 (8,243,5%) Bunagkax,
BiAMOBIAHO. ATEPOCKNEPOTUYHI BRSALLKM 3 BUPa3Ko npu
niBobGiYHOMY iHCYNbTI peecTpyBanuca Ha CTaTUCTUYHO
3Hauywiomy piBHi  (p=0,01) wuyacTiwe, Hix O6nAWKK
3 Kanbumadikauieto (puc. 3-7).

Table 6 presents data on the structure of athero-
sclerotic plaques depending on the location of the stroke
with carotid stenosis of more than 60%. Calcified
plaques in left-sided stroke were observed in 4
(6.6+£3.2%) cases, in right-sided stroke — in 3 (4.9+2.8%)
cases, homogeneous plaques — in 7 (11.5t4,1%) and
in 6 (9.8£3.8%) cases, heterogeneous - in 13
(21.31£5.2%) and 9 (14.814.5%) cases, with ulceration —
in 14 (23.0£5.4%) and 5 (8.2+3.5%) cases, respectively.
Atherosclerotic plaques with ulceration in left-sided
stroke were recorded significantly (p=0.01) more often
than in right-sided stroke (Fig. 3-7).

Tabnuus 6. CTpykTypa 6nsiLLoK Npy KAapoTUAHOMY cTeHo3i >60%
Table 6. Plaque structure in carotid stenosis >60%

CermMeHT\ KapoTuaHUX apTepin

IlwemiyHui iHcyneT / Ischemic stroke

Segments of carotid arteries

MpaBobiyHni / Right-sided

JliBoGiuHwi / Left-sided

KanbunHoBaHi / Calcified

3 (4,9+2,8%)

4 (6,6£3,2%)

[omoreHHi / Homogeneous

6 (9,8+3,8%)

7 (11,5+4,1%)

leTeporeHHi / Heterogeneous

9 (14,8+4,5%)

13 (21,345,2%)

(n=61)

. . 14 (23,05,4%)
0,

3 Bupaskoto / With ulceration 5(8,2£3,5%) p<0,05

Bcboro / Total 38

B et it = L A
—_—

Puc. 3. Benvka romoreHHa 6nsiuka Ha
nepepHiv cTiHui npasoi 3CA
(1-1 cermenT). CTeHo3 npocsiTy 3CA
ctaHoBuUTb 70-75%
Fig. 3. Large homogeneous plaque
on the anterior wall of the right CCA
(1%t segment). CCA stenosis is 70-75%

Puc. 4. Benvka romoreHHa bnsika
Ha 3afHin cTiHUi nepen bidypkauieto
niBoi 3CA (2-# cermeHT).
CteHo3 3CA cTtaHoBUTL 61-65%
Fig. 4. Large homogeneous plaque
on the posterior wall in front of the

bifurcation of the left CCA (2" segment).

CCA stenosis is 61-65%

Puc. 5. Benuka bnsiuka Ha nyxkii
OCHOBI (HecTabinbHa) Ha 3agHil CTiHLj
npokcumanbHoro Biaainy nisoi BCA
(3-1 cermeHT). CTeHo3 npocsiTy BCA
3HaxoamTbcs y Aiana3oHi 81-89%
Fig. 5. Alarge plaque on a friable basis
(unstable) on the posterior wall of the
proximal division of the left ICA
(3¢ segment). Stenosis of the ICA lumen
is in the range of 81-89%
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Puc. 6. llokanisauisi kanbUMHOBaHOI BrisiLLKM Ha nepeaHin,
rOMOreHHOT BrALLIKN Ha 3aAHIN CTiHUi
B cepeHin TpetuHi BCA (4-i cermeHT).
CreHo3s npocsity BCA, gianasoH 51-60%
Fig. 6. Localization of a calcified plaque on the anterior,
homogeneous plaque on the posterior wall
in the middle third of the ICA (4" segment).
Stenosis of the ICA lumen is in the range of 51-60%

Y Tabnuui 7 npeacTtaBneHi AaHi Npo 4acTtoTy aTepo-
CKNEePOTUYHUX BMALLOK Y Pi3HNX CErMeHTax COHHUX apTe-
pin 3anexHo Big nokanisauii iHCynbLTy NpyM KapoTUOHOMY
cTeHo3i noHag 60%.

Puc. 7. Okntosia niBoi BHYTPILWHBLOI COHHOI apTepii.
Y konbopoBoMmy pexumi lonnnepa KpoBOTiK
y BHYTPILLHIV COHHIN apTepii He peecTpyeTbCs
Fig. 7. Occlusion of the left internal carotid artery.
In color Doppler mode, blood flow
in the internal carotid artery is not recorded

Table 7 presents data on the frequency of athero-
sclerotic plaques in different segments of the carotid
arteries depending on stroce localization with carotid
stenosis over 60%.

Ta6nuusa 7. MNepeBaxHa nokanisawis GnsWoK y cerMeHTax kKapoTUAHUX apTepin npu cTeHosi >60%
Table 7. Predominant localization of plaques in segments carotid arteries with stenosis >60%

CermeHTM KapoTUaHWX apTepin

lwemiyHui iHcyneT / Ischemic stroke

Segments of carotid arteries MpaBo6idHuMi /

Right-sided JiBoGiyHuiA / Left-sided

1-n cermeHT / 1t segment, n%

2 (3,3+2,3%)

3 (4,9+2,8%)

2-n cermeHT / 2nd segment, n%

3 (4,9£2,8%)

6 (9,8+3,8%)

3-7 cermeHT / 3 segment, n%

11 (18,0+4,9%)

21 (34,4+6,1%)
p<0,05

4-i4 cermeHT / 4" segment, n%

7 (11,5¢4,1%)

8 (13,1%4,3%)

Bcboro / Total

(n=61) 23

38

Y 1-my cermeHti 3CA npu niBoGiYHOMY iHCYNbTi
aTepocknepoTuyHi brawkm Big3Havanucs y 3 (4,9+2,8%)
BUNagkax, npu npa.BobiyHOMy iHCynbTi — y 2 (3,3+2,3%)
BUnNagkax, y Apyromy cermeHti — y 6 (9,843,8%) Ta
y 3 (4,9+2,8%) Bunagkax, y 3-my cermeHTi — y 21
(34,416,1%) 1a B 11 (18,0+4,9%) BUNagkax, y 4-my cer-
mMeHTi —y 8 (13,1£4,3%) ta y 7 (11,5+4,1%) Bunagkax,
BiAMOBIAHO. ATEPOCKNEPOTUYHI BNALWKMA B 3-My CErMeHTi
COHHMX apTepin npu niBoGIYHOMY iHCYNbTI peecTpyBsa-
NMCA Ha CTaTUCTMYHO 3HAYyLOMy PiBHi YacTile, HiX
B iHLWIKX Bigainax coHHux aptepin (p=0,04).

OGroBopeHHs

Bigomo, Wo BMpaXeHiCTb aTepoCKNepoTUYHOro MNpo-
uecy, CTyniHb KapoTUAHOIO CTEHO3Yy, CTPyKTypa Onawok
BM3HaA4Ya€ PU3UK PO3BUTKY illEMiYHOro iHCynbTy. OgHUM
i3 NPOBIOHMX MeXxaHi3MiB iHCYNbTy BBaXaroTb apTepi-
anbHy em0onilo, MOPYLIEHHS TreMOAMHAaMIKM, OKI3ilo
cyavHu. TicTonoriyHe gocnigXeHHs cepeaHboi MO3KOBOI
apTepii nokasano, L0 CTEHO3 MPOCBITY YacTO BMKMMKa-
€TbCS PO3PVMBOM MOKPUTUX BUpa3kamu Onsawok, ski
BKIIOYAKOTb BEnvike ninigHO-HEKPOTUYHE SAPO, MOKpUTE
TOHKO (PiBPO3HOK MOKPULLIKOK, IH(INBETPOBAHOI MaKpO-
cdaramu, i KpOBOBMNUBM B GNsALLKy [21].

In the 1%t segment of the CCA in left-sided stroke,
atherosclerotic plaques were noted in 3 (4.912.8%)
cases, in right-sided stroke — in 2 (3.3+2.3%) cases,
in the 2" segment — in 6 (9.843.8%) and in 3 (4.9+2.8%)
cases, in the 3 segment — in 21 (34.4+6.1%) and in 11
(18.0+4.9%) cases, in the 4" segment —in 8 (13.1£4.3%)
and 7 (11.5+4.1%) cases, respectively. Atherosclerotic
plagues in the 3 segment of the carotid arteries
were recorded significantly more often in left-sided IS
than in right-sided IS (p=0.04).

Discussion

It is known that the severity of the atherosclerotic
process, the degree of carotid stenosis, and the
structure of plaques determine the risk of developing
ischemic stroke. One of the leading mechanisms of
stroke is considered to be arterial embolism, hemo-
dynamic disturbances, and vascular occlusion. Histo-
logical examination of the middle cerebral artery has
shown that luminal stenosis is often caused by rupture
of ulcerated plaques, which include a large lipid-necrotic
nucleus covered with a thin fibrous cap infiltrated by
macrophages and hemorrhage into the plaque [21].
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OocnigxeHHa Sun B. ta cniaBT. (2016) BusaBunu
KiNbKiICHUI B3aEMO3B’I30K MiX iHCYNBTOM | CTPYKTYpOIO
OnsIWOK Ha nigcTaBi pe3ynbraTiB ynbTpasBykoBMX abo
MPT pocnigxeHb KkapoTMAHUX apTepini y XBOpUX Ha
LUyKpoBuI AOiabet, siki nepeHecnu iHcyneT. Ui pesynb-
TaTM NigTBEPOXKYHOTb BUCHOBKM MPO Te, LUO LYKPOBWI
niabeTr Moxe HecnpusiTnMBO BNMBaTW Ha BPa3nuMBICTb
COHHMX Gnswok [10].

Saba L. ta cniaBT. (2020) BuBYaNu o3Haku HecTa-
GinbHOCTI BNAWOK Ta HUMKM Bynu BUSIBMEHI iX Taki 0cob-
NMBOCTI: KPOBOBMIUB ycepeauHi bnswok, 6arate Ha niniam
HeKpOTUYHE SiAPO, po3puB iBPO3HOI Kancynu, Bupaska,
3ananeHHs Ta HeoBackynsapu3sauis [22]. OcHoBHUMM
03Hakamu cTabinbHuX bnsawok 6ynu nepesaxHa ibpos-
Ha 4acTuHa, KanbUuMHaTK, HenoLwiKomkeHa ¢ibposHa
Kancyna, nyxkuin matpukc [23, 24].

Hamu ©Gyno BMBYEHO 4acToTy Onsiwok pisHoi
CTPYKTYpM 3 YypaxyBaHHsAM rokanisauii ilwemiyHoro
iHcynety. Cepen xBopux i3 MiBOGIYHMM iHCYNbTOM YCi
TMNM ONALOK peecTpyBanucs 4vacTille, HbK npu npaso-
GiyHomy iHcynbTi. OpHak CTAaTUCTMYHO [OCTOBipHA
BigMiHHiCTb (p=0,01) Big3Hayanacsa TinbkM 3a 4acTo-
TOK BMSIBNEHHS OnsILIOK 3 BUPa3KoK Y MOPIBHSAHHI
3 4acToTO BNSALWOK 3 Kanbumdikauieto.

BuB4yeHHS HaMu B3aEMO3B’SI3KYy MK NepeBaxHOH
nokanisauieto aTepocKNepoTUYHUX OnsWwoK Ta Kapo-
TUOHUM cTeHo30M Ginblue 60% 3anexHo Big nokanisauii
iHCYNbTY BMSIBUNO CTaTUCTUYHO AocTtoBipHy (p=0,04)
pisHMUIO No ypaxeHHo 3-ro cermeHTa BCA (2 cm Big
Gidypkauii). B onyb6nikoBaHnx poboTax, NpUCBAYEHUX
yNbTPa3ByKOBOMY [OCHIIPKEHHIO COHHUX apTepii y XBO-
pUX Ha iWeMiYHUN IHCYNbT, 3B’A30K MK KapOoTUAHUM
CTEeHO30M i Nnokanisauieto iHCyneTy BUBYEHO Y 12 xBOpUX,
WO € HedocTaTHIM Ans CcTaTUCTMYHOro adanisy [20].
Hamu BcTaHoBneHo, WO 3Ha4YHWn cTeHo3 Ginblie 60%
npu Jlll peecTpyBaBCS Ha CTaTUCTUYHO 3HaYyLLOMY
piBHi (p=0,04) yacTiwe, Hix npwu 1.

BUCHOBKHU

BcTaHoBNeHo, WO TSXKUIA KapoOTMAHWA CTEHO3 npwu
niBoGiYHOMY  ilWIEeMiYHOMY  iHCYMbTi  3yCTpiyaeTbes
Ha CTaTUCTUYHO 3HadyloMmy piBHi vacTiwe (p=0,04),
Hi>X Mpy NpaBobGiYHOMY.

Bupaska (gectpykuis) 6nawok € HanbinbL 3HavyLmMm
dakTopom po3BuTKy Il i BUSBMNAETBCA Ha CTAaTUCTUYHO
3HaYyLOMY PpiBHi YacTiwe 3a KanbLMHOBaHI Onswkm
npw nieiv nokanisauii Il (p=0,01).

Y xBopux 3 Jlll TSKkuA KapoOTMAHUWA  CTEHO3
y NPOKCUManbHOMY BiAAiNi BHYTPILHBLOI COHHOI apTepii
PEeECTPYETLCA Ha CTAaTUCTUYHO 3HAYYLLOMY PiBHI YacTiwe
(p=0,04), Hix B iHLIMX BigAdiNnax COHHNX apTepin.

Mpu kapotugHomy cTeHo3i Oinbwe 60% cepenHi
apudMeTnyHi 3HaveHHs iHaekciB VBca/V3ca y XBOpux
3 Ml (3,07+0,34) Ta y xsopux 3 JlI (3,21£0,45),
Ha CTaTUCTUYHO 3Havywomy piHi Buwi (p=0,01), Hix
npu cTeHosi <60%.

CNUCOK BUKOPUCTAHOI AITEPATYPU

1. Saba L., Saam T., Jager H.R. Imaging biomarkers of vulnerable
carotid plaques for stroke risk prediction and their potential clinical
implications. The Lancet. Neurology. 2019. Vol. 18(6). P. 559-572.
DOI: https://doi.org/10.1016/S1474-4422(19)30035-3

Research by Sun B. et al. (2016) found a quantitative
relationship between stroke and plaque structure based
on the results of ultrasound or MRI studies of the carotid
arteries in diabetic stroke patients. These results support
the findings that diabetes mellitus may have an adverse
effect on the vulnerability of carotid plaques [10].

Saba L. et al. (2020) studied the signs of plaque
instability and identified the following features: hemorr-
hage inside the plaques, a lipid-rich necrotic core,
rupture of the fibrous capsule, ulceration, inflammation
and neovascularization [22]. The main signs of stable
plagues were a predominant fibrous part, calcifications,
an intact fibrous capsule, and a loose matrix [23, 24].

We studied the frequency of plaques of various
structures, taking into account the localization of
ischemic stroke. Among patients with left-sided stroke,
all types of plaques were recorded more often than
in patients with right-sided stroke. However, a sta-
tistically significant difference (p=0.01) was noted only in
the frequency of plaques with ulceration (23.0+5.4%
versus 8.2+3.5%).

Our study on the relationship between the pre-
dominant localization of atherosclerotic plaques and
carotid stenosis of more than 60%, depending on the
location of the stroke, revealed a statistically significant
(p=0.04) difference in the lesion of the 3 segment of
the ICA (2 cm from the bifurcation). In published works
devoted to ultrasound examination of the carotid arte-
ries in patients with ischemic stroke, the relationship
between carotid stenosis and stroke location was
studied in 12 patients, which is insufficient for statistical
analysis [20]. We found that significant stenosis of
more than 60% among patients with both localizations
of stroke was recorded significantly (p=0.04) more often
than with stenosis of less than 30% and 31-60%.

CONCLUSIONS

It has been established that carotid stenosis of
more than 60% in LSIS occurs significantly (p=0.04) more
often than in right-sided ischemic stroke.

Ulceration (destruction) of plaques is the most
significant factor in the development of IS and in LSIS
it is recorded significantly (p=0.01) more often than
calcification.

In patients with left-sided IS, severe carotid stenosis
is significantly (p=0.04) more often recorded in the
proximal section of the internal carotid artery.

In carotid sten osis >60% in RSIS (3,07+0,34) and
LSIS (3,21+0,45) the mean values of Vica/Vcca index
are significantly higher (p=0.01) than in stenosis of <60%.
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PE3IOME

AxTyanbHicTb. [OWMPEHICTb Y CBITi aCUMNTOMHOIO KapoTMOHOrO CTEHO3y MoTpebye
iCHYBaHHs1 anroputMy Ans BM3HAYEHHS Naui€eHTIB 3 BMCOKMM PU3MKOM iLLIEMiIYHOro
iHcynbTy. OuiHka KapoTuAHOI atepocknepoTuyHoi 6nswkn (AB) Ha ocHoBI Ti Mmopdbonorii
Ta cknaay, Ha AoAATOK A0 KiMbKiCHOro napameTpa «CTeHO3», MOXNMBa 3a AOMOMOrol
KOMMIEKCY pafionoriyHMX AOCNIMKEHb, 30KpeMa, ynbTpacoHOrpadivyHmnx, sKi MOXyTb
OyTu nornmbneHi HOBMMM yNbETPa3BYKOBUMW TEXHIKaMMU.

MeTta po6oTu — BM3HAUMTU ynbTpacoHorpadivHi KpuTepii Bpas3nMBoi KapoOTUAHOI
ONAWKN Ha nigcTaBi OLUHKM XapakTepUCTUK OMALWKM 3 BUKOPUCTAHHSIM Cy4acHWUX
YNbTPa3BYyKOBUX TEXHIK.

Marepiann ta Metogu. Po6oTta 6asyeTbcsl Ha aHanisi gaHux 105 nauieHTiB, BikOM
41-84 pokn, skum 3a JdaHumy  ynetpacoHorpadii  (YC) BCTaHOBNEHO CTEHO3
BHYTPILWHBbOI COoHHOI apTepii (BCA). Metoan obcTexeHHs — KniHiYHi, gynnekcHa YC
3 BKIIIOYEHHSIM TEXHIK «4y4OBOro MikpoBacKymnsipHOro 3obpaxeHHsi» (SMI) ana susie-
neHHs1 MikpoBackynspu3auii 6nswkM Ta enactorpadii 3cyBHoi xBuni (SWE) ans
OULjiHKM >xopcTKocTi bnsawkn, MPT ronoBHoro mo3ky, MCKT-aHriorpadis (MCKTA),
ctatuctnyHi. CchopmoBaHO 2 3icTaBnioBaHi 3a BIKOM rpynu: rpyna 3 CUMNTOMHUM
kapoTuaHum cteHosom (CKC) — 55 nmauieHTiB, Ta rpyna 3 acCMMNTOMHUM KapoTUOHUM
cteHo3oMm (AKC) — 50 nauieHTiB.

Pe3ynbratn Ta ix o6roBopeHHA. CTaTMCTUYHO 3HA4YMMi BigMiHHOCTI B rpynax CKC
Ta AKC BCTaHOBNEHO 3a TakMMK XapakTepuUCTUKamn KapoTUOHMX OnswoK: KinbKiCHi
KpuTepii — makcumanbHa ToBwMHa AB (p = 0,02), y rpagauii ToBwMHa AB
Oinbwe 3,5 MM — pu3nK iHCYnbTY nigBuwyeTbes B 2,2 pa3n (p = 0,03), cTyniHb
cteHo3yBaHHs BCA 3a npotokonom NASCET (p = 0,01 no npagin BCA), nokasHuk
winbHocTi 6nawkn 3a gaHummn SWE (p = 0,001); sikicHi kpuTepii — exo-Tun 6nsaLwkm
3a knacudikauieto Gray-Weale (p = 0,001), HasiBHICTb MikpoBacKkynsipusauii 3a ga-
HuMmM SMI (p = 0,04). BctaHOBNEHO KOpensiyinHi 3B’si3KM MiXK MOKa3HWKaMW XOPCT-
kocti Ab 3a gaHumun SWE ta MCKTA (p = 0,60; p = 0,004), 3a gaHumun SWE
Ta exo-tunom Ab (1 = 0,56; p = 0,006).

BucHoBku. B komnnekc pagionorivyHoi OuiHKUM KapoTUAHMX CTEHO3IB 3 BUCOKMM pU3M-
KOM ilemivyHuxX nogin Ao ctaHgapTHux YC KpuTepiiB OUiHKM CTyMeHsl CTEHO3y Ta exo-
Tvny AB gouinbHO AodaTv BM3HAYeHHS TOBLUMHM 6nswku Ginbwe 3,5 MM, HU3bKY
XKOPCTKICTb Bnsiwkm 3a gaHumm SWE, HasBHICTb MikpoBackynsipu3adii 3a gaHumm SMI.

moba M.B., Oepkay B.B. 3Hauyulictb ynbTpacoHorpadidyHux KpWUTepiiB y KOMMMEKCHIA pagionorivHin  ouiHLi
KapOTMOHUX CTEHO3IB «BUCOKOTO PU3NKY». YkpaiHCcbkull padionoeidHuli ma oHkonoeiyHul xypHarn. 2024. T. 32. Ne 2.
C. 176-188. DOI: https://doi.org/10.46879/ukroj.2.2024.176-188
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ABSTRACT

Background. The prevalence of asymptomatic carotid stenosis (ACS) requires the
existence of an algorythm to identify patients at risk of ischemic stroke. Assessment
of carotid atherosclerotic plaque (AP) based on its morphology and composition
in addition to the quantitative parameter «stenosis» is possible using a complex
of radiological studies including ultrasonographic ones, that can be deepened by
new ultrasound techniques.

Purpose — define ultrasonographic criteria for vulnerable carotid plaque based on
evaluation of plaque characteristics using current ultrasonic techniques.

Materials and methods. The study is based on the analysis of data obtained from
105 patients aged 41 to 84, diagnosed with stenosis of the internal carotid artery (ICA)
according to ultrasonography (US). Examination methods — clinical, duplex US
with the inclusion of shear wave elastography (SWE) and superb microvascular
imaging (SMI) techniques to assess plaque stiffness and plaque microvascularisation;
brain MRI, MSCT angiography (MSCTA), statistical. Two age-matched group were
formed: a group with symptomatic carotid stenosis (SCS), 55 patients, and a group
with asymptomatic carotid stenosis (ACS), 50 patients.

Results. Statistically significant differences in the groups of patients with and without
stroke were determined according to the following parameters of carotid plaques:
quantitative criteria — maximum thickness (p = 0,02), with an AP thickness of more
than 3.5 mm, the risk of stroke increases 2.2 times (p = 0,03), stenosis degree accor-
ding to the NASCET protocol (p = 0,01 in the right ICA), plaque stiffness indicator
according to SWE data (p = 0,001); qualitative criteria — type of plaque echogenicity
according to the Gray-Weale classification (p = 0,001), presence of microvasculari-
zation according to SMI data (p = 0,04). Correlation of AP stiffness indicators
according to SWE and MSCTA data (p = 0,60; p = 0,004) was established, as well as
between AP stiffness according to SWE data and echo- type of AP (1 = 0,56; p = 0,006).
Conclusions. Determination of plaque thickness greater than 3.5 mm, low plaque
stiffness according to SWE data, the presence of microvascularization according
to SMI data it is advisable to add to the complex of radiological assessment of
carotid stenosis with a high risk of ischemic events, in addition to the standard US
criteria of stenosis degree and AP echo-type.

Globa MV, Derkach BV. The significance of ultrasonographic characteristics in the comprehensive radiological
assessment of «high risk» carotid stenoses. Ukrainian journal of radiology and oncology. 2024;32(2):176-188. DOI:
https://doi.org/10.46879/ukroj.2.2024.176-188
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BCTYN

MowmnpeHicTb acCMMNTOMHOIO KapOTMAHOIO CTEHO3Y
(AKC) 3i 3ByxeHHsiM npocBiTy noHag 50% y nauieHTiB
Bikom Big 30 oo 79 pokiB, 3a gaHumu rnobanbHOro meta-
aHanidy 2020 poky, ctaHoButb 1,5% (95% OI 1,1-2,1),
i ue osHavae 36inbweHHa Ha 59% 3 2000 poky [1].
Taki gaHi nigkpecnowTb akTyanbHICTb MUTaAHHA iCHY-
BaHHA anroputMy Ans BM3HA4YeHHs1 nauieHTiB 3 AKC
3 BUCOKMM PU3MKOM iLLIEMIYHOIO iIHCYNbTY.

Migpxoogn po ouiHkm AKC nuwe 3a cTyneHem
CTEHO3yBaHHA MPOCBITY CyAMHW B acnekTi IiKkyBaHHS
Ta NPoiNakTUKN OCTaHHIM 4YacoM 3MiHTbCs. CydyacHi
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INTRODUCTION

The prevalence of asymptomatic carotid stenosis
(ACS) with a narrowing of lumen of more than 50%
in patients from 30 to 79 y.o0. according to the 2020
global meta-analysis is 1.5% (95% IQR 1.1-2.1), and
this means an increase by 59% since 2000 [1]. Such
data highlight the relevance of the existence of a vali-
dated algorithm used to identify patients with ACS at
high risk of ischemic stroke.

Approaches to the assessment of ACS only by the
degree of stenosis of the vessel lumen in the aspect of
treatment and prevention have recently been changing.
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HeiHBa3MBHIi MeTOAM Bi3yanisauii CTEHO3iB  COHHUX
apTepii NpoAEeMOHCTpyBanu CBOK 34aTHICTb XapakTe-
pu3yBaTy 0COBNMBOCTI aTepOCKNEpPOTUYHUX brisitok (AB)
SIK NpeaukTopiB ManbyTHIX ilemidHUX nogdiid, NpPonoHy-
04N 3HAYHWUA BHECOK Yy cTpaTuddikauilo rpyn puUsmky.
PekomeHgaujii 3 KniHiYHOT NpakTukn €BPONencbKoro
ToBapucTtea Kkapgionoris 2017 p. pagaTb ouiHOBaTH
Ha pgopaTtok Ao ctyneHs AKC xapaktepucTuku 306pa-
KEHHs1 ONsILOK, AKi MOXYTb BKadyBaTW Ha NigBULLEHWUIA
pu3uK incunatepanbHoro iHcynety. Ciogn BXOAsiTb,
cepen HWOrO, BHYTPILUHLOONSLWIKOBMA  KPOBOBUMNMB
abo 3b6arayeHe ninigamMuM HeEKPOTMYHE $SOPO — Ha
MarHiTHO-pe3oHaHcHi Tomorpadii (MPT), i Benuki exo-
nposopi OnsawkM abo  36inblUEHHS  TiNOEeXOreHHUX
JiNsHOK — Ha yNbTPa3ByKOBOMY AOCHiAXeHHI [2].

Y KNiHIYHMX NpaKTUYHUX pekoMeHaauisx €sponen-
CbKOro ToBapucTtea cyauHHoi xipyprii (ESVS) Haronowy-
€TbCSl Ha BaXNUBICTb OUIHKM BpPa3nNuMBOCTi OnsLwokK.
Tak, pekomeHgauii ESVS 2017 p. 6ynu nepwwvmu, Lo
3anponoHyBanu  KniHiyHi/BidyanizauinHi  kputepii  ans
BUSIBMEHHSA BULLIOMO PU3MKY iHCYMbTY B KOropTi nauieHTiB
3 AKC, ki oTpumyloTb MeAMKaMeHTO3HY Tepanito, i AKuX
MOXHa HauinuTh Ha peBackynsapu3saduito. [peacrasneHi
WiCTb KPUTEPIiB «BMCOKOrO pU3MKY iHCYnbTy» Oynu nig-
TBEPMKEHI MeTa-aHanizom 64 obcepBauiiHUX pocnia-
xeHb 2020 poky, B KOMY OTpMMaHO HOBi JaHi Ta 3a-
NPONOHOBAHO [OeB’ATb KpUTEpIiB «BUCOKOTO PU3NKY»
y naujieHTiB 3 AKC. BoHu Bkntoyanu HasiBHIiCTb ninigHoro
abo HEeKpPOTUYHOro sapa, OTOMEHOro PiBPO3HOK TKaHW-
HOIO 3 MOXNMBOK Kanbuudikauiero 3a gaHumn MPT,
wo signosiganu IV-V Tnnam 6rsilku 3a MopdororiYHo
knacudikauieto AMepuKaHCLKOI KapaionoriyHoi acouia-
uii (AHA); 6nswky VI Tuny 3a AHA 3 noBepxHeBum aedek-
TOM, KpoBoBMnMBOM abo TpomGom 3a gaHumu MPT;
€X0npo30piCTb BSILLKM; BENNKE HEKPOTUYHE AApO, Garate
ninigamu; «HIMUAY» iHapKT MO3KY; TOHKMI/PO3ipBaHUi
hibpo3HMI  kOoBNaYoK; BUpaska OnsLWKM; BHYTPILLHLO-
ONsILLKOBUIA  KPOBOBWUMMB, MOPYLUEHHS LiepebpoBacky-
NSpHOiI  peakTUBHOCTI | CnoHTaHHa Mikpoembonisauis
3a AaHnMK TpaHcKpaHianbHoi gonnneporpadii [3].

PekomeHgauii ESVS 2023 p. nocunatTbCa Ha AaHi
MeTa-aHani3iB 3 KhNiHiYHUX Ta Bi3yanbHUX YWHHUKIB
NigBULLEHOr0 pPU3UKY Mi3HLOro IHCYNbTY B MauieHTiB
3 AKC 3i ctyneHem cteHo3dy noHag 50%. Cepen Hux
npeacrtaeneHi, 3okpema, ynbrpacoHorpadivHi  (YC)
YMHHWUKN — €XOMPO30pIiCTb BrisiLLKK, Ska NiABULLYE PU3KK
iwemivyHoi nogii B 2,6 pasn, NOPIBHAHO 3 €XOLLUiNbHOW
AB, a TakoX Benuka nnowa Onawku y nauieHTis
3i creHo3om noHag 70% 3 MiABULLEHHAM PU3KKY
B 2,0-5,8 pa3u BignosigHo 36inbleHHO nnowi ABb
Ginble 40 Ta 80 mm? BignosigHo [4].

HesBaxatoum Ha iCHyKO4i CMCTEMU OLIHKM OKpemMmx
moganoHocTe AB (Hanpuknag, moamdikoBaHi TuUnu
ypaxxeHb AHA gna MPT, ouiHka kapoTugHux 6nsiwok
Ons yneTpasByKOBOro AOCHIMKEHHS), yHiBepcanbHOI Kna-
cudikauii onsa pisHuX BidyanbHWX MeToAdiB ouiHkM Ab
He icHye. BukopucrtoBylouu nigxia MynsTMMOZAnbHOroO
aHanisy rpyna ekcnepTiB Bu3Hana HeoOXigHICTb po3-
pobkn cuctemmn knacudikauii kapoTuaHoi Gnsawkm Ta i
BM3HaYanbHUX XapaKTepUCTUK 3 METOK CcucTeMaTu-
3auii Bi3yanbHOI OUiHKM Ta 3BIiTHOCTI. 3anponoHoBaHa
knacudikauis Plaque-RADS 3anpoBagXye OLiHKY Ts-
KOCTi aTepOCKINEPOTUYHOIO YpaXKeHHs1 Ha OCHOBI MOpdO-
norii Ta cknagy kapotuaHoi Ab Ha gogaTok 4O KinbKiCHOro
napameTpa «CTEHO3» 3a [0MNOMOrOK KOMMIEKCYy pafio-
NOriYHMX  JOCHigXeHb, L0 BKIOYAKTb  YNbTPasByK,

Current non-invasive carotid stenoses imaging tech-
niqgues have demonstrated their ability to characterize
atherosclerotic plaque (AP) features as predictors of
future ischemic events, offering significant contribution
to risk group stratification. The 2017 European Society
of Cardiology Clinical Practice Guidelines advise
assessing, in addition to the degree of ACS, the
characteristics of plaque imaging, which may indicate
an increased risk of ipsilateral stroke. This includes,
among other things, intraplaque hemorrhage or lipid-
enriched necrotic nucleus in magnetic resonance ima-
ging (MRI) and large echotransparent plaques or
enlargement of hypoechogenic sites in ultrasound (US)
examination [2].

Clinical practice guidelines from the European Society
for Vascular Surgery (ESVS) emphasize the importance
of assessing plaque vulnerability. Thus, the 2017 ESVS
recommendations were the first to propose clinical and
imaging criteria to identify a higher risk of stroke in
a cohort of patients with ACS who can be targeted for
revascularization. The 6 «high risk stroke» criteria
presented were supported by the meta-analysis of
64 observational studies in 2020, which obtained new
data and proposed 9 «high risk» criteria in patients
with ACS. These included the presence of a lipid or
necrotic nucleus surrounded by fibrous tissue with
possible calcification shown by MRI data consistent
with V=V plaque types according to the morphological
classification of the American Heart Association (AHA);
VI-type plaque according to AHA with surface defect,
MRI-registered hemorrhage or blood clot; plaque
echotransparency; a large necrotic nucleus rich in
lipids; «mute» brain infarction; thin/ruptured fibrous
cap; plaque ulcer; intraplaqgue hemorrhage, impaired
cerebrovascular reactivity and spontaneous microem-
bolization according to transcranial dopplerography [3].

The 2023 ESVS guidelines cite data from meta-
analyses of clinical and visual factors of increased risk
of late stroke in patients with ACS with a stenosis degree
higher than 50%. Among them, ultrasonographic (US)
factors are presented — plaque echo-transparency,
which increases the risk of an ischemic event
2.6 times compared to echodense AP, as well as
a large plaque area in patients with a greater than
70% stenosis and a 2.0-5.8 times risk increase [4].

Despite existing assessment systems for individual
AP modalities (e.g. modified AHA lesion types for MRI,
carotid plaque assessment for US), there does not exist
any universal classification for different visual methods
of AP assessment. Using a multimodal analysis
approach, a team of experts has proposed a classifi-
cation of the carotid plaque and its defining characte-
ristics for the purpose of systematization of visual
assessment and reporting. The proposed Plaque-RADS
classification introduces an assessment of the severity
of atherosclerotic lesion based on the morphology and
composition of carotid AP in addition to the quantitative
parameter «stenosis» with the help of a set of radiolo-
gical studies involving ultrasound, multispiral computed
tomographic angiography (MSCTA) and MRI, with
categories from 1 (complete absence of plaques) up
to 4 (a complicated plaque).The criteria for plaque
evaluation include maximum wall thickness, a fibrous
cap; intraplaque hemorrhage; lipid-saturated necrotic
nucleus, as well as « additional signs» of plaque vul-
nerability, namely inflammation and neovascularization
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MynbTUCHipanbHy KOMM'IOTEPHY ToMorpadidHy aHriorpa-
dito (MCKTA) ta MPT, 3 kateropiamu Big 1 (noBHa Bia-
CYTHiCTb 6nsilwkn) oo 4 (ycknagHeHa bnsiwka). Y kputepil
OLiHKM OMsILLKM BKIOYEHO MaKCUMaribHy TOBLUWHY CTiH-
K1, piGpOo3HMIA KOBNaK; BHYTPILUHLOOMSILLKOBUIA KPOBOBK-
NYB; HacuyeHe ninidaMmuM HEKPOTMYHE SIAPO, a TaKoX
«OOMOMiXKHI  O3HaKku» BpPa3NMBOCTI OGNAWOK, a came
3ananeHHs i HeoBacKynsipusauis OnswoK, MNo3MTUBHE
pemoaerntoBaHHA COHHOI apTepii, MporpecyBaHHs CTe-
Ho3y Ta kanbuudikauisa, wWo MoxyTb OyTv goaaHi
no karteropin 3 Ta 4 [5].

Ha ocHoBi npegctaeneHoro nigxogy YC aiarHocTtuui
cepeq pagionoriyHmx metogie ouiHkm AB nignsraioTb
kateropii 3 2 go 3a, iHWi BM3Ha4alTbLCA 3 MiOKNHOYEH-
HAM MPT Ta MCKTA [5]. Tak, YC ouiHUi 3 OCHOBHMX
KpuTepiiB  OOCTYMHi: MakcumanbHa TOBLUMHA CTiHKU
(ToBwmHa AB), sika po3rnsgaeTbecsa B Kateropisax 4o 3 Mm
Ta = 3 MM, OCTaHHIO PO3MsAAalTb K Taky, WO niaBu-
Wye puU3MK YCKNagHeHb, TOBCTUIA pibpo3HUii KoBnak
(nokpuLKa), 30Ha HWU3bKOI LWINBHOCTI, 9Ky MOXe nped-
CTaBNSATU HacuyeHe ninigamy HekpoTudHe sapo abo
BHYTPILUHEOOMNSALWIKOBANA  KPOBOBUNMB. 3 JOMOMDKHUX
KputepiiB TpaguuinHa YC 3gatHa ouiHMTM Kanbuudika-
Lit0 Ta NO3UTUBHE PEMOLENOBAHHS.

Btim, cyuvacHi YC TexHikM nornmbnioiTb AiarHoc-
TUYHI  MOXIMBOCTI CTPYKTYpPHOI XapakTepuctukn Ab
Ta 34aTHi JONOBHUTY TpaauLinHy YC OLiHKY.

loeHTuikauis BpasnuBOi  KapoTUAHOI ORsAWKM €
6aratoobiusounM KNiHIYHUM 3acCTOCYBaHHSIM enacTorpa-
oii 3cyBHoi xBuni (Shear Wave Elastography — SWE).
HocnigkeHHs NokasyloTb  XOpOLy  BiATBOPIOBAHICTb
Ta MNOTEHUINHY KniHiYHY kopucTb Mogyns HOHra, noro
Kopensuii 3 sikicHoto ouiHkoto AB y B-pexumi 3a wkanoto
Gray-Weale. NpogeMOHCTpOBaHO, WO 3HAYHO HUXKYUN
moaynb HOHra cnoctepiraBca B Ab 3 KkpoBoBMnMBaMu
abo Tpombamu BcepeauHi, KpiM TOr0 BU3HAYEHO
acouiauito HU3bKMX 3HayeHb moaynsa KOHra 3 iwemiy-
HUMK nofisimm [6], TOBTO XapakTepucTmKa XopcTkocTi Ab
3a gaHumn SWE moxe po3rnsgatucb siK iHCTPYMEHT
Ans OUiHKKM 1T NoTeHUinHOT HecTabinbHOCTI.

Bisyanizauis HOBOYTBOpPEHMX BHYTPUONSLUKOBUX Cy-
OWH (HeoBacKynsipuMsauisl) OCTaHHIM 4acom po3rnsga-
€TbCA SK MOXNMBUIA dakTop i HecTabinbHOCTI i K
NOTEHLiNHE [XXeperno BHYTPILIHbOGMNSALWKOBOrO KpOBO-
BunuBy [7]. 3BuualHi OONMNMEpiBCbKi  AOCNIMKEHHS
3anobiraoTb Bidyanisauii ApiOHMX CcyauH, BBaXaeTbCs,
Lo ouiHka MikpoBacynsapu3sadii Ab moxnvBa 3a Aonomo-
roro koHTpacTtHoi YC [8].HoBa YC TexHika «4ygoBOro
MiKpOBacKynsipHoro  3obpaxeHHsi»  (superb  micro-
vascular imaging — SMI) posBonse igeHTUdikyBaTn
HU3bKOLUBMAKICHI cuUrHanu notoky ©6e3 BUKOPUCTaHHSA
yNbTPa3ByKOBOrO KOHTpacTty, pesynsratu SMI-Bizyani-
3aLii cniBBIAHOCATLCH 3 OLHKOK HOBOYTBOPEHWUX CYAMH
Npw riCTONOriYHOMY AOCRiAXeHHi [9].

3Baxaloun Ha TexHiYHy CKnagHiCTb PYTUHHOrO 3a-
ctocyBaHHa MCKTA ta MPT gnsa ouiHkM BpasnuBOCTI
kapotugHoi AB, nepcnekTMBHUM Moxe OyTu BUKOpMC-
TaHHs HoBux YC TexHik SMI, SWE nopsg i3 3actocy-
BaHHAM TpaauuinHux YC kputepiis.

MeTta po6oTM — BU3HAYUTM ynbTpacoHorpadidHi
KpuTepii Bpasnueoi KapoTuaHO! OnswkM Ha nigcTasi
OLiHKM XapaKTePUCTUK BMSALIKA 3 BUKOPUCTAHHSAM Cy4ac-
HUX YNbTPa3BYKOBMX TEXHIK.

of plaques, positive carotid remodeling, stenosis pro
gression and calcification, which can be added to
categories 3 and 4 [5].

On the basis of the presented approach, among
the radiological methods of AP assessment, categories
from 2 to 3a are subject to US diagnostics; others are
determined with the help of MRl and MSCTA [5]. Thus, the
following main criteria are available for US assessment:
the maximum wall thickness (AP thickness), which is
considered in categories up to 3 mm and =23 mm, where
the latter is considered to be increasing the risk of
complications; a thick fibrous cap, a low-density area
that may be represented by a lipid-saturated necrotic
nucleus or intraplaque hemorrhage. Of the auxiliary
criteria, traditional US is able to evaluate calcification
and positive remodeling.

However, modern US techniques deepen the diag-
nostic capabilities of the AP structural characteristics and
are able to complement the traditional US assessment.

The identification of the vulnerable carotid plaque is
a promising clinical application of shear wave elasto-
graphy (Shear Wave Elastography — SWE). Studies
show the potential clinical benefit of Young’s modulus,
its correlation with a qualitative B-mode AP score on
the Gray-Weale scale. It has been demonstrated that
a significantly lower Jung modulus was observed in AP
with hemorrhages or blood clots inside. Besides, the
association of low Young modulus values with ischemic
events [6] was determined, that is, the characteristics
of AP stiffness according to SWE data can be considered
as a tool for assessing its potential instability.

Imaging of neoplastic vessels (neovascularization)
has recently been considered as a potential source of
intraplaque hemorrhage [7]. It is believed that the
assessment of AP microvascularization is possible
with the help of contrast US [8]. The new US technique
of «superb microvascular imaging» (SMI) allows you to
identify low-speed flow signals without the use ultrasonic
contrast; the results of SMI imaging are correlated
with the assessment of newly formed blood vessels in
a histological study [9].

Due to the technical complexity of the routine use
of MSCTA and MRI to assess the vulnerability of the
carotid AP, the use of new US techniques of SMI
and SWE along with the use of traditional US criteria
can be promising.

Objective — define ultrasonographic criteria for
vulnerable carotid plaque based on evaluation of plaque
characteristics using current ultrasonic techniques.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

Po6GoTta 6a3yeTbcs Ha aHanisi gaHux 105 nauieHTis
Bikom 41-84 poku, cepegHin Bik 67,1 + 10,1 (Me = 69,0;
IQR: 59,0-74,0), nepeBaxanu Yonosiku — 79 oci6 (75,2%).
MauieHTn obcTexeHi Ha 6Gasax: HauioHanbHOro Hayko-
BOro ueHTpy IHcTuTyTy Kapgionorii imeHi M. . Ctpaxecka,
MeawnyHoro ueHTpy «CoHonand» ta KomyHanbHoro He-
KomepuinHoro nianpuemctea KuiBcbkoi obnacHoi paam
«KniBcbka obnacHa kniHidHa nikapHsa» y 2020-2024 pp.
Komnnekc pgocnigxeHb BKMNOYaB OLiHKY KIrliHIKO-aHaM-
HECTUYHUX [aHUX, YNbTPa3ByKOBE [JYMNeKCHe cKaHy-
BaHHA (Y3OC) maricTpanbHUX CyauH LWKi 3 BUKOPUCTaH-
Ham Y3 cuctem Toshiba Aplio 400 i Canon i800, MPT
ronosHoro Mo3ky Ta/abo MCKT ronoBHOro Mo3Ky
3 METOH BM3HAYEHHSI CUMMNTOMIB Ta pagionoriyHnx o3Hak
iLuemiyHoro iHcyneTy. 24 nauieHTam y roctpomy nepiogi
iHCYNbTY BMKOHaHO 3a nokasaHHsamMu MCKTA cyauH wui
Ta ronosHoro Mo3ky (MCKT GE Revolution EVO,
DLP =2430 mGy-cm). Y gocnigyxeHHsi BKNoYeHi nauieHTn
i3 BCTAHOBMEHMM CTEHO30M BHYTPILUHbOI COHHOI apTepii
(BCA) 3a gaHumu gynnekcHoi YC, ouiHka nposoaunach
3a CTaHOApPTHOK METOAMKOK 3 BM3HAYEHHSIM CTYMNEeHsi
cTeHosy 3a npotokonom NASCET [4], BkntoveHi nauieHTu
3i ctyneHem cteHo3dy BCA noHag 20%. Y BocnimKeHHs
He BKMYanM MauieHTiB 3 MOpYLIEHHAMW CepLEeBOro
pUTMY 3 METOK BWKIKOYEHHS KapgioemboniyHoro nig-
TUNY iLEeMIYHOrO IHCYNbTY.

3a ponomoroto gynnekcHoi YC ouiHioBanu nnaHi-

METPUYHY Ta reMoAMHaMiYHy CKNnaJoBy CTEHO3IB.
BusHavyanu makcumanbHy TOBWMHY AB, xapakTte-
pusy-sanu exo-tunn  AB  BignosigHo  knacudikauii

Gray-Weale [10].

BnpoBagxeHi HoBi TexHikn ouiHkn AB [ogaTkoBo
no TpaguuinHnx pexumisa YC. TexHika enactorpadii
3cyBHOi xBuni (SWE) 3actocoBaHa Ans BW3HaAYeHHS
LWiNbHOCTI GNsILLKK, OUiHIOBaBCS NMOKasHUK Moaynb FOHra
B klMa. BukoHyBanu 3anponoHoBaHi pekoMeHAauii ans
OTPMMaHHSA ONTMMarnbHOI Bidyaniszauii B NOB3A0BXHOMY
ckaHi [11]. TexHiyHi moxnusocTi ouiHkn AB 3a pgono-
moroto SWE 6ynu cnpustnueumn ans 84 nauieHTiB,
ouiHoBanu AB 3 sikicHoto Bidyanisauieto, 6e3 BUpaxeHoi
Kanbumdikauii. CTaHgapTM3yBanu HanalwiTyBaHHS CKa-
Hepa ana SWE: konipHun pianason (0-180 «lla),
akyctmyHa notyxHicte (0,0), nocuneHHs (70-90%).
O6upanu 3oHy iHTepecy SWE (ROI) 3 nokputtsam BCiei
OnsAWKM 3i CTiIHKOK COHHOI apTepil Ta M'SKUMKU TKaHW-
Hamum nobnudy B ABa-Tpu pas3un Ginbwe po3mipy AbB.
KonipHy kapty SWE ouiHioBanu 3a TakMmu napamet-
pamMu: CUHI konip Ans BiooGpa)keHHs1 HU3bKOro Moayrs
lOHra (M’sikniA), YepBOHUI KOMip — ANsi BACOKOrO MoAyns
lOHra (>xopcTkuMI).

TexHika «4ygoBoi MiKpoCcyaMHHOI Bidyanidauii» (SMI),
HasiBHA B MNporpaMHoMy 3abe3neyveHHi BMKOPUCTaHUX
Hamm Y3 cucteM, npoBogunacb 3 METOK MOLUYKY
HOBOYTBOPEHMX cyaunH y cTpykTypi AB. 3actocoByBaHHSA
SMI 6yno TexHiyHO MoxnuBuMM Yy 96 Bunagkax. SMI
3aCTOCOBaHO Y ABOX pPeXUMax: MOHOXPOMHOMY (BiATiHKM
ciporo) i konbopoBomy. [ns oTpuMaHHS BUCOKOSKICHUX
300paxeHb NpOBOAWMM KOPEKLUilo napameTpiB 3o06pa-
JKEHHS: LWKana LWBMAKOCTI MeHLUEe HiX 2,5 cm/c, niacunen-
Hs1 YyTNMBOCTI KOMbOPY, 30iNbLUEHHS Yacy 3rnafkyBaHHs
ONs NOKpaLLEeHHS TMMYacoBOI po3ainbHOI 3gaTHoCTi [12].

MCKTA nposegeHa 24 nauieHTam B rocTpomy nepio-
4i iwemiyHoro iHcynbTy. [JogaTkoBo OO CTaHAapTHOro

MATERIALS AND METHODS

The work is based on an analysis of data from
105 patients aged 41 to 84, average age 67.1 + 10.1
(Me = 69.0, IQR: 59.0-74.0), males predominated —
79 (75.2%). The patients were examined at the bases
of the National Scientific Center of M. D. Strazhesko
Institute of Cardiology, «Sonolife» Medical Center and
the Municipal Non-Profit Enterprise of the Kyiv Regional
Council «Kyiv Regional Clinical Hospital» in 2020—-2024.
The set of studies included the evaluation of clinical
and anamnestic data, ultrasound duplex scanning of the
main vessels of the neck using Toshiba Aplio 400 and
Canon i800 ultrasound systems, MRI of the brain and/or
MSCT of the brain in order to determine symptoms
and radiological signs of ischemic stroke. MSCTA of
the neck and brain vessels (MSCT GE Revolution EVO,
DLP = 2430 mGy-cm) was performed in 24 patients in
the acute period of stroke according to indications.
The study included patients with established internal
carotid artery (ICA) stenosis according to duplex US data;
the assessment was carried out according to the stan-
dard method, with determination of the degree of
stenosis according to the NASCET protocol [4]; it inclu-
ded patients with the degree of ICA stenosis higher
than 20%. The study did not include patients with heart
rhythm disorders in order to exclude the cardioembolic
subtype of ischemic stroke.

The planimetric and hemodynamic components of
stenoses were evaluated using duplex US. The maxi-
mum thickness of AP was determined, the echo types
of AP were characterized according to the Gray-Weale
classification [10].

New AP assessment techniques have been intro-
duced in addition to traditional US modes. The shear
wave elastography (SWE) technique is used to deter-
mine the density of the plaque, the Jung modulus in
kPa was estimated. Recommendations to obtain
optimal visualization in a longitudinal scan were imple-
mented [11]. The technical capabilities of evaluating
AP with SWE were favourable for 84 patients; we
evaluated clearly visible AP, without significant calcifi-
cation. The scanner settings for SWE were standardized:
colour range (0-180 kPa), acoustic power (0.0), gain
(70-90%). The SWE region of interest (ROI) was adjus-
ted to cover the entire plaque with carotid artery wall
and nearbly soft tissue about two to three times the size
of the plaque. To evaluate the SWE color map, the
following options were selected: the blue color on
the elastogram showed a low Young modulus (soft),
the red color indicated a high Young modulus (hard).

The technique of excellent microvascular imaging
(SMI), available in the software of the systems we used,
was carried out in order to search for newly formed
vessels in the structure of AP. The use of SMI was
technically possible in 96 cases. SMI was used in
two modes: monochrome (shades of gray) and colour.
To obtain high-quality images, the image parameters
were corrected-adjusted: a speed scale of less than
2.5 cm/s, an increase in colour sensitivity, an increase
in smoothing time to improve time resolution [12].

MSCTA was performed according to the indications
in 24 patients the acute period of ischemic stroke. In addi-
tion to the standard examination, we introduced the
determination of the plaque density with a view to
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OGCTEXEHHSI HaMK 3anpoBaPKEHO BU3HAYEHHS LLUiMb-
HOCTi OnsWKM 3 METOK HACTYMHOrO MOPIBHSAHHS 3 i
YC-xapaktepuctnkamu. LinbHicTb Gnisitiok BuMiptoBanu
3a JOMOMOroK KifbKOX HakpecrneHux Bpy4vHy enincoig-
HMX 30H iHTepecy (ROI) Ha ocboBMI 3pi3, LLO OXONnto-
BanM He MeHwe Hik 70% nnowi 6nswok. 3anexHo
Big po3amipy 6nsiwku nposogunu Big 5 o 10 Bumipto-
BaHb B AinsHkax nnoileto go 2 mm2 llig yac Bumipto-
BaHHA YHUKanu [insHkM Kanbuudpikauii Ta nocuneHoro
KOHTpacToM MpocBiTY cyauvHu. bByna pospaxoBaHa
cepeaHst wWinbHictb B oamHmusax HU BumipsiHux ROl
Ha KOXHOMY akcianbHomy nepepisi. 3 wuboro 6yno
pO3paxoBaHO CcepedHE Ppenpe3eHTaTVBHE 3HAYEHHS
winbHocTi B oamnHuusax HU ans seiei Gnsawkm [13].

3a [JaHuMKM  KMiHIYHKMX Ta  pagionoriyHux gocnia-
XeHb MauieHTu posnodineHi Ha Agi rpynu. 55 nauieHTiB
copMyBanm rpyny CUMMATOMHOIO KapoTWAHOIO cTe-
Ho3y (CKC), B HMX BCTaQHOBMEHO O3HaKv MOPYLUEHHA
MO3KOBOIro KpoBOObGiry B kapoTugHomy 6acelHi npots-
roM OCTaHHiX 6 MicauiB: ilWeMiYHuA iHCynbT —
B 53 BuMnagkax, TpaH3UTOpPHa illemiyHa aTaka y OBOX
crnoctepexeHHsix. 50 nauieHTiB i3  6e3cMMNTOMHUM
nepebirom cdopmyBanu rpyny acMMNTOMHOMO Kapo-
TMaHoro cteHosy (AKC). Mpynu sicTaBnioBaHi 3a BikOM
(U=1279,0, p=0,51) i ctaTTi0 (32=1,41 p=0,24).

CTtaTucTu4yHMn aHani3a 3gincHioBanu 3a [A0NOMOrok
naketa nporpam MS Office Ta «Statistika 6». OuiHky
CTaTUCTUYHOI 3HAYMMOCTI pi3HMLI MK rpynamu npoBoO-
OVnn 3 ypaxyBaHHsIM HeBIOMNOBIAHOCTI JaHWMX NapameT-
pamMm HOpMarnbHOro po3noAiny, Ans MOPIBHAHHA Kifb-
KICHMX MOKa3HWKIB — 3a kputepieM MaHHa—YiTHi, ans
SKICHMX MOKa3HWKIB — 3a KpuUTepiemM y?, BU3Ha4yanu
BIOHOCHWUIA PU3WMK BMNMMBY YMHHWKA Ha PO3BUTOK MOAii.
OuiHtoBaBcs piBeHb 3HaunmocTi p < 0,05.

[ocnigXeHHsa BUKOHaHI Yy BignoBiAHOCTI A0 NPUHLUMNIB
[enbciHcbKOT Aeknapauii BcecBiTHLOI MegMyHOi acouiadii
(1964—-2000 pp.) Ta «KoHBeHuii Pagn €sponu wono
npas noauHM Ta GiomeauuMHW» y pamkax nporpamu
AucepTtauinHoro gocnimpkeHHs. Big ycix ydacHukiB oTpu-
MaHO iH(POPMOBaHY 3rogy Ha y4acTb Y OOCTIiAXEHHI.

PE3YABTATU TA IX OBFOBOPEHHS

3a paHuMK pagionoriyHMx AOCHigKEeHb Yy MauieHTiB
roynn CKC BorHuwe iwemii B GacenHi kposornocTta-
yaHHa npasoi BCA mano micue B 24 Bunagkax, niBoi
BCA — B 22, B 06ox kapotugHux bGaceviHax — B 7.
OujiHioBanncb BOrHWLIA iemii kopkoBoi abo nigKopko-
BOi nokanisauii poamipamu 21,5 cm y rpyni AKC
3a gaHumu MPT pomiHyBanu O3Hakm AWCLMPKYNATOP-
HMX 3MiH FOfIOBHOIO MO3KY.

KapoTuaHi CTeHo3n y nauieHTiB nepeBakHO Manwu
ABobivyHy nokanisauito, y rpyni CKC y 52 (94,5%),
y rpyni AKC — B 49 (82,0%). CniBcTaBneHHs y rpynax
npoBoaunnmMcb 3a Takumm YC XapaktepucTukamu Kapo-
TUOHOTO  CTEHO3y: CTyneHeM CTeHo3yBaHHA BCA
3a npotokonom NASCET, makcumaneHa ToBwuHa AB,
nokanbHi  3MiHW KpPOBOTOKY B 30HIi cTeHo3y BCA,
exo-tun AB 3a knacudikauieto Gray-Weale, HasBHICTb
BMpPasKyBaHb, HasfABHICTb MiKpOBacKynspwusauii 3a AaHu-
Mu  SMI, nokasHukM XopcTkocTi 3a paHumm SWE.
[opatkoBo npoBedeHi CniBCTaBMEHHSA XapaKTepUCTUK
wopcTkocTi AB, ouiHeHux 3a gaHumum MCKTA Ta paHu-
mMun YC y 24 nauieHTis.

comparing it with its US characteristics subsequently.
Plaque density was measured using several hand-
drawn ellipsoid regions of interest (ROIs) per axial slice
covering at least 70% of the plaque area. Depending
on the size of the plaque, 5 to 10 measurements were
made in areas of up to 2 mm?. During the measurement,
we avoided the calcification site and the contrast-
enhanced lumen of the vessel. The average density in HU
units of measured ROls at each axial section was calcu-
lated. From this, the average representative density
value in HU units for the entire plaque was calculated [13].

According to clinical and radiological data, patients
were divided into 2 groups. 55 patients formed the
symptomatic carotis stenosis (SCS) group, they showed
signs of cerebral circulation disorder in the carotid
basin during the last 6 months: ischemic stroke — in
53 cases, transient ischemic attack in 2 observations.
50 asymptomatic patients formed the asymptomatic
carotis stenosis (ACS) group. The groups were age-
and gender-matched (U = 1279.0, p = 0.51) and
(x%=1.41, g = 0.24) respectively.

The statistical analysis was carried out with the
help of MS Office and Statistika 6 software packages.
The statistical significance of the difference between
the groups was assessed taking into account the dis-
crepancy between the data with the parameters of the
normal distribution; for comparison of quantitative indi-
cators — according to the Mann-Whitney criterion, for
qualitative indicators — according to the x? criterion, the
relative risk of the factor influence on the development
of the event was determined. The assessed level of
significance was p < 0,05.

The studies were carried out in accordance with
the principles of the Helsinki Declaration of the World
Medical Association (1964—2000) and the «Council of
Europe Convention on Human Rights and Biomedicine»
within the framework of the dissertation research
program. All the participants gave their informed consent
to participate in the study.

RESULTS AND DISCUSSION

According to radiological studies in patients of the
SCS group, the focus of ischemia in the blood supply
basin of the right ICA occurred in 24 cases, of the
left ICA in 22, and in both carotid basins in 7 cases.
Ischemia lesions of cortical or subcutaneous localization
> 1.5 cm in size were assessed. According to MRI data,
signs of discirculatory brain changes were prevalent
in ACS group»

Carotid stenoses in patients mainly had bilateral
localization, 52 (94.5%) in the SCS group, 49 (82.0%) in
the ACS group. Comparisons in the groups were carried
out according to the following US characteristics of caro-
tid stenosis: the degree of ICA stenosis according to the
NASCET protocol, the maximum thickness of AP, local
changes in blood flow in the zone of ICA stenosis, the echo
type of AP according to the Gray-Weale classification, the
presence of ulcers, the presence of microvascularization
according to SMI data, stiffness indicators according
to SWE data. In addition, comparisons of the stiffness
characteristics of AP were carried out, assessed accor-
ding to the MSCTA data and the US data in 24 patients.
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MopiBHSAHHSA y rpynax cBig4MTb Npo GinbLl BUCOKWIA
BigcoTok crteHo3yBaHHs BCA y rpyni CKC, BigsHauyeHa
pocToBipHa pisHuus cnpasa (U = 601,5; p = 0,01).
BignosigHo, nopylleHHs MiHIMHOI LUBMAKOCTI KPOBOTOKY
B 30Hi CTEHO3Y TaKoX YacTiwe 3yctpiyanuck y rpyni CKC,
NpoAeMOHCTPyBanu 3Haudylli BiAMIHHOCTI MO npaBoMYy
kapoTugHoMy GacenHy (y? = 4,40; p = 0,04; BigHOCHWIA
pu3uk nogii 36inbwyBaBcs B 2,3 pasu).

MakcumaneHa ToBwMHa AB BusBMNacL cratuc-
TUYHO 3HauyLle Ginbwoto y rpyni CKC no npasum BCA,
(U=680,0; p=0,02), no nisum BCA pi3HuUA cTaTUCTUYHO
He 3Hauyuma. [oJaTKoBO MNPOBEAEHO CNIBCTABIEHHS
y rpynax rnokasHvka MakcumanbHoi ToBwuMHU AB y rpa-
nauisix = 2,5 mm, Ab = 3 mm, ABb = 3,5 mm. BcTtaHoBneHo
CTaTUCTUYHO 3HaudyLly BiAMIHHICTb Yy rpynax 3a nokas-
Hukom AB = 3,5 mm 3 obox 6okiB (cnpasa y? = 5,04;
p = 0,03 Ta 3niea %2 = 4,2; p = 0,04), BiZHOCHWIA pU3MK
nogii  (NopylweHHs MO3KOBOro KpoBoobiry) 36inbLuy-
BaBcs B 2,1-2,2 pa3u (1abn. 1).

Comparison in groups indicates a higher percentage
of ICA stenosis in SCS group, a significant difference
on the right was noted (U = 601.5; p=0,01). Accor-
dingly, blood flow velocity in the stenosis zone were also
more common in the SCS group, significant differences
were shown in the right carotid basin (x2 = 4.40; p=0,04;
the relative risk of the event increased 2.3-fold).

The maximum thickness of the AP was statistically
significantly greater in the SCS group in the right ICA,
(U =680.0; p = 0.02), while in the left SCA, the difference
is not statistically significant. In addition, a comparison
of the indicator of maximum AP thickness in gradations
of 22,5 mm, AP =23 mm, AP 23,5 mm was carried out.
A statistically significant difference in groups was
found/established in terms of AP 23,5 mm on both
sides (right 2 = 5.04; p = 0.03 and left y? = 4.2; p = 0.04);
the relative risk of the event (cerebral circulation disorder)
increased by 2.1-2.2 times (Table 1).

Tabnuus 1. YneTpacoHorpadcivyHa xapakTepucTuka KapoTUAHUX CTEHO3IB Y rpynax
Table 1. Ultrasonography characterization of carotid stenoses in groups

Mpynn / Groups MopiBHAHHA y rpynax
. CKC / SCS AKC / ACS Comparison in groups
MokasHuk / Indicator
cnpasa 3niBa cnpasa 3niBa U: o 42
on the right | on the left | on the right | on the left PP
Cnpaga / on the right
CryniHb cteHo3y / Degree of stenosis, % 45 36 30 35 U =601,5; p=0,01;
Me (Q1-Q3) (30-60) (25-60) (20-50) (25-50) | 3niBa/ on the left
U =940,0; p=0,44
Cnpaga / on the right
ToswmHa AB, mm / AP thickness, mm 3,3 3,1 2,7 3,0 U =680,0; p=0,02;
Me (Q1-Q3) (2,5-3,9) (2,3-3,7) (2,1-3,3) (2,3-3,4) | 3niBa/on the left
U =959,5; p=0,56
CnpaBa / on the right
ToBwwmHa AB Ginble 3,5 MM (KinbkicTb, (%)) %?=5,04;p=0,03; RR=2,2;
AP thickness more than 3.5mm; quantity, (%) 20 (40) 17(35.4) 7(17.5) 7(16,3) 3nisa / on the left
1?*=4,2;p=0,04;RR=2,1
Tun ACB 3a Gray-Weale, kinbkictb (%)
Echo-type by Gray-Weale quantity, (%)
1 4(8,0) 5(10,4) 1(2,5) - Cnpasga / on the right
2 16 (32,0) | 13 (27.1) 2 (5,0) 5(11,6) | %% =19.4;p=0,001;
3nisa / on the left
3 18 (36,0) 13 (27,1) 14 (35,0) 14 (32,6) ¥2, = 12,4; p = 0,01
4 4 ,
4 10 (20,0) 15 (31,3) 23 (57,5) 24(55,8)
5 2 (4,0) 2(4,2) - -
Cnpaga / on the right
YopcrTkictb ACB, klMa / AP stiffness, kPa, 70,0 72,0 82,0 85,0 U =390; p = 0,001;
Me (Q1-Q3) (57,0-80,0) | (60,0-79,0) | (77,5-89,0) | (74,0-94,0) | 3niea / on the left
U = 380; p = 0,001
HasBHicTb MikpoBackynsipuaauii Cnpasa / on the right
Presence of microvascularization x2=4,2; p=0,04;
n/N, kinbkicTb / quantity, 30/49 29/48 14/36 17/43 3niea / on the left
(%) (61,2) (60,4) (38,8) (39,5) x> = 4,0, p=0,05

CniBcTaBneHHs exo-CcTpyktypu AB y pexumi cipoi
WKanu BignNoBiAHO exo-Tunam 3a  Knacudikauieto
Gray-Weale nokasanu CTaTMCTUYHO 3HAYMMi BiAMIHHOCTI
y rpynax: x%, = 19,4, p = 0,001 no npasum BCA,
Ta y?, = 12,4, p = 0,01 no nisum BCA. ¥ rpyni CKC
3nebinblwe 3ycTpivanuce HeopHopiaHi AB 3 nepesa-
XKaHHAM TinoexoreHHoro (2-v Tun) Ta rinepexoreHHoro
(3-# Tn) KOMNoHeHTIB, y rpyni AKC — vacTiwe BusBreHi
rinepexoreHHi AB 3-ro Ta 4-ro Tuny. 5-n Twun Ab

Comparison of the AP echo structure in gray scale
mode according to the Gray-Weale classification of
echo-types showed statistically significant differences
in the groups: %, = 19.4; p = 0.001 in the right ICA
and 2, = 12.4; p = 0.01 in the left ICA. In the SCS group,
heterogeneous APs with the prevalence of hypoecho-
genic (type 2) and hyperechogenic (type 3) components
were more common, in the ACS group, hyperechogenic
APs of type 3 and 4 were more often detected. Type 5 of
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He BM3HaYeHOI eXOreHHOCTi 3a paxyHOK exO-TiHi BUKMIo-
YaBcs 3 aHanidy. Yactota yMoBHO HecTabinbHMX Gnsiok
HWU3bKOI exoreHHocTi (1-ro Tuny) Gyna manot Ta ckna-
Aana B 1-n rpyni 2 (4,0%) cnpaea Ta 2 (4,2%) 3nisa.

BusHayeHHs1 xopcTkocTi AB 3a pgonomoroio SWE
003BONWUMO  BUAINMTM  OBnawku 3 mogynem HOHra
Big 34 po 102 «kMa. Y rpyni CKC piBeHb XopcCT-
kocti 6yB poctoBipHO Hwxuum (Me = 70,0 klMa —
B npasux BCA, Me = 72,0 — B nisux BCA) nopiBHsiHO
3 rpynoto AKC (Me = 82,0 kla B npasux BCA, p = 0,001;
Me = 85,0, B nisux BCA, p = 0,001), (puc. 1).
Mu He ouiHoBanu 3a pgonomoroto SWE 6Gnswku
3 BUpaxeHot Kanbuudikauieto (5-n Tun 3a Gray-Weale)
Ta TOBLUMHOK MEHLLE 2 MM.

AP of undefined echogenicity due to echo-shadow was
excluded from the analysis. The occurrence of condi-
tionally unstable plaques of low echogenicity (1 type)
was low: there were 2 in group 1 (4.0%) on the right
and 2 (4.2%) on the left.

Determining the stiffness of AP using SWE made it
possible to isolate plaques with a Young modulus from
34 to 102 kPa. In the SCS group, the stiffness level was
significantly lower (Me = 70.0 kPa in the right ICA,

Me = 72.0, in the left ICA) compared to the ACS group
(Me = 82.0 kPa in the right ICA, p = 0.001; Me = 85.0,
inleftICA, p=0.001), (Fig. 1). We did not evaluate plaques
with pronounced calcification (type 5 by Gray-Weale-
Geroulakos) and thickness less than 2 mm with the
help of SWE.

Puc. 1. OuiHka aTepocknepoTM4HOI bnsikvM CoHHOI apTepii 3a gonomoroto SWE.
3abapBneHHs NepeBaxkHO B CYHIN KOMip BiANOBIAAE HM3bKIN XOPCTKOCTI BnsLukm
Fig. 1. SWE assessment of the atherosclerotic carotid plaque. The blue staining corresponds to the low stiffness of the plaque

Pesynbratv pgaHux 3actocyBaHHs pexumy SMI no-
Kasanu HasiBHICTb MikpoBacKynsapu3auii nepeBaxHo
B 6nsilwkax 2-ro 1a 3-ro TMny 3 nepeBaXKaHHsM 3HaXxiaok
y rpyni nauienTiB 3 CKC (puc. 2). Jlokycn mikpocyaunH
6ynn BigcytHiMm B ACB 4-ro Tuny. YacTtota peectpauii
MiKpOBacKynsipHuUx nokycis Oyna 6inbLuoto y rpyni naui-
EHTIB i3 NepeHeceHMM iHCynbTaMmn, CTaHOBWMA y NpaBuX
BCA 61,2% y rpyni CKC, Ta 38,8 — y rpyni AKC (x? = 4,2;
p = 0,04), no nieux BCA 60,4 Ta 39,5% y rpynax CKC
Ta AKC BignosigHo (x2 = 4,0; p = 0,05).

The results of the SMI regimen showed the presence
of microvascularization mainly in type 2 and 3 plaques
with a predominance of finds in the group of patients
with SCS (Fig. 2). Microvascular loci were absent in
type 4 ASP. The incidence of microvascular loci was
higher in the group of patients with stroke. It was 61.2%
in the right ICA and 38.8% in the ACS group (x*= 4.2;
p = 0.04), on the left ICA 60.4% and 39.5% in the SCS
and ACS groups, respectively (x2 = 4.0; p=0.05).

Puc. 2. MikpoBackynsipusaulisi aTepocknepoTnyHOI BrsLLKM COHHOT apTepii B pexumi konboposoro SMI
Fig. 2. Microvascularization of the atherosclerotic carotid plaque in the mode of colored SMI

3a kputepiem ycknagHeHHs AB 3 BuMpaskyBaHHSIM
NMOBEPXHi B HALUMX CMOCTEPEXEHHSIX HE BUSIBUMO OOCTO-
BipHMX BigMiHHOCTen y rpynax (x2 = 1,1; p = 0,30 no npa-
Bin BCA, Ta %2 = 2,5; p = 0,11 no nisiit BCA).

According to the criterion of AP complication with
surface ulceration, in our observations there were no
significant differences in the groups (x2 = 1.1; p = 0.30
on the right SCA and x2= 2.5; p = 0.11 on the left ICA).
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Takum 4MHOM, [OCTOBIpHI BIOMIHHOCTI y rpynax
CMOCTEPEXEHb BCTAHOBMNEHO 3a TakMMU MNOKa3HMKaMMW:
MakcMMarnbHa ToBLWMHA Onswkn (no npasBux BCA),
3HAYyLLO BENUYMHOK BUSIBUNACb TOBLUMHA OnsiLLKM
> 3,5 MM, CTyniHb CTeHo3yBaHHSA (cnpasa), Tunu bnswok
3a knacuaikauieto Gray-Weale, xopcTkicTe 6nsilwku 3a
faHnmn SWE, HasBHICTb MikpoBacKynsipusauii 3a AaHu-
Mu SMI. OTpumaHi pesynstatv MOXyTb OyTU BpaxoBaHi
Yy MNPOrHO3yBaHHi PU3UKY PO3BUTKY ilUEMiYHUX nogin
Ha Ooui KapoTMOHOro CTEHO3y B KOMIMMEKCH iHWKX
KMNiHIYHMX MOKA3HWKIB, a TakoX MOXyTb OyTu 3acToco-
BaHi Ans nepcoHanisoBaHoOro nigxody Mpu MnaHyBaHHi
nofanbLUoro fikyBaHHs nauieHTa.

3 MEeTOK MOPIBHAHHA OaHWX LOCNIAXEHb >XOPCTKOC-
Ti AB, BM3Ha4YeHUX Pi3HUMK PagioNoriMHUMKM MeTogaMu
(YC y pexwumi cipoi wkanu, YC y pexumi SWE 1a MCKTA)
y 24 nauieHTiB npoBedeHi CniBCTaBNEeHHS KinbKiCHUX
MOKa3HMKIB >XOPCTKOCTI M cobo Ta 3 exo-Tunamu
OnsLWKM 32 4ONOMOrO paHroBoi kopensuii CnipmeHa.

BuBYeHi kopensuiiHi 3B’A3kM MK cepefHiM nokas-
HWKOM XopcTKocTi 3a gaHnummn SWE (kla) Ta nokaszHukamu
LWiNbHOCTI (CepedHiin, MiHiManbHWA Ta MakcUMaribHUN)
3a paHummn MCKTA (B ogunuusix HU). BcraHoeneHo
KOpensiliiHi  3B’A3KNM cepefHboi CUMK: MiX cepegHim
nokasHukoMm xopcTkocTi Ab 3a gaHumn SWE Ta piBHeEM
winsHocTi 3a gaHumn MCKTA - cepegHim (p = 0,60;
p = 0,004, nBOGi4YHUI 3B’A30K) Ta MiHiMansHUM (p = 0,54;
p = 0,012, oBoGiYHMIA 3B’A30K).

[ocnigpkeHi cniBBigHoLWEHHSA exo-TuniB Ab 3a knacu-
dikauieto Gray-Weale Ta piBHIB XOPCTKOCTi 3a AaHu-
mn SWE. BusHaueHo, wo I-ll exo-tunam ABb Bignosinae
Oiana3oH MOKa3HWKIB cepefHboi XopcTkocTi 3a SWE
40-55 kMa (Me = 51,5, (Q1-Q3): 41,5-61,7); lll Tuny —
NoKasHMKN cepegHboi XopcTkocTi 3a SWE 56-69 «klla
(Me = 62,0, (Q1-Q3): 54,0-66,0); IV Tuny AB — 70 i Ginb-
we klMa (Me = 74,0, (Q1-Q3): 70,0-74,0) kla, koediui-
€HT kopensuii Kengana (r = 0,56; p = 0,006, nBOGIYHMI
3B’A30K). BcTaHoBneHi [ABOOGIYHI KOpensuiiiHi - 3B’s13Ku
cepegHboi cunn Mix exo-tunom AB 3a Gray-Weale
Ta MOKa3HMKOM >XOpCTKOCTi 3a paHumn SWE (kla):
p = 0,57; p = 0,007, wo cBigYNTL NPO NEBHY BIAMNOBIA-
HICTb XapaKTepPUCTUK eXO-TUNIB BnsLWKN 3a gaHUMK cipoil
LKanu Ta xopcTkocTi 3a SWE.

Hamn BuMBYeHi cniBBigHOWEHHS exo-Tunie Ab 3a
knacudpikauieto Gray-Weale Ta piBHiB wWinbHOCTi AB
3a gaHmmm MCKTA. BcraHoBneHo, wo |-l Tunam Ab
Bi4NOBI4aOTb CepeaHin nokasHuk LWinbHocTi 3a MCKTA
38,7 +2,9 (Me = 38,5, (Q1-Q3): 36,0-41,2) HU; Il Tuny —
cepegHs wWinbHicTb 3a MCKTA 43,7 £ 8,9 (Me = 41,5,
(Q1-Q3): 37,2-54,0) HU; IV tuny AB — cepegHs wWinb-
HicTb 3a MCKTA 46,3 + 2,3 (Me = 45,0, (Q1-Q3):
45,0-46,0) HU. BctaHoBneHi kopensuiiHi 3B’A3kM
cepedHboi cunu Mix exo-tunoMm Ab 3a Gray-Weale Ta
wineHicTio Ab 3a MCKTA: p = 0,53; p = 0,014 ans nokas-
HWKa cepedHboi LWinbHocTi; p = 0,49; p = 0,021 ana
nokasHuMKa MiHimanbHOI wWinbHocTi. OTpuMaHi gaHi nig-
TBEPOXKYIOTb  BiOMOBIAHICTE  OUIHKWM  XapaKTepucTuKu
ONsLWKM 3a AaHMMM CipoT WKanu Ta winbHocTi 3a MCKTA,
Oinbll CTATUCTMYHO 3HAYUMUM BUSIBUBCS MOKA3HMK
cepeaHboi WinbHocTi 3a MCKTA noOpiBHSAHO 3 OUiHKOM
MiHiManbHOI LWiNbHOCTI. AHani3 nokasHuWka Makcumarb-
HOT wWinbHocTi 3a MCKTA He BM3HauMB KOpensauiHMx
3B’A3kiB 3 YC kpuTepismu (T1abn. 2).

Thus, reliable significant differences in the obser-
vation groups were established according to the
following indicators: the maximum thickness of the
plaque (on the right ICA), the thickness of the plaque
was 23.5 mm, the degree of stenosis (on the right),
the types of plaques according to the Gray-Weale
classification, the stiffness of the plaque according
to SWE data, the presence of microvascularization
according to SMI data. The results can be taken into
account in predicting the risk of ischemic events on
the side of carotid stenosis in combination with other
clinical indicators, and can also be applied for a perso-
nalized approach in the planning of further treatment
of the patient.

In order to compare data from AP stiffness studies
obtained by different radiological methods (gray-scale
US, SWE-mode US and MSCTA), quantitative stiffness
indicators of 24 patients were compared with each
other and with echo-types of plaque using the Spearman
rank correlation.

The correlation relationships between the mean
stiffness score from the SWE data (kPa) and the density
scores (mean, minimum and maximum) from the MSCTA
data (in HU units) were studied. Medium strength corre-
lations were established: between the average AP
stiffness indicator according to SWE data and the density
level according to the MSCTA data — average (p = 0.60;
p = 0.004, two-way bond) and minimum (p = 0.54;
p = 0.012, two-way bond).

The ratios of AP echo types according to Gray-Weale
classification and stiffness levels according to SWE data
were investigated. It was determined that the |-l echo
types of AP correspond to the range of average stiffness
indicators according to SWE 40-55 kPa (Me = 51.5,
(Q1-Q3): 41.5-61.7); Type lll — indicators of average
stiffness according to SWE 56-69 kPa (Me = 62.0,
(Q1-Q3): 54.0-66.0); type IV AP — 70 or more kPa
(Me =74.0, (Q1-Q3): 70.0-74.0) kPa, Kendall correlation
coefficient (t = 0.56; p = 0.006, two-way bond). Two-way
correlations of medium strength between the AP echo
type according to Gray-Weale and the stiffness indicator
according to SWE (kPa) were established: p = 0.57;
p = 0.007, which indicates a certain compliance of the
characteristics of the echo types of the plaque according
to the gray scale and the stiffness according to SWE.

We studied the ratio of AP echo types according to
the Gray-Weale classification and AP density levels
according to the MSCTA. It was found that the I-Il types of
AP correspond to the average density indicator according
to MSCTA38.7 £2.9 (Me = 38.5, (Q1-Q3): 36.0-41.2) HU;
Type lll — average density according to MSCTA 43.7 £ 8.9
(Me = 41.5, (Q1-Q3): 37.2-54.0) HU; type IV AP —
average density as per MSCTA 46.3 + 2.3 (Me = 45.0,
(Q1-Q3): 45.0-46.0) HU. Average strength correlation
between the AP echo type by Gray-Weale and the AP
density by MSCTA: p = 0.53; p = 0.014 for average den-
sity; p=0,49; p = 0.021 for minimum density. The obtained
data confirm the conformity of the estimate of the plaque
characteristics according to the gray scale and density
according to the MSCT, the average density indicator
according to the MSCT compared to the estimate of
the minimum density was more statistically significant.
The analysis of the maximum density indicator according
to the MSCTA did not determine correlation relations
with the US criteria(Table 2).
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Ta6nuus 2. KopensuiiHa MaTpyus NOKa3HUKIB LLiNbHOCTI Ta €X0-TUMiB KapoTUAHUX GrsILLOK
(koedpiuieHT kopensauii CnipmeHa (p) Ta piBeHb 3HaYMMOCTi (p))
Table 2. The correlation matrix of density and echo types of carotid plaques
(Spearman correlation coefficient (p) and significance level (p))

LLlinbHicTb 328 MCKTA E P . . S
i Density according to MSCTA PO f2) (EIESINEENE ORI

MEEESTTR i Ineezier = Y : J Echo type by Gray-Weale | Stiffness by SWE

minimal maximal mean
LLinbHicTb 38 MCKTA 1.000 -0,183 0,651 0,499 0,539
Density according to MSCTA ’ 0,427 0,001 0,021 0,012
LinbHicTe 3a MCKTA -0,183 1.000 0,509 0,183 0,223
Density according to MSCTA 0,427 ’ 0,018 0,427 0,331
WinbHicTb 3@ MCKTA 0,651 0,509 1.000 0,529 0,601
Density according to MSCTA 0,001 0,018 ’ 0,014 0,004
Exo-tun 3a Gray-Weale 0,499 0,183 0,529 1000 0,572
Echo-type by Gray-Weale 0,021 0,427 0,014 ’ 0,007
XopcTkicTe 3a SWE 0,539 0,223 0,601 0,572 1.000
Stiffness by SWE 0,012 0,331 0,004 0,007 ’

Pesynbratv cniBcTaBneHb €X0-XapakTepUCTUK Ta
xopcTkocTi ABb, oTpumaHoi 3a pgonomoroto MCKTA
Ta YC B HalUMX CMNOCTEPEXEHHSX, CBig4YaTb Npo edek-
TMBHiICTb YC MeTogiB OUiHKM CTPYKTYpu ORsiLLKu.
3 opgHoro GOKy, Le NiAKPEeCMnoe CaMOCTINHE 3HaYeHHs
Ta NEepCnekTUBy BWKOPUCTAHHS YNLTPa3BYKOBUX TEXHO-
norin - B OUiHUi KapoTuAHMX CTeHo3iB. 3 iHwWoro Goky,
Le Haronollye Ha AOUinbHICTb noganbluMx OChigKeHb
y HanpsiMky kombiHauii meTtoais YC 1a MCKTA B anro-
PUTMi OLiHKM Bpa3nuemx onsiok [14].

Pe3ynbratv cniBcTaBneHb €X0-XapakTepUCTUK Ta
»opcTkocTi ABb, oTpumaHoi 3a gonomoroto MCKTA ta YC
B HalUMX CMOCTEPEXEHHSIX, CBiAYaTb Npo eeKTUBHICTb
YC-meTofiB OUiHKM CTPYKTYpu Gnisitkn. 3 ogHoro Goky,
ue nigKpecntoe CaMoCTiliHEe 3Ha4YeHHs Ta MepCrnekTUBY
BMKOPWUCTAHHA YNbTPa3BYKOBUX TEXHOMOriA B  OUiHLi
KapoTuAHWX CTeHos3iB. 3 [HWoro — LuUe Haronowye
Ha [OUinbHICTb MoAanblMX [OCNioXKEHb Y HanpsiMKy
kombiHauii metogie YC 1a MCKTA B anroputmi ouiHKM
BpasnuBmx Gnswok [14].

HesBa)katounm Ha YMCNEHHi OOCNIAKEHHS OCTaHHIX
OecsaTuniTb, He BAANOCb BU3HAYUTU OKPEMY O3HAKYy, LLO
[ocToBipHO nepeabadana NoTeHUiNHMIA pU3KK incunare-
panbHOro iHCYNbTY MpU KapoTMOHOMY CTEeHO3i. Pesynb-
TatM Haworo aHanizy YC kputepiiB HecTtabinbHoi Ab
niaTBepaXytoTb GaratoakTopHiCTb npoueciB  opmy-
BaHHS CTEHO3iB «BUCOKOrO pu3nky». CTOCOBHO Tpaau-
uinHoi YC oUiHKM BpasnMBUX KapoTUOHMX BRsiLLoK Hamu
OoTpuMMaHi pe3ynsTaTi, WO cniBnagalTtb 3 OGaratbma
JocnigkeHHsiMu (CcTyniHb cTeHo3y BCA, ToBLUMHA GnsiLuku,
reMogvHaMmivHi NOpyLUEHHs1 B 30HI CTEHO3Y, CTPYyKTypa
6nsiwkn 3a knacudikauiero Gray-Weale).

3a cyyacHUMU yABNEHHAMW, OOHUM 3 MOTEHLiIAHUX
mMapkepiB HectabinbHocti AB € posnogin Hanpyru
B cepeaunHi 6nsawkn. OuiHka >xopcTkocTi 3a SWE
LIMASXOM  KifnbKiCHOTO  BU3HadeHHs wMopgyns OHra €
NepcnekTMBHOK ANsi  OTPUMaHHA  iHopmauii  npo
cknag AB [15]. Kpim Toro, nonepegHi [ocnimKeHHs
BM3HaAYMNN 3B’AA30K Hk4mMx mopynie KOHra 3 HeBporno-
riyHMMKM cumnTomamu [6]. B pesynbrati aHanisy Hawmx
JaHUX TakoX OTPMMaHO CTaTUCTUYHO 3HaYUMi BiOMIH-
HOCTi MokasHukiB mogyns KOHra B rpynax CMMNTOMHUX
Ta aCUMNTOMHUX NaLUiEHTIB.

Y UeHTpi yBarn ocTaHHix gocnigXeHb € NaTonoriyHni
aHrioreHe3 AB, nponidepauis He3pinux Kaninspis, WO
noxoasTe 3 afBeHTUUianbHMX vasa vasorum, To6To

The results of the comparison of the echo-charac-
teristics and stiffness of AP obtained with the help of
MSCTA and US indicate the effectiveness of US methods
for assessing the structure of the plaque.

On the one hand, it emphasizes the independent
significance and prospects of using ultrasonic techno-
logies in the assessment of carotid stenoses. On the other
hands, it indicates the expediency of further research
in the direction of the combination of the US and
MACTA methods in the algorithm for the evaluating
vulnerable plaques [14].

Despite numerous studies in recent decades, it
was not possible to determine a separate sign that
reliably predicted the potential risk of ipsilateral stroke
in carotid stenosis. The results of our analysis of the
US criteria of unstable AP confirm the multifactorial
nature of the processes of «high-risk» stenoses
formation. As regards the traditional US assessment
of vulnerable carotid plaques, we have obtained results
that coincide with many studies (the degree of ICA
stenosis, the thickness of the plaque, hemodynamic
disorders in the stenosis zone, the structure of the
plaque according to the Gray-Weale classification).

According to modern concepts, one of the potential
markers of AP instability is the distribution of voltage in
the middle of the plaque. Evaluation of the SWE stiffness
by quantification of the Young moduli is promising for
obtaining information on the composition of the AP [15].
In addition, previous studies have identified the asso-
ciation of lower Jung modulus with neurological symp-
toms [6]. The analysis of our data also yielded statistically
significant differences in Jung modulus scores in groups
of symptomatic and asymptomal patients.

The focus of recent studies is the pathological
angiogenesis of AP, proliferation of immature capilla-
ries originating from adventitial vasa vasorum, that is,
intra-peritoneal vascularization. These vessels are
responsible for the processes of inflammation, and are
also immature and prone to ruptures and hemorrhages.
Methods of contrast ultrasound and SMI have great
prospects in the diagnosis of newly formed vessels
[8, 16]. In our study, the findings suggested the likely
effect of signs of microvascularization on the risk of
ischemic events. The litera-ture also reflects the asso-
ciation of the presence of newly formed vessels with
potential plaque instability and risk of cerebral ische-
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BHYTpILWIHbOONSAWKOBa Backynsipusauis. Lli cyanHn €
BigNOBiAaNbHMMM 3a MpoUecK 3ananeHHs, 00 TOoro X
€ He3pinMMM Ta CXWUIbHUMKM OO0 PO3PUBIB i KPOBOBU-
nmBiB. MeToaukn KOHTpacTHOro ynbrpa3syky i SMI
MatoTb BENuKi NepcrnekTMByM B AiarHOCTULi HOBOYTBOpE-
HUX cyauH [8, 16]. Y Hawomy [OCnigXeHHi OTpuMaHi
pe3ynbTatu  CBigYMNM NpO WMOBIPHUA BMMMB O3HaK
MiKpoBackynsipmsauii Ha pU3MK  iLLEMIYHUX  NOAIN.
JlitepaTypHi paHi Takox BigoOpaxatoTb 3B'sI30K HasiB-
HOCTi HOBOYTBOPEHMX CyAMH 3 MOTEHLiNHOI HecTabinb-
HicTIO ONSWKM Ta pU3NKOM LepebpanbHuX ileMivHUX
nogin [9]. Takmm uYmHOM, MynbTMNapameTpuyHe YC
AocnimxeHHs B KOMOGiHaUii TpaguuinHux Ta nepenoBumx
yNbTPa3ByKOBMX METOAUK NPEACTaBnsitoTb rapHy nep-
CMEeKTUBY Ansi HEIHBA3WBHOIO AOCHIAKEHHSI KapOTUAHUX
CTEHO03iB «BMCOKOIO PU3MKY».

BUCHOBKMU

BctaHoBneHo CcTaTUCTUYHO 3HAYMMi  BiAMiIHHOCTI
xapaktepuctuk AB y rpynax nauieHTiB 3 CUMMNTOMHUM
i aCMMNTOMHUM KapoOTMAHMM CTEHO30M: MaKcumarbHa
TOBLWMHA OnsAWKn 3i 36iNbLIEHHSM CTYNEHs1 pPU3NKY
npu ToBWWUHI Binbwe 3,5 MM, CTyniHb CTEHO3yBaHHS
BCA, tunu Onswok 3a knacudikauiero Gray-Weale,
a TaKoX XOPCTKiCTb OnsAwkn 3a gaHumm SWE, HasBHICTb
MikpoBackynspu3sauii 3a gaHumn SMI.

BctaHoBneHi ABOGIYHI  KOpPensuiiHi - 3B’A3KM  MiX
nokasHukamu xopctkocTi AB, oTpumaHummn 3a gaHuUmu
SWE T1a MCKTA, mix xapaktepuctukor exo-tunisa Ab
3a knacudikauieto Gray-Weale Ta nokasHukamu >opcT-
kocTi 3a gaHnmm SWE T1a 3a gaHnmmn MCKTA.

HasagHicTb MikpoBackynsipusadii 3a gaHuvmn SMI Ta
HM3bKa >XOPCTKICTb Onswkn 3a gaHnmm SWE MoxyTb
XapakTepu3yBaTu MOTeHUiiHy HecTabinbHicte ACB,
ui YC kpuTepii gouinbHO gogatyv B KOMMIEKCHY pagio-
NOriYHy OLiHKY KapOTUOHUX CTEHO3IB.
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mic events [9]. Thus, multiparametric US studies in
a combination of traditional and advanced ultrasound
techniques present a good perspective for the non-
invasive study of «high risk» carotid stenoses.

CONCLUSIONS

Statistically significant differences in the characte-
ristics of AP in groups of patients with symptomatic and
asymptomatic carotid stenosis were found: the maximum
thickness of the plaque with an increase in the degree
of risk at a thickness of more than 3.5 mm, the degree of
stenosis of the ICA, the types of plaques according to
the Gray-Weale classification, as well as the stiffness
of the plaque according to SWE data, the presence of
microvascularization according to the SMI data.

Two-way correlation between the AP stiffness indi-
cators obtained from the SWE and MSCT data, between
the characteristics of the AP echo-types according to the
Gray-Weale classification and the stiffness indicators
according to the SWE data and according to the MSCT
data have been established.

The presence of microvascularization according to
SMI data and the low stiffness of the plaque according
to SWE data can characterize the potential instability of
the ASP; these US criteria should be added to the com-
prehensive radiological assessment of carotid stenoses.
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Prospects for further research

The improvement of the diagnostic algorithm for the non-inva-
sive assessment of the severity of carotid stenoses using
a complex of radiological studies, with the definition of the
separate role and scope of US diagnostics as the most acce-
ssible method. An important focus is the development of
a prognostic model for the risk of ischemic events in patients
with asymptomatic atherosclerotic carotid involvement.
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PE3IOME

AkTyanbHicTb. B OCTaHHi [ecaTunitTTa [OOCATHEHHs B fiKyBaHHi  OHKOMOriYHMX
3axBOplOBaHb, 3 OfHOro OOKy, MpM3BENW [0 MNiABULLEHHS BWXWBAHOCTI NauieHTIB,
a 3 iHWOoro — [0 3pOCTaHHS 3axXBOPHOBAHOCTI Ta CMEPTHOCTI BHACMigOK PO3BUTKY
nobiyHmMx edpekTiB Tepanii, ceped SKMX CcepueBO-CyauMHHI ycknagHeHHst (CCY)
3almatoTb nepwi nosuuii. HeGesneka nosisu CCY nig 4yac ximioTepanii nonsirae
B MOXNMBOCTI nepepuBaHHsi abo ckacyBaHHS mikyBaHHS OCHOBHOIMO 3aXBOPHOBaHHS,
3MEHLUYIOYM LUAHCKM OHKOXBOPOrO Ha BWXMBAHICTb. BigcTpoudeHi nposiBu Kapgio-
TOKCWUYHOI Al NpOTUNYXNMHHOI Tepanii, WO BMHUKaKTb NIiCNs ii 3aBepLUEHHs], Haxanb,
TaAKOXK 3HWXKYIOTb SKICTb KMUTTS XBOpPUX Ta MiABULLYIOTb CMEpTHICTb. Y 3B'sI3Ky
3 UMM paHHs [iarHoCTMKa Ta CBOEYacHe BUSIBMEHHS KapAioTOKCUMYHMX edekTiB
NPOTUNYXIIMHHMX NpenapaTiB € OQHWUM i3 NPIOPUTETHUX 3aBAaHb, WO cdopmyBanocs
B HOBWI HanpPsMOoK B MeAULMHI, — KapAiOOHKONOTit0.

MeTta po60TH — OLIHNTU CTaH Ta CyyacHi ysIBNeHHs po3BUTKY exokapgiorpadii B OLjiHLi
ANCAYHKLIT cepus Ha oHi NpoBedeHHs XimioTepanii.

Matepianu Ta ™metoam. JliTepaTypHi [xepena npoaHanisoBaHi 3a [OMOMOro
aHIMOMOBHUX TekcToBuMX 6a3 bGiomeauuHux metagaHux (MEDLINE (Pubmed),
Web of Science (Web of Knowledge) 3a nowykoBMMW KrOYOBMMM CrioBamMu
«cardiotoxicity», «echocardiography», «chemotherapy», «ventricular dysfunction»,
«anticancer therapy», «risk stratification» 3a 2019-2024 pp.

Pesynbratv Ta ix o6roBopeHHsi. Bu3HayeHo, WO KapAioTOKCUMYHICTb SIK MOBIYHMIA
edeKkT NpOoTUNYXNUHHOI Tepanii, MOXe MPOSIBUTUCA PO3BUTKOM AUCKYHKUIT Miokapaa
nisoro wnyHouka (JILW) i cepuesoi HegocTaTtHocTi (CH), nereHeBoi rinepTeHsii, Tpombo-
emboniyHMX ycknagHeHb, apTepianbHOl rinepToHii, iluemiyHoi xBopobu cepus, 3axBo-
ploBaHb nepukapga, knanaHHoi XBopobu cepus Towo. Baxnueum € giarHocTyBaHHSA
cybkniHiYHOro BapiaHTy KapAioTOKCUYHOCTI, Wo nepegye po3suTky CH. Ha cboropHi
30M10TUM CTaHOAPTOM OLHKM CTPYKTYPHO-(DYHKLiOHanbHOro ctaHy Miokapaa JllW 3a-
nuwaetbcs exokappiorpadis (ExoKl). MNMpoTe, nokasaHo, Lo BMMiptoBaHHSA dpakuii
Bukmgy (®B) I 3a pgonomoroto TpaHcTopakanbHoi ExoKI He po3sonsie BusBUTU
ancdyHkuito JILW Ha paHHiX cTagisx. B ocTaHHi poku 3 Ui€l0 MEeTol BWKOPUCTO-
BYIOTb HOBi MeToAM Bidyanisauii miokapaa, cepef sIKuX nepcrnekTUBHOIO cTana Crnekn-
TpekiHr exokappaiorpadis (CTE) B ABOBUMIPHOMY Ta TPMBUMIPHOMY pEXUMAX.
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AAS LUTYBAHHS:

BucHoBkuU. BusiBNeHHS KapaioTOKCUYHWX edeKTiB NPOTUMYXMMHHMX npenapaTtiB €
OyXe akTyanbHol npobrnemot B kapgionoriyHin npaktudi. OuiHka rno6anbHoil
nedopmalii Miokapga 3a ABoBUMIpHUM 306paxeHHsiM JILL Hapae uiHHY iHdopmadio
Onst giarHocTuky paHHboi aucdyHkuii JIL, ocobnvBo y nauieHTiB, siki OTPUMYHOTb
XiMioTepaneBTUYHE JliKyBaHHS.

CwmupHosa I".C., KoszapeHko T.M., Babkina T.M., Ctopoxuyk FO.0., KyHaiHa B.B., CaxHo T.K., KyseBaHosa M.B. MoxnmsocTi
exokapaiorpadii y BUABMNEHHI KapAiOTOKCMYHMX edeKTiB MPOTUMYXIIMHHUX NpenapaTiB. YkpaiHcekul padionoaidHul
ma oHKomnoaiyHul xypHan. 2024. T. 32. Ne 2. C. 189-198. DOI: https://doi.org/10.46879/ukroj.2.2024.189-198

Key words:

cardiotoxicity, echocardiography, chemo-
therapy.

For correspondence:

Smyrnova Ganna Serhiivna

Shupyk National Healthcare University
of Ukraine of the Ministry of Health of
Ukraine, Department of Radiodiagnostics;

9 Dorohozhytska Str., Kyiv, Ukraine, 04112;
e-mail: a.smyrnova1985@gmail.com

© Smyrnova G.S., Kozarenko T.M.,
Babkina T.M., Storozhchuk Y.O.,
Kundina V.V., Sakhno T.K.,
Kuzevanova M.V., 2024

For citation:

ABSTRACT

Background. In recent decades, advancements in cancer treatment have resulted
in enhanced patient survival rates, yet concurrently, escalated morbidity and mortality
due to therapy-induced side effects, with cardiovascular complications (CVC) at the
forefront. The risk of cardiovascular disease (CVD) during chemotherapy lies in the
potentiality of interrupting or discontinuing the treatment of the underlying ailment,
thereby diminishing the patient’s prospects of survival. Regrettably, delayed mani-
festations of cardiotoxic effects subsequent to the completion of anticancer therapy
further diminish the patients’ quality of life and escalate mortality rates. Consequently,
early diagnosis and timely identification of cardiotoxic effects induced by anticancer
drugs have emerged as paramount objectives, shaping a novel domain in medicine
termed cardio-oncology.

Purpose. Assess the condition and modern ideas of the development of echocardio-
graphy in the assessment of cardiac dysfunction in the context of chemotherapy.
Materials and Methods. References were analyzed using English-language bio-
medical databases (MEDLINE (Pubmed), Web of Science (Web of Knowledge) using
the following keywords: «cardiotoxicity», «echocardiography», «chemotherapy»,
«ventricular dysfunction», «anticancer therapy», «risk stratification» for 2019-2024.
Results. Cardiotoxicity arising as a consequence of anticancer therapy can manifest
in various forms, including left ventricular (LV) myocardial dysfunction, heart
failure (HF), pulmonary hypertension, thromboembolic complications, arterial hyper-
tension, coronary heart disease, pericardial disease, valvular heart disease, and
others. Detecting the subclinical variant of cardiotoxicity, which precedes the
onset of HF, is of paramount importance. Presently, echocardiography remains the
preferred method for evaluating the structural and functional status of the LV myo-
cardium. However, studies have demonstrated that measuring LV ejection fraction (EF)
via transthoracic echocardiography may not effectively detect LV dysfunction in its
early stages. In recent years, novel myocardial imaging techniques have emerged
for this purpose, with speckle-tracking echocardiography (STE) in both two-dimensional
and three-dimensional modes showing promise.

Conclusion. The early detection of cardiotoxic effects induced by anticancer drugs
emerges as a critical concern in cardiology practice. Evaluation of global myocardial
strain derived from two-dimensional LV images provides valuable insights into
diagnosing early LV dysfunction, especially in patients undergoing chemotherapy.

Smyrnova GS, Kozarenko TM, Babkina TM, Storozhchuk YO, Kundina VV, Sakhno TK, Kuzevanova MV. The possibilities
of echocardiography for detecting cardiotoxic effects of antineoplastic medications. Ukrainian journal of radiology and
oncology. 2024;32(2):189-198. DOI: https://doi.org/10.46879/ukroj.2.2024.189-198
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BCTYN

Ha cborogHi Bigomo, WO KapOiOTOKCUYHICTb MOXe
OyTn 3ymMOBneHa MpsSIMOI TOKCUMYHOK i€ MPOTUMYX-
NWHHOT Tepanii Ha cepue, WO B pesynbraTi NpM3BOAUTb
[o 3armbeni kapgiomiouuMTiB, a TakoX HENpPsIMO0 gjieto
BiNbHNUX pagukanis, $Ki BUKMMKAKOTb OKMUCHIOBAIbHWUN
ctpec [1-3]. MNopyytoum dyHKuito ibpobnacTis, npoTn-
NyXNWHHI Npenapatu TaKoX MOXYTb YMOBINbHIOBATH
dopmyBaHHsi pybLsi, @ NpUrHidyouM Mirpadiio cepueBux
KNiTUH-NonepeaHnKiB 4O BOrHMLLA MOLUKOAXKEHHS, nepe-
LIKOMKalOTb iX NepeTBOPEHHI0 B 3pifi kapgiomiounTtu [4].
PosBuTok Takoi He3BOpOTHOI AMCdYHKUiT Miokapaa J1LU
HamyacTille peecTpyeTbCsl Ha (POHI NiKyBaHHA aHTpa-
unkniHamn. B ocTaHHi poknm 06GroBOplOETLCA BNNUB
aHTpauukniHiB Ha Tonoizomepasy I (TOP2B), ska
3HaxoaMTbCA B Henpornidepyruux KnitTuHax, y ToMmy
uucni B Kapgiomioumutax. Bigomo, wo iHribiuis TOP2B
aHTpauukniHamu npu3BoauTb OO po3puBiB B 000X
naHutoxkax OHK Ta, gk pesynbrat, oo 3armbeni KnitvH
miokapaa [5]. Toai sk mexaHiam TpacTtyaymaby He noB'si-
3aHun i3 3armbennto kapaiomiounTiB i € 06OPOTHUM
y OGinblwocTi BuNagkiB npu BiaMiHi npenapaty. BBaxa-
€TbCs, WO TpacTy3ymab, iHakTueytoum HER2-peuenTtopu
Ha noOBepxHi KapAioMiouuTiB, nopyLllye iX B3aEMOAil0
3 HeuperyniHom-1 Ta Onokye nepegadvy BiANOBiOHMX
BHYTPILUHBOKNITUHHMX cuUrHanis [4].

MeTta po60TH — OLHUTK CTaH Ta Cy4yacHi ysBNEHHS
po3BUTKY exokapaiorpadii B ouiHui AMCdyHKUIT cepus
Ha ¢poHiI NpoBeaeHHs XimioTepanii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

JlitepatypHi gxepena npoaHanisoBaHi 3a [A0OMNOMO-
rOl0 aHrMOMOBHUX TeKcToBuMx 6a3 BiomeanuHux MmeTa-
paHnx (MEDLINE (Pubmed), Web of Science (Web of
Knowledge) 3a noLyKkoBMMM KIOYOBMMMK CriOBaMu
«cardiotoxicity», «echocardiography», «chemotherapy»,
«ventricular dysfunction», «anticancer therapy», «risk
stratification» 3a 2019-2024 pp.

PE3YABTATU TA IX OBTOBOPEHHS

PaAKTOPU PU3UKY PO3BUTKY
ANCYHKLLT AIBOFO LUAYHOYUKA
HA dPOHi NPOTUNYXAMHHOI Tepanii

Bigomo, Wo YacToTa cepueBO-CyANHHUX YCKNaaHeHb
(CCY), BMKNUKaHMX MPOTUNYXIMHHUMKU npenaparamu,
3anexuvTb Big TUMY Ta KYMYNSATUBHOI 403U MEAUKAMEHTY,
BiKy Ta cTaTi XBOpPOro, HasiBHOCTI CyNyTHIiX 3aXBOPHOBaHb
Towo [6]. Von Hoff et al. 6ynu nepwmmm, xTo Big3HauuB,
Wo npu cymapHiin posi gokcopybiumHy = 400 mr/m?,
pu3nK po3BUTKY cepueBoi HegocTtaTHocTi (CH) 3HayHO
3pocTtae [7]. [poTe HegaBHI NPOCMEKTUBHI AOCHIOKEHHS
NPOAEMOHCTPYBanu 36inNblUEHHST 4acTOTU PO3BUTKY AMUC-
dyHkuii JILL HaBiTb Npy MeHLWWi [o3i gokcopyGiumnHy [8].
Takox 3a3HayeHo, YTO puU3uUK po3BUTKY AucdyHkuii JILL
CYTTEBO MiABMLLYETLCHA NPY BUKOPUCTAHHI aHTpaLMKNiHIB
ogHovacHo 3 TpacTydymabom [9]. [licns BBeOeHHs
aHTpauUMKNiHIB Ha MOBEpxHi kapaioMiouuTiB 36inbLuy-
eTbcs WinbHicTb HER2-peuenTopis, Wo npu3sBoauTb 40
aKkTuBauii HenperyniHoBMX BHYTPILHBOKNITUHHUX CUr-

INTRODUCTION

The mechanisms underlying the cardiotoxic effects of
anticancer drugs are multifaceted. It is now recognized
that cardiotoxicity can arise from the direct toxic impact
of anticancer therapy on the heart, resulting in cardio-
myocyte death, as well as from the indirect influence of
freeradicalsinducingoxidative stress[1—3].Anticancerdrugs
may also impede scar formation by disrupting fibroblast
function, and inhibit the migration of cardiac progenitor
cells to injury sites, thereby impeding their transfor-
mation into mature cardiomyocytes [4]. The development
of such irreversible LV myocardial dysfunction is most
commonly associated with anthracycline treatment.
In recent years, the effect of anthracyclines on topoiso-
merase |If (TOP2B), found in nonproliferating cells,
including cardiomyocytes, has garnered attention.
Inhibition of TOP2B by anthracyclines is known to induce
breaks in both DNA strands, ultimately leading to myo-
cardial cell death [5]. Conversely, the mechanism
underlying trastuzumab-induced cardiotoxicity is not asso-
ciated with cardiomyocyte death and is often reversible
upon discontinuation of the drug. It is believed that
trastuzumab, through inactivation of HER2 receptors on
the surface of cardiomyocytes, disrupts their interaction
with neuregulin-1, thereby blocking the transmission
of pertinent intracellular signals [4].

Purpose. Assess the condition and modern ideas of
the development of echocardiography in the assessment
of cardiac dysfunction in the context of chemotherapy.

MATERIALS AND METHODS

References were analyzed using English-language
bio-medical databases (MEDLINE (Pubmed), Web of
Science (Web of Knowledge) using the following
keywords: «cardiotoxicity», «echocardiography», «chemo-
therapy», «ventricular dysfunction», «anticancer therapy»,
«risk stratification» for 2019-2024.

RESULTS AND DISCUSSION

Risk factors for the development
of left ventricular dysfunction
against the background of anticancer therapy

It is known that the CVC frequency induced by
anticancer drugs depends on the type and cumulative
dose of the medication, the age and gender of the
patient, the presence of comorbidities, and so forth [6].
Notably, Von Hoff et al. initially highlighted that the risk
of HF escalates significantly with a cumulative dose of
doxorubicin = 400 mg/m? [7]. However, recent prospec-
tive studies have revealed an increased incidence of
LV dysfunction even at lower doses of doxorubicin [8].
Furthermore, it has been observed that the risk of LV
dysfunction notably rises when anthracyclines are admi-
nistered concurrently with trastuzumab [9]. Following
anthracycline administration, there is an upsurge in the
density of HER2 receptors on cardiomyocyte surfaces,
triggering the activation of neuregulin intracellular sig-
naling pathways. The administration of trastuzumab

OpuwuriHanbHi 4oCnigpKeHHSs

191

Original research



YKpaiHCbKWI pafionoriyHniA Ta OHKONOTiYHWA >XypHar. 2024. T. 32. Ne 2. C. 189—-198
Ukrainian journal of radiology and oncology. 2024;32(2):189—-198

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

HanbHUX wWnaxis. NMpu3HadeHHA B uUen nepiog TpacTty-
3ymaby CynpoBOMXKYETbCS MOPYLIEHHSM aAanTUBHOT
BigMNOBIAi MioKapAa Ha YLUKOAXKEHHS.

OkpiM Toro, puank po3suTky aucdyHkuii JILL ictoTHO
3poCcTae Npu CynyTHIA NPOMEHeBiNn Tepanii, 0cobnmeo
Npu BUKOPUCTAHHI BUCOKMX 403 ONPOMIHEHHS! Ha AiNsiHKY
cepefocCTiHHA Ta niBy NOMOBUHY rPYAHOI KMiTKW. AKLWO
XBOPOMY MNpPOBOAUTLCS MNPOMEHeBa Tepanis, HaBiTb
HU3bKI [03M aHTpaLuuKNiHy acouilolTbCa 3i 3HAYHUM
nigsueHHam pusnky CH [5].

Y possutky amcdyHkuii JILL Ha ¢oHi Tepanii aHTpa-
UMKIiHAMW BEMUKE 3HAYEHHS MatoTb CTaHAAPTHI dakTo-
pu pusuky CCY: KypiHHA, gucninigemisi, Manopyxnveui
cnoci6 »xuTTs Towo. Y nogen > 65 pokiB puank oucdyHk-
uii JILW Buwe, HiXX y MONoALKMX, WO NOB’A3aH0 3 BinbLUoto
MOLUMPEHICTIO KapAioBacKynsApHOI NaTonorii B LIbOMY BiLli.
[o iHwWunx dakTopiB pu3nky BigHOCATb Bik < 18 pokiB,
XiHouvy cTaTb, AediumT abo HagmipHy mMacy Tina.

OnTumanbHuin Yac Ana npodinakTUKM poO3BUTKY
Ta nporpecyBaHHa CCY y XBOpUX Ha pak — ue nepiog
BCT@HOBIEHHs Ta Bepudikalii giarHo3y paky Ta yac go
noyaTtky nikyBaHHA paky. Lle go3Bonsie OHKONOrivHin
Opuragi BpaxoByBaTu cepLeBO-CyauHHui pusmk (CCP)
npu BMGOpi MeToay nikyBaHHsi paky, nepcoHanisyeaTu
OnHamivyHe cnocTepexeHHsi. OuiHka CCP € cknagHum
3aBAAHHAM i XUTTEBO BaXkNMBO, LWOG KMiHILMCTU 3acTo-
COByBanu CUCTEMHUI Migxid, He BiAknagar4yn OHKOMo-
riyHe nikyBaHHs. baszoBa cTpaTudikauis pusmky po3BUTKy
cepLeBO-CyaANHHOI TOKCUYHOCTI, MOB’A3aHoi 3 Tepanieto
paky, HaBegeHa B Tabnuui 1.

during this phase disrupts the myocardium’s adaptive
response to injury.

Moreover, the risk of LV dysfunction significantly
escalates with concomitant radiation therapy, particularly
when high doses of radiation target the mediastinum
and left side of the chest. Even at low doses, anthracyc-
line administration in conjunction with radiation therapy
is associated with a substantial increase in HF risk [5].

Standard cardiovascular risk factors, such as
smoking, dyslipidemia, sedentary lifestyle, etc., are of
great importance in the development of LV dysfunction
on anthracycline therapy. People >65 years of age have
a higher risk of LV dysfunction than younger people,
which is associated with a higher prevalence of cardio-
vascular disease at this age. Other risk factors include
age <18 years, female gender, underweight or overweight.

The optimal time to prevent the development and
progression of CVD in cancer patients is during the period
of establishing and verifying a cancer diagnosis and
before starting cancer treatment. This allows the oncology
team to consider cardiovascular risk (CVR) when
choosing a cancer treatment method and personalize
dynamic follow-up. Assessing CVR is a multifaceted
task, and it is crucial for clinicians to adopt a systematic
approach without delaying cancer treatment. The fun-
damental risk stratification of cardiovascular toxicity
associated with cancer therapy is outlined in Table 1.

Tabnuus 1. basoBa cTpaTudikalis pu3nKy Po3BUTKY CEPLIEBO-CYAMHHOI TOKCUYHOCTI, MOB’sI3aHOI 3 Tepanieto paky (agantoBaHo 3a [10])
Table 1. Basic risk stratification of cardiovascular toxicity associated with cancer therapy (adapted from [10])

¥
L wsg
|_ =
m 2 2
= n <9 o BE
3 g o £ x g § wo
®P cepLeBo-CyaANHHOI TOKCUYHOCTI 2 © 2 OEJ o oS Oc % <X
Baseline CV toxicity risk factors 58 |58 S z 32 @ e Sz e
505 [Rg88| 8¢ Sm x o0 g2
T © 9 N TN S TS e< T oo e
S5 |H3EE| 29 | 9% | §35 | gy
—_ —_ _
<5 |T 8T s S Im RS < I
1 2 3 4 5 6 7
CH/ KM/ CANTP anconin | moownn | swconi | S | ot | emoownn
HF / cardiomyopathy / CTRCD very high | very high | very high high very high | very highh
Tsxka knanaHHa Baga BMCOKUIN BUCOKWUM _ _ _ BMCOKMI
Severe VHD high high high
IM a6o YLUB a6o AKLL BMCOKUI BUCOKUIA Bfgg:(evm _ _ BMCOKUI
Ml or PCl or CABG high high ) high
very high
CrabinbHa cTeHokapgis BUCOKMUI BUCOKUI Bfgg:(em _ _ BUCOKMUIA
Stable angina high high very high high
ApTepianbHO-CYANHHI 3aXBOPIOBaHHS _ _ vilg;ﬁﬂ vilglgﬁm Bfgx;ﬁ _
Arterial vascular disease . . )
very high | very high | very high
AHOManbHUI KICTOYKOBO-NIIEYOBUIA iHAEKC _ _ _ BUCOKUIA _ _
Abnormal ankle-brachial pressure index high
JlereHeBa rinepTeH3sia _ _ _ BUCOKUIA _ _
Pulmonary hypertension high
AptepianbHuin Tpom603 3 ITK _ _ _ Bfgg}(;m _ _
Arterial thrombosis with TKI .
very high
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MpoaoBxeHHst Tabnuui 1.
Continuation of table 1.

1 2 3 4 5) 6 7
BeHo3Huit Tpomb03 BUCOKWIA NomipHUN Ayxe .
. - - . BVICOKUIA -
Venous thrombosis high moderate .
very high
ApuTmis _ NMOMIpPHWIA | NOMIpHWIA | NOMIpHWIA | MOMipHWIA | MOMipHWUIA
Arrhythmia moderate | moderate | moderate | moderate | moderate
QTc = 480 mc B _ BWCOKMIA BWCOKUIA _ _
QTc 2480 ms high high
450 < QTc < 480 (Mc / ms; Y / men); _ _ MOMIpPHUIA | NOMipHUI _ _
460 < QTc < 480 (Mc / ms; XX / women) moderate | moderate
MonepeaHsa CC Tokcn4HicTb M1 Ayxe .
. - - - - - BVICOKMUWA -
Prior PI CV toxicity .
very high
MonepeaHs CC TOKCUMYHICTb N
. ’ BWCOKMWA
iMyHOMOZYIIOOUNX Npenaparis - - - - high -
Prior IMID CV toxicity 9
OB J1W < 50% BUCOKWI BMCOKUI BUCOKUIA BUCOKUI BUCOKUIA BUCOKUIA
LVEF <50% high high high high high high
@B Il 50-54% MNOMIpHWIA | NOMIpHWIA | NOMipHKI _ NOMIpHUIA | MOMipHWI
LVEF 50-54% moderate | moderate | moderate moderate | moderate
lneptpodpia JLLU _ _ _ _ NOMipHUIA _
LV hypertrophy moderate
Awminoigos cepus Ayxe .
. L - - - - BVICOKMNWA -
Cardiac amyloidosis .
very high
MioBuLLEeHWIn 6a3oBuii piBeHb cTn NOMIPHUIA | NOMIpPHMIA | MOMIpHUI _ NOMIPHUA | NOMIpHUNA
Elevated baseline cTn moderate | moderate | moderate moderate | moderate
MipByLeHnn 6a3oBui piBeHb NP NOMIpPHWIA | NOMipHMIA | NOMipHWIA _ BVCOKUIA | MOMIpHUIA
Elevated baseline NP moderate | moderate | moderate high moderate
Bik =80 p BUCOKUI BUCOKUIA _ _ _ NOMipHUIA
Age = 80 years high high moderate
Bik 65-79 pp NOMIPHUIA | NOMipHUIA _ _ _ nomipHU
Age 65-79 years moderate | moderate moderate
Bik=275p _ _ BMCOKUI BWCOKUIA BVICOKUWA NOMipHUN
Age 2 75 years high high high moderate
Bik 65-74 pp _ _ NOMIpPHUIA | NOMipHMIA | NOMIpHWIA | MOMIpHMIA
Age 65-74 years moderate | moderate | moderate | moderate
Bik = 60 p _ _ _ NOMipHUIA _ _
Age = 60 years moderate
10-pivHmn pusmk po3sutky CC 3axsoptoBaHb > 20% _ _ _ BMCOKUI _ _
CVD 10-year risk score >20% high
linepToHis NOMIPHUIA | NOMIpHUIA BWCOKMI NOMIPHUA | NOMIPHUIA | NOMipHMI
Hypertension moderate | moderate high moderate | moderate | moderate
XpoHi4yHa xBopoba HMPOK MOMIPHWIA | NOMIPHWIA | NOMIPHWIA | MOMIPHWIA | MOMIPHUIA | MOMIPHWUIA
Chronic kidney disease moderate | moderate | moderate | moderate | moderate | moderate
MMpoTeiHypis _ _ nomipHUN _ _ _
Proteinuria moderate
LlykpoBuit piabet NMOMIpPHWIA | NOMipHWIA | NOMIpHWI | MOMIPHWIA | MOMIPHUIA | MOMIPHWIA
Diabetes mellitus moderate | moderate | moderate | moderate | moderate | moderate
lnepninigemis _ _ NOMIpHMIA | NOMIpHUIA | MOMIpHWIA _
Hyperlipidemia moderate | moderate | moderate
CimeiiHa icTopis Tpomboinii _ _ _ NOMIPHUA | NOMIPHUNIA _
Family history of thrombophilia moderate | moderate
Tepanis paky 3apa3 BKko4ae AekcameTasoH >160 mr/mic _ _ _ _ NoMipHUiA _
Dexamethasone > 160 mg/month moderate
Tepanis paky 3apas BKrliouae NpuAOM aHTpaLuKiHiB —
no HER2 TapreTHoi Tepanii - moderate - - - -
Includes anthracycline before HER2 targeted therapy
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MpogoexeHHs Tabnuui 1.
Continuation of table 1.

1 2 S 4 5 6 7
[MonepeaHi BNANB aHTpaUMKIiHIB BUCOKMIN NOMipHUIA BWCOKMI _ BUCOKUI BWCOKMI
Previous exposure to anthracyclines high moderate high high high
MonepeaHin Bnnus TpacTy3ymaby AyXe
: - BMICOKUWA - - - -
Previous exposure to trastuzumab )
very high
lMonepeaHin BNNUB NpoMeHeBOI Tepanii Ha fniBy
YacCTUHY rpyaHoi KNiTkn abo cepenoCTiHHSA BUCOKMIN NOMIPHUA | NOMIpHWUNA _ NOMIpHUIA | NOMipHMIA
Previous exposure to radiation therapy high moderate | moderate moderate | moderate
to left chest or mediastinum
MonepeaHin BNNuB HeaHTpaLUMKIiHOBOI Tepanii NOMipHWIA _ _ _ _ _
Previous exposure to non-antracycline therapy moderate
ManuTb 3apa3 abo 3Ha4yLla icTopis NaniHHA NOMIpHUIA | MOMIPHWUIA | MOMIPHWMIA | BMCOKMN | MOMIPHWA | MOMIpPHUI
Current smoker or significant smoking history moderate | moderate | moderate high moderate | moderate
OxupiHHsa (IMT > 30 kr/m?) NOMIpHUIA | MOMipHWIA | MOMIPHMIA | NOMIPHUIA | MOMipHWIA | MOMipHWIA
Obesity (BMI > 30 kg/m?) moderate | moderate | moderate | moderate | moderate | moderate

lMpumimku:

®P — cakTopu pusnky, XT — ximiotepaniss, MM — MHOXUHHa Mienoma,

CH - cepueBa HegocTaTHicTb, KMI — kapgiomionarir,

COMNTP — cepueBa AncdyHKLUiA, Lo NOB’sA3aHa 3 Tepanielo paka,

IM — iHdbapkT miokapaa, ULLUB — yepesLkipHe BTpy4aHHs,

AKLL — aopTokopoHapHe WwyHTyBaHHs, I — iHriGiTopn npoTteacom,

ITK — iHriGiTopu TMpo3uHkiHaam, CC — cepLeBo-CyANHHUIN,

®B — dpakuis Bukunay, JLL — niBuiA wnyHo4ok, cTh — cepueBMiA TPOMOHIH,
NP — HaTpinypetnyHuin nentug, IMT — iHgekc macw Tina,

HER2 — peuenTop-2 noacbKoro enigepmarnbHOro aktopy pocTy,

VEGFi — iHribiTopu cakTopy pocTy eHaoTenito cyavH,
RAF — wewnako-npuckopeHa gibpocapkoma,

MEK — miToreH-akTmBoBaHa kiHa3a, QTc — kopuroBaHuii iHTepsan QT,
BCR-ABL — akTuBHa TMpa3uHkiHa3a, Lo BigMnoBigae 3a OHKOreHHy TpaHcdopmalLito KiTuH.

Notes:

BCR-ABL, breakpoint cluster region—Abelson oncogene locus;
BMI — body mass index; CABG — coronary artery bypass graft;
cTn — cardiac troponin; CTRCD — cancer therapy-related cardiac dysfunction;

CV - cardiovascular; CVD — cardiovascular disease;
CVREF - cardiovascular risk factors;

HER2 — human epidermal receptor 2;

HF — heart failure; IMiD — immunomodulatory drugs;

LV — left ventricular; LVEF — left ventricular ejection fraction;
MEK — mitogen-activated extracellular signal-regulated kinase;

MI — myocardial infarction; NP — natriuretic peptides;
PCI — percutaneous coronary intervention;

PI — proteasome inhibitors; QTc — corrected QT interval;

RAF — rapidly accelerated fibrosarcoma;

TKI — tyrosine kinase inhibitors;

VEGFi — vascular endothelial growth factor inhibitors;
VHD - valvular heart disease.

PoAb exokapaiorpadoii
Y BUABAEHHI KAPAIOTOKCUYHMX edpbeKTiB
NPOTUNYXAMHHUX NPenapdaTis

[iarHocTrka amcdyHKUii cepusa 3acHOBaHa Ha cepin-
Homy Bu3HayeHHi ®B JILI. Ha cborogHi BumipATv uen
MOKa3HMK MOXHa 3a [OMOMOIOK Takux iHCTPyMEHTarb-
HUX MeTodiB AocnimkeHHs sk ExoKl, pagioHyknigHa
BEHTpukyrnorpadig abo marHiTHo-pe3oHaHCHa Tomorpa-
dis cepusi. Hespaxarum Ha Te, WO 3rigHO 3 PEKOMEH-
[auissMin, OCTaHHIA MeTod € HAWTOYHILIMM AN OLiHKK
®B JIlL, cborogHi vacTilwe 3 UiEld METOH BUKOHYIOTb
ExoKl. 3a paHvMn pisHUX OOCNIMKEeHb MOPOroBi
3HAYEHHS] BU3HAYEHHS KIMiHIYHO 3HAYYLLOrO 3HMDKEHHS
®B JIW BigpisHatoTbca. Tak, BiONOBIAHO A0 CRIMbHUX
pekoMeHaauin  AmMepuKaHCbKOro exokapaiorpadiyHoro
ToBapuCcTBa Ta €BPONENCLKOI acouiauii 3 Bidyanidyumx

The role of echocardiography
in detecting cardiotoxic effects
of anticancer drugs

The diagnosis of heart dysfunction is based on
serial LVEF determination. Today, this indicator can be
measured using such instrumental research methods
as echocardiography, radionuclide ventriculography,
or magnetic resonance imaging of the heart. Despite
the fact that, according to the recommendations, the
latter method is the most accurate for LVEF assessing,
today echocardiography is more commonly performed
for this purpose. According to various studies, the
thresholds for determining a clinically significant decre-
ase in the LVEF vary. For instance, the joint guidelines
of the American Echocardiographic Society and the
European Association for Imaging in Cardiology
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metoaiB y kapgionorii Big 2014 poky KpuTepiem
OncoyHKLii cepus Ha ¢oHi NpoBeaeHHst XimioTepanii €
3HmxkeHHss ©B JIW noHag 10% Big BMXigHOT BENUYUMHU
Ta Hwk4e 53% [11]. B pekomeHpauisax €Bponencbkoro
kapaionoriyHoro ToBapuctBa Big 2016 poky BkasaHO
6inbl HM3bke 3HaueHHst PB N (50%) ons giarHOCTMKM
OuCcyHKLiT  cepusi, NOB’si3aHOi 3 MPOTUNYXIMHHOK
Tepanieto [12]. 3HmxeHHs DB JILL moxe 6yt 060pOTHMM,
YacTKoBO 000pPOTHMM i HeoGopoTHUM. [po obopoTHe
3HWXKEHHS TOBOPATb Y TOMY BUMAAKY, KONW MNicns BiAMiHW
npoTunyxnuHHoro npenapaty @B JIW BigHoBnOETLCA
B mMexax 5% Big BuxigHoi BenunyuHu. [Mpm yacTkoBO
o6opoTHoMy 3HWxeHHi ®B JILLU 3pocTtae Ha = 10% Big
CBOr0 HaMMEHLLIOrO 3HaYEHHs, ane 3arnuLiaeTbCs HMKYe
BUXigHoi BenuunHn > 5%. Axkwo B 3poctae < 10%
Bil CBOr0 HaMEHLLOIO 3HAYEHHSI | 3anNULIAETLCA HUXYE
BMXiaHOI BeNuYMHU > 5%, roBopsiTb Npo HEOBOPOTHICTb
auncdpyHkuii N [11].

Haxanb, TpaHcTopakanbHa ExoKI He nosbaeneHa
HU3KW Hedonikis, TOMY MPIOPUTETHUM  HanNpPsSMKOM
y giarHocTuui gucoyHkuii JILW, nos’asaHoi 3 npoTtunyx-
NMHHOK Tepariel, € BUKOPWUCTAHHS METOAIB, 34aTHUX
BUSIBASITU MOYATKOBI BiAXWMEHHSA Big HOPMU, KOMU 3MiHU
B MioKapgi Lie HesHauHi i, Wo HanBaxnuBille, 0O60POTHI.
Y 3B’A3Ky 3 LMM OCTaHHIM 4acom Benuka ysara npwu-
DINAeTbCA HOBUM exokapaiorpadiyHnm TexHomnoriam —
cnekn-TpekiHr-exokapaiorpacia (CTE) y aBoBuMipHOMY
Ta TpMBUMIpHOMY pexumax [13].

TexHonoria CTE 3actocoByeTbCs AN OLiHKM napa-
meTpiB aedopmadii JIL. Mig gedopmauieto posymitoTb
3MiHy [OBXWHM M’'SI30BOrO BOIIOKHA MpOTSAroM cepLe-
BOMO ULMKMY, WO BUMIpOETbCA Y BigcoTkax. Metoa
3aCHOBaHUI Ha aHanisi pyxy 4YopHux abo Ginux nnsm
Ha ctaHgapTHomy ExoKIm 306paeHHi y ABOBUMMiIpHOMY
pPeXUMi MNpPOTArOM CEpLEeBOro LMKy 3a [OMOMOrot
cneuianbHOro nNporpaMHoro 3abe3nevyeHHs, B SIKOMY
3aknageHo nobyaoBy KpmBUX AedopMaLiint KOXHOMO cer-
MeHTa miokapaa. 3 6e3nivi icHy4Mx nokasHukiB gedop-
Mauii Miokapga HaBULIOK AiarHOCTUYHOK TOYHICTHO
y nepeabayeHHi noganbworo 3HmwkeHHs OB JIWL mae
3aranbHa no3goBxHA aedopmadia JIW (global longi-
tudinal strain — GLS) [14]. HopmaTtuu GLS 3anexatb Big
cTaTi Ta Biky xBopux, a Takox Big ExoKI obnagHaHHs,
TOMY AN NOYaTKOBOI OUiHKM Ta nodanbLUoro MOHITO-
PWHIY Cnifg BWKOPUCTOBYBaTUM Te came oOOnagHaHHs.
3rigHO 3 pekomeHgauisMK, OiarHOCTUYHUM  KpUTepiem
CyOKNiHIYHOT KapAiOTOKCUYHOCTI BBaXAETLCH 3HWKEHHS
nokasHuka GLS 6inbLu, Hixx 15% Big BUXiAHOT BENMUYUHN.
Pesynbratv pocnigkeHb AEMOHCTPYIOTb, O 3HMKEHHS
nokasHuka GLS nepegye 3HwxeHHio @B JIWL i TO4HO
nepenb6ayae noganbwnin possmTtok CH [11].

Y cepnHi 2022 poky B bBapcenoHi Ha KoOHrpeci
European Society of Cardiology 6ynv npegcrtaeneHi HoBi
pekomeHaaLii, po3pobneHi crneujianictamu B ranysi kap-
Apionorii Ta oHKonorii. ABTOpY pekoMeHauii 3anpoBaannm
TepMiH «cepueBa AMCAYHKLiA, WO NoB’a3aHa 3 Tepanieto
paky» OCKiNbKM BiH OXONMOE OinbLiCTb  MOXIUBUX
NposBiB Ta €TIONOriYHMIA 3B’A30K 3 LUMPOKUM CMEKTPOM
Pi3HMX MeToAiIB MNiKyBaHHS paky, BKMOYalouM Ximio-
Tepanito, TapreTHi areHTu, iIMyHHy Ta NpoOMeHeBY Tepanito.
3rigHO 3 pekoMeHaauisiMy, TOKCUYHUIA BNANB XiMioTepa-
nii Ha cepueBO-CYOUHHY CUCTEMY MOXE MNpPOSIBNATUCA
KniHivHO abo ©OyTM ©6e3cMMNTOMHMM | BUSIBNSATUCA
y nauieHTiB nig Yyac MoHIiTopuHry (Tabn. 2).

from 2014 define cardiac dysfunction in the context
of chemotherapy as a decrease in the LVEF of greater
than 10 percentage points to a value < 53% [11].
Conversely, the European Society of Cardiology
guidelines from 2016 suggest a lower LVEF threshold
(50%) for diagnosing cardiac dysfunction associated
with anticancer therapy [12].

LVEF decrease may be further categorized as
symptomatic or asymptomatic, or with regard to rever-
sibility: reversible (to within 5 percentage points of
baseline); partially reversible (improved by at least
10 percentage points, but remaining more than 5 per-
centage points below baseline); irreversible (remaining
within 10 percentage points of the nadir); or indetermi-
nate (patient not available for re-evaluation) [11].

Unfortunately, transthoracic echocardiography is not
devoid of limitations. Therefore, in the diagnosis of LV
dysfunction associated with anticancer therapy, priority
lies in employing methods capable of detecting initial
abnormalities when myocardial changes are still minor
and, crucially, reversible. Consequently, considerable
attention has been directed towards novel echocardio-
graphic technologies, including STE in both two-
dimensional and three-dimensional modes [13].

STE technology is employed to evaluate LV strain
parameters. Strain is defined as the change in length
of a muscle fiber during a cardiac cycle, quantified as
a percentage. This method involves analyzing the
movement of speckles, which appear as black or white
spots, on a standard echocardiography image in two-
dimensional mode throughout the cardiac cycle,
utilizing specialized software to construct strain curves
for each myocardial segment. Among the various indica-
tors of myocardial deformation, global longitudinal
strain (GLS) exhibits the highest diagnostic accuracy
in predicting subsequent reduction in LVEF [14].
GLS norms are influenced by patient gender and age,
as well as the echocardiography equipment used,
necessitating consistent equipment usage for both initial
assessment and subsequent monitoring. According to
recommen-dations, in patients with available baseline
strain measurements, a relative percentage reduction
of global longitudinal strain < 8% from baseline appear not
to be meaningful, and those > 15% from baseline are
very likely to be abnormal. Studies have demonstrated
that a decline in GLS precedes a reduction in LVEF
and reliably predicts the HF progression [11].

In August 2022, new guidelines formulated by
cardiology and oncology experts at the European Society
of Cardiology Congress in Barcelona were unveiled.
The authors of these guidelines introduced the term
«cancer therapy-related cardiac dysfunction» to encom-
pass the broad spectrum of potential manifestations
and etiological connections to various cancer treatments,
including chemotherapy, targeted agents, immune thera-
pies, and radiation therapy. According to the guidelines,
the adverse effects of chemotherapy on the cardiovas-
cular system can manifest clinically or remain asympto-
matic, detectable during patient monitoring (Table 2).
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Ta6nuusa 2. OCHOBHI BU3HaYeHHSs cepLeBoi ANCKHYHKLII, Lo NoB’si3aHa 3 Teparieto paky (agantoBaHo 3a [10])
Table 2. Cancer therapy-related cardiovascular toxicity definitions (adapted from [10])

Bug COMNTP / CTRCD | Tsaxkictb / Severity Onuc / Description
CH, ska notpebye iHOTPOMNHOI NIATPUMKM, MEXaHIYHOI NIATPUMKM KpOBOOGIry
Hyxe Taxka abo po3rnaay NMTaHHA NPo TpaHCMIaHTaLilo cepus
Very severe HF requiring inotropic support, mechanical circulatory support,
or consideration of heart transplantation
CumnTomHa (CH) Tskka locnitanisauis 3 npusoay CH
Symptomatic Severe HF hospitalization
MomipHa HeobxigHicTe ambynaTopHoi iHTeHcudikaLii AiypeTnyHoi Tepanii Ta iHwoi Tepanii CH
Moderate Need for outpatient intensification of diuretic therapy and HF therapy
HesHayHa Jlerki cumnTommn CH, wo He noTpebytoTb iHTeHcuikauii Tepanii
Mild Mild HF symptoms, no intensification of therapy required
Tskka Hoge 3HmxeHHst B J1LL < 40%
Severe New LVEF reduction to <40%
Hose 3HmxkeHHsa ©B J1LLU Ha = 10 % no $B J1L 40-49%
ab6o Hose 3HmxkeHHs OB JILW < 10% go B N 40—-49%
Ta HOBEe BigHOCHE 3HMWxeHHss GLS Ha > 15% nopiBHAHO 3 BUXiAHUM piBHEM
MomipHa abo HoBe MiaBuLLEHHSA cepLeBux Giomapkepis
BescumntomHa Moderate New LVEF reduction by 210 % to an LVEF of 40-49%
Asymptomatic or New LVEF reduction by <10% to an LVEF of 40-49%
and new relative decline in GLS by >15% from baseline
or new rise in cardiac biomarkers
®B J1LL = 50% Ta HoBe BigHOCHE 3HWMXeHHst GLS > 15% nopiBHSHO 3 BUXiAHUM
HesHayHa piBHeM Ta/abo HoBe MiABULLEHHS cepLeBux Giomapkepis
Mild LVEF 250 % and new relative decline in GLS by >15% from baseline and/or
new rise in cardiac biomarkers
lMpumimku:

CONTP — cepueBa gnMcyHKLUis, WO NOB’A3aHa 3 Tepanieto paky,
CH - cepueBa HepgocTaTHicTb, ®B J1LU — dppakuis BMKMAY NiBOro LWyHoukKa,

GLS — 3aranbHa no3goBxHs gecdopmalis.

Notes:
CTRCD - cancer therapy-related cardiac dysfunction;
GLS - global longitudinal strain; HF — heart failure;
LVEF - left ventricular ejection fraction.

BUCHOBKHU

TakuM YMHOM, PaHHE BUSBINEHHS KapZiOTOKCUYHUX
edekTiB NPOTUNYXIIMHHWUX NpenapaTiB € AyXe akTyarb-
HO0 NPoBnemMoto B KapAIONOrivHii NpakTuui. 3acTocyBaH-
HSl HOBMX TEXHOJOTIN OLHKM MeXaHi4YHWUX BracTUBOCTEWN
MiokapAa [O03BONSE BUABUTU PaHHI KapdioOTOKCUYHWUIA
edeKT KOMMNIEeKCHOI Tepanii OHKOMOrYHUX XBOPUX, CBOE-
YacHO po3noYaTu NiKyBaHHS KapAionoriyHnx ycknagHeHb
i 3HU3UTU CMEPTHICTb NaLiEHTIB, SIKi NepeHecn OHKOIo-
riyHi 3axsoptoBaHHsi. OuiHka rnobanbHoi AedopMadii Mio-
Kapaa 3a ABoBUMIpHUM 306paxeHHsM JILL Hapae uiHHY
iHdbopMauito Ans giarHOCTUKU paHHbOI AncdpyHkuii JILL,
ocobnunBo y nauieHTiB, siki OTPUMYIOTb XimioTepanes-
TUYHE NiKyBaHHS. 3HWKEHHS rnobanbHOi NO3n0BXHLOT
pedopmauii NI y npoueci ximioTepaneBTUYHOrO niky-
BaHHS abo nicns HbLOrO € YiTKUM NPEAUKTOPOM pOo3-
BUTKY iHAYKOBaHOI aHTpauUuKniHaMy KapAioTOKCUYHOCTI.
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CONCLUSIONS

Therefore, the early detection of cardiotoxic effects
induced by anticancer drugs emerges as a critical con-
cern in cardiology practice. Utilizing new technologies
to assess the mechanical properties of the myocardium
enables the timely identification of cardiotoxic effects
arising from complex therapy in cancer patients, thereby
facilitating prompt initiation of treatment for cardiac com-
plications and reducing mortality rates among cancer
survivors. Evaluation of global myocardial strain derived
from two-dimensional LV images provides valuable
insights into diagnosing early LV dysfunction, especially
in patients undergoing chemotherapy. A decrease in
global longitudinal LV strain during or after chemothe-
rapy treatment serves as a reliable predictor of anthra-
cycline-induced cardiotoxicity.
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Prospects for further research

In the future, it is necessary to standardize the assessment
of cardiac dysfunction and diagnostic criteria of subclinical
cardiotoxicity.
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PE3IOME

AkTyanbHicTb. Bigomo, Lo npu Takux BipyCHUX iHEKUiaX, SK naHOeMiYHuiA rpun
A(H1N1) ta COVID-19 BiasHa4yawTbCA NPOsiBM FOCTPOro pecnipaTopHOro AWUCTpec-
CUHAPOMY, SIKUA B OKPEMMX BUMagKax CyrnpoOBOOAXKYETbCA BUCOKOK CMEPTHICTIO.
BcTtaHoBneHo Takox, Wwo sk ans rpuny A, Tak i gna COVID-19, 3aranbHuM € BUpasHe
OndysHe anbBeonspHe nowkomkeHHs (JAMM). MNpote mik umMun iHdeKuisMm BUaBNS-
I0TbCA NeBHi po3bikHOCTI. Ha BigMiHY BiA nmaHAemiyHoro rpuny Hambinbw Yactum
cumntomom  ana  COVID-19 € TpomboemboniyHi  ycknagHeHHs.  [ocnimkeHHs
ayToNCiHOro martepiany nokasaro, Lo, He3BaXakum Ha BENUKY KiNbKiCTb NPOBEAEHNX
[ocnimkeHb, MopdodyHKUIOHaNbHNIA CTaH remartoanbBeonspHoro Gap’epy nereHb
BMBYEHU HEOOCTaTHbO, HE3'ICOBaHMMM 3anuLIalTbCA AEesKi MexaHi3mMu pO3BUTKY
naTonoriYyHMX peakui opraHiamy y Bignosigb Ha Aito BipyciB rpuny A(H1N1) pdm09
Ta SARS-CoV-2. lpoTe nocMepTHa kapTWUHa remaTo-NbBeosnsipHoro 6ap’epy moxe
[O3BOMUTM YABUTU YyCi MonepenHi NaHKU MpOLECiB BipyCHOTO YpaXeHHS mereHb.
Lle y cBol 4epry AONoOMOXe BUPILLMTL NPOONEMU CBOEYACHOI AiarHOCTUKM TSHKKOCTI
3aXBOPIOBaHHSA, MNPOrHO3y, rMoMnepedKeHHA MOoAanbLOoro pPo3BUTKY XBOPOOWM Ta
BigNOBiAHMX 3acobiB Tepanii.

MeTta po6otun — BuBYEHHS ocobnumBocTen pfji Bipycy SARS-CoV-2 Ha mopdo-
(PYHKUIOHaNbHUIN CTaH reMaToanbBeONsiPHOTrO BIAAiNYy fereHb npu ayToncii, LWwo
no3Bornse yTouHuT natoreHes COVID-19, BCTaHOBUTY KPUTUYHI MEXaHi3MW, PO3BUTOK
AKX NPU3BOAUTL A0 haTanbHMX HacniAKiB Ta 3anpornoHyBaTy cTpaTerito Tepanii.
Matepianu Ta metoau. [locnigxeHo 8 3paskiB ayTONCIiHOro maTepiarny NiereHb XBopux
Ha COVID-19. I'pynamu nopiBHAHHS Bynu XBOpi Ha MaHAEMIYHWIA rpun A, BUKIMKaHWN
Bipycom H1N1 (3 ayToncii) Ta 3pa3ku nereHb, OAepXXaHUX Npu onepawii y naujieHTa
3 TpaBMaTW4HMM MHEBMOTOPAKCOM Y BiAdaneHHi Bif OCHOBHOrO BOrHULWA. 3pasku
nereHb 06pobNsAnM 3a ctaHg4apTHUMKM MeTogamu MiaroToBkM GionoriyHoro matepiany
ONsi enekTPoHHOI Mikpockonii. 3 ogepxaHux OnokiB BUrOTOBMANM HaniBTOHKI 3pi3n
TOBLWMHOK 1 MKM, 3abapBnoBanu ix METUIEHOBUM CUHIM, BMBYanu Mig CBITNOBUM
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AAS LUTYBAHHS:

MiKpockornoMm npu 36inblieHHi y 500 pasiB. 3 Hanbinbl iHOPMaTUBHUX AiNstHOK
ogepxyBanu undposi coTtorpadii. YNsTpaToHKi 3pi3n MiCNs KOHTPACTYBaHHA Y COMsX
ypaHy Ta CBUHLIO aHanidyBanu B enekTpoHHOMY Mikpockoni. ObuucnioBanu YacTicTb
BMNagkie Tpombo3y y pocnigkeHux rpynax. CraTuctuyHy o6pobky nposogwnu
3a [0MNOMOroK HenapameTpu4yHOro TOYHOro kpuTtepito diwepa i3 3acTocyBaHHAM
naketa nporpam ans MK «Biostaty.

Pesynbratu Ta ix o6roBopeHHsA. MpoBeaeHi AocnigXeHHs nokasanu, LWo Yy XBOpUx
Ha naHaeMmiYHMI rpun A CNoCTepiraeTbCs BUPaXeHe ypaXeHHs1 anbBeOonsipHoro Bigainy
nereHb 3 NOLLUKOAKEHHAM anbBeONsPHUX NEPETUHOK NereHb Ta NOSIBOKO Y HUX FianiHOBMX
MeMOGpaH. Y 3anoBHEHUX CEPO3HOI PIAMHOI anbBeonax BUSIBMSAIOTLCSH OECKABMOBaHI
MHEBMOLMTUN, EPUTPOLUTU, HENTPOMINbHI NENKOLUTH, Makpodaru Ta 3rycTku gibpuHy.
3 ocobnuBocTel Aaii Bipycy rpuny cnig BiA3HauMTU 36EpEXEHICTb B anbBEONSPHUX
CTiHKaX KNITUHHUX EMNEeMEHTIB, 3BMNKEHHs1 anbBEONSPHUX NEPETUHOK | YTBOPEHHS
3 HUX BEMUKWUX QJiNsHOK, Yy SAKMX BiA3HAYaETbCA BUCOKWN piBEHb HENTPOMinbHOI
Ta MakpodaranbHoi iHBasii. Makpodarn natpynioTb MoMs MOLKOMKEHUX anbBeo-
NSAPHUX NEPETUHOK, BiOKPEMITHOKOUM iX Bif 0TOYYHOYOI TKaHUHWU. HacTynHa ¢ibpotusadis
CBi4YMTb NPO 3aMilLeHHs 3pyNHOBaHOI TKAHUHW NereHb.

Y rpyni xsopux Ha COVID-19, Ha BigMiHY Big4 XBOpPUX Ha NaHAEMIYHWUN rpwu,
[OCTOBIPHO ByLLa YacTiCTb BUNaaKiB TpoMO03y CyaMH pisHoro kanibpy. Lie e Hacnigkom
OucemiHOBaHOI iHTpaBacKynspHOi koarynsiuii, sika 4acTto Mpu3BoAUTb A0 dhaTanbHUX
Hacnigkis. EputpounTtn y cyauHHMX Tpombax MaiTb TeHAeHUilo [0 arnoTuHauil,
wo 6inbw BUpakeHO ANsi OHKOMOrYHUX XBOpWX. Ons ycix gocnigxeHux Bunagkis
pYVHYBaHHS eniTenianbHUX NMepPeTUHOK XapakTepusyeTbCs Malke MOBHUM 3arybreH-
HAM eniTenianbHUX KMiTWUH, LWO CYNpPOBOOXKYETbCA OFOMEHHSAM Kaninsapie, y SKUX
BUSIBNSIETLCSI HAKOMUYEHHSI ePUTPOLUTIB, LLO HAAa€e iM BUIMSAY «KPOB'SHUX KOBGACOKY.
lHogi Taki cyauMHuW npuegHaHi Oo rianiHoBUMX MemO6paH, iHoai  po3TalloBYHOTHCS
naHutoxkkamm abo rpynamu. He cnoctepiraetbcsi NOMITHOT HeWTpodinbHOI iHBasii
Ta rpaHynbO3HOro 3ananeHHs.

BucHoBku. NMpoBeaeHi gocnigXeHHs1 nokasanu, Wo Yy XBOpUX Ha NaHAeMiyHun rpun A
CMoCTepiracTbC BUPaXeHe YpaXKeHHsi anbBeOnspHOro Bigdiny nereHb 3 BUCOKUM
piBHeM HenTpodinbHOI Ta MakpodaranbHoi iHBa3ii. MexaHiamu natoreHedy COVID-19
nonsiratoTb y 6e3nocepeaHin pynHiBHin Aii Bipycy Ha enitenianbHinbHi KNiTMHW remaTo-
anbBeonsipHoro 6ap’epy, L0, OYEBWAHO, MPU3BOAUTb OO BMBIMbHEHHSI 3ananbHUX
LMTOKIHIB, SIKi CTUMYIIOIOTb CUCTEMHY peaKLilo BHYTPILUHbOCYANHHOIO 3ropTaHHs KPOBI.
BcTaHoBneHo, WO Ans OHKOMOrMYHWUX XBOPWX, B aHaMHe3i sikux Oyno npoBedeHHs
ximioTepanii, npouecu TpombBo3y Ta pyNHYBaHHS anbBEONSIPHUX MNEPETUHOK Npu
COVID-19 6ynu ogHUMKM 3 BMPasHiLMX YypaxeHb, MOPIBHEHO 3 iHLIMMW XBOPUMM.
OpepxaHi pesynstati 0O3BOMSATb NpUMNyCTUTU, WO datanbHi Hacnigkn COVID-19,
04eBMOHO, MOXHa nomnepeauTn, SKWO BiApady Micns OAepXaHHS MO3UTUBHOIO
giarHody Ha COVID-19, Ta npoBegeHHsi koMmnekcy nabopaTopHux aHanisie ans
OLIHKM TSDKKOCTiI 3axXBOPIOBaHHS, 3aCTOCOBYBaTW TepaneBTUYHI 3axogu, CnpsiMOBaHi
Ha 3HULEHHs Bipycy, OrnokyBaHHs MilleHel AN WOro MPOHUKHEHHSI [0 KMITWH,
pO3puBY NaHLUora BHYTPILUHbOCYAMHHOIO 3ropTaHHi KPOBI i3 3aCTOCYBaHHSIM KOPTUKO-
CTEepOIfiB, aHTUKOArynsHTIB, iHFGITOPOB LIUTOKIHIB TOLLO.

Tlykawosa O.N., Mpagins I.1., CtapeHbkui B.I1., HacoHosa A.M., 3akpyTtbko A.O., TecneHko |.M. MopdodyHKLioHanbHWi
CTaH rematoarnbBeonsipHoro 6ap’epy nereHb xeopux Ha COVID-19 y NopiBHSAHHI 3 NaHAEMIYHUM rpUMoM. YkpaiHcbKul
padionoaidHull ma oHkornoeiyHuli xypHan. 2024. T. 32. Ne 2. C. 199-215. DOI: https://doi.org/10.46879/ukroj.2.2024.199-215

Key words:

COVID-19, hematoalveolar barrier of the
lungs, influenza A(H1N1) pdm09, autopsy,
morphology, ultrastructure, thrombosis.

ABSTRACT

Background. It is known that viral infections, such as pandemic influenza A(H1N1) and
COVID-19, are characterized by acute respiratory distress syndrome, which in some
cases is accompanied by high mortality. It has also been established that diffuse
alveolar damage (DAD) is common to both influenza A and COVID-19. However, there
are some differences between these infections. In contrast with pandemic flu, the
most frequent symptom of COVID-19 is thromboembolic complications. The exami-
nation of the autopsy material showed that, despite the large number of conducted
studies, the morphofunctional state of the hematoalveolar barrier of the lungs has not
been sufficiently studied and some mechanisms of the development of pathological
reactions of the organism in response to the action of influenza viruses A(H1N1) pdm09
and SARS-CoV-2 remain unclear. But the post-mortem picture of the hematoalveolar
barrier can allow us to see all previous links of the viral lung damage process.
This, in turn, will help to solve the problem of timely diagnosis of the disease
severity, prognosis, prevention of further development of the disease and appropriate
methods of therapy.

The purpose of the work was to study the features of the SARS-CoV-2 virus effect
on the morphofunctional state of the hematoalveolar region of the lungs at autopsy,
which allows the pathogenesis of COVID-19 to clarified, critical mechanisms, the
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development of which leads to fatal consequences, to be established, and a therapy
strategy to be proposed.

Materials and methods. 8 samples of autopsy material of the lungs of patients
with COVID-19 were studied. The comparison groups were patients with pandemic
influenza A caused by the H1N1 virus (3 autopsies) and lung samples obtained during
surgery from a patient with traumatic pneumothorax at a distance from the main focus.
Lung samples were processed according to standard methods of biological material
preparation for electron microscopy. From the obtained blocks, semi-thin sections
with a thickness of 1 ym were made. They were stained with methylene blue, and
studied under a light microscope at a magnification of 500 times. Digital photographs
were obtained from the most informative areas. Ultrathin sections were analyzed
in electron microscope after being contrasted in uranium and lead salts. The incidence
of thrombosis in the studied groups was calculated. Statistical processing was perfor-
med using the Fisher’s non-parametric exact test and the Biostat PC software package.
Results. The conducted studies showed that patients with pandemic influenza A had
a pronounced lesion of the alveolar part of the lungs with damage to the alveolar
walls of the lungs and the appearance of hyaline membranes in them. Desquamated
pneumocytes, erythrocytes, neutrophilic leukocytes, macrophages and fibrin clots
were found in alveoli filled with serous fluid. Among the features of the influenza
virus, the preservation of cellular elements in the alveolar walls, the convergence
of the alveolar septums and the formation of large areas with a high level of neutrophilic
and macrophage invasion should be noted. Macrophages patrol the fields of
damaged alveolar septums, separating them from the surrounding tissue.
The subsequent fibrotization indicates the replacement of the destroyed lung tissue.
The group of patients with COVID-19, in contrast to the pandemic flu, has significantly
higher rates of thrombosis of various calibers. This is the result of disseminated
intravascular coagulation, which often leads to fatal consequences. Erythrocytes in
vascular thrombi have a tendency to agglutination, which is more pronounced
in oncological patients. For all studied cases, epithelial membrane damage is characte-
rized by almost complete loss of epithelial cells, which is accompanied by the
denudation of capillaries, in which there is an accumulation of erythrocytes that
gives them the look of «blood sausages». Sometimes these vessels are attached
to hyaline membranes, sometimes they are arranged in chains or groups. No significant
neutrophilic invasion or granulomatous inflammation is observed.

Conclusions. The conducted studies showed that patients with pandemic influenza A
had a pronounced lesion of the alveolar part of the lungs with a high level of neutrophilic
and macrophage invasion. The mechanisms of the pathogenesis of COVID-19 are the
direct destructive effect of the virus on the epithelial cells of the hemato-alveolar
barrier, which obviously leads to the release of inflammatory cytokines that stimulate
the systemic reaction of intravascular coagulation. It has been established that for
oncology patients with a history of chemotherapy, the processes of thrombosis
and destruction of alveolar walls during COVID-19 were one of the most pronounced
lesions among the patients. The obtained results suggest that the fatal consequences
of COVID-19 can obviously be prevented if therapeutic measures aimed at destroying
the virus, blocking the targets for its penetration into cells, breaking the chain of
intravascular blood coagulation with the use of corticosteroids, anticoagulants,
cytokine inhibitors, etc. are taken immediately after receiving a positive diagnosis
for COVID-19 and carrying out a set of laboratory tests to assess the severity
of the disease.

Lukashova OP, Hradil HI, Starenkyi VP, Nasonova AM, Zakrutko AO, Teslenko IM. The morphofunctional state
of the hematoalveolar barrier of the lungs in COVID-19 patients compared to pandemic influenza. Ukrainian journal
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BCTYN

3a OCTaHHiIM Yac 3Ha4YHO 3pocra BipOrigHICTb BUHUK-
HEeHHS1 naHAeMin, 3yMOBMEHUX BipYyCHUMU iHdEeKUigMU.
Tak, Tinbky 3 noyatky XXI cToniTTs NIOACTBO 3a3HaNo BXe
M'ATb TakKMX NaHAEMINA, TPU 3 SKUX BUKIMKAHI KOPOHaBi-
pycom [1]. OBi ocTaHHi Bynu ogHMMK 3 TuX, SKi Manu
datanbHi Hacnigkn. Tak, y 2009-2010 pokax Binbysanacs
naHgemia rpuny A(H1N1), a 3a Heto 3 2019 poky i no
TenepiwHin Yac — naHgemias COVID-19 3 xapakTepHuUm
ONs HUX 3aXBOPIOBaHHAM AMXanbHUX LWNSXiB i nereHb [2].

BcTaHoBneHo, Wwo npu 060X BipyCHWUX iHMEKLUisX Bia-
3Ha4yalTbCs OAHAKOBI KNiHIYHI CMMOTOMW: BUCOKa TEM-
nepartypa, Kallenb, 3aguLika, LWo Moxe OyTu nposisamu
rocTporo pecnipatopHoro aucTtpec-cuHgpomy (FPOC),
SIKUA B OKPEMUX BUMNagKax CYNpOBOOXKYETHCS BUCOKOH
cMmepTHicTIO [3, 4]. BuBYeHHsA ayTonciHoro matepiany
nokasano, Lo sk ans rpuny A, Tak i gna COVID-19, 3a-
ranbHUM € Andpy3He anbBeonsipHe noLwKkomkeHHs (OAMT),
JeckBamalisi anbBeOoNspHOro enitenito, iHBasia piguHn
B anbBeonu, opMyBaHHs rianiHoBMx MembpaH, 3Ha4HuiA
Habpsik nereHeBOl TKaHUHW, anbBEONsIPHi KPOBOBUMMBY,
po3BMTOK NHEBMOHIi [5, 6]. Kpim Toro, npu aii o6ox Bipycis
POC iHoykye nynbMoHapHWi ibpo3, sk po3BuBa-
€TbCs, MOYMHAKOYM 3 MEPLUOro TWXKHSA rocnitanisaui,
i Moxe ByTV NOB’A3aHNI 3 TSXKKICTHO XBOpobu [7, 8].

MpoTe, Mix rpunosHoto iHdekuieto Ta COVID-19 Busie-
NATLCS NEBHI po36ixxHOCTI. Ha BigMiHy Big naHaemiyHoro
rpuny, Hawbinbl YacTMM CUMMTOMOM CTa€ HasiBHICTb
NoLUMPEHOro TPOMBO3y Yy Manux i cepefHix nereHeBux
apTepisix, AKin BUABNAETLCS | B iHWKMX opraHax [9, 10].
Mpu uboMy GinbLL, HiXX Y MOMOBUHM MOMEPNNX CMOCTEPI-
raroTbcsl TpoMboemboniyvHi ycknagHeHHs 11]. MpuynHoto
LbOro BBaXkalTb PO3BUTOK AMCEMIHOBAHOIO iHTpaBacky-
NSAPHOro 3ropTaHHs KPOBi BHACMigoOK ekcnpecii nposa-
nanbHUX UUTOKIHOB, Takux Kak IL-6, IL-13, Ta TNF-a [12].
[HWOW BIAMIHHICTIO MOXYTb OyTW Pi3Hi KNITUHHI MiLIEHi
ans uux sipycis. Bipyc A npoHukae B eniteniansbHi KNiTUHN
BEPXHbOro BigAiny AuvxanbHux wnsaxie, a SARS-CoV-2
3B’A3yeTbCcs 3 peuentopamu Al®-2, posTawoBaHUMMK
Ha MeMbpaHax $IK anbBEONSAPHUX MHEBMOUWTIB, TakK i
eHpoteniouuTie [13]. Mpn ubOMy Bipyc 3a 4OMOMOroH
MEXaHi3aMy eHAoLMTO3y MOoCcTynae Ao uuTonnasmu, ae
i BinOyBaeTbCA MOro pennikadisi, O CynpOBOAXYETLCA
pyMHyBaHHSAM eniTenianbHUX Ta eHgoTenianbHuUX KNiTUH
xassiiHa. Pesynbratom umx npouecis € OAI Ta eHnpgo-
TenianbHa gucdyHkuis [14, 15]. BipycHe ypaxeHHs eHOo-
Tenito Moxe 36inbLUIyBaTN pU3MK akTMBauii TpombouuTis,
YTBOPEHHS TPOMOIB i MYNLTUOPraHHOIO YPaKEHHS, LU0
MOXe npuBoguTn Jo cmepTi [16]. Ak npasuno, ypa-
XKEHHs1 Npu rpyni A 0OMeXyeTbCsa NereHsiMu1, ToAi sk npu
COVID-19 po3BMBaETbCs CUCTEMHA peakuis nigBuLLle-
Horo 3ropTaHHs kposi [17, 18]. lNMpu iMyHHIn Bignosigi
Ha iHdikyBaHHA naHgemivyHui rpun A (H1N1) xapaktepu-
3yetbca BUCOkMMM piBHAMK IL-1RA, TNF-a, CCL3,
G-CSF, APRIL, sTNF-R1, sTNF-R2, sCD30 i sCD163,
Togi sik COVID-19 pemoHCTpye iMyHHWMIA npodinb
3 NigBULLEHHAM piBHS unTokiHiB Th1 (IL-12, IFN-y) i Th2
(IL-4, IL-5, IL-10, IL-13), a Takox IL-1b, IL-6, CCL11,
VEGF, TWEAK, TSLP, MMP-1 i MMP- [19]. 3a pi3H1Mu
MeXaHi3MamMy pO3BMBAOTLCA TaKOX 3anarbHi npouecu
npy umMx BipycHUX iHdekuiax. Onga rpyny A xapakTepHoto
€ BUpaXkeHa HeUTpodifibHa peakLis Ha Tni 4OCTOBIpPHOro
3poctaHHa CD8, o Kopenioe 3 TAXKKICTIO YypaKeHHs
nereHb i TpariyHUMM Hacnigkamn [20], Toai Sk Ans

INTRODUCTION

Recently, the probability of pandemics caused by
viral infections has increased significantly. Only since the
beginning of the XXI century, humanity has already
experienced five pandemics of this kind, three of which
were caused by the coronavirus [1]. The last two were
among those that had fatal consequences. Indeed,
there was an influenza A(H1N1) pandemic in 2009-2010,
and the COVID-19 pandemic with a characteristic disease
of the respiratory tract and lungs has been ongoing since
2019 to the present [2].

It has been established that both viral infections have
the same clinical symptoms: high fever, cough, shortness
of breath, which may be symptoms of acute respiratory
distress syndrome (ARDS), which in some cases is
accompanied by high mortality [3, 4]. The study of the
autopsy material showed that for both influenza A and
COVID-19, diffuse alveolar damage (DAD), desqua-
mation of the alveolar epithelium, invasion of fluid into
the alveoli, the formation of hyaline membranes, signi-
ficant swelling of the lung tissue, alveolar hemorrhages,
and the development of pneumonia were common [5, 6].
In addition, under the influence of both viruses, ARDS
induces pulmonary fibrosis, which develops starting
from the first week of hospitalization and may be related
to the severity of the disease [7, 8].

However, there are some differences between
influenza infection and COVID-19. In contrast to pan-
demic influenza, the most frequent symptom is the pre-
sence of widespread thrombosis in small and medium-
sized pulmonary arteries, which is also found in other
organs [9, 10]. At the same time, thromboembolic com-
plications are observed in more than half of the decea-
sed [11]. The reason for this is considered to be the
development of disseminated intravascular blood coa-
gulation due to the expression of pro-inflammatory
cytokines such as IL-6, IL-1B3, and TNF-a [12 ]. Another
difference may be the different cellular targets for these
viruses. Virus A penetrates the epithelial cells of the
upper respiratory tract, and SARS-CoV-2 binds to
ACE-2 receptors located on the membranes of both
alveolar pneumocytes and endotheliocytes [13]. At the
same time, the virus enters the cytoplasm using the
mechanism of endocytosis, where its replication takes
place, which is accompanied by the destruction of the
host’s epithelial and endothelial cells. The result of these
processes is DAD and endothelial dysfunction [14, 15].
Viral damage to the endothelium can increase the risk
of platelet activation, thrombus formation, and multior-
gan damage, which can lead to death [16]. As a rule,
the damage in influenza A is limited to the lungs, while
in COVID-19, a systemic reaction of increased blood
coagulation develops [17, 18]. In the immune response
to infection, pandemic influenza A (H1N1) is characte-
rized by high levels of IL-1RA, TNF-a, CCL3, G-CSF,
APRIL,sTNF-R1,sTNF-R2,sCD30,and sCD163, whereas
COVID-19 exhibits an immune profile with an increase
in the level of Th1 (IL-12, IFN-y) and Th2 (IL-4, IL-5,
IL-10, IL-13) cytokines, as well as IL-1b, IL-6, CCL11,
VEGF, TWEAK, TSLP, MMP-1 and MMP- [19]. Inflam-
matory processes also develop in these viral infections
by different mechanisms. Influenza A is characterized
by a pronounced neutrophil response against the back-
ground of a reliable increase in CD8, which correlates
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COVID-19 uboro He BinbyBaeTbesi. [Mopsig 3 pyKHiB-
HAMM npouecamy [fesiki aBTopu MOBIAOMMSATL MPO
aHrioreHe3 HOBWUX CyAMH Ta nponidepaLilo NMHEBMOLMTIB
Il Tuny npu iHdekuii COVID-19 [14].

HesBaxaroumn Ha BENUKY KinbKiCTb NpoBeAeHUX Jocnia-
XEHb, 3anuLLalTbCsl HE3'sICOBAHMMWN acnekTu BiAHOCHO
MOPdOdYHKLIOHANbLHOTO CTaHy remMaToanbBeOoNnsipHOro
Gap’epy nereHb Ta MexaHi3mMiB PO3BUTKY NaTOMOriYHUX
peakuii opraHiamy Ha [ilo naHgeMmiyHoro Bipycy rpuny
Ta COVID-19. BcTtaHoBNeHH MexaHi3miB Aii BipyciB rpu-
ny A (H1N1) pdm09 A ta SARS-CoV-2 Ha pi3HUX piBHSIX,
[O03BONSE BUPILUMTU MPOBNEMU CBOEYACHOIO MPOrHO3Y,
nonepeaXeHHs NoAanbLLIOro po3BuTKY XBopobu, aiarHoc-
TUKW TSKKOCTI, Tepanii Ta NMOBHOTM OAYXaHHSA Bid LMX
3aXBOPOBaHb. Tak, BUBYEHHSI MOCTKOBIAHOINO CUHAPOMY
nokasano HasiBHiICTb HU3KW CUMMTOMIB, SIKi BUSIBNSAOTLCA
Yy pekoHBanecueHTiB Yepe3 4—6 MicsUiB nicns ofy»kaH-
HA [21]. Lle moxe maTu 3HaYeHHs Ans noganbLuoro icHy-
BaHHA Ta XUTTEOIANbHOCTI OCIO, SKi nepexBopinu Ha
rpuvn A tTa COVID-19 B aHaMHe3i, 0coBnnBo As1 OHKOJO-
riYHUX XBOPUX, SIKi NOTPEOYOTb NOAANBLUIONO NiKyBaHHS.

MeTa po60Tu — BMBYEHHS ocobnuBocTer Aii Bipycy
SARS-CoV-2 Ha MopdodyHKLIOHaNbHUI CTaH remaTo-
anbBeOonsipHOro BiAAiny nereHb Npu ayToncii, Wo A03BO-
nsie ytouHuTn natoreHe3 COVID-19, BCTaHOBUTU KPUTUYHI
MEXaHi3Mu, PO3BUTOK SKUX MPU3BOAUTL A0 daTanbHUX
HacnigkiB Ta 3anponoHyBaTuK cTparerito Tepanii.

MATEPIAAU TA METOAU AOCAIAXKEHHA

HocnigkeHo 8 3paskiB ayToncinHoro Mmatepiany
nereHb xBopux Ha COVID-19. pyna xBopux Habupanacs
BMMNAgKOBUM YnHOM 6e3 Byab-akoro Biabopy. JocnimkeHi
nauieHTn 3a cTaTTio, BIKOM Ta CynyTHIMW 3axBOpPHOBaH-
HAMW PO3NOAINANMCS, K NPeACTaBneHo y Tabnuui 1.

with the severity of lung damage and tragic consequen-
ces [20]. This does not happen for COVID-19. Along with
the destructive processes, some authors report on the
angiogenesis of new vessels and the proliferation of
type Il pneumocytes during the infection of COVID-19 [14].

Despite the large number of conducted studies,
aspects regarding the morphofunctional state of the
hematoalveolar barrier of the lungs and the mechanisms
of the development of pathological reactions of the
body to the action of the pandemic influenza virus and
COVID-19 remain unclear. Establishing the mechanisms
of action of influenza A(H1N1) pdm09 A and SARS-CoV-2
viruses at different levels allows the problems of timely
prognosis to be solved, further development of the
disease to be prevented, severity to be diagnosed,
therapy and complete recovery from these diseases
to be performed. Thus, the study of post-covid syndrome
showed the presence of a number of symptoms that
appear in convalescents 4—-6 months after recovery [21].
This can be important for the life of people with a history
of influenza A and Covid-19, especially for cancer patients
who need further treatment.

The objective of the work was to study the features
of the SARS-CoV-2 virus effect on the morphofunctional
state of the hematoalveolar region of the lungs at
autopsy, which allows the pathogenesis of COVID-19
to be clarified, critical mechanisms, the development
of which leads to fatal consequence, to be established,
and a therapy strategy to be proposed.

MATERIALS AND METHODS

8 samples of the lung autopsy material of patients
with COVID-19 were studied. The group of patients was
recruited randomly without any selection. The studied
patients were distributed according to sex, age and
comorbidities, as presented in the table 1.

Ta6nuua 1. Po3nogin xsopux Ha COVID-19 3a Bikom, cTaTTio Ta CynyTHiMU xBopobamm
Table 1. Distribution of patients with COVID-19 by age, gender and comorbidities

N | % N | % N | %
Bik / Age

50-60 6174 75iBuwe / 75 and above

2 | 25 2 | 25 4 | 50

Crtatb / According to gender

Yonosikn / Men

XKiHkn / Women -

4 | 37,5 4

| 62,5 - | -

CynyTHi xBopobu / According to accompanying diseases

Atepocknepos / Atherosclerosis

Onkonorig / Oncology

linepToHis / Hypertension

5 | 62,5 2

| 25,0 1 | 12,5

[IBOE XBOpUX Ha aTepocKnepo3 CTpaxganu TaKox
Ha LyKkpoBuI AiabeT. Mpynamu MopiBHSAHHA Oynu xBopi
Ha MNaHgemivyHun rpyn A, BukNukaHwuin Bipycom H1N1
(3 ayToncii) Ta 3pa3ku nereHb, ogepxaHux nNpu onepauii
y naujieHTa 3 TpaBMaTUYHUM MHEBMOTOpakcom 6es 3a-
nanbHUX O3HaK y BiAAaneHHi Bi OCHOBHOIO BOrHULLA.

EnekTpoHHOMIKPOCKOMIYHI  AOCHigKEHHA npoBoAUN
3a cTaHgapTHUMKW metoamkamn [22]. Kycoukm TKaHWHU
nereHb BUTPUMYBanu crnodvatky y rriotapanbaerigHomy
dikcatopi 3a KapHOBCbKMM, a MOTIM Yy PO34MHI YOTU-
pbOXOKMCY ocmito 3a Manage. Micna gerigpatadii B eTa-

Two patients with atherosclerosis also suffered from
diabetes. The comparison groups were patients with
pandemic influenza A caused by the H1N1 virus (3 auto-
psies) and lung samples obtained during surgery from
a patient with a traumatic pneumothorax without inflam-
matory signs at a distance from the main focus.

Electron microscopic studies were performed accor-
ding to standard methods [22]. At first, pieces of lung
tissue were preserved in the Karnovsky's glutaral-
dehyde fixative, and then in a solution of the Palade’s
osmium tetroxide. After dehydration in ethanol of incre-
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HOMi 3pOCTalyoil  KOHUEHTpauii martepian 3anueanu
Yy CyMill enokcuMaHuUX cmon (enoH-apanguT) Ta nonive-
pusyBanu npotsarom 36 roavH npu Temnepatypi 56°C.
3 opepxkaHux 6nokiB Ha yneTpamikpotomi YMTI-4
Cymcbkoro BupobHuyoro ob’egHanHa (BO) «EnekTpoH»
BUrOTOBMSANM HaMIBTOHKI 3pi3n TOBLUMHOK 1 MKM, 3a-
6apentoBanu 1% MeTuneHoBMM CuHIM Ha 1% TeTpaboparTi
HaTpilo Ta BMBYaNW nNig CBITIIOBUM MIKPOCKONOM Mpu
36inbweHHi y 500 pasiB. 3 Hanbinbw iHMopMaTUBHUX
AinsHOK ofepxyBanu uudposi doTorpadii. Ynerpa-
TOHKI 3pi3y BUrOTOBMANW Ha TOMY > YNbTpaMikpo-
TOMI, KOHTPacTyBanu y CONsX ypaHy Ta CBUHLIO i nepe-
rngaany B enekTpoHHomy Mikpockoni EM-125 Cymcbkoro
BO «EnektpoH». O6GuucnioBanu uYacTicTb Bunagkis
Tpomb0o3y y gocnigkeHux rpynax. CtatmctuyHy o6pobky
npoBOAWNM 3a [JOMNOMOIOK HEMapaMeTpuyHoOro Tou-
Horo KpuTepito ®Piwepa i3 3acTocyBaHHSM MakeTa
nporpam gns MK «Biostaty.

PE3YABTATU TA iX OBFOBOPEHHS

Bigomo, wo rematoanbBeonspHuin 6Gap’ep (FAB)
nereHb, y SIkOMy BiaOyBaeTbCsl ra30006MiH MixX KpPOB't0 Ta
NOBITPSAM, CKIaAaeTbCa 3 OKPEMUX anbBeOorT, 3aNOBHEHNX
MOBITPAM Ta PO3QINEHUX MiXKanbBEONAPHUMMU CTiHKaMM
(nepetuHkamm) (puc. 1).

asing concentration, the material was poured into
a mixture of epoxy resins (Epon-Araldite) and poly-
merized for 36 hours at a temperature of 56°C. From the
obtained blocks, semi-thin sections with a thickness
of 1 ym were made on the UMTP-4 ultramicrotome
of the Sumy Production Association (PA) «Electron»,
stained with 1% methylene blue in 1% sodium tetrabo-
rate and studied under a light microscope at a magnifi-
cation of 500 times. Digital photographs were obtained
from the most informative areas. Ultrathin sections were
made on the same ultramicrotome, contrasted in uranium
and lead salts, and viewed in an electron microscope
EM-125 of the Sumy PA «Electron». The incidence of
thrombosis in the studied groups was calculated.
Statistical processing was performed using the Fisher’s
non-parametric exact test and the Biostat PC soft-
ware package.

RESULTS AND DISCUSSION

It is known that the hematoalveolar barrier (HAB)
of the lungs, in which gas exchange between blood
and air occurs, consists of individual alveoli filled with
air and separated by interalveolar walls (septa) (Fig. 1).

Puc. 1. 3aranbHuii BUrnag rematoanbBeonsipHoro 6ap’epy nereHb nauvieHta 3 TpaBMaTuYH1M NMHEBMOTOPAKCOM:
A — anbBeonspHumn npocTip, AC — anbBeonsipHa cTiHka, M® — anbBeonspHui makpodar
Fig. 1. General view of the hematoalveolar barrier in the lungs of a patient with traumatic pneumothorax:
A — alveolar space, AC — alveolar wall, M® — alveolar macrophage

[MoBepxHO anbBeONsiPHUX CTIHOK, 3BEPHEHMX [0 alb-
BEOr, CTBOPIOKOTL eniTenianbHi  KNiTUHKM, NHEBMOUUTH
I Ta Il Tuny ((MU-1, AU-IT) (puc. 2, 3)). MuesmouunTy 1l TMNY,
KinbkicTb sknx cknagae 10-20% Big 3aranbHOi KinNbKOCTI
NMHEBMOUUTIB, MICTATb CypdakTaHT. BiH TOHKMM Lapom
PO3MNOAINAETLCA MO NOBEPXHI anbBEONSPHOI CTiHKW | CTBO-
plOE MOBEPXHEBE HATAMHEHHS ANS NIATPUMKA anbBeon
y Hanpy>XeHoMy cTaHi. AnbBeonspHa nepeTuHka MiCTuTb
TakoxX KaninapHi cyauHi, a MiX eniteniem Ta eHgoTerniem
3HaxXoAUTbCS iHTepCTULianbHUI NPOCTIp 3 enemMeHTamu
Cnonyy4Hoi TkaHuHK (puc. 2). B anbBeonax 6ins anbBeo-
NAPHUX NEPETUMHOK BUSIBNSIOTLCA arnbBeONsApHi MaKpo-
darn (M®) 3 yncneHHnmn nizocomamuv y LMTONNasMu.
®yHkuieto M € harounTos YyKopiaHUX pevoBuH (puc. 4).

The surface of the alveolar walls facing the alveoli
is formed by epithelial cells, type | and Il pneumocytes
(PC-l, PC-ll) (Figs. 2, 3). Type Il pneumocytes, the
number of which is 10-20% of the total number of all
pneumocytes, contain surfactant. It is distributed over
the surface of the alveolar wall and creates surface
tension to keep the alveoli in a state of tension.
The alveolar septum also contains capillary vessels,
and there is an interstitial space with connective tissue
elements between the epithelium and the endothelium
(Fig. 2). Near the alveolar septa, alveolar macrophages
(MP) with numerous lysosomes in the cytoplasm
are found. The function of MP is phagocytosis of foreign
substances (Fig. 4).
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Puc. 2. AnbBeonspHa nepeTuHKa nereHb nauieHTa
3 TpPaBMaTMYHUM NMHEBMOTOPAKCOM:

Mu-I — nHeBmouuT | TNy, A — agpo, Kan — kaninspHa cyouHa,
IMN — iHTepcTnitHMn npocTip, KB — konareHoBi BonokHa, x 8 Tuc.
Fig. 2. Alveolar septum of the patient’s lung
with traumatic pneumothorax:

Mu-I — pneumocyte of the | type, A — nucleus, Kan — capillary,
IMN — interstitial space, KB — collagen fibers, x 8 thousand

b A

Puc. 3. MHeBmouut Il Tvny 6ins anbBeonspHOT NepeTUHKM
nauieHTa 3 TPaBMaTUYHUM NMHEBMOTOPAKCOM:
MU-1I — nHeBMoumT Il TUNY, C® — rpaHynu cypdakTaHTy, X 8 Tuc.
Fig. 3. Pneumocyte Il type near the alveolar membrane
of a patient with traumatic pneumothorax:
MU-Il — pneumocyte Il type,
Co® — surfactant granules, x 8 thousand

Puc. 4. Makpodpar 3 YncrneHHUMM NEPBNHHNMU Ni30COMaMK B anbBeoni NaLjieHTa 3 TpPaBMaTUYHUM MHEBMOTOPAKCOM:
M® — makpodoar, J1 — nisocomu, x 8 Tuc.
Fig. 4. Macrophage with number of primary lysosomes in alveoli of patient with traumatic pneumothorax:
M® — macrophage, J1— lysosome, x 8 thousand

MpoBeneHe pocnigXeHHs nokasano, Wo Yy BUNagkax
naHOEeMiYHOro rpuny CrnocTepiraloTbCa BUPaXeHi npo-
LeCU YLLKOMKEHHS anbBeOSIIPHUX NEPETUHOK, SKi 3aryo-
NIOKOTb CBOO 3BUYaAlHY CTPYKTYPY (puc. 5, 6). Mpu ubomy
BiAOyBaeTbCA pAeckBamauis MNHEBMOUUTIB 3 MOBEPXHi
anbBEONAPHNX CTIHOK, YaCTKOBO PYMHYKOTbCA KanindpHi
CyavHM, iHodi BioOyBaeTbCA 3aMiHa 4acTMHM anbBeo-
NSIPHOI CTiHKM KONareHOBMMW BONTOKHaMK Ta rianiHoBMMM
mMembpaHamn. B anbBeonax HaKONMMYyeTbCA Cepo3Ha
piguHa 3 6e3niyylo Pi3HOMAaHITHUX KIITUH, cepen SKNMX
3a CBOE YNETPACTPYKTYPOR iOEHTUIKYIOTECA epUTpO-
UnTM Ta iX cnagxi, NMHEBMOUUTU, HEUTPOMINbHI Nenko-
unTK, Makpodharn, a Takox 3ryctku ¢ibpuHy (puc. 6-9).
Y KOXHOMY 3 [OCHiIKEHVMX BMNagKiB BMICT anbBeos
BapiloeTbCH. Y OEesKMX 3 HUX MepeBaxaloTb Makpodaru,
Y iHLIMX — epUTPOLNTH, B OKPEMUX — MHEBMOLIUTH.

Hocute vacto BioOyBaeTbCa 30MMKEHHSA anbBeo-
NSIPHUX NEPETMHOK Ta YTBOPEHHSA NOiB, SIKi CKNaaaTbes
3 KOMMOHEHTIB anbBeonsApHUX nepeTuHok (puc. 10, 11).

he conducted study showed that in cases of pandemic
flu, pronounced processes of damage to alveolar walls
are observed, which lose their usual structure (Figs. 5, 6).
At the same time, desquamation of pneumocytes from
the surface of the alveolar walls occurs, capillary
vessels are partially destroyed, and sometimes a part
of the alveolar wall is replaced by collagen fibers and
hyaline membranes. Serous fluid accumulates in the
alveoli with many different cells, among which erythro-
cytes and their sludges, pneumocytes, neutrophilic
leukocytes, macrophages, as well as fibrin clots can be
identified by their ultrastructure (Fig. 6-9). In each of the
studoed cases, the content of the alveoli varies. In some
cases, macrophages predominate, some cases are
characterized by predominance of erythrocytes, and
in a number of cases, pneumocytes predominate.

It is quite common that alveolar membranes con-
verge and fields are formed, which consist of compo-
nents of alveolar septa (Figs. 10, 11).
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Puc. 5. YucneHHi eputpouutapHi cnagxi
B anbBeONSAPHOMY NMPOCTOPI Ta NOLUKOOXKEHi anbBeoNsapHi
nepeTuHKN XBOPOI Ha NaHAaeMmiYHun rpun: E — eputpoumnTn
Fig. 5. Numerous erythrocyte sludges in the alveolar space
and damaged alveolar of a patient with pandemic flu:
E — erythrocytes

Puc. 6. MowkomkeHi anbBeonspHi NepeTuHKY,
4YaCTKOBO 3aMilLieHi KonareHoBMMW BONIOKHaMu
Ta rianiHoBumu membpaHamu. Cepo3sHa piguHa Ta pisHi KNiTuHW
3 nepeBaXkaHHsIM Makpodparis B anbBeOnsspHOMY NPOCTOpi
XBOPOI Ha naHaemiyHun rpun: CP — ceposHa piguHa,
KB — konareHoBi BonokHa, " — rianiHoBa meMbpaHa
Fig. 6. Damaged alveolar septums, partially replaced by
collagen fibers.and hyaline membranes. Serous fluid and
various cells with a predominance of macrophages in the
alveolar space of a patient with pandemic influenza:
CP - serous fluid, KB — collagen fibers, ' — hyaline membrane

Puc. 7. CeposHa piavHa, eputpoumTn Ta ibpunH B anbBeoni

XBOPOI Ha naHaeMmiuHuii rpun: ® — pibpumH. x 12 TUC.
Fig. 7. Serous fluid, erythrocytes and fibrin in the patient’s
alveolus for pandemic flu: ® — fibrin. x 12 thousand

P T

Puc. 8. HelnTpodpinbHuiA nevikount Ta pibpuH B anbeeoni
XBOPOI Ha NaH4eMiYHUA rpun:
H® — HenTpodpineHun nenkoumt, x 12 Tuc.
Fig. 8. Neutrophil leukocyte and fibrin in alveoli for pandemic
influenza: H® — neutrophilic leukocyte, x 12 thousand

IR

X ¥

Puc. 9. Makpodar 3 YncneHHnumu fisocomamu y LuTonnasmi B anbBeoni XBOpoi Ha naHAEeMiYHUIA rpun. X 8 Tuc.
Fig. 9. Macrophage with numerous lysosomes in the cytoplasm in the alveolus of a patient with pandemic flu. x 8 thousand
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Puc. 10. 36nuxeHHs NOLLKOAXKEHUX anbBEONAPHUX CTIHOK
XBOPOroO Ha NaHAeMiYHWUI rpun
Fig. 10. Convergence of the damaged alveolar walls
of a patient with pandemic flu

EnekTpoHHOMIKPOCKONIYHO Yy Takmx AinsiHKax BUSIB-
NATbCA KaninapHi cyanHu, nHesmoumntu | Ta Il nopsiaky,
okpeMmi HenTpodpinbHi nenkoumtn (puc. 12-14). lMosiea
OCTaHHIX MOXe CBiOYMTW NpO Mo4YaToK MpoueciB 3ana-
NEHHs1, pe3ynsTaToM 4Yoro CTae Aerpagauis KniTMHHOro
maTtepiany. Lle, y cBol u4epry, 3anyyae [o npouecis
3ananeHHst Makpodparu, siki OTouvylTb MOAiOHI AiNsHKM
Ta GepyTb yyacTb y (barouuTosi 3pyMHOBaHOro mare-
piany (puc. 15).

Puc. 11. lNone 3 KOMNOHEHTIB anbBeONSIPHUX NEPETUHOK
XBOPOro Ha NaHAEMIYHWI rpun
Fig. 11. Field of components of alveolar sepnums
of a patient with pandemic influenza

Capillary vessels, type | and Il pneumocytes, and
individual neutrophilic leukocytes are detected electron
microscopically in these areas (Figs. 12—14). The emer-
gence of the latter may indicate the beginning of
inflammatory processes, the result of which is the degra-
dation of cellular material. This, in turn, involves macro-
phages, which surround such areas and participate
in phagocytosis of destroyed material, in the inflamma-
tory process (Fig. 15).

Puc. 12. KaninspHa cygvnHa Ta nHeBMouuT | Tuny B noni
3 anbBeONAPHMX NEPETUHOK XBOPOro Ha NaHAeMiYHUIA rpun. X 8 Tuc.
Fig. 12. Capillary vessel and type | pneumocyte in the field of
alveolar septums of a patient with pandemic influenza. x 8 thousand

Puc. 13. MNMHeBmoumT Il TNY y noni 3 anbBeoNspHUX NEPETUHOK
XBOPOI Ha NnaHgemivHun rpmn. x 12 Tuc.
Fig. 13. Type Il pneumocyte in the field of alveolar septums
of a patient with pandemic influenza. x 12 thousand

Puc. 14. KaninapHa cyavHa Ta HenTpodinbHWA NENKOLMT y NONi 3 anbBEONSAPHMX MEPETUHOK XBOPOro Ha NaHAEMIYHUIA rpun. X 8 Tuc.
Fig. 14. A capillary vessel and a neutrophilic leukocyte in the field of alveolar septums of a patient with pandemic influenza. x 8 thousand
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Puc. 15. YncneHnHi makpodary, Lo OTo4yOTh AiNSHKY 3 eNeMeHTamy anbBeOosISPHUX NEPETUHOK XBOPOro Ha NaHAEMIYHWUIA rpun
Fig. 15. Numerous macrophages surrounding the area with elements of the alveolar septums of a patient with pandemic flu

HactynHum etanom 3ananeHHs € @ibpos, Ha Lo
BKa3ye MosiBa TOHKUX KONareHOBWX Ta enacTUYHKX
BOJIOKOH, MoniB pibpo3Hoi TkaHnHW (puc. 16, 17) Ta ginsaHok
rpyboi CnonyyHoi TKaHWHK, Y AKUX 3pigKka BUSBNAETLCA
iHbinbTpauis HenTpodinbHMMKM nerikoumTamm (puc. 18).

The next stage of inflammation is fibrosis, which is
indicated by the emergence of thin collagen and elastic
fibers, fields of fibrous tissue (Fig. 16, 17) and areas
of rough connective tissue, in which infiltration by neutro-
philic leukocytes is occasionally detected (Fig. 18).

Puc. 16. KonareHoBi Ta enacTuyHi BONOKHa cepes KNiTMHHOro
[OETpUTY XBOPOi Ha NaHAEMiIMHWA rpuyn: [ — KNiTuHHWIA eTpuT. X12 Tuc.
Fig. 16. Collagen and elastic fibers among the cellular detritus
of a patient with pandemic flu: [1 — cellular detritus. x 12 thousand

Puc. 17. KonareHoBi BonokHa, ki 3amilllytoTb 3pyinHoBaHuii TAB
XBOPOi Ha NaHAEeMIYHWUIA rpun
Fig. 17. Collagen fibers that replace the destroyed GAB
of a patient with pandemic flu

Puc. 18. [HdinsTpauis HerTpodinbHUMK NeriKoumMTamm AiNsHKU 3 efleMeHTaMu anbBeONsPHUX NEPETUHOK XBOPOro Ha NaHAEMIYHUIA rpun
Fig. 18. Infiltration by neutrophilic leukocytes of the area with elements of the alveolar septums of a patient with pandemic flu
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TakMM 4MHOM, NpPOBeAEHe AOCNIMKEHHS Mokasano,
WO NpY MaHAEMIYHOMY rpuMi XapaKTEPHUM € YpaXKEHHS
anbBeONSIPHUX MNEPETUHOK flereHb 3 (hopMyBaHHAM
rianiHoBUX mMemOpaH, 3anoBHEHHSI arnbBeON CEPO3HOH
PiAMHOIO, Y SAKi PO3TALLOBYIOTLCA KMITUHM MOLUKOMKEHOT
anbBEONSIPHOI CTiHKW, EPUTPOLUTI, HENTPOMINbHI NENKo-
unTK, Makpodaru Ta 3ryctku ibpuHy. IHoai anbBeonsipHi
NepeTUHKN MOXyTb 36epiraT CBOI KOMMOHEHTW, a iHoAi
BinOyBaeTbCcs 3aMillleHHs1 KOnareHoBUMW  BOITOKHaMW
Ta rianiHoBumMu MembpaHamu. CrnocTepiracTbCsl TaKoX
306MNMKEHHST anbBEONSPHUX MEPETUHOK | YTBOPEHHSI
3 HUX BENUKMX AINAHOK. Y BiOMNOBiAb Ha YypaKeHHs
pO3BMBalOTLCSI MPOLECU 3anarieHHsi, Ha WO BKa3sye
HasIBHICTb rpyn nenkoumTiB Ta TKaHWHHUX Makpodaris
y umx gingHkax. Cnig Big3HauuTy, WO Yy [OCRiAXEHUX
BMNagkax MaHZEMIYHOro rpuny akTUBHY pornb Yy 3ana-
NEeHHi rpaloTb Makpodarn. BoHn HakonuyyTbCst B anb-
Beonax Ta MNaTpyrniokTb MOMs MOLUKOOAXKEHUX arnbBeo-
NSAPHUX NEPETUHOK, BIJOKPEMIoYM iX BiA OTOYYHOYOI
TKaHWHW, BHACMIOOK YOro 3anarneHHst HabyBae rpaHyno-
maTo3Hoi dopmu. HactynHa pibpoTusauis cBigunTb
Npo 3aMileHHs 3pYMHOBaHO| TKAHUHW NereHb.

Mepwe, wWo 3BepTae Ha cebe yBary Npu BUBYEHHI
rematoansBeonsipHoro 6ap’epy xBopux Ha COVID-19,
ue CTaH CyauMH y nereHsx. Y 7-mu XBOopux 3 8-mu
CNOCTEepIiraeTbCsl HaKOMUYEHHS epUTPOLUTIB Yy CyamMHax
Ta TpoMbO3 cyauH pi3Horo kanibpy, iHogi 3 arnoTuHa-
Lielo epuTpoLMTIB, a Lie B OOHOMY BUSIBNSIETHCS TiNbKu
HasiBHICTb TPOMOGIB y Kaninsapax anbBeonsipHUX NepeTu-
Hok (puc. 19, 20). MopibHe sBULE He BiA3Ha4YaeTbCHA
B XOOHOMY i3 TpbOX BMNaAKiB NaHAEeMiYHOro rpuny.
CratuctnyHo 6yno poBefeHo, WO 4acTicTb Tpombosy
cyavH y xBopux Ha COVID-19 gocTtoBipHO BuMLLa, HiX
y nauieHTiB 3 naHaemMiyHum rpunom (P = 0,024).

Thus, the conducted study showed that the charac-
teristic features of pandemic flu were the damage to
the alveolar septa of the lungs with the formation of
hyaline membranes and the filing of the alveoli with
serous fluid, in which the cells of the damaged alveolar
wall, erythrocytes, neutrophilic leukocytes, macrophages
and fibrin clots were located. Sometimes the alveolar
walls can retain their components, and sometimes they
are replaced by collagen fibers and hyaline membranes.
Convergence of alveolar septa and the formation of
large areas from them is also observed. Inflammatory
processes develop in response to damage, as indi-
cated by the presence of groups of leukocytes and
tissue macrophages in these areas. It should be noted
that in the studied cases of pandemic flu, macrophages
play an active role in inflammation. They accumulate
in the alveoli and patrol the fields of damaged alveolar
septa, separating them from the surrounding tissue,
as a result of which the inflammation acquires a granulo-
matous form. The subsequent fibrotization indicates
the replacement of the destroyed lung tissue.

The first thing that draws attention when studying
the hematoalveolar barrier of patients with COVID-19 is
the state of the vessels in the lungs. In 7 out of 8 patients,
the accumulation of erythrocytes in vessels and throm-
bosis of vessels of various calibers, sometimes with
agglutination of erythrocytes, were observed (Fig. 19).
In one patient, only the presence of blood clots in the
capillaries of the alveolar septa was detected (Fig. 20).
A similar phenomenon was not observed in any of
3 cases of pandemic flu. It was statistically proven
that the frequency of vascular thrombosis in patients
with COVID-19 was significantly higher than in patients
with pandemic flu (P= 0.024).

Puc. 19. Beaniy eputpoumTis Ta ix cnagxis y Benukiv cyauHi,
TpomM603 Kaninapis Ta pyHyBaHHS anbBEONSPHUX NEPETUHOK
xBopoi Ha COVID-19
Fig. 19. Many erythrocytes and their sludges in a large vessel,
capillary thrombosis and destruction of the alveolar septums
of a patient with COVID-19

OcobnmBo AEMOHCTPaATUBHO € HasiBHICTb Kaninspi.,
SIKi LLiNbHO 3anoBHEHI epuTpouMTaMy Ta MakTb BUIMISA,
«KPOB’SIHMX KOBOACOK». Y [BOX XBOPUX BUSIBNEHO BEMUKI
KPOBOBUIMBU B anbBEONSIPHUIA MPOCTIp Ta OTOuYykoudy
TKaHuHy (puc. 21). Ou4eBMOHO, MacuMBHWI TPOMOGO3

Puc. 20. Tpom603 Ta arnoTMHaLis epuTpoLmTiB
y BEnuIKivi CyauHi Ta Kaninspax anbBeonspHUX NepeTUHOK,
AKi 3ary6niotoTb enitenianbHWn Nokpue, xsopoi Ha COVID-19
Fig. 20. Thrombosis and agglutination of erythrocytes
in a large vessel and capillaries of alveolar septums,
which destroy the epithelial cover, in a patient with COVID-19

The presence of capillaries that are densely filled
with erythrocytes and have the appearance of «blood
sausages» is especially demonstrative. Two patients
had large hemorrhages in the alveolar space and the
surrounding tissue (Fig. 21). Obviously, massive throm-
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CYOVH BUKIUKaE MOPYLUEHHSI KpOBOOBIry B nereHsix, Lo,
MOXINBO, | CTae NPUYMHOK CMEPTI.

bosis of blood vessels causes a violation of blood circu-
lation in the lungs, which may be the cause of death.

Puc. 21. KpoBoBunuB Ta arntoTuHaLis epuTpoLuTiB B anbBeonspHOMy npoctopi xBopoi Ha COVID-19
Fig. 21. Hemorrhage and agglutination of erythrocytes in the alveolar space of a patient with COVID-19

MpuunHoto nopibHOro sBMLLA BBaXakTb PO3BUTOK
npu COVID-19 Tak 3BaHOr0 «LMTOKIHOBOTO LLITOPMY», OMK-
CaHoro y 4ncneHHux pocnigxeHHax [23-25]. Bigomo,
O BMBINbHEHHSI LUMUTOKIHIB 3 ypaXeHUX TKaHWH 4epes
akTuBaUito rinotanamo-rinodisapHo-HagHUPHMUKOBOI CUC-
TEMW BMWKAE CUCTEMHY iHnamaTopHy BignoBigb (cuc-
TEeMHY HecneuundiyHy 3axucHy peakuito rocTpoi dasmu
(Pr®)) [26]. KniHiyHi aHanian niaTBepaXylTh HasBHICTb
uiei peakuii COVID-19, Ha WO BKasye MiaABULLEHHA
KOHLIEHTpaUil B KPOBi LIMTOKIHIB, NPOTEIHIB rOCTpoi gasu,
Taknx sik C-peakTmBHUIA Ginok Ta ¢ibpuHoreH [26-28].
OpHieto 3i cknagoBux PId € nigBuULLIEHHS 3ropTaHHS
KPOBi, NMpO L0 CBiAYNTb 3POCTaHHSA TaKMX MOKa3HWKIB,
sk D-gmumep, npoaykT aerpapadii ¢ibpuHoreHy, Ta pis-
Hux GiomapkepiB koarynsuii [23].

IHWot xapakTepHol pucok i Bipycy COVID-19,
AK | Mpu naHgemMiyHoOMy rpuni, € pyNHyBaHHSA anbBeo-
NAPHUX MNEPETUHOK Ta HAKOMUYEHHSI CEPO3HOI PiguHU
B anbBeonspHomy npoctopi (puc. 19). lMpu uboMy
nowkomkeHHa MAB gewo iHakwi, HK npu naHgemiy-
HOMY rpuvni. |HoAi anbBeonspHi CTIHKM po3nagarTbcs
Ha OKpeMi eneMeHTU 3 pPyMHYBaHHAM SK eniTenito, Tak
i eHpoTenito, a 6e3niy KNITMHHUX KOMMOHEHTIB 3pYNHO-
BaHMX anbBEONSIPHMX CTIHOK OMUHSIIOTLCS B anbBeonax
(puc. 22). YacrTiw 3a Bce NHEBMOLMTM MOBHICTIO 3aryb-
NOKTLCS, a anbBeonspHi CTiHkM 6e3 eniTenianbHoro
MOKPOBY 3aMiLLylOTbCSl KonareHoBumun abo rianiHoBumm
BONMOKHaMu, A0 SKUX KpiNNATbCA OeHyaoBaHi KaninsapHi
CYOVHM 3 epuTpoumTapHUMn Tpombamu (puc. 23), Togi Sk
npwv rpuni A anbBeonsipHUIA eniTenin YacTKoBO 36epexe-
Hui. Lle moxe GyTu noB’si3aHO 3 MexaHi3MOM MPOHUK-
HeHHsi Bipycy SARS-CoV-2 [o anbBeonsipHUX KIiTUH,
OCKifTbKM MilLEHHIO ANna Hboro € peuentopyn Ald-2
Ha nHeBmouuTax. TiMbkM B OKPEMMX BUMNagKax BUSB-
NSATbCS OAMHWUYHI BiAHOCHO 36epexeHi anbBeonsipHi
CTiHKM (puc. 24).

Y [ocnigXeHWx nereHsix crocrepiralTbCs Mnpouecu
ibpo3sy, NpyyoMy BiH 3HAYHO BUPA3HIWNKA Y HAWBINbL
noctpaxpanux ginsHkax MAB. Tak, B ogHoMmy BuUNagky
PyVHYBaHHS anbBEONAPHUX MNEPETUHOK CYNpOBOOXKY-

The cause of this phenomenon is considered
to be the development of the so-called «cytokine storm»
in COVID-19 described in numerous studies [23-25].
It is known that the release of cytokines from the
affected tissues stimulates a systemic inflammatory
response (the systemic nonspecific protective acute
phase reaction (APR)) due to the activation of the hypo-
thalamic-pituitary-adrenal system [26]. Clinical tests
confirm the APR presence in COVID-19, as indicated
by an increase of acute phase proteins, such as
C-reactive protein and fibrinogen, and cytokines con-
centration [26-28]. One of the components of this
reaction is an increase in blood coagulation. Increased
blood coagulation is indicated by an increase in such
parameters as D-dimer, a product of fibrinogen degra-
dation, and various biomarkers of coagulation [23].

Another characteristic feature of the effect of the
COVID-19 virus, as in pandemic flu, is the destruction
of alveolar septa and the accumulation of serous fluid
in the alveolar space (Fig. 19). At the same time, the
damage to the GAB is somewhat different than
in pandemic flu. Sometimes the alveolar walls disin-
tegrate into separate elements with the destruction of
both the epithelium and the endothelium, and many
cellular components of the destroyed alveolar walls
end up in the alveoli (Fig. 22). Most often, pneumocytes
are completely lost, and alveolar walls without
an epithelial cover are replaced by collagen fibers or
hyaline membranes, to which denuded capillary vessels
with erythrocyte thrombi are attached, while in influ-
enza A, the alveolar epithelium is partially preserved
(Fig. 23). This may be related to the mechanism of
penetration of the SARS-CoV-2 virus into alveolar cells,
since its target is ACE-2 receptors on pneumocytes.
Single alveolar walls are preserved in few cases
only (Fig. 24).

Fibrosis processes are observed in the examined
lungs, and it is much more pronounced in the most
affected areas of the GAB. Thus, in one case, the
destruction of the alveolar septa is even accompanied
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€TbCS HaBiTb MOSABOK B anbBeonax 6€3CprKTypHI/1X

CMONYy4YHOTKaHUHHMX Mac (puc. 22).

by the emergence of structureless connective tissue
masses in the alveoli (Fig. 22).

Puc. 22. 3pyinHoBaHi anbBeonsipHi CTiHKK nereHi Ta 6e3cTpyKTypHi Cony4YHOTKaHWHHI Macy B anbeeoni xBoporo Ha COVID-19
Fig. 22. Destroyed alveolar walls of the lung and structureless connective tissue masses in the alveoli of a patient with COVID-19

Puc. 23. AnbBeonsipHa nepeTuHka 3 NOBHOK BiACYTHICTIO
nHeBmouuTiB y xBopoi Ha COVID-19. KaninapHi cyamHu
y BUMMAAi «KPOB’siHUX KOBBACOK», NpueaHaHi A0 rianiHoBux
Memb6paH. Mopsaa 3pyriHOBaHi anbBeonsApHi NEPETUHKN
Fig. 23. Alveolar septum with a complete absence
of pneumocytes of a patient with COVID-19. Capillary vessels
in the form of «blood sausages» attached to hyaline
membranes. Nearby are destroyed alveolar membranes

Cnig Takox 3a3HauuTW, WO npouecu Tpombosy Ta
pyViHYBaHHS anbBEONSAPHUX MEPETUHOK Y rpyni nomep-
nux Big COVID-19, 6ynu ogH1MK 3 BUpa3HILLMX YpaXKeHb
cepeq iHWMX XBOpUX. Tak, XapakTepHUM Afsi HUX €
arnTyHaUis epuTpouMTIB Y CyOUHaX, HAKOMUYEHHST epu-
TPOUMTIB Yy anbBEONsAPHOMY MPOCTOPi Ta MOBHE PYMNHY-
BaHHS anbBeOSsPHNUX NEPETMHOK, Big SKUX 3anmwatoTbCs
nvLe Kaninsapw, 3anoBHEHI 3aTUCHYTUMU B HUX €pUTPO-
untamm (puc. 20). Kpim Toro y gocnigkeHux Bunagkax
He BWSIBMSAKOTBCA XapaKTepHi Ans Audy3HOro anbBeo-
NSIPHOrO MOLUKOPKEHHS TianiHOBi MeMOpaHu, MOXIUBO,
BHACNIOOK MOBHOIO PyMHYBaHHSA anbBeONsiPHUX NepeTu-

Puc. 24. AnbBeonsipHa nepeTuHka, sika 36epirae MHEBMOLUTU
y CBOEMY CKrafi Ta anbBeona, 3arnoBHeHa pisHUMU KNiTUHamu,
y xBoporo Ha COVID-19. Y crnonyyHiin TKaHWHiI ABi cyavHn
3 epuTpouuTapH1uMmn TpoMbamu
Fig. 24. The alveolar wall, which preserves pneumocytes
in its composition, and the alveolus, filled with various cells,
of a patient with COVID-19. In the connective tissue,
there are 2 vessels with erythrocyte thrombi

It should also be mentioned that the processes
of thrombosis and destruction of alveolar walls in the
group of those who died from COVID-19 were one of
the most pronounced lesions among other patients.
Thus, they are characterized by agglutination of erythro-
cytes in vessels, accumulation of erythrocytes in the
alveolar space and complete destruction of alveolar
septa, leaving only capillaries filled with erythrocytes
trapped in them (Fig. 20). In addition, the hyaline mem-
branes, which are characteristic of diffuse alveolar
damage, are not found in the studied cases, possibly
due to the complete destruction of the alveolar walls
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HOK 3 iIHTEPCTULIEM BKMOYHO, KOMMOHEHTU sIKOro GepyTb
y4yacTb B YTBOPEHHI LIMX CTPYKTYP.

[NpoBeneHi gocnigXeHHs nokasanu, wo daranbHi
Hacnigkm COVID-19 noB’sisaHi 3 ABOMa rONOBHUMM
MEXaHi3aMaMu YPaKeHHs!, OIMH 3 SIKUX MONsirae y pynHiB-
Hin aii Bipycy Ha eniTenianbHi Ta eHaoTenianbHi KNITUHK-
Hocil 1oro cneundiyHnx MiweHen (AMN®-2). 3aBasku
uboMy BiOOyBaeTbCs pennikauisa Bipycy Ta 3arvbenb
KNiTUHM-Xa3diHa. |HWKMM MexaHi3MOM € pPO3BUTOK CUC-
TeMHOi peakLii ANCeMIiHOBaAHOro BHYTPILLIHbOCYAUHHOIO
3ropTaHHs KpOBi, L0 BMACHO i NpM3BOAUTL 4O MYNbTU-
OpraHHOro YpaxXeHHs Ta CMepTi.

PekoHcTpykuis obcTtaBuH, ski nepegyBanu cmepTi
Big COVID-19, pno3sonsic 3po6GUTN BUCHOBKW, CTOCOBHO
3axoniB, siki MOTPIOGHO NpoBOAUTM NiCNsi BCTAHOBIEHHS
giarHosy Ha Bipyc SARS-CoV-2. Baxnusiwvm npu
UbOMY € [fiarHOCTMKa TSDKKOCTI 3axBOPIHOBAHHSA, Ans
4oro NPUOATHUMKU € SIK PadioNnoriyYHi AOCHIOKEHHS, Tak i
KoMnnekc nabopaTtopHUx MeTopiB, 30KpeMa BU3HAYEHHS
PiBHS LMTOKIHIB, peakTaHTiB roctpoi ¢asu, D-gnmepy.
TepaneBTWYHI 3axoaM MOBUHHI ByTu cnpsimoBaHi Ha
3HULLEHHS Bipycy, Onokagy MiweHe KHoro [JocTyny
00 KNiTUH-Xa3aiB Ta nepepuBaHHA npouecy pennikauii
BipyCy, MNpUWrHidyBaHHSA npos3ananbHUX UUTOKIHIB, pO3-
puvBYy naHLlora peakuii ypOmKeHOro iMyHiTeTy, 3acTto-
CYBaHHSs1 aHTMKoarynsuiiH1x npenaparis ToLO.

BUCHOBKHU

lMpoBeneHi AocnigkeHHs nokasanu, Wo Yy XBOpUX
Ha naHgemMiyHui rpun A, CMNOCTepiraeTbCa BUPaXKEHe
ypaKeHHs1 anbBEONAPHOro BiAAiINY NereHb 3 BUCOKUM
piBHEM HENTPOIiNLHOI Ta MakpodaranbHoi iHBasil.

MexaHiamu natoreHesy COVID-19 nongratoTb, no-
nepLue, y 6esnocepenHin pyrHiBHin Aii Bipycy Ha eniTeni-
anbHi KNiTMHW remaTtoansBeonsapHoro 6ap’epy i, no-gpyre,
y CTUMYnNSLii CUCTEMHOI peakuii BHYTPILUHbOCYANHHOIO
3ropTaHHs KpoBi.

MokasaHo, o AN OHKONOrYHMX XBOPUX, B aHaAMHE3i
sakux 6yno npoeedeHHs xiMmioTepanii, npouecn Tpombo3y
Ta pyNHyBaHHA anbBeonspHuUxX nepetuHok npu COVID-19
Oynv BUPa3sHILLMMK, HIX Y iHLLNX XBOPUX.

OpepxaHi pesynstaT cBigyaTb, WO aTtanbHi Ha-
cnigkm COVID-19, oueBMOHO, MOXHa nonepeauTy,
AKWO CBOEYACHO 3aCTOCOBYBATU TepaneBTUYHI 3axoaw,
CnpsiMOBaHi Ha 3HULLEHHA BipyCy, B6NOKyBaHHS MilleHen
ONs MOro NMPOHMKHEHHSA A0 KNiTWH, 3aCTOCYBaHHS iHribi-
TOpIB LMTOKIHIB, PO3pVBY naHutora BHYTPILUHLOCYANH-
HOro 3ropTaHHi KpOBi 3a AOMOMOrOK aHTUKOarynsHTIB
TOLLO, Kepyluucb Mnpu LbOMYy pesynstatamu nabopa-
TOPHWX aHanisiB 4ns giarHOCTUKN TSHKKOCTI iHGpekuii.
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including the interstitium, the components of which
participate in the formation of these structures.

The conducted studies showed that the fatal conse-
quences of COVID-19 were associated with two main
mechanisms of damage, one of which was the destruc-
tive effect of the virus on the epithelial and endothelial
cells that carried its specific targets (ACE-2). Due to this,
the replication of the virus and the death of the host cell
occurred. Another mechanism was the development of
a systemic reaction of disseminated intravascular coa-
gulation, which itself led to multiorgan damage and death.
The reconstruction of the circumstances that preceded
the death from COVID-19 allows us to draw a number
of conclusions regarding the measures that should be
taken after establishing a diagnosis of the SARS-CoV-2
virus. The diagnosis of the severity of the disease is
more important. Both radiological studies and a set of
laboratory methods, including determination of the level
of cytokines, acute phase reactants, and D-dimer can be
used to establish a diagnosis. Therapeutic measures
should be aimed at destroying the virus, blocking the
targets of its access to host cells and interrupting the
process of viral replication, suppressing pro-inflamma-
tory cytokines, breaking the chain of innate immunity
reactions, using anticoagulant drugs, etc.

CONCLUSIONS

The conducted studies showed that patients with
pandemic influenza A had a pronounced lesion of the
alveolar part of the lungs with a high level of neutrophilic
and macrophage invasion.

The mechanisms of the pathogenesis of COVID-19
are the direct destructive effect of the virus on the epi-
thelial cells of the hematoalveolar barrier, which obviously
leads to the release of inflammatory cytokines that sti-
mulate the systemic reaction of intravascular coagulation.

It has been established that for oncology patients with
a history of chemotherapy, the processes of thrombosis
and destruction of alveolar walls during COVID-19 were
one of the most pronounced lesions among the patients.

The obtained results suggest that the fatal conse-
quences of COVID-19 can obviously be prevented if
therapeutic measures aimed at destroying the virus,
blocking the targets for its penetration into cells, breaking
the chain of intravascular blood coagulation with the use
of corticosteroids, anticoagulants, cytokine inhibitors, etc.
are taken immediately after receiving a positive diag-
nosis for COVID-19 and carrying out a set of laboratory
tests to assess the severity of the disease.
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Prospects for further research

Further research on the effect of SARS-CoV-2 and
A(H1N1) pdm09 viruses by studying the utltrastructure of
the hematoalveolar barrier of oncological patients is important.
It will allow mechanisms of lesion to be established and the
measures of prevention of development of fatal consequences
to be developed.
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PE3IOME

AKTyanbHicTb. Pak sie4HVKIB nUWaeTbCs cepiio3Ho Npobrnemolo Yepes BUCOKUM
piBEHb MEPBMHHOI PE3UCTEHTHOCTI A0 MpenapartiB MnaThHW, Wo oBMeXye YChillHICTb
nikyBaHHsA. HesBaxatouy Ha 3HaYHUWA Mporpec y cxemax Ximiotepanii, JOCArHyTUN
B OCTaHHi poku, noHag 40% nauieHTOK 3anuLiaTbCsl HEYYTMBUMK A0 NepLUoi NiHil
nikyBaHHs. HegocnigxeHa AinsHka yHKUioHanbHOI OLiHKM BNNMBY fiKyBaHHS Ha sKiCTb
XWUTTS XBOPUX Ha paK SIEYHMKIB CTae KIOYOBOK B acnekTi onTuMisauii pesynsratis
Tepanii Ta nokpaleHHs ixHboro Gnaronony4ysi. BigcyTHiCTb cTaHAapTU30BaHMX
MeTogiB OLiHKM Ta OOMEeXeHiCTb OaHWX Yy Ui ranysi nigkpecnioTb HeobXigHICTb
[0AaTKOBMX AOCHIAXEHb AN PO3YMiHHS BMMMBY Pi3HUX METOAIB fiKyBaHHS Ha SKIiCTb
XUTTA nauieHTok. BukopuctanHsi onuTyBanbHukiB, Takmx sik EORTC QLQ-C30
i FACT-G, € KOpUCHUM iHCTPYMEHTOM [Ansi OUiHKA LbOro acrnekTy Meau4Horo
pornagy. IHTerpauis pesynstaTtiB OUHKW SKOCTI XUTTS B KMiHIYHY NPaKTUKY AOMOMOXe
po3pobuT onTUMarbHi TepaneBTUYHI cTpaTerii, ChNpsiMOBaHi Ha MNOKPALLEHHS
SIKOCTi XKUTTS XBOPUX Ha pak SEYHVKIB.

Meta po6oTu — BMBYUMTM BNAMB AUEPEHLINOBAHOTO TepaneBTUYHOTO Miaxoay
Ha AKICTb XWUTTA MaUEHTOK, SKi MaloTb NNATUHOPE3UCTEHTHUIN paK SEYHWUKIB, 3 ypaxy-
BaHHAM PiBHA (hapMakope3nMCTEHTHOCTI Ta BUKOPUCTAHHSA Pi3HNX cTpaTerin ximiotepanii.
Marepianu Ta metoam. [locnigkeHHs NpoBoAunM Ha 6asi YHIBepCUTETCbKOI KNiHiku
OpecbKkoro HauioHanbHOro Mean4Horo yHisepcutety npotsrom 2014—2024 pp. Ycboro
6yno obctexeHo 350 nauieHTok 3 ageHokapuuHomotro sieqHukiB II-IV cTagii, skum
BMKOHYBanu LMTOPEedyKTUBHI onepadii. [locnigXeHHs npoBogunocs BignosigHO
00 KMiHIYHOro NpoTOoKony, 3aTBepKeHoro MiHiCTepCTBOM OXOPOHM 300pOB’Ss YKpaiHu.
Metoavka AudepeHuinioBaHoi cTpaterii nikyBaHHA nepepbayana npoOrHo3yBaHHS
nnaTMHopedpakTepHUX, PEe3UCTEHTHUX Ta YyTNMBMX nauieHTok. [auieHTkn Oynu
PO3MoAiNeHi Ha YOTUPK KNiHIYHI rPynn B 3aneXHOCTi BiJ BUKOPUCTOBYBAHWUX MiKyBarb-
HUX pexumiB. AHani3 sKOCTi XUTTS XBOPMX MNPOBOAMBCA 3a METOA4OM iepapXidHoi
KnacTtepu3auii 3 BuKopucTaHHsaM onuTyBanbHukiB EORTC QLQ-C30 T1a FACT-G
Yepes 6 Ta 12 MicaLiB Nicns 3aBepLUEeHHS NiKyBaHHS.

Pesynbratv Ta iX OGroBopeHHs. [lauieHTKM pi3HWUX rpyn Manu pisHi cuMMITOMM
Ta nobivHi edpekTn. MauieHTku, WO OTpMMyBanu cTaHgapTHY XimioTepanito, cTMKanucst
3 neukoneHielo Ta iHWKUMK NobivyHMMK edbekTamn, a siKi OTpUMyBanu LOKCOPYOILUH,
CKapXWnucst Ha HygoTy i ctomatuT. [auieHTkn 3 komnnekcHoo MetaboniyHow nia-
TPMMKOIO Bi3Ha4anu MeHLLY KinbKicTb Cy6’'eKTUBHMUX ckapr. [ig Yyac kaTamMHeCTUYHOro
CMOCTEPEXEHHST BUSIBNEHO 3MiHM Y MOKa3HMKaxX SIKOCTi XWTTH, WO Moxe OyTu nos’s-
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AAS UMTYBAHHS:

3aHe 3 NiKyBaHHAM paky sieqHukiB. OudepeHuinoBanHuin nigxig y nikyBaHHi npveoaus
[0 TNOMINWEHHST SKOCTI XKUTTS, 3MEHLUEHHsI NOGIYHUX edeKTiB Ta MNOKpPaLLEHHSsI
CcaMonoYyTTH nauieHTok. Lli 3MiHn 3anuwanucs CTiikuMy NpoTArom TpuBanoro nepiogy
nicns 3aBepLUeHHs] aKTMBHOTO INiKyBaHHS, WO CMOHyKano A0 BUKOPUCTaHHS MoAi6-
Horo nigxogy y ManbyTHbOoMy. Pe3ynbtat MigTBEPOXKYOTb BaXNUBICTb iHAMBIAYyani-
30BaHOrO fiKyBaHHsI 3 METaboniYHOK MiATPUMKOK ANst AOCATHEHHS KpaLLMX KNiHIYHMX
pesynbTarTiB Ta NOKPaLLEeHHS SIKOCTI XUTTS Y XBOPUX Ha pak SEYHUKIB.

BucHoBku. [udepeHuinoBaHnin TepaneBTUYHUIA Migxig y fiKkyBaHHI XBOpUX Ha pak
SEYHMKIB 3 ypaxyBaHHSAM piBHA (HapMaKOpPe3UCTEHTHOCTI Ta BUKOPUCTAHHSA Pi3HUX
cTpateri ximiotTepanii € eqeKTMBHUM Yy MOKpaLeHHi SKOCTi XWUTTS MauiEHTOK.
LinTopenykTuBHi onepalii Ta pisHi pexumu ximiotepanii npnssenu 4o pisHUX NobGivYHMX
edeKTiB Ta CUMMNTOMIB Y NaLIEHTOK, LIO BapiloBanMCcs 3anexHo Bif 3aCTOCOBYBaHWUX
MeTodiB nikyBaHHSA. [licna 3akiHYEeHHs akTMBHOrO MiKyBaHHS CnocTepiranocs CTinke
NONINLWEeHHS SKOCTI XUTTS NaLiEHTOK, WO NiAKPECNoe BaXNMBICTb iHAUBIAYani3oBaHOro
nigxony 3 MeTabonivyHO NiATPUMKO A5t AOCATHEHHS KPALUMX KMiHIYHUX pe3ynbTaTiB.

Cokono B.M., boHgap O.B., Pubin A.l.,, Cokonos [.B. ®yHkuioHanbHa ouiHka edekTMBHOCTI AudepeHLiioBaHoro
TepaneBTUYHOro niaxoay Y MikyBaHHI paKy SIEYHUKIB: BNMMB Ha SKICTb XUTTA Ta pesynbrat ONUTYBaHHS. YkpaiHcbKul
padionoaidHuti ma oHkoroeidHull XypHarn. 2024. T. 32. Ne 2. C. 216-230. DOI: https://doi.org/10.46879/ukroj.2.2024.216-230
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ABSTRACT

Background. Ovarian cancer presents a formidable challenge, primarily due to the
high prevalence of resistance to platinum drugs, which hampers treatment success.
Despite notable strides in chemotherapy regimens, over 40% of patients remain un-
responsive to initial treatment. Delving into the underexplored realm of functional
assessment regarding treatment's impact on patients’ quality of life emerges as
pivotal for refining therapeutic outcomes and enhancing their well-being. The absence
of standardized evaluation methods and limited data underscore the imperative for
further investigation into understanding how different treatment modalities influence
patients’ quality of life. Leveraging questionnaires such as the EORTC QLQ-C30
and FACT-G proves invaluable in gauging this aspect of healthcare. Integrating the
findings of quality of life assessments into clinical practice promises to catalyze the
development of optimal therapeutic strategies tailored to enhance the well-being
of ovarian cancer patients.

Purpose - is to investigate how a tailored therapeutic approach influences the quality
of life among patients grappling with platinum-resistant ovarian cancer. Our focus
extends to considering the degree of pharmacoresistance alongside the utilization
of varied chemotherapy strategies.

Materials and methods. The study was conducted at the University Clinic of the
Odessa National Medical University spanning from 2014 to 2024. A cohort of 350 pati-
ents diagnosed with stage IlI-IV ovarian adenocarcinoma, who had undergone
cytoreductive surgeries, formed the basis of our research. This investigation adhered
to the clinical protocol approved by the Ministry of Health of Ukraine. The methodology
of our differentiated treatment strategy involved predicting patients’ responses to
platinum-based therapy, classifying them as platinum-refractory, resistant, or sensitive.
Subsequently, patients were categorized into four clinical groups based on the
treatment regimens employed. To assess the quality of life, we utilized hierarchical
clustering methodology along with the EORTC QLQ-C30 and FACT-G questionnaires.
Evaluations were conducted at 6 and 12 months post-treatment completion.

Results and discussion. Patiens of different groups had different symptoms and
side effects: those who received standard chemotherapy had leukopenia and other
side effects; those who received doxorubicin complained of nausea and stomatitis.
Patients with comprehensive metabolic support had a smaller number of subjective
complaints. During the catamnestic follow-up, we detected changes in parameters
of quality of life, which may be associated with treatment of ovarian cancer.
The differentiated treatment approach led to improvement of quality of life, decrease
in side effects, and better well-being of the patients. These changes remained stable for
a long period of time after cessation of active treatment, thus encouraging the use
of a similar approach in the future. The results confirm the importance of an indivi-
dualized treatment with metabolic support for achieving better clinical results and
improving quality of life of patients with ovarian cancer.

Conclusions. Our study underscores the effectiveness of a differentiated therapeutic
approach in managing ovarian cancer, considering both pharmacoresistance levels
and diverse chemotherapy strategies, thereby enhancing patients’ quality of life.
Notably, cytoreductive surgeries and varied chemotherapy regimens yielded distinct
side effects and symptoms among patients, contingent upon the treatment modalities
applied. Encouragingly, post-active treatment phases witnessed a consistent amelio-
ration in patients’ quality of life, underscoring the pivotal role of individualized
approaches complemented by metabolic support in fostering superior clinical outcomes.
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nikyBaHHS Ta peabinitauii XxBopux 3 MiCLLEBO-pO3MOBCIOA-
XEHUMM Ta MeTacTaTUYHMMMK NYXIUHHUMWU  3aXBOPHO-
BaHHSIMW Y€PEBHOT MOPOXHWHW, Marnoro Tasa, nyxnMHamu
MOMNOYHOI 3ano3u Ta KiHUiBOK, nepeapakoBUMUM 3axBO-
PHOBAHHSMU LUK MaTKN», HOMEp AEPXXaBHOI peecTpaLii:
0122U000505, npuknagHa, TepMiH BUKOHaHHSA: 2022—
2026 pp., kepiBHMK — npodecop kadeapn NpPoMeHeBOi
QiarHoCTukK, Tepanii Ta pagiauinHoi MeguumMHKM | OHKONOTii
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MiHicTepcTBa OXOpOHWM 340poB’A  YKpaiHW, OOKTOp
MeanyHux Hayk, npodgecop O.B. BoHgap.

BCTYN

3MN0SAKICHI NYXMUHW AEYHWKIB NULLIAIOTLCS CEPUO3HOI0
Npobrnemoro B OHKOTHEKONOTiYHI NpakTULi i CTaHOBNATL
OOHY 3 OCHOBHMX MPUYMH CMEPTHOCTI Cepea >KiHOK.
AHani3 nowMpeHoCTi i CMEPTHOCTI BiA4 paky B YCbOMY
CBiTi AEMOHCTPYE, WO pak sevHukiB (PA) € ogHieto 3i
3MOSAKICHNUX MYXMMH 3 BUCOKOK CMepTHicTio [1]. Puawnk
PO3BUTKY paKy SIEYHUKIB 30iNbLUYETHCH 3 BikOM, 0CO6nMBO
nicna [ocsarHeHHs 50-piyHOro  BiKy, KOMWM MOKa3HWKK
3aXBOPIOBAHOCTI MOYMHAIOTL 3HA4YHO 3pocTaTtn, 0cob6-
nvBo Big 55 Ao 64 pokis [2—4].

[aHi HaykoBUX JOCMigKEHb NOKa3yTh Pi3HULIO B 3a-
xBoptoBaHoCTi Ha PA y pisHux kpaiHax. Hanpuknag,
B AnoHii 3axBoptoBaHicTb Ha PA ctaHoBuTb 3,1 BUNagku
Ha 100000 xiHok, Toai sk y LUBeuii uen nokasHuk csarae
21 sunagky Ha 100000 xiHok [5]. 3rigHo 3 gaHumn Mix-
HapoaHoi areHuii 3 JOCMiAXEeHHSA paky, HanlBuLLi Nokas-
HVKWN 3aXBOPIOBAHOCTI HA paK AEYHWKIB CMOCTEPiraloTbCs
B KpaiHax CkanguHasii, HimeuuuHi, Benintokci, Benuko-
6putanii, Kanagi Ta CLUA. 3 iHworo 60Ky, pak Se4HukiB
BUSBNSAETLCH 3HAYHO pigwe B KpaiHax Agsii, a Takox
cepeq MirpaHTiB 3 LbOro perioHy, siki nepecensoTbes
[0 €KOHOMIYHO pO3BMHEHMX KpaiH [iBHiYHOT niBkyni [4].

dakTopu pu3uKy, NOB’A3aHi 3 KaHLleporeHamu i myTa-
reHamu, BkntoyawTb 6e3nniaas, 6e3niTHiCTb, paHHE Me-
Hapxe, Ni3HI MeHoMnay3y, BXWBAHHA OpanbHMX KOHTpa-
LenTuBiB, CIMENHY CNaaKoBICTb MYXINNH SEYHUKIB | MONOY-
HWX 3ano3, TpuBany ropMoOHarnbHy 3amiCHy Tepanito,
CMOXMBaHHA NaKTO3n Ta NpodeciiHi pusnkn. 3aranom,
paKk SE€YHUKIB € MeOMyHO Ta couianbHO 3HaYyLLOo
npobnemoto [6, 7].

[OnoBHUM YMHOM, 3aBASAKN BNPOBaKEHHIO eDEKTUB-
HUX CXxeM XimioTepanii, NuLIe B OCTaHHI POKM AOCATHYTO
MEeBHOro Nporpecy y 36inbLIeHHI N'ATUPIYHOT BMXMBAHOC-
Ti xBopux Ha PA [8-10]. Ognak, npnbnusxHo 40% naui-
EHTOK BUSIBMNSAIOTb NEPBUMHHY PE3VUCTEHTHICTb A0 npena-
paTiB nnatMHW — npenapatiB nepwoi niHii. Takum
YMHOM, B 3amnexHOCTi BiA TPWBanoCTi MPOrpecyBaHHs
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INTRODUCTION

A significant challenge in the field of gynecological
oncology and representing a leading cause of death
among women are malignant ovarian tumors. Global
analysis of cancer prevalence and mortality underscores
the severity of ovarian cancer (OC), which exhibits high
mortality rates [1]. The risk of developing OC escalates
with advancing age, particularly after the age of 50,
with a notable surge in incidence observed between
ages 55 and 64 [2-4].

Evident from data analysis is the discernible dis-
crepancy in OC incidence across various countries.
For instance, Japan reports an incidence rate of 3,1 cases
per 100000 women, contrasting starkly with Sweden’s
rate of 21 cases per 100000 women [5]. The International
Agency for Research on Cancer identifies Scandinavia,
Germany, Benelux, Great Britain, Canada, and the United
States as regions with the highest rates of ovarian cancer.
Conversely, the occurrence of ovarian cancer is notably
lower in Asian countries and among migrants from
these regions relocating to economically developed
nations in the Northern Hemisphere [4].

The risk factors linked to carcinogens and mutagens
encompass infertility, nulliparity, early menarche, late
menopause, oral contraceptive use, familial history of
ovarian and breast tumors, prolonged hormone replace-
ment therapy, lactose consumption, and occupational
exposures. In summary, ovarian cancer stands as
a medically and socially significant issue [6, 7].

Adoption of effective chemotherapy protocols
progressed the elevation of the five-year survival rate
among OC patients [8—10]. Nevertheless, approximately
40% of patients exhibit initial resistance to first-line
platinum drugs. Consequently, various categories based
on disease progression duration have been delineated:
platinum-sensitive tumors (progression occurring after
6 months following initial therapy), platinum-resistant
(progression within 6 months post-initial therapy), and
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3axBOpPIOBAHHS, MOXHa BUAINUTKM KifbKa KaTeropin: nna-
TUHOYYTNUBI NyXNUHK (NpOrpecyBaHHA Yepe3 6 MmicsuiB
nicnsa Tepanii nepLuoi NiHii), nnaTMHOPe3UCTeHTHI (nporpe-
CyBaHHs1 NpOTHAromM 6 MicsUiB nicns Tepanii NepLuoi niHii)
Ta nnatuHopedpakTepHi (MporpecyBaHHA Mig 4ac Ximio-
Tepanii nepLloi niHii 3 BKMAYEHHAM npenapaTy nna-
TuHK) [10]. He3Baxatoum Ha 3Ha4YHUI Nporpec y nikyBaHHi
uiei natonorii, 6arato uYWMHHWKIB BNNUBY Tepanii Ha
disnyHe Ta ncuxonoriyHe Gnarononyyys nNauieHToK
3anuLwaTbCs No3a yBarok AOCHIAHUKIB.

Ha cborogHiWwHin aeHb dyHKUiOHanbHa oOuiHka
BMMMBY MPOTUNYXMMHHOI Tepanii Ha akicTb xuTTa (FAXK)
Yy XBOPUX Ha paK SIEYHUKIB 3anulaeTbCs HegoCTaTHbO
OOCINiopKEHO AiNAHKOK B  OHKoMorii. AKIiCTb  XWUTTSH
BBaXKAETbCSl OAHUM 3 Halbinbl iHPOPMATUBHUX iHTEr-
panbHUX MOKa3HUKIB, SIKMI BigoOpaXae CTyniHb NpUcTo-
COBaHOCTi 4O 3MIHNMBUX YMOB XWUTTS Ta 3aranbHWUiA cTaH
300pOB’st NIOAUHW, @ TaKoX [A03BOMSiE OLiHUTU Heobxia-
HICTb MeOMKaMEHTO3HOro Ta MCUMXOCoLianbHOro BTpY-
yaHHA. OcTaHHIM 4YacoM [AOCNiMKEeHHs1 Woao SIKOCTi
XKUTTH, MNOB’A3aHOI  3i 340pOB’sSIM, PO3BMBAOTLCA SIK
oKpema HayKkoBa ranysb 3i CBOEK BMACHOK METOAOIO-
ricto, NepeBaXXHO 30PIEHTOBAHOKO Ha KiNbKICHWMI aHanis,
30KpeEMa 3a KPUTEPIAMM OUIHKM, Ta MakTb LUMPOKUIN
CMEKTP 3aCTOCYBaHHSI.

B ocHoBy pocnigXeHb 3 SIKOCTi XWTTH, 3rigHO 3i
BcecBiTHbOI oOpraHizauieto OXOpOHM 300pPOB’s, MokKna-
OeHOo KOoHUenuio iHauBigyanbHOro cniBBigHECEHHS1 CBOroO
CTaHy B XMWTTi CyCNinbCTBa, BPaxoOBYK4M WOrO Kynb-
TYpHi Ta UiHHICHI cknagosi, pa3om i3 ocobucTmm
UinsMu, nnaHamu, MOXMUBOCTSIMMU i piBHEM 3ararnbHOro
6narononyyys [11]. To6TO CNPUAHATTS NIOAMHOK «CBOrO
MicUS» B XKWUTTI, BKNoYarun isnmdHe, ncuxivyHe i coui-
anbHe Onaronony4dsi, He3anexHo BiJ SKOCTi 30BHiLl-
HbOr0 CepenoBMLLa, CTYMEHs 3a040BONEHOCTI KOHKpeT-
HAM XXUTTEBMM pPIBHEM Ta iHWMMW acnekTamu Mcuxo-
noriyHoro komcopty [10].

[oTtenep icHyioTb oOOMeXeHi AaHi Wwoao gyHKLio-
HanbHOro BMMMBY Pi3HUX METOAIB MiKyBaHHSI paKy si€4HM-
KiB Ha SIKICTb XUTTSA nauieHTok. [NeBHi XimioTepaneBTUYHI
PEXUMW MOXYTb NPUBOAUTM [0 MOMIMWEHHST SIKOCTI
XKUTTS XBOPUX Ha paK SIEYHUKIB, 3MEHLUYHOYU pO3Mipu
NyXMMHU Ta 3HWXYUM puauk peumamey [9]. 3 iHWoro
GOKy, JOCNIOKEHHSI MOKa3yloTb, WO Y AEsKUX NalieHToK
MOXYTb PO3BMBAaTUCSI CEPNO3Hi NOGIYHI edekTn nig yac
XimioTepanii, Wo npu3BOAMTbL OO MNOripLEHHS SAKOCTI
XUTTS Ta 3HWXKEHHs 3aranbHoro Gnarononyyust [10].
Lis cynepeunuBicTb pesynsraTtiB cBiguMTb Npo notpeby
y ChpsIMyBaHHI JocnigXeHb ANsi pO3yMiHHSA BNNMBY pi3-
HUX MeTOAIB NiKyBaHHSA Ha SKICTb XWUTTH, Ha BCTaHOB-
NEHHSs1 ONTUMaribHUX TepaneBTUYHUX CTpaTerii, ski 3a-
Gesnevatb He nuwie edeKTUBHE MiKyBaHHsSI MyXJMHU,
ane 1 MNokpaLleHHs1 SIKOCTi XWUTTS Ta 3aranbHoro Gnaro-
nony44ysi NaLieHToK.

BinbwicTe nonepeaHix gocnigxeHb BMAMMBY Tepanii
paky SIEYHUKIB Ha SIKICTb XMTTS MalTb Kinbka obme-
XeHb, SIKi BaXNMBO BpaxoByBaTW Npu iX iHTepnperawii.
Cepei HUX — obMexeHicTb 06csAry AocnimaxeHb Ta KopoT-
Ku nepioa cnocTtepexeHHs. Lli dpakTopu ycknagHooTb
y3aranbHEHHs1 pe3ynbTaTiB Ha BECb KOHTUHIEHT XBOPUX
Ha pak SIeYHUKIB, @ TaKoX aHani3 [4OBroCTPOKOBUX edek-
TiB Tepanii. Cnig TakoX 3a3HauMUTK, WO Li 0OMEeXeHHs
MOXYTb NPU3BECTM A0 post-hoc nomunku Ta ycknagHuTu
3aranbHe po3yMiHHS BNNUBY Teparnii Ha AKiCTb XUTTS.

BigcyTHicTb cTaHOapTM30BaHNX METOAIB OLHKN SIKOC-
Ti XXUTTS Y XBOPUX Ha pak SIEYHUKIB HE NULLEe YCKNaaHIoe

platinum-refractory (progression during initial chemo-
therapy involving platinum drugs) [10]. Despite notable
advancements in addressing this condition, numerous
factors impacting the physical and psychological well-
being of patients continue to evade researchers’ attention.

To date, the functional assessment of the impact of
anticancer therapy on the quality of life (QoL) among
ovarian cancer patients remains a relatively unexplored
domain within oncology. Quality of life stands as one of
the most comprehensive indicators, offering insights
into an individual’s adaptation to evolving circumstances
and overall health status. It also aids in assessing the
necessity for medical and psychosocial interventions.
Recent advancements have seen the emergence of
quality of life research as a distinct scientific discipline,
complete with its own methodology primarily focused
on quantitative analysis, particularly through assessment
criteria, and boasting a broad spectrum of applications.

The World Health Organization underscores that
quality of life research revolves around the concept of
an individual’s subjective evaluation of their position
within society, considering cultural and personal values,
aspirations, capabilities, and overall well-being [11].
This perception encompasses one’s physical, mental,
and social well-being, irrespective of external environ-
mental factors, satisfaction with a specific standard of
living, or other facets of psychological comfort [10].

To date, there exists limited data regarding the func-
tional implications of various ovarian cancer treatment
modalities on patients’ quality of life. Specific chemo-
therapy protocols have shown promise in enhancing
the quality of life for ovarian cancer patients by reducing
tumor size and lowering the risk of recurrence [9].
Conversely, research indicates that certain individuals
may experience severe side effects during chemo-
therapy, resulting in a decline in quality of life and overall
well-being [10]. This variability in outcomes underscores
the necessity to channel research efforts towards com-
prehending the impact of diverse treatment approaches
on quality of life. Establishing optimal therapeutic
strategies is imperative, ensuring not only effective
tumor management but also enhancing patients’ quality
of life and general well-being.

Many prior studies investigating the impact of
ovarian cancer therapy on quality of life come with
several notable limitations that warrant consideration
during interpretation. These include the restricted scope
of research and brief observation periods. Such const-
raints pose challenges in generalizing results to the
entire ovarian cancer patient population and in analyzing
the long-term effects of therapy. Moreover, these
limitations may contribute to post-hoc errors and
complicate the overall comprehension of therapy’s
effect on quality of life.

The absence of standardized methods for evalua-
ting quality of life in ovarian cancer patients not only
hinders the comparison of findings across different
studies but also precludes the attainment of consis-
tent conclusions. The dearth of developed or standar-
dized assessment tools may result in subjective or
non-comparable results. Furthermore, the divergent
trends and variances among different assessment
methods further complicate result analysis, underscoring
the imperative for standardization in this field [12, 13].

Among the foremost tools utilized for assessing
quality of life in oncology practice are the EORTC and
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NOPIBHAHHA pe3ynbTaTiB MK Pi3HUMW OOCRIAXEHHAMU,
a i YHEMOXIMBIIOE OTPUMAHHS MOCHiIAOBHUX BUCHOBKIB.
Bpak po3pobneHux abo craHOapTU30BaHUX IHCTPYMEH-
TiB OUiHKM MOXe npu3BecTn Ao cyb’ekTMBHUX abo Herno-
piBHIOBaHMX pe3ynbraTiB. 3aranbHi TeHaeHUil Ta BigMiH-
HOCTi MiX PI3HMMM MeTo4aMMn OLHKM TaKOX YCKMafHo-
I0Tb aHani3 pesynbraTiB, NigKPecnowyn HeobXiaHiCTb
cTaHgapTuaauii B uin cdepi [12, 13].

OfHUMKM 3 NPOBIAHUX IHCTPYMEHTIB B OLHLi AKOCTI
XWUTTS B OHKOMOriYHiA npakTuui € 6a3oBi onuTyBanb-
Hukn EORTC i FACT-G, po3pobneHi BignosigHo pynoto
3 OLHKM SIKOCTi XWUTTS €BPOMNENCHLKOI OpraHisauii 3 Bu-
BYEHHA i NiKyBaHHS paky Ta B MeauyHin wkoni denn-
6epra MiBHiuHO-3axiagHoro yHiBepcuteTy, CLUA [14, 15].
O6uaBa onMTyBanNbHUKU € MOAYMbHUMMW, LLO [03BOISIE
Jopasaty cneundiyHi NUTaHHA 3 ypaxyBaHHSAM TOro
Yy iHWOro Tuny NyxnuHW Ta/abo nporpamu mnikyBaHHsi
[0 6a3oBOT aHKeTU.

3 ypaxyBaHHSIM 3HAYyLIOro BMSMBY SIKOCTi XUTTS
Ha 3aranbHy eqeKTUBHICTb fiKyBaHHA paky SE€YHUKIB,
[0oAaTKOBI OOCNIAXEHHA B Ui ranysi € KpUTUYHO Bax-
nvBuMm. Lnaxu po3sutky edeKkTMBHUX TepaneBTUYHMX
Nigxo4iB Ta NOKpaLLEeHHS SIKOCTi XUTTSA NaUiEHTOK BUMa-
ratoTb rmMuBOKOro po3yMiHHS BNMMBY Pi3HWUX TepaneBTUY-
HUX cTpaTerin Ha gi3NYHUIN, EMOLIMHMIA Ta couianbHUI
CTaH XBOPUX.

JocnigkeHHa BRAnMBY Tepanii Ha OCHOBI NNaTUHU
Ha SKICTb XUTTS XBOPWUX Ha paK SIEYHUKIB CTae Lie
Ginbll LikaBMM, KOMM BPaxoBYETbCA €(EKTUBHICTb AW-
depeHLiioBaHOro TepaneBTMYHOro nigxoay. BknioyeHHs
pesynbTaTiB AoChigKeHb MiAKPECroe BaXMMBICTb OLjiH-
K/ pesynbTaTiB MikyBaHHSA no3a MeXamu NpocToi BMDKK-
BaHocTi [16—18]. [OudepeHuiioBaHnin TepaneBTUHHWUI
nigxia, agantoBaHWn OO iHAMBIQyanbHWX noTpe6 naui-
EHTKM Ta XapaKTepucTuK XxBopobu, cTae Bce OGinbL
HeoOXigHMM Onst onTMMi3auii caMonoYvyTTsl MauieHToK
Ta edeKkTMBHOCTI nikyBaHHSA. IHTerpauis pesynbratiB
ONUTYBaHb Ta OLiHKA MOKa3HWKIB SIKOCTi XXUTTA HagalTb
TIYMayeHHs HI0aHCIB  e(eKTUBHOCTI MiKyBaHHS Ha
disnyHe, emouiiHe Ta couianbHe dyHKLiIOHYBaHHSA naui-
eHToK. Llem xomicTmyHWiA nigxig [o nikyBaHHA paky
SEYHUKIB He nuwe noninwye KriHiYHe MPURHATTA pi-
LWeHb, 3'COBYHOYM CKMagHy AMHaMIKy MK edeKTMBHIC-
TIO NiKyBaHHS Ta SAKICTIO XUTTS NaUieHTOK, ane n cnpusie
nauieHTOOPIEHTOBaHOMY TiKyBaHHIO Ta NiATPUMYOYMM
BTPYYaHHSM, B MiACYMKY MOKpaLLyto4un pesynsratu miky-
BaHHS Ta AKICTb iX XUTTS.

Ha cborogHilwHin AeHb BiACYTHI OOCRiAXEHHS, sKi
CMUCTEMATUYHO aHani3ylTb LeW acnekT SKOCTi XUTTS.
OTXe, MW NPONOHYEMO CUCTEMaTUYHUA nigxia [o
BMBYEHHS BNNMBY Tepanii Ha SKICTb >XUTTA MauieHTOK
3anexHo Bia iXHbOI YyTNMBOCTI 4O NpenaparTiB NnaTuHW.
OCHOBHOK METOK € pPO3LUMPEHHSI PO3YMIHHSI LIbOro
NMATaHHSA 3a [OMOMOrOK KOMMSIEKCHOIO aHanisy, skuii
BKMo4Yae B cebe He nuwe isnyHUA, eMouiiHMin Ta
couianbHUI CTaH NaUiEHTOK, ane 1 B3aEMO3B’SI30K MiX
YYTNUBICTIO A0 NiKyBaHHS Ta SKICTIO IXHbOMO XUTTS.

MeTta po6GoTu — BMBYMTM BMNMB AndepeHuioBa-
HOro TepaneBTUYHOrO NiAXody Ha SIKICTb XWTTS NavujieH-
TOK, siKi MalTb NNATUMHOPE3UCTEHTHUIN paK SIEYHMKIB,
3 ypaxyBaHHSIM piBHS papMakope3nCTEHTHOCTI Ta BUKO-
PUCTaHHSA Pi3HUX cTpaTerin ximiotTepanii.

FACT-G basic questionnaires. These instruments were
respectively developed by the Quality of Life Assess-
ment Group of the European Organization for Research
and Treatment of Cancer and at the Feinberg School
of Medicine of Northwestern University, USA [14, 15].
Both questionnaires are modular in nature, facilitating
the addition of specific questions tailored to various
tumor types and/or treatment regimens onto the
core questionnaire.

Due to the substantial influence of quality of life on
the overall efficacy of ovarian cancer treatment, further
research in this domain holds critical importance.
The development of effective therapeutic approaches
and enhancements in patients’ quality of life necessi-
tate a comprehensive understanding of how various
treatment strategies affect their physical, emotional, and
social well-being.

The investigation into the impact of platinum-based
therapy on the quality of life of ovarian cancer patients
becomes particularly intriguing when considering the
efficacy of a tailored therapeutic approach. Incorporating
research findings underscores the importance of asse-
ssing treatment outcomes beyond mere survival
rates [16—-18]. A personalized therapeutic strategy,
tailored to each patient's unique needs and disease
characteristics, is increasingly vital for optimizing
patient well-being and treatment effectiveness.

By integrating survey outcomes and assessing
quality of life metrics, a nuanced understanding
emerges regarding the treatment’'s effect on patients’
physical, emotional, and social functionality. This holistic
approach to managing ovarian cancer not only enhan-
ces clinical decision-making by elucidating the intricate
interplay between treatment efficacy and patient
quality of life but also fosters patient-centric care and
supportive interventions. Ultimately, this approach
leads to improved treatment outcomes and enhanced
quality of life for patients.

As of now, there is a notable absence of studies
systematically analyzing this aspect of quality of life.
Therefore, we propose a systematic approach to
investigate the influence of therapy on patients’ quality
of life, contingent upon their sensitivity to platinum
drugs. The primary objective is to broaden understan-
ding of this matter through a comprehensive analysis
encompassing not only patients’ physical, emotional,
and social well-being but also examining the correlation
between treatment sensitivity and their quality of life.
This research endeavor aims to fill the existing gap
in knowledge, ultimately offering insights that can
inform more effective and tailored therapeutic strategies
for ovarian cancer patients.

The purpose of the study is to investigate how
a tailored therapeutic approach influences the quality
of life among patients grappling with platinum-resistant
ovarian cancer. Our focus extends to considering the
degree of pharmacoresistance alongside the utilization
of varied chemotherapy strategies.
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MATEPIAAU TA METOAU AOCAIAXEHHSA

YMOBM NPOBEAEHHS AOCAIAXEHHS

HocnigxeHHs npoeoauMnu Ha 6asi YHiBepcUTeTCbKol
KniHikn OgecbKoro HauioHanbHOro Megu4yHoro yHiBepcu-
Tety MiHicTepcTBa OXOpPOHM 340pOB’A YKpaiHu BNpOOoBX
2014-2024 pp. O6cTtexeHo 350 nauieHTOK 3 apeHo-
KapumHomoto sieuHukis 1lI-IV cTagii, skum BukOHyBanu
LUMTOpEenyKTUBHI onepadii.

O6cTexeHHs1 nauieHTOK MpoBoauNnocs BignoBiaHO
[0 BMMOT KMiHIYHOrO MPOTOKOINY, 3aTBEPAXXEHOro Haka-
30M MiHicTepcTBa OXOpPOHU 300pOoB’S YKpaiHu YKpaiHu
Ne554 Big 17.09.2007 p. «[po 3aTBepmkeHHS NpoTOo-
KoniB HagaHHs MeOu4HOI AO0MOMOrM 3a cheuianbHiCTio
"oHkonoria"» [19].

[aHi npo TpaHcBariHanbHe ynbTpa3BykoBe AOCnid-
xeHHs1 (TBC) T1a GioximiuyHuiA ckpuHiHr CA-125 oTpumaHi
3 MeOMYHMX 3anuciB MauieHTOK, AKi NpoMWwnu Ui npo-
uenypv y MegnyHomMy 3aknagi.

MeToaunka
AndbepeHLiMoBaHOI cTpaTerii AikyBaHHSA
BusHauyeHHs  MMOBIpHUX  nnaTuHopedpakTePHUX,

PE3NCTEHTHUX Ta YyTNMBUX MNaLiEHTOK MNpPOBOAWMMM 3a
npotokosnom [20].

MauieHTkn Oynu po3sgineHi Ha Taki KNiHiYHI rpynu:
| rpyna (nopiBHsiHHA GI, n = 50): xBopi Ha PA, saki oTpu-
MyBanu cTaHgapTHY ag’tloBaHTHY XimioTepanito nepLuol
niHil, Wwo BkMo4ae uucnnatmH y fosi 75-100 mr/m?
BHYTPILLHBOBEHHO KOXHI Tpw TwxHi; |l rpyna (gocnigxy-
BaHa GlI, n = 100) — nauieHTK1 3 iIMOBIpHOK MnaTUHO-
pedpakuieto, SKi OoTpumyBanu Tepanio Apyroi niHii,
BKItOYa4M gokcopybiunH y aosi 75-100 Mr/m? BHyT-
PiLUHBOBEHHO KpanenbHO pa3 Ha Tpu TwxHi; Il rpyna
(gocnigxysaHa Glll, n = 100) — nauieHTkn 3 imMOBIp-
HOM MIATMHOPE3UCTEHTHICTIO, sIKi OTPUMYBanu Meguka-
MEHTO3HY KOPEKLil0 AM3PErynsaTOpHUX MOpyLeHb Ha Tri
CTaHgapTHOI Tepanii nepLuoi fiHii, BKMOYa4M goHATO-
piB okcmay asoTy, Oe3iHTOKCUMKAHTU Ta aHTUYypUKEeMiYHi
3acobu; IV rpyna (gocnigxysana GIV, n = 100) — naujieHT-
KM 3 NPOrHO30BaHOW NNaTUHOYYTIMBICTIO, SIKi OTPUMY-
Banu CTaHgapTHYy Tepanio nepLwoi niHii nicna npe-
mMeamkadii, Bkrtovaroum 20 Mr gekcamertasoHy 3a 12
Ta 6 roguH 0O BBeAeHHsi npenapartiB nnatuHu, 300 mr
unmeTnamHy abo 50 mr paHiTnamHy Ta 50 Mr gumegpony
3a 30-60 xBUNUH Nepeq BBEAEHHAM Npenaparis NnaTuHu.

AHQAI3 AKOCTi XUTTA XBOPUX

Ouinky AX gocnigxysanu yepes 6 Ta 12 micauis nicna
3aBepLUEHHs1 NiKyBaHHA 3a [AOMOMOrOK ONUTyBaslbHU-
kis EORTC QLQ-C30 ta FACT-G.

Y metogmui ouiHkm AXK nauieHTok 3acTtocoByBaBcH
onutyBanbHnk EORTC QLQ-C30, skui Bknoyae Taki
cybwkanu: PF (cisuuHe dyHkuioHyBaHHSs), RF (ponbose
dyHkuioHyBaHHs), CF (korHiTmuBHI dyHkuii), EF (emouiniHe
dyHKuUioHyBaHHS), SF (couianbHe yHKUiOHYBaHHS),
FA (BToma), NV (HypoTa/6ntoBoTta), PA (6inb), SL (nopy-
WweHHa cHy), AR (BTpata anetuty), CO (3akpen),
DI (giapes), FI (cdiHaHcosi TpygHoui) [21]. lNMoka3Hukn
KinbKiCHO ouiHIOBanuch 3a LwKanot Big 1 oo 4.

Cy4vacHa Bepcis FACT-G (4) Bkniovana 27 nuTaHb
i ouiHoBana AXX 3a 5-6GanbHuMM cyOlkanamu Tuny
NikepTa: cisuuHe (PF abo PWB), couianbHe abo ponbo-
Be (RF abo RWB), emouiiie (EF abo EWB) cyHKUiOHY-
BaHHS Ta Griaronony4ysi y noBCSKAEHHOMY XUTTi [15].

MATERIALS AND METHODS

Research conditions

The study was conducted at the Odessa National
Medical University Clinic during 2014—2024. 350 patients
with stage IllI-IV ovarian adenocarcinoma who underwent
cytoreductive operations were examined.

Examination of patients was carried out in accor-
dance with the requirements of the clinical protocol
approved by the order of the Ministry of Health of
Ukraine No. 554 of 09.17.2007 «On the approval of
protocols for the provision of medical care in the spe-
cialty "oncology"» [19].

Data on transvaginal sonography (TVS) and CA-125
biochemical screening were obtained from the medical
records of patients who underwent these procedures
at the facility.

Methodology
of a differentiated freatment strategy

Definition of probable platinum-refractory, resistant
and sensitive patients was carried out according to
the protocol [20].

Patients were divided into the following clinical groups:
Group | (control, GI, n = 50) — patients with OC who
received standard first-line adjuvant chemotherapy,
including cisplatin at a dose of 75-100 mg/m? intrave-
nously with hydration and diuresis every three weeks;
Il group (experimental, Gll, n = 100) — patients with pro-
bable platinum refraction who received second-line
therapy, including doxorubicin at a dose of 75-100 mg/m?
intravenously once every three weeks; Group Ill (expe-
rimental, GllIl, n = 100) — patients with probable platinum
resistance who received medical correction of dysregu-
latory disorders against the background of standard
first-line therapy, including nitric oxide donors, detoxifiers,
and antiuricemic agents; IV group (experimental, GIV,
n = 100) — patients with predicted platinum sensitivity
who received standard first-line therapy after a previous
prophylactic course, including 20 mg of dexametha-
sone 12 and 6 hours before the introduction of platinum
drugs, 300 mg of cimetidine or 50 mg of ranitidine and
50 mg of diphenhydramine 30—-60 minutes before the
introduction of platinum drugs.

Analysis of patients quality of life

Quality of life was assessed 6 and 12 months after
completion of treatment with the EORTC QLQ-C30
and FACT-G questionnaires.

The methodology for assessing the patients’ quality
of life included the use of the EORTC QLQ-C30 ques-
tionnaire having the following subscales: PF (physical
functioning), RF (role functioning), CF (cognitive functions),
EF (emotional functioning), SF (social functioning),
FA (fatigue), NV (nausea/vomiting), PA (pain), SL (sleep
disturbance), AR (loss of appetite), CO (constipation),
DI (diarrhea), FI (financial difficulties) [21]. Indicators
were quantified on a scale from 1 to 4.

The current version of the FACT-G (4) included
27 questions and assessed QOL using 5-point Likert-
type subscales: physical (PF or PWB), social or role
(RF or RWB), emotional (EF or EWB) functioning and
well-being in daily life [15].
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KAQcTepHuit aHaAi3

Y pocnigXeHHi BMKOPUCTOBYBanu arrioMmepaTtvBHU
iepapxivyHUn anropuTMm KnacTepusadii 3a metogom Yopaa
3 BuKopucTtaHHaM RStudio [22]. Llen meToa itepatuBHO
o6’egHyBaB OBa HaWbnwxk4i KnacTtepu Ha OCHOBI Kpu-
Tepito  MiHiMi3auil  BHYTpiLWHbOKNACTEpHOI  Bapiaui,
nepeayyn oOpMyBaHHI AeHAporpamu Ans Bigobpa-
KEHHS iEpapXiyHOi CTPYKTYPU AaHUX.

CTATUCTUYHUA QHAAI3

B aHanisi nopiBHAHL MiX rpynaMv BUKOPUCTOBYBAaBCS
HenapameTpUYHUI KpUTEpIn y? 3 ypaxyBaHHsIM nornpas-
km Werca ANs napHWX 3piBHSHb MbK  GiHapHUMK
KateropismMn Ta nonpasku BoHdeppoHi Ansa MHOXMH-
HUX 3piBHAHb 3 BUKOpucTaHHAM RStudio. Monpaeka
MeTca 3acTocoByBanacs NS 3MEHLUEHHS MOXMUBWX
BMMNaZKOBUX BiAXWMNEHb Y BUNAAKy Manux obcsari AaHuXx,
Todi Sk nonpaBka BoHdeppoHi cnyxuna Ans KOHTPOro
Hag piBHEM MOMWMKOBUX BiAXWUMNEHb NPU MHOXUHHUX
nopiBHAHHAX [23]. HenapameTpuyHui [OBipYUA iHTEpP-
Ban (OP), BctaHoBnenu Ha piBHi 0,95 ona nepenba-
YEHUX CepefHiX 3HayeHb, CYMPOBOMXYBaB L OLHKM,
a Takox P — ouiHka MMOBIPHOCTI TOrO, L0 3HA4YEHHSs Ccyb-
WwKan y BunagkoBo obpaHoro enemeHTa 3 ekcriepumeH-
TanebHoi BMGipkM Gyae BUWMM abo MEHLUMM, HiX y BU-
nagkoBo 06paHOro enemMeHTa 3 KOHTPonbHOT BUBIpKn [24].

PE3YABTATU TA iX OBFOBOPEHHS

KAiHi4HGO kKapTuHa Ta nepe6ir

BcTaHOBNEHO, WO NauieHTKM Pi3HUX OOCHiaXKyBaHUX
rpyn He Bigpi3HANMCs 3a BikOM, cepegHin Bik y GI-IV
cknaB 55,3 + 3,9 p. (cepenHe 3HayeHHs + cTaHOapTHe
BioxunenHs, 0,95 OP; P < 0,01). Ctpyktypa BuGIpok
3a cragiamm PA Takoxk He BigpisHanmaca (puc.
nauieHTkm 3i ctagieto IlIC nepeBaxann — B cepegHbLOMyY
ix 6yno 64,9% (0,95 [1P; P < 0,01) y 3aranbHii KOropTi.
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Cluster analysis
The study implemented an agglomerative hierar-
chical clustering algorithm based on Ward’'s method in
RStudio [22]. This method iteratively merged the two
nearest clusters based on the criterion of minimizing
within-cluster variation, before generating a dendrogram
to display the hierarchical structure of the data.

Statistics

Analysis of comparisons between groups used the
nonparametric x? test with Yates correction for pairwise
comparisons between binary categories and Bonferroni
correction for multiple comparisons in RStudio. The Yates
correction was applied to reduce possible random
deviations in the case of limited data, while the Bonferroni
correction served to control the level of biased deviations
in multiple comparisons [23]. A nonparametric confi-
dence interval (Cl) set at 0,95 for the predicted means
accompanied these scores, as well as P-value, an esti-
mate of the probability that a randomly selected score
from the experimental sample would have a subscale
value higher or lower than a randomly selected one
from the control dataset [24].

RESULTS AND DISCUSSION

Clinical picture and course

The study revealed no significant age disparity among
patients across various age brackets, with an average
age of 55,3 + 3,9 years (M + SD, 0,95 CI; P <0.01) in sta-
ges GI-IV. Additionally, there was no notable variance in
the distribution of samples based on OC stages (Fig. 1),
with stage IlIC patients comprising the majority at an ave-
rage of 64,9% (0.95 CI; P < 0.01) within the entire cohort.
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Puc. 1. CtpykTypa KniHi4HWX rpyn BignosigHo Ao ctaaii PA, (%)
Fig. 1. The structure of clinical groups according to stage of OC, (%)

3rigHo 3 BigOMOCTSIMU, KMiHiYHa KapTUHA 3aXBOPHOBaH-
HA BigNoBigana TMNOBUM XapakTepucTtukam [3, 6, 7, 25].
OTXe, Ha OCHOBI HaWMX crnocTepexeHb OinbLicTb naui-
€HTOK y rpynax G-IV BkaszyBanu Ha 3ayTTs i aAMckomdopT
BHW3Y XuBoTa (72,7%), Big4YyTTS TUCKY B CEHYOBOMY MiXy-

Consistent with existing literature [3, 6, 7, 25], our
findings align with the typical clinical manifestations of
the disease. Based on our observations, the majority
of patients in stages GI-IV reported symptoms such as
bloating and lower abdominal discomfort (72,7%), sensa-
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pi (39,4%) Ta npaAmin knwi, i 3akpenm (65,7%). Y KoxHoil
JecsToi 06CcTexeHoI xiHkM Bynu BariHanbHi KPOBOTEYI.
Yactumm cumntomamu (71,0%) Oynu gucnencuyHi
nposiBu, 3aauLLUKa, 3aranbHa cnabkicTb, WBMAKa CTOMIILO-
BaHiCTb, BTpaTa Barv Ta BiAYyTTsl LUBUOKOIO HACUYEHHS
npw BXMBaHHI HEBENUKOI KiNbKOCTi iXi. Y 12,6% nauieH-
TOK cnocTepiranucsa Habpsikn HKHIX KiHUIBOK, a y 5,4% —
0o3Haku acuuty. BogHouac y 17,4% nauieHTOK 3axBopto-
BaHHS1 HEe CynpoBOAXKYyBanocsi ¢y’ eKTMBHUMK NposiBamu
i 6ynu fiarHocToBaHi nicns ynsTpa3sykoBoro (Y3) CKPUHIHTY.
Mig yac GioXiMIYHOrO CKPWHIHIY BW3HAYEHi BUCOKI
nokasHuku Bmicty CA 125 y 44,6% obcTexeHux. [Npose-
AeHHst TBC y koMGiHauii 3 GioXiMiYHUM CKPUHIHIOM CTae
BaXkKNMBOO cTparerieto B giarHoctuui PA. Y3 giarHocTuka
OpraHiB Manoro Tasa [A03BOSSiE TOYHO OLIHUTU PO3Mipu
NyXMMHWU Ta BUSABUTW NATOMNOTIYHI 3MiHW Y M’ IKMX TKAHWHAX,
Taki K MynbTUNOKarnbHi LWiNbHI rinepexoreHHi yTBopeH-
HA Ta NiOABULLEHUA BHYTPILUHbOSIEYHUKOBUA KPOBOTIK.
Cnig 3a3Ha4nTK, WO Lie HaJae MOXIMBICTb A1 PaHHBLOro
Ta CBOEYACHOrO BUSIBMIEHHSI O3HaK paky Ta NnaHyBaHHsI
echekTmBHOro nikyBaHHsi. Came TBC, ske 3abesnedvye
Bidyani3auito BHYTPILLHIX CTPYKTYp opraHa, y noegHaHHi
3 BioxiMiYHMMK NoKa3HMKaMK, TaknMmm sk pieeHb CA—125,
CA-19-9, nokasye Ginbll BUCOKY YyTNUBICTb Ta cheuu-
idHICTb Y BusABMEeHHi PA, nopiBHAHO 3 camoCTiNHUM
3acTOCyBaHHSIM GiOXiMiYHOTO CKPUHIHTYy [25-27].

AHAAI3 AudbepeHuioBaHoro

TepaneBTUYHOrO MiAXOAY

Mig yac aHanisy BCTaHOBMeHo, WO XBopux Ha PA
y rpynax GI-IV yacto ckapxunuca Ha CUMNTOMM, Taki K
Hy[l0Ta, NOPYLUEHHS CMaKy, 3anamMOpOYeHHs Ta 3aranbHa
cnabkicTb, sIKi 3a3BM4Yal BUMHWKaNM nepeq bxeto. [esii
nauieHTkn (6,0% B Gl Ta 2,0% B GIV) nosigomnsanu npo
nopyLLeHHs1 3opy. B okpemunx Bunagkax cnocrtepiranucs
O3HaKku nepudepuyHoi noniHenponaTtii Ta CUMMMITOM
JlepmiTta. AHania KpoBi BUSIBUB MOMIpHY FMENKOMEHI0
Ta aHeMmilo Ha Tni NiKkyBaHHA MNMNaTUHOBMICHUMMK npe-
napatamu, a TakoX CMocTepiranu 4acty apTepianbHy
rinoteHsito. lig yac nikyBaHHA TakOX crnocTepirannca
Kallernb, epuTeMaTo3HUIN BUCUN Ta eKcTpaBasaTu B Micli
iH ekuii y aesikmx nauieHtok y rpynax Gl ta GIV.

Mauientkn 3 rpynn Gll, aki oTpumyBanu Tepanito
JokcopybiunHom, BigsHadanu cy6debpunitet, nigBu-
WeHy nynbcauilo, TpomMbBOLMTONEHIlD Ta newkoneHito,
a TaKkoX BigvyBanu Hy#oTy, GnioBaHHsA, cTomMatuT Ta
giapeto. Kpim TOro, Ha no4aTky nikyBaHHsSl NauieHTKN Liel
rpynu cnoctepiranu 3miHy Konbopy CeYi Ha YepBOHY-
BaTWI, @ TAKOX YacTo Big3Ha4Yanu anonewito, NOTEMHIHHS
NigoLB i AONOHb, AONOHHY epuTeMy, AedopmalLiio HirTiB,
cBepbix i Bucun Ha LWKkipi. [deski nauieHTKN Takox
CTpaxganu Ha CBiTNo60sA3HbL Ta NigBULLEHE CIbO30BU-
JineHHs 3a Tunom enicpopycy.

Cnig 3a3HaunTy, WO HalWMeHLa KinbkicTb cy6 ekTuB-
HUX cKapr NpoTArom nikyBaHHst Byna Big nauieHTok, ski
OTpMMYBanu naTOreHeTUYHO 3YMOBIIEHMI  KOMMSIEKC
meTabonivHoi nigTpumkn y rpynax Glll ta GIV.

Mopanbuniz aHania (tabn. 1 i 2) nokasas, WO BUXiaHI
3HayeHHs1 cybwkan onuTyBanbHWkie EORTC QLQ-C30
i FACT-G y nauieHTOK, BigHECEeHUX A0 Pi3HUX KMiHIYHMX
rpyn, 6ynu nopisHOBaHUMU.

Mig yac HacTynHUX BI3WUTIB Ha KaTaMHECTUYHOMY
erani BCTaHOBMEeHi BIAMIHHOCTI Yy nokasHukax XK.
Lle Bkazye Ha Te, LIO MNaLiEHTKM MOXYTb NepexuBaTu
amiHn y PF, RF ta EF nicna 3akiH4eHHS akTMBHOro
nikyBaHHs PA.

tion of bladder pressure (39,4%), rectal discomfort, and
constipation (65,7%). Additionally, approximately one
in ten examined women experienced vaginal bleeding.

Common symptoms reported by a significant portion
(71,0%) of patients included dyspeptic symptoms, short-
ness of breath, general weakness, rapid fatigue, weight
loss, and a sensation of quick satiety even with small food
intake. Edema of the lower extremities was observed
in 12,6% of patients, while signs of ascites were present
in 5,4%. Remarkably, in 17,4% of patients, the disease
manifested without subjective symptoms and was only
detected through ultrasound (US) screening.

Biochemical screening revealed elevated CA 125
levels in 44,6% of the participants. The integration of
transvaginal ultrasound (TVS) with biochemical screening
has emerged as a crucial diagnostic approach for OC.
TVS allows for precise evaluation of tumor size and iden-
tification of soft tissue abnormalities, including multi-
local dense hyperechoic formations and increased intrao-
varian blood flow. Importantly, this combined approach
facilitates early and accurate detection of cancer signs,
enabling timely treatment planning. TVS, with its ability
to visualize internal organ structures, coupled with bio-
chemical markers such as CA 125 and CA 19-9, demonst-
rates higher sensitivity and specificity in OC detection
compared to standalone biochemical screening [25-27].

Analysis of a differentiated
therapeutic approach

During the analysis, it was noted that patients in GI-IV
frequently reported various symptoms including nausea,
taste disturbances, dizziness, and general weakness,
often occurring before meals. Visual disturbances were
reported by a small percentage of patients (6,0% in Gl
and 2,0% in GIV). Peripheral polyneuropathy and
Lhermitte’s symptom were observed in some cases.
Blood analysis indicated moderate leukopenia and
anemia, likely attributed to platinum-based treatment,
along with frequent arterial hypotension. Moreover,
cough, erythematous rash, and extravasates at injection
sites were observed in certain patients undergoing
treatment in both Gl and GIV stages.

Patients in stage GIll undergoing treatment with
doxorubicin commonly experienced subfebrile tempera-
tures, palpitations, thrombocytopenia, and leukopenia.
Additionally, they reported symptoms such as nausea,
vomiting, stomatitis, and diarrhea. At the onset of treat-
ment, these patients often observed a reddish color
change in urine, along with frequent complaints of
alopecia, darkening of the palms and soles, palmar
erythema, nail deformities, skin itching, and rash. Some
individuals also reported photophobia and increased
lacrimation resembling epiphora.

It's noteworthy that patients who received a pathoge-
netically determined complex of metabolic support in
stages Glll and GIV reported the fewest subjective
complaints during treatment.

Further analysis, as depicted in Tables 1 and 2, indica-
ted that the initial values of the subscales of the EORTC
QLQ-C30 and FACT-G questionnaires among patients
assigned to different clinical groups were comparable.

During follow-up visits at the catamnetic stage, diffe-
rences in QoL indicators were observed. This suggests
that patients may undergo changes in physical func-
tioning (PF), role functioning (RF), and emotional func-
tioning (EF) after the conclusion of active OC treatment.
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Ta6nuus 1. Pesynstatu ouiHkm 5K 3a EORTC QLQ-C30, y 6anax
Table 1. Results of QoL assessment according to EORTC QLQ-C30, in points

Gl (n=50)* Gll (n=100)* Gl (n=100)* GIV (n=100)*

X N X x
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2| E9 g E S%E EQ s E K 9 6 E SE EQ s E sE
al e¢ = z g o8 s 5 s 4 o9 s 5 z 4 o8 s 5 s
S| T8 | o8 | YE | FE | o | ME [ FE | of | ME [ FZ | of | ©E

go | o go | o go | o go | oo

o o oY o % o oY o

o 5] ) & o 5] ) &

T T T J T T T J
PF|72,243,2|77,1+4,3 | 84,8+3,6 | 71,942,5| 79,3+2,4 | 85,5+2,8 | 71,4+2,9 | 85,84+2,3 | 85,4+1,7 | 72,5+2,8 | 87,9+3,1 | 86,7+1,4
RF|67,4+3,4 | 75,2+3,8 | 76,3+3,5 | 68,3+2,2 | 80,1+2,9 | 81,5+2,6 | 66,7+3,3 | 85,4+2,2 | 85,8+2,9 | 65,9+2,9 | 86,3+3,2 | 85,9+3,3
CF|80,1+3,2 | 87,0+3,2 | 87,2+3,2 | 82,2+2,4 | 85,5+2,5 | 85,3+3,3 | 79,8+2,8 | 86,3+2,5 | 85,9+1,9 | 80,6+3,7 | 85,8+2,9 | 84,6+2,4
EF|32,743,2163,9+2,9 | 62,6+3,2 | 33,9+2,6 | 66,3+2,3 | 70,4+2,4 | 34,1+2,7 | 70,8+2,2 | 78,5+1,4 | 31,5+1,8 | 71,8+2,4 | 78,8+2,2
SF|77,7+3,2 | 81,7+2,5 | 82,2+3,2 | 76,2+2,4 | 81,4+2,4 | 80,8+2,6 | 78,2+2,4 | 82,5+2,4 | 82,8+1,6 | 75,31+2,2 | 81,7+3,2 | 82,243,2
FA|29,3+3,2 | 33,34£3,2 | 40,243,2 | 28,7+2,2 | 34,1+3,4 | 39,9+1,2 | 30,1+2,5 | 41,4+2,4 | 42,8+2,2 | 29,942,3 | 42,2+2,2 | 43,3+1,2
NV| 2,1+0,3 | 4,3x0,4 | 5,1+0,4 | 2,1t0,2 | 6,4+0,3 | 7,0+0,2 | 2,4+0,2 | 6,3+0,2 | 7,5+0,2 | 1,9+0,2 | 6,6+0,2 | 7,0£0,1
PA|27,3£2,4 | 34,243,2 | 38,8+3,2 | 27,5+2,2 | 33,31+2,3 | 37,7+2,1 | 25,6+1,5 | 36,3+1,2 | 39,6+1,8 | 25,9+1,2 | 35,5+1,4 | 38,1+1,4
SL|18,942,8 | 22,243,2 | 23,243,2 | 18,5+2,4 | 21,7+2,6 | 21,5+2,2 | 16,7+1,7 | 21,1+1,1 | 22,7+1,2 | 17,1+2,4 | 20,6+1,3 | 21,9+1,1
AR|14,0+2,2 | 19,3+2,8 | 20,84+3,2 | 14,4+2,4 | 18,8+2,4 | 19,9+2,4 | 14,64+2,3 | 18,5+1,6 | 18,9+1,2 | 13,8+2,6 | 19,7+2,4 | 21,2+1,6
CO[18,1+1,2 | 9,3+3,2 | 7,1£1,2 |17,7+1,6 | 10,5¢+1,4 | 9,9+1,6 |16,9+1,4 | 10,4+1,2| 6,1¢1,2 | 17,941,6 | 10,2+1,2 | 9,8+1,4
DI| 4,240,3 | 2,1+0,3 | 1,9+0,3 | 4,3+0,3 | 1,940,2 | 1,8+0,2 | 4,0+0,2 | 2,0+0,2 | 1,940,2 | 3,9+0,3 | 1,9+0,1 | 1,910,2
Fl |139,0+3,4 | 40,8+2,9 | 39,5+2,6 | 38,3+2,8 | 40,24+2,2 | 39,5+1,8 | 39,0+2,2 | 40,8+1,7 | 39,9+1,9 | 37,7+2,1 | 40,9+1,7 | 36,8+3,3
lMpumimka: *cepeHe 3Ha4eHHs + cTaHAapTHe BiaxuneHHs, 0,95 [IP; P < 0,01.

Note: *M £ SD, 0.95 CI; P < 0.01.
Tabnuusa 2. Pesynsraty ouiHkn AX 3a FACT-G, y 6anax
Table 2. Results of QoL assessment according to FACT-G, in points
Gl (n=50)* Gll (n=100)* Gl (n=100)* GIV (n=100)*
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PWB [17,8+1,1118,6+1,2|17,9+1,2|17,5+0,9|18,3+0,8 | 17,5+0,9 | 16,9+0,8 | 18,8+0,9 19,2+0,8 | 17,3+0,9 19,3+0,9| 19,5+0,9
EWB [19,6+1,3119,8+1,4]19,9+1,2]18,6+0,9 | 20,3+0,9 | 18,6+0,9 | 19,3+0,9 | 20,9+0,9 | 20,7+0,8 | 18,9+0,8 | 21,1+£0,9 ] 20,9+0,8
FWB |19,4+1,4120,3+1,619,3+1,6 | 18,8+0,8 | 20,5+0,9 | 18,8+0,8 | 19,0+1,1 | 20,5+0,8 | 21,1£0,9 | 19,5+0,9 | 20,7+0,9 | 20,5+0,9
SWB | 14,8+1,2|14,941,2115,0+1,2|15,3+1,1]16,6+£0,9| 16,7+1,1] 15,1+0,9 | 16,9+0,9| 16,8+0,9 | 15,0+0,8 | 17,2+0,9| 17,0£0,8
Zﬁbom 71,541,473,6+£1,3]|72,2¢1,270,2+0,9|75,7+0,8 | 71,6+0,9|70,3+0,9| 77,1+0,9| 77,8+0,9 | 70,8+0,8 | 78,3+0,8 | 77,9+0,8

lMpumimka: *cepefHe 3Ha4YeHHs + cTaHAapTHe BigxunexHs, 0,95 AP; P < 0,01.

Note: *M + SD, 0.95 CI; P < 0.01.

Lli BigMiHHOCTI MOXyTb OyTWM MoB’si3aHi 3 pisHUMK
acrnekTamu rfikyBaHHs1, Takumu gk NobivHi edpekTn Tepanii,
emouiiHui cTpec abo couianbHa NigTPUMMKa, | MOXYTb
BMMMBaTU Ha 3aranbHy AXX nauieHToK y nogarnbLomy.

Mig yac 3actocyBaHHA AudepeHLiioBaHoro nigxody
y NiKyBaHHi XBOPWX Ha paK SIEYHUKIB BUSIBMIEHO 3HA4HE
nokpalleHHs nokasHukie AXK 3a cybwkanamm PF, RF

These differences could be attributed to various
treatment-related factors such as therapy side effects,
emotional strain, or social support. These factors might
influence patients’ overall QoL in the long term.

The application of a differentiated approach in the
treatment of OC patients yielded significant improve-
ments in QoL indicators, particularly in the physical
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Ta EF. Le cBigunTb npo NO3MTUBHUIA BNMAVB MiKyBarb-
HOro nigxoay Ha 3aranbHWi cTaH nauieHTok. Kpim Toro,
crnocTepiranocsi 3MeHLeHHS iHTeHcuBHOCTI Hygotn (NV)
i 3aranbHoi cnabkocti (FA) nauieHTok y rpynax GlIl
Ta GIV. Lle poBoanTb BUCOKY e(PeKTUBHICTb 3aCTOCOBa-
HUX niKyBanbHWX CTpaTerii y 3MeHLUeHHi HeGaxaHunx
CMMNTOMIB, NOB’A3aHNX 3 XBOPOOOIO Ta i MiKyBaHHsSIM.

Cnig 3a3HauMTK, WO BIAMIHHOCTI y nokasHukax XK
36epiranucs NpoTAroMm ycboro nepiogy KaTtamHecTuud-
HOro crnocTepexeHHsi. Lle cBigunTb npo cTabinbHICTb
nokpaweHHa A nauieHToK nicnsa 3akiHYeHHS aKTUB-
HOro niKyBaHHA Ta MOXE CMOHYKaTW A0 BUKOPUCTaHHS
nogibHoro aAnvdepeHLiioBaHOro nigxoay y ManbyTHoomy.

3MiHM iHWKMX NOKa3HMKIB 3a CcybLIKanow onuTyBasb-
Huka EORTC QLQ-C30 ta FACT-G BusiBMNu konvearb-
HWUIA XapakTep, Lo, NMOBIpPHO, Bigobpaxkae reTeporeHHy
CTPYKTYPY [OCHiOXyBaHOTO KOHTUHIEHTY 3a MOTeHLUia-
noM aganTauiiHOi BignNOBi4i Ta NEpPeHEeCEeHHsIM XiMio-
Tepanii. Lle cBiguMTb npo iHAMBiQyanbHi 0cobnmBOCTI
peakuii nauieHTOK Ha MiKyBaHHS Ta MOXIMBICTb Pi3HUX
BapiaHTiB TepaneBTUYHOI BignoBigi. Taka Konueanb-
HiCTb MOXe ByTu NOB’sI3aHa 3 Pi3HNM CTyNeHeM ToNepaHT-
HOCTi opraHiamy [0 niKyBaHHS, BMSMBOM MOBIYHNX
edekTiB npenapaTie, a TakoX iHWUMKM dakTopamu,
WO BMMAMBaKlOTb Ha (i3VYHUA Ta MCUXONOTYHUA CTaH
XBOpuX. HecnogiBaHe nokpalleHHs1, WO crnocrepiranoch
B iHOEKCI (PYHKUIOHYBaHHSA rpynu MOPIBHAHHSA, MOXe
OyTn noB’sidaHe 3 Takumy pakTopamu, SK BUNaAKoBa
Bapialisi, perpecis 0o cepeoHboro, abo HeBenuKkuii
obcar BUBIpKM OOCTIAXKEHHS.

AHanoriyHa guHamika 3a cybwkanamu FACT-G nig-
TBEpPOXYE TOW (pakT, wo 3MmiHM B AX Ta 3aranbHomy
CaMOnouYyTTi MauieHTOK MOXYTb MaTu  KOpemnowoui
ocobnueBocTi Ta 3anexatu Big nopibHux dakTopiB.
OpHak 3HauyLmMx KnacTepiB 3a iepapxieto 3MiH nokas-
HukiB FACT-G He 6yno ccopmoBaHo (puc. 2, b) [28].
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functioning (PF), role functioning (RF), and emotional
functioning (EF) subscales. This positive trend suggests
that the treatment approach had a beneficial impact on
the overall well-being of the patients. Additionally, there
was a notable decrease in the intensity of nausea (NV)
and general weakness (FA) among patients in stages GllI
and GIV. This reduction in unwanted symptoms under-
scores the high efficacy of the treatment strategies
employed in alleviating symptoms associated with the
disease and its treatment.

It's important to highlight that the observed differences
in QoL indicators persisted throughout the entire period
of follow-up observation. This underscores the stability of
improvement in patients’ QoL even after the conclusion
of active treatment. Such findings may provide encour
agement for the continued use of a similar differentiated
approach in future treatments, aiming to sustain and
enhance patients’ QoL beyond the active treatment phase.

Changes in other indicators according to the sub-
scales of the EORTC QLQ-C30 and FACT-G ques-
tionnaire exhibited a fluctuating nature, likely reflecting
the heterogeneous composition of the studied population
in terms of adaptive response potential and chemo-
therapy transfer. This suggests individual variations in
patients’ responses to treatment and the possibility of di-
verse therapeutic outcomes. Such variability may be attri-
buted to differences in the body’s tolerance to treatment,
the impact of drug side effects, and various factors influ-
encing patients’ physical and psychological well-being.

The unexpected improvement observed in the control
group’s functioning index could be attributed to factors
such as random variation, regression to the mean, or the
relatively small size of the study sample.

The similar dynamics observed across the FACT-G
subscales corroborate the notion that changes in patients’
QoL and overall well-being may share common features
and depend on similar factors. However, it's notable that
no significant clusters were formed according to the
hierarchy of changes in FACT-G indicators (Fig. 2, b) [28].
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Puc. 2. Tennosi kaptn EORTC QLQ-C30 (a), FACT-G (b) 3 aeHaporpamamu
Fig. 2. EORTC QLQ-C30 heat maps (a), FACT-G (b) with dendrograms

OpuwuriHanbHi 4oCnigpKeHHSs

225

Original research



YKpaiHCbKVI pafionoriyHWm Ta oHKONorivyHWM xypHan. 2024. T. 32. Ne 2. C. 216-230
Ukrainian journal of radiology and oncology. 2024;32(2):216-230

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

Y Bunagky HeaudepeHUiioBaHOrO 3acTOCyBaHHSA
ximionpenapatiB 6e3 MeTaboniyHoi NiATPUMKM MpuUpicT
cybwkanu emouiiHoro 6narononyyys (EWB) crtaHoBuB
Bin 19,6 + 1,3 00 19,9+ 1,4 6anny Gl (0,95 AP; P < 0,01)
TaBig18,6+0,90019,3+0,96anny GII (0,95 OP; P<0,01).
Y T1om yac, y Glll nicna poky nikyBaHHs BigMiYeHO
nokpatueHHs po 20,7 + 0,8 6anm (0,95 OP; P < 0,01),
a B GIV rpyni — go 20,9 + 0,8 6. (0,95 OP; P < 0,01).
Y Bunagky AndepeHUinoBaHOro 3acToCyBaHHsS XiMioTe-
paneBTMYHMX NpenapaTtiB 3 MeTaboniyHo MNiATPUMKOD
cymapHuin 6an 3a onutyeansHukom FACT-G cknaBe
77,8+0,96anmB Gl (0,950P;P<0,01)Ta77,9+0,8 6anu
GlV (0,95 OP; P < 0,01), wo 3Ha4yHO nepeBuLLy€E 3Ha-
YeHHs 72,2 + 1,2 6anu B rpyni nopieHaHHA (0,95 OP;
P < 0,01). Btim, Takox nepesuwuno Gll — 71,6 + 0,9 6anu
(0,95 AP; P < 0,01).

MeTtoamka knacTtepusadii 4o3Bonuna cerMeHTapHoO
JocnianTu KinbkicHi 3MiHu nokasHukisB EORTC (puc. 2, a)
[28]. Takum uymHOM Oynu cTBOpeHi 3 dyHKUiOHamNbHI
knactepm (P < 0,01) (Tabn. 3).

In the case of undifferentiated chemotherapy without
metabolic support, the emotional well-being (EWB)
subscale increased from 19,6 £ 1,3 to 19,9 £ 1,4 points in
Gl (0,95% CI; P<0,01)and from 18,6 £ 0,9t0 19,3+ 0,9 po-
ints in Gll (0,95 CI; P < 0,01). Meanwhile, in Glll, after
a year of treatment, an improvement to 20,7 + 0,8 points
was noted (0,95 CI; P < 0,01), and in the GIV group,
it increased to 20,9 £ 0,8 points (0,95 ClI; P < 0,01).

In contrast, with the differential use of chemotherapy
drugs along with metabolic support, the total score
according to the FACT-G questionnaire was 77,8 + 0,9 po-
ints in Glll (0,95 CI; P < 0.01) and 77,9 £ 0,8 points in
GIV (0,95 CI; P < 0,01), significantly exceeding the
value of 72,2 + 1,2 points in the control group (0,95 Cl;
P < 0,01). Moreover, it also surpassed Gll, which scored
71,6 + 0,9 points (0,95 CI; P < 0,01).

The clustering technique enabled a segmented
investigation of quantitative changes in EORTC indica-
tors (Fig. 2, a) [28]. As a result, three functional clusters
were identified (P < 0.01) (Table 3).

Ta6nuus 3. Pe3ynstaty hopMyBaHHs knacTtepis nokasvukis EORTC QLQ-C30 3a iepapxieto:
(1) disnuHo-couianbHe yHKUIOHYBaHHS; (2) eMOLiNHO-NcMxonoridyHe yHKUIOHYBaHHS; (3) CMMNTOMaTUYHWUA
Table 3. The results of the formation of the clusters of the EORTC QLQ-C30 parameters according to the hierarchy:
(1) physical social functioning; (2) emotional psychological functioning; (3) symptomatic

CdbopmoBaHi iepapxidHi knactepu / Hierarchical clusters formed

Phys. & Soc. Func. (1)* PF RF CF SF -
Emo. & Psych. Func. (2)* EF FA PA Fl -
Treat. Sympt. (3)* NV SL AR CO DI

Mpumimka: *0,95 OP; P < 0,01.
Note: *0,95 CI; P < 0,01.

OTxe, MOXHa CcTBepaxXyBaTu, Wwo knactep 1 npeg-
CTaBMB rpyny O3HaK, NOB’A3aHUX 3 (Pi3M4HMM i couianb-
HUM yHKLiOHYBaHHAM. 3aranom, rpyna GIV nokasana
HanbinbLle noninweHHsA NOKa3HWKIB BCix cyOLlkan cepen
iHWKWX rpyn nicna 6 i 12 micauiB nikyBaHHA NpoTu rpynu
nopiBHAHHSA (puc. 3).

Cluster 1 appears to encompass traits associated
with physical and social functioning. Overall, group GIV
exhibited the most significant improvement across
all subscales compared to the other groups after 6 and
12 months of treatment when compared to the control

group (Fig. 3).
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Puc. 3. 3mMiHu nokasHukiB knactepa 1 npotarom 6 (a) Ta 12 (b) micauis nikyBaHHs, (%)
Fig. 3. Changes in indicators of cluster 1 during 6 (a) and 12 (b) months of treatment, (%)

Knactep 2 BignoBigaB emouinHOMY Ta MCMXOMOriy-
HOMY DYHKLOHYBaHHIO | BKMoYaB cybLukanu, ski acouito-

Cluster 2 seems to correspond to emotional and
psychological functioning, encompassing subscales rela-
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I0Tb 3 €eMOUiNHMM CTPecoM Ta MCUXOMOriYHUM camo-
noyyttaMm. [pyna GIV gincHo nokasana Havkpali
pesynksTtaTy, 3a Heto rpyna Glll, i rpyna Gll 6yna TpeTboto
HanbinbL egeKTUBHOI KNIHIYHOK rpynow NpoTu rpynu
nopiBHSAHHSA B knacTepi 2 (puc. 4).

ted to emotional stress and psychological well-being.
GIV demonstrated the most favorable performance,
followed by Glll, while Gll ranked third among the
clinical groups in terms of effectiveness compared to
the control group within cluster 2 (see Figure 4).

140+
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Puc. 4. 3miHn nokasHukiB knactepa 2 npor:
Fig. 4. Changes in indicators of cluster 2 dur

Knactep 3 Moxe npeactaBnsA™M CcUMMNTOMM Ta
HeraTuMBHI ePekTM MeaMyHUX BTpyyaHb, SKi BNIMBaOTb
Ha AX nig yac nikyBaHHs (puc. 5).

arom 6 (a) Ta 12 (b) micauis nikyBaHHs, (%)
ing 6 (a) and 12 (b) months of treatment, (%)

Cluster 3 likely represents symptoms and adverse
effects of medical interventions that impact QoL during
treatment (Fig. 5).
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Puc. 5. 3miHn nokasHwukiB knacTtepa 3 npotsirom 6 (a) Ta 12 (b) micauis nikyBaHHs, (%)
Fig. 5. Changes in indicators of cluster 3 during 6 (a) and 12 (b) months of treatment, (%)
OTxe, Ha niactaBi BM3HA4YeHUX 3MiH MOKa3HWKIB Based on the identified changes in the indicators of

KOXHOI cybwkanun y knactepi 3, rpyna Glll B uinomy
nokasana Hankpawi pesynstatu. lpyna GIV Takox
nokasana nepcnekTMBHI  pesynbTaTh,  HesBaxalouu
Ha MeHLUi 3MiHW, nopiBHsAHO 3 GlII.

PisHnuga y npupocTi nokasHukis EORTC mix rpyna-
mu GlI-IV Ta rpynoto nopiBHAHHA Hagana Baxnvee

each subscale within cluster 3, Glll generally exhibited
the most favorable results. However, GIV also demonst-
rated promising outcomes, albeit with somewhat smaller
changes compared to GllI.

The difference in EORTC score gain between GlI-IV
and controls offers valuable insight into the effectiveness
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ySIBNEHHA Npo edeKkTUBHICTL AndepeHuinoBaHoro nia-
xo4y 0o nikyBaHHs PA. Y rpyni NOpiBHSIHHA, Ae 3acToCo-
ByBanucs XxiMmionpenapatu 6e3 MetaboniyHoi nigTpum-
KW, TaKOX CMoOCTepiraBcsi HeE3HaYHWIA NpUpIicT cyOGLukanu
EWB Ta cymapHoro 6ana 3a onutyBanbHukom FACT-G.
OpHak B gocnimpkyBaHUX rpynax, e 3acTocoByBanacs
Tepanis, andepeHuiioBaHa 3 MeTaboniyHoto nigTpPUM-
KOO, NPUPICT UMX MOKa3HWKIB OyB iCTOTHO BULLUM.
Mpu ubomy nepiog 36epexeHHs1 MO3UTUBHOMO KMiHiY-
Horo ecbekTy Ha AXK 36epiraeTbcs He MeHLe 12 micauis
(0,95 AP; P < 0,01).

KniHiuHi paHi Takox nigTBepaXyloTb Ui BUCHOBKM,
OEMOHCTPYIOUYM TEHAEHLUito, WO XBOpi, Ski oTpuMyBanmu
OudpbepeHuinosaHy Tepanito, Manu 3HavyHe MONiNWeHHS
y pisvyHOMYy Ta eMoLiiHOMY (OYHKUIOHYBaHHI, a TakoX
3MEHLUEHHS BUpPaXeHoCTi MobGiYHMX edekTiB, nopis-
HSIHO 3 MauieHTKaMK, siki OTpUMyBanu CTaHZapTHe Iiky-
BaHHs [8, 10, 27, 29, 30].

Pesynbtatn pocnifjxeHHs cBigyaTtb, WO Audepen-
uinoBaHun nigxig [o nikyBaHHsa PA, akunm Bpaxoye
iHOMBigyanbHi ocobnuBocTi nauieHTok Ta 3abe3nevye
mMeTaboniyHy MigTPUMKY, MOXe 3Ha4YHO MOKPaLUUTK KIli-
HiuHi pesynbrat Ta AXK XBOpPUX Yy MOPIBHSIHHI 3i CTaH-
OapTHUMU TepaneBTUHHUMW PEXMMaMU.

BUCHOBKMU

HesBaxatounm Ha reTeporeHHy CTpyKTYpy OOCHiOXKy-
BaHOrO KOHTMHFEHTY 3a MnoTeHUianom aganTtauinHol
BiQMNOBIAI Ta nepeHeceHHsM XxiMioTepanii, AudepeHuino-
BaHWI TepaneBTUYHWUIA Niaxig y NikyBaHHi xBopux Ha PA,
3 ypaxyBaHHSAM PiBHS1 (papMakope3MCTEHTHOCTI Ta BMKO-
puUCTaHHA pi3HMX cTpaTerin  XimioTepanii, BUSBMBCA
edeKkTUBHMM y nokpalleHHi AXK nauieHTok — BigHOBMB
Ta NigBUMWIMB MOKas3HUKM 3a cyblkanamm i3nyHoro,
pOrnbOBOrO Ta €MOLNHOro (PyHKUIOHYBaHHA Ta BTOMW
nauieHTok Ha 8,0—18,5%. LintopenyktusHi onepadii Ta
Pi3Hi pexumMmn XimioTepanii XBOpuX Npu3Benu A0 Pi3HMX
nobiyHmx ecdpekTiB Ta CMMNTOMIB, O BapiloBanucs
3anexHo BiA 3aCTOCOBYBaHWX METOAIB  MiKyBaHHS.
Micns 3akiHYeHHs akTMBHOrO MiKyBaHHS crocTepirano-
cs CTiike nokpalleHHss SAXK nauieHTok, Wwo nigkpecnoe
BaXMMBICTb iHAMBIQyanisoBaHoro nigxogy 3 metaboniy-
HOK MiATPUMKOK ONS1 OOCATHEHHS Kpawmx KhiHiYHMX
pesyneraTtie. OnucaHi BigMiHHOCTI 36epiranvca npoTarom
12 micauis nicnsa 3aBepLUEHHS KypCy MiKyBaHHS.
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of a differentiated approach to OC treatment. In the
control group, which received chemotherapy without
metabolic support, there was a slight increase in the
emotional well-being (EWB) subscale and the total
score of the FACT-G questionnaire. However, in the
experimental groups where differentiated therapy with
metabolic support was employed, the increase in these
indicators was significantly higher. Moreover, the posi-
tive clinical effect on QoL was sustained for at least
12 months (0,95 CI; P < 0,01).

The clinical data further corroborate these findings,
indicating a trend where patients who underwent differen-
tiated therapy experienced notable improvements in
physical and emotional functioning, alongside a reduc-
tion in the severity of side effects, compared to patients
who received standard treatment [8, 10, 27, 29, 30].

The study results suggest that a differentiated
approach to OC treatment, which considers individual
patient characteristics and incorporates metabolic
support, can lead to significant improvements in clinical
outcomes and QoL compared to standard therapeu-
tic regimens.

CONCLUSIONS

Despite the heterogeneous nature of the patient
population in terms of adaptive response potential and
chemotherapy transfer, a differentiated therapeutic
approach in the treatment of OC has proven effective
in enhancing patients’ QoL. This approach, which con-
siders the level of pharmacoresistance and employs
various chemotherapy strategies, resulted in significant
improvements across multiple domains, including physi-
cal, role, and emotional functioning, as well as fatigue,
with increases ranging from 8 to 18,5%. Different treat-
ment modalities, including cytoreductive surgeries and
diverse chemotherapy regimens, led to varying side
effects and symptoms among patients. Importantly,
a sustained improvement in QoL was observed after the
completion of active treatment, underscoring the impor-
tance of an individualized approach with metabolic
support to achieve better clinical outcomes. These diffe-
rences persisted for up to 12 months following the con-
clusion of the treatment course.
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HepcneK‘ruBM MOAQABbLUUX AOCAIAXEHD

Ha HacTynHuMx eTanax KaTaMHEeCTUYHOTO CMOCTEPEXEHHS
BaXXNMMBO AOCIAWNTY BNIMB JOBrOTPMBAIIONO NiKyBaHHS Ha SKICTb
XUTTA XBOPUX Ha paK SEYHUKIB y 3B'A3KY 3 MOXIMBMAMMU Mi3HIMU
nobGiyHMMKu edbekTamm Ta iX BMAMBOM Ha (PYHKLIOHYBaHHS.
KpiMm ubOro, AoCnigKeHHS Mae pOo3LIMPUTM Halle PO3YMiHHS
BaXKIIMBOCTi  McMxocouianbHoi  nigTpUMkM Ta i BANUBY Ha
NOMiNLWEeHHS SIKOCTi XXMTTA L€l KaTeropii nauieHToK.
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Prospects for further research

Future research should focus on investigating the long-term
impact of treatment on the quality of life of ovarian cancer
patients, particularly in relation to potential late side effects
and their influence on functioning. Additionally, there is a need
to expand our understanding of the significance of psychosocial
support and its role in enhancing the quality of life among
this patient population. These investigations will provide
valuable insights into optimizing patient care and support
strategies for individuals with ovarian cancer.
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KAlo4oBi cAaoBa: PE3IOME

pagionpoTekTop, rocTpui pagiauinHnid  AkTyanbHicTb. LlinecnpsiMoBaHuii nowyk HOBUX €dEKTUBHUX pPagionpoTeKTOPHUX

CUMHOPOM,

KBEpPLUETUH, ninocomarnbHa 3acobiB, ocobnueo cepen Cnonyk 3 aHTUOKCMOAHTHMMU BNacTUBOCTAMM, 3anulia-

cucTema TpaHCropTy. €TbCS aKTyanbHUM. 3 LbOro MOrMMsiAy yBaru 3acrnyroBye KBEpLETWH, sikii Mae BUCOKY

crneundivyHy aKkTMBHICTb A0 OKCUAATUBHOIO CTpecy (LMTYETbCA SK «yHiBepcarnbHUR
aHTMOKCMaaHT»). Bigoma TpaHcnopTHa ninocoManbHa KOMMO3WLIS KBEPLETUHY,
sika 3Ha4yHO MoKpallye Woro GioAOCTYMHICTb Ta CTAaHOBWUTL OCHOBY MiLlEH30BaHOroO
npenapaty «JlinodnaBoH®», ane Aoci pagionpoTeKTOPHi BMacTMBOCTI LbOro npena-
paTy He AOChimMKyBanumcs.

MeTta po6oTu — BnepLle No3uLioHyBaTX NiNograBoH sk padionpoTekTop Ha MiacTaBi
OOCNIMKEHHS pafio3axMCHOI aKTUBHOCTI B FOCTPOMY €KCMepUMEHTi 3 ToTanbHUM
OMNPOMIHEHHSIM LLYPIB.

Marepianu Tta Metogu. Mogenb roctporo pagiauinHoro cuHgpomy (FPC) y wypis
30ifiCHIOBanNM  LUMSIXOM  KOPOTKOYacHOro [ABOGIYHOrO  OMpPOMIHEHHS BCbOro Tina
Ha niHinHomy npuckoptoBadi CLINAC (6 MeB) y nornmHytux gosax 5,5 i 7,0 Ip.
KoHTponbHMX LWypiB MigaaBanu NCeBAOONPOMiHEHH. [Ons AocnimkeHb BUKOPUCTO-
BYBanu TecT-3pa3ok ninodnasoHy. J1d (1,5 mr/mn) BBoamnu 3a 30 XB 4O ONPOMIHEHHS
Yyepes XBOCTOBY BeHY. TBapWHW KOHTPOMbHUX TPyn OTPMMYyBamnu BHYTPILUHLOBEHHI
iH’ekuii  disionoriyHoro pos3unHy. EkcnepuMeHTanbHUX TBapuvH BWMNAAKOBUM YUMHOM
posnoainanu y rpynu: rpyna 1 — He OMPOMIHEHUA KOHTPOMb (IHTAKTHI TBapwuHW);
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AAS LUTYBAHHS:

rpyna 2 — KOHTpOfb onpoMmiHeHHsi y fo3i 5,5 I'p (Oy,); rpyna 3 — TBapuHuW, onpomi-
HeHi y [o3i 5,5 I'p 3 BBedeHHam J1® (1O + O,,); rpyna 4 — KOHTPOMb ONPOMIHEHHS
y Ro3i 7,0 I'p (O,,); rpyna 5 — TBapuHu, onpomiHeHi y fosi 7,0 Mp 3 BBeaeHHsM 1P
(N® + O, ). Busnayanu kniHiuHi o3Haku PC, 3aranbHy BWKMBAHICTb Ta CepenHio
TpuBanicte xkutta  (CTX) 3armbnmx TBapuH. BusHavanu npogini netanbHoCTI
(«Mikn cMepTHOCTI») 3a po3paxyHKOM CyMapHoi 3armbeni TBapuH (y BigcoTkax) y neBHi
Yyacosi nepiogu posroptaHHa PC. Y remartonoriyHmx gocnigxeHHax J1® ssogunu
3a 24 rog OO OMPOMIHEHHs i Aani ABiMi Ha TwAeHb MNpPOTAroM 4 TWXKHIB nicns
OMNPOMiHEHHS. [emaTomnoriyHi MOoKasHWKW KOHTpomnoBanu Ha 3-Tio, 7-My, 14-Ty
i 21-wy noby nicns oNpoMiHEHHS.

Pesynbrat Ta ix o6GroBopeHHsl. BcTaHoBreHo, WO npoginakTuyHe BBEAEHHS
ninodnasoHy 3a 30 xB. A0 onpomiHeHHs y gosax 5,5 i 7,0 p, aki ctaHosum J14,, .0
i J'IJJ,7313/30, nigeuwysano 30-0o6oBy BUKMBaHICTb onpoMiHeHUx TBapuH Ao 90 i 40%,
nopisHsaHO 3 80 i 26,7% B ONPOMIHEHOMY KOHTPOMi Ta 3MiHIOBano npodinb pagiauin-
Hoi 3arnbeni TBapuH y mopgeni MPC. Papgio3axucHa akTuBHICTb NinodnaBoHy peani-
3yBanacs y BiACYTHOCTi paHHbOI Ta Ni3HbOI 3arnbeni onpoMIHEHWX TBapwH, a TaKoX
BuxuBaHocTi 40% teapuH 3 10, .., npoTarom noHag 30 Ai6 nicns onpoMiHEeHHs.
MpodpinakTnyHo-NikyBanbHe 3acToCyBaHHA niNognaBoHy Monepemxano pPO3BUTOK
BMPaXeHoi nevikonerii i TpomBouuToneHii Ta cnpusino Ginbll LIBUAKOMY Ta CTild-
KOMY BiAHOBMEHHIO epuTpouuTiB B nepiog posroptaHHa [PC. [NpoTtsarom nepiogy
CMOCTEPEXEHHS HaWNepeKOHNUBIWNA pagio3axucHuii edekT ninodgrnaBoHy BU3Ha-
4aBCs y TBAPWH Npy A03i onpoMiHeHHs NN, ...

BucHoBku. Pesynstat gocnigkeHb OGI'pyHTOBYIOTb pPafionpoOTEKTOPHY aKTUBHICTb
ninocdnasoHy npu MPC Ta BM3HayaloTb HOBI NiAXOAWM OO BMKOPUCTAHHS mpenapaty
«JlinochnaBoH®» sk edeKkTUBHOrO (hapMaKkosoriYHoro TepaneBTUYHOro 3acoby Ans
pagiauiiHoro 3axmcTy Npu rocTPOMY ONMPOMIHEHHI.

YaneHkoBa H.€., Tlpurop’eBa [.C., Ckopoboratoea H.I., Kpuko A.l., JleoHoBa |.0., KoHaxoBuy H.®P.,
KpacHononbcekuin KO.M., Annoscebkun O.€. PagionpoTeKTopHa akTUBHICTb NiNOCOManbHOI KOMMO3ULi KBEpLETUHY
npu rocTpoMy pajiauiiHoMy CUHAPOMI (ekcnepumeHTanbHe [ocnigXeHHs). YkpaiHcekul padionoziyHul ma
OHKoro2iyHul xXypHan. 2024. T. 32. Ne 2. C. 231-243. DOI: https://doi.org/10.46879/ukroj.2.2024.231-243

Key words:

radioprotector, acute radiation syndrome,
quercetin, liposomal transport system.

For correspondence:

Uzlenkova Nataliia Yevhenivna

State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the
National Academy of Medical Sciences
of Ukraine», Laboratory of Anti-radiation
Drugs and Cellular Technologies;

82 Hryhoriila Skovorody Str., Kharkiv,
Ukraine, 61024;

e-mail: nuzlenkova@gmail.com

© Uzlenkova N.Ye., Grygoryeva A.S.,
Skorobogatova N.G., Kryvko A.1,
Leonova I.0., Konakhovich N.F,
Krasnopolsky Yu.M.,

Yadlovsky O.Ye., 2024

ABSTRACT

Background. The targeted search for new effective radioprotective agents, especially
among compounds with antioxidant properties, remains relevant. Among them,
quercetin which has a high specific activity against oxidative stress (cited as
a «universal antioxidant») deserves attention. The transport liposomal composition
of quercetin, which significantly improves its bioavailability and is the basis of the
licensed drug «Lipoflavon®» (LF), is known, but the radioprotective properties
of this drug have not been studied.

The purpose of the work is to position Lipoflavon as a radioprotector for the
first time based on the study of radioprotective activity in an acute experiment with
total irradiation of rats.

Materials and methods. The rat model of acute radiation syndrome (ARS) was
carried out by short-term bilateral total body irradiation (TBI) on a CLINAC (6 MeV)
linear accelerator at doses of 5.5 and 7.0 Gy. The control rats were sham-irradiated.
The test sample of LF was used for the studies. LF (1.5 mg/mL) was administered
to rats 30 min before TBI through the tail vein. The control TBI rats were injected
with physiological saline. Experimental rats were randomly assigned into groups
as follows: group 1 — non-irradiated control (intact animals); group 2 — irradiated
control at a dose of 5.5 Gy (TBI,); group 3 — irradiation at a dose of 5.5 Gy with
administration of LF (LF + TBI, ); group 4 — irradiated control at a dose of 7.0 Gy (TBI, );
group 5 — irradiation at a dose of 7.0 Gy with administration of LF (LF + TBI, ).
Clinical characteristics of ARS, overall survival, and the mean survival time of the
dead animals were determined. The profiles of lethality («peaks of death») were
calculated as total rat lethality (%) in certain time periods of the ARS. In hematological
studies, LF was administered 24 h prior to TBI and twice a week the next 4 weeks
after TBl. The hematological parameters were monitored on days 3, 7, 14
and 21 after TBI.

Results. It was established that prophylactic LF administered 30 min before TBI
at doses of 55 and 7.0 Gy, which were LD, , and DL,,., increased the
30-day survival rate of the irradiated rats to 90 and 40% respectively, compared
to 80 and 26.7% in irradiated control, and changed the radiation lethality profile
of the rats in the model of ARS. The radioprotective activity of LF manifested in the
form of the absence of early and late peaks of death of the irradiated rats and
the survival time of more than 30 days after the treatment in 40% of rats with LD, , .
Prophylactic and therapeutic administration of LF prevented development of severe
leukopenia and thrombocytopenia and contributed to a more rapid and sustained
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recovery of erythrocytes during the period of ARS. The most efficient radioprotective

therapeutic effect of LF was observed in rats with a dose of LD

73.3/30°

Conclusions. The results of the study substantiate the radioprotective activity
of Lipoflavon in ARS and help develop the new approaches to using the licensed
drug «Lipoflavon®» as an effective pharmacological therapeutic agent for radiation
protection in acute radiation.
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3B'30K po60TH 3 HOYKOBMMHW NPOrPAMAMM,
NAQHAMM | TEMAMH

Crtatta € hparMeHTOM HayKoBo-gochnigHOI po6oTu
[OepxaBHoi ycTaHoBM «IHCTUTYT cpapmakonorii Ta Tok-
cukonorii  HauioHanbHOT akageMii  MeauyHuUX Hayk
YkpaiHn», B gakomy [epxaBHa ycTaHoBa «IHCTUTYT
mMean4Hoi pagionorii Ta oHkonorii im. C.M. Mpurop’esa
HAMH Ykpainn» 6pana yyactb, «dapmako-matemaruy-
HAA NPOrHO3 Ta eKcnepumeHTanbHe OobrpyHTyBaHHSA
npoTusananeHoi dii drug delivery systems kBepueTuHy»,
HOoMep pAepxaBHoi peecTtpauii 0123U101201, dyk-
JamMeHTanbHa, TepMiH BMKOHaHHa 2023-2025 pp.,
KepiBHUKM — gupekTop [epxaBHOi ycTaHOBU «IHCTUTYT
capmakonorii Ta Tokcukonorii HauioHanbHoi akagemii
MEeOMYHUX HayK YKpaiHuy», [OKTOop GionoriyHMx Hayk,
npocpecop O.€. AQnNoBCbkUIA, 3acTyNHWK AUpeKTopa
3 HaykoBoi pobotu [lepxaBHOi ycTaHoBWM «lHCTUTYT
cdapmakonorii  Ta Tokcukonorii  HauioHanbHoi  aka-
aemii  MegnuyHMx Hayk YKpaiHu», [OKTOp  XiMiYHMX
Hayk I".C. Ipurop’eBa.

BCTYN

Ha cborogHi 3anvwaeTbCs akTyanbHWM Uinecnps-
MOBaHMWI MOLLYK HOBUX e(DEKTUBHNX PagionpOTEKTOPHMX
3acobiB Ana npeBeHTUBHOI dhapmakoTepanii y pagiauin-
HUX MEAUYHUX TEXHOMOrIAX, WO BKIHOYATb NPOMEHEBY
Tepanito, a TakoX MOXIMBOrO 3anobiraHHs neTanbHUM
edektam pagiaudii npy ONPOMIHEHHI BMCOKMMW [O3aMu
y pagiauinHmx iHUMaeHTax Ta aBapisx [1, 2].

Bigomo, o y mexaHiamax disionoriyHoi gii ioHi3yto-
YOro BUMPOMIHIOBAHHS MPOBIAHY POMb Bidirpae reHepa-
Ui NOLWKOOXYyBanbHUX BiNbHUX pagukaniB (akTUBHUX
KMCHEBO-paavKanbHUX cnonyk). Lle 3ymoBnoe nosvtue-
HWI NPOrHO3 ANA NPOEKTYBaHHSA Pafio3axMCHUX CUCTEM
Ha OCHOBI CMOMyK 3 aHTUOKCWAAHTHUMW BNACTMBOC-
Tamn [3]. Cepen Takmx yBarum 3acryroBye KBepLETUH
(3,3',4',5,7-neHTaokcmdpnaBoH) nNpupogHUA  briaBoHoIg
3 MONITPONHUMKU  PapMaKkosforiYHUMKN  NposiBaMK,  SKi
MoB’si3aHi 3 BUCOKOK CneundivHOK akTUBHICTIO 0O OKCU-
OaTUBHOIO CTpecy (UMUTYETLCH AK «YHiBepCanbHUWA aHTU-
oKcuaaHT») [4-8].

OpHak cybCTaHuis KBepueTMHy Mae HU3bKy 6io-
JOCTynHicTb (MeHwe 5%), wo obmexye ii KniHiYHy
TpaHCHAUil0 Ta OOrpyHTOBYE MNEPCNEeKTUBHICTb CTBO-
PEHHSI TPaHCMOPTHUX OPM KBEPLETUHY BIiANOBIAHO
[o HapaTtuBy «Cuctem gocTaBku nikisy» [9].

HwvHi BigomMa TpaHcnopTHa ninocomaribHa KOMMOo3u-
uis keepuetuHy [10, 11], ska cTaHOBUTb OCHOBY nNiLEH-
30BaHoro npenaparty «JlinodnasoH®» [12]. Hapasi nino-
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Work, Doctor of Chemical Sciences G.S. Grigorieva.

INTRODUCTION

The targeted search for new effective radioprotective
agents for preventive pharmacotherapy in radiation me-
dical technologies that include radiation therapy, as well
as possible prevention of the lethal radiation effects
at high doses of irradiation in radiation-related incidents
and accidents, remains relevant as of today [1, 2].

It is known that the generation of damaging free
radicals (active oxygen radical compounds) has a leading
role in the mechanisms of physiological effects of ioni-
zing radiation. It contributes to a positive prognosis for
the design of radioprotective systems based on
compounds with antioxidant properties [3]. Among these
compounds, quercetin (3,3',4',5,7-pentaoxyflavone), which
is a natural flavonoid with polytropic pharmacological
effects associated with high specific activity under oxi-
dative stress (cited as a «universal antioxidant»),
deserves attention [4-8].

However, the substance of quercetin has low bio-
availability (less than 5%) that limits its clinical trans-
lation and makes it necessary to design transport
forms of quercetin according to the narrative of «Drug
delivery systems» [9].

The transport liposomal composition of quercetin [10,
11], which is the basis of the licensed drug «Lipoflavon®»
(LF) [12], is known. It is currently used as a cardiopro-
tector in complex pharmacotherapy of acute myocardial
infarction, angina pectoris, and cardiomyopathy due
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(bNaBOH BUKOPWCTOBYIOTb SIK KapAiONpOTEKTOP Yy KOMM-
NeKCHIn dapmakoTepanii rocTporo iHdapkTy Mmiokapaa,
CTeHoKapaii Ta kapgiomionatii BHacCnNigok noniximio-
Tepanii paky MOMOYHOI 3ano3n sk npenapaT 3 aHTUOKCK-
OaHTHUMKM Ta npoTu3ananbHUMK Brnactueoctammn [13].
HesBaxatoum Ha Ue, pagionpoTEeKTOpPHi BRacTUBOCTI
B CnekTpi dhapMakonoriyHoi akTMBHOCTI ninodnaBoHy
He JocnifKyBanucs.

Meta po6oTu — Bneplle Mo3uuioHyBaTu ninodna-
BOH $K pagionpoTekTop Ha nigctaBi  OoCnigXeHHs
pafio3axmcHOi aKTUBHOCTI B TOCTPOMY €KCMEepUMEHTI
3 TOTanbHMM ONPOMIHEHHSIM LLYPIB.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Bci ekcnepMMeHTM Ha TBapuHax MPOBOAWMNUCH Mg
KoHTponem KomiteTy 3 MegudHoi eTuku [epxasHol
ycTaHoBU «lHCTUTYT MeawnyHoi pagionorii Ta OHKoMoril
im. C.IN. Tpurop’eBa HauioHanbHOi akagemii MeanyHuX
Hayk YKpaiHuv» BignoBigHO OO0 MiXHapoOHWX MpUHLUMNIB
«EBponencbKoi KOHBEHLT PO 3axXMCT XpebeTHMX TBapUH,
SIKi BMKOPUCTOBYKOTbCA [N €KCNepuMEeHTanbHUX Ta
iHLWIKWX HaykoBuXx Uineny (Ctpacbypr, 1998 p.) Ta Hopm Me-
On4Hoi GioeTukn 3rigHo i3 3akoHoM YkpaiHu «[po 3axuct
TBapWH Bif »opcTokoro nosoaxeHHs» (Knis, 2006 p.).

Ons  pocnigxeHb BMKOpUCTOBYBanu 6e3nopogHux
6inux wypis-camok mMacoto Tina 180—-200 r. LLlypn 3Haxo-
OVnMca B CTaHAapTHUX yYMOBax BiBapilo Ha cTaHgapT-
HOMY KOMepUINHOMY paLlioHi.

Mopenb roctporo pagiauiviHoro cuHgpomy (MFPC)
y LLypiB 34iACHIOBaNM LUNSIXOM KOPOTKOYacHOro ABoGiy-
HOro OMPOMIHEHHSI BCbOrO Tina Ha NiHiMHOMY NpUCKopto-
Bayi CLINAC (6 MeB) (Varian Medical System, Inc.,
Mano-Anero, KanicopHisi, CLWA) y normuHyTux [osax
55 i 7,0 I'p. WypiB onpomiHoBanu B creujianbHOMY
nnactukosomy 6okci poamipoM (15 x 15) cm i BucoToto
7,5 cM 3 oTBOpamMu ANSA BeHTUNAUIT npu  KiMHaTHIN
Temnepartypi. BigctaHb «mxepeno — o6’ekT» [OpiBHHO-
Bana 100 cm, a NOTYXHICTb J03W B LEHTPI NacTUKOBOro
6okcy ctaHoBuna 0,76 p/xB 3 edeKTMBHOK €eHepriet
Eed = 6,0 MeB. Bugaya gosn Gyna BigkanibpoBaHa
3a [gonomorol yHiBepcanbHoro po3umeTrpa UNIDOS
B KOMMMEKTI 3 ioHi3auiiHoo kamepoto TW 30001-2127.
Moxnbka BMMIpIOBAHHA EKCMO3WLUINHOI [03U  OnpoMi-
HeHHsi cTaHoBuna * 4%. KoHTponbHuX LWypiB nigaa-
Banv NceBAoONPOMIHEHHIO.

[ns pocnigkeHb BUKOPUCTOBYBANM TECT-3pa3ok Mino-
dnaBoHy (cepia 11301321, BUpobHMK «PapmcTaHgapT-
Bionik»). JlinodpnasoH (JI®) BuKopucTOBYBanM B
eMynbCiHIn ~ KOMMo3uuii  CTaHOApTHOro  MeUUTUHY
(dbochatuaunxoniHy) 550 mr, kBepueTMHy 15 Mr i nakTosu
MOHoOrigpaTy Sk AOMNOMIKHOI peYOBWHU, B CTEPUNBHOMY
0,9% po3uuHi HaTpito xnopuay. AKiCHy Ta KifnbKiCHY
ineHTudikaLilo KBepueTuHy B cknagi emynbcii J1® npo-
BOAMNN  He3aneXHUmu  isnKo-XiMiyHUMKM  MeTogamm
3 BM3HAYEHHAM pO3Mipy ninocomMm Ta iX AWCAEepPCHOCTI
B emynecii (8o 90% ninocomM poamipom 180—200 Hm) [12].

Emynecito JI® y posi 1,5 mr/mn BBOAWNM uYepes
XBOCTOBY BeHY Yy pexumi pagionpotektopa 3a 30 xB
0O OMpOMiHEHHs. TBapMHMU KOHTPOMbHUX FPyn OTPUMY-
Banuv BHYTPILUHbOBEHHI iH eKUiT (pi3ionoriYyHOro posymHy.

EkcnepuMMeHTanbHUX TBapuUH BUMNAAKOBMM YMHOM
po3nodinanu Ha Taki rpynu: rpyna 1 — HeonpomiHeHWi
KOHTponb (iHTakTHi TBapuHW); rpyna 2 — KOHTPOIb
onpomiHeHHs y posi 5,5 Ip (05,5); rpyna 3 — TBapwHu,

to polychemotherapy of breast cancer as a drug with
antioxidant and anti-inflammatory properties [13].
Nevertheless, radioprotective properties in the spectrum
of pharmacological activity of LF have not been studied.

The objective of this work is to position Lipoflavon
as a radioprotector for the first time based on the study
of radioprotective activity in an acute experiment with
total irradiation of rats.

MATERIALS AND METHODS

All animal experiments were carried out under the
control of the Committee for Medical Ethics of State
Organization «Grigoriev Institute of Medical Radiology
and Oncology of National Academy of Medical Sciences
of Ukraine» in accordance with the international prin-
ciples of «European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes» (Strasbourg, 1998) and norms
of biomedical ethics according to the Law of Ukraine
«On the Protection of Animals from Cruelty» (Kyiv, 2006).

Female outbred albino rats with a body weight of
180-200 g were used for the study. The rats were
housed under standard conditions in the vivarium and
had standard commercial diets.

The rat model of acute radiation syndrome (ARS)
was carried out by short-term bilateral total body irra-
diation (TBI) on a CLINAC (6 MeV) linear accelerator
(Varian Medical System, Inc., Palo Alto, CA, USA) at
doses of 5.5 and 7.0 Gy. The rats were irradiated in
a special plastic box with dimensions of 15 x 15 cm and
a height of 7.5 cm with openings for ventilation at room
temperature. The source-object distance was 100 cm
and the dose rate in the center of the plastic box was
0.76 Gy/min with effective energy Eef = 6.0 MeV.
The dose delivery was calibrated with a UNIDOS uni-
versal dosimeter in combination with an ionization
chamber TW 30001-2127. The measurement error of
the exposure dose of irradiation was + 4%. The control
rats were sham irradiated.

The test sample of Lipoflavone (LF series 11301321,
manufactured by «Pharmstandard-Biolik») was used
in the study. LF was used in an emulsion composition
of 550 mg standard lecithin (phosphatidylcholine),
15 mg quercetin, and lactose monohydrate as an auxi-
liary substance in a sterile physiological solution.
Qualitative and quantitative identification of quercetin
in LF emulsion composition was carried out with inde-
pendent physico-chemical methods and determination
of the size of the liposomes and their dispersion in
emulsion (up to 90% of liposomes with a size of
180-200 nm) [12].

The emulsion of LF at a dose of 1.5 mg/mL was
administered to rats through the tail vein 30 min
before TBI. The control TBI rats were injected with phy-
siological saline.

Experimental rats were randomly assigned into
groups as follows: group 1 — non-irradiated control
(intact animals); group 2 — irradiated control at a dose
of 55 Gy (TBIl,,); group 3 - irradiation at a dose
of 55 Gy with administration of LF (LF + TBI,,);
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onpomiHeHi y posi 5,5 I'p 3 BBeAeHHaM J1® (J1® + O, );
rpyna 4 — KOHTpOnb onpomiHeHHs y posi 7,0 Ip (O, );
rpyna 5 — TBapuHu, onpoMiHeHi y aosi 7,0 'p 3 BBeaeH-
Ham JI® (J1® + O, ). 3a npoTtokonamu LOCHiMKEHb,
cxBaneHnmn BueHow papowo  [depkaBHOi  ycTaHOBU
«lHCcTUTYT MeANYHOT pagionorii Ta OHKonorii
im. C.IN. MNpurop’eBa HauioHanbHOI akagemii MeguyHmnx
Hayk YkpaiHu» BM3Hauyanu kniHiyHi  o3Hakn [PC,
3aranbHy BWKMBaHICTb Ta CepefHl  TpuBanicTb
xuTTsa (CTXK) 3armbnux TBapwH 3 po3paxyHKOM Memi-
aHn (Me) ta 75 i 25% npoueHTUNIB BWXMBAHOCTI
(aHi, B aki Bwxuanu 50, 75 i 25% onpoMiHeHuX LwypiB)
3a aHani3oMm «KpuBuX BwxmBaHoCTi» KannaHa—Manepa.
BusHavanu npodpini netanbHOCTI («NiKM CMEPTHOCTI»)
3a po3paxyHKOM cymapHoi 3armbeni TBapuH (y Bia-
coTkax, %) y neBHi 4acoBi nepiogn posroptaHHsa PC.
LLlogeHHi cnocTepexeHHs1 3a OnpoOMiHEHMMUW TBapuHaMu
nposogunu npotarom 30 AHiB Nicnst ONPOMIHEHHS.

Y rematonoriyHux gocnimkeHHsx J1d  BeBogunn
y NpodinakTU4yHO TepaneBTUYHOMY pexumi 3a 24 rog.
0O OMpPOMIHEHHs1 i gani ABivi Ha TWXOEHb MPOTAroM
4 TWXHIB Nicns oNpoMiHEHHs. emaTonorivyHi NOKasHWKK
KOHTpontoBanu Ha 3-Tio, 7-my, 14-ty i 21-wy poby nicns
onpomiHeHHs. 3pasku nepudepuyHoi kposi (20 mkn)
36upanu 3 XBOCTOBOI BeHM Lypa Yy npobipku 3 EDTA
(Sarstedt, Newton, NC, CLUA) gns aBTOMaTUYHOro
niapaxyHKy nemkouuTie, TpombouunTiB i epuTpOoLMTIB Ha
rematonoriyuHomy aHanizatopi RT-7600 (Rayto, Kutan).

Mpu cratuctuyHoMy aHanisi BUMKOPUCTOBYBanu He-
napameTpuyHuUin  Kputepin MaHHa-YiTHIi Ta Kputepin
diwepa, Pi3HULIKD MK KPUMBUMK BWXMBAHOCTI OLiHIOBA-
nM 3a [OMNOMOrol JorapudMiYHOrO PaHroBOro TecTy
3a [JOMOMOrol CTaTUCTUYHOIO nporpamHoro 3abesne-
yeHHa SigmaStat 5.0 (Systat Software Inc., CLUA).
Bci  paHi  npeactaBnsnn K cepedHe  3HAYEHHs
Ta cTaHgapTHe BigxuneHHa (M = m). PisHuugio Mmix
JocnigkyBaHMMU NapamMeTpamMu BBaXanu CTaTUCTUYHO
[OCTOBIPHOI NPW 3HaYeHHi p < 0,05.

PE3YABTATU TA iX OBrOBOPEHHS

Y xopi po3sutky N'PC npu ToTansHOMY OMPOMiHEHHI
y posax 5,5 i 7,0 I'p cmeptHicTb TBapuH 3a 30 pfi6
OVHaMiYHUX  CMOCTepeXeHb CTaHoBuNa  BigMnoBigHO
J-l'El2O/30 I J-I'D'73,3130 (Ta6ﬂ. 1)

group 4 — irradiated control at a dose of 7.0 Gy (TBI, );
group 5 — irradiation at a dose of 7.0 Gy with admi-
nistration of LF (LF + TBI, ).

According to the study protocols that were approved
by the Academic Council of State Organization «Grigoriev
Institute for Medical Radiology and Oncology of the
National Academy of Medical Sciences of Ukraine»,
clinical features of ARS, overall survival, and mean
survival time of the dead animals were calculated with
median, as well as the 75th and 25th percentiles of
survival rate (days on which 50, 75, and 25% of irra-
diated rats survived), which were calculated with
Kaplan—Meier analysis of «survival curves». The profiles
of lethality («peaks of death») were calculated as total
rat lethality (%) in certain time periods of the ARS.
The daily monitoring of irradiated rats was performed
for 30 days after irradiation.

In hematological studies, LF was administered
prophylactically 24 h prior to TBI and twice a week
the next 4 weeks after TBl. The hematological para-
meters were monitored on days 3, 7, 14 and 21 after
irradiation. The peripheral blood samples (20 pl) were
collected from the rat tail vein in EDTA tubes (Sarstedt,
Newton, NC, USA) to automatically count leukocytes,
platelets, and erythrocytes on a hematology analyzer
RT-7600 (Rayto, China).

In statistical analysis, the nonparametric Mann—
Whitney test and the Fisher’s test were used. The diffe-
rence between the survival curves was estimated
using the log rank test and SigmaStat 5.0 statistical
software (Systat Software Inc., USA). All the data were
presented as mean and standard deviation (M + m).
The difference between the studied parameters was
considered statistically significant at a value of p < 0.05.

RESULTS AND DISCUSSION

The lethality of rats with ARS and total irradiation
at doses of 5.5 and 7.0 Gy over 30 days of dynamic
follow-up was LD, .. and LD respectively (Table 1).

20/30 73,3/30°

Ta6nuus 1. Bnnue ninocnaBoHy Ha NOKa3HWKM CMEPTHOCTI LLypiB NMpy TOTanbHOMY ONPOMIHEHHi y ao3ax 5,51 7,0 p
Table 1. The effect of LF on the rat lethality in the total body irradiation at doses of 5.5 and 7.0 Gy

TEBE & NV - (Aloi) 4 (SIevs n i iz ThCeh:st‘iEI:g/T :\?:r?s%%igil;/,o% PFi:hTe'\r/!:) test
2 %755 15 3 12 20,0 45,9 0,024
3 s :'I%i:s 20 2 12 10,025 0,040
4 -(I?é?m 15 11 4 733482 0,090
5 e TOB7i:_O 20 12 8 60,0 £ 5,7 0,071
Mpumimku: Notes:

N — 3aranbHa KinbKiCTb LLYypIB;
N1 — KiNbKiCTb LWYpIB, WO 3arvHynu;
N2 — KiNbKiCTb LWYPiB, LLO BUXWUIN.

n — total number of rats;
n1 — number of rats that died;
n2 — number of rats that survived.
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BeeneHHst J1® nepen onpomiHEHHSIM Y cybneTanbHii
fosi 5,5 p (J14,,,,) BU3HAYMIIO CTATUCTUYHO 3HaYMMe
3HWXKEHHS1 cmepTHOCTI B 2,0 pasn. 3a ToTanbHOro onpo-
MIHEHHSI Yy MiHiManbHii abconTHO neTanbHi  [o3i
7,0 Tp (NA,, ,5,) BUKOPUCTaHHS JI® 3yMOBWIO 3HWXKEHHS
CMepTHOCTI B 1,2 pa3n, NOPIBHAHO 3 TaKOK B ONPOMiHe-
HOMY KOHTPOIi, Xo4a Taki 3MiHK He Bynu BiporigHMMM.

PapiosaxvcHuii edpekt JIO npu posi 7,0 Ip 6yB 3Ha-
YyWMUM 3a BNVBOM Ha NOAOBXKEHHS cepedHboi TpuBa-
nocti xutta (CTX) go (10,3 £ 0,74) pi6, nopiBHsiHO i3
(8,71 + 0,64) oHAMYK B oNpoMiHEHOMY KOHTpoORi (Tabn. 2).
Mpn uboMy 3a TOTanbHOro ONpPoMiHeHHs y Ao3i 5,5 p
edekT BBeaeHHA J1P y pexumi pagionporekTopa nposiB-
NAETLCS NULLEe K TeHAEHUIs.

The administration of LF before irradiation at a sub-
lethal dose of 5.5 Gy (LD,,,,) determined a statistically
significant decrease in lethality by 2.0 times. In cases
of total irradiation at a minimal absolutely lethal dose
of 7.0 Gy (LD,;,,,), the use of LF led to a decrease
in lethality by 1.2 times, compared to the irradiated
control, although these changes were not significant.

The radioprotective effect of LF at a dose of 7.0 Gy
had a significant impact on the increase of the mean
survival time up to 10.3 + 0.74 days, compared to
8.71 £ 0.64 days in the irradiated control (Table 2). In total
irradiation at a dose of 5.5 Gy, the effect of administration
of LF as a radioprotector emerges only as a tendency.

Ta6nuua 2. Bnnue J1® Ha nokasHuku CTX LypiB npn ToTanbHOMY ONpOMiHEHHI y Ao3ax 5,51 7,0 I'p
Table 2. The effect of the administration of LF on the mean survival time in the total body irradiation at doses of 5.5 and 7.0 Gy

. CTX, noba P MaHHa-YiTHi
Moyne) 31| Ml (Eiouss n il iz The mean survival time, days | P Mann—Whitney
055
2 TB's,s 15 3 12 10,5 £1,02 0,533
Jlo + 0,
3 LF + TBis.s 20 2 12 11,0 £ 1,21 0,108
4 O 15 1 4 8,71+0,64 0,061
TBI,, T ’
o+ 0,
5 LF + TB7im 20 12 8 10,3+ 0,74 0,233
lMpumimku:

N — 3aranbHa KinbKiCTb LLYypIB;
N1 — KiNbKiCTb LWYpiB, LLO 3arnHynu;
N2 — KiNbKiCTb LLYPiB, LLO BUXWIU.

Notes:
n — total number of rats;
n1 — number of rats that died;
n2 — number of rats that survived.
OaHi aHanisy «kpumBux BwmxmaHocTi» KannaHa—

Mawepa HarnsagHo geMoHCTpyBanu epekTUBHICTb pagio-
npotekTopHoro BnnmBy JI® 3a 3HUXKEHHSM CMepT-
HocTi TBapvH y auHawmiui MPC Ta nokpalueHHsiM nokas-
HUKIB BWXMBaAHOCTI MiX 6-to Ta 30-t0 gobamu nicnsa
ONpOMiHeHHS (puc. 1, 2).

The radioprotective activity of LF was demonstrated
by the Kaplan—Meier analysis of «survival curves»
(Figs. 1 and 2). Kaplan—Meier analysis indicated that
the administration of LF reduced the lethality caused
by TBI over time of ARS and improved survival rate
of irradiated rats between days 6 and 30.

=100
E
=
3
E
E 20
=
=
% ~-055Tp
= & TBI1 5.5 Gy
- ~B=Jlbn+05,51p
LF +TBI 5.5 Gy
40
12345678 9101112131415161718192021222324252627282930
JoGa/Day

Puc. 1. «KpvBa BrxmMBaHOCTI» LLYypiB NpU yBEeAEHHI NiNnodnaBoHy 3a ToTanbHOro onpoMiHeHHs y Aosi 5,5Mp
Fig 1. «Survival curve» of rats with administration of Lipoflavon and the total body irradiation at a dose of 5.5 Gy
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TBI 7.0 Gy
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LF + TBI 7.0 Gy
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Puc. 2. «KpuBa BKu1BaHOCTI» LLypiB NpW yBEAEHHI NinodnaBoHy 3a TOTanbHOro onpoMiHeHHs y fosi 7,0 Mp
Fig 2. «Survival curve» of rats with administration of Lipoflavon and the total body irradiation at a dose of 7.0 Gy

Mpu BBeaeHHi J1® BMxMBaHICTL TBapwuH, OMPOMiHe-
HUX y po3i 55 p 3poctana go 90%, y gosi 7,0 I'p
00 40%, nopieHsaHO 3 80% i 26,7% B ONPOMIHEHOMY KOHT-
poni, BignoBigHO. AHami3  «KpPMBUX  BWXMBAHOCTI»
[O3BONMB TakoX OLIHUTU TEPMiHW paHHBbOI Ta Ni3HbLOI
3armbeni TBapuH 3a mepgiaHow (Me) Ta 75% i 25%
NPOLEHTUNAMN BUXMBaHOCTI (Tabn. 3).

The administration of LF led to the increase in survival
of the rats irradiated at a dose of 5.5 Gy to 90% and
to 40% for those irradiated at a dose of 7.0 Gy, compared
to 80% and 26.7% in the irradiated control, respectively.
The analysis of «survival curves» also allowed time
periods of early and late death of the rats to be asse-
ssed according to the Median (Me) and 75" and 25"
percentiles of the survival (Table 3).

Ta6bnuusa 3. Bnnue N1® Ha mediaHy Ta NpoueHTUi BUXXMBAHOCTI LLLYPIB MiCMsi TOTanbHOro ONpoMiHeHHS y fo3ax 5,51 7,0 I'p
Table 3. The effect of the administration of LF on the median
and percentile of survival rate of the rats in the total body irradiation at doses of 5.5 and 7.0 Gy

[ocrig BuxusaHicTb, % / The survival rate, %
lpyna / N G n ni n2
roups 75 % 50 % 25 %
055
2 TBIs_s 15 3 12 > 30 > 30 > 30
o+ 0O
3 LF + TB5|v:5 20 2 12 >30 > 30 >30
4 O 15 11 4 6,2 8,5 10,0
TBI,, ’ ’ ’
ne+o,,
5 LF + TBim 20 12 8 9,2 12,5 >30
TMpumimku:

N — 3aranbHa KinbKiCTb LLYpIB;

N1 — KiNbKICTb LWYpIB, WO 3arnHynu;

N2 — KiNbKICTb LWYPIB, WO BUXWMN.
Notes:

n — total number of rats;

n1 — number of rats that died;

n2 — number of rats that survived.

[okasoBo, WO BIgMNOBIGHO 4O PafionpOTEKTOPHOIO
BnnuBy Ha CTXK, came 3a f03u onpoMiHeHHst 7,0 p J1®
CYTTEBO MOKpaLLyBaB NMOKa3HWKWN paHHbOIT Ta Mi3HbLOI 3aru-
6eni TBapuH (BWXMBaHicTb, foba: Me — 12.5, 75% — 9,2,
25% — > 30), NOpiBHAHO 3 OMNPOMIHEHWM KOHTpONeM
(BwxmBaHicTb, fnoba: Me — 8,5, 75% — 6,2, 25% — 10,0)
(Tabniug 3).

LiboMy crnocTepexeHHio Bignosigas npodinb npome-
HeBoi 3armbeni («nikn cMepTHOCTI»), TOBTO CymapHOi

It is telling that according to the radioprotective effect
on the mean survival time, the administration of LF
significantly improved the parameters of early and late
death of rats, particularly irradiated at 7.0 Gy (survival,
day: Me - 12.5, 75% — 9.2, 25% - > 30), compared
to those in the irradiated control (Me — 8.5, 75% — 6.2,
25% — 10.0) (Table 3).

This study had a profile of radiation lethality («peaks
of deathy), i.e., total rat lethality in certain time periods
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CMepPTHOCTI TBapyH y NeBHi YacoBi Nepioan po3ropTaHHs
OCHOBHUX KniHi4YHUX nposieiB MPC (Tabn. 4).

of development of the main clinical symptoms of
the ARS (Table 4).

Ta6nuui 4. Bnnue J1® Ha cmepTHICTb LLYpiB Yy NEBHUIA Nepiog Yacy nicnsi ToTarbHOro onpoMiHeHHs y aosax 5,51 7,0 Mp
Table 4. The effect of the administration of LF on the rat lethality after the total body irradiation at doses of 5.5 and 7.0 Gy

focri CwmepTHiCcTb TBapuH Ha YyacoBun nepiod, % / The rat lethality, %
ocnig,
Tpyna / N Groups 0-5 AeHb 6-9pers | 10-12aews | 13-15aeHb | 16-20 penb | 21-30 pewb
0-5 day 6-9 day 10-12 day 13-15 day 16-20 day 21-30 day
(e]
2 Tg?s_s 10 0 0 10 0 0
o +0
3 LF + TB5i25 0 0 10 0 0 0
4 O 10 20 30 0 13,3 0
TBI,, ’
Jlo + 0O
5 LF + TB7i:0 0 20 20 20 0 0

Tak, cnocTepiranu paHHto 3arnbenb Ha 1-wy — 5-Ty go-
Oy (I nik) Bigd KMWKOBOrO CUHAPOMY, OCHOBHa 3arnbenb
TBapWH, ONpoMiHeHuMx y posi 7,0 p, BigbyBanacs Ha
6-9-1y noby i 10-12-ty goby (Il i lll nikn) Big «kKicTKOBO-
MO3KOBOiI» popmn MPC y pesynbrati BUCHaXEHHS KiCT-
KOBOro MO3Ky Ta remartonoriyHmx posnagis. Kpim Toro,
cnocTepiranacs nisHs 3armbens Ha 16—20-Ty aoOy (V nik)
BHACIMIJOK reMaTosnoriYyHUX Ta iMyHOSOMNYHUX MOpPYLUEHb.

Pagio3axncHa aktuBHicTb JI® nposiBunack y BigcyT-
HocTi paHHbOi (I nik) Ta nisHboI (V nik) 3armbeni, a Takox
BxkmBaHocTi 40% TBapwH, onpomiHeHux y aosi 7,0 p,
npotsarom noHag 30 Ai6 nicnst onpoMiHEHHS.

Bigomo, wo remartonoriyHmin cuHgpom PC 6Gesno-
cepeaHbOo MOB’'sI3aHWIA 3 NETasbHICTIO NPU OMPOMIHEHHI
y gosax Big 1 go 10 I'p [1]. Y Hawomy AocnigKeHHi
BCTAHOBIEHUM pagdio3axmcHuM nposieam J1® Bignosi-
[AaB XapaKkTep [AOCTOBIPHOrO BMMBY Ha reMaTonoriyHi
NMOKa3HUKU OMNPOMIHEHMX TBapuH. 3a AaHumu [ocnig-
XeHHs 6yno goBedeHO edeKTUBHICTb NpodinakTUYHO-
nikyBanbHoro ysegeHHs J1® wogo cuctemHoro nore-
PEeMKEHHSA UWTOMEHIT Ta MOKPAaLLEHHs reMaTonorivyHmnX
NOKa3HWKIB y rocTpui nepiog po3suTky MPC. Tak, roctpa
nevikoneHiss BHacnigok posroptaHHa MPC nposiBnsanack
BXe Ha 3-Ty goby nicna onpoMiHeHHs Ta 3bepiranacb
[0 21-ro [HA CMOCTEPEXEHHs, 3a MaKCUMarbHOro
3HWKEHHS PiBHIO NenkouuTiB Ha 7 foby (Tabn. 5).

BBepneHHs1 J1® 3Ha4HOK Mipoto nonepemxano nagiHHs
KiNTbKOCTi NEeNKOUUTIB NPOTArOM BaXKIIMBUX NEPLUNX Kiflb-
Kox OHiB rocTtporo nepiogy NPC. Ha 7-my 1a 14-ty noby
piBeHb nenkouuTiB CTabinbHO 3pOCTaB BiOHOCHO KOHT-
PONbHOro ONPOMiHEHHS BignosigHo y 2,3 Ta 1,2 pasu npwm
0o3i 5,5 Mp, Tay 4,0 Ta 2,9 pasu npu gosi 7,0 'p, a Takox
Ha 21-wwy aoby cTabinisyBaBcst 40 PiBHSA iHTAKTHUX TBAPUH.

TpombBouuToneHivyHa peakuis npu MPC nposiBnanacs,
nounHatoum 3 14-i gobu, KON KinbkicTb TpomMGouuTiB
3HMXKyBanaca [0 MiHIManbHOrO piBHA KW MOTIM, Ha
21-wy goby 3anuwanacs 3Ha4YyHO 3HWKeHow y 2,0 pasu
npu posi 5,5 p, Ta 2,3 pasu npu gosi 7,0 Mp (tabn. 6).
BeepneHHst J1® 3a npodpinakTU4HO-NiKyBanbHOK CXEMOIO
3MeHLUYyBano CTyniHb TpombouuToneHii Ha 14-Ty poby,
O BUpaxanocs Yy BiporigHOMY nMiABULLEHHI KiNbKOCTI
TpombGouuTiB y KpoBi BignosigHo y 1,6 Ta 1,4 pa3un, nopie-
HSHO i3 OMpOMiHEHNM KoHTpornem. Ha 21-wy noby Kinb-
KiCTb TPOMGOLMTIB BifHOBMNOBaNacs 40 HOPMW y TBapUH,
OonpoMiHeHux y gosi 5,5 'p, Ta 3anuwanacsa OCTOBIPHO
BuLLOK ¥ 1,4 pasu y TBapuH, onpomiHeHux y nosi 7,0 Ip.

Thus, there was early death on days 1-5 (I peak)
from intestinal syndrome. The death of rats irradiated
at a dose of 7.0 Gy mainly occurred on 6-9 days and
10-12 days (Il and Il peaks) from hematological
syndrome of ARS as a result of bone marrow depletion

hematological disorders. In addition, late death was
observed on day 16-20 (V peak) as a result of hemato-
logical and immunological disorders.

With the administration of LF, there was no early
(I peak) and late (V peak) death. Moreover, 40% of
rats irradiated at a dose 7.0 Gy survived for more
than 30 days after irradiation.

It is known that the hematological syndrome of ARS
is directly associated with lethality in the irradiation
at doses from 1 to 10 Gy [1]. In our study, the radiopro-
tective effect of LF had a significant effect on the
hematological parameters of the irradiated rats.
According to the data of our study, the effectiveness
of LF in prophylactic and therapeutic administration
was proven as it contributed to systemic prevention of
cytopenia and improvement of the hematological
parameters in the acute period of ARS. Thus, acute
leukopenia as a result of ARS developed on day 3
already and persisted until day 21 with a maximum
decline in the leukocyte count on day 7 (Table 5).

The administration of LF significantly prevented
a drop of leukocyte count over the crucial first few days
of the acute period of ARS. On days 7 and 14, the
leukocyte level was steadily growing, compared to
the irradiated control by 2.3 and 1.2 times at a dose
of 5.5 Gy and by 4.0 and 2.9 times at a dose of 7.0 Gy,
respectively, and it was stabilized to the level of
non-irradiated rats on day 21.

Thrombocytopenia manifested starting from day 14
of ARS when the platelet count was slowly decreasing
to a minimum level and then on day 21, it remained
reduced by 2.0 times at a dose of 5.5 Gy and by
2.3 times at a dose of 7.0 Gy (Table 6). The LF in pro-
phylactic and therapeutic administration reduced
the severity of thrombocytopenia and on day 14, the
platelet count was significantly higher: it increased
by 1.6 and 1.4 times, compared to the irradiated control.
On day 21, the platelet level was restored to a normal
range in rats with a dose of 5.5 Gy and remained
significantly higher by 1.4 times in rats with a dose
of 7.0 Gy
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Ta6nuus 5. MNoka3HWKM NENKOUMTIB ¥ KPOBI 3a TOTanbHOIrO ONPOMIHEHHS WypiB y Ao3ax 5,51 7,0 ['p Ta BBegeHHs ninodnasoHy
Table 5. The effect of the administration of LF on the leukocyte count of the rats after the total body irradiation

at doses of 5.5 and 7.0 Gy
TNenkouutn x 10%n
TepMi (a06a) ) . The leukocytes x 109./L
Days OnpomiHeHHa / TBI J1® + onpomiHeHHs + J1® / LF + TBI + LF
M+m p M+m P P1
Hosa onpomiHentss O, . / Dose of 5.5 Gy
Nonradaedconrol | 14| 819%024
3 6 2,14 +£0,13 0,001 2,27 £0,19 0,001 0,585
7 6 1,37 £ 0,10 0,001 3,15+ 0,20 0,001 0,014
14 6 2,28 +0,15 0,001 3,39+0,2 0,001 0,054
21 5 4,91+0,17 0,097 5,98 + 0,25 0,059 0,168
Hosa onpomiHeHHa O, / Dose 7.0 Gy
e oo | 14| 5520
3 6 2,43 +0,10 0,001 2,59+0,12 0,001 0,088
7 6 0,39 + 0,03 0,001 1,67 £ 0,07 0,001 0,048
14 6 0,95 + 0,04 0,001 2,71 +0,15 0,001 0,032
21 5 3,01 +£0,08 0,021 4,98 £ 0,21 0,488 0,061
lMpumimku:

P — NOpIiBHAHHSA 3 IHTAKTHUM KOHTpONeM;
P1 — NOpiBHAHHSA 3 KOHTPONBHUM OMPOMIHEHHSAM.

Notes:

P — comparison with non-irradiated control;
P1 — comparison with irradiated control.

Tabnuua 6. Noka3HMkM TPOMBOLMTIB y KPOBI 3@ TOTanNbHOrO ONPOMIHEHHS LWypiB y Ao3ax 5,51 7,0 I'p Ta BBeAeHHsA ninodnasoHy
Table 6. The effect of the administration of LF on the platelet count of the rats after the total body irradiation

at doses of 5.5 and

7.0 Gy

TepmiH (go6a)

Tpombouutun x 10%/n
The platelets x 10%/L

Days OnpomiHeHHs / TBI J1® + onpomiHeHHst + JI® / LF + TBI + LF
M+m P M+ m P P1
[lo3a onpoMiHeHHs1 OSI5 / Dose of 5.5 Gy
Non iradiered sonrol 14 682 £ 38
3 6 678 + 41 0,958 698 + 29 0,801 0,699
7 6 557 + 34 0,068 558 + 44 0,079 0,993
14 6 277 + 21 0,001 452 + 40 0,021 0,049
21 5 343+ 23 0,001 544 + 31 0,167 0,030
[osa onpowmitentss O,/ Dose of 7.0 Gy
Non iradiated sonrol 14 662 + 38
3 6 672 + 34 0,876 618 + 31 0,326 0,276
7 6 558 + 454 0,079 654 + 53 0,694 0,157
14 6 297 + 36 0,001 440 £ 40 0,042 0,024
21 5 298 + 35 0,001 421+ 28 0,031 0,059
lMpumimku:

P — NOpIBHAHHSA 3 iHTAKTHUM KOHTpOMeM;
P1 — NOpiBHAHHS 3 KOHTPONBHUM OMPOMIHEHHSAM.

Notes:

P — comparison with non-irradiated control;
P1 — comparison with irradiated control.

Mpu posroptanHi MPC KinbKiCTb €pUTPOLUTIB 3HMXKY-

Baracsi noBinbHiwe Ta Ha 3-Ty i 7-my goby He 6yno

The erythrocyte count in irradiated rats was decrea-

sing slower and no significant difference with the non-
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BUSABIIEHO ICTOTHOI Pi3HULI 3 HEONMPOMIHEHUM KOHTpPO-
nem (1abn. 7). OOCTOBipHi 3MiHM no4YMHanucs nuie
3 14-i pobu, Ta Ha 21-wy poby piBeHb epuTpoLUTIB
B  OMPOMIHEHWX TBapuH 3HWXYBaBCS  BiAMNOBIOHO
y 1,4 i 1,9 pa3n, nopiBHAHO 3 iHTAKTHUM KOHTPOreM.
MpodinakTnyHo-nikyBaneHe BBeAeHHA JI®  npusso-
OVWNo A0 CTATUCTUYHO 3HAYyLLOro 3poCTaHHs Ha 14-Ty
Ta 21-wy poby piBHa eputpoumTiB ¥y 1,2 Ta 1,5 pasmu
y TBapwH, onpomMiHeHnx y gosi 7,0 p (tabn. 7).

irradiated rats was identified on days 3 and 7 of ARS
(Table 7). Significant changes were observed starting
from day 14, and on day 21, the erythrocyte count in
irradiated rats decreased by 1.4 and 1.9 times, respec-
tively, compared to the non-irradiated control. Prophy-
lactic and therapeutic administration of LF led to a signi-
ficant increase in the erythrocyte count on days 14 and
21 by 1.2 and 1.6 times, compared to the rats irradiated
at a dose of 7.0 Gy (Table 7).

Tabnuus 7. [Noka3HWKM epUTPOLMTIB Y KPOBI 3a TOTarbHOrO ONPOMIHEHHS LWypiB y Ao3ax 5,5 i 7,0 Mp Ta BBeAeHHs ninognaBoHy
Table 7. The effect of the administration of LF on erythrocyte count of the rats after the total body irradiation
at doses of 5.5 and 7.0 Gy

TepwmiH (po6a)

Eputpoumntu x 10'?/n
The erythrocytes x 10'%/L

Days n OnpowmiHeHHs / TBI J1® + onpomiHeHHs + J1® / LF + TBI + LF
M£m P M£m P P1
[osa onpowmitentsi O, / Dose of 5.5 Gy
Non rradiated sontrol 14 8.31+024
3 6 8,18 £ 0,25 0,468 8,01 +0,15 0,562 0,963
7 6 8,03 +0,25 0,167 7,98 £ 0,37 0,425 0,961
14 6 6,97 + 0,20 0,054 7,01 +£0,17 0,059 0,134
21 5 5,81 +0,21 0,048 5,96 + 0,21 0,024 0,627
Ho3sa onpomiHenrs O, / Dose of 7.0 Gy
E;i::rH;JiE;?:dMigntrol 14 8,310,224
3 6 7,99 +0,28 0,190 8,23+0,38 0,807 0,605
7 6 7,04 £0,25 0,153 7,93 +0,23 0,163 0,723
14 6 5,13+0,20 0,041 6,15+ 0,20 0,168 0,052
21 5 4,34 £ 0,22 0,033 6,74 £ 0,41 0,051 0,048
lMpumimku:

P — NOpiBHSIHHS 3 IHTAKTHUM KOHTpPOMemM;

P1 — NOpiBHAHHSA 3 KOHTPONBHUM ONPOMIHEHHSM.
Notes:

P — comparison with non-irradiated control;

P1 — comparison with irradiated control.

Omxe, ninocgnasoH cnpuas 6inbw LWBMAKOMY Ta
CTiIIkOMY  BiQHOBMNEHHI remMaTonoriYHMX MOKa3HMKIB
y TBapuWH, $Ki 3asHanM neTanbHOro OMPOMIHEHHS.
Mpuyomy papiosaxucHuii edekt JI® npotsarom nepiogy
crnocTtepexxeHHs OyB HaWNepeKkoHNMBILWMM Mpu  [03i
onpomiHeHHs 110, ...

Takum 4mHOM, OTpMMaHi AaHi [o3BONUNWU BrnepLue
BCTAHOBUTWN PafionpoOTEKTOPHY akKTMBHICTb ninodna-
BOHy B mogeni MPC Ta nosuuioHyBaTM npenapar sk
pagio3axucHui 3aci6 Ons nigBULLEHHSA CTIMKOCTI A0
BMCOKMX [,03 iOHI3y0HOro BUMPOMIHIOBaHHS.

BUCHOBKMU
Bnepwe BCcTaHOBNEHO pagio3axucHi BNacTUBOCTI
y CnekTpi dapmMakonoriyHoi akTMBHOCTI npenapaTty

«JlinonaBoH» sK niNnocomManbHoT
NopTy KBEPLIETUHY.

MpodinakTnyHe BBeAEHHSA NiNodnaBoHy 3a rocTporo
onpomiHeHHs y posax J1[, .. i J'l}:l,nj/30 nigsuLlyBsano
30-goboBy BWXMBaHICTL Ta 3MiHIOBano npodine pagia-
uinHoi 3armbeni TBapuH y mogeni MPC. Papio3axucHa
aKTUBHICTb ninodnaBoHy peanidyBanacs y BiACYyTHOCTI

CUCTEeMN TpaHC-

Thus, LF contributed to a more rapid and sustained
recovery of hematological parameters of the lethally
irradiated rats. Moreover, the radioprotective activity
of LF was the most effective at a dose of LD,,,,,
over the whole follow-up period.

Thus, the obtained data allowed the radioprotec-
tive activity of LF in the model of ARS to be determined
for the first time and the drug to be positioned as
a radioprotective agent for increasing resistance to
high doses of ionizing radiation.

CONCLUSIONS

The radioprotective properties of the licensed
drug «Lipoflavon®» as a liposomal transport system of
quercetin in the spectrum of pharmacological activity
were established for the first time.

The prophylactic administration of Lipoflavon in acute
exposure at the doses of LD, ., and LD, .. increased
30-day survival and changed the radiation lethality
profile of the rats in the model of ARS. The radioprotec-
tive activity of Lipoflavon manifested in the form of
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paHHbLOI Ta Ni3HbOI 3arnbeni i3 NOAOBXEHHSM TepMiHiB
BxuBaHocTi y 40% TtBapuH 3 O] noHag 30 ni6
nicnsa onpoOMiHEHHS.

MpodinakTnyHo-nikyBanbHe 3acTocyBaHHs ninodna-
BOHY nonepemkano pPoO3BUTOK BUPaXeHOI NnewnkoneHil
i TPOMBOLMTONEHIT Ta CNPUANO 3axXUCTY KIiTUH epuTpo-
uuTIiB Yy KpOBI TBapuWH Yy nepioa posroptaHHa [[PC.

Pesynbratv pocnigxeHb 06r'pyHTOBYHOTb HOBI nia-
XOAM OO0 BUKOpUCTaHHA npenapaty «JlinodgnaBoH®» sk
eheKkTMBHOro hapmMakonoriYyHoro TepaneBTUYHOMO 3aco-
Oy pagiauiiHoro 3axucTy Npy rocTPOMY ONMPOMIHEHHI.
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nepCI‘leKTMBM MOAQABbLUMX AOCAIAXEHD

B nepcnektuBi ninocdnaBoH Moxe MaTu MnoTeHuian sk pagio-
3axMCHUI 3acib AN 3MeHLUEHHS NobiYHUX eddeKTiB NPOMeHeBOT
Tepanii. Mopanblie BMBYEHHST MeXaHi3MiB Ta pagio3axucHol
edbekTMBHOCTI ninocnaBoHy B pexumax OMPOMIHEHHS, LLO
BMKOPVICTOBYIOTBCA B MPOMEHEBIN Tepanii, AO3BONUTbL YTOY-
HWUTK 3HayeHHs J1® y cdepi pagiauinHoro 3axucTy.

KoHAIKT iHTEepeciB

ABTOpU 3asBNAOTb NPO BiACYTHICTb KOHMMIKTY iHTEpeCiB.

absence of early and late death with an increase in
the overall survival time in 40% of rats with LD
for more than 30 days after irradiation.

The prophylactic and therapeutic use of Lipoflavon
prevented development of severe leukopenia and
thrombocytopenia and contributed to a more rapid and
sustained recovery of erythrocytes in rats with ARS.

The results of the study substantiate the new
approaches to using the licensed drug «Lipoflavon®»
as an effective pharmacological therapeutic agent for
radiation protection in acute radiation.
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Prospects for further research

In the future, Lipoflavon may have potential as a radioprotec-
tive drug for reducing the adverse effects of radiotherapy.
Further research on the mechanisms and effectiveness of
radioprotective activity of Lipoflavon in radiation regimens used
in radiation therapy will allow the value of licensed drug
«Lipoflavon®» in the field of radiation protection to be estimated.
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PE3IOME

AkTyanbHicTb. B ocTaHHi gecaTtupivya iMyHoTepanis ctana akTtyanbHUM HanpsMKoM
AOCNifKeHb y KOMMEKCHOMY TiKyBaHHI OHKOMOTYHUX 3aXBOPtOBaHb. 3HAYHUM [OCAT-
HEHHAM B iMyHOTepanii OHKOMOrYHUX 3aXBOPIOBaHb CTano BiAKPUTTS GInkiB iMyHHUX
KOHTPOMbHBIX TOYOK, SKi € edeKTUBHUMM iHribiTopamu iMyHHOI BigMoBiAi. IHriGiTopu
iMYHHUX KOHTpoOnbHUX Touvok (IKT) oTpumanu cxBaneHHs npu niKkyBaHHI AeAKuUX
3M0AKICHUX MyXJIMH  LUIYHKOBO-KULLKOBOTO TpakTy. OpHak KniHiYHa edeKTUBHICTb
moHoTepanii IKT 3anuwaetscs HW3bKOW. [nA MOKpalleHHA pesynsTaTy NiKyBaHHS
NPOBOAATLCA YUCMEHHI AOCMIMKEHHS, B AKX iMyHOTepanilo MOEOHYIOTb i3 iHLWMMM
CTaHAApPTHUMKM MeTodamu MpOTUNYXIIMHHOMO nikyBaHHA. [NpomeneBa Tepanisa (IMT)
MOXe CNPUSATU MOCUIIEHHIO NMPOTMMYXIMHHOI iMYHHOI Bignosigi npu kombiHauii 3 IKT
i BapTa yBaru npu kombiHauii 3 iMyHoTepanieto. EdekTmBHICTb KOMGIHOBaHOI cTparterii
aKTMBHO OOCNIOXKYETBCA B KNiHIYHUX AOCMIOXKEHHSIX.

MeTta po60TH — BUCBITNINTW OCTaHHi JOCATHEHHS Y ranysi KOMBIHOBaHOrO 3aCTOCYBaHHS
imyHoTepanii IKT Ta MNT npu 3nosKiCHUX HOBOYTBOPEHHSIX LLITYHKOBO-KULLKOBOIO TPaKTY.
Martepianu Tta metoam. lowyk AaHWx ANs OrmMsAy MPOBOAWMMM 3 BUMKOPWUCTaHHAM
6a3 paHux PubMed, Scopus, Google Sholar ta ClinicalTrials.gov. MNpoaHanizoBaHo
Ta cMcTemMaTtnsoBaHo AaHi pobiT, onybnikoBaHux y 2013-2023 pokax.

Pe3ynbrath Ta ix o6rosopeHHs. OBrpyHTOBaHO AOLNbHICTL KOMBIHOBAHOMO 3acToCy-
BaHH4 [T Ta imyHoTepanii. [NpoarHanizoBaHo pesynbrat KOMBIHOBAHOIO 3aCTOCYBaHHS
Heoap'toBaHTHOI XiMmionpomeHesoi Tepanii (XIMT) Ta imyHoTepanii IKT y xBopwux
Ha pesekTabenbHuii pak CcTpaBoxody Ta KOMOIHOBAHOro miKyBaHHS Yy XBOPWX
i3 MOLWMPEHUM 3axBOpIOBaHHAM. HaBedeHO KriHiYHi pe3ynbrat 3actocyBaHHs KT
y noegHanHi 3 MT abo XMNT y xBopux Ha pak wwnyHka Ta kombiHauii IKT Ta MT y xBopmx
Ha renaTouentonsapHy kapuuHomy. OxapakTepu3oBaHO KINiHiYHI edeKkTn [oaaBaHHA
IKT go Heoap'toBaHTHOI T abo XIMT y XxBOpMX Ha MiCLEBO-NOLUMPEHUIN Ta 0BMexeHo-
pe3ekTabenbHuUiA pak MigLLMYHKOBOI 3ar03un Ta pe3ynsrati BunpobyBaHb kKoMBiHOBaHOT
cTparterii y XBOpPMUX 3 MOLUMPEHWM 3axBOPHOBaHHAM. Po3rnsiHyTa KniHiyHa edekTuB-
HiCTb KOMOGiHOBaHOro niAxody MpV MiCLEBO-MOWMPEHOMY paKy MpsSMOI KWLLIKW, SKa
€ PYTMHHOI [iNsHKO 3actocyBaHHa [T, Ta npu meTacTaTM4HOMY 3axXBOPKOBAHHI.
HaBepeHo pesynbratm HeBenvkvMx AocnifXeHb KOMOIHOBaHOrO fiKyBaHHS 3a y4vacTi
XBOPUX HA METACTaTUYHUIA KONOPEKTanbHWUI pak.

BucHoBKW. 3a oCTaHHE AEeCATUPIYYA 3HAYHO 3POCNN AOCMIAXKEHHSA B ranysi iMyHo-
Tepanii NyXNWH LUYHKOBO-KULIKOBOrO TpakTy. Crnupaltounch Ha CUHeprivHi edekTn
npoMeHeBOi Tepanii Ta iHribiTOpiB iIMyHHUX KOHTPONBbHUX TOYOK, KOMOIHALUis LmMX
TepaneBTUYHMX NiAXOAIB BCE YacTille BUNPOOOBYETLCA NMPU paKy LUYHKOBO-KULLIKOBOTO
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ABSTRACT

Background. In recent decades, immunotherapy has become a topical area of
research in the complex treatment of oncological diseases. A significant achievement
in the immunotherapy of oncological diseases was the discovery of immune check-
point proteins, which are effective inhibitors of the immune response. Immune check-
point inhibitors (ICls) have been approved for the treatment of certain gastrointestinal
malignancies. However, the clinical efficacy of ICls monotherapy remains low.
To improve the outcome of treatment, numerous studies are conducted in which
immunotherapy is combined with other standard methods of anticancer treatment.
Radiation therapy (RT) may enhance the antitumor immune response when combined
with ICIs and is worth considering when combined with immunotherapy. The effec-
tiveness of the combined strategy is actively being investigated in clinical trials.
Purpose — to highlight the latest achievements in the field of combined use of
immunotherapy with ICls and RT in malignant neoplasms of the gastrointestinal tract.
Materials and methods. Data searches for the review were conducted using PubMed,
Scopus, Google Scholar, and ClinicalTrials.gov databases. The data of works publi-
shed in 2013-2023 were analyzed and systematized.

Results and discussion. The rationality of the combination of RT and immunotherapy
was substantiated. The results of the combined use of neoadjuvant chemoradio-
therapy (CRT) and immunotherapy with ICls in patients with resectable esophageal
cancer and combined treatment in patients with advanced disease are analyzed.
The clinical results of the use of ICIs in combination with RT or CRT in patients with
gastric cancer and the combination of ICls and RT in patients with hepatocellular
carcinoma are presented. The clinical effects of adding ICls to neoadjuvant RT or CRT
in patients with locally advanced and borderline resectable pancreatic cancer and
the results of trials of a combined strategy in patients with advanced disease are
characterized. The clinical efficacy of the combined approach in locally advanced
rectal cancer, which is a routine area of RT application, and in metastatic disease
is reviewed. The results of small studies of combined treatment involving patients
with metastatic colorectal cancer are presented.

Conclusions. Over the past decade, research in the field of immunotherapy for
gastrointestinal tumors has increased significantly. Based on the synergistic effects
of radiation therapy and immune checkpoint inhibitors, the combination of these
therapeutic approaches is increasingly being tested in gastrointestinal cancer to
improve treatment outcomes. Published studies have shown encouraging results with
satisfactory toxicity. However, most clinical trials are retrospective, non-comparative
phase I/ll trials and are limited to a small number of patients. The results of these
studies can serve as a basis for conducting multicenter prospective studies with
large sample sizes to confirm the effectiveness of combined therapy.

Sorochan PP, Prokhach NE, Nasonova AM, Hromakova IS, Artiukh SV, Hromakova IA. Immune checkpoint inhibitors
and radiotherapy in gastrointestinal cancer treatment. Ukrainian journal of radiology and oncology. 2024;32(2):244—266.
DOI: https://doi.org/10.46879/ukroj.2.2024.244-266
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BCTYN

3MOSKICHI  NYXAMHU  LUNYHKOBO-KULLKOBOTO  TPakTy
(WWKT) € reTeporeHHOI0 rpynot0 OHKOMOriYHUX 3aXBOpHo-
BaHb 3 Pi3HOI0 enigemMionorieto, ricTonorieto, KhiHiYHUM
nepebirom i nporHo3oM. HaibGinblwe nigaawTbea ypa-
)KEHHIO CTpaBOXid, LUMYHOK, TOBCTa KULUKA, MNeviHka Ta
nigLwnyHKoBa 3ano3a. Y BcboMy cBiTi Ha pak LUKT npuna-
Aae noHag 4BepTb YCiX BUNAgKiB 3axBOpOBaHb Ha pak
i TpeTMHa cmepTen Big paky [1]. Hesaxatoum Ha gocsr-
HEHHS B AiarHOCTUUi Ta NiKyBaHHi 3NOSKiCHUX HOBOYTBO-
peHb LWKT, nporHo3 3anuwaeTbCsi HECNPUATIUBUM.
Ona nokpalwleHHs pesynbratiB nikyBaHHsA paky LKT
€ notpeba y po3pobui HOBUX TepaneBTUYHUX CTpaTerii.
3 ornsgy Ha 3axuCHY porb iIMyHHOI CUCTEMU Y BUHMK-
HEHHi Ta MporpecyBaHHi paky, B OCTaHHi AecAaTupidyus
aKTyanbHUM HanpsMKOM AOCAIAXEHb Y KOMMIEKCHOMY
NiKyBaHHI OHKOMOriYHMX 3axBOpOBaHb CTana iMmyHoTepa-
nis. 3HaYHVM JOCHArHEHHAM B iMyHOTepanii OHKOMoriy-
HUX 3axBOpIOBaHb CTano BiAKPUTTA OGINKiB  iMyHHUX
KOHTPONbHUX TOYOK, SIKi € edEeKTUBHMMU iHriGiTopamm
iMyHHOT  Bignosigi. IHriGiTopy IMYHHUX KOHTPOMNbHUX
Touok (IKT) ycnilwHO 3acTOCOBYIOTLCS Y XBOPUX Ha MeTa-
CTaTV4HY MenaHoMy, HUPKOBOKMITUHHY KapLMHOMY, pak
rofioBU Ta LWIKT, a TakoX HeapPiGHOKMITUHHUIA pak nereHb.
3noskicHi nyxnuHu WKT OeMOHCTPYIOTb HMXYY YacToTy
Bignosigi Ha IKT, Hix iHWi conigHi nyxnuuu. Mpote IKT
OoTpVManu cxBaneHHs Npu nikyBaHHi Aeskmx nyxnuH LLKT.

Mem6ponidaymab 6yno cxBaneHo Ans nikyBaHHA
konopekTanbHoro paky (KP) 3 Bucokoto mikpocaTeniTHo
HecTabinbHicTio (BMCH) abo KP i3 gedgiuutom cucremu
penapaduii nomunkoso cnapeHux Hykneotugis (OPMNCH),
renatouentonsipHoi kapumHomu (FUK), paky ctpaBoxoay
(PC), paky wnyHka (PLU). HiBonymab cxBanenui gns
nikysaHHss BMCH a6o OPMNCH metactatnyHoro KP, LK,
PC, PW Ta paky cTpaBOXigHO-LUMYHKOBOrO 3'€AHaHHS
(PCWS3). Ininimymab y kombiHauii 3 HiBonymabom 3a-
cTocoByeTbCA Ansa nikyBaHHss BMCH a6o OPMNCH, meta-
cratnyHoro KP Ta UK. IKT y noegHaHHi 3 ximioTe-
panielo  3aCTOCOBYKOTbCA Y Nepuin niHii Tepanii npu
meTtactatnyHomy PLU Ta BMCH a6o OPICH KP [2, 3].

OpHak kniHivHa edekTnBHICTE MoHoTepanii IKT 3anu-
LaeTbCsl HU3bKOW. [ONns nogonaHHsA LbOro OBMEXEeHHS
NPOBOAATLCA AOCNIMKEHHS, B SKMX iMyHOTepanito noea-
HYIOTb 3 iHLWIWMW MeTo4aMu MPOTUNYXIIMHHOMO MiKyBaH-
Hsi. Pesynerat 6aratbox AocnigXeHb 3acBigyytoTb, LUO
npomeHeBa Tepania (MT) mMoxe akTuByBaTU CUCTEMHY
NPOTUNYXIIMHHY iIMYHHY BigMNOBiAb LUNSIXOM 36iNnblIEeHHS
BMBIMbHEHHS NYyXMMHOACOLNOBaHUX aHTUreHiB, iHOYKY-
BaHHAM iMyHOTeHHOI 3armbeni nyxnuMHHUX KNiTUH Ta Mo-
AentoBaHHAM NyXnuMHHOro MikpootodeHHs (MMO) [4-9].
Lle pae Baromi nigctaBu ana noegHanHa MT Ta IKT.
OcTaHHIMKM poKamMu BiAMIYEHO LUBUAKE 3POCTaHHSA KiNnb-
KOCTi JocnigXeHb i3 3acTOCyBaHHAM LbOro KoMbGiHOBa-
Horo nigxogy. B ormsgi npoaHanizoBaHo pesynbratu
KNiHiYHUX BuUNpoOyBaHb KOMOGiHaUii imyHoTepanii IKT

which is «Grounding of the choice of resection or
ablation treatment of colorectal cancer metastases in
the liver, taking into account the systemic inflammation
predictors», state registration No: 0120U103301, applied,
period for performance: 2021-2023, led by Head of
Radiation Immunology Laboratory, Candidate of Medical
Science P.P. Sorochan.

INTRODUCTION

Malignant tumors of the gastrointestinal tract (GIT)
are a heterogeneous group of cancers with different
epidemiology, histology, clinical course, and prognosis.
The esophagus, stomach, colon, liver and pancreas
are the most commonly affected organs. Worldwide,
gastrointestinal cancer accounts for more than a quarter
of all cancer cases and a third of cancer deaths. [1].
Despite advances in the diagnosis and treatment of
gastrointestinal malignancies, the prognosis remains
unfavorable. To improve the results of gastrointestinal
cancer treatment, there is a need to develop new
therapeutic strategies. Given the protective role of the
immune system in the onset and progression of cancer,
immunotherapy has become an important area of
research in the complex treatment of cancer in recent
decades. A significant achievement in the immuno-
therapy of cancer was the discovery of immune check-
point proteins, which are effective inhibitors of the
immune response. Immune checkpoint inhibitors (ICls)
are successfully used in patients with metastatic mela-
noma, renal cell carcinoma, head and neck cancer
and non-small cell lung cancer. Gastrointestinal malig-
nancies show a lower response rate to ICls than other
solid tumors. Nevertheless, ICls have been approved
for the treatment of some gastrointestinal tumors.

Pembrolizumab was approved for the treatment
of colorectal cancer (CRC) with high microsatellite insta-
bility (MSI-H) or CRC with a mismatch repair deficient
(dMMR), hepatocellular carcinoma (HCC), esophageal
cancer (EC), and gastric cancer (GC). Nivolumab is
approved for the treatment of MSI-H or dMMR meta-
static CRC, HCC, EC, GC and esophageal-gastric
junction cancer (EGJC). Ipilimumab in combination with
nivolumab is used for the treatment of MSI-H or dMMR
metastatic CRC and HCC. ICIs in combination with
chemotherapy are used in the first line of therapy for
metastatic GC and MSI-H or dMMR CRC [2, 3].

However, the clinical effectiveness of ICls mono-
therapy remains low. To overcome this limitation, studies
are being conducted in which immunotherapy is com-
bined with other anticancer treatments. The results
of many studies show that radiation therapy (RT) can
activate the systemic antitumor immune response by
increasing the release of tumor-associated antigens,
inducing immunogenic tumor cell death, and modeling
the tumor microenvironment (TME) [4-9]. This provides
good reasons for combining RT and ICls. In recent years,
there has been a rapid growth in research using this
combined approach. The review analyzes the results
of clinical trials of the combination of immunotherapy
with ICls and RT in gastrointestinal malignancies.
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Ta MT npyv 3MN0SKICHUX HOBOYTBOPEHHSAX LUNYHKOBO-
KMLLKOBOIO TPaKTYy.

MeTta po60OTM — BUCBITNINTM OCTaHHI [OCSArHEHHS
y ranysi KOMOGIHOBAHOrO 3acToCyBaHHsSI iMyHoTepanii
IKT Tta MNT npu 3n0siKiCHUX HOBOYTBOPEHHSAX LUNYHKOBO-
KMLLKOBOIO TPaKTYy.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Mowyk gaHnx Ans ornsgy NpoBOAWMW 3 BUKOPUC-
TaHHAM 6a3 gaHux PubMed, Scopus, Google Sholar ta
ClinicalTrials.gov. NpoaHanizoBaHo Ta cMcTeMaTu3oBaHO
AaHi pobit, ony6nikoBaHunx y 2013-2023 pokax.

MpomeHeBa Tepanis Ta iHriGiTopu

iMYHHMX KOHTPOABHUX TOYOK: N€pPEeAyMOBU

AASl KOMBIHOBOHOTIO 30CTOCYBAHHS

MowkomkeHHs [IHK € oCHOBHMM MexaHi3amoM, 3aBasi-
kn skomy T Buknukae 3arnbenb MyXIUHHUX KiTUH.
Pa3zom 3 Tm, B OCTaHHi OecAaTupivdst Hakonu4yeHi ceig-
YeHHs1 iMyHoMogayntorunx edekTiB MT, ki MoXyTb ByTu
CUHepriYHMMmM 3 iMyHoTepanieto [4-9].

BuBInNbHEHHS aHTUrEHIB, iIMyHOreHHa 3armbenb KniTuH
(I8K), pemogentoBaHHA MYXNMHHOMO MIKPOOTOYEHHS,
iHgykoBaHi [T, € BaxnuBMMK npouecamu, 3agistHUMU
B akTuBaLii MpoTUNYXMMHHOI iMyHHOT Bignosigi [4-9].
BuknukaHna MT 3arnbenes kNiTMH MOXe akTUByBaTW aaarn-
TUBHI IMYHHI BIignoBigi Ha cneuniyHi aHTUreHu, Lo
ekcnpecytoTbes 3armbnumm knitnHamu. Mpu 13K BUBInb-
HAIOTbCS acouioBaHi i3 YLWKOAXKEHHAM MOMEeKynsapHi
natepHn (DAMPS), Taki sk 6inku TEnnoBOro LUOKY
(HSP70, HSP90), Ginok rpynu Bucokoi pyxnueocTi B1
(HMGB1), AT®, kanbpeTukyniH, aHekcuH A1 Ta iHLi.
Lli monekynu iHOYKYylOTb [03piBaHHA Ta akTuBaLilo
AHTUIEHNPE3EHTYYMX KIITUH, CMPUSIIOTb MOTMHAHHIO
aHTUreHy, WO NpUBOAWTL A0 MpaMMiHry LMUTOTOKCKY-
HUX T-nimcpoumnTiB Ta iHidiauii NPOTUNYXNUHHOT IMYH-
HoT Bignoseigi [5, 6].

MoKpalleHHI0 po3ni3HaBaHHSA MNYXIMHHUX aHTUreHIiB
crpusie iHAyKUis ekcnpecii MOnekyn rorfioBHOrO KOMIM-
nekcy rictocymicHocTi ([KI) | knacy Ha noBepxHi nyx-
nuHHUX  knitTmH 3a  gii MT. TopyweHHs npe3seHTauii
aHTureHiB monekynamum Kl | knacy TicHo nos’a3aHo 3 pe-
3UCTEHTHICTIO Ao imyHoTepanii. 3a gaHummn Wang et al. [7],
MT cnpusie nogonaHH Pe3nCTEHTHOCTI Ao iMyHoTepanil
aHTK-PD1-aHTuTinammn wnaxom nigBULLEHHST eKCMpecii
monekyn [KI™ | knacy.

Baromy ponb y iMyHHIA akTuBaLii BigirpatoTb iMyHO-
CTUMYIOKOYiI MONEKYNU.

BuBinbHeHa npu pagiauiiHo-iHoyKoBaHiA 3arvbeni
knituH OHK wmoxe aktusyBatu UIAC-CIl (umkniyHa
M®-AM®-cuHTaza — CTUMYNATOP reHiB iHTepdepoHy)
Wnsx, Wo npuBoauTb A0 iHAYKLUii iHTepdepoHiB (IPH)
I Tuny [8]. I®H | Tuny 3anyyeHi OO0 pekpyTuHry Ta
aktmeauii edektopHoi  yHkuii CD8+-T-knituH  [9],
cnpustoTb aktmauii NK-knituH [10], OK [11] Ta 6GnokytoTb
CynpecopHy aKTUBHICTb CYMpPecOopHUX KNiTWUH Mienoig-
Horo noxomkeHHst (CKMIM) wopo CD8+-T-knituH [12].

CTBOpeHHs XeMokiHoBOro cepegosuwa 3a Aaii MT
cnpusie T-kNiTUHHIN iHinbTpauii nyxnuH [13]. PiBeHb
T-KNiTUHHOT iHQINbTpaUii, Ak 3a3Ha4yaloTb, MO3UTUBHO
Kopentoe 3 Bignosigato Ha IKT [14].

Mopsa 3 imyHocTUMyntotoumMMu edbektamu, IMT cnpu-
YMHSIE IMYHOCYMNPECUBHY A0 32 paxyHOK, FONOBHUM Y-
HOM, iMyHOCYNpecuBHMX HaKTOpIiB Yy MYXIMHHOMY MiKpO-

Purpose — to highlight the latest achievements in
the field of combined use of immunotherapy with ICls and
RT in malignant neoplasms of the gastrointestinal tract.

MATERIALS AND METHODS

Data searches for the review were conducted using
PubMed, Scopus, Google Scholar, and ClinicalTrials.gov
databases. The data of works published in 2013-2023
were analyzed and systematized.

Radiotherapy and immune
checkpoint inhibitors:
prerequisites for combined using

DNA damage is the main mechanism by which RT
causes tumor cell death. At the same time, in recent
decades, evidence has been accumulated of the
immunomodulatory effects of RT, which may be syner-
gistic with immunotherapy [4-9].

Antigen release, immunogenic cell death (ICD),
and tumor microenvironment remodeling induced by RT
are important processes involved in the activation of
the antitumor immune response [4-9]. Radiation-induced
cell death can activate adaptive immune responses to
specific antigens expressed by dead cells. In the case of
ICD, damage-associated molecular patterns (DAMPs),
such as heat shock proteins (HSP70, HSP90), high
mobility group protein B1 (HMGB1), ATP, calreticulin,
annexin A1, and others are released. These molecules
induce the maturation and activation of antigen-pre-
senting cells, promote antigen uptake, which leads
to priming of cytotoxic T lymphocytes and initiation of
an antitumor immune response [5, 6].

Improved recognition of tumor antigens is facilitated
by induction of major histocompatibility complex (MHC)
class | molecules expression on the surface of tumor
cells under the influence of RT. Impaired presentation
of antigens by class | MHC molecules is closely asso-
ciated with resistance to immunotherapy. According
to Wang et al. [7], RT contributes to the reversal of
resistance to immunotherapy with anti-PD1 antibodies
by increasing the expression of class | MHC molecules.

In immune response there is a significant role of
immunostimulatory molecules. The DNA released
during radiation-induced cell death can activate the
cGMP-STING (cyclic GMP-AMP synthase — stimulator
of interferon genes) pathway, which leads to the induction
of type | interferons (IFNs) [8]. Type | IFNs are involved
in the recruitment of CD8+-T-cells and activation of
their effector function [9], promote the activation of
NK cells [10], DCs [11], and block the suppressive
activity of myeloid-derived suppressor cells (MDSCs)
against CD8+-T-cells [12].

The creation of a chemokine environment under the
influence of RT promotes T-cell infiltration of tumors [13].
The level of T-cell infiltration has been shown to be
positively correlated with the response to ICls [14].

Along with immunostimulatory effects, RT has
an immunosuppressive effects, mainly due to immuno-
suppressive factors in the tumor microenvironment,
including regulatory T-cells (Tregs), MDSCs, M2 tumor-
associated macrophages, N2 neutrophils, as well as
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OTOYEHHI, BKIOYaun perynatopHi  T-knituHm (Tper),
CYNpPEeCcOopHi KNiTUHW MIeNoigHOro noxomkeHHsi, M2 nyx-
nuHoacoLuinoBaHi makpodarn, N2 HenTpodinu, a Takox
LWASIXOM  BUBINIbHEHHSI  iIMYHOCYMNPECUBHUX  LIUTOKIHIB
Ta xeMokiHiB [15]. 3acTocyBaHHsi kOMBiHOBaHOro niaxony
MOXE CrpUsSTU OOMEXEHHIO iIMyHOCYNpecuBHMX edek-
TiB MT. Ha mogeni paky nereHiB nNpogeMOHCTPOBaHO,
wo noegaHHa MT ta aHTU-PD-L1 aHTUTIN 3meHLyBano
iHpinbTpauito CKMIM  Ta iHgykoBaHux Tper (iTper)
i cTumyntoBano iHginsTpadito CD8+-T-kNiTWH, Wo cnpu-
SN0 MOKPALLEHHIO NPOTUMYXIUHHOMO iMyHiTETY. KOMGiHO-
BaHa Tepanis cnpaensna 3HayHo OinbluiA  BNNUB
Ha HakonuyeHHs CKMIT Tta iTper, NOpiBHSAHO 3 iMyHO-
Tepanieto IKT [16]. MT y noegHaHHi 3 6nokagow PD-L1
CyTTEBO 3MeHwWyBanu kinbkicte CKMIM y muwen 3 kap-
LMHOMOK TOBCTOI Kuwkum MC38 [17]. BBaxatoTb, WO
KombiHOBaHa Tepanisi BiOHOBMIOE aKTUBHICTb LUTOTOK-
CUYHUX T-KNiTWH, Wo npmBoguTb A0 eniMiHauii CKMI
y NyxnunHax, OnocepenKoBaHO NpodyKoBaHUM T-KMiTu-
HaMun paKTOpPOM HEKPO3Y MyXIWH.

IMyHOCynpecii cnpusie iHOykoBaHa OMNPOMIHEHHAM
ekcnpecist GinkiB iIMyHHUX KOHTpOrbHMX Tovok. Micna MT
KOHCTaTyBanu 3pocTaHHA ekcnpecii PD-L1  monekyn
Ha MOBEpPXHi NyXNMHHUX KNITUH Ta PD-1 Ha iHinsTpyto-
ynx nyxnumHy CD8+-T-kniTuHax y muiien 3 kapumHOMOLo
TOBCTOI knwkm [17]. MigBuweHHs Bigcotka PD-1+-T-kni-
TWH 3apeecTpoBaHoO Yy 3pa3kax NyXnuH, OTPUMaHKX y na-
UieHTiB 3 pe3ekTabenbHOK MNPOTOKOBOKW ajeHOoKapLm-
Homoto nigwnyHkoBoi 3anosu (MAM3), aki oTpumyBanu
nepegonepaduinHy ctepeotakcuyHy MNT (CIT) [18]. Takum
ynHomMm, iHaykosaHa [T perynsuisa PD-L1 npu3sogutb
00  (OopMyBaHHS iIMYHOCYNPECUBHOIO MIKPOOTOYEHHS
NyXnuHK, Wwo, 3 ogHoro 6oky, noripwye edekTuBHicTb MMT,
a 3 gpyroro — pobutb 3aKOHOMIpHUM BUkopucTaHHs IKT
Ons nogonaHHs peancteHTHocTi go [MT.

IMyHOTepanis Moxe TakoX MoKpallyBaTu pagiovyT-
NUBICTb, CNPUSIIOYM 3MEHLLEHHIO TMOKCIT LUMASIXOM HOp-
Manisauii ¢yHkUioHyBaHHS cyauH. Ha mopgensx paky
rPyAHO! 3aro3n Ta TOBCTOI KMLUKM MOKa3aHO NOKpalleH-
HA nepdysii, ke KopentoBano 3 NPOTUMNYXIIMHHOK edek-
TUBHICTIO Npu npoBeadeHHi aHTn-PD-1 Tta aHTU-CTLA-4
Tepanii [19]. Y Hopmanisauii ¢yHKUiOHYBaHHsS KpOBO-
HOCHUX CyaWH BaXINUBY PpoOnb MOXe BidirpaBatu iHOY-
koBaHa IKT npopgykuis iHTepdepoHy y CD4+/CD8+-T-
knitnHamu [20].

Ha KopuCTb NOCWUMEHHSI MPOTUMNYXIMHHOIO iIMYHITETY
npu koMGiHOBaHiM Tepanii ceigyaTb AaHi LWOAO uYacTi-
LIOro BMHUKHEHHs abckonanbHoi Bianosigi, konu IKT
noeaHytoTb 3 MT. 3a BUCHOBKaMW CUCTEMATUYHOIO OFfIsi-
4y, skuin Bknoyvae 16 gocnimkeHb, 0o sikux Byno 3any-
YeHo 3aranom 451 xBoporo Ha MeTacTaTuyHy MenaHomy,
ski otpumysanu MT T1a ininimymab, MegiaHa 4acTtoTu
abckonanbHux edekTiB cTaHoBuna 26,5% (10-63%).
Y 5 i3 16 pgocnigxeHb nauieHTn oTpuMyBanu nikyBaHHs
3a JOCNIAHULBLKMMU NPOTOKONaMu i cnocrepiranucst npo-
cnekTtuBHo [21]. O6’eagHaHuU aHani3 ABOX KMiHIYHMX A0-
cnigpxeHb y xBopux Ha HOKPJ1, aki oTpumyBanu Tepanito
IKT nokasaB, wo gogasaHHa [T go imyHoTepanii cyTTe-
BO nigBuLlyBano 4actoty ob’ektuBHoi Bignosiai (YOB)
HEOnpoOMIHEHNX YpaXeHb i acouiloBanocsa 3i 3Ha4YHUM
noKpaLLeHHAM BuxmBaHoCTi 6e3 nporpecyBaHHs (BBIM)
Ta 3aranbHoi BwxkmBaHocTi (3B) [22]. A6ckonanbHi
edektn, iHoykoBaHi nuwe [T, € pigkicHum aBuLEeMm.
B nepiog 3 1969 no 2014 pik 6yno 3apeecTpoBaHO
nuwe 46 sunagkie abckonansHUx edbexTis [23].

through the release of immunosuppressive cytokines
and chemokines [15]. The use of a combined approach
may help to limit the immunosuppressive effects of RT.
In a lung cancer model, it was demonstrated that the
combination of RT and anti-PD-L1 antibodies reduced
the infiltration of MDSCs and induced Tregs (iTregs)
and stimulated the infiltration of CD8+-T-cells, which
contributed to the improvement of antitumor immunity.
The combined therapy had a significantly greater
effect on the accumulation of MDSCs and iTregs
compared to immunotherapy with ICls [16]. RT combined
with PD-L1 blockade significantly reduced the number
of MDSCs in mice with MC38 colon carcinoma [17].
It is believed that the combined therapy restores the
activity of cytotoxic T-cells, which leads to the elimi-
nation of MDSCs in tumors, mediated by T-cell-derived
tumor necrosis factor.

Immunosuppression is assisted by radiation-induced
expression of immune checkpoint proteins. After RT,
an increase in PD-L1 molecules expression on the
surface of tumor cells and PD-1 on tumor-infiltrating
CD8+-T-cells was observed in mice with colon carci-
noma [17]. An increase in the percentage of
PD-1+-T-cells was reported in tumor samples obtained
from patients with resectable pancreatic ductal adeno-
carcinoma (PDAC) who received preoperative stereo-
tactic radiotherapy (SRT) [18]. Thus, the upregulation
of PD-L1 induced by RT leads to the formation of
an immunosuppressive tumor microenvironment, which,
on the one hand, worsens the effectiveness of RT,
and on the other hand, makes it natural to use ICls
to overcome RT resistance.

Immunotherapy can also improve radiosensitivity
by helping to reduce hypoxia by normalizing vascular
function. In models of breast and colon cancer, improved
perfusion, which correlated with antitumor efficacy,
was shown with anti-PD-1 and anti-CTLA-4 therapy [19].
The ICls-induced production of interferon-y by
CD4+/CD8+-T-cells may play an important role in the
normalization of blood vessel function [20].

The enhancement of antitumor immunity in combined
therapy is supported by data on the more frequent
occurrence of an abscopal response when ICls are
combined with RT. According to a systematic review
of 16 trials involving a total of 451 patients with meta-
static melanoma treated with RT and ipilimumab, the
median abscopal effect incidence rate was 26.5%
(10-63%). In 5 of the 16 studies, patients were treated
according to research protocols and were followed
prospectively [21]. A pooled analysis of two clinical trials
in patients with NSCLC treated with ICls showed that
the addition of RT to immunotherapy significantly
increased the objective response rate (ORR) of unirra-
diated lesions and was associated with a significant
improvement in progression-free survival (PFS) and
overall survival (OS) [22]. Abscopal effects induced by
RT alone are rare. Between 1969 and 2014, only 46 cases
of abscopal effects were reported [23]. In a preclinical
study, it was also found that the use of combination
therapy promotes the formation of immunological
memory [15]. No sustained antitumor immune effects
were observed with RT alone, whereas the combination
of RT with PD-1/PD-L1 inhibitors induced an increase
in memory CD8+-T-cells, leading to long-term immune
memory effects.
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Y npekniHiyHOMYy pocnigkeHHi 6yno 3'sicoBaHo
TaKOX, LU0 3acToCyBaHHs kOMGIHOBaHOI Tepanii cnpusie
dopmMyBaHHI0 iMyHonoriyHoi nam’ati [15]. Mpun npose-
genHi nuwe TT He cnocTtepiranu CTIKMX NPOTUMYX-
NVHHMX IMYHHUX edekTiB, ToAi sK kombGiHauis MT
3 PD-1/PD-L1 iHribiTopamu  iHOyKye  36inbLUeHHsI
CD8+-T-kniTMH nam’siTi, WO npu3BOAUTb OO AOBrOTpU-
Banux edekTiB iMyHHOT Nam’ATi.

Pak cTpaBoxoAy

Pak cTtpaBoxoagy nocigae cboMe Micue 3a piBHEM
3aXBOPIOBAHOCTI | € LUOCTOK OCHOBHOK MPUYMHOD
CMepTHOCTI Big paky B ycbomy cBiTi [24]. lNMnockokni-
TMHHa kapumHoma cTpaBoxogy (MKKC) ta ageHokapuwm-
Homa cTpaBoxogy (AKC) € aBoma OCHOBHUMMW TiCTO-
noriyHnmmn nigtunamu PC, aki MaloTb BiAMiHHI enigemio-
noriyHi  Ta KniHiYHi  ocobnmeocTi. HainowwupeHiwnm
nigtunom PC € MNMKKC, Ha akun npunagae 80% Bunagkis
[25]. MporHo3 npu PC 3anuwaetbcs HecnpuatinemMMm
i3 3aranbHO M'ATUPIYHO BUXMBaAHICTIO 6rnnsko 20% [26].
Y 3B’A3Ky 3 LIMM 3anuLlaeTbesl HaransHa notpeba B HOBMX
MeTofax nNiKyBaHHS, SKi MOKpallyloTb pesynsratn Ta
AKICTb XUTTA nauieHTiB. IMyHoTepania IKT Ta ii noega-
HaHHs 3 TPaguUiNHMMK NPOTUNYXIIMHHUMKU MeTogamu
nikyBaHHA 3HaXoAATLCS Y POKYCi yBaru y xsopux Ha PC.

3a paHumMun MeTa-aHanidy Yuan et al., Anga nauieHTiB
3 pesektabenbHuMm PC Heoan'toBaHTHa XimionpomeHeBa
Tepanisa (HXMT) 3 xipypriyHum BTpyYaHHsIM € onTMMarib-
HAM MeToAOM nikyBaHHA [27]. 3 MeETOK MNOKpalLeHHS
BiQMNOBIAI Ha NiKyBaHHA Yy LUX XBOPWUX NPOBOAATLCHA Kni-
HiYHi BUNpobyBaHHS, y sknx HXMT noegHyeTbes 3 iMyHO-
Tepanieto |IKT. Y pocnigxeHHi Ib ¢asm PALACE-1
BrnepLle npoAeMOHCTpoBaHO 6e3neyHicTb nepegonepa-
UiHOro 3actocyBaHHs nembponidymaby y noeaHaHHi
3 XMT Ta noganblyM XipypriyHMM  BTPYYaHHSM.
20 xBopum Ha MicueBo-nowmpeny MNMKKC 6yna ycniwHo
npoBefeHa Heoag'loBaHTHA Teparis, 3a BUHATKOM
OOHOro MauieHTa, SKMA He OTpMMaB OCTaHHIO 03y
ximioTepanii y 3B’si3ky 3 nenkoneHrieto. MobivHi edekTn
(NME) 3—4 ctyneHa cnoctepiranuca y 65% XxBopux.
Hanvactiwmm TE 3 cTtyneHsa ©Oyna nimdoneHis.
BicimHagusTe nauieHTiB O6ynu npoonepoBaHi BNpoaoBX
4-9 TWXHIB nicna nepegonepauinHoi Tepanii i Yyactota
noBHoi natomopdornoriyHoi  Bignosigi (MMNB) cknana
55,6% [28]. Ona nigTBepmXeHHs edEKTUBHOCTI IiKy-
BaHHA MpoBoAMTbCA OaraToUEHTPOBE  OOCHIAKEHHS
Il chasn PALACE-2 [29].

Y pocnigxerHi Il dpasn PERFECT xBopi Ha pesekTa-
6enbHy AKC otpumysanu HXIMT y kombGiHauii 3 ate3o-
nisymabom [30]. 13 40 nauieHTiB 34 (85%) 3aBeplumnnu
BCi UMKNKU iMyHoTepanii artesonizymabom. [puynHamm
nponycky Oyab-sKOro Lukny Oynu ayToiMyHHa TOKCUY-
HicTb (n = 3), NporpecyBaHHSA 3axBOPKOBaHHA (N = 2)
i cmepTb (N = 1). YacToTa pesekuii RO ctaHosuna 100%
(n = 33). MMNB cnoctepiranacsa y 30% (10/33) pesekTo-
BaHMX nauieHTiB. Megiana 3B crtaHoBuMna 29,7 wmic.,
a megiaHa BBl — 19,4 wmic. WictHaguate nauieHTiB (40%)
manu MNE 3-ro cTyneHs, ski nepeBa)kHO BUHMKanM nig 4ac
nposeaeHHa HXIMT y noegHaHHi 3 IKT. CepriosHi TME,
Lo npu3senu Ao rocnitanisauii abo cmepTi, cnocTepira-
nuca y 13 nauienTis (33%) [30].

OTpumaHo pesynbrat 3actocyBaHHs IKT y nepi-
onepauinHmn  nepiog [31, 32]. Y npocnekTuBHOMY
pocnigxeHHi 1l da3n 3a yvacti 28 xBopux Ha MicueBo-
nowwnpeHy NKKC ouiHeHO edeKTUBHICTb i TOKCUYHICTb
HXMNT y noegHaHHi 3 nepionepauiiHol Tepanieto

Esophageal cancer

Esophageal cancer is the seventh in terms of
incidence and is the sixth leading cause of cancer-
related deaths worldwide [24]. Esophageal squamous
cell carcinoma (ESCC) and esophageal adenocarci-
noma (EAC) are the two main histologic subtypes
of EC with distinct epidemiologic and clinical features.
The most common subtype of EC is ESCC, which
accounts for 80% of cases [25]. The prognosis of EC
remains unfavorable with an overall five-year survival
rate of about 20% [26]. Therefore, there is an urgent
need for new treatments that will improve patient
outcomes and quality of life. Immunotherapy with ICls
and its combination with traditional antitumor therapies
are in the focus of attention in patients with EC.

According to a meta-analysis by Yuan et al. for pati-
ents with resectable EC, neoadjuvant chemoradio-
therapy (NCRT) with surgery is the optimal treatment [27].
In order to improve the response to treatment in these
patients, clinical trials are being conducted in which
NCRT is combined with ICls. The phase Ib trial
PALACE-1 was the first to demonstrate the safety
of preoperative pembrolizumab in combination with
NCRT and subsequent surgery. 20 patients with locally
advanced ESCC were successfully treated with neo-
adjuvant therapy, except for 1 patient who did not
receive the last dose of chemotherapy due to leuko-
penia. Grade 3—4 adverse events (AEs) were observed
in 65% of patients. The most common grade 3 AE was
lymphopenia. Eighteen patients underwent surgery within
4-9 weeks after preoperative therapy and the patho-
logic complete response (pCR) rate was 55.6% [28].
To confirm the effectiveness of the treatment, a multi-
center phase Il trial, PALACE-2, is underway [29].

In the phase Il PERFECT trial, patients with resec-
table EAC received NCRT in combination with atezo-
lizumab [30]. Out of 40 patients, 34 (85%) completed
all cycles of atezolizumab immunotherapy. The reasons
for missing any cycle were autoimmune toxicity (n = 3),
disease progression (n = 2), and death (n = 1). The RO
resection rate was 100% (n=33). In 30% (10/33) of
resected patients pCR was observed. The median OS
was 29.7 months and the median PFS was 19.4 months.
Sixteen patients (40%) had grade 3—4 AEs, which mainly
occurred during NCRT in combination with ICls. Serious
AEs that led to hospitalization or death were observed
in 13 patients (33%) [30].

The results of ICIs using in the perioperative period
have been obtained [31, 32]. In a prospective phase
Il study involving 28 patients with locally advanced
ESCC, the efficacy and toxicity of NCRT in combination
with  perioperative pembrolizumab therapy were
evaluated [31]. Surgical resection was performed in 26
of 28 patients, 2 patients died due to acute lung
injury after surgery. The rate of pCR was 46.1%, and the
overall survival (OS) rates at 6 months and 12 months
were 89.3 and 82.1%, respectively. The most common
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nemb6ponizymabom [31]. XipypriyHa pe3ekuis 6yna Buko-
HaHa y 26 3 28 nauieHTiB, 2 NauieHTM nomepnu vepes
rocTpe nMOLUKOMKEHHA nereHb nicns onepauii. Yac-
Tota [MNB craHoBuMna 46,1%, 3aranbHa BWXMBaHICTb
yepes 6 i 12 mic. 6yna 89,3 i 82,1%, BignosigHo. Han-
nowwmpeHiwnmm ME noe’s3aHMMKM i3 nikyBaHHSM, Gynu
HenTponeHia (50%) Ta nigBuLLEHHS piBHIB (hepMeHTiB
neviHkn (30,8%). EdekTnBHICTE Ta NPURHATHA TOKCUY-
HicTb KOMOiHauii nepionepauiiHOro 3acTocyBaHHS Nem-
G6ponisymaby Ta HXMT npogeMoHCTpoBaHa TaKoX
B gocnigxeHHi Il pasn PROCEED y xBopux Ha MicueBo-
nowmpeHy pesektabensHy AKC abo ageHokapLMHOMY
wnyHka (AKW) [32]. Heoap'toBaHTHY Tepaniio oTpu-
manu 28 i3 32 nauieHTiB, sikum Oyno npoBeaeHo
xipypriuHy pesekuito. ¥ 10/28 (35,7%) nauieHTiB 6yno
pocsarHyto [MMNB. TokcuuHicTe = 3 cTyneHs, NoB’s3aHy
3 Heoaa'toBaHTHOW Tepanieto crnoctepiranu y 18 nauieH-
TiB i 3yMOBReHy xipypriyHum BTpy4aHHAM —y 10 XxBopuX.

Y xBopux Ha pesektabenbHuii PC i3 BUCOKMM pu3u-
kom peumaumsy nicna HXMT Ta xipypriyHOro BTpy4aHHSA
nposedeHo AocnigxeHHsa, B akux IKT 3acTtocoByBanu
y SKOCTi ag’toBaHTHOI Tepanii [33-35].

Y paHpomizoBaHoMy, MnofgiiHOMy criinomy, GaraTto-
ueHTpoBoMy gocnigkeHHi Il pa3n CheckMate-577 B3anu
yyactb 1085 xBopux Ha PC abo Ha pak cTpaBOXiaHO-
wnyHkoBoro nepexogy (PCLUM), y skmx He 6yno 3ape-
ectpoBaHo [MB nicns HXMT [33]. MauieHTn 6ynu
paHaoMi3oBaHi y chniBBigHOWEHHI 2:1 Ang OTpUMMaHHA
ag’toBaHTHOro Hisonymaby abo nnauebo. MegiaHa 6es-
peunansHoi BumxmBaHocTi (BPB) crtaHoBuna 22,4 wmic.
ans 532 nauieHTis, siki oTpumyBanu Hisonymao, i 11,0 mic.
ans 262  naudieHTiB  rpynn  nnaue6o. [Mos’si3aHi
3 nikyBaHHaM [ME 3-ro abo 4-ro cTyneHsi cnocTepiranu
y 6% xBopux y rpyni nnaue6o i 13% nauieHTiB, SKi
oTpumyBanu HiBonymab. Kpawii pesynsratu Big 3acTo-
CyBaHHsl HiBonymaby Oynu [JocsirHyTi y XBOpUX Ha
MKKC (29,7 npotn 11,0 mic.), nopiBHAHO 3 nauieHTamu
3 AKC (19,4 npotu 11,1 mic.) [33].

Y HeBenuvkomy NpPOCMEeKTUBHOMY KMiHiYHOMY Adocnig-
xeHHi Il da3m 3a yyacTti 37 xBOopux Ha MicueBO-NoOLLK-
peHy AKC abo AKCLUM, y sikux He Oyno AOCArHyTO
MrNB nicna TpumoganbHOi Tepanii, nicnsonepadinHe
nikyBaHHs aHTU-PD-L1 npenapatom pgypsanymabom
nokpatlysano ogHopiyHy BPB, nopiBHAHO 3 iCTOpUYHUM
koHTponewm [34]. OgHopiyHa BPB ctaHoBuna 73% 3 me-
piaHoto BPB — 21 wmic., asopiyHa BEPB crtaHoBuna 50%
3 mepgiaHoo BPB 21 wmic. IMmyHoonocepenkoBaHi [E
3 cryneHs possuBanuca y 8,1% nauieHTiB. BigmivyeHo
TEHAOEHUil0 [0 nokpalleHHs nokasHukis BEPB T1a 3B
y nauieHTiB 3 PD-L1-no3uTnBHUM 3axBoptoBaHHAM. Buiia
yactka M2 wmakpodpariB Ta CD4+-akTmBOBaHUX-T-1iM-
douunTiB nam’aTi acouitoBanmcs 3 6inbw gosroto EPB.

B Ton xe vac y gocnigxkenHi Park et al., sike 6yno
nnaue60-KOHTPONbOBAHMM, pPaHOOMI30BaHUM, MOABIN-
HUM CRiNMM KNiHiYHUM gocnimxkeHHsaMm |l dasm (n = 86),
He BUWSBMEHO CTaTUCTUYHO 3Hauywoi pisHuui BPB
Ta 3B wmix rpynoto xsopux Ha lMKKC, dka oTpumyBana
ag’toBaHTHy Tepanito  gypsanymabom nicns HXMAT
Ta Xipypri4yHoro nikysaHHs, i rpynoto nnauebo [35].

Cepeal MOXNMBUX NPUYMH PO3BiKHOCTEW pe3ynbTaTiB
pocnigpkeHb CheckMate 577 Ta Park et al. Ha3uBatoTb
BIOMIHHOCTI FICTOMOrYHUX TUMIB NYXNUH XBOPUX, PEXU-
MiB Heoaa'toBaHTHOI XiMmioTepanii, 3aCTOCyBaHHS Pi3HUX
iHridiTopie  PD1/PDL1 wnsxy [36]. CheckMate 577
He BKMYano nauieHTiB, Aki gocarnu MIMNB nicna one-
pauii, a no pocnimkeHHs Park et al. 6ynu 3any4yeHi

treatment-related AEs were neutropenia (50%) and
elevated liver enzymes levels (30.8%). The efficacy
and acceptable toxicity of the combination of periopera-
tive pembrolizumab and NCRT was also demonstrated
in the phase Il PROCEED trial in patients with locally
advanced resectable EAC or gastric adenocarcinoma
(GAC) [32]. Neoadjuvant therapy was used in 28 of 32 pa-
tients who underwent surgical resection. In 10/28 (35.7%)
patients, pCR was achieved. Grade = 3 toxicity associ-
ated with neoadjuvant therapy was observed in 18 pa-
tients and due to surgery in 10 patients.

In patients with resectable EC with a high risk of
recurrence after NCRT and surgery, studies have
been conducted in which ICIs were used as adjuvant
therapy [33-35]. The randomized, double-blind, multi-
center phase Il trial CheckMate-577 enrolled 1085 pa-
tients with EC or esophageal-gastric junction cancer
(EGJC) who did not have a pCR after NCRT [33].
Patients were randomized in a 2:1 ratio to receive
adjuvant nivolumab or placebo. The median disease-
free survival (DFS) was 22.4 months for 532 patients
treated with nivolumab and 11.0 months for 262 patients
in the placebo group. Grade 3 or 4 treatment-related
AEs were observed in 6% of patients in the placebo
group and 13% of patients receiving nivolumab. Better
results from the use of nivolumab were achieved in
patients with ESCC (29.7 vs. 11.0 months) compared to
patients with EAC (19.4 vs. 11.1 months) [33].

In a small prospective phase Il clinical trial involving
37 patients with locally advanced EAC or EGJAC
who failed to achieve a pCR after trimodal therapy,
postoperative treatment with the anti-PD-L1 drug
durvalumab improved one-year DFS compared with
historical controls [34]. The one-year DFS rate was 73%
with median DFS of 21 months, and the two-year DFS
rate was 50% with median DFS of 21 months. Grade
3 immune-mediated AEs developed in 8.1% of patients.
There was a tendency to improve DFS and OS in patients
with PD-L1-positive disease. A higher proportion of
M2 macrophages and CD4 memory activated T-cells
were associated with improved DFS.

At the same time, the study by Park et al., which
was a placebo-controlled, randomized, double-blind
phase Il clinical trial (n = 86), did not find a statistically
significant difference in DFS and OS between the
group of ESCC patients treated with adjuvant durvalu-
mab after NCRT and surgery and the placebo group [35].

Among the possible reasons for the discrepancies
in the results of the CheckMate 577 and Park et al.
trials are differences in the histologic types of patients’
tumors, neoadjuvant chemotherapy regimens, and the
use of different PD1/PDL1 pathway inhibitors [36].
Checkmate577 did not include patients who achieved
pCR after surgery whereas the study by Park et al. enrolled
both pCR and non-pCR patients. The Checkmate 577
trial was also a global phase Il study with a higher
level of evidence.

In two small non-randomized trials, the combination
of RT and ICls showed safety and antitumor activity
in patients with locally advanced ESCC. In a phase
Ib study of 20 patients, the ORR reached 74% when
combining RT with camrelizumab. The median OS and
PFS were 16.7 and 11.7 months, respectively and the
OS and PFS rates at 24 months were 31.6 and 35.5%,
respectively [37]. In another phase Il study, in the
combination of RT and immunotherapy with camreli-
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nauieHTn sk 3 MMB, Tak i 6e3 MMNB. BigmivatoTb Takox
Ginbly aokasoBicTb gocnimkeHHss CheckMate 577, sike
€ GaraToueHTpoBUM gocnimkeHHsaMm |l dasm 3 Benvknm
pPO3MipoM BUGIpKN.

Y 0BOX HEBEMUKMX HEPAHAOMI30BaHMX AOCHIIKEHHAX
kombiHauis MT Ta IKT nokasana 6e3ne4vHicTb Ta NpoTu-
NYXNMHHY aKTUBHICTb Yy XBOPUX Ha MiCLEBO-NOLUNPEHY
MKKC. Y pocnigxeHHi |b ¢a3u 3a yyacti 20 nauieHTiB
UOB pocsrana 74% npv noegHanHi MT 3 kampenizyma-
oom. Mepiann 3B Ta BBI1 ctaHoBunu 16,7 ta 11,7 wmic.,
BignosigHo, a 24-mic. 3B Ta BBIl craHoBunn -—
31,6 Ta 35,5% BignosigHo [37]. B iHWOMY AocnigKeHHi
Il dpasn npu kombGiHauii MT Ta iMyHoTepanii kampenisy-
mabom y opHoro (7,1%) nauieHta 6yna gocsirHyTa nosHa
Bignosiab Ta y 13 nauieHTiB (92,9%) yacTkoBa BianNoBiab.
Mpu ubomy He cnoctepiranoca ME 3/4 crtyneHsa [38].
YeniwHe noegHanHa MT Ta IKT ctumynioBano iHTepec
0O JocnigxeHb KoMbGiHoBaHOro 3actocyBaHHsi IKT Ta
pediniTneHoi XMNT y xBopux Ha HepesekTabenbHuin PC.

Y pocnigxeHHi Ib dasn ogHoyacHe 3acToCyBaHHSA
kampenizymaby 3 XIMT y nepuii ninii Tepanii nokasano
o6Haginnuei peaynsraty [39]. 12 Ta 24 mic. 3B cknaganu
85,0 Ta 69,6%, a BBl — 80,0 Ta 65,6%, BianosigHo.
B Toi xe yac y 40% nauieHTiB cnocTtepirany cepmnosHi
ME, noB’s3aHi 3 nikyBaHHsaM. Y gocnigpxeHHi EC-CRT-001
Il pasmn 3a yyacti 42 HenikoBaHMX MaLieHTIB 3 Hepesek-
TabenbHoto [MKKC, ski otpumyBanu XIT Ta iHribitop
PD-1 Topunanimab, noBHa BignoBigb crnocTepiranaco
y 62% nauieHTiB, a ogHopiyHa BBl ta 3B cknaganu
545 T1a 78,4%, sBignosigHo. HawnnowwupeHiwnm
ME = 3 crtyneHa Oyna nimdoneHia, siky peecTpyBanu
y 86% xBopux. OOuMH nauieHT nomep Bid NMHEBMOHITY,
nos’a3aHoro 3 nikysaHHaM [40].

Y HepaBHboMy pocnigxeHHi Il dasn y 40 xBopux
Ha [KKC Bu3Havann edeKTUBHICTb MNoABiNHOI Tepanii
IKT (oypBanymab Ta Tpemenimymab) y noegHaHHI
3 gedpiHiTneHoto XIMT [41]. 24-mic. BBl Ta 3B cknaganu
57,5 Ta 75%, BignosigHo. Y rpyni icTOPU4HOrO KOHTPONIO,
saKka oTpumyBana nuvwe pedinitmeHy XMT ui nokas-
HUKN popisHioBann 44,6 ta 59,2%. MNauieHtn 3 PD-L1-
NO3UTUBHUMKU MNyXMMHAMK Manu 3HayHo poswi BBl
Ta 3B, Hix nauieHTn 3 PD-L1-HeraTMBHMMM Myxnu-
Hamu. MobivHy peakuito 4 CTyneHs peecTpyBanv nule
B OJHOIO XBOPOIO.

Y [BOX HEBENUKMX OOCNIMKEHHSAX MPOAEMOHCTPO-
BaHO BaraToobiustovy edekTUBHICTL Ta NPUAHSATHY TOK-
CUYHICTb nNpu 3actocyBaHHs IKT y sikocTi KoHconigyro4oi
iMyHOTepanii y nauieHTiB 3 MiCLEeBO-MOLUMPEHO0 Hepe-
3ektabencHoto MKKC. 3rigHo 3 pesynstatamu |l casm
pocnigxkeHHa EPOC1802 3a yyacti xBopux, ki OTpuMy-
Banun KOHcomnigoBaHy Tepanito ate3onisaymabom npoTsirom
ogHoro poky nicna gediHitueHoi XIMT, yvactota [MNB
ctaHoBuna 42,1%, mepiaHa BBl Tta 12-mic. BBl cTa-
HoBunn 3,2 mic. Ta 29,6% BignosiaHo, a mepiaHa 3B
Ta 12-mic. 3B gopisHioBanu 31,0 mic. Ta 65,8%, Bigno-
BigHo. [MauieHTn 3 TIMB manu [JOCTOBIPHO BULLNIA
piBeHb iHINbTpytoumx nyxnuHy CD8+-T-knituH Ta
PD-1+CD8+-T-kniTuH go noyatky XIT, Hix xBopi 6e3
MMB (p = 0,0002 ta p = 0,0020, BignosigHo) [42].
B iHwomy pocnigxeHHi 3a yyacTi 12 XBOpuWX, SIKUM
NnpoBOAMMM KOHCONIgOBaHy Tepanito kampenizymatom,
peectpyBanu crabinisauito 3axBoptoBaHHS Yy 11 XBOpUX
Ta nNporpecyBaHHs XBopobW Yy OAHOro MauieHTa.
ME 3-4 cTyneHs He 6ynu BusiBreHi [43].

Tepania IKT y noegHaHHi 3 ximioTepanieto € edek-
TMBHOI CTparterielo y nikyBaHHi NOLWMPEHOoi KapunHOMM

zumab, 1 (7.1%) patient achieved a complete response
and 13 patients (92.9%) — a partial response. No grade
3—4 AEs were observed [38].

The successful combination of RT and ICls has
stimulated interest in studies of the combined use of
ICls and definitive CRT in patients with unresectable EC.

In a phase Ib study, the simultaneous use of camreli-
zumab and CRT in first-line therapy showed encoura-
ging results [39]. At 12 and 24 months the OS rates
were 85.0 and 69.6%, and the PFS rates were 80.0
and 65.6%, respectively. At the same time, 40% of
patients experienced serious treatment-related AEs.
In the phase Il EC-CRT-001 trial of 42 untreated
patients with unresectable ESCC who received CRT and
toripalimab, PD-1 inhibitor, a complete response was
observed in 62% of patients, and one-year PFS and OS
rates were 54.5 and 78.4%, respectively. The most
common grade = 3 AE was lymphopenia, which was
recorded in 86% of patients. One patient died of
treatment-related pneumonitis [40].

In a recent phase |l study in 40 patients with ESCC
the efficacy of dual ICls therapy (durvalumab and tre-
melimumab) in combination with definitve CRT was
determined [41]. The PFS and OS rates at 24 months
were 57.5 and 75%, respectively. In the historical control
group, which received only definitive CRT, these indica-
tors were 44.6 and 59.2%. Patients with PD-L1-positive
tumors had significantly longer PFS and OS than patients
with PD-L1-negative tumors. Grade 4 AEs were reported
in only one patient.

Two small studies have demonstrated promising
efficacy and acceptable toxicity in the use of ICIs as
consolidation immunotherapy in patients with locally
advanced unresectable ESCC. According to the results
of the Phase Il EPOC1802 study involving patients
receiving consolidation therapy with atezolizumab for
1 year after definitive CRC, the pCR was 42.1%, the
median PFS and 12-month PFS rate were 3.2 months
and 29.6%, respectively, and the median OS and
12-month OS rate were 31.0 months and 65.8%, respec-
tively. Patients with pCR had significantly higher levels
of tumor-infiltrating CD8+-T-cells and PD-1+CD8+-T cells
before the start of CRT than patients without pCR
(p = 0.0002 and p = 0.0020, respectively) [42]. In another
study involving 12 patients treated with consolidation
therapy with camrelizumab, disease stabilization was
recorded in 11 patients and disease progression in
one patient. No grade 3—4 AEs were detected [43].

Immunotherapy with ICls in combination with chemo-
therapy is an effective strategy in advanced esophageal
carcinoma treatment. Adding RT to this therapy may
improve treatment outcomes. In the TR-EAT study,
patients with stage IVB ESCC received toripalimab
in combination with induction RT followed by concurrent
CRT therapy, as well as maintenance therapy with
toripalimab for 1 year. According to preliminary data, the
OS rate was 81.8% and the disease control rate (DCR)
was 100%. No grade 3 AEs were observed [44].
In a phase Il trial in patients with oligometastatic ESCC
who failed first-line immunochemotherapy, after RT
in combination with camrelizumab and irinotecan,
the ORR was 40.8%, the DCR was 75.5%, and the
abscopal response rate was 34.7%. The median PFS
and OS were 6.9 and 12.8 months, respectively [45].

In a study involving 30 patients with local or regional
recurrences of ESCC who had previously received
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ctpasoxony. [HopasanHs [T po uiei Tepanii Moxe
nokpawimMTh pesynbrath nikyBaHHA. Y  OOCHigXeHHi
TR-EAT xBopi 3 IVB cragieto [KKC otpumysanu
Topunanimab y noeaHaHHi 3 iHaykuiiHoto XT 3 noganb-
woto ogHoyacHoto XIT, a Takox niaTpuMytody Tepanito
Topunanimabom MpoTAroM OJHOro poky. 3a nonepen-
Himm gaHumn YOB ctaHoBuna 81,8%, a yacTtoTta KOHT-
ponto 3axsoptoBaHHs (YK3) — 100%. He cnoctepiranoca
nobiyHmx edpektiB = 3 cTyneHs [44]. Y BunpobyBaHHI
Il dasun y xBopux 3 onirometactatudHoto NKKC, y akux
nepwa niHia iMyHoximioTepanii He mana ycnixy, nicns
npoBegeHHss T y noegHaHHi 3 Kampenisymabom
Ta ipuHotekaHom YOB cknagana 40,8%, YK3 — 75,5%,
a 4vactota abckonanbHoi Bignosigi — 34,7%. MepgiaHu
BIb i 3B popisHioBanu 6,9 i 12,8 mic. BignosigHo [45].

Y pocnigpxeHHi 3a ydyacti 30 xBopux 3 MicLeBUMU
abo perioHanbHMMK peumamBammn MKKC, ski paHiwe
OTpMMYBanu paguvkanbHe IiKyBaHHS, KOHcomnigytouva
Tepanisi cuHTMniMabom nicna XMT nokpallyBana pesynb-
TaTh NiKyBaHHS MOPIBHAHO 3 iCTOPUYHUMW JaHUMMU.
MegiaHa 3B ctaHosuna 20,6 mic., a ogHopivHa 3B — 64%.
MegpiaHa BBl 6yna 11,5 mic., a ogHopivHa BBl — 43,6%.
YOB popisHioBana 63,6%, Bkntovatoum 2 Bunagkm B
i 19 Bunagkis YB. Yactota noB’sisaHMX 3 MiKyBaHHSAM
nobiyHmx edbekTiB = 3 cTyneHst cknagana 23,4% [46].

OTXe, AaHi WOO0 Heoad'toBaHTHOrMO 3acTOCYyBaHHSA
IKT € obmexeHumu i He HapawTb iHdopMmauii woao
nepesar kombiHoBaHoi Tepanii HXMT Ta IKT y xBOpux
Ha pesekTtabenbHuin PC. T[icnsonepadiiHa iMyHo-
Tepanist IKT nokpawye BPB y nauieHTiB 3 pe3ektabenb-
Hum PC, wo poseneHo MacluTabHUM  AOCHIAXKEHHSAM
CheckMate-577. MNoeaHaHHs imyHoTepanii IKT Ta pedi-
HiTMBHOI XIT npu MicueBO-NOLMPEHIA Hepe3eKkTa-
6enbHii MKKC T1a MT 3 iMmyHoXiMioTepanieto B ocCi6 i3
meTtacTtatnyHoto [MKKC € nepcnekTMBHUMMK cTpaTteriasmm
ONsi NOQOBXEHHS BUXMBAHOCTI XBOPUX.

Pak WAyHKa

Pak wnyHka (PLI) € oaHieto 3 OCHOBHWUX MPUYMH
CMepTHOCTI Big paky B Yycbomy cBiTi. CTaHOapTHUM
MeToOOM fiKyBaHHA € pesekuia 3 nepionepauinHoo
ximioTepanieto abo 6e3 Hei. Y pasi HepesekTabenbHoro
abo wmetactatuyHoro PLUI craHgaptHMM  MeTogoM
nikyBaHHs € XimioTepania [47]. HewopnaBHo iHriGiTopu
PD-1 ta PD-L1 cranu cTtpartericto nikyBaHHA noLumpe-
Horo paky LnyHka [48]. EdpekTmBHiCTb KOoMBiHOBaHOro
3acTocyBaHHs IKT y noegHanHi 3 MT abo XMT y xBopux
Ha PLU Ha cbOrogHilWHIN AOeHb 3anuaeTbCsi Mano-
BMBYEHOMO i Ti aHani3 0bmexyeTbcsl HEBENUKUMW [OCHif-
KeHHAMmuK I/l pasn.

Y pocnigxeHHi Il cdasnm Neo-PLANET ouiHoBanu
edekTuBHiCTb Ta 6e3neyvHicTb kombGiHauii aHTu-PD-1
npenapary kampenisymaby Ta ogHovacHoi XIMT B sikocTi
Heoaz'toBaHTHOrO MiKyBaHHS MiCLeBO-NOLUMPEHOT aaeHo-
kapuuHomu wnyHka (MMAKLL) abo micueBo-nowmpeHoi
a[eHOKapuMHOMKN CTPaBOXiAHO-LUMYHKOBOIO MNepexoay
(MMAKCLLIM) [49]. YacToTa MMNB cknagana 33,3%, Haw-
Ginbwa natomopdyonoriyHa Bignosiab (major patological
response (MPR)) — 44,4%, yactota RO pesekuin — 91,7%.
MokasHukn geopivHoi BBl Ta 3B gopisHoBanu 66,9 Ta
76,1% BignosigHo. HannowwmpeHiwnm ME 3-4 cTtyneHs
Oyno 3HWKEHHS KinbkocTi nimcouunTiB, sike peecTpyBanu
y 27 (75,0%) naujieHTiB. Y xBopux Ha MIMAKLL/MIMAKCLLM
Tpuae BunpoOysaHHsa |l cdasm SHARED, cnpsimoBaHe
Ha oUiHKy edeKTUBHOCTI Ta 6e3nedHocTi iHribiTopa PD-1

radical treatment, consolidation therapy with sintilimab
after CRT improved treatment outcomes compared
with historical data. The median OS was 20.6 months,
and one-year OS rate was 64%. The median PFS
was 11.5 months and one-year PFS rate was 43.6%.
The ORR was 63.6%, including 2 cases of CR and
19 cases of PR. The incidence of grade = 3 treatment-
related AEs was 23.4% [46].

Thus, data on the neoadjuvant use of ICTs are limited
and do not provide information on the benefits of
combined NCRT and ICls therapy in patients with
resectable EC. Postoperative immunotherapy with ICls
improves DFS in patients with resectable EC, as de-
monstrated by the large-scale CheckMate-577 trial.
The combination of immunotherapy with ICIs and defini-
tive CRT in locally advanced unresectable ESCC and RT
with immunochemotherapy in patients with metastatic
ESCC are promising strategies to prolong survival.

Gastric cancer

Gastric cancer (GC) is one of the leading causes
of cancer mortality worldwide. The standard treatment
is resection with or without perioperative chemotherapy.
In unresectable or metastatic GC, chemotherapy is
the standard treatment [47]. Recently, PD-1 and PD-L1
inhibitors have become a treatment strategy for advan-
ced gastric cancer [48]. The efficacy of the combined
use of ICIs with RT or CRT in patients with GC remains
poorly understood and its analysis is limited to small
phase /1l trials.

The phase Il Neo-PLANET trial evaluated the efficacy
and safety of the combination of anti-PD-1 drug camreli-
zumab and concurrent CRT as neoadjuvant treatment
for locally advanced gastric adenocarcinoma (LAGC)
or LAEGJC [49]. The pCR rate was 33.3%, the major
pathologic response (MPR) was 44.4%, and RO resec-
tion rate was 91.7%. Two-year PFS and OS rates were
66.9 and 76.1%, respectively. The most common
grade 3—4 AE was a decrease in the number of lympho-
cytes, which was recorded in 27 (75.0%) patients.
The phase II SHARED trial is ongoing in patients
with LAGC/LAEGJC to evaluate the efficacy and safety
of the PD-1 inhibitor sintilimab in combination with
concurrent CRT, as well as to test the prognostic value
of tumor biomarkers and immune biomarkers [50].

In metastatic GC, patients undergoing palliative RT
demonstrated a tumor response in 28% (5/18) of cases
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CUMHTMNIMaby B kombGiHauii 3 ogHovacHoto XIT, a Takox
Ha nepeBipKy MPOrHOCTMYHOI UiHHOCTI Biomapkepis
NyXnuHKU Ta iMyHHKX Giomapkepis [50].

Mpn metactatnuHomy PLU xBopi, koTpi nignsaranu
naniatmeHin [T, gemMoHCTpyBanu NyXNWHHY BiAMNOBIOb
y 28% (5/18) Bunapgkis, SKWO paHille BOHW OTpUMYyBanu
aHTK-PD-1  Tepanito. Y nauieHTiB, $Ki nonepeaHbLo
He ogepxyBanu aHTu-PD-1 Tepanito, XOA4HOI NyXAMHHOT
Bignosigi He cnocTtepirann. Y XxBopuXx, siKi Bignosiganwu
Ha nikyBaHHsl, peecTpyBanu 36iNblUeHHS CchiBBigHO-
weHHs CD8+-T-nimdountn/edpektopHi T-per 8 NMMO [51].
Y pocnigxerHi CIRCUIT I/Il dbasn xBOpMM Ha Hepesek-
TabenbHU nowmpeHuin abo peunanBHuin PLU 3 GinbLu
HDK OOHVMM YpaXeHHsaM, SKWA nporpecyBaB nicng
NnepBMHHOI Ta BTOPUHHOI XiMioTepanii, npoBogunu tepa-
nito HiBonymaboMm Yy noeaHaHHi 3 onirodpakuioHo-
BaHUM onpomiHeHHaM (22,5 p 3a 5 dpakuin npotarom
5 pHiB) [52]. Ona HeonpomiHeHoro ywkomkeHHs YK3
ctaHoBuna 22,5%, a Ans OMpPOMIHEHOro YpaXeHHs —
40,0%. MepgiaHa BwxmnBaHocTi cTaHoBuna 230 AHiB,
a oAHOpiYHa BMXMBaHICTb AopiBHoBana 28,6%. [laui-
€HTW 3 [OOBLUMM TEPMiHOM BWXMBAHOCTI Manu 6inbLu
pi3HOMaHITHUN penepTyap T-KNITUHHWUX [ peuenTopiB
nig 4ac nikyBaHHs, MOPIBHAHO 3 XBOPMMM 3 MEHLLOIO
BwxuBaHicTio. E 6inbwi 3 cTyneHs cnoctepiranu
y 39% xBopux. 3a cBigYeHHsIM aBTOpiB, KOMOGiHaLlis
HiBonymaby 3 oniroppakLioHOBaHUM OMNPOMIHEHHSAM
Mae OGaratoobiusiounii KniHiYHUMIN edpekT 6Ge3 odeBua-
Hux gopatkosux MNE.

Pesynbratv BunpoGysaHb /Il dasun y xsopux Ha PLLU
BUSIBUNWN  33[0BifbHY NEPEHOCUMICTb  KOMBIHOBaHOro
nikyBaHHa. [lMoegHanHa MT/XMT Tta imyHoTepanii IKT
npu PLI 3acnyroBye Ha noganblue BUMBYEHHS AN OTpu-
MaHHSI OBrpyHTOBaHMX BUCHOBKIB LWOAO €dEKTUBHOCTI
KOMGiIHOBAHOrO NiKyBaHHS1.

fenaToLeAIOAIPHA KAPLLIUHOMA

Pak nedviHkn € cepiosHol npobrnemMo OXOPOHM
300poB’st y CBiTi. BiH OyB LIOCTUM HaMMOLUMPEHILLIMM
OHKonoriyHnm 3axsoptoBaHHaM Yy 2020 poui 3 905677
HOBMMW BMNagkamu Ha pik. BigHocHa n’aTupiyvHa
BWXMBaHICTb cTaHoBUTbL nuwe 18% [24]. Menatouento-
nsapHa kapuuHoma (LK) € HamnowmpeHilwmMm nepBuH-
HUM PaKoM MEYiHKW, Ha sk npunagae Big 75 oo 85%
BMnagkis nepsuHHoro paky [53]. MUK Ha paHHix cTtagisx
3a3Buyan MikyeTbCa 3a [OMNOMOrol TpaHcnnaHTauil
neviHkW, XipypriyHoi pesekuii, abnsuii abo TpaHcapTe-
pianbHOI Tepanii, a Ana NyxnuMH Ha NPOMDKHIN cTagil
3acCTOCOBYIOTb  TpaHcapTepianbHy  ximioembonisauito
(TAXE) Ta cuctemHi npenapatu [54]. OgHak edeKTUBHI
BapiaHT! NiKyBaHHA MaUuiEeHTIB i3 NOWMPEeHUM 3axBOpHo-
BaHHAM Bce LWe obMexeHi. HelwonaBHo iHriGiTopn
iIMyHHUX KOHTpomnbHMX Todok (IKT) ctanu nepcnekTus-
HOK CXeMOl MiKyBaHHS Ans Takux nauieHTiB. Cxema
nikyBaHHs AgypBanymabom Ta Tpemenimymabom 6Oyna
cxsaneHa FDA y xoBTHi 2022 poky Ans Jopocnux
3 HepesekTabenbHoto [LIK Ha ocHoOBi pesynbratiB
pocnigpxkeHHa HIMALAYA [55].

KniHiyHi gocnimkeHHs koMBiHOBaHOro 3acTocyBaHHS
MNT T1a IKT npu MUK obmexyroTbCcsi HEBENUKOK Kifb-
KicTio gocnigxeHb /Il dasn Ta nosigoMneHHAMUM npo
okpemi BuUnNagkn. Y peTpoOCNEKTUBHOMY [AOCHIAKEHHI
Yu et al. [56] 76 xBopum Ha nowwmpeHy KL, siki He Bigno-
BiJanu Ha TpaguuiHe nikyBaHHA, NPOBOAMMM Tepanito
HiBonymabom, i 54 i3 Hux (71,1%) otpumysanu [T
(TpmBUMIpHY  KOHGOpMHY TIT/MT 3 MoaynboOBaHO

if they had previously received anti-PD-1 therapy.
No tumor response was observed in patients who had not
previously received anti-PD-1 therapy. In patients who
responded to treatment, an increase in the ratio of
CD8+-T-lymphocytes/effector Tregs in TMO was recor-
ded [51]. In a phase I/ll CIRCUIT trial, patients with
unresectable advanced or recurrent GC with more than
one lesion that progressed after primary and secondary
chemotherapy were treated with nivolumab in combi-
nation with oligofractionated radiation (22.5 Gy in
5 fractions over 5 days) [52]. For non-irradiated lesions,
the DCR was 22.5%, and for irradiated lesions — 40.0%.
The median survival was 230 days, and one-year survival
rate was 28.6%. Patients with longer survival had a more
diverse repertoire of T-cell B receptors during treatment
compared to patients with shorter survival. Grade = 3 AEs
were observed in 39% of patients. According to the
authors, the combination of nivolumab with oligofrac-
tionated radiation has a promising clinical effect without
obvious additional AEs.

The results of phase I/l trials in patients with GC
showed satisfactory tolerability of the combined
treatment. The combination of RT/CRT and immuno-
therapy with ICls in GC deserves further study to obtain
reasonable conclusions about the effectiveness of
the combination treatment.

Hepatocellular carcinoma

Liver cancer is a serious public health problem
worldwide. It was the sixth most common cancer in
2020 with 905,677 new cases per year. The relative
five-year survival rate is only 18% [24]. Hepatocellular
carcinoma (HCC) is the most common primary liver
cancer, accounting for 75 to 85 % of primary cancer
cases [53]. Early-stage HCC is typically treated with
liver transplantation, surgical resection, ablation, or
transarterial therapy, and for intermediate-stage tumors,
transarterial chemoembolization (TACE) and systemic
agents are used [54]. However, effective treatment
options for patients with advanced disease are still
limited. Recently, ICls have become a promising
treatment regimen for such patients. The treatment
regimen of durvalumab and tremelimumab was appro-
ved by FDA in October 2022 for adults with unresectable
HCC based on the results of the HIMALAYA trial [55].

Clinical trials of the combined use of RT and ICls in
HCC are limited to a small number of phase I/ll trials and
case reports. In a retrospective study by Yu et al. [56],
76 patients with advanced HCC who did not respond
to conventional treatment were treated with nivolumab,
and 54 of them (71.1%) received RT (three-dimensional
conformal RT/intensity-modulated RT or SRT) before
or simultaneously with immunotherapy. Patients treated
with the combination therapy showed a statistically
significant improvement in PFS (p = 0.008) and OS
(p = 0.007) compared to those treated with nivolumab
alone. However, this trend was not observed in patients
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iHTeHcuBHiCTIO fo3nm abo CIMT) go abo ogHovacHo
3 iMyHoTepanieto. Y nauieHTiB, Ski oTpuMyBanu KOMGiHO-
BaHe nNiKyBaHHSl, BiA3HAYEHO CTATUCTMYHO 3HauyLle
noninwexHsa BB (p = 0,008) i 3B (p = 0,007), nopiBHAHO
3 TUMKW, XTO OTpMMyBaB nuwe HiBonymab. OpgHak us
TeHAeHUia He cnocTepiranacs y nauieHTiB, kUM npoBo-
avnu pagiodacTtoTHy abnsauito abo TAXE. KombGiHoBaHe
nikyBaHHA Mano xopowwui npodinb  6e3neyHocTi.
B pocnigpxkeHHi Smith et al. 35 xBopux Ha HepesekTa-
6enbHy abo metactatuuHy LK oTpumyBanu gucrta-
uinHy MNT y noegHaHHi 3 HiBonymabom [57]. Y xBopux,
skuMm nposogunu MNT go abo ogHovacHO 3 nepLumm
umkrom Hisonymaby (upfront MT) YOB craHoBuna
34,6%, Wo nepeBuLlyBano iCTOPUYHUIA KOHTPOfb Npu
3acTocyBaHHi Tinbku HiBonymaby [58]. CanbBaxHa MT
Ha [insiHKM nepcuctytodoi abo nporpecyoyoi XxBopobu
LOoHanMeHLe 4Yepe3d 4 TWXHI nicns novaTtky npuriomy
HiBonymaby He npuBoguno p[o nokpaweHHs YOB.
Y peTpocnekTMBHOMY [OOCHiAXeHHI cepii Bunagkis
MATbOM XBOpUM Ha nowwwmpeHy LK 6yno nposeaeHo
CIT (27,5-35 I'p 3a 5 cbpakuin) i3 noganbLMM 3acTo-
CyBaHHsIM HiBonymaby. YoTmpbom nauieHtam nepeg CMT
6yno BukoHaHo ogHopa3oBy TAXE. YOB ctaHosuna 100%.
Y OBox nauieHTiB 6yna 3apeectpoBaHa MIMB i y Tpbox —
UriB. MegiaHa 3MeHLUEHHs diameTpa MNyXfvHU CTaHo-
Buna 38,7%, wmepiaHa BBl popiHoBana 14,9 wic.
OpHopiyHi nokanbHui koHTponb (JIK) i 3B craHoBunu
100%. Tokcu4HicTb = 3 cTyneHs (MHEeBMOHIT i AepmaTtuT)
cnocTepiranu y ogHoro xsoporo. KnacuyHoi pagiauinHo-
iHOyKoBaHoOI naTonorii He kKoHcTaTyBanu [59].

MokpalleHHs BignoBigi Ha nikyBaHHA cnocTepiranu
npyv noegHaHHi cenektuBHOI BHYTpiwHbOI T (CBIT)
Ta HiBonymaby. Y BigKpuMTOMY, OQHOLEHTPOBOMY, HEpPaH-
powmizoBaHomy pocnigxeHHi Il a3 CA 209-678 npu
pagioembonizadii Y-90 Ta iMyHoTepanii HiBornymatom
y nauieHTiB 3 nowwupeHoto MUK YOB craHoBuna 31%,
YK3 - 58,3%, mepiaHa BBl — 4,6 mic., megiaHa 3B —
15,1 mic. Pexum Tepanii gobpe nepeHocmBcs. Tinbku
y 11% cnoctepiranuca nos’s3aHi 3 nikyBaHHaAMm [1E
3—4 ctyneHsa [60]. OnucaHo Takox Bunagok [MMNB nicns
pagioembonizauii Y-90 y noegHaHHi 3 Tepanieto HiBony-
maboM y xBopux Ha aHrioiHBasveHy [LIK. MposeneHe
nikyBaHHS [03BONWMO MNPOBECTU NaLi€HTOBI 4acTKOBY
renatekTomito [61].

Y petpocnektuBHoMy pocnigxeHHi Dong et al. [62]
aHaniayBanu MNpPOrHOCTUYHY  3HaYyLWiCTb  anbbyMmiH-
Ginipy6iHOBOro nokasHWKa Yy XBOpPUX Ha HepesekTa-
6enbHy LK, siki oTpumyBanu rinodpakuioHoBaHy npo-
meHeBy Tepanito (TPMT) abo CMT y noeaHaHHi 3 iMyHo-
Tepanieto kampenisymabom abo cuHTUnimabom. YOB
ctaHoBuna 28,9%, mepiaHa BPB 5,6 mic., a meniaHa
3B 12,9 mic. AnbGymiH-6inipyGiHOBMI NOKa3HUK Ta BikK
Oynn He3anexXHUMU MNPOrHOCTUYHUMU hakTopaMu Ans
BBIN Ta 3B. NematonorivHi Tokcu4HocTi 3 cTyneHs Ta/abo
nopyLUeHHs dyHKUiT neviHky BuHWKNK y 15 (39,5%) na-
uieHTiB. MobiyHnx edekTiB 4 CTyneHs He cnocTepiranocs.

Baromi pesynstat OTpMMaHi B NpPOCMEKTUBHOMY
JocrnigxeHHi 3a yyacTi 25 XBOpuX Ha peunameyrouy
abo onirometactatuyHy LK, ski otpumysanu CMT
(48-60 I'p 3a 6-10 cbpakuiin) y noegHaHHi 3 iHriGiTopom
PD-1 cuHTuMnimabom. Y umx xBopux megiaHa BBIl
ctaHoBuna 19,7 mic. i YOB — 96%. Binbwicte ME 6ynu
1 abo 2 crtynenss, a MNE 3 cTyneHs cnocTepiranu
y TpbOox nauieHTiB. Tpusanui nepiog BBl aBTopun
MOSICHIOIOTb  BKIMIOMEHHSIM [0 [OCHIKEHHS NaLjieHTIB
3 HeBEemnuKol KinbKkicTio MeTacTtasiB abo peunamsis,

undergoing radiofrequency ablation or TACE. The com-
bination treatment had a good safety profile. In the
study by Smith et al. 35 patients with unresectable
or metastatic HCC received remote RT in combination
with nivolumab [57]. In patients who underwent RT before
or simultaneously with the first cycle of nivolumab
(upfront RT), the ORR was 34.6%, which exceeded the
historical control with nivolumab alone [58]. Salvage RT
to areas of persistent or progressive disease for
at least 4 weeks after starting nivolumab did not
improve ORR. In a retrospective case series study,
five patients with advanced HCC underwent SRT
(27.5-35 Gy in 5 fractions) followed by nivolumab. Four
patients underwent a single TACE before SRT. The ORR
was 100%. Two patients had pCR and three patients had
pPR. The median tumor diameter reduction was 38.7%,
and the median PFS was 14.9 months. One-year local
control (LC) and OS rates were both 100%. Grade
3 toxicity (pneumonitis and skin reaction) was observed
in one patient. Classical radiation-induced liver disease
was not noted [59].

Improved response to treatment was observed with
the combination of selective internal radiotherapy (SIRT)
and nivolumab. In an open-label, single-center, non-
randomized phase Il trial CA 209-678 in patients with
advanced HCC the ORR was 31%, the DCR was 58.3%,
the median PFS was 4.6 months, and the median OS was
15.1 months with Y-90 radioembolization and nivolumab
immunotherapy. The treatment regimen was well tolera-
ted. Only 11% had grade 3—4 treatment-related AEs [60].
A case of pCR after Y-90 radioembolization in combi-
nation with nivolumab therapy in a patient with angio-
invasive HCC was also described. The treatment allowed
the patient to undergo a partial hepatectomy [61].

In a retrospective study, Dong et al. [62] analyzed
the prognostic significance of albumin-bilirubin ratio in
patients with unresectable HCC who received hypofrac-
tionated radiation therapy (HFRT) or SRT in combination
with immunotherapy with camrelizumab or sintilimab.
The ORR was 28.9%, the median PFS was 5.6 months,
and the median OS was 12.9 months. Albumin-bilirubin
levels and age were independent prognostic factors
for PFS and OS. Grade 3 hematologic toxicities and/or
liver function impairment occurred in 15 (39.5%) patients.
No grade 4 AEs were observed.

Significant results were obtained in a prospective
study involving 25 patients with recurrent or oligo-
metastatic HCC who received SRT (48-60 Gy in
6—-10 fractions) in combination with the PD-1 inhibitor
sintilimab. In these patients, the median PFS was
19.7 months and the ORR was 96%. The majority
of AEs were grade 1 or 2, and grade 3 AEs were obser-
ved in three patients. The authors explain the long
PFS period by including in study patients with few
metastases or relapses, a high proportion of patients
in good physical condition, and a low proportion of
patients with AFP =400 ng/ml [63].

A small multicenter randomized prospective phase
| study evaluated the effectiveness of combining RT
with anti-PD-1 and anti-CTLA-4 immunotherapy [64].
The clinical effect was analyzed in 13 patients with
advanced or unresectable HCC who received liver RT
(40 Gy in 5 fractions) followed by nivolumab or nivolumab
and ipilimumab. Better results were recorded in patients
treated with nivolumab and ipilimumab (7 patients) com-
pared to the nivolumab group (6 patients). The overall
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BMCOKOIK YaCTKOK MauieHTIB 3 Xopownm isudHUM cTa-
HOM i HN3bKOO YacTKo nauieHTie 3 APl =400 Hr/mn [63].

Y HeBenukoMy ©GaraToUeHTPOBOMY paHAOMIi30Ba-
HOMY MPOCMEKTUBHOMY AOCrigXeHHi | da3n ouiHoBanm
edekTuBHicTb noegHaHHA MNT 3aHTN-PD-1TaanTn-CTLA-4
imyHoTepanieto [64]. KniHiyHuiA edpekt 6Gyno npo-
aHanizoBaHo y 13 naujieHTiB 3 NoLwmMpeHot abo Hepesek-
TabenbHoto LK, ski otpumyBanm CMNT neviHku (40 p 3a
5 chpakuin) 3 noganblMM 3acTOCYBaHHSIM HiBonymaoy
abo HiBonymaby Ta ininimymaby. Kpalli pesynsratu
3apeecTpoBaHi Yy XBOpUX, sIKi OTpMMyBanu HiBonymab
Ta ininimymab (7 xBOpux), MOPIBHAHO 3 rPyMno HiBOMy-
Maby (6 xBopux). 3aranbHa YacToTa BignoBigi cknagana
57% npotn 0, megiaHa BBI1 popisHioBana 11,6 npotu
2,7 wmic., megiaHa 3B — 41,6 npotu 4,7 mic., BignoBigHo
(Bci p < 0,05). Mpu 3acTocyBaHHi KOMGiIHOBaHOI
iMmyHOTepanii TpupiyHa BWXMBaHICTb cTaHoBuna 57%,
npuyoMy 2 XBOpMX 3anuwianncb XMBUMU 4epes
42,7 mic. 6e3 nporpecyBaHHsi i 3 HeraTUBHUM pesyrnbTa-
Tom MET. Mpu nikyBaHHi HiBOoNymabom Ta ininimymabom
ME 3 ctyneHs BuHuknu y 71,4% nauieHTiB, Togi sK nNpu
3aCTOCYBaHHi nuLie HiBonymaby KinbKiCTb TaKMX XBOPUX
cknana 50%. Grassberger et al. [65], aHanisyiouun
pesynstati Uiei poboTu, 3BEpHYNM yBary Ha Te, LWO
y rpyni, ska otpumysana CIT Ta HiBonymab, YOB po-
piBHioBana 0%, Togi sik y BunpobysBaHHi CheckMate-040
3a yyacti 262 ocib, sikuMm nNpoBoAWNM Nule MOHOTepa-
nito HiBonymabom, YOB pocsirana 15-20%. Lli aBTopu
BKa3yloTb, L0 IiHTEeprpeTauis pes3ynbraTiB yCcKnagHo-
€TbCs HasiBHICTIO AmcbanaHcy MiX Tarapem 3axBOpio-
BaHHA Ta 0G’€EMOM OMPOMIHEHHS, SIKOro 3a3HaBanu
nauieHTn Tiel Ym iHWOi rpynu.

BunpoGyBaHHs kombiHoBaHOro BukopuctanHsa MT Ta
iMmyHOTepanii npoBegeHo y XBOPUX Ha MiCLLeBO-NOLUUPEHI
nyxnuHu. Pesynstatv  peTpoCneKTUBHONO  KOTOPTHOIO
OOCNiAXeHHA 3a y4acTi 76 nauieHTiB nokasanu, LWo
pedpaktepHi oo TAXE xBopi 3 NPOMIXHOK CTagieto
MUK, ski otpumysanu CMT y noegHaHHi 3 iHribitopom
PD-1 (topunanimabom abo cuHTMniMabom) Manu GinbLu
CNPUSATIMBUIA OOBrOCTPOKOBMIA MPOrHO3 i Kpawum KOHT-
ponb HaA MNyXJIMHOK, HiXK NauieHTW, SIKUM MPOLOBXY-
Banu npooautn TAXE y noegHaHHi 3 PD-1 iHriGiTopom.
Y rpyni CMT+IKT megiaHa BBI1 craHoBuna 19,6 wmic.,
nokasHukn opgHopivHoi 3B i ogHopivHoi BBl cknaganu
71,51 64,8%, a YOB i YUK3 — 71,0 i 80,6%, BignosigHo.
Y rpyni TAXE+IKT mepiaHa BBl craHosuna 10,1 mic.,
nokasHukM opgHopidHoi 3B i opgHopiyHoi BBl -
54,2 1a 40,7%, a 4YOB i YK3 - 15,6 Ta 31,1%, BignosiaHo.
Y CIHT+IKT rpyni HannowwmpeHiwMMn noB’sas3aHUMKU
3 nikyBaHHsAM [ME 3—4 cTyneHs, Oynu nigBuvlleHi piBHi
ACT (3,2%) Ta ANT (3,2%), a TakoXX AONOHHO-NIAOLOBHA
wKipHa peakuisa (3,2%). Y xogHoro nauieHTa uiei rpynm
He Oyno 3apeecTpoBaHO KracWM4HOro pafiauiiHo-
iHOYKOBaHOro 3axBOPHOBaHHS NeYviHkn. ABTOpU BBaXaloTb
Lo Tepanito NPUAHATHUM BapiaHTOM Y BUNagKax Heedek-
TMBHOCTI nikyBaHHs TAXE [66].

Y XBOpUX Ha MicLEeBO-NOWMPEHY HeonepabenbHy
MUK Ta y nauieHTiB, aki BIgMOBMMNWCE Bif OnepaTUBHOIO
BTPYYaHHsl, MokaszaHO nepeBarn kKoMbGiHoBaHOi Tepanii
nopisHsaHo 3 TAXE. 3actocyBaHHa CIMT y komGiHauii
3 HiBonymabom y 16 XBOpuMX MNPOAEMOHCTPYBAarno
12 Ta 24 mic. BBl — 93,3 1a 77,8%, a 12 1a 24 wmic.
3B - 93,8 1a 80,4% BignosigHo. YOB ctaHoBuna 87,5%.
Yactota nos’asaHux 3 nikyBaHHaMm [ME = 3 cTyneHs
ctaHoBuna 18,8%. Y xBopux, sikmm nposogmnn TAXE
(n = 48), 12 Ta 24 wmic. BBI1 craHoBunu 16,7 ta 2,1%,

response rate was 57 vs. 0%, the median PFS was
11.6 vs. 2.7 months, the median OS was 41.6 months vs.
4.7 months, respectively (all p < 0.05). With combination
immunotherapy, 3-year OS was 57%, with 2 patients
alive after 42.7 months without progression and
negative PET. In the treatment with nivolumab and
ipilimumab, grade 3 AEs occurred in 71.4% of patients,
while in the use of nivolumab alone, the number of such
patients was 50%. Grassberger et al. [65], analyzing
the results of this study, noted that in the group
receiving SRT and nivolumab, the ORR was 0%, while
in the CheckMate-040 trial involving 262 patients who
received nivolumab monotherapy alone, the ORR
reached 15-20%. These authors point out that the
interpretation of the results is complicated by discrepancy
in the extent of disease and irradiated fraction of
disease in one group or another.

A trial of the combined use of RT and immunotherapy
was conducted in patients with locally advanced tumors.
The results of a retrospective cohort study involving
76 patients showed that patients with intermediate-
stage HCC refractory to TACE who received SRT in com-
bination with a PD-1 inhibitor (toripalimab or sintilimab)
had a more favorable long-term prognosis and better
tumor control than patients who continued to receive
TACE in combination with a PD-1 inhibitor. In SRT+ICls
group, the median PFS was 19.6 months, the one-year
OS and one-year PFS rates were 71.5 and 64.8%,
and the ORR and DCR were 71.0 and 80.6%, respec-
tively. In TACE+ICls group, the median PFS was
10.1 months, the one-year PFS and one-year OS were
54.2 and 40.7%, and the ORR and DCR were 15.6
and 31.1%, respectively. In SRT+ICls group, the most
common grade 3-4 treatment-related AEs were
elevated AST (3.2%) and ALT (3.2%), and hand-foot
skin reaction (3.2%). None of the patients in this group
developed classic radiation-induced liver disease.
The authors consider this therapy to be an accep-
table option in cases of ineffectiveness of TACE
treatment [66].

In patients with locally advanced unresectable HCC
and in patients who refused surgery, the advantages
of combination therapy compared to TACE were
shown. The 12- and 24-month PFS rates were 93.3
and 77.8%, and the 12- and 24-month OS rates were
93.8 and 80.4%, respectively, in 16 patients who
received SRT in combination with nivolumab. The ORR
was 87.5%. Grade = 3 treatment-related AEs were
18.8%. In patients who underwent TACE (n=48), the
12- and 24-month PFS rates were 16.7 and 2.1%,
and the 12- and 24-month OS rates were 31.3 and 8.3%,
respectively. The ORR was 16.7%. A higher toxicity
of TACE was noted. Grade = 3 treatment-related AEs
during TACE were 60.4% [67].

According to the results of the phase Il NASIR-HCC
trial, in which 42 patients with unresectable HCC
without extrahepatic spread received SIRT followed
by nivolumab, the OS rate was 41.5%, the median time to
progression (TTP) was 8.8 months, and the median OS
was 20.9 months. Treatment-related AEs and severe
grade 3-4 AEs were observed in 8 and 5 patients,
respectively [68]. A pilot study involving 29 patients
with - HCC with multifocal disease, macrovascular
invasion, or diffuse disease treated with pembrolizumab
in combination with Y-90 radioembolization demonstra-
ted a ORR of 30.8%. The median PFS, TTP and OS
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a 12 Ta 24 wmic. 3B - 31,3 1a 8,3%, BignosigHo. YOB
cknagana 16,7%. BiamivyeHo Ginby TokcnyHicTb TAXE.
YacTtoTa noB’sizaHux 3 nikyBaHHAM [E = 3 cTyneHs npu
nposeaeHHi TAXE carana 60,4% [67].

3a pesynsratamu |l dpasu gocnigxeHHs NASIR-HCC,
B sikomy 42 XxBOpuX Ha HepesekTabenbHy [LIK 6e3
nosane4yiHKkoBOro noLwuvpeHHsi, otpumysanu CBIT 3 no-
JanblUnM 3acTocyBaHHAM HiBorymaby, YOB cTtaHoBuna
41,5%, mepniana yacy go nporpecysarHsa (HAMM) — 8,8 mic.
Ta MmegiaHa 3B — 20,9 wic. lNMoB.’a3aHi 3 nikyBaHHaAM [1E
Ta Tsxki MNE 3—4 cTyneHsa cnoctepiranu y 8 Ta 5 nauieH-
TiB, BignosigHo [68]. linoTHe gocnigXeHHA 3a yyacTi
29 xBopux Ha MUK 3 mMynbstudpokanbHMM 3axBoptoBaH-
HsIM, MaKpOCYAMHHOIO iHBas3ieto abo andy3HMM 3axBopto-
BaHHAM Npu NiKyBaHHi nembponidymabom y noeaHaHHi
3 papgioembonisauieto  Y-90 npogemoHcTpyBano YOB
30,8%. Megiann BBI1, YA ta 3B gopisHioBanu Bigno-
BigHo 9,95, 9,95 Tta 27,3 mic. HamnowwupeHiwnmun ME
3—4 cTyneHsl, NoOB’A3aHMMMK 3 TiKyBaHHAM, Oynu 3HW-
XeHHst nimcoumntiBa (N = 5), nigBuWweHHs 6inipyGiHy
(n = 3), apTepianbHa rinepteHsia (n = 3), acuuTt (n = 2)
Ta nigsuweHHs pisHsa ACT/AJTT (n = 2) [69].

OTxe, Ha AaHui Yac NpoBedeHO 0OMEXEHY KiNbKiCTb
BunpobyeBaHb I/Il a3 Wwogo OuiHKM - pesynbTaTiB
noegHarnHs MT Ta imyHotepanii IKT npu MUK, obmanb
OaHUX NpOCMNeKTUBHUX JocnigpxkeHb. B Tom xe uyac
OTpMMaHO nonepefHi Aokasn edeKTMBHOCTI Ta nepeHo-
CUMOI TOKCMYHOCTI Yy xBopux Ha LK, faki oTpumysanu
KOMGiHOBaHe NikyBaHHSI.

MiawAyHKOBA 3aA03Q

Pak nigwnyHkoBoi 3ano3n (Pl13) 3anuwaetbcs
OfHI€0 i3 CMEPTOHOCHILLNX conigHMX NyxnuH. 3aranbHa
n'AaTUpivHa BUWXKMBaHICTbL Npu P13 € HM3bKOW i cknagae
onu3bko 10%, oOcCKinNbkM 6Ginblle NOMOBMHWM BUMaAKiB
nigTBEpOXYTbCA Ha MNi3HiN cTajii, a cniBBiAHOLIEHHS
3axXBOPIOBAHOCTI Ta CMEPTHOCTI € HamBuUWMM cepen
ycix conigHux nyxnuH [24, 70].

Binbwicte nyxnuH M3 pesucteHTHi o Tepanii IKT
BHacMigoK HU3bKOI iMyHOreHHocTi nyxnuH. MNopsa 3 iH-
wummn metogamu MT po3rnsgatoTb SK 3axig nofonaHHS
pesucteHTHOCTI fo IKT y xBopux Ha PI13.

Y XBOpUX Ha MicLeBO-NOWNPEHUA Ta OOMeEXeHo-
pesektabenbHuin  PMN3 npoaHanisoBaHo pe3ynkraTtu
nopaeaHHa IKT po Heoap'toBaHTHOI NT. Rahma et al.
nposenu gocnigxeHHs Il as3u 3a yyactio 37 nauieHTiB
3 pesekTabenbHUM Ta 0OMexeHo-pe3ekTabenbHUM
PMN3 [71]. NauieHTn 6ynu pangomizoBaHi 2:1 ans oTpu-
MaHHs abo nembponizymaby ogHovacHo 3 XIMT (50,4 Ip
3a 28 dpakuin nnoc kaneuuTtabiH) abo Tinbku XMT
nepen pesekuieto. lNMicna Heoag’toBaHTHOI Tepanii 70%
nauieHTiB, siki oTpumyBanu nembponizymab Ta XIT,
Oyno npoBegoeHO XipypriyHe rikyBaHHS, MOPIBHSAHO
3 53% nauieHTiB, aki oTpumysanu nuwe XMT. AsTopu
He BigMiTUNKM cyTTeBoro 36inblieHHs wmegiaH BPB
Ta 3B npu TpumoganeHin Tepanii. MegiaHn BEPB cTtaHo-
Bunm 18,2 Ta 14,1 mic. (p = 0,41), a megiaHn 3B 27,8
Ta 24,3 wmic. (p = 0.68) BignosigHo y rpyni, Ska oTpUMy-
Bana nembponizymab ta XIT, Ta B rpyni, kil npoBo-
avnu nuwe XMNT. HainowwupeHiwumm ME 3 ctyneHs 6ynu
nimcponeHia (29 npotn 31%) Ta piapes (8 npotn 0%).
Bnnue TpumoganbHOI Tepanii Ha LWiNbHICTb MNYyXMMHO-
iHinbTpytounx nimcpoumtie (MIJ1) Ta iHWKMX nonynsuin
IMYHHUX KNiTUH Yy NyxnuHi 6yB MiHiManbHUM. Y KniHiy-
Homy pocnigxkeHHi I/l cda3n 36 xBopux Ha Micueso-
nowmnpeHuin Ta obmexeHo-pesektabenbHuint P13 nicns

were 9.95, 995 and 27.3 months, respectively.
The most common grade 3-4 treatment-related AEs
were decreased lymphocytes (n = 5), increased
bilirubin (n = 3), hypertension (n = 3), ascites (n = 2),
and increased AST/ALT (n = 2) [69].

Thus, at present, a limited number of phase /Il trials
have been conducted to evaluate the results of com-
bining RT and immunotherapy with ICls in HCC, and
there are few prospective studies. At the same time,
preliminary evidence of efficacy and tolerable toxicity
in patients with HCC treated with combination therapy
has been obtained.

Pancreatic cancer

Pancreatic cancer (PC) remains one of the deadliest
solid tumors. The overall 5-year survival rate for pan-
creatic cancer is low and amounts to about 10%,
as more than half of cases are confirmed at an advanced
stage, and the morbidity and mortality ratio is the
highest among all solid tumors [24, 70].

Most pancreatic tumors are resistant to ICls therapy
due to low tumor immunogenicity. Along with other
methods, RT is considered as a measure to overcome
resistance to ICls in patients with PC.

The results of ICls addition to neoadjuvant RT were
analyzed in patients with locally advanced and borde-
line resectable PC. Rahma et al. conducted a phase
Il study involving 37 patients with resectable and borde-
line resectable PC [71]. Patients were randomized 2:1
to receive either pembrolizumab concurrently with
CRT (50.4 Gy in 28 fractions plus capecitabine) or CRT
alone before resection. After neoadjuvant therapy, 70%
of patients who received pembrolizumab and CRT
underwent surgery, compared with 53% of patients who
received CRT alone. The authors did not observe
a significant increase in PFS and OS medians with
trimodal therapy. The medians DFS were 18.2 and
14.1 months (p = 0.41), and the medians OS were
27.8 and 24.3 months (p = 0.68), respectively, in the
pembrolizumab and CRT group and in the CRT alone
group. The most common grade 3 AEs were lympho-
penia (29 vs. 31%) and diarrhea (8 vs. 0%). The effect
of trimodal therapy on the density of tumor-infiltrating
lymphocytes (TILs) and other immune cell populations
in the tumor was minimal. In a phase l/ll clinical trial,
36 patients with locally advanced and bordeline resec-
table PC received durvalumab and stereotactic ablative
RT after induction chemotherapy [72]. The treatment
allowed for RO resection in 9 patients. Conversion
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iHOyKUiHOT ximioTepanii oTpumyBanu Aypsanymab Ta
cTepeoTakcmyHy abnsatusHy MT [72]. MNpoBegeHe niky-
BaHHS [003BONMNoO BuMKoHaTK RO-pesekuito 9 xBopum.
KoHBepcis nyxnuH B onepabenbHuii cTaH He Oyna
nos’sisaHa 3 BBl a6o 3B. Yepes 6 mic. BBl cTtaHoBMNa
69%, a megiaHn BPB T1a 3B — 8,2 Ta 17 wmic., BignosiaHo.
MoB’a3aHi 3 nikyBaHHsaM [ME 3 cTyneHs piarHocTyBanu
y 7 nauieHTiB Ta 4 CTyneHs nvwe B OOHOro XBOPOrO.
MosigomneHo npo Bunagok [73], B skomy 83-piyHa
XBOpa Ha MiCLEBO-MOLIMPEHY MPOTOKOBY afeHoKapLu-
Homy nigwnyHkosoi 3ano3u (MAlN3) oTpumana nepeg-
onepadinnHe onpomiHeHHs (5 Mp x 5 dpakuin) i nembpo-
nizymab (200 mMr ogmH pa3 Ha 3 TWXHi) npoTarom 4 Mic.
Micna onepadii noBigomnsAnocsa Npo Mamxe NOBHY NaTto-
MOopdponoriyHy BiaNoBiAb.

DocnigpxeHHst komGiHoBaHOI cTparterii y BUNpoby-
BaHHAX I/l cda3n npoBegeHo y XBOpPUX 3 MOLUMPEHUM
3axBoptoBaHHAM. Xie et al. [74] BUKOHanNn QOCNiAXEHHs
| dasn 3a y4vacti naudieHtiB 3 metactatudHoto [1AM3,
SIKi OTpMManu NpMHanMHi ogHy NonepeaHio NiHito Tepanii.
XBopi 6ynu posnogineHi Ha 4OTMPWU KOTOPTW, Y SIKUX
nikyBaHHs1 cknaganocst 3 gypeanyma6by i3 CMNT B gosax
8 abo 25 Ip (5 Mp x 5 dpakuin), abo aypsanymaby
B kOMbiHaLii 3 Tpemenimymabom Tta CIMT y BuLie3a3Ha-
YeHux posax. OO’ekTUBHY BigMNOBiAb OLjiHIOBaNM y BOr-
HUWaX ypaxeHHsa, ski He nigaasanuca CIT. Awnanis
edeKTUBHOCTI NikyBaHHA y 39 nauieHTiB BUSABUB 4acT-
koBy Bignosiab (YB) y ogHoro xBoporo i crabGinisadito
3axBoptoBaHHs ¥y 14 ocib, wo signosigano YK3 41,0%
i YUOB 2,6%. Mepiana BBIl1 crtaHoBuna 2,0 wmic.
i CyTTEBO He po3pisHanaca Mix koroptamu. MegiaHa
3B popiBHioBana 3,7 Mic. i Oyna BuULOK Yy XBOpUX,
SiKi OTpMMyBanu onpoMiHeHHs y posi 25 p. He 6yno
BUSIBMEHO [030MIMITYO4OI TOKCUYHOCTI. Hawnnowwupe-
Hiwmm TE 6yna nimdoneHis. Y HepaHOoMiZoBaHOMY
pocnigxeHHi Il dasn xBopi Ha MeTacTaTuyHy MiKpo-
catenitHo-ctabineHy (MCC) MAMM3 3 nporpecyBaHHAM
3aXBOPIOBAHHSI Ha MOMNepeaHbOMY MiKyBaHHi, OTpUMY-
Banu MT y noegHaHHi 3 HiBonymabom Ta ininiMyma-
6om [75]. 3a paHuMK aHanisy BigNOBIAHO OO MPOTOKONY
YK3 cknagana 29% T1a YOB - 18%. MegiaHa BBl
ctaHoBuna 2,7 mic., a megiaHa 3B — 6,1 mic. XBopi,
y skux 6yno gocsirnyto K3, manu megiany 3B 11,7 wmic.
npotm 4,4 y Tux, y koro He BusiBrieHo K3. [oB’a3aHi
3 imyHoTepanieto MNE = 3 cTtyneHsa cnoctepiranu y 56%
nauieHTis. HannowwupeHiwmmn MNE = 3 cTyneHs Oymu
nimcdoneHis, nNiABULLEHHSA pPiBHS ninasM Ta MYKO3WT.
Bioncia [o nikyBaHHA BuUSIBUNA HU3bKe MyTalilHe
HaBaHTaXeHHS B YCiX 3paskax, ane OinbLl BMCOKY Kifb-
kKictb  NK-kniTUH Ta nigBuLleHy eKcrnpecito nocnigos-
HocTen peTtpoBipycy HERV-K.

Y npocnekTMBHOMY AocnimxeHHi Il casm 84 xBopux
Ha pedpakTepHuii metactatmdHun MCC TMAM3 6ynu
paHaomi3oBaHi y cniBgigHOWeEHHI 1:1 Ang oTpMMaHHA
CNT (15 I'p) 3 HiBonymabom abo 3 kombGiHaLie HiBo-
nymab/ininimyma6b. YK3 ctaHosuna 17,1% y xBopwux, ski
oTpumyBanu ClT/HiBonymab, i 37,2% y nauieHTiB, SkKi
oTpumyBanu CIT/HiBonymab/ininimyma6. MobivnHi peak-
uii 3—4 cTyneHsa, noB’A3aHi 3 niKyBaHHAM, BWHUKMN
y 10 (24,4%) 1a 13 (30,2%) nauieHTiB y rpynax CI1T/HiBo-
nyma6 ta CMT/HiBonymab/ininivymab, BignosigHo [76].
AHaniz GiomapkepiB He BUSIBUB Kopensuii Mk ekcnpe-
cieto PD-L1 Ta pesynsratamu nikyBaHHs. Hwxdi piBHI
iHTepnenkiHy-6, iHTepnenkiHy-8 Ta  C-peakTUBHOroO
Ginka B cupoBaTLi KpoBi Ha (OOHI NMikyBaHHs Gynu noB’s-
3aHi 3 NoKpaLLeHHsIM 3aranbHOi BUXUBAHOCTI.

of tumors to resectable state was not associated with
PFS or OS. After 6 months the PFS rate was 69%,
and the PFS and OS medians were 8.2 and 17 months,
respectively. Grade 3 treatment-related AEs were
diagnosed in 7 patients and grade 4 in only one patient.
A case has been reported [73] in which an 83-year-old
patient with locally advanced pancreatic ductal adeno-
carcinoma (PDAC) received preoperative radiation
(5 Gy x 5 fractions) and pembrolizumab (200 mg once
every 3 weeks) for 4 months. Postoperatively, an near-
complete pathologic response was reported.

The combination strategy was tested in phase
I/l trials in patients with advanced disease. Xie et al. [74]
performed a phase | trial involving patients with meta-
static PDAC who had received at least one prior line
of therapy. Patients were divided into four cohorts,
in which treatment consisted of durvalumab with SRT at
doses of 8 or 25 Gy (5 Gy x 5 fractions), or durvalumab
in combination with tremelimumab and SRT at the above
doses. Objective response was assessed in lesions
that were not undergo to SRT. The analysis of treatment
efficacy in 39 patients revealed a partial response (PR)
in one patient and disease stabilization in 14 patients,
which corresponded to a DCR of 41.0% and an ORR
of 2.6%. The median PFS was 2.0 months and did not
differ significantly between the cohorts. The median
OS was 3.7 months and was higher in patients who
received 25 Gy. No dose-limiting toxicity was detected.
Lymphopenia was the most common AE. In a non-
randomized phase |l study, patients with metastatic
microsatellite-stable (MSS) PDAC with disease prog-
ression on previous treatment received RT in combi-
nation with nivolumab and ipilimumab [75]. In the per-
protocol analysis, the DCR was 29% and the ORR
was 18%. The median PFS was 2.7 months and the
median OS was 6.1 months. Patients who achieved
a DC had a median OS of 11.7 months versus 4.4 in those
who did not achieve a DC. Grade = 3 immunotherapy-
related AEs were observed in 56% of patients. The most
common grade = 3 AEs were lymphopenia, lipase
elevation, and mucositis. Pretreatment biopsy revealed
a low mutational load in all samples, but a higher number
of NK cells and increased expression of HERV-K
retrovirus sequences. In a prospective phase Il study,
84 patients with refractory metastatic MSS PC were
randomized in a 1:1 ratio to receive SRT (15 Gy)
with nivolumab or nivolumabl/ipilimumab combination.
The DCR was 17.1% in patients treated with SRT/nivo-
lumab and 37.2% in patients treated with SRT/nivolu-
mab/ipilimumab. Grade 3-4 treatment-related AEs
occurred in 10 (24.4%) and 13 (30.2%) patients in the
SRT/nivolumab and SRT/nivolumab/ipilimumab groups,
respectively [76]. Biomarker analysis revealed no corre-
lation between PD-L1 expression and treatment
outcomes. Lower serum levels of interleukin-6,
interleukin-8, and C-reactive protein during treatment
were associated with improved overall survival.

These studies confirm the ability of radiation
therapy in combination with immunotherapy to enhance
the adaptive antitumor immune response in patients
with PC. Better efficacy of more aggressive combination
treatment regimens requires careful selection of pati-
ents for such therapy.
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lMpoBedeHi AocnigxeHHa NigTBEpPOXYOTb 34aTHICTb
npomeHeBoi Tepanii y kombiHauii 3 imyHoTepanieto
NnocunioBaT aganTUBHY NPOTUNYXIUHHY IMYHHY Bigno-
Biob y xBopux Ha PI3. Kpawa edektuBHicTb 6inbLu
arpecuBHUX Cxem KOMOIHOBaHOro nikyBaHHs noTpebye
peTenbHoro Bigbopy nauieHTiB Ans Takoi Tepanii.

KoAOpEeKTAaAbHUI pak

KonopekTtanebHuin pak (KP) € TpeTim 3a nowmpeHicTio
OHKOMOrYHNUM 3aXBOPIOBAHHSAM Y CBITi, Ha SKUI Nnpunagae
npnbnusHo 10% ycix BunagkiB paky. BiH € ppyroto
OCHOBHOI MPUYUHOK CMEpPTHOCTI BiA paky B CBITi [77].
Ha popaTtok oo TpaguuinHux metogiB nikyBaHHs KP,
Takmx Sk xipypriuHe BTpyyaHHs, XT Ta [T, 3a octaHHi
Kinbka pokiB Bce 6inblIOro BM3HaHHA HabyBae iMyHO-
Tepania. Ane npu imyHotepanii IKT nuwe He3HavHa
yacTuHa xBopux Ha KP 3 deHomeHom BMCH abo
OPMCH wmatotb TpuBani Bignosigi, Ha BiAMIHY Big XBO-
pux 3 nyxnuHamuM 3 npogiuMToM cuctemn penapadii
nomunnkoBo cnapeHunx Hykneotugis (MPIMNCH) ta MCC
nyxnuHamu [78].

[ns nokpalleHHsi edpeKTUBHOCTI MikyBaHHS KOMGiHO-
BaHWM nNigxig 3acTocoByBaBCA $K Mpu MicLEBO-NOLLK-
peHoMy paky npsmoi kuwkm (MIPTIK), ska € pyTMHHO
JinsHkoto 3actocyBaHHs [T, Tak i npu MetactaTuu-
Homy 3axBoptoBaHHi. [Mpu nikysanHi MPTCH MIMPIIK
noegHaHHa XIMT Ta IKT po3rnagaetbcsi NePCnekTUBHOK
cTparterieto, gka MoXke NoninwuTK Bi4NOBiAb NEPBUHHOI
NyXNMHU Ta 3HU3UTU PU3MK MiCLEBMX Ta BigaaneHux
meTacTasiB. Y pgocnigxenHi Il dasm AVANA [79] 3a
yyacTi xBopux Ha pesektabensHuit MIMPIK komGiHaLis
cTaHgapTHoi nepeponepadinHoi XMNT Ta aBenymaby
nokasana 6aratoobilstody aKTUMBHICTb Ta MPUAHATHWUIA
npocpine Ge3neyHocti. 3 96 nauieHTiB, y skux Oyna
ouiHeHa naronoriyHa BignoBiab, y 22 (23%) xBopux
6yno pocarHyto IMrMB, a 'y 59 (61,5%) nauieHTiB — MPR.
Yactota HeiMyHHMX Ta iMmyHoonocepeakoBaHux [1E
3—4 ctyneHsa cknana 8 ta 4%, BignosigHo. [aHi wono
MikpocaTeniTHoro ctatycy 6ynu gocTynHi y 39 nauieH-
TiB, 3 sIKMX Nuwe y ogHoro BiH OyB HecTabinbHWUM. Kni-
HiYHa egeKTUBHICTb Ta Ge3nevHicTb nepegonepauinHol
XMT 3 noganbLUO MOHOTepanieto HiBoryMaboMm OLiHHo-
Banacs y pgocnigxeHHi VOLTAGE-A. YacTtora IMMNB cTa-
HoBuna 30%, a uyactota MPR — 38% y xBopux Ha
MCC MIIPTIK, a y nauieHtiB 3 MCH MIIPTIK yactota
MMNB gocsrana 60%. [80].

Y GaratoueHTpoBoMy focnigkeHHi |l dpasm AVERECTAL
y nauieHtiB 3 MIPIK ouiHoBanu edekTnBHiCTL Ta
Ge3neyvHicTb KOpOTKOro Kypcy pagiotepanii (25 p 3a
5 dpakuin) 3 noganbwumu 6 uyuknamm mMFOLFOX-6,
nikyBaHHSAM aBernymMabom Ta MOBHUM Me30peKTanbHUM
BUCIYEHHSIM 4epe3 3—4 [Oo6u nicnsi oCTaHHbOI [03W.
Y 15 (37,5%) 3 40 nauieHTiB, WO NPONLLAM WOHANMEHLLe
1 umkn nikyBaHHs Ta Gynu npoonepoBaHi, cnocTepiranv
MMNB. Y rpyni ictopuyHoro koHTponto 4actota [1IMB
ctaHoBuna 16% (p = 0,025) [81]. Takui niaxin OyB
3acTocOoBaHUNM We B ogHoMy pocnigxeHHi |l dasn 3a
yyacti 27 nauieHTiB [82]. XBopum Ha MPIIK nposo-
OUnun KOpoTKUI Kypc pagiotepanii y noegHaHHi 3 noganb-
woto ximioTepanieto (kaneuutabiH Ta okcaninnaTuH)
Ta Tepanieto aHTM-PD-1 npenapatom kampenisymabom.
Onepauito 6yno BukoHaHo 27 (100%) nauieHtam. YactoTa
MrB cknana 48,1% (13/27), skniovatoun 46,2% (12/26)
ans MNPMNCH nyxnuH Ta 100% (1/1) ana APTCH nyxnuH.
MoGiyHux sBuW, BUWe 3 CTyneHs He crnocTepiranu.
ImyHoonocepeakoBaHi ME 6ynu 1-2 cTynexs.

Colorectal cancer

Colorectal cancer (CRC) is the third most common
cancer in the world, accounting for approximately 10%
of all cancer cases. It is the second leading cause
of cancer-related deaths in the world [77]. In addition
to traditional CRC treatments, such as surgery, CT and
RT, immunotherapy has gained increasing recognition
over the past few years. However, in immunotherapy
with ICls, only a small proportion of patients with CRC
with the phenomenon of MSI-H or dMMR have long-term
responses, unlike patients with tumors with a proficient
mismatch repair system (p)MMR) and MSS tumors [78].

To improve treatment efficacy, the combined approach
has been used both in locally advanced rectal cancer
(LARC), which is a routine area of RT application, and
in metastatic disease. In the treatment of locally advan-
ced CRC, the combination of CRT and ICls is consi-
dered a promising strategy that can improve primary
tumor response and reduce the risk of local and distant
metastases. In the phase Il AVANA ftrial [79] involving
patients with resectable LARC, the combination of
standard preoperative CRT and avelumab showed
promising activity and an acceptable safety profile.
Of the 96 patients in whom a pathologic response was
evaluated, 22 (23%) patients achieved a pCR and
59 (61.5%) patients achieved a MPR. The rate of grade
3—4 non-immune and immune-mediated AEs were 8
and 4 %, respectively. Data on microsatellite status
were available in 39 patients, of whom only one had
instable status. The clinical efficacy and safety of pre-
operative CRT and subsequent nivolumab monotherapy
were evaluated in the VOLTAGE-A study. The pCR
rate was 30% and the MPR rate was 38% in patients
with MSS LARC, and in patients with MSI LARC the
pCR rate reached 60%. [80].

The multicenter phase 1l AVERECTAL study in
patients with LARC evaluated the efficacy and safety
of a short course of radiotherapy (25 Gy in 5 fractions)
followed by 6 cycles of mFOLFOX-6, avelumab treat-
ment, and complete mesorectal excision 3—4 days after
the last dose. In 15 out of 40 patients (37.5%) who
received at least 1 cycle of treatment and underwent
surgery, pCR was observed. In the historical control
group, the rate of pCR was 16% (p = 0.025) [81].
This approach was used in another phase Il study
involving 27 patients [82]. Patients with LARC received
a short course of radiotherapy in combination with
subsequent chemotherapy (capecitabine and oxaliplatin)
and anti-PD-1 therapy with camrelizumab. Surgery was
performed in 27 (100%) patients. The pCR rate was
48.1% (13/27), including 46.2% (12/26) for pMMR
tumors and 100% (1/1) for dMMR tumors. No grade 3 AEs
were observed. Immune-mediated AEs were grade 1-2.

The combination of RT and immunotherapy with
ICls has been tested in several small studies involving
patients with metastatic CRC. A multicenter randomized
phase Il trial of 18 patients analyzed the results of
treatment with durvalumab and tremelimumab in
combination with low-dose fractionated RT (LDFRT,
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BunpobyBaHHst komGiHauii MT Ta imyHoTepanii IKT
NPOBEAEHO Yy KiNMbKOX HEBENWKUX [OOCMIAKEHHSX 3a
yyacTi xBopux Ha meTtactatudHuin KP. Y GaratoueHTpo-
BOMY paHAoMmi3oBaHOMy gocnigxeHHi Il dasun, ske Bkrnto-
yano 18 nauieHTiB, npoaHanisyBanu pesynbratn niky-
BaHHA aypBanymabom i Tpemenimymabom y koMGiHauil
3 Hu3bkogo3oBol dpakuinHoto MT (HOPMT, 0,5 Ip
x 4 cpakuii) abo rinogppakuiiHoto MT (FTOMT, 8 p x
3 dpakuii) [83]. Hankpawoto signosigato Gyna crabi-
nisauia 3axBoptoBaHHA Yy 1 nauieHTa 3i 3MEHLUEHHAM
NyXnIMHW no3a 30HOK onpomiHeHHs. MeapiaHa 3B
cknana 3,8 mic. TokcuuHicTb 3—4 CTyneHs Big3HadeHa
y 8 nauieHTiB (42%). ABTOpM BBaxaloTb, WO OTPUMaHI
He3aJoBiNbHI pe3ynsratv, NpUHaNMHI 4YaCTKOBO, MOXYTb
MOSICHIOBATUCS MOLUMPEHOK CTafield  3axBOPHOBAHHSA
Ta EKCTEHCUBHMM nonepegHiM nikyBaHHsM. CepegHsi
KiNbKICTb MonepegHix niHiv Tepanii gopisHioBana 4.
BusaBneHi nokaneHi Ta cucTeMHi iMyHHI peakuii 3a Ail
HO®MNT ta M®MT, Ha AymKy aBTOpIiB, MOXYTb AOMNOMOITH
ckepyBaTy ManbyTHi JOCNIOKEHHS.

B ogHoueHTpoBOMy BMNpobGyBaHHi Il dhasn [84], sike
BKMNto4Yano 24 xsopux 3 pedpakTepHuUm o XimioTepanii
MPMCH mKP, 6yno npoTectoBaHe nikyBaHHs AypBany-
maboMm, Tpemenimymabom Ta MNT 3 MeTOl OTpUMaHHSA
abckonanbHoro edekty. Cnocrtepiranu 2 06’eKTUBHI Bia-
nosigi (8,3%) nosa mexamu nons ONpPOMiHEHHA. Y na-
uieHTiB 3 ob’ekTuBHOW BignoBigaw Oyna BigmidyeHa
30inblueHa akTuBauis, AndepeHUiloBaHHA Ta nponidge-
pauis CD8+-T-knitnH. Megiana BBIT cknagana 1,8 wmic.
Ta megiaHa 3B - 11,4 wmic. Y 25% nauieHTiB 6yno
BiomiueHo ME 3-4 ctyneHa. B pocnigpkeHHi He 6yno
OOCArHYTO nonepefHbO  3asBNEHOI  KiHLEBOI  TOYKW,
WO He [J03BONWUMO PO3MMsiAaT LK CXeMy, SK Taky,
LLIO 3aCnyroBye Ha nogarnblue BUBYEHHS.

BinbLw obHaginnuBei pesynsraT OTPUMaHi Npu 3acTo-
CyBaHHi OMPOMIHEHHS1 Yy KOMOGiHaLii 3 HiBonymabom Ta
ininiMymabom y HenopiBHAMbLHOMY HepaHOOMi30BaHOMY
pocnigpkeHHi |l das3n, ske Bknodano 40 xBopux Ha
MCC wmKP i3 3aranbHum ctaHoMm 3a wkanoi ECOG
0 abo 1 [85]. Y xBopux, siki oTpumanu 3annaHoBaHe
nikyBaHHa YK3 cknana 37%, a YOB — 15%. bioncis go
nNiKyBaHHS BUSIBUNA HWU3bKE MyTaliiHe HaBaHTaXKEHHSI
y BCiX 3paskax, ane 6inbLl BUCOKY KinbkicTb NK-kniTnH
Ta nigBuLWEHY €eKCnpecito BIpYCHMUX MNOCMiAOBHOCTEMN,
wo Hanexanu petposipycy HERV-K. Y nauieHTi, ki
BignoBigann Ha Tepanio, Big3Ha4Yanu TeHOeHUuilo 4o
BULLOT eKCNpecii BipyCHNX NOCMiOBHOCTEN.

OnucaHo BMMagok MOBHOI MaTOMOriYHOI BigNOBIAi
npu 3acTtocyBaHHi kombGiHauii MT Ta nembGponizymaby
y xBoporo Ha dMMR/MSI-H MKP y Tepanii gpyroi niHii.
OsHakn nyxnuHM Gynu  BigcyTHi npotsrom 11 mic.
CMOCTEPEXEHHSs 3a BigcyTHOCTi Tepanii [86].

OTpuMaHi pe3ynbTaT KOMGIHOBaHOT Tepanii y XBopux
Ha KP patoTb nigctaBu BBaxaTtu, WO AogaBaHHs [T
po imyHotepanii IKT Moxe nokpawutn pesynsratu
nikyBaHHa y xBopux sik 3 MCH KP, Tak i MCC KP, y skux
MoHoTepania IKT € HeebekTUBHOLO.

BUCHOBKHU

3a oCTaHHE AecAaTupivyyYs 3Ha4YHO 3pocra KinbKicTb
JocnigxeHb B ranysi iMyHoTepanii AyXnuH LWUYyHKOBO-
KMLLIKOBOro TpakTy. Crnvparounchk Ha CUHepridHi edekTn
NpomMeHeBOi Tepanii Ta iHribiTopiB iIMyHHUX KOHTPOMNbHUX
TOYOK, KOMOiHaUis uux TepaneBTUYHUX nigxodiB Bce

0.5 Gy x 4 fractions) or hypofractionated RT (HFRT,
8 Gy x 3 fractions) [83]. The best response was disease
stabilization in 1 patient with tumor shrinkage outside
the radiation area. The median OS was 3.8 months.
Grade 3-4 toxicity was noted in 8 patients (42%).
The authors believe that the unsatisfactory results
obtained can be explained, at least in part, by the
advanced stage of the disease and extensive prior
treatment. The average number of previous lines of
therapy was 4. According to the authors, the identified
local and systemic immune responses to LDFRT and
HFRT may help guide future research.

In a single-center phase |l trial [84], which included
24 patients with chemotherapy-refractory pMMR mCRC,
treatment with durvalumab, tremelimumab, and RT was
tested to obtain an ablative effect. There were 2 objective
responses (8.3%) outside the radiation field. In patients
with an objective response, increased activation, differen-
tiation, and proliferation of CD8+-T-cells were noted.
The median PFS was 1.8 months and the median OS
was 11.4 months. In 25% of patients, grade 3—4 AEs were
noted. The study did not achieve the prespecified
endpoint, which did not allow to consider this regimen
as worthy of further study.

More encouraging results were obtained with the use
of radiation in combination with nivolumab and ipilimumab
in a non-comparative, non-randomized phase |l trial that
included 40 patients with MSS mCRC with an ECOG
performance status of 0 or 1 [85]. In patients who received
the planned treatment, the DCR was 37% and the OS
rate was 15%. Pretreatment biopsy revealed a low
mutational load in all samples, but a higher number of
NK cells and increased expression of viral sequences
belonging to the HERV-K retrovirus. In patients who
responded to therapy, there was a tendency for higher
expression of viral sequences.

A case of complete pathologic response with the
combination of RT and pembrolizumab in a patient with
dMMR/MSI-H mCRC in second-line therapy was
described. There were no signs of tumor during
a follow-up of 11 months while off therapy [86].

The results of combination therapy in patients with
CRC suggest that the addition of RT to immunotherapy
with ICIs may improve treatment outcomes in patients
with both MSI CR and MSS CR, in whom ICls mono-
therapy is ineffective.

CONCLUSIONS

Over the past decade, research in the field of
immunotherapy for gastrointestinal tumors has increa-
sed significantly. Based on the synergistic effects of
radiation therapy and immune checkpoint inhibitors,
the combination of these therapeutic approaches is
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yacrTiwe BMHpO6OBy€TbC$| npu paky LWyHKOBO-KULLKO-
BOro TpakTy AOnd noKpalleHHA pesyanaTiB J'IiKyBaHHFL

Ony6nikoBaHi

JOCMiMKEHHA Mokasanu oOHaainnuei

pesynsTatu i3 3aJ0BiNbHOK TOKCUMYHICTIO. Ane 6inb-

WwicTb

KMiHIYHMX  OOCNigXeHb € PETPOCMNEKTUBHUMMU

HenopiBHANbHUMKU BUNpobyBaHHsaMK I/l dhasn i obmexy-
I0TbCS HEBENUKOK KiMbKiCTIO xBopuX. Pesynbratn uux
JocnigkKeHb MOXYTb CryryBatv niarpyHTsIM Ansi npose-
OeHHs1  GaraToLEHTPOBUX MNPOCNEKTUBHUX [OOCHioXKEHb
3 BENUKMMK po3Mipamu BUGIPOK AN NigTBEpPOYKEHHS
eeKTMBHOCTI koMGiHoBaHOT Tepanii.
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Wang S., Zheng R, Li J. et al. Global, regional, and national lifetime
risks of developing and dying from gastrointestinal cancers in 185
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The Lancet Gastroenterology and Hepatology. 2024. Vol. 9, Ne 3.
P. 229-237. DOI: https://doi.org/10.1016/s2468-1253(23)00366-7

increasingly being tested in gastrointestinal cancer to
improve treatment outcomes. Published studies have
shown encouraging results with satisfactory toxicity.
However, most clinical trials are retrospective, non-com-
parative phase I/ll trials and are limited to a small number
of patients. The results of these studies can serve as
a basis for conducting multicenter prospective studies
with large sample sizes to confirm the effectiveness
of combined therapy.
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Prospects for further research

The problems of determining reliable biomarkers for selecting
patients who will benefit from combination therapy, optimal
ICls doses, sequencing of ICls and radiotherapy, and RT
fractionation need to be addressed in future studies. To improve

the effectiveness of

treatment and develop optimized

therapeutic regimens, the mechanisms of synergistic interaction

BMBYEHHSI 3acnyroByloTb MexaHiaMu cuHepridHoi B3aemopii  between RT and ICls immunotherapy deserve further study.
MT Ta imyHoTepanii IKT.
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KAlo4oBi cAoBa:

XPOHIYHUIA ayTOIMYHHWWA racTpuT, aTpo-
iYHUA racTpUT, MHOXMHHI HeMpoeHao-
KPUHHI MyXIWHW LUMYHKA, HEePOEeHOOKPUH-
Hi MyXNWHKW WnyHka | Tuny, eHTepoxpoma-
iHoMoAibHi  KNiTMHM, nanapockonivyHa
ToTanbHa racTpeKkToMisi.
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PE3IOME

AkTyanbHicTb. HelipoeHgokpuHHi nyxnuHu wnyHka (HEMLW) possuBatoTbest 3 1oro
HENpPOEHOOKPUHHUX KNiTUH. Tun | HETMW nos’sisaHnii 3 XPOHIYHMM aTpOdiYHUM
ractputom (XAI). MHoxuHHiI HETLL 3ycTpivatoTbest pigko.

MeTa po6GoTH — npe3eHTyBaTU PigKiCHUIA BUNAAOK MHOXWMHHUX HENPOEHOOKPUHHUX
MYXMWH LWYHKa.

Martepianu Tta metoau. [ig yac nnaHoBoi racTtpockonii y XiHkun 44 pokie 3 XAl
Ta aHeMield B aHaMHesi BUSBNIEHO MHOXWHHI (15-20) noninn po3mipom 2-9 MM.
Byna npoBepmeHa 6ioncia. [pu natorictonorivHoMy gocnimkeHHi  BionciHoro
maTepiany i3 3abapBneHHsM reMaToKCUMiIHOM Ta €03MHOM Ui noninu po3uiHEHO
K HeaudepeHuinoBaHuii pak. 3pobrieHa MOBTOpHa ractpockonis. Tpu HanbinbLui
noninn (5-9 mM) BMaganunu meTodoM neTnesoi noninekToMii. [oBTOpHe rictonaTo-
noriyHe AocnimpkeHHs nokasano cneumdiyHi o3Hakn HENML 3 ingekcom nponicpepauii
Ki-67 < 3%; unTtokepatuH 18, xpomorpaHiH A, cuHantodisnH, INSM1 6ynu nosutue-
HVMMWU B KNiTUHaX HOBOYTBOPEHHS. BUkoHaHO nanapocKonivyHy racTpekToMito.
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AAS LUTYBAHHS:

TpuBanictb onepauii 255 xB, kpoBoBTpata 50 wmn. [lartorictonorivHe pocnig-
eHHs1 npenapaty BuaBuno MHoxuHHi HEMLW G1. Yci nyxnvHu obmexeHi cnv3oBoto
06O0MNoHKOI Ta NiACNM30BOK OCHOBOK LUMYHKA, Hanbinbwumin po3mip HanbinbLioro
BOrHUWA nyxnuHu 5 MM, wo Bignoeigae pT1(m). OsHak nimdoBackynspHoi abo
nepuHeBpanbHoi iHBasii He BusBneHo (LO VO Pn0). OocnigxeHo 18 perioHapHUX
nimgaTnyHMx By3niB, y XXOOHOMY MeTacTasiB OMMCaHOI NyXNMHWU He BU3HAYaETbCS
(0/18, pNO). Kpai pesekuii ctpaBoxogy Ta ABaHaguaTunanoi kuwku 6e3 o3Hak
nyxnuHHoro pocty (RO). MMo3a mexamu nyxnuH y Cnv3oBii 0GOMOHLI Tina LnyHka
HasiBHi O3HaKW XPOHIYHOro 3anarneHHs, BU3Ha4YalTbCA BOTHMLLA MOBHOI KMLUKOBOI
MeTannasii Ta 3milaHoi atpodii 3anos, TakoX HasiBHI OKYCK HOAYNSPHOI rinepnnasii
HEMpPOEHOOKPUHHUX KITITUH.

BucHoBku. Mu nosigomMunu npo pigkicHMA Bunagok MHOXuHHMX HEMW Ttuny |
(pT1INOMO) 3 aHemieto BHacnigok aytoiMyHHoro XAl JlanapockoniyHa racTpeKkTomis
€ MeToaoM BUGOPY B NiKyBaHHI Takux XBOPUX.

MamoHTtoB M., Tamm T.I., KpamapeHko K.O., KOpkoB M.IM., AHcapi C.X., Tkemanagse [.tO., CutHik O.A.,
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ABSTRACT

Background. The gastric neuroendocrine tumours (G-NETs), arising from neuro-
endocrine cells within the stomach. Type | lesions are associated with chronic
atrophic gastritis (CAG). Multiple G-NETs are rare.

Purpose — of our report is to describe a rare case of multiple Type-l G-NETs.

Material and methods. During routine gastroscopy in a 44-year-old female with
history of CAG and anaemia, multiple (15-20) polyps of size 2-9 mm were found.
Multiple biopsies were obtained. Histopathological examination with haematoxylin
and eosin staining described these lesions as undifferentiated cancer. Repeated
gastroscopy was done. The three biggest polyps (5-9 mm) were removed by snare
polypectomy. Repeated histopathological examination was specific for G-NET.
The neoplasm presented Ki-67 proliferation index of < 3%; Cytokeratin 18,
Chromogranin A, Synaptophysin, INSM1 were positive in neoplasm cells. Laparoscopic
total gastrectomy was done.

The operative time was 255 min, and the blood loss was 50 ml. Histopathological
examination of a surgical specimen revealed multiple, Grade 1 G-NET (fig. 1-3).
All lesions are limited to the mucosa and submucosa of the stomach, the longest
size of the largest tumour lesion is 5 mm, what corresponds to pT1(m). No signs of
lymphovascular or perineural invasion were found (LO VO Pn0). 18 regional lymph
nodes were examined, no metastases were detected (0/18, pNO). Edges of resections
of the esophagus and duodenum without signs of tumour growth (R0). Outside
of tumours, there were signs of chronic inflammation of the stomach mucosa, with
intestinal metaplasia and mixed glandular atrophy, there are also foci of nodular
hyperplasia of neuroendocrine cells.

Conclusion. We reported a rare case of multiple type-l G-NETs (pT1NOMO) with
pernicious anaemia due to autoimmune CAG. Laparoscopic total gastrectomy is
a method of choice in treatment of such patients.

Mamontov IM, Tamm TI, Kramarenko KO, Yurkov MP, Ansari SK, Tkemaladze DY, Sytnik DA, Ustinov AT.
Laparoscopic total gastrectomy for multiple type | gastric neuroendocrine tumours: a case report. Ukrainian journal
of radiology and oncology. 2024;32(2):267-274. DOI: https://doi.org/10.46879/ukroj.2.2024.267-274
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BCTYN

HenpoeHaokpuHHI nyxnuHu wnyHka (HEMLW) po3su-
BalOTbCH 3 NOro HEMPOEHOOKPUHHUX KIITUH | CTAHOBNATb
7-8% ycCiX HelpOEeHOOKPUHHUX HOBOYTBOPEHb TPaBHOI
cuctemum [1, 2].

Y 1993 poui 6yno BusHadyeHo Tpu Tunm HEMLW [2, 3].
YpaxeHHsa | tuny (npnbnuavo 70-80% Big 3aranbHoi
KiNbKOCTi) MoB’A3aHi 3 XPOHIYHMM aTpoiYyHMM racTpu-
Tom (XAl). Ui nyxnuHuM marTb XOpPOLUMI MpOrHo3 i3
5-piuHot0 BuxMBaHicTIO B 96% BunagkiB. YpaxeHHs
Tvny Il (npnbnmaHo 5-8% KapuMHOIAIB WNyHKa) NOB’A3aHi
3 racTpyHoMol Ta cuHgpomom 3onniHrepa—EnnicoHa,
O BMHWKAE B pe3ynbraTi Ta HanyacTilwe nos’sidaHe i3
MHOXWHHOIO eHOOKPUHHOK Heonnasieto tuny 1. Ui ypa-
JKEHHSA MalOTb MPOMIDKHMI 3MOSIKICHUIA NOTeHLian i3 meta-
ctazyBaHHsM go 30%. KapuwuHoign wnyHka 1l Tuny
(15-20%) marTb Hawbinbll 3M0SKICHWA noTeHuian i3
npubnusHo 50-100% meTacTasyBaHHsM. BoHW ABMAOTH
co060to cnopaanyHi ypaxeHHs, Lo BUHMKAKOTb Y HOpMarb-
HOMY LUMYHKY M NOB’si3aHi 3 ripwmmM nporHo3om (75-80%
5-piuHa BUxmBaHicTb) [2, 4, 5].

Meta po6oTu — npeseHTyBaTW piOKICHUA BUNagoK
MHOXWHHMX HETTLL.

MATEPIAAU TA METOAU AOCAIAXXEHHA

MpeseHTAuif BUNAAKY

Mip 4Yac nnaHoBoi ractpockonii y >iHkM 44 pokiB
3 XAl Ta aHeMmi€l0 B aHaMHE3i BUSIBITEHO MHOXWHHI (15-20)
noninn posmipom 2-9 mMm. Byna nposegena 6ioncis.
Mpw narorictonoriyHoMy gocnigkeHHi GionciitHoro mate-
piany i3 3abapBreHHsIM remMaToKCUIIIHOM Ta €03UHOM
Ui nmoninu po3uiHEHO $K HeaudepeHLUinoBaHuA pak.
3pobrieHa noBTOpHa ractpockonid. Tpu HanbinbLui
noninu (5-9 mMm) Buganunu MeTOAOM METNEBOI MOMi-
nekTomii. MoBTOpHE ricTonaTonoriyHe JOCHiAXEHHS Noka-
3ano cneuucpivHi o3nakm HEMW 3 iHgekcom nponi-
depadii Ki-67 < 3%; uyutokepatuH 18, xpomorpaHiH A,
cvHanTodidnH, INSM1 6ynu nosnTMBHUMKM B KIiTUHAaX
HOBOYTBOPEHHS. 3rigHO 3 uMMKM pesyrnbratamu, Bigno-
BigHO g0 knacudikauii BOO3/2017, HEIMLU mana Bucoky
andepeHdiauito (G1) [2].

Micna obroBopeHHs  nauieHTui
onepaTtuBHe MiKyBaHHS — raCTPEKTOMItO.

OcHoBHi nabopaTtopHi gaHi neped onepaTtMBHUM
NiKyBaHHAM HaBegeHi B Tabnuui 1 Ta manum o3Haku
nerkoi aHemii. Kpim Toro 6yB nigBuLLEHWA piBEHb XPO-
MOrpaHiHy A Ta racTpuHy B CMpOBaTL,i KPOBi.

TpaHcaboomiHanbHe ynsTpa3ByKoBe AOCHIAKEHHS Ta
KOMM'loTepHa Tomorpadis He BWUSIBANM NAaTOMOTMYHUX
3MiH, Yy TOMYy 4ucni perioHapHoi nimdageHonartii. Maui-
€HTLi BMKOHAHO NanapoCKOMiYHy racTpeKkTomito, nimdo-
avcekuito D2 Ta iHTpakoprnoparnbHy PEeKOHCTPYKLi0
3a Py. TpuBanictb onepadii 255 xB, kpoBoBTparta 50 mn.
MatoricTonoriyHe AoCNiAXEHHs npenapaty BUSABUIIO
MHOXMHHI HEMW G1 (puc. 1-3). Yci nyxnuHn obmexeHi
Cn130BO0 0OOMOHKOIO Ta MiACNN30BOK OCHOBOIO LLIITYHKA,
HaWBINbWNA  pPo3Mip HaMBINbLUOrO BOTrHULWA MNYXIMHU
5 mm, wo Bignosigae pT1(m). O3Hak nimcoBackynsapHoi
abo nepuHeBpanbHoi iHBasii He BuasneHo (LO VO Pn0).
HocnigxeHo 18 perioHapHWX NiMaTUYHKX BY3niB, Y XOf-
HOMY MeTacTasiB ONMCaHoi NyXNMHW He BM3HaA4YaETbCA
(0/18, pNO0). Kpai pesekuin ctpaBoxogy Ta ABaHaguATH-

3anpornoHoBaHoO

INTRODUCTION

The gastric neuroendocrine tumours (G-NETSs),
arising from neuroendocrine cells within the stomach,
represent 7%—-8% of all digestive neuroendocrine
neoplasms [1, 2].

In 1993, three subtypes of G-NETs were defined [2, 3].
Type | lesions (approximately 70-80% of the total) are
associated with chronic atrophic gastritis (CAG). These
tumours have a good prognosis with 5-year survivals
quoted at 96%. Type Il lesions (approximately 5-8%
of gastric carcinoids) are associated with gastronomes
and the resulting Zollinger-Ellison syndrome, most
frequently associated with multiple endocrine neopla-
sia type 1. These lesions are of intermediate malignant
potential with up to 30% metastasizing. Type Ill gastric
carcinoids (15-20%) have most malignant potential
with approximately 50-100% metastasize. They are
sporadic lesions arising in otherwise normal gastric
and associated with a poorer prognosis (75-80% 5-year
survival) [2, 4, 5].

In this report, we described a rare case of multiple
Type-l G-NETs.

MATERIALS AND METHODS

Case presentation

During routine gastroscopy in a 44-year-old female
with history of CAG and anaemia, multiple (15-20) polyps
of size 2-9 mm were found. Multiple biopsies were
obtained. Histopathological examination with haema-
toxylin and eosin staining described these lesions as
undifferentiated cancer. Repeated gastroscopy was done.
The three biggest polyps (5-9 mm) were removed
by snare polypectomy. Repeated histopathological
examination was specific for G-NET. The neoplasm
presented Ki-67 proliferation index of < 3%; Cytoke-
ratin 18, Chromogranin A, Synaptophysin, INSM1 were
positive in neoplasm cells. From these findings, accor-
ding to WHO/2017 classification, the G-NET was of low
histological grading (G1) [2].

After discussion, according to multiple lesions total
gastrectomy was suggested.

Basic laboratory results before procedure are depic-
ted on Table 1 and included mild anaemia, and ele-
vated serum chromogranin A and gastrin.

Transabdominal ultrasound and CT demonstrated
no pathological findings including no regional lympha-
denopathy. The patient underwent a laparoscopic total
gastrectomy, D2 lymphadenectomy, and intracorporal
Roux-en-Y reconstruction. The operative time was
255 min, and the blood loss was 50 ml. Histopatho-
logical examination of a surgical specimen revealed
multiple, Grade 1 G-NET (fig. 1-3). All lesions are limited
to the mucosa and submucosa of the stomach, the
longest size of the largest tumour lesion is 5 mm, what
corresponds to pT1(m). No signs of lymphovascular or
perineural invasion were found (LO VO Pn0). 18 regional
lymph nodes were examined, no metastases were
detected (0/18, pNO). Edges of resections of the
esophagus and duodenum without signs of tumour
growth (RO). Outside of tumours, there were signs
of chronic inflammation of the stomach mucosa, with
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nanoi kuwkn 6e3 osHak nyxnuHHoro pocty (RO). Mosa intestinal metaplasia and mixed glandular atrophy,

MeXaMu NyXnuH y Crv3oBii 060MoHLi Tina WnyHKa HasiBHi
O3HaKu XPOHIYHOro 3ananeHHs, BU3Ha4YalTbCA BOTHULLA
MOBHOI KWULLKOBOI MeTannasii Ta 3wiwaHoi atpodii 3a-
103, TaKoX HasiBHi (DOKYCK HOAYNAPHOI rinepnnasii Hepo-

€HOOKPUHHMX KNiTWH (puc. 4). Taki 3MiHM HanbinbLw “Mo-
BipHO BiAMNOBigalOTb ayTOIMyHHOMY aTpodiyHOMY MeTa-
nnactTuyHomy ractputy. Helicobacter pylori He BusiBneHo.

Tabnuusa 1. OcHoBHi NabopaTopHi AaHi
Table 1. Basic laboratory data

there are also foci of nodular hyperplasia of neuro-
endocrine cells (fig. 4). Such changes are most likely
to correspond autoimmune atrophic metaplastic gastritis.
Helicobacter pylori was not detected.

AHania / Test

3HaueHHs / Value

HopmanesHe 3HaveHHs / Normal limits

lemorno6iH / Haemoglobin 105 g/L 121-151 g/L
Eputpoumntn / Red cell count 3,6 10" /L (3,9-5,1) * 102 /L
lematokput / HTC 32% 36—48%
TNerikountn / White cell count 8,5%10°/L (4,5-11,0) *10%L
TpomGouuTn / Platelets 262 *10°/L (180-320) * 10°/L

Binipy6iH / Bilirubin

16,2 mkmonb/J1

8,5-20,5 mkmonb/J1

KpeaTuHiH / Creatinine

87,4 mkmonb/J1

53-97 mkmonb/J1

CeuvoBunHa / Urea

3,18 mmonb/J1

< 8,3 mmonb/J1

ALT 13 oa/n < 37 oo/M
AST 23 og/M <31 0a/M
XpomorpaHiH A / Chromogranin A 347,2 Hr/mn <101,9 Hr/m
[acTpuH / Gastrin 664 nr/mn <100 nr/mn

Puc.1. MNatorictonoriyHe gocnigpkeHHs npenapary.

ATpodbiyHa crm3oBa LUMyHKa 3 HEMPOEHOOKPUHHUMM MyxnnHaMu(R\) Ta pybusamuy nicns eHAoCKoNiYHOT nomninekTomii (=)

(doTo 3 pi3HUx cTopiH a, b)

Fig. 1. Specimen. Atrophic gastric mucosa with neuroendocrine tumour (N) and scars after endoscopic polypectomy (=)

(photos from different sides a, b)

Puc. 2. CnusoBa o6onoHka Tina wwnyHka — BucokoaudepeHLiioBaHa HEMPOEHAOKPUHHA MyXINHa.

36inblueHHs x50, reMaToOKCUMiH-€03UH

Fig. 2. Gastric mucosa of the body of the stomach with well-differentiated neuroendocrine tumour.

Magnification x50, hematoxylin-eosin
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Puc. 3. Cnunsosa obonoHka Tina LwnyHka — BucokoamdepeHLinoBaHa HepoeHAoKpUHHA NyXnnHa.
36inbLueHHs x100, remaToKCUNiH-€03UH

Fig. 3. Gastric mucosa of the body of the stomach with well-differentiated neuroendocrine tumour.
Magnification x100, hematoxylin-eosin

Puc. 4. CninsoBa 06050HKa Tina LWyHKa — aTpodivHUiA racTput 3 MOBHOIO KULLKOBOHO (%) Ta MiNopu4yHoo (A ) MeTannasieto 3anos,
HoAynsipHa rinepnnasist HeMPOEHOOKPUHHUX KITiTUH (1), 36inblweHHs x100, remaTokcuniH-e03uH
Fig. 4. Gastric mucosa — atrophic gastritis with complete intestinal (%) and pyloric (A ) gland metaplasia,
nodular hyperplasia of neuroendocrine cells (#). x100 magnification, hematoxylin-eosin

MicnaonepauinHnin  nepebir  3axBoptoBaHHA  6e3
yCcKnagHeHb, nauieHTka Oyna BunucaHa Ha 10- geHb
nicns onepaLwii, racTpyH y cupoBaTui KpoBi Hopmaniay-
BaBcsA. Yepes 12 wmicauiB nicns onepauii nauieHTka
noyyBaeTbcsa aobpe.

PE3YABTATH TA iX OBTOBOPEHHS

HenpoeHOOoKPWHHI NyXMUHK LWiyHKa | Tuny noxogdaTs
i3 eHTepoxpomadpiHonogioHux (ECL) kniTuH, siki € OCHOB-
HAMW HEWPOEHOOKPUHHUMUK KNiTUHaMu Ccnn3osoi 06o-
NOHKU WNyHKa. Y nadieHTtiB i3 XAl 3HMXeHa cekpeuis
LUMYHKOBOI KUCMOTU CTUMYMKOE CEKpeLito raCTpuHy, Lo
npu3soanTb A0 TpaHcdopmauii ECL kniTmH y kapum-
Hoig [4, 5]. Lle 6yno goBeaeHO B eKCMepUMEHTArbHUX
pobotax [6, 7]. OTpumaHi AaHi csig4aTb Mpo Te, WO
CTUMYNbOBaHEe TracCTPUHOM  MOCWMEHE  BUBIMbHEHHS
rictamiHy 3 knitTuH ECL Moxe p[iATn sK ayTOKPUHHWUIA
dakTop pocTy rinepnnasii Ta Heonnasii knitnH ECL.

Bunagku 3 MHoxuHHuMM HEMLW gocutb  pigkicHi
i nepeBaxHO NybmikylOTbCA SK BunNagku abo HeBenwuki
cepii Bunagkie [8—13]. 3aranom, 3axBopioBaHiCTb | Tvny
HEMLW 3HayHO BapitoeTbes. Y pocnimkeHHi L. Vannella
Ta cniBaBT. [15] Ha MOMEHT BCTaHOBMEHHS AiarHo3y
XAl HEMW 6yno piarHoctoBaHo Yy 2,4% nauieHTiB
i y 6 nauientiB i3 214 possuHynuca HEMNW Ttuny |
i3 piyHMM piBHEM 3axBoptoBaHocTi (NoanHo-pik) 0,4%.
PeTpocnekTvBHe KOropTHe AOCHIMKEHHA nokasano, Lo
NpoTAroM nepiogy cnocTtepexeHHs Big 3 o 7,5 pokis
(y cepegHbomy 5 pokiB) cepen 176 nadieHTiB
3 XAl HETMW posBuHynucs y 33, WO BignoBigae pidHin
KyMYNSTUBHIN YacTtoTi 5,7% [16].

The postoperative course was uneventful, and patient
was discharged on postoperative day 10. Serum gastrin
normalized after surgery. The patient has been doing
well to date at postoperative month 12.

RESULTS AND DISCUSSION

Type-1 G-NETs originate from enterochromaffin-
like (ECL) cells, which are the main neuroendocrine
cells in the gastric mucosa. In patients with CAG,
decreased gastric acid secretion stimulates the secre-
tion of gastrin, and ECL cells transform into a carcinoid
[4, 5]. This way was proven in experiment works [6, 7].
The obtained data suggest that stimulated by gastrin
increased histamine releasing from ECL cells may act
as an autocrine growth factor for ECL cell hyperplasia
and neoplasia.

Cases with multiple G-NETs are quite rare and mainly
published as case reports or small series of patients
[8-13]. In general, the incidence of Type | G-NETs
varies considerably. In a study by L. Vannella et all [15]
it was diagnosed 2.4% patients at the moment when
CAG was diagnosed and 6 patients out of 214 deve-
loped Type | G-NETs with an annual incidence rate
(person-year) of 0.4%. The retrospective cohort study
showed that during follow up from 3 to 7.5 years
(median 5 years) among 176 patients with CAG
G-NETs developed in 33, corresponding to an annual
cumulative incidence of 5.7% [16].

In this paper, we present a case of multiple G-NETs
in atrophic gastritis with hypergastrinemia. The increased
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Y Ui ctatti Mn npeactaBNAeMO BUMNAAOK MHOXWUH-
Hux HEMW npun aTtpodiyHOMy racTpuTi 3 rinepractpu-
Hemielo. HenpoeHOOKPUHHUM  NYXMAVHHUM  MapKepom
cnyrysas MiABULLEHUI piBEHb XPOMOrpaHiHy A.

Hesaxatoun Ha rapHuin nporHo3 npw HEMLW Tuny I,
€ MOBIOOMIEHHS MPO YypaXKeHHsA NiMdaTUYHUX BY3niB
[9, 13, 14], a TakoX BCi O3HaKu nporpecii NyXnuHU
3 nimcaTMyHuMKM By3namu Ta OUCTanbHUMKW MeTacTa-
3amu [17]. Y pobGoti 3 nikapHi Mount Sinai i3 56 Bu-
napkis i3 HEMW | Tuny y 2 (5,4%) nauieHTiB BUSBNEHO
ypaxeHHs1 perioHapHux nimdgosy3anis. Cepen 56 Bunag-
KiB XipypriyHe BuaaneHHs BUKOHaHO y 46,4% [13].

Onsa nikysaHHsa HEMW Ttuny | eHgockonivHi metoawm,
Taki ik pesekuis cnmM3oBoi 060noHkM abo eHgockoniyHa
Aucekuis nigcnm3oBoi 060MOHKM, MOXYTb OyTU Oouinb-
HuMmK [18]. OgHak, y pasi MHOXWHHUX YpaXKeHb iX BaXKKO
KOHTPOMOBAaTN eHAoCKoNiYHMMK npoueaypamu. OgHUM
i3 XipypriyHMX MeTOofiB MiKyBaHHS € aHTPyMEeKTOMis —
aucTanbHa pesekuis LWyHKa, MeTa SIKOi YCYHEHHS1 npo-
OYKUiT racTpUHy Ta YHUKHEHHS!, TaKUM YMHOM, CTUMYIHO-
BaHHs ECL knituH [11, 19]. Ane ToTanbHa ractpekTomis
3anunwaeTbcs onepawieto BUGOpY y BUNAAKY MHOXUHHUX
HEMW [13, 14, 20]. Kpim Toro, XAl acouitoeTbes 3 nig-
BULLEHMM PU3UKOM paky LinyHka. Y 3BiTi K. Furumoto et al.
6yno aBa Bunagkn MHoxuHHMX HETW i oguH Bunagok
KapuMHOigHO-aAeHOKapLUMHOMHOT NyXnuHu [9].

3pewTolo, BpaxoBylHM MONOAWUMA BIiK NaLEHTKY,
MHOXWHHI ypaxkeHHs Ta XAI, Oyno NpUNHSTO pilleHHS
BMKOHATW ranapocKoniyHy racTpekToMito. Jlanapocko-
niYHMN OOCTYN Mae BenuyesHi nepeBarn $K MiHi-iHBa-
3MBHE BTPYYaHHsI.

MaTorictonoriyHe gocnigXeHHs nokasano BiAcyT-
HICTb YypaXeHHb niMdaTUYHUX By3MiB, a BCi MyXNUHU
Bignosiganu pT1.

BUCHOBKHU

Mwu nosigomMvnu npo PpigkicHMN BUNAOOK MHOXMWH-
Hux HEMW Ttuny | (pT1NOMO) 3 aHemieto BHacnigok
aytoimyHHoro XAl JlanapockomniyHa racTpekToMis €
mMeToAoM BMOOPY B MiKyBaHHi TaKMX XBOPUX.
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chromogranin A level served as neuroendocrine
tumour marker.

Despite overall good prognosis in Type | G-NETs,
there are reports about lymph nodes involvement
[9, 13, 14] and all signs of tumour progression with lymph
nodes and distal metastasis [17]. In the report from the
Mount Sinai Hospital out of 56 cases with type |
gastric NETs, 2 (5.4%) patients demonstrated regional
lymph node involvement. Among 56 cases surgical
resection was done in 46.4% [13].

For the treatment of type | G-NETs, endoscopic
modalities like mucosal resection or endoscopic sub-
mucosal dissection may be considered [18]. In the case
of multiple lesions, however, it is difficult to be controlled
by endoscopic procedures. Although antrectomy has
been proved to be effective in abolishing hypergastri-
nemia [11, 19]. But total gastrectomy may be the proce-
dure of choice when there were multiple small lesions
throughout the stomach [13, 14, 20]. Also, CAG is
associated with an increased risk of gastric carcinoma.
In the Report by K. Furumoto et all. there were
2 cases of multiple G-NETs and 1 case of a carcinoid-
adenocarcinoma tumour [9].

Afterall, including young age, multiple lesions and
CAG the decision was to perform a laparoscopic total
gastrectomy which has huge benefit as a miniinvasive
procedure and good result was archived. There was no
lymph node involment, no distal metastasis and all
the lesions corresponded pT1.

CONCLUSIONS

We reported a rare case of multiple type-l G-NETs
with pernicious anaemia due to autoimmune CAG.
Laparoscopic total gastrectomy is a method of choice in
treatment of such patients.
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Prospects for further research

In the future, it will be appropriate to identify gastric neuroendo-
crine tumors among patients with chronic atrophic gastritis
and compare different treatment modalities.
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niMdOBEHO3HUIA HaBPsSIK KUCTI, KinbkicHa  AKTyanbHiCTb. BTOpMHHUIA NiMAOBEHO3HMII HABPSK KUCTIi — oAHEe 3 HaWMNOLUMPEHILnX
oLjiHKa. i Cepno3HMX ycknagHeHb crnewianisoBaHoro nikyBaHHs paky rpygHoi 3anosu.
Meta po6GOTM — KiNbKICHO OLHWTW AWHAaMIKy niKyBaHHS NiMGOBEHO3HOro Habpsiky
KWCTi LWNsIXoM BUMIpY i 06’eMy 3a JONOMOIo 3anponoHOBAHOMO MakeTa NpUCTPOLO.
Matepianu ta Metoau. Y 23 nauieHTOK BMA NPOMEHEBOIO YLUKOMXEHHS BU3Havanu
papioHyKNiOHUM MeTOAOM, CTyMiHb BTOPUHHOIO HabpsiKy KWUCTi 3a JOMOMOrOK CKOHCT-
KixmeHko leop Mukonatiosuy pyiioBaHUX MpUCTPOIB. JliKyBaHHS MPOBOAMMW LUMSXOM OMPOMIHEHHS AINAHOK Npo-
JepxasHa ycTaHoBa «[JHINPOBCLKUA iep-  MeHeBOro ibposy i BiANOBIAHWX NiMDOKONEKTOPIB EreKTPOMArHiTHAM BUNPOMIHIO-
XaBHUI MeANYHUIA yHiBepcuTeT MiHICTep-  BaHHAM HaaHM3bKoi YacToTn (EMB HHY) Ta koMnpeciHuMm niMdoapeHaxem.
CTBa OXOPOHM 300POB’A YKpaiHu», kadpe-  PesynbTaTM Ta iX OGroBOpEeHHA. [MHaMiKy NpOBedeHOro MiKyBaHHS OLiHIoBanu
pa oHKororii Ta Mean4HoI papionorii; 3a 3MiHOW 06’eMy KUCTi, SIKWi1 BUBHAYanm 3a KinbKicTio BUTICHEHOI piavMHKM 3 MakeTa
Byn. BepHapacbkoro, Bya. 9, m. [HINPo,  BuMiptoBanbHOMO MPUCTPOI MPU 3aHYPEHHI B HLOTO AMCTANbHOTO Bi4inly Bepx-
YkpaiHa, 49044; HbOT KiHLiBKW.
e-mail: mojaperepiska.1@gmail.com BucHoBku. [laHy METOAMKY MOXHa po3rMsagaTh SK 06’eKTUBHWIA MeTod KinbKicHOT
OLiHKM NiMPOBEHO3HOTO HabpPsIKy KUCTi.
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Key words: ABSTRACT

lymphovenous edema of the hand, Background. Secondary lymphovenous edema of the hand is one of the most
quantitative assessment. common and serious complications of specialized treatment of breast cancer.
Purpose — to quantify the dynamics of treatment of lymphovenous edema of the
hand by measuring its volume using the proposed device model.
Materials and methods. In 23 patients, the type of radiation injury was determined
by the radionuclide method, the degree of secondary hand edema was determined
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using a number of designed devices. Treatment was performed by irradiating the
areas of radiation fibrosis and the corresponding lymphatic collectors with ultra-low

frequency electromagnetic radiation (UHF EMR) and compression lymphatic drainage.
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Results and discussion. The dynamics of the treatment was evaluated by the
change in the volume of the hand, which was determined by the amount of fluid
displaced from the model of the measuring device when the distal part of the upper
limb was immersed in it.

Conclusions. This technique can be considered as an objective method for quanti-
fying lymphovenous edema of the hand.

Kikhtenko IM, Khvorostenko YuM, Primakova YeM. Quantitative assessment of the results of lymphovenous edema
therapy in patients after combined treatment of breast cancer. Ukrainian journal of radiology and oncology.
2024;32(2):275-284. DOI: https://doi.org/10.46879/ukroj.2.2024.275-284
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BCTYN

Pak Momno4HOi 3ano3n B CTPYKTYPi OHKOMOFYHUX
3axBOPIOBaHb 3ariMae ofHe 3 NPoBiAHUX Micup [1, 2].

3axBOpIOBaHICTb Ha L Hosonorito 36inbluyBanacs
Brnpogorx 2015-2019 pp. Ha 0,6—1% wwopiyHo [3].

KomnnekcHe nikyBaHHS, LLO BKIOYAE BEMUKI Xipypriy-
Hi BTpyYaHHsi, NPOMEHEeBY, MOriXimMio- i FopMOHOTepanito
Npu3BOAATb OO CEPNO3HMX COMATUYHUX i MCUXOMOTYHNX
nopyLUeHb, AKi 06’€QHY0Tb Y MOCTMACTEKTOMIYHUIA CUHA-
poMm. BiH y GinblwocTi Bunagkis noe’asaHun 3 Grokom
FONOBHUX LWNSAXIB NMiMGOBEHO3HOrO BIATOKY nimMcu Big
BEPXHbOI KIHLIBKM | pPO3BUTKOM BTOPMHHOIO HabpsKy,
3MEHLUEHHSM aMmMmiTyan pyxiB y nnedyoBomMy cyrnobi,
MOPYLEHHAM iHHepBaLii KiHUiBKA i TpygHOI CTiHKW,
aenpecieto [4—10].

OgHuM 3 HalbinbLl NOLUMPEHUX YCKNaAHEHb, LU0
3HAYHOK MIpOK MOTipLWY€E SKICTb XWTTSA XBOpUX Ta
notpebye TpuBanoro ManoedgekTMBHOIO niKyBaHHSA
3 CYMHIBHMM MpOrHO30M, € AUCTarnbHUIA niMdOBEHO3-
HUA HabpsK, SIKMKA, 32 OaHMMU Pi3HMX aBTOpPIB, 3yCTpi-
yaetbes y 5-83% oHkomnoriyHnx xsopux [4].

3a pesynsratamy NPOCNEKTUBHMX KOrOPTHUX A0CNiA-
XeHb (30 gocnigXeHb) YacToTa BUHWKHEHHS nimdbeaemun
pyk cknagae 0,4-92,5% [11].

OCHOBHi cKaprM nauieHTiB — HabpsK KWCTi, siKui
NMPUHOCUTb €CTETUYHI HE3PYYHOCTI: HEMOXITMBICTb NPUXO-
BaTU MOro Big MOMMSAIB OTOYYHOYMX, BUMYLLUEHE HOCIHHA
KOMMPECIAHUX PYyKaBWYOK, WO 36iMblyloTb OUCKOM-
dopT xBOpMX, nNiOBULIEHa yBara [0 HEe3BUYalHOro
BMrMsAy kvcTi [12, 13].

Relationship with academic programs,
plans and themes

The work was performed at the State Institution
«Dnipro State Medical University of the Ministry of Health
of Ukraine» in accordance with the theme of the
Department of Oncology and Medical Radiology
«Improvement of the principles of personalized diagno-
sis and complex treatment of malignant and pre-tumor
conditions», state registration number 0122U201536,
applied, term of implementation 2023-2026, supervisor —
Doctor of Medical Sciences, Professor |.M. Bondarenko.

INTRODUCTION

Breast cancer occupies one of the leading places
in the structure of oncological diseases [1, 2].

The incidence of this nosology increased by 0.6-1%
annually in 2015-2019 [3].

Complex treatment, including major surgical inter-
ventions, radiation, polychemotherapy and hormone
therapy, leads to serious somatic and psychological
disorders, which are combined into postmastectomy
syndrome. In most cases, it is associated with a block-
age of the main pathways of lymphatic and venous
lymphatic drainage from the upper extremity and the
development of secondary edema, a decrease in the
range of motion in the shoulder joint, impaired innerva-
tion of the limb and chest wall, and depression [4—10].

One of the most common complications that sig-
nificantly worsens the quality of life of patients and
requires long-term ineffective treatment with a dubious
prognosis is distal lymphovenous edema, which occurs,
according to various authors, in 5 to 83% of cancer
patients [4].

According to the results of prospective cohort stu-
dies (30 studies), the incidence of lymphedema of
the hands is 14.2-28.9% [11].

The main complaints of patients are swelling of
the hand, which causes aesthetic inconvenience: the
inability to hide it from the eyes of others, the forced
wearing of compression gloves that increase the dis-
comfort of patients, increased attention to the unusual
appearance of the hand [12-13].
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Mporpecytounii HabpsSiK CUHXPOHHO 3MeHLIye disio-
MNOriYHi  MOXINMBOCTI KUCTi, TUM CaMUM YCKMNaaHIo4M
He TiNbKM BMKOHaHHA npodpecinHMx 06oB’A3KIB, a W
3BMYalHOI NOBCSIKAEHHOI NoGyToBOI poboTu [14].

Ha npaktuui mu 3iTkHynucs 3 npobnemoto 4OCTOBIp-
HOTO KinbKicCHOro BUMipy 06’€My KMCTi B NpoLEeci nikyBaH-
HA Mi3HIX MPOMEHEBMX YLUIKOAXEHb i3 NiM(OBEHO3HUM
HaBPSAKOM KiHLiBKW.

Mowyk edekTBHUX METOAIB NiKyBaHHS Habpsiky
KUCTi, a TakoX 3acobiB KinbKiCHOT OLiHKM NpoBeaeHoro
niKyBaHHS, rocTpo akTyarnbHi [15].

[nsa BuMiptoBaHHA CTyneHs nposisy niMcpoBEeHO3HOro
Habpsiky 3aCTOCOBYHOTb Pi3HOMaHITHI MeToau cy6 ekTUB-
Horo Ta 06’ekTUBHOrO xapakTepy [16].

I3 cy6’eKTMBHUX — BMKOPUCTOBYHOTb OLIHKY mniMdo-
BEHO3HOro cTasy npu ornsi nauieHTa, a TakoxX MHOXMUHHI
onuTyBanbHWKK [17].

[ocnTb NpocTMm i iHbopMaTUBHUM METOAOM MOXHa
BBaXaTW METO BU3HAYEHHA OKPYXHOCTI  KiHLIBKY,
ane Moro MOXIMBO 3acToCyBaTW TiNbku OO nreya Ta
nepegnniyys. 3a [JOMNOMOrow Moro BUMIpATU 06’eM
KUCTi Hemoxnueo [18].

MeTog BuMiptOBaHHsI Habpsiky BCi€l KiHUiBKM LUs-
XOM BW3HAYEHHS1 KiNbKOCTi pigWHKW, WO BUTICHEHA
3 BUMIpIOBanbLHOrO 06’eMy € HE3py4yHUM, a TaKoX Mae
BENUKMIN CTYNiHb HETOYHOCTI. Lle nos’sisaHo 3 4OBINbHUM
po3TallyBaHHSAM KiHLIBKM XBOPOro, piBEHb 3aHypeHHS
SKOi Yy BMMIiptOBanbHin konbi 3aBxan Oyae iHWMM.
Kpim Toro, ouyeBMAHi CKNagHOLi peecTpyBaHHA 3MiHU
o6’emy Boau B Taki BENUKMIA Konbi, SKWO pobuTn BUMIp
y NauieHTKM HeBenukux rabapuTiB, acTeHiYHOi cTaTypu
3 TOHKUMU pykamu [18].

MeTa po60TH — KinbKiCHO OLIHUTY ANHAMIKY NiKyBaHHS
niMcpoBEHO3HOIO HABPSIKY KUCTI LLNSXOM BUMIpY ii 06’emy
3a JONMOMOrOH0 3anponoHOBAHOIO MakeTa NpUCTPOH.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y pocnipkeHHs BKAYMNM 23 nauieHTkn 3i 3no-
AKICHAMM nyxnuHamu rpyaHoil 3anosu T, N, M, nicna
KoMbGiHOBaHOro nikyBaHHs B 00csasi nepep- i nicns-
onepadinHoi noniximiotepanii (MXT), npomeHeBoi Tepa-
nii, onepauii pagukaneHoi MacTekToMii abo po3LmMpeHoi
ceKkToparnbHOI pe3sekLii 3 NiMoaeHEKTOMIED.

Bua npomMeHeBOro YLLKOKEHHS («rapsadi» i «XonogHi»
¢ibpoan) i ctaH NiMOBEHO3HOIO BIATOKY BM3HAYanu
pagioHyknigHum metogom [19].

OnpoMiHEHHS XBOPUX EMEKTPOMarHiTHUM BUMPOMIHIO-
BaHHAM HagHu3bkoi 4actotn (EMB HHY) nposogunu
Ha anapartax «DimapD 2000» — Bupo6Huk DIMAP s.r.o.
(Yexist), BMKOPUCTOBYIOYM CTaHAAPTHWM Habip annika-
TopiB. [lpn HEMOXNMBOCTI ONTUMAanbHOrO YKNagaHHs
XBOPOi AN MPOBEAEHHS 3annaHoBaHOro OMPOMIHEHHS
(BHacnigok KOHTpakTypu nnevoBoro cyrnoba) 3actoco-
ByBanu moaudikoBaHWA anapaTt Ans  marHitotepanii
«[lMontoc-1» y pexumi «HackpisHe noney.

OnpomiHioBany 30HM NOCTNPOMEHEBUX 3MiH M’AKUX
TKaHWH, LWKipK | nigwkipHoi knitkosuin EMB HHY
y pexumi gosu, wo aktmeye dyHkuito (OAP) 3 Bennun-
HaMM MarHiTHOI iHaykuii o 10-15 mTn abo gos, wo
npurHivytoTb  dyHkuito (OMP) 3 marHiTHOWO iHAYKUIEW
Oinbwe 15 mTn.

[na OA4HO3HAYHOrO THyMayeHHA TOro, Npo  AKUA
KiNbKicHM BNNYMB (O03y) MAeTbCA — akTuByouuMn abo
NPUrHIYYIO4YNA, Has3Banu 3anpornoHOBaHy OAMHULO i

Progressive edema simultaneously reduces the
physiological capabilities of the hand, thereby making
it difficult not only to perform professional duties but
also ordinary everyday household work [14].

In practice, we faced the problem of reliable quan-
titative measurement of the hand volume in the treat-
ment of late radiation injuries with lymphovenous edema
of the limb.

The search for effective methods of treating hand
edema, as well as means of quantifying the treatment,
is urgently needed [15].

Various subjective and objective methods are used
to measure the degree of lymphovenous edema [16].

Among the subjective ones, the assessment of
lymphovenous stasis during the examination of the
patient, as well as multiple questionnaires are used [17].

A fairly simple and informative method is the method
of determining the circumference of the limb, but it can be
applied only to the shoulder and forearm. It is not possible
to measure the volume of the hand [18].

The method of measuring the edema of the entire
limb by determining the amount of fluid displaced from
the measuring volume is inconvenient and also has
a high degree of inaccuracy. It is associated with the
arbitrary location of the patient’s limb, the level of immer-
sion of which in the measuring flask will always be
different. In addition, there are obvious difficulties in
recording changes in the volume of water in such
a large flask when measuring a patient with a small
asthenic physique with thin arms [18].

Objective — to quantify the dynamics of treatment
of lymphovenous edema of the hand by measuring its
volume using the proposed device model.

MATERIALS AND METHODS

The study included 23 patients with T N, M,
malignant breast tumors after combined treatment in
the volume of pre- and postoperative polychemothe-
rapy (PCT), radiation therapy, radical mastectomy or
extended sectoral resection with lymphadenectomy.

The type of radiation damage («hot» and «cold»
fibrosis) and the state of lymphovenous outflow were
determined by the radionuclide method [19].

Patients were irradiated with ultra-low frequency
electromagnetic radiation (ULF EMR) using DimapD 2000
devices manufactured by DIMAP s.r.o. (Czech Republic)
using a standard set of applicators. If it was impossible
to optimally position the patient for the planned irradia-
tion (due to shoulder joint contracture), a modified
apparatus for magnetotherapy «Polyus-1» was used
in the «through field» mode.

The zones of post-radiation changes in soft tissues,
skin and subcutaneous tissue were irradiated with
ELF EMF in the mode of function-activating dose (DAF)
with magnetic induction values up to 10-15 mT or
function-suppressing dose (FSD) with magnetic induc-
tion over 15 mT.

For an unambiguous interpretation of the quantitative
effect (dose) in question — activating or suppressive —
the proposed unit of its amount (physical unit) was
named after the capital letters of the researchers’ names:
Dose Activating Function (DAF) — measured in units
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KinbkoCTi ((pisvyHy OAMHULIO) 3a Benukumu nirepamu
npiseuwa pocnigHukie: [osa, wo AktuBye OyHKLUiO
(OAD) — BumiproeTbcs B oguHuuax KiX (KuxteHko
i XBopocTeHko) — [o3a, wo [lpurHivye ®yHKLUilO
(OrNo) — sumipoetbes B oguHuusax XiK (XBopocTeHko
Ta KixTeHko) [19].

Yac ekcnosuuii cknapgaBs 3—-10 i Ginbwe XBUNUH
Ha norne.

[lonaTkoBO OMPOMIHIOBaANM MedianbHUN  KONMEKTop
i kyGiTanbHi nimdatvyHi By3nu B pexumi 403, Lo
NPpUrHivye yHKLio.

3anexHo Big OTpUMaHWUX JaHuUX pagioHyKnigHoro
pocnigxeHHsa i Y3[-gonnnepa CyauH KiHUiBKM, ONpOMi-
HIOBanu 30HW Qibpo3y B pexumax, Lo akTUByTb abo
MPUrHiYYIOTb OYHKLUit0, Ta 30HWU LWASAXiB NiMEOBIOTOKY
Ha KiHUiBLi B TUX MicLsX, B IKMX criocTepiraBcs Grok.

Ha M’'siki TKaHWHM i Wwnaxu niMoBEeHO3HOro BiATOKY
nicna nigBegeHHss cymapHOi ocepedkoBoi A403u: Ang
«rapsumx» ibposis y pexumi OJAP — 97-369 KiX;
Ans «xonogHux» B pexumi ONe — 6385 XiK .

Ha rpyny konektopiB npoBogunu nimdoapeHax Hab-
PsiKy KiHUiBKM Ha anapaTtax «GreenPress 12» — BUPOOHMK
ISKRA MEDICAL d.o.o. (CnoseHis) i «LifeDoctor» —
BMpobHuk Daesung MAREF (MisaeHHa Kopes) no 20 xB.,
30 Ma 3a oagunH ceaHc i kypcom 11-15 ceaHcis.

BumiptoBaHHst 06’eMy nneya Ta nepegnnivydsi NpoBo-
OVnu Wnsixom 3amipy ix Koma crtaHgapTHO-NobyToBOH
CaHTMMETPOBOK CTPIYKOK B TPbOX YaCTMHAX — BEPXHIN,
CEPEaHIN, HUXKHIN.

BumiptoBaHHst 06’€My KWCTIi MPOBOAMNN  LUMISIXOM
BM3HAYEHHS1 KiNIbKOCTi BWTICHEHOI HeK piguHu npwm
3aHypPEeHHi KUCTi Y BUMipIOBarbHWUIA NPUCTPIN.

CtatucTnyHa [OCTOBIPHICTL pesynbraTiB  BuU3Hava-
nacs 3a piBHeM CTaTUCTUYHOI 3HAYMMOCTI.

PE3YABTATU TA iX OBFOBOPEHHS

[aHa TakTuMKa niKyBaHHSA [O3BoNWMMNa OTpMMaTu
NO3UTUBHUI pe3ynbTaT Yy BUMMSAI 3MEHLUEHHS KNiHIYHMX
NposiBiB AMCTanNbHOro Habpsiky.

Ona  BumipioBaHHS 0B’€MYy  KWCTI
BWUIOTOBIEHI BUMIiptoBarnbHi konbu (puc. 1).

Konbu BWroToBneHi 3 npo3oporo nracTuka, Ha siki
HakneloBanacb MiHiika 3  MiniMETpPOBOK  LLUKarow
(niHinka nnactukoBa Axcent (7330-A) kpaiHa BuUpoOOG-
HVK HimeuunHa). O6’em konb nigibpaHWin Takum YMHOM,
wob 3aHyptoBaHa KUCTb OMTUMAasribHO pPO3TalLLOBYyBa-
nacsi ycepeauvHi 3 MOXIUBICTIO BifnlbHOro, 6esnepeLuxoa-
HOro MigMoMy pigvHM i BiACTaHb Bif KUCTi 4O KpaiB konbu
6yna MiHiManbHoto.

Ons 6inblw ToOYHOro i [AeTanbHOro BUMIPHOBaHHSI
06’eMy KUCTi BWIOTOBMNM Kiflbka aHamnoriyHMx Kono
pi3HOro poO3Mipy, OCKiINMbKM [OOBOAMTBCS BUMIpIOBaTU
KWCTi PyK y ntogen pisHoro rabaputy i KOHCTUTYLIT, Y SIKUX
PYKM Bifpi3HAOTLCH 33 BENNYMHOLO.

Y konbu OO0 BMXiOHOrO pPiBHS HanvBanuM Body KOM-
dopTHOI Temnepatypu. dikcyBanu novaTkoBe 3HAYEHHS
PiBHS PiAMHN Ha BUMIpIOBarnbHIW LWKani NiHiikn (puc.1).

Mexeto 3aHypeHHs pyku Oyna kpyroBa niHis, sika
npoBefeHa Ha piBHI LUMNONOAIGHNX BiAPOCTKIB MiKTHOBOT
i NMpOMeHeBOi KICTKM, O BiANOBIAAE APYriA  LUKIPHINA
cknagui. i nosHavanu Mapkepom. Ha npoTURExHii
300pOBIVi pyLi CTaBUNM NO3HaYKy Ha TOMY X pPiBHi (puc. 2).

Hamu  Bynu

of KiKh (Kikhtenko and Khvorostenko) — Dose Depress-
ing Function (DDF) — measured in units of KhiK (Khvo-
rostenko and Kikhtenko) [19].

The exposure time was 3-10 minutes or more
per field.

Additionally, the medial collector and cubital lymph
nodes were irradiated in the mode of function-de-
pressing dose.

Depending on the data obtained from the radionuclide
study and Doppler ultrasound of the limb vessels, the
zones of fibrosis were irradiated in modes that activate
or suppress function, and the zones of lymphatic drai-
nage pathways on the limb in those places where
a block was observed.

On soft tissues and lymphatic and venous outflow
pathways after the total focal dose: for «hot» fibrosis
in the DAF mode — 97-369 KiKh; for «cold» fibrosis
in the DUF mode — 6385 KhiK.

Lymphatic drainage of limb edema was performed
on the group of collectors using the GreenPress 12 appa-
ratus (ISKRA MEDICAL d.o.o. (Slovenia) and LifeDoctor
(Daesung MAREF, South Korea) for 20 minutes, 30 Pa
per session and a course of 11-15 sessions. The volume
of the upper arm and forearm was measured by mea-
suring their circumference with a standard household
centimeter tape in three parts — upper, middle, and lower.

The volume of the hand was measured by determining
the amount of fluid displaced by it when the hand was
immersed in the measuring device.

The statistical reliability of the results was determined
by the difference method.

RESULTS AND DISCUSSION

This treatment tactic allowed to obtain a positive
result in the form of a decrease in the clinical manifes-
tations of distal edema.

To measure the volume of the hand, we made
a number of measuring flasks (Fig. 1).

The flasks are made of transparent plastic with
a ruler with a millimeter scale glued to it (Axcent
plastic ruler (7330-A), made in Germany). The volume
of the flasks is selected in such a way that the immer-
sion brush is optimally positioned inside with the possi-
bility of free, unhindered liquid rise and the distance
from the brush to the edges of the flask is minimal.

For a more accurate and detailed measurement of
the hand volume, several similar flasks of different sizes
were made, since it is necessary to measure the hands
of people of different sizes and constitution, whose
hands differ in size.

Water of a comfortable temperature was poured
into the flasks to the initial level. The initial value of
the liquid level was recorded on the measuring scale
of the ruler (Fig. 1).

The immersion limit of the arm was a circular line
drawn at the level of the styloid processes of the ulna
and radius, corresponding to the second skin fold. It was
marked with a marker. On the opposite healthy arm,
a mark was placed at the same level (Fig. 2).
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Puc. 1. BumiptoBarnbHi konbw 3 BUXigHUM piBHEM pignHn
Fig. 1. Measuring flasks with liquid level output

3aHyptoBanu KiHUIBKY i3 HAOpsKOM TakuM YUHOM,
o6 HWXHIN Kpam MeHicka PiBHS PigMHU pO3TaLlOBY-
BaBCA MO MiHii MITKM y340BX BCIi€i OKPY>XHOCTi KMCTI.
Ti cami fji BUKOHYBanm 3 iHLWOK pykoto (puc. 3, 4).
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Puc. 3. BumiptoBaHHs 06’eMy npaBoi KUCTi A0 NiKyBaHHSA
Fig. 3. Measurement of the right hand volume before treatment

OTpumaHi gaHi o6’eMy 300pOBOi Ta KUCTi 3 HAOPSKOM
[0 i nicna nikyBaHHA 3aHOCUNK B Tabnmuo.

[ns npwknagy HaBoAMMO pe3ynbTaTy MiKyBaHHS
xBopoi Jla---wko. [iaeHo3: Pak npaBoi rpyaHoi 3anosu
(HWxHe30BHiWHIN kBagpaHT) T,N,M; ct. IlIA, nicna Heo-
aA’loBaHTHOI ropmoHoTepanii, onepawii LWMPOKOI CeKTo-
panbHOi pesekuii 3 nimdoageHekTomieo 21.06.2018,
pT,pN,M,, Bigmosa Big MXT, nicna ag’ioBaHTHOI Anc-
TaHUiiHOT MpoMeHeBOi Tepanii, y npoueci ropmMOHO-
Tepanii, kn. rp.Il.

XBopa 3BepHyrnacsa 3i ckapramu Ha Habpsik nepea-
nnivy4s i KACTI MpaBoi BEPXHbOI KiHUIBKW, SKUA BUHMK
yepes OAMH pik nicna cneuianbHOro nikyBaHHs. O6’ekTmB-
HO BM3HA4YaBCs BUpaXeHuh ibpo3 30H ONPOMIHEHHS:
B AiNAHUi nicnsonepauinHoro pybus npasoi rpyaHoi 3a-
No3u, LUMAHO-HAOKIIOYNYHOI | NaxBOBOI AiNsHOK cnpasa.

Puc. 2. MiTkv Mexi 3aHypeHHst pyku
Fig. 2. Hand immersion limit marks

The edematous limb was immersed in such a way
that the lower edge of the meniscus of the fluid level
was located along the line of the mark along the entire
circumference of the hand. The same steps were
performed with the other hand (Fig. 3, 4).

Puc. 4. BumiptoBaHHs 06’eMy niBOT KUCTi 40 NiKyBaHHSA
Fig. 4. Measurement of the left hand volume before treatment

The data obtained on the volume of a healthy
and edematous hand before and after treatment
were tabulated.

For example, here are the results of the treatment
of patient La----sha. Diagnosis: Cancer of the right
breast (lower outer quadrant) T,N,M, st. llIA, after
neoadjuvant hormonal therapy, wide sectoral resection
with lymphadenectomy on 06/21/2018, pT,pN,M,, refu-
sal of radiotherapy, after adjuvant remote radiation
therapy, in the process of hormonal therapy, grade II.

The patient complained of swelling of the forearm
and hand of the right upper extremity, which occurred
1 year after special treatment. Objectively, there was
a pronounced fibrosis of the irradiation areas: in the
area of the postoperative scar of the right breast, cervical
and axillary areas on the right.
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Mpu yneTpassykoBOMy AochigkeHHi (gonnnep) 3a-
cikcoBaHO AMCTanbHM Habpsik NpaBoi BEPXHbOI KiH-
LiBKM 3i 36inbLLIEeHHsM KonekTopiB Ao 3,0 cm.

Mpu pocnigxeHHi MikpoumpKynauii pagioHyknigHUm
METOAOM CrMOCTEPIraeTbCs pi3Ke 3HMKEHHA nimdose-
HO3HOro BiATOKY Oinblue 3a MefjanbHUM KONMEKTOPOM —
95,37% 3aTpumku TexHeuito (Th®™m).

JlimoBeHO3HE ckuaaHHs BigOyBanocss no konare-
pansm Ha piBHi cepeaHboi TpeTuHu nnedva. NpomeHe-
BMI (hiGpo3 y NpaBilii NaxBoBil AiNSHUI — «rapsyniiy.

BusHayeHHs1 BUOy NnpoMeHeBUX pibpo3iB — «rapsymnx»
Ta «XONOAHWX», CTaHy niM(OBEHO3HMUX KOMeKTopiB
BigToKy, o3 EMB HHY npu nikyBaHHi ni3HiIX NnpoMeHeBumx
YWKOMKEHb HaMW HagaHo B YMCINEHHUX nNybnikauisx
B «YKpaiHCbKOMY pafionorivHoMy XypHarni» Ta, 30kpema,
B Hawin moHorpadii «[i3Hi NpOMEHEBI MOLLUKOOKEHHS.
Teopia Ta npakTtuka» [19].

JlimpoBeHO3HMI HAbpsik KUCTi 3amipsnn Ha o060x
pyKax LUMsIXoM peecTpauii KinbKoCTi BUTICHEHOTO 06’eMy
pionHu 3 konbu. Ha puc. 3, 4 npencraeneri pesynsratu
BMMIipiB 06’emiB 000X KuCTe OO novaTky NiKyBaHHS.
Ha puc. 5 nogaHo pesynsrati BUMIPIB KUCTi 3 Habpsikom
[0 Ta nicnsa nikyBaHHS.

Ultrasound examination (Doppler) revealed distal
edema of the right upper extremity with an increase in
the collectors up to 3.0 cm.

In the study of microcirculation by radionuclide
method, a sharp decrease in lymphovenous outflow
was observed more along the medial collector — 95.37%
of technetium (Th®™) retention.

Lymphovenous discharge occurred through colla-
terals at the level of the middle third of the shoulder.
Radiation fibrosis in the right axillary region was «hot».

The definition of the type of radiation fibrosis —
«hot» and «cold», the state of lymphatic and venous
outflow collectors, doses of ELF EMW in the treatment
of late radiation damage was provided in numerous
publications of the Ukrainian Radiological Journal and,
in particular, in our monograph «Late Radiation Damage.
Theory and Practice» [19].

The lymphovenous edema of the hand was measu-
red in both hands by recording the amount of fluid
displaced from the flask. Figs. 3, 4 show the results of
measurements of the volumes of both hands before
treatment. Fig. 5 shows the results of measurements
of the hand with edema before and after treatment.

Puc.5. BumiptoBaHHsi 06’eMy npaBoi KACTi 3 HAbpsikom A0 Ta nicnsi NikyBaHHS
Fig. 5. Measurement of the volume of the right hand with edema before and after treatment

Ak nokasaHo Ha pUCyHKax npv BUMIpi 4O NiKyBaHHA
pisHMUss B o6’eMi BWUTICHEHOT BOAM MiX Habpsikno
i HOpMarnbHOK KUCTIO cKrana:

23,4cm—21,4cm =2 c™m (puc 3, 4).

Micns nikyBaHHA 06’em BUTiCHEHOI BoguM B KomnGi
3 HabpsKMOK KUCTHO cknaB 22,4 cM (3a LUKarno NiHinku),
T06TO, 3MeHLWwuMBes Ha 1 cM (puc. 5).

BisyanbHo 1o6pe BUAHO 3HAYHE 3MEHLLEHHS HAabpsiKy
npaBoi KUCTi Ta H/3 nepegnnivysa nicnsa NikyBaHHS.

Po3amipy okpyxHOCTI nneva, nepegnnivyysa i KUCTI
B AuHamiui go i nicna  nikyBaHHA npeacTaBneHi
B Tabnuui 1.

3a gaHumK, HaBegeHMMM B Tabnuui 1, BUAHO, LIO
HanbinbLi NO3UTUBHI 3MiHM BiABYNUCS B HWXHIN TPETUHI
npaBoro nepegnnivydsi, [e OKPYXHICTb 3MeHLmnacs
Ha 4 cM i Maixe 3piBHSANACS 3 NPOTUNEXHUM CErMEeHTOM.

Micna nikyBaHHA CTaH NauieHTKM NokpawmBcs. 30HM
npomeHeBoro ibpody cTanu 6GinblWw enacTU4YHUMKU,

As shown in the figures, when measured before treat-
ment, the difference in the volume of displaced water
between the swollen and normal hand was:

23.4cm—-21.4 cm =2 cm (Fig. 3, 4).

After the treatment, the volume of displaced water in
the flask with the swollen hand was 22.4 cm (on the ruler
scale), that is, decreased by 1 cm (Fig. 5).

Visually, a significant reduction in edema of the right
hand and n/3 of the forearm after treatment is clearly visible.

The circumference of the shoulder, forearm and hand
in the dynamics before and after treatment are presen-
ted in Table 1.

According to the data in the table, the greatest positive
changes occurred in the lower third of the right forearm,
where the circumference decreased by 4 cm and almost
equaled the opposite segment.

After treatment, the patient’'s condition improved.
The areas of radiation fibrosis became more elastic, the
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3MiHMBCS Komip LWKipW 3 rinepnirMeHToBaHUX, CMHIOWHKUX  skin color changed from hyperpigmented, cyanotic to
Ha Onipo-poxeBuii. M'siki TkaHuHM cTanu 36upatuca  pale pink. Soft tissues began to gather in a fold.
B CKNagky.

Ta6nuua 1. JuHamika nimoBeHo3HOro HabpsKy xBopoi J1a---Luko
Table 1. Dynamics of lymphovenous edema in a patient La---shka

o Mneye (cm) Mepeagnnivys(cm) Kuctb(cm)
st ETaan Ll . cermem; Shoulder (cm) Forearm(cm) Brush (cm)
ages of measurements segmen
J g npaBe/right | niBe/the left | npase/right | niBe/the left | mpaBsa/right | nisa/the left

B\3 37 37 34 30 234 21,4
lower part

[o nikyBaHHs/ c\3

Before treatment middle part 35 35 30 24
H\3 35 33 22 18
lower part
B\3 37 37 32 30 225 21,3
lower part

CepepuHa kypcy c\3

The middle of the course | middle part 34 34 28 24
H\3 33 32 20 18
lower part
8\3 37 37 31 29 22,4 21,4
lower part

3akiH4eHHS Kypcy c\3

Completion of the course | middle part 34 34 27 24
H\3 32 32 18 18
lower part

PesynstaTty BUMiptoBaHb AuMHaMmiku 06’emy Habpsiknoi The results of measurements of the dynamics of
i 3g00poBOi KMCTi A0 Ta nicna nikyBaHHA 23 xsopux  the volume of the swollen and healthy hand before and
npencrtaeneHi B Tabnuui 2. after treatment of 23 patients are presented in Table 2.

Tabnuus 2. Pe3ynsraTty BUMiptoBaHb 06’emy HabpsAKnoi i 340poBoi KACTI A0 Ta MIiCns fikyBaHHS
Table 2. Results of measurements of swollen and healthy hand volume before and after treatment

Habpskna kucte / Swollen hand M £ m (cm/cm) P < n

po i nicnsa nikysaHHs / before and after treatment 1,96 £ 0,16 0,0001
[0 NiKyBaHHS (pi3HMLA, B MOPIBHSHHI i3 300POBOI0 PYKOH0)
before treatment (difference compared to the healthy arm) 2,6840,21 0,0001 23
nicns nikyBaHHA (pi3HULS, B NOPIBHSIHHI i3 300POBOI0 PYKOIO)
after treatment (difference compared to the healthy arm) 0,92£0,12 0,0001

3MeHLUeHHs1 Habpsiky KWCTI y XBOpWUX [0 i nicns The decrease in hand edema in patients before and

nikyBaHH4 cknano B cepegHboMy 1,96 + 0,16 cm. after treatment averaged 1.96 + 0.16 cm.
[o nikyBaHHs pi3HuUs Mk o6’emom Habpsiknoi Before treatment, the difference between the volume

KWUCTI i NpoTUNexHoi ctaHoBuna B cepegHboMy 2,68 cm.  of the swollen hand and the opposite hand was on
Micna nikyBaHHA uUs pi3HMUA 3MeHWMnaca B cepen- average 2.68 cm. After treatment, this difference
HboMy Ao 0,92 cm, a y aesiknx xBopux nepecrana BusHa-  decreased to an average of 0.92 cm, and in some patients
yatucs 30BCiM. Take cyTTeBe 3MeHLUeHHs nposiBunocs it ceased to be detected at all. Such a significant reduc-
He TiNbkM NO3UTUBHOK AuHaMikolo 3 Goky Habpsiky tion was manifested not only by the positive dynamics
M yCiX, BUKNUKAHMX HUM CUMMTOMIB, a Takox noninweH- of edema and all the symptoms caused by it, but also by
HSAM MCUXOOriYHOro CTaTycy XBOPUX. the improvement of the psychological status of patients.
Mo3nTuBHa guHamika y BUMSAI 3MEHLLEHHS Habpsiky Positive dynamics in the form of reduction of swelling
nneya Ta nepeanniyua y Bcix xBopux nposBnsanaca  of the shoulder and forearm in all patients was more pro-
GinbLUO MipoD B OAHOMY i3 cerMeHTiB. 3Ha4yHO 3meH- nounced in one of the segments. The lymphovenous
WwmnBcA niMcOBEHO3HMI Habpsik 'y BepxHin TpeTuHi  edema in the upper third of the shoulder and the middle

nneva i cepeaHbOi TPETUHN Nepeannivys (Tabn. 3). third of the forearm decreased significantly (Table 3).

HaBegeHi gaHi AeMOHCTPYOTb MO3UTMBHY AWMHAMIKY These data demonstrate positive dynamics on the
3 BOKY yCiX CErMeHTIB KiHLiBKU 3 HAOPSKOM. part of all segments of the limb with edema.

TakMMm 4MHOM, 3anponoOHOBaHWA METO4 [O03BOISiE Thus, the proposed method allows for an objective
npoBoauMTU OO’EKTMBHY OLiHKY pe3ynbraTtiB nikyBaHHA — assessment of the results of treatment and follow-up
i AMcnaHcepHe CNoCTEPEXEHHST XBOPUX. of patients.
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Ta6nuus 3. JuHamika nimoBEHO3HOrO CTasy nrieya Ta nepeannivyis y 23 xBopmx
Table 3. Dynamics of lymphovenous stasis of the shoulder and forearm in 23 patients

[aHy mMeToamKy MOXHa pos3rnagatv K 06’eKTUBHMN

METOA KiNbKICHOI OLiHKM NiM>OBEHO3HOro HabpsiKy KACTI.

36|'|p0|'|OHOBaHa MeToauKa BU3HAY€HHA CTyneHda

BMpPaXXeHoCTi NiMOBEHO3HOrO HabpsiKy KUCTi 4O3BONSE
30iNCHIOBATN MNOCTIMHUA KOHTPOMb 3a CTaHOM niMdo-
cTasy i onTumidyBaTh 06CAr i NepioanYHICTb NiKyBanbHUX
i NpodiNakTNUYHMX 3axoni..

CMNUCOK BUKOPUCTAHOI AITEPATYPU

Siegel R.L., Giaquinto A.N., Jemal A. Cancer statistics, 2024. CA:
a cancer journal for clinicians. 2024. Vol. 74(1). P. 12—49. DOI:
https://doi.org/10.3322/caac.21820

CermeHT / Segment YactuHa / Part n M £ m (cm) P <

B\3 11 2,82+04 0,0001
lower part

Mneye / Shoulder C\;i 17 2,41 +0,22 0,0001
middle part
H\3 22 2,54 +0,32 0,0001
lower part
B\3 22 2,55+ 0,33 0,0001
lower part

. c\3

Mepegnnivyys / Forearms middle part 21 2,76 £ 0,41 0,0001
H\3 22 2,59+0,15 0,0001
lower part

BUCHOBKHU CONCLUSIONS

This technique can be considered as an objective

method of quantitative assessment of lymphovenous
edema of the hand.

The proposed method for determining the severity

of lymphovenous edema of the hand allows for conti-
nuous monitoring of lymphostasis and optimization
of the volume and frequency of therapeutic and pre-
ventive measures.
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Prospects for further research

In the future, it is planned to continue studying the mechanisms
of radiation damage development, the impact of concomitant
pathology on their development, in order to improve preven-
tion and treatment. Search for new means of treating radiation
damage. Strategic priority area of innovation: introduction
of new technologies and quality of medical care, treatment
and pharmaceuticals.
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