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PE3IOME

AKTyanbHicTb. XBOpPi Ha MyKOBICUMAO3 BIAHOCATLCA OO TPYNU PU3UKY 3 iH(IKyBaHHS
OnxanbHUX LUNSAXIB BHACNgOK  KNiHIYHMX OcoGnMBOCTEN 3axBopioBaHHs. B nepioa
naHgemii COVID-19 BWHMKae HeoOXigHICTb pO3yMiHHs BNNMBY iHdekuii Ha nepebir
OCHOBHOIO 3aXBOPHOBAHHS, BPaxoBYKOUM, LIO XUTTE3AATHICTb XBOPUX BU3HAYaETLCS,
B OCHOBHOMY, CTyMeHeM ypaxKeHHs nereHb. PaHHs diarHocTvka i KoMnrekcHa Tepanis
KOpOHaBIpYCHOI iH(peKUii 36inbluytoTe TPUBAMICTb XWUTTS MauieHTIB 3 MYKOBICLMA030M
i nokpalLytoTb Moro sKicTb. Y BUPpILLEHHI Liei npobnemn nposigHa porb HaNeXWTb PeHT-
reHoNoriYHMM OOoChigXEeHHSM.

Meta po6otu. BcTaHoBUTUM (hakTOpu pu3NKy OBTSKEHHS OCHOBHOIO MNaTOOri4YHOro
npoLecy LUMSXOM BU3HAYEHHS [iarHOCTUYHOI 3HAYyLLOCTi PEHTrEeHOMNOrYHUX O03HaK
ypaxeHHsi nereHb npu COVID-19 y gopocnumx, XBOpux Ha MyKoBicLMO03.

MaTtepianu Ta meToau. AHani3 pesynbraTiB peHTreHorpadii i Komn'toTepHoi Tomorpadii
11 popocnux, XBOpWUX Ha MYKOBICUMOO3 CepedHbOro Ta TSHKKOro CTyneHs nepebiry
3 NigTBEPAKEHUM AirHO30M KOPOHaBIPYCHOI iHAeKLUii.

Pesynbratv Ta iXx o6roBopeHHsl. OCHOBHWMUW peHTreHorpadiyHMMM cuMnToMamm
y CMOCTEPEXYBaHMX HaMW XBOPMX Ha MYKOBICLMAO3 3 MigTBEPOXEHUM [AiarHO30M
KOpOHaBipycHOi iHdekuUii Byna pi3HOro CTyrneHst MHEBMOHIYHA iHINbTpauis Ha Thi
Ondy3HUX 3MiH fnereHeBoro pucyHka i o3Hak emdiszemu nereHb. Komn'iotepHa TOMO-
rpadisi, KpiM CUMMTOMIB OCHOBHOIO 3axBOPIOBaHHS, [03BONWMa BUSIBUTM O3HAKW,
SKi MW PO3LHIOEMO K BIAMNOBIAHI MHEBMOHIi, cnpuymMHeHoi iHdekuieto COVID-19 —
YLWiNbHEHHS NereHeBoi TKaHWHU 3a TUMOM «MaTOBOrO CKMay, HasiBHICTb Pi3HOI hopMu
OiNSHOK «MaToOBOrO CKkna» 3 PeTUKYNSPHUMKU 3MiHaMW Ta KOHcofigauielo nereHeBol
TKaHWHK, GinaTepanbHa rokanisauis naTonoriyHMx 3MiH, nepeBaxHO Yy 6asanbHux
Ta cybnnesBpanbHUX Bigainax.

BucHoBkuU. YpaxeHHsi nereHb, 3ymoBnieHe COVID-19, npu peHTtreHorpadii y nauieHTis
3 MYKOBICUMA030M MOXE Ha No4aTKoBMX eTanax MackyBaTUCb OCOBNMBOCTSIMU MpOSiBiB
OCHOBHOIO 3aXBOPHOBaHHs. Y 3B’A3Ky 3 UMM Byab-siki pEHTreHONOoriYHi NPOsiBM 3ananbHUX
3MiH nereHb y XBOPUX Ha MYKOBICLUMAO03 MOBUHHI B enigemMidyHun nepiod posrnsgaTucs
Ak nigospini wopgo COVID-19 Ta BMMaratm  nNpoBefdeHHsi MNoriMepasHo-NaHLoroBoi
peakuii i komn'toTepHoi Tomorpadii.

TkadyeHko M.M., Mopososa H.J1., TaHaciduyk-Taxuesa H.B., Yepkacosa J1.A. OcobnuBOCTi peHTreHONoriYHOI KapTUHM
ypaxeHHss nereHb npu COVID-19 y popocnux nauieHTiB, XBOpMX Ha MyKOBicUMAO3. YkpaiHcbkull padionoeidHull
ma oHkonoeidHull xypHan. 2022. T. 30. Ne 2. C. 9-24. DOI: https://doi.org/10.46879/ukroj.2.2022.9-24

OpuwuriHanbHi gocnigkeHHs

9 Original research
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ABSTRACT

Background. Patients with cystic fibrosis (CF) fall into the risk group of breathing
passages infection as a result of clinical features of the disease. During the period
of COVID-19 pandemic,the necessity of understanding how infection affects the course
of the main disease has appeared, taking into account that viability of patients is
essentially determined by the degree of lung lesion. Early diagnostics and complex
therapy of coronavirus infection increase the lifespan of CF patients and improve quality
of life. X-ray examinations play the leading role in solving this problem.

Purpose — to establish risk factors of the main pathological process aggravation
by determining diagnostic significance of roentgen sings of lung lesion in COVID-19 in
CF adult patients.

Materials and methods. Theanalysis of radiography and computed tomography results
of 11 adult patients with CF of moderate and severe degree who were also diagnosed
with coronavirus infection.

Results. The main X-ray symptoms in observed patients with CF with confirmed diagnosis
of coronavirus infection was pneumonic infiltration of different degrees in the setting of
diffuse changes of lung pattern and features of pulmonary emphysema. Besides symp-
toms of the main disease, computed tomography allowed us to find the signs, which we
consider to be the signs of pneumonia caused by COVID-19 infection — induration of
lung tissue in the form of ground-glass opacity, presence of ground-glass areas of
different shapes with reticular changes and consolidation of lung tissue, bilateral
localization of pathological changes, predominantly in basal and subpleural areas.
Conclusions. Lung lesion conditioned by COVID-19 in radiography of CF patients may
be disguised by the features of the main disease manifestations. Therefore, any X-ray
evidence of inflammatory lung changes in CF patients during the epidemic period must
be regarded as COVID-19 suspected, and polymerase chain reaction and computed

tomography must be performed.
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YkpaiHn «OcobnmeocTi npomeHeBoi AiarHOCTUkM SARS-
CoV-2 acouiioBaHNX ypaxeHb FnereHb nig 4yac naHgemii
COVID-19», HoMep aepxaBHoi peecTpauii: 0121U108186,
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BCTYN

Hebe3neuHi iHekUiiHi 3axBOPIOBaHHS MNPOOOBXYOTh
BMHMKATK | CTAHOBUTM 3arpo3dy AN CUCTEMWU OXOPOHU 340-
poB’a B ycboMy cBiTi. HoBuin kopoHasipyc (SARS-CoV-2),
O CMPUYMHSIE PO3BUTOK PecnipaTopHUX 3axBOpHOBaHb
y nopen (3okpema rocTpoi  pecnipaTopHOi  XBOpoo6u
COVID-19), 6ys BnepLue igeHTUdikoBaHU B M. YxaHb (Ku-
Tan) y rpyaHi 2019 poky. 11 6epesHs 2020 p. BOO3
oxapakTtepusyBana cnanax COVID-19 y c¢BiTi sk naHgemito.
o rpyn puauky Tsbkkoro nepebiry Ta netanbHoOCTi Yepes
COVID-19 Hanexartb, Hacamnepepn, ocobu ctapiue 65 po-
KiB i MaLiEHTUN 3 XPOHIYHMMMK XBOPOBaMu OpraHiB AuMXaHHS,
CepLeBO-CyAMHHOI cuctemu, UykposBuMm Adiabetom [1].
MauienTn 3 mykosicumgosom (MB) € rpynowo pusnky 3
iH(pikyBaHHS AMxanbHUX LWNSAXIB  BHACNIOOK  KMIHIYHMX
0CobnMBOCTEN 3aXBOPIOBAHHS, L0 XapakTepusyeTbes ypa-
XEHHSIM YCiX €K30KPUHHUX 3aro3 OpraHiamy 3 niaBuLLEH-
HAM B’A3KOCTI | YTPyOHEHHAM eBakyauii iX Cekpery,
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project of Bogomolets National Medical University of the
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INTRODUCTION

Dangerousin factious diseases continue appearing
and carrying a threat for health care system in the whole
world. The new coronavirus (SARS-CoV-2), which causes
development of respiratory diseases in people (particularly,
acute respiratory disease COVID-19), was firstly iden-
tified in the city of Wuhan (China) in December 2019.
On 11" March 2020, WHO declared the COVID-19 out
break a global pandemic. People, who are at high risk for
severe form of COVID-19 or lethality due to it, are primarily
the ones who are 65 years or older, and the patients with
chronic diseases of respiratory organs and cardiovascular
system, or with diabetes mellitus [1]. Patients with CF fall
into the risk group of breathing passages infection as
a result of clinical features of the disease, which is
characterized by lesion of all excretory glands of the body
with increased stickiness and difficulty in evacuating their
secretion, connected with abnormal functioning of chloride
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MOB’A3aHMX 3 MOPYLIEHHAM (YHKLiIOHYBaHHSA XIOPHOro
KaHany B pesynbrati myTauii B reHi CFTR (perynsatop
TpaHcMeMBpaHHOI NPOoBiAHOCTI KicTo3Horo ¢hibpoasy) [2].

Mykosicungos (anrn. Cystic fibrosis) € Hanbinbw
MOLUMPEHUM CMAJKOBMM ayTOCOMHO-PELECMBHUM 3aXBO-
ptoBaHHsAM. Yactota MB B kpaiHax 3axigHoi €sponu
konueaeTbes Big 1:6000 go 1:12000 HoBoHapogxeHux [3],
B YkpaiHi — 1:8400 (3a pesynsratamu HeoHaTanbHOro
ckpuHiHry 2013 — 2014 pp.) [2]. B ocTaHHi poku ua nato-
noris B YkpaiHi HabyBae BaXnMBOro MeAMKO-CoLianbHOro
3HAYEHHs, WO 3yMOBMEHO TPUBAIICTIO XUTTA XBOPUX
(oo 40 pokiB), paHHbOW iHBanigM3adieto, HeoOXigHICTIO
MOCTINHOTIO IiKyBaHHsI Ta ONCMAHCEPHOrO CMOCTEPEXEHHS,
npobnemammn CBOeYacHoi giarHocTukm [2]. Y 3Ha4HoOi 4ac-
TUHM xBopux Ha MB BiH He giarHocTyeTbcsa B3arani abo
fiarHoCTyeTbCs Mi3HO, HEPIAKO B 3afaBHEHWX CTafisix.
[o 2000 poky cepeaHst TpmBanicTb XUTTA xBopux Ha MB
B YKpaiHi cknagana 12 pokis. BnpoBaakeHHA cneuianiso-
BaHOT Meau4yHOI gornomoru 3abesneqynrnio iCToTHe nigBu-
LEeHHSA BWXMBAHOCTI NauieHTiB 3 MB. 3a ocTtaHHE gecATu-
piyys B €Bponi 3HA4YHO 3pocra KinbkicTb XBOpux Ha MB,
popocni cknagatote 6nm3bko 50%, WO CBiAYUTbL NpoO
noctynoBy TpaHcdopmadito MB 3 6e3ymoBHO chaTanbHoro
3aXBOPIOBAHHS AWTAYOro BiKYy B XPOHIYHY MaTonorio
popocnux [2, 4, 5].

KuTTesgatHicTb xBopux Ha MB BU3Ha4aeTbCA, B OCHOB-
HOMY, CTyMNeHeM YpaxXeHHs nereHb. [laTonoriyHi 3MiHn
B NEereHsx XapakTepusyrTbCa O3HaKamy XpOHIYHOro GpoH-
XiTy 3 po3BWTKOM OpoOHXOeKTasiB i Audy3HOro MHEBMO-
cknepo3sy [3, 5]. Y npocBiTax OpOHXiB 3HAXOAUTLCS B’SA3KMN
BMICT CIIM30BO-THIMHOrO XapakTepy, TakoX 4YacTol 3Haxia-
KOl € atenektasu i ginaHkn emdizemun [3, 6]. Ocobnu-
BOCTSIMM ypaxeHHs nereHb npu MB y popocnux €
BMCOKA 4YacToTa ycknagHeHb (MHEBMOTOpAaKC, nereHeBa
KpoBOTeYa, aTenekras, rocrpa AmxanbHa HeOoCTaTHICTb),
LLIO0 BMMaratoTb iHTEHCUBHOI Tepanii [3, 5, 6].

Mepebir BipycHUX iHMEKUIN AuxanbHUX LWNSXiB Y
nauieHTisB 3 MB Baxuuin, HiX y 3aranbHin nonynauii,
3 HeraTMBHUM BMNIMBOM Ha (OYHKLiIO NnereHb, MiaBULLEHUM
pVM3UKOM YyCKnagHeHb i Oinbll BMCOKMM PU3NKOM CMepT-
HOCTi, WO nigTBepAXeHo nig 4ac naHgemii rpuny H1N1
y 2009 p. [3, 7, 8]. 3 BMHMKHEHHAM naHaemii COVID-19
3'aBunack roctpa HeobXigHICTb PO3YMIHHS PU3NKY iHOIKY-
BaHHS i ocobrnmBocTer nepebiry KopoHaBipyCHOI iHdpekuii
y nauieHtiB 3 MB [9, 10]. MNowwupeHicTe MB y kpaiHax,
SK iHOMKatop reorpaciyHoro posnoginy Hociie  MB,
3HAYHOI MIpOIO HanpsMy KoperntoBana sik 3 MoLUMPEHICTIo
COVID-19, TaKk i 3 koecpiuieHTOM neTanbHOCTI Big Uiel
xBopobu [11]. Ona MB, sk i gna iHdekuii COVID-19,
XapaKTepHi HenTpoinibHe 3ananeHHs |  LMTOKIHOBWUM
BMKMA, WO BM3HAYalTb TSXKKICTb YPaXeHHs AMXanbHOro
TPaKTy Npu LMX 3axBOpoBaHHAX [12, 13].

Y HaykoBin niTepaTtypi gaHux npo nepebir xBopobu
COVID-19 y ntogen 3 MB HepocTaTtHbo. [ocnigHukamm
Oynn 3anponoHoBaHi TEOPETUYHI MEXaHi3MK SIK ONA MOX-
NMBOTO MOCWMEHHS, Tak i Ans ocnabneHHs pennikauii
Bipycy COVID-19 npn MB Ta BnnuBey iHdekKuii Ha nepebir
OCHOBHOro 3axBoptoBaHHs [14]. HagaBHi B gaHuMi 4ac
OaHi Woao pesynbTaTiB 3axBoproBaHHA obMexeHi aBoma
peectpamu nauieHtis 3 MB i COVID-19. 3a gpaHnmn PeecT-
py nauieHTiB E€BpOMNencbKOro TOBapuMCTBa MYKOBICLM-
posy (ECFSPR) npu 414 nigTBepaXeHWx Bunagkax
COVID-19 y naujeHTiB 3 MB 3 37 «kpaiH €sponu go
20 ciyHsa 2021 p. nepebir kKopoHaBipycHOi xBopobu npn MB
MoXe OyTu Ginbll CNPUATAMBUM B MOPIBHSAHHI 3 iHWMMMK
XPOHIYHUMKN 3aXBOPIOBAHHAMMU 4epe3 MOoNoAawuni BiK i
MEHLLY MOLUMPEHICTb OXUPIHHA cepeq umx xsopux [15].

channel as a consequence of mutations in cystic fibrosis
transmembrane conductance regulator (CFTR) gene [2].

Cystic fibrosis is the most widespread hereditary
autosomal-recessive disease. The occurrence rate of CF
in Western European countries ranges from 1:6000
to 1:12000 newborns [3], in Ukraine — 1:8400 (according
to the results of neonatal screening in 2013 — 2014) [2].
In recent years in Ukraine this pathology has been gaining
significant medical and social importance which has been
conditioned by the lifespan of patients (up to 40 years),
early disablement, need for permanent treatment and
dispensary care, problems of timely diagnostics [2]. In large
part of the CF patients this disease is not diagnosed at all
or diagnosed late, often in advanced stages. Before 2000,
the average lifespan of the CF patients in Ukraine was
12 years. Implementation of specialized medical care
provided significant increase in survival rate of the patients
with CF. The number of CF patients in Europe has grown
considerably in the last 10 years, and the fact that 50%
of them were adults indicates gradual transformation
of CF from undoubtedly fatal childhood disease to a chronic
pathology in adults [2, 4, 5].

The viability of the CF patients is mainly determined
by lung lesion degree. Pathological changes in lungs
are characterized by the features of chronic bronchitis with
development of bronchiectasis and diffuse pulmonary
fibrosis [3, 5]. Viscous content of puromucous characteris
located in bronchus lumens; atelectases and emphy-
sema areas are also often found [3, 6]. The specific
characteristic of lung lesion in adults with CF is the high rate
of complications (pneumothorax, pulmonary hemorrhage,
atelectasis, acute respiratory failure) which require
intensive therapy [3, 5, 6].

The course of virus infections of breathing passages
in CF patients is more severe than in general population:
infections negatively affect pulmonary function, increase
the risk of complications and also the mortality risk which
was confirmed during the 2009 H1N1 flu pandemic [3, 7, 8].
With the advent of COVID-19 pandemic, an acute need
for awareness of infection risk and characteristics of
coronavirus infection course in patients with CF [9, 10].
The prevalence of CF in countries as an indicator of geo-
graphical distribution of CF carriers directly correlated
to a great extent with both COVID-19 prevalence and
mortality rate of this disease [11]. CF, as well as COVID-19
infection, is characterized by neutrophilic inflammation
and cytokine release which determine the severity of lesion
of the breathing passage in these diseases [12, 13].

In research literature there is insufficient data about
COVID-19 course in patients with CF. The researchers
suggested theoretical mechanisms for both potential
increase and decrease of COVID-19 virus replication in CF
and affection of the infection on the course of the main
disease [14]. At this time, the available data on the results
of the disease are limited by two patient registries: the
ones with CF and the ones with COVID-19. According to
the European Cystic Fibrosis Society Patient Registry
(ECFSPR), in 414 confirmed cases of COVID-19 in patients
with CF out of 37 European countries by 20 January 2021
the course of coronavirus disease in CF could be more
favorable compared to other chronic diseases due to
younger age and lesser prevalence of obesity among
these patients [15]. However, after the analysis of a large
cohort of patients with CF in the USA [16], it was stated
that mortality rate due to COVID-19 in patients with CF
was 3.5 times higher than in general population (5.2%),
the rate of need for intensive therapy(more than 1 patient
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OpHak, npv aHanisi Benukoi Koroptu nauieHtiB 3 MB i3
CLUA [16] 6yno 3a3Ha4eHo, Wwo cmMepTHicTb Big COVID-19
y nauieHTtiB 3 MB 6yna B 3,5 pasu Buwa, HiX y 3aranbHin
nonynsuii (5,2%), yactota noTpebu B iHTEHCKBHIW Tepanii
(6inbwe ogHoro xsoporo 3 10) Ta PO3BUTOK rOCTPOI HUP-
KOBOI HEOOCTAaTHOCTI TaKOX MepeBaxanun cepes XBOPUWX
Ha MB. ABTOpM LiAWnM OO BUCHOBKY, WO nNauieHTn 3 MB
CXWIbHI [0 pPU3WNKY HECNPUATIMBUX pe3ynbTaTiB  npu
COVID-19. VY «siTHi 2020 p. €Bponeiicbke TOBapUCTBO
3 MB (ECFS) iHiuitoBano nporpamy ECFS-COVID19 ans
36opy iHdopmauii 3a nepebirom COVID-19 y nauieHTiB
3 MB, pesynbrati SKoi NOBMHHI CNPUATN CBOEYaACHOMY Ta
SAKICHOMY HaJaHHI0 Megu4HOT JonoMorun naudieHtam 3 MB.

PaHHs giarHocTuka i agekBaTHa KOMMMEKcHa Tepanis
KOpOHaBIpyCHOI iH(pekUii 30inblUyloTb TPMBAmiCTb XUTTHA
nauieHtis 3 MB i nokpawytoTb noro skicte [15, 17, 18].
Lle Hagae ocobnuBoi BaxnMBOCTI Mpobnemi cBoevacHoi
Ta TOYHOI AiarHOCTUKM ypaxeHHs nereHb npu COVID-19,
Yy BWPpILWEHHI SKOI MpOBiAHA pPOfb HaNeXWUTb PEHTreHOo-
JOTIYHMM AOCHIKEHHAM.

MeTta po6oTu. BusHaueHHss 0COONMBOCTEN PEHTIEHO-
noriyHoi cemioTukn 3miH nereHb npu COVID-19 y popoc-
nnx, xBopux Ha MB, Ta BCTaHOBMEHHS [AiarHOCTUYHOI
3HaYYLLOCTi PEHTIEeHOMNMOrYHMX O3HaK Y BU3HAYEHHI dhaKTo-
piB pU3nKy OBTSHXKEHHA OCHOBHOIO NaToNOoriYHOro NPoLecy.

Y 3B’A3Ky 3 BULLE3a3HAYeHMM METOK Halloro Jocnia-
XEHHS Oyno BW3HAYEHHsI POMi PEHTIEHONOrYHMX METO-
0iB OOCNIAXKEHHS B AiarHOCTUUI YpaXeHHst nereHb npu
COVID-19 y popocnux nauieHTtiB, xBopux Ha MB, Ta
0CcobnMBOCTEN PEHTreHomoriYHOI Mopdonorii Ans nokpa-
LWEHHS OiarHOCTUKU | MPOrHO3yBaHHA MOXIMBUX YCKNag-
HEHb OCHOBHOrO NAaTONOr4YHOro NPoLECy.

BignosigHO [0 MeTu JocnigkeHHs Oynu BU3HaYeHi
OCHOBHi MOro 3aBAaHHA: BU3HA4YUTW HaMbinbll TUMOBI
NMPOMEHEBI CMMMTOMU YpaXKEHHs1 TereHb Ta OUiHWTK
OiarHOCTMYHI MOXNMBOCTI peHTreHorpadii i Komm’roTepHOT
Tomorpadii (KT) npu COVID-19 y popocnux nauieHTiB,
XBOPUX Ha MYKOBICILMAO03.

MATEPIAAU TA METOAU AOCAIAXKEHHA

B ocHoBy po6GoTu noknageHwi aHania pesynbraTtiB
npomeHeBux pocnimpkeHb 11 nauieHTiB (7 4onosikiB i
4 xiHkn) Bikom Big 19 go 25 pokie 3 giarHo3om MB cepeg-
Hboro (5 xBopux) Ta TsKkoro (6 xBopux) cTyneHsi nepebiry,
niagTBepoXEeHUM MOTOBMMM Npobamu i reHeTUYHUMK Jo-
cnigxeHHamu. MNauieHTiB 06’egHyBaB akT BCTAHOBMEHHS
piarHosy MB B popocrnomy Biui. 3 mouyatky naHgemii no
1 civyHa 2022 p. BOHM 3HAXOAMIUCL Ha NiKyBaHHI B iH(ek-
uinHomMy BigaineHHi OnekcaHAPIBCbKOI KIiHIYHOT mMikapHi
M. Kuesa 3 npusoay iHdekuii COVID-19. [lo giarHOCTU4HOro
anropuTMy, Kpim 3aranbHOKNIHIYHUX i nabopaTopHMX Me-
ToaiB o6CcTexxeHHA Oynu BKMOYEHi: UMdpoBa pEHTreHo-
rpacisa B guHamiui Ha anapati «Radrex» dipmu Toshiba
i MynbTucnipanbHa komm'loTepHa Tomorpadis (MCKT)
OpraHiB rpyAHOI NOPOXHUHM Ha KOMIM' lOTEPHOMY TOMOorpadi
Toshiba Aquilion Prime. [docnigkeHHss BWKOHyBanucb Yy
HaTVUBHOMY PEXWMi B MOMOXEHHI NeXayn Ha ChuHi, cTapT
CkaHyBaHHS Bif, 6asanbHuUX BiaAiniB nereHb ANs 3HWXKEHHS
pyxoBux apTedakTiB y XBOPYX 3 3a4ULLKOLO.

Ha crauioHapHomy eTani Bcim xBopum 6ynu npose-
[EHi 3aranbHOKMiHIYHI MeToAM [OOChiAKeHb, BUKOHaHI
MNP-tectn ans Bepudikauii KoOpoHaBipyCcHOI XBopobwu
(Bu3HayeHHsa PHK Bipycy SARS-CoV-2 npwu 3abopi crnusy
3 avxanbHux wnsxie). Bicim nauieHTiB mManu  3miwaHy
hOpMy 3axXBOPIOBaHHSA, WO BKIOYana XPOHIYHWMIA THINHO-

out of 10) and development of acute kidney injury also
prevailed among the patients with CF. The authors drew
a conclusion that CF patients are prone to the risk of
unfavorable results in COVID-19. In April 2020, European
Cystic Fibrosis Society (ECFS) initiated the program
ECFS-COVID 19 to collect information on COVID-19
course on CF patients, the results of which had to
contribute to timely and high-quality health care delivery
to patients with CF.

Early diagnostics and proper complex therapy of
coronavirus infection increase the lifespan of CF patients
and improve quality of life [15, 17, 18]. This attaches great
importance to the problem of timely and accurate diag-
nostics of lung lesion in COVID-19, in solving of which
X-ray examinations play the leading role.

The objective of the work is to determine features of
radiological semiotics of lung changes in COVID-19 in
adult patients with CF and to establish diagnostic signi-
ficance of roentgen sings in determining risk factors of
aggravating the main pathological process.

Taking into account the abovementioned purpose of
our research, the role of radiological methods of research
in diagnostics of lung lesion in COVID-19 infected adult
patients with CF was determined, as well as the features
of radiological morphology for improving diagnostics
and prognosis of possible complications of the main patho-
logical process.

According to the objective of the research, the main
goals of it were defined: to determine the most common
X-ray symptoms of lung lesion and assess diagnostical
possibilities of radiography and computed tomography (CT)
in COVID 19 in adult patients with CF.

MATERIALS AND METHODS

The research is based on the analysis results of X-ray
examinations of 11 patients (7 males and 4 females)
aged from 19 to 25 years and diagnosed with CF of
moderate (5 patients) and severe (6 patients) degree,
confirmed sweat tests and genetic research. The patients
had one fact in common: they were diagnosed with CF
in adult life. From the beginning of the pandemic to
1 January 2022 they were receiving medical treatment
in department of infectious disease of Oleksandrivska
clinical hospital in Kyiv due to COVID-19 infection. Besides
general clinical and laboratory methods of examination,
diagnostic algorithm also included: diagnostic process
imaging on Toshiba’s «Radrex» radiography system and
multispiral computed tomography of chest organs on
Toshiba Aquilion Prime CT system. The examinations were
performed in native mode in prone position lying on the
back, the scanning started from the lung basal areas
for reducing motional artefacts in short-breathed patients.

All patients underwent general clinical methods of
examinations at the steady state, and also PCR-tests
for the verification of coronavirus disease (determination
of RNA virus SARS-CoV-2 during collection of mucus
from breathing passages) were performed. 8 patients had
a mixed form of disease which included chronic purulent
obstructive bronchitis and chronic pancreatic deficiency,
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OBCTPYKTUBHWI BPOHXIT Ta XPOHIYHY NaHKpeaTnyHy Heaoc-
TaTHiCTb, ¥ 3 nauieHTiB nepebir 3axBoptoBaHHs ByB 3 Nepe-
Ba)XXKHUM YpPaXXEHHSAM nereHb Ha Thni 30epexeHoi dyHKUii
NiALWTYHKOBOT 3an03u.

TsxkkicTb Nepebiry ouiHloBanu 3a CyKymnHiCTIO KIiHIYHUX
03HaK (CcTanicTb KawnbOBOrO CUHOPOMY, MOKa3HUKM
@YHKUii 30BHILLUHBOrO AMXaHHA, MacO-pOCTOBI MOKa3HWUKW,
YPaXXeHHS MeYiHKK1, CTYNiHb PEHTreHONor4YHMX 3MiH y nere-
HSIX, XapaKkTep iHgeKUiiHoro 3byaHuKa, HasBHICTb ycknag-
HeHb | 06’eM HeobXigHOT aHTbakTepianbHOI Tepanii).

KniHiuHa kapTMHa cepegHbOTSXKKOro nepebiry MB
B YCiX XBOpMX XapakTepuadyBanacb CTanicTio Kawrwo i
3HWKEHHAM MOKa3HUKIB (PYHKLii 30BHILLIHBOMO AMXaHHS
Ha 30 — 40% B nNOpPIBHSHHI 3 HOPMOIO, NATOMOTYHUMMU
3MiHaMM NeviHKK Ta MNigWnyHKOBOI 3a5no3u 3a GioxiMmiuHMMK
nokasHukamn Ta gaHummn Y3[, HasiBHICTHO CUHBOTHINHOI
nanuykn B OOMHUYHKX MOCIBaX MOKPOTMHHS (y 3 XBOpMX).
Y 4 xBopux crnocTepiranocb ypaKeHHS HaBKONOHOCOBUX
nasyx. lMauieHTn 3 nepebirom MB cepeaHboOro ctyneHs
TSOKKOCTI  moTpebyBann MOCTINHOTO  MEeAUKaMEHTO3HOro
nNiKyBaHHSA 3 METOK MOMEepemKEHHA MOXIMBUX Yycknaa-
HEHb 3aXBOPIOBaHHS.

Yci xBopi 3 TsbkkMM nepebirom MB manu posropHyTy
KNiHIYHY KapTWUHY 3axBOPKOBAHHA 3 MOCTINHUM MNPOAYK-
TMBHUM KalUNeM, 3HWKEHHAM iHOEKCy Macu Tima B
cepenHboMmy Ao 14,5 kr/m? (Hopma — Bif, 18,5 0o 24,9 kr/m?),
YacTMMU 3aroCTPEHHAMM XPOHIYHOro OpoHXxiTy. Y 6inb-
wocTi BunagkiBs (5 XBOpux) crnocTepiranicb LMPOTUYHI
3MiHW MeviHKK, ¥ 4 — uyKpoBui aiabeT. Takox y 5 xBopux
cTabinbHO BUCIBANM CUHBLOTHIVHY NanuMyky B MOKPOTWHHI.
Mpun 3arocTpeHHi Npouecy B YCiX XBOPUX (PYHKLIS 30BHiLL-
HbOro AMxaHHs Gyna 3HWxkeHa Oinblie, Hix Ha 50%. IHTep-
Banu MiX 3aroCTPEHHAMU, SKi BUMaranu BHYTpPILLUHbOBEH-
HOro 3acTocyBaHHA aHTWUBIOTWKIB, CcKrmaganM MeHLue
4 micsyiB. Taxki ycknagHeHHs MB (OoecTpykuisi nereHeBoi
TKaHWHW | MHEBMOTOpAaKC) BigMiYamMcb y 3 XBOpMX.
Yci nauieHT manu TpuBanui (3 paHHbLOro OAWUTAYOrO BiKy)
aHaMHe3 3axBOplOBaHb OpraHiB AUXaHHA — XPOHIYHOro
OPOHXiTY, NHEBMOHIi, 3ananeHb HaBKOIOHOCOBKX Nasyx.

PE3YABTATU TA iX OBrOBOPEHHS

HesBaxatoum Ha Te, wo giarHo3 COVID-19 y xBopumx
Ha MB moxHa 6yno 3anigosputu 3a KriHiYHMMU CUMNTO-
MaMK MHEBMOHIi (nigcuneHHs kawnw, crnabkictb, 6inb
y M’A3ax, NiaBULLEHHA TemnepaTtypu Tina Ta 3aguviika),
OaHVMM OO0 KOHTaKTy 3  iH(iKOBaHMM nauieHToM,
npomeHeBa fiarHOCTVMKa Bigirpana BaxnuBy ponb  SK
B OUiHLUi BMPa3HOCTI 3axBOPKBaHHA, Tak i npu noganb-
LIOMY cnocTepexeHHi. B Hawomy gocnimpkeHHi uudposa
peHTreHorpadisi BMKOHyBanacb B CepedHbOMYy 4epes
6 AHiB (4—8 AHiB) nicna nosiBM MepLumMx CUMMATOMIB MHEB-
MOHii. Mpwn ouiHUi 3MiH nereHeBOi TKaHWHWM BpaxoByBanu
MOXINMBE MOEOHAHHS BIPYCHOMO YPaXeHHS InereHb Ta
iCHYHOUYOro XpOHIYHOr0 3axBOPKOBAHHSA 3i 3MiHaMu B nere-
HEBIV TKaHWHI.

Mpu peHTreHorpadpii y XBOpMX cnocTepiranucb He-
crneundivHi 3MiHM B nereHsax, WO, B OCHOBHOMY, Oynu
3YMOBIEHI XapakTepoMm BTOPMHHOIO 3ananbHOro npouecy
npu MB. Y 100% nauieHTiB BM3Ha4Yanucb MOCUMEHHSA
i gedopmalia nereHeBoro puUCyHKa, MOro TSXKUCTUA Xa-
pakTep BHACNiAOK nepeBakaHHA NepubpoHXianbHUX 3MiH;
CITYaCTiCTb NpV 3anyyeHHi B npouec nepiaumHapHNX
i NnepmnobynapHUX enemMeHTiB Cromny4Hoi TKaHuHK (puc. 1);
y 5 xBopux 3 TsxkuMm npebirom MB — o3Haku rinep-
MOBITPAHOCTI NereHb (HEePIBHOMIPHICTb BEHTMNAUIT, OinsH-

in 3 patients the course of disease was accompanied
by predominant lung lesion in presence of preserved
function of the pancreas gland.

The severity of the disease was assessed by the
complex of clinical signs (constancy of cough syndrome,
indices of respiratory function, weight and height indices,
liver injury, the degree of radiologic abnormalities in lungs,
nature of infectious agent, the presence of complications
and amount of necessary antibacterial therapy).

Disease pattern of moderate CF course in patients
was characterized by constancy of cough and reduction
of indices of respiratory function by 30 — 40% compared
to normal range, pathological liver and pancreas gland
changes according to biochemical indicators and ultra-
sound examination data, presence of blue pus bacillus
insolitary sputum cultures (in 3 patients). In 4 patients
paranasal sinuses lesion was observed. The patients
with moderate CF needed permanent pharmaceutical
treatment in order to prevent probable complications
of the disease.

All patients with severe CF had an extensive disease
pattern with constant productive cough, reduced body-
weight index by an average up to 14,5 kg/m? (normal
range — from 18,5 to 24,9 kg/m?), frequent exacerbation
of chronic bronchitis. In most cases (5 patients) cirrhotic
changes of the liver were observed, in 4 patients —
diabetes mellitus. In addition, in 5 patients blue pus
bacillus in mucus was constantly being inoculated.
In the cases of disease exacerbation all the patients
had reduced respiratory function by more than 50%.
Intervals between exacerbations, which required intra-
venous administration of antibiotics, were no shorter
than 4 months. Severe complications of CF (destruction of
lung tissue and pneumothorax) were detected in 3 patients.
All patients had long-lasting (from early childhood)
medical history of respiratory diseases — chronic bronchitis,
pneumonia, paranasal sinuses lesions.

RESULTS AND DISCUSSION

Regardless of the fact that diagnosis of COVID-19
in CF patients could be suspected by clinical symptoms
of pneumonia (cough intensification, weakness, muscle
pain, increase in body temperature and short breath),
and data on contacting with infected patient, X-ray exami-
nation played an important role in assessing severity
of the disease, as well as observing it further. In our
research diagnostic imaging was performed on average
in 6 days (4 — 8 days) after the onset of first pneumonia
symptoms. When assessing the changes of lung tissue,
probable combination of virus lung lesion and existing
chronic disease with lung tissue changes were taken
into account.

During X-ray examination, non-specific changes in
lungs, which had been mainly conditioned by the nature
of secondary inflammatory process in CF, were observed.
Amplification and deformation of lung pattern andits
cord-like character were determined due to predomi-
nance of peribronchial changes in 100% of patients;
reticulation in the cases of involvement of periacinar
and perilobular elements of connective tissue into the
process (Fig. 1); in 5 patients with severe CF course —
signs of lung hyperaeration (inequality of ventilation,
swelling areas, low-set diaphragm, flattening of its cupulas,
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KA 30yTTH, HU3bKe CTOSHHSA JiadparMu, CrnoweHHs i
KyrnoniB, BWOyXaHHS TpyOHVWHW Brepen, pPO3LUMPEHHS
peTpocTepHanbHOrO i peTpokapAianbHOro  MNpoCTOpiB,
Kibo3 rpygHoro Bigainy xpebrta, dopmyBaHHSA «fereHe-
BOrO cepus»; y 4 XBOPUX — PO3LUMPEHHS KOPEHIB NereHb
3a paxyHok rinepnnasii 6poHxonynbMoHanbHUX niMda-
TUYHKX By3niB (puc. 2, 3).

bulging of the breast bone to the front, expansion of
retrosternal and retrocardial spaces, kyphosis of thoracic
spine, formation of «pulmonary heart»; in 4 patients —
extension of the lung roots due to hyperplasia of broncho-
pulmonary lymph nodes (Fig. 2, 3).

Puc. 1. PeHTreHorpama oprasis rpyaHOi NopoxHuHK xsoporo C., 23 pokiB.

MykoBicunaos, nereHeBa popma, nepebir cepeaHboi TsxKoCTi. BepudikoBaHa iHdekuis COVID-19. BusHavaeTbca onyLeHHs
Kynonis Aiadpparmu, niacuneHHs i AedopmaLlis nereHeBoro pucyHka, nepubpoHxiansHa iHpINsLTpauis; B HWKHIX Bigainax,
GinbLue 3niBa — MHOXWHHI cybcermeHTapHi hokycu 3ananbHoi iHdinsTpadii. Po3LUMpeHHs KOpeHiB nereHb
Fig. 1. X-ray image of thoracic organs of patient S., 23 years old.

Pulmonary cystic fibrosis of moderate degree. Verified COVID-19 infection. Lowering of diaphragm cupulas,
amplification and deformation of lung pattern, peribronchial infiltration can be determined; in lower areas,
mainly in the left side — numerous subsegmental foci of inflammatory infiltration and extension of the lung roots can be detected

Puc. 2. PeHTreHorpama opraHis rpyaHoi NopoxHuHM xsoporo C., 26 pokiB.
MykoBicunaos, nereHeBa copma, THKKUA nepebir, BepudpikoBaHa iHdekuis COVID-19. BusHayaeTtbes binatepanbHe amdysHe
nocureHHs i KoMipkoBa AedopMalLlist NereHeBoro pyMcyHKa Ta iHinbTpaLis nereHeBoi TKaHWHWN cepeaHbOl IHTEHCUBHOCTI,
6e3 yiTknX KOHTYpIB Yy HapaiadparmanbHyX Bigdinax, binbLie cnpaea, Ha TNi SKOi BU3HA4YaETbCA CUMMNTOM «MOBITPSIHOT BpoHxorpadii»
uuniHapyyHa dopma rpyaHoi KniTkv, onyweHHs Kyrnonis giadparmMvi. MHOXVHHI nneBpo-AdiadparmanbHi cnaikm
Fig. 2. X-ray image of thoracic organs of patient S., 26 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. Bilateral diffuse amplification and cellular deformation
of the lung pattern and infiltration of the lung tissue of moderate intensity without clear contours in supradiaphragmatic areas,
mainly in the right side, in the setting of which symptom of «air bronchography» is determined, cylindrical form of the chest,
lowering of diaphragm cupulas and numerous pleuro-diaphragmal spikes can be detected
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Puc. 3. PeHTreHorpama opraHis rpyAHoOi nopoxHuHM xsoporo L., 19 pokis.
MykoBicunaos, nereHesa copma, THKKMA Nnepebir, BepudikoBaHa iHdekuis COVID-19. PeHTreHorpama BukoHaHa
B YMOBax peaHiMaLiiHoro BiAAineHHs y BUMYLLEHOMY MOMOXEHHI XBOPOro Ha NepecyBHOMY PEHTIeHOMNoriYHoMy anapari.
BisyanisyloTbca MHOXUHHI BinatepanbHi AiNSHKV anbBeonspHoOI iHdinbTpauii,
cepeaHbOoi Ta BUCOKOI iIHTEHCMBHOCTI, O MaloTb 3MMBHUIA XapakTep
Fig. 3. X-ray image of thoracic organs of patient Sh., 19 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. X-ray image was taken in emergency department
in a forced patient’s position on a mobile X-ray apparatus. Numerous bilateral areas of alveolar infiltration of moderate
and high intensity which have a confluent character can be visualized

3a ckianoriyHMMKn xapakTepucTukamu nereHesy opmy
MB BigHocATb [0 rpynuM AMCEMIHOBaHUX Ta iHTep-
CTUUianbHMX 3axBoptoBaHb NnereHb [4, 5]. Y 6inblocTi
XBOpUX (4 — 3 nepebirom cepeHbOi TSXKKOCTI, 5 — 3 TAKKUM
nepebirom MB) Bi3yanisyBanucb MHOXWHHIi BOTHULLEBI
TiHi, nepeBaXxHO B LUEHTpanbHMUX Big4inax nereHb.
BinatepanbHi AINAHKW YLWINBHEHHST NereHeBOi TKaHUHU
3 HeYITKUMW Ta HepiBHMMM KOHTYpaMu, HU3bKOI Ta cepea-
HbOI IHTEHCUBHOCTI (Ha TNi SKUX NPOCTEXYBANUCb CYAWHW,
abo npocBiTM GPOHXIB — CUMNTOM «MOBITPSHOT GPOHXO0-
rpacii») BUsSIBNANUCL y 3 XBOPUX MPU CEPEAHBOTSKKOMY
nepebiry MB. lNpu ubomy 3MiHM NepeBaxHO Nokanisysa-
nvcb y nepudepuyHnX Bigainax nereHeBux nonis (cyonnes-
panbHi Ta 6a3anbHi Bigainu nerexb) (puc. 1, 2). Y BCix XBoprX
3 TshkkuM nepebirom MB BU3Ha4YanmMcb MHOXWHHI ABOGIYHI
OINAHKX anbBeOonspHOI iHQINbTpaLii, cepeaHbOoi Ta BUCOKOT
iHTEHCUBHOCTI, WO GynyM oBGepHEHi LUMPOKOK OCHOBOK A0
KocTanbHoi Nnespu abo manu 3annBHKI Xxapaktep (puc. 3).

Takum 4YMHOM, B HaLIOMY AOCHIAKEHHi peHTreHomno-
riYHi 03HaKM NHEBMOHIT BU3Ha4Yanuca B ycix xsopux 3 MB,
iHchikoBaHMX kKOpOHaBipycoM. Y GinbLiocTi 3 HKx (10 XBopux)
PEHTrEHONOrYHI  3MiHWM  XapakTepuayBanucb [ABOGIMHVUM
YPaXKeHHsIM iHTepCTULianbHOi TKaHWHW nerenb. Cnig 3a-
3HaunT, Wo OakTepianbHi NHEBMOHII 3a pesynbratamu
NpoMeHeBMX AOChiMKeHb Yy UinoMy BiApi3HATLCA Big
aHanoriyHux nposBiB BipyCHUX MHEBMOHIN [19]. IHinbT-
pauisi nereHeBoi TKaHUHM Npy BakTepianbHUX MHEBMOHIsSIX
Han4yacTile CrnocTepiraeTbCa B MeXax YacTKW NereHi
abo cermeHTa [4, 5, 20], moxe cynpoBogXyBaTucb abc-
uenyBaHHsAM. Taka peHTreHomnoriyHa KapTuHa crnocre-
piranacb y OOHOro XBOpOro 3 TsbkkuMm nepebirom MB,
CYNnpOBOKYyBarnach YCKMagHEHHAMWU y BUIMsQi AeCTpyk-
Lii nereHeBOl TKAHWHM Ta eMnieMn NNeBpU i xapakTepusy-
Banacb LUBMAKOK HEraTMBHOK AuHaMikoto (puc. 4).

OTXe, OCHOBHMMUW peHTreHorpadivyHMMm cuMmnToMamm
y CrocTepexyBaHUX Hamu xBopux Ha MB 3 nigTBepgxe-
HMM [iarHO30M KOpOHaBipyCHOI iHdbekuii Gyna pisHoro

Pulmonary CF falls into the group of disseminated
and interstitial lung diseases by skialogical characteris-
tics [4, 5]. In most patients (4 — with the course of
moderate degree, 5 — with severe CF) numerous focal
shadows, predominantly in central lung areas, were
visualized. Bilateral areas of lung tissue consolidation
with unclear and unsmooth contours of mild and moderate
intensity (in the setting of which the vessels or bronchus
lumens were observed — symptom of «air bronchography»)
were determined in 3 patients with moderate course
of CF. Concurrently, the changes were mainly localized
in peripheral areas of the lung fields (subpleural and
basal lung areas) (Fig. 1, 2). In all patients with severe
CF numerous bilateral areas of alveolar infiltration of
moderate and high intensity, which were turned in such
way that the broad base was facing costal pleuraor
had confluent character, were determined (Fig. 3).

Thus, in our research roentgen signs of pneumonia
were determined in all CF patients which had been infec-
ted with coronavirus. In most of them (10 patients)
radiologic changes were characterized by bilateral lesion
of interstitial lung tissue. It should be stated that
bacterial pneumonias generally differ from similar mani-
festations of virus pneumonias based on the results of
X-ray examinations [19]. Infiltration of lung tissue in
bacterial pneumonias is typically observed within the
boundaries of lung segment [4, 5, 20], can be accompa-
nied by abscess formation. Such X-ray pattern was
observed in one patient with severe CF and was accom-
panied by complications in the form of lung tissue
destruction and pleural empyema, and was characterized
by rapid negative time course (Fig. 4).

Consequently, the main X-ray symptoms in observed
CF patients with confirmed diagnosis of coronavirus
infection were pneumonic infiltration of various degrees
in the setting of diffuse changes of the lung pattern and
lung emphysema signs. Frequency of detecting roentgen
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CTyneHs NMHEBMOHIYHa iH(inbTpauisa Ha Tni AudpysHnx amiH  signs of changes in thoracic organs can be found
rnereHeBOro pucyHka i o3Hak emdiszemun nereHb. Yactota in Table 1.

BUSIBMEHHS PEHTIEeHOMNOMYHUX O3HaK 3MiH OpraHiB rpygHoi

NOPOXHNHW HaBedeHa B Tabnuui 1.

Puc. 4. PeHTreHorpama opraHiB rpyaHoOi NOpOXHWUHM XBoporo 3., 25 pokiB.

MykoBicunaos, amiaHa popma, TSKKMIN nepebir. XpoHivHa CUHBOTHINHA iHdeKuis. MHinHuA eHaoBbpoHXiT. BepudikoBaHa iHdeKUis
COVID-19. Ha tni gudysaHoro nigcuneHHs i aedopmaldlii nereHeBoro pucyHka 3 060x 60kiB BU3HA4YaETbCSt MOTOBLLUEHHS i YLLINbHEHHSI
CTiHOK BpOHXiB, 3 060x 60KiB — NepnbpoHxianbHa iHiNETpaLis BOrHULLEBOrO i BOrHULLEBO-3TMBHOIO XapakTepy, PO3LUMPEHHS i BTpaTa

CTPYKTYPU KOPEHIB nereHb. 3niBa B BEPXHIili YacTui — OiNSHKM 30yTTSA NereHeBoi TKaHWHW, B NepudepuyHmX Bigainax —
3aTEMHEHHS! BUCOKOT iIHTEHCUBHOCTI 3 YiTKUMM KOHTYpaMm 3a paxyHOK HaKOMWYEHHS THOK B NMOPOXHUHI NeBpu
Fig. 4. X-ray image of thoracic organs of patient Z., 25 years old.
Mixed cystic fibrosis of severe degree. Chronic pseudomonas infection. Purulent endobronchitis. Verified COVID-19 infection.

In the setting of diffuse amplification and deformation of the lung pattern from both sides thickening and induration of bronchial walls,
peribronchial infiltration of focal and focal confluent character from both sides, extension and loss of structure of the lung roots
can be determined. In the left upper area — the areas of lung tissue swelling, in peripheral areas —
shadow of high intensity with clear contours due to purulence accumulation in the pleural cavity

Tabnuus 1. PeHtreHorpadiyHi 03Haku ypaxeHHs nereHb npu COVID-19
y xBopux Ha MB B 3anexHocTi Bif, TSXKKOCTi nepebiry 3axBoptoBaHHS
Table 1. Roentgen signs of lunglesion in COVID-19 infected patients with CF depending on the severity of the disease

Mepebir MB / CF course
PeHTreHO“OFi‘*H.i O3Hakn CepeaHboi TAXKKOCTI TsDKKUIA
Roentgen signs Moderate severity Severe
n=5 n=6
Hedopmauis rpyaHoi knitku / Chest deformation 5 6
MocuneHHs i aedopmalis nereHeBoro pucyHka 5 6
Amplification and deformation of the lung pattern
Bornuwesi TiHi / Focal shadows 4 5
[insHKN 3HWXKEHHSA MPO30POCTi NEreHeBOi TKaHMHU HWU3BbKOI Ta cepefdHboi iIHTEHCMBHOCTI,
3 HEYITKUMU HEPIBHUMY KOHTYpamu 3 1
Areas of reduction of lung tissue transparency of low and moderate intensity with unclear
and unsmooth contours
AnbBeonspHa iHdinsTpauis / Alveolar infiltration
OsHaku BupaxeHoi emdiszemu / Signs of severe emphysema 3
3HayHe po3LMPEHHSsT KOPEHIB NereHb 3 YacTKOBOK BTPATO CTPYKTYpH 1 3
Significant extension of the lung roots with partial loss of structure
«JlereHeBe cepue» / «Pulmonary heart» 1 5
ArtenekTaan / Atelectases 0 2
OecTpykuisi nereHeBoi TkaHuHK / Destruction of lung tissue 0 1
lgpotopakc / Hydrothorax 0 1
MHeBMoTopakc / Pneumothorax 0 1
Y Hawomy pocnimkeHHi MCKT BMKOHyBanachb XBopuUMm In our research MSCT was performed in CF patients

Ha MB Bxe npw nigtBepaxeHomMy giarHosi COVID-19 3 me-  with already confirmed COVID-19 diagnosis for the purpose
TOK BU3HAYEHHS1 XapakTepy, CTPyKTypu, nowwwupeHocti Ta of determining character, structure, spread, and degree
CTYNeHs naTonoriyHnx 3miH nereHb. Y BCiX xBopux cnocte-  of pathological lung changes. In all patients total systemic
piranocb pi3HOro CTyneHsi ToTanbHe cuctemHe ypaxeHHsi lesion of bronchial tree of different degree was observed:
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HpoHxianbHOro Aepesa: NposiBu AedopMyo4oro BpoHXiTy
(y 11 xBOpuX) — yLUiNbHEHHS i HEPIBHOMIPHE MOTOBLLEHHS
CTIHOK BEMWKMX OPOHXIB (CMMMTOM «TpamBaWHOI KOfii»),
PO3LMPEHHS X MPOCBITY MPU MOPIBHAHHI 3 MNPUErnow
apTtepieto (CUMMTOM «MNEPCHSI»); PaaionoriYyHniA CUMMMNTOM
«aepeBa B OpyHbkax», LLO BIiANOBIAAE YPaXeHHIO TepMi-
HanbHUX BigAiniB GpoHxianbHoro gepesa; GpoHxoekTasn
(y 9 xBOpMX) — HAsIBHICTb BUPaXXEHOI (HE MEHLLE, HiXK BABIYi
BiO BUXiOHWX PO3MIpiB) HEpiBHOMIpHOI AunaTtauii 6poHXxiB
BCiX NOPSIAKIB, 3aMOBHEHHSI iX CEKPETOM HM3bKOi abo BUCO-
KOi AEHCUTOMETPUYHOI LWiNbHOCTI 3 YTBOPEHHAM MYKOIA-
HUX NPobok abo 3 HasiIBHICTIO PiBHA piavHW. Y GinblIOCTI
(8 xBOpKMX) BpOHXOEKTa3iA Mana ABObIYHMIA XapakTep, ane
nepeBaXHO ypakyBarnacs BEpXHsi YacTka cnpaga (puc. 5).

Y tabnuui 2 npegcrtaBneHi MCKT-03Haku ypaxKeHHs ne-
reHb Ta YacToTa iX BUSIBINEHHS | 3anexHocTi Bia nepebiry MB.

manifestations of bronchitis deformans (in 11 patients) —
induration and uneven thickening of big bronchial walls
(tram-track sign), expansion of their lumen in comparison
with adjacent arteria («ring» symptom); X-ray tree-in-bud
sign, in other words, lesion of terminal areas of bronchial
tree; bronchiectases (in 9 patients) — the presence of
severe (no less than twice the original size) uneven dila-
tion of bronchi of all orders, filing them with secretion
of low or high densitometric solidity with the formation
of mucoid plugs or with the presence of fluid level. In the
majority (8 patients) bronchiectasis was of bilateral
character but mainly upper right part was damaged (Fig. 5).
In Table 2 MSCT signs of lung lesion and frequency
of their detection depending on CF course are presented.

Puc. 5. Komn’totepHa Tomorpama rpygHoi NOpoXHWHKM xBoporo X., 18 pokiB.
MykoBicunpos, nereHeBa popma, TSXKUIA nepebir. BepudikoBaHa iHdekuiss COVID-19.
Ha akcianbHoMy 3pisi BU3Ha4aloTbCs KinbLenoaibHi CTpyKTypu 3 HEPiBHOMIPHO MOTOBLUEHNMU CTiHKaMu, 0byMoBreHi 6poHxoekTasamu,
nonepeyvHnin nepepia 6poxa — CUMMNTOM «NEPCHs», CUMNTOM «AepeBa B GpyHbKax», NneBponereHeBuin gibpos.
[OndysHi yLWwinbHeHHA nereHeBol TKaHWHKU 3a TUMNOM «MaTOBOrO CKNax» Pi3HOT POPMU Ta NPOTSHKHOCTI 3 KOHCoNiAaLieo
Fig. 5. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. In axial section ring-shaped structures with unevenly thickened walls,
which were caused by bronchiectases, can be determined, cross section of the bronchus — «ring» symptom, tree-in-bud sign, pleuropulmonary
fibrosis. Diffuse induration of lung tissue in the form of ground-glass opacity of different form and extension with consolidation

Ta6nuusa 2. KT-o3Haku ypaxeHHst nereHb npu COVID-19 y xBopux Ha MB B 3aneXHoCTi Bif TSKKOCTi nepebiry 3axBoproBaHHst
Table 2. CT signs of lunglesion in COVID-19 infected patients with CF depending on the severity of the disease

Mepebir MB / CF course
KT osHakwn / CT signs CepeHboi TSHKKOCTI | TsiKKuiA
Of moderate severity | Severe

MposiBn gedpopmyroyoro GpoHXiTy, CUMNTOM «AepeBa B GpyHbKax» 5 6
Manifestation sofbronchitis deformans, tree-in-bud sign
BpoHxoekTasn / Bronchiectases 3 6
IHdbinbTpauis nereHeBoi TkaHuHM / Infiltration of lung tissue 4 6
JlereHeBa rinepteHsisa / Lung hypertension 0 5
MowwpeHa HepiBHOMIpHICTb BeHTUNALIT / Expandedinequality of ventilation 5 6
Emdizema / Emphysema 3 5
OecTtpykuis nereHeBoi TkaHnHKM / Destruction of lung tissue 0 1
MHeBmoTopakc / Pneumothorax 0 1
YLWiNbHEHHS NereHeBol TKaHWHWU 3a TUMOM «MaTOBOrO CKnay

. ) . . 5 6
Induration of lung tissue in the form of ground-glass opacity
LinsiHkn «MaToBOro ckna» 3 peTUKYNSAPHUMU 3MiHAMU — CUMMNTOM «BPYKIBKU» 3 2
Area sofground glass with reticular changes — paving stone sign
LinsHkn KoHconigauii nereHeBoi TkaHuHK / Areas of consolidation of the lung tissue 2 4
36inbLUeHHs AiameTpa CyAuH B YLLINbHEHIN NereHeBii TKaHWHI _ 5
Increase in diameter of the vessels in indurated lung tissue
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Kpim ypaxeHHs 6poHxianbHoro aepea, MCKT posso-
nvna BUSBUTM O3HAKW 3arly4deHHst B NaTONOriYHWIA npouec
iHWKux nereHeBux cTpykTyp. Y 100% XBOpWUX YparKeHHS
CYNpPOBOPKYBANOCb BWHWUKHEHHAM [LiNMAHOK  YLULiNbHEHHS
3a TUMOM «MaTOBOTO cKnay, y 6inbLuocTi (3 xBopux) 3 nepe-
6irom cepenHbOi TSHKKOCTi BOHO MOELHYBANocs 3 peTuky-
NSAPHOK CMYTacTICTIO 3@ paxyHOK BHYTPILLUHbO4YaCTOYKOBOIO
iHTepcTuuilo (cumnTom «BpykiBkM» (paving stone sign),
y nauieHTiB 3 TsxkuMm nepebirom MB vacTiwe (4 xBOpwux)
CYNpOBOPKYBarnocCh YLiNbHEHHAMY Y BUMSAAI KOHconiga-
Lin. I3onboBaHa KoHconigauis 06e3 «MaToBOro ckra»
He 3ycTpivyanacs. BkasaHi 3miHn (y 6 xBopux) rokanisy-
Banuch sk cybnneBpanbHo, Tak i B LEHTpanbHUx Bigginax,
y pewTn — nepeBaxHO cybnneBpanbHo. B ycix xBopux
3MiHM 3a TUMOM «MaTOBOrO CKnay i KOHconigaLii B NereHsix
O6ynn 3 o6ox 6okiB, y 4 xBOopux 3 TsDKKMM nepebirom MB
iy 3 — 3 nepebirom cepeaiHbOI THXKKOCTI 3almanu Bci nere-
HeBi Mnomns, B IiHWWX BUNagkax nepeBaxanu B HWXKHIX
nereHeBux nonsax (gopcaneHi Bigainm) (puc. 5, 6). BkasaHi
3MiHM HOCATb IHTEepCTUUianbHUA XapakTep i, BiporigHo,
BigNoBidaloTb BIpYCHI eTionorii npouecy 3 MOXIUBUM
noganbwumM  OpMyBaHHAM  MOPMOMOriYHOI  KapTUHU
ONdY3HOrO anbBeONAPHOro nowkomkeHHs [20, 21]. IH-
dinbTpauis nereHeBoi TKaHWHWM (NEPUOPOHXOBACKYNSPHI
iHgINbTPaT, AINAHKM anbBeONAPHOI iHQINbBTpaLUil nereHe-
BOi TKaHWHW Pi3HOT MPOTSXHOCTI) BM3Havanacb npn MCKT
y BCiX XBOpuX 3 Tsbkkum nepebirom MB, i y 6inbliocTi
(4 xBopux) 3 Nnepebirom cepeiHbOT TSHKKOCTI. Y BCiX XBOPUX
iHpinsTpaTMBHI 3MiHM Bynn 3 060x BOKIB, y 4 XBOPUX 3 TAX-
kM nepebirom MB iy 3 — 3 nepebirom cepeHbOi TAXKOCTI
3anMmanu BCi fereHesi Nons, B iHWMX BUMNagKkax nepesa-
Xanu B HDKHIX NereHeBrx nonsx (gqopcarnbHi Bioginu).

Besides bronchial tree lesion, MSCT allowed signs of
involvement of other lung structures into the pathological
process to be detected. In 100% of the patients lesion was
accompanied by the formation of induration areas in the
form of ground-glass opacity, in the majority (3 patients)
with moderate degree of severity it combined with reticular
barring due to internal fractional interstitium (paving stone
sign), in patients with severe CF (4 patients) it was more
often accompanied by indurations in the form of conso-
lidation. Isolated consolidation without ground glass
wasn’'t detected. The stated changes (in 6 patients) were
localized subpleurally and also in central areas, in the rest
of the patients — mainly subpleurally. In all patients the
changes in the form of ground-glass opacity and conso-
lidation in the lungs were bilateral, in 4 patients with
severe CF and in 3 — with the course of moderate severity
they occupied all pulmonary fields, in other cases they
were mainly in lower lung fields (dorsal areas) (Fig. 5, 6).
The mentioned changes are of interstitial character
and they probably correspond with viral etiology of the
process with possible further formation of morphological
pattern of diffuse alveolar injury [20, 21]. Infiltration of
lung tissue (peribronchovascular infilirates, areas of
alveolar infiltration of the lung tissue of different exten-
sion) was determined during MSCT in all patients
with severe CF, and in the majority (4 patients) with
moderate CF. Infiltrative changes were bilateral in

all patients, in 4 patients with severe CF, and in 3 with
moderate CF they occupied all pulmonary fields, in
other cases they were mainly in
(dorsal areas).

lower lung fields

Puc. 6. Komn’toTepHa Tomorpama rpyaHoi MOPOXHWUHK XBOoporo X., 18 pokis.

MykoBicunaos, nereHeBa popma, THKKkMA nepebir. Bepudikosara iHdekuis COVID-19. Ha akcianbHomy 3pisi Bu3Ha4aTbCs
MHOXWHHi OPOHXOEKTa3M, YNCTIEHHI YLLINIbHEHHSA 3a TUMOM «MAaTOBOTO CKMay Ta KoHconigauii nepeBaxxHO OKpyrmnoi choopmu,
Pi3HOI NPOTSKHOCTI, NEPEBAXHO 3 NEPUOPOHXiaNbHUM NowmMpeHHAM. MynsTMnobynapHUin ABOGIYHNIA XapakTep YpaXXeHHs

Fig. 6. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection. In axial section numerous bronchiectases
and indurations in the form of ground-glass opacity and consolidation of mainly round shape of different extension,
predominantly with peribronchial spread, can be determined. Multilobular bilateral character of lesion

MposiBn nereHeBoiI rinepTeHsii — po3wnpeHHs ctoBbypa
nereHeBoi apTepii Ta i BeNWKWX TifMoOK, PO3LUIMPEHHS
OpoHXianbHUX apTepii BUSBMNEHI Y 5 XBOPUX 3 TSXKKUM
nepebirom MB. Takox y BCiX XBOpUX BU3Ha4anach noLumpeHa
HEroMOreHHICTb BEHTWUNALjI, L0 € O3HAKOK MOPYLUEHHS
BpoHXianbHOI NPOXiAHOCTI Ha piBHI NepudepnyHKX BiAAINIs
BpoHxianbHoro gepesa. Y 6inbwocTi (5) NauieHTIB 3 TAXKUM
nepebirom MB BusiBneHi o03Hakn Oynbo3HOiI emdizemn
nereHiB (puc. 7). Mpun ubomy 6ynbO3Hi 3MiHW, B OCHOBHOMY,
nokanisyBanucb cybnnesparnbHoO, Wo Oyrno NpOrHOCTUYHO
HEeCnpuATIIMBOIO O3HAKO, SIK MMOBIPHa NpUYMHa PO3BUTKY
B NOAanbLUOMy NMHEBMOTOPAKCY.

Manifestations of lung hypertension — expansion of
pulmonary trunk and its big branches, extension of bron-
chial arteries were detected in 5 patients with severe CF.
Overall inhomogeneity of ventilation, which is a sign
of airway obstruction at the level of peripheral areas of
the bronchial tree, was determined in all patients. In the
majority (5) of the patients with severe CF the signs of
bullous lung emphysema were detected (Fig. 7). In parti-
cular, bullous changes were chiefly localized subpleu-
rally which was a prognostically unfavorable feature as
a possible reason of development of pneumothorax in
the future.
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Puc. 7. Komn’toTepHa Tomorpama rpygHoi NOpoXHWHM xBoporo X., 18 pokiB.
MykoBicunpos, nereHeBa popma, TXKUIA nepebir. BepudikoBaHa iHdekuis COVID-19.

Ha akcianbHoMy 3pi3i BU3HayalTbCsl MHOXUHHI BpOHX0eKTa3m, 03Hakun 6ynbo3HoT emdizeMu
Fig. 7. Computed tomography scan of chest cavity of patient Kh., 18 years old.
Pulmonary cystic fibrosis of severe degree. Verified COVID-19 infection.

In axial section numerous bronchiectases and signs of bullous emphysema can be determined

CTyniHb ypaxeHHs nereHb Nnoginany Ha N'ATb KaTeropiun
3rigHo i3 3aranbHOMNPUAHATMM MiOXO4OM, 3aCHOBAHMM Ha
Bi3yanbHin ouiHUi NpubnmaHoro ob’emy yuuinbHeHoi nere-
HeBoI TKaHWHU: KT-0 — BigCyTHi 03HaKW ypaXXeHHs nereHb;
KT-1 — ypaxeHo meHwe 25% o6’emy nereHb; KT-2 — ypa-
*eHo 25-50% ob6’emy nereHb; KT-3 — ypaxeHo 50-75%
o6’emy nereHb; KT-4 — ypaxeHo noHag 75% o6’emy
nereHb. OuiHOBaNacst HasiBHICTb O3HaK: «MaTOBE CKIIOY,
KoHconigauisi, peTUKyNsipHi 3MiHW, CUMMNTOM «OPYKiBKU».

Y 4OTMPLOX NAUIEHTIB 3 KMiHIYHMMWN O3HaKamMu cepeg-
HbOTSKKOro nepebiry MB cTyniHb ypaxeHHs1 nereHeBoi
napeHximn Bignosigas KT-2 i KT-3. Y ogHoro xBoporo
i3 cepeqHbOTSXKKUM nepebirom 3axBOPHOBaHHS BU3HAYEHO
nerknin cTyniHb 3MiH NereHb 3 HasiBHICTIO 30H YLUiNbHEHHS
3a TUNOM «MaTOBOrO CKMa» i3 3anydeHHsIM napeHxiMu
meHwe 25%.

Mpu TsKKOMY Nepebiry 3axBopltoBaHHA y ABOX MaLjieH-
TiB AiarHocTyBanu 30HU YLLiNMbHEHHS 32 TUMOM «MaToOBOro
ckna» i AiNgHKK KoHconigauii i3 3anyyYeHHAM napeHxiMu
nereHb 50-75%, wo Bignosigano KT-3 —CTyneHo ypaXKeHHS.
Y 4YOTUPLOX XBOPUX 3 BUMPAXEHWMMU MPOsiBaMU AuXarbHOI
He[oCTaTHOCTI BCTAHOBMEHO 3anyyvyeHHs B NaTonoriYHui
npouec Oinbwe 75% napeHximn nereHb (KT-4), wo
CYNpOBOMKYBaNoCb ANMY3HUM YLiTIbHEHHAM nereHeBol
TKaHMHM 3a TUMOM «MaTOBOro CKMna» i KoHconigauii
Yy NOELHAHHI 3 PETUKYMAPHUMW 3MiHaMK. Y TPbOX XBOPUX 3
TSDKKUM nepebiroM 3axBOplOBaHHA 3 BUPaXKEHUMWU MNposi-
BaMKW OuxXarnbHOI HEOOCTaTHOCTI AWHaMiYHe cnocTepe-
XEHHs1 3a 48 rof. BU3HaA4MNO 30inbLUeHHS 06’ eMy ypaXKeHHSsI
Ha 50% B NOPIBHSIHHI 3 NonepeaHiM AOCNIMKEHHSIM.

3MiHM y BUrnagi cybnnespanbHUX CMYXOK, MiHii yLlinb-
HeHHsi/gnckonofibHNx atenekTasiB BiA3Ha4eHi y 4 XBOpUX
3 TsbkkMM nepebirom MB iy 2 — 3 nepebirom cepegHbOi
TsKKOCTi. [1BOBIYHMI HE3HaYHWIA nneBpanbHui BuUNiT 6yB
BUSIBNIEHUI Y 2 XBOPUX 3 TSXKUM nepebirom MB, y ogHoro
XBOPOro 3 Ujel rpynu BUSBMAEHI O3HAKWU eMnieMU MreBpu.
[ecTpyKTUBHI 3MiHW NnereHeBol TKaHWHW | eMnieMa nnespu
TaKOX CMOCTepiranucb Yy OOHOro nauieHTa 3 TSKKUM
nepebirom MB i xapakTepn3yBanuch LLIBMOKOO HEFATUBHO
AvHamikoto (puc. 8). B ycix xBopux Oynu 36inbLueHi
po 15-16 mm (6e3 3MiHM CTpykTypw) napatpaxearnbHi
i BidbypkauinHi nimdoBy3nu.

Takum 4YnHom, MCKT possonuna BUSBUTU O3HaKWU, SAKi
MW PO3LUIHIOEMO $K BIgNOBIAHI MHEBMOHIT, CNPUYNHEHOT
iHpekuieto COVID-19 — yulinbHEHHA NereHeBoi TKaHWHU
3a TWUMOM «MaTOBOrO CkNay, HasiBHICTb pPi3HOi dhopmu
JiNSHOK «MaToOBOr0 CKNa» 3 PETUKYNSAPHUMU 3MiHaMu

The degree of lung lesion fell into 5 categories, accor-
ding to conventional approach, based on visual assess-
ment of approximate volume of thickened lung tissue: CT-0 —
there are no signs of lung lesion; CT-1 — less than 25% of
lung volume is damaged; CT-2 — 25-50% of lung volume
is damaged; CT-3 — 50-75% of lung volume is damaged;
CT-4 — more than 75% of lung volume is damaged. The pre-
sence of the following signs was also assessed: ground-
glass, consolidation, reticular changes, paving stone sign.

In four patients with clinical signs of moderately severe
course of CF the degree of lung parenchyma lesion
complied with CT-2 and CT-3. In one patient with modera-
tely severe course of the disease the mild degree of lung
changes with the presence of areas of induration in the
form of ground-glass with the involvement of less than
25% of parenchyma was determined.

In two patients with severe course of the disease the
areas of induration in the form of ground-glass and con-
solidation areas with the involvement of 50-75% of lung
parenchyma, which complied with CT-3 lesion degree,
were diagnosed. In four patients with severe manifestations
of respiratory distress the involvement of more than
75% of lung parenchyma (CT-4) was determined, and
it was accompanied with diffuse induration of lung tissue
in the form of ground-glass and consolidation combined
with reticular changes. In three patients with severe course
of the disease and severe manifestations of respiratory
distress constant monitoring for 48 hours allowed
an increase in volume of lesion by 50% compared to the
previous examination to be determined.

Changes in the form of subpleuralbands, lines of
induration/disciform atelectases were noticed in 4 patients
with severe CF and in 2 — with moderate CF. Bilateral
insignificant pleural effusion was detected in 2 patients
with severe CF, in one patient of this group the signs of
pleural empyema were detected. Destructive changes
of lung tissue and pleural empyema were also observed
in one patient with severe CF and were characterized
by rapid negative time course (Fig. 8). Paratracheal and
subcarinal lymph nodes were enhanced up to 15-16 mm
(without structural change) in all patients.

Therefore, MSCT allowed us to detect signs which
we consider to be the signs of pneumonia that was caused
by COVID-19 infection — induration of lung tissue in the
form of ground-glass opacity, presence of ground-glass
areas of different shape with reticular changes (paving
stone sign) and consolidation of lung tissue, bilateral
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Puc. 8. Komn’toTepHa Tomorpama rpygHoi NopoxHuUHK xBoporo 3., 25 pokis.

MykoBicunaos, amilaHa popma, TxKMI nepebir. BepudikoeaHa iHdekuiss COVID-19. Tunosuid Anst MyKoBicLMA03Y AOPOCINX
pagionoriyHnii 06pa3 AaHoro 3axBoproBaHHs: ABOGiYHa cyb6ToTanbHa GpoHXxoeKTasis; CTiHKM GPOHXIB MOTOBLLEHI, LLiMbHI,
BMpaxeHa nepubpoHxianbHa iHdinsTpaLis; YyactuHa 6poHXiB 3anoOBHEHI IyCTUM (32 4EHCUTOMETPUYHUMM NapameTpamu),

B'A3KMM CEKpPETOM (Cnun3oBi Npobku). MHOXUHHI AiNsiHK1 KOHconigauii, nepeBaxHo cybnneBpanbHOi nokanisauji.
[MoTOBLUEHHSI MiDK4aCTOYKOBOrO iHTEPCTULIIO Ha KTanT «BpykiBku» («crazy-paving» sign). Emniema nnespw nisopyu
Fig. 8. Computed tomography scan of chest cavity of patient Z., 25 years old.
Mixed cystic fibrosis of severe degree. Verified COVID-19 infection. Typical radiological form for CF in adults of this disease:
bilateral subtotal bronchiectasis; bronchi walls are thickened, indurated, severe peribronchial infiltration can be determined part
of the bronchi is filled with dense (by densitometric values), viscous secretion (mucous plugs). Numerous areas of consolidation,
mainly of subpleural localization. Thickening of interlobular interstitium in the form of «crazy-paving» sign.
Pleural empyema in the left side

(cumnTOoM  «OpykiBKM») Ta KoOHconigauieto nereHeBoi
TKaHWHK, GinatepanbHa nokanisauisi NaTonoriYHUX 3MiH,
nepeBaxHo y 6GasanbHuMX Ta cybnneBpanbHUX Bigginax.
Hetunosi ans kopoHasipycHoi iHdekuii KT o3Haku Gynu
06yMOBIEHI OCHOBHWM 3aXBOPIOBAHHAM i  BKIHOYanu:
JiNsIHKM  «MaToBOro CKMa» MNepeBaXHO LeHTparnbHoi Ta
napamepgiactTuHanbHOI  fokanisauii, BOrHWWEBYy Auce-
MiHaLUito, BPOHX0EKTa3Nn, MOPOXHWHHI YTBOPEHHS, BUMIT Y
nneBpanbHUX MOPOXHWMHAX, NiMmdoageHonarilo, CUMMNTOM
«aepeBa y bpyHbkax», pibpo3Hi 3MiHN B nereHsx.
OTpumaHi gaHi npomeHeBUX MeTodiB HecneundiyHi
i NnepeniyeHi BYLLEe NaTepHN MOXyTb OyTU NPUCYTHIMU Mpn
Pi3HNX 3axBOPIOBaHHSX BIpPYCHOI Ta HEBIpYCHOI npupoau.
B paHui yac mu, 6Ge3yMOBHO, HE MOXEMO OLHUTK Y
xBopux Ha MB [ocToBipHi NOKasHMKM iHOPMAaTUBHOCTI
peHTreHorpadii y Bidyanisauii 3MiH y nereHsix, NoB’sa3aHnx
3 MposiBaMM HOBOI KOpPOHaBipycHoi iHdekuii (COVID-19)
Ha pi3HUX cTagisx, ane OinblWicTb HasiBHMX OOCHiAXeEHb
[5, 20, 22] BKkasye, WO Ha paHHIX cTagiax KnacuyHa
peHTreHorpadisi nereHb Mae HU3bKy YyTNMBICTb. Hu3bka
YYTNUBICTb peHTreHorpacdpii nereHb Ha paHHiX cTagisx
MOSICHIOETLCA TUM, WO NepBUHHUMU nposieamu COVID-19
€ [iNSHKM YUWiNbHEHHS 3a TWMNOM «MaToOBOrO CKnay
(puc. 5, 6), Bisyanizauia sikux 30ebinbLIoro NexuTs nosa
MexXamun peHTreHorpadii. HesBaxatoum Ha uUe, MOXHa
BUSABMTW 3aKOHOMIPHOCTI PEHTreHOSOrYHOI KapTUHM Mpu
COVID-19: pnBoGiyHi HeogHopiaHi obMmexeHi 3aTiHeHHs
3 nepeBaXHO fokanisauieto B cybnneBpanbHUX i HUDKHIX
Bioginax nerexb [20] 6e3 YiTKO BM3HAYyBaHOIO CUMNTOMY
NnoBiTpsIHOT GpoHxorpadii, a TakoX AiINAHKA 3ryLeHHs
nereHeBOro martoHka y GasanbHux Bigdinax nereHb, WO
niaTBEpOXKYlOTb | Hali BracHi cnoctepexeHHst (puc. 1).
Cnig Takox BpaxoByBaTW, WO Ha peHTreHorpamax ypa-
XeHHs1, obymoBneHe COVID-19, Mmoxe Ha no4YaTkoBMX eTa-
nax MacKyBaTUCb OCODOMMBOCTAMM MpPOSIBIB MPOMEHEBOI
KapTuHM y naudientiB 3 MB. Hapgani npu nporpecyBaHHi
npouecy cnocTepiraeTbcs 30iNblUeHHS 3aTiHEHHsI nere-
HEBMX MOSIB K 3a MSIOLWEelo, TaK i 3a iIHTEHCUBHICTIO, LWO

localization of pathological changes, predominantly
in basal and subpleural areas. Untypical for coronavirus
infection CT signs were conditioned by the main disease,
and included: ground-glass areas, chiefly of central
and paramediastinal localization, focal dissemination,
bronchiectases, cavitary lesions, effusion in pleural cavi-
ties, lymphadenopathy, tree-in-bud sign, fibrotic changes
in the lungs.

The obtained data of radiological methods are non-
specific, and the abovementioned patterns can be present
in the cases of different diseases of viral and non-viral
nature. At the moment we surely can’t estimate verifiable
factors of informativeness of X-ray studies in CF patients
when visualizing lung changes, which are connected
with manifestations of the new coronavirus infection
(COVID-19) at different stages, but most existing research
[5, 20, 22] shows that at the early stages classical lung
radiography has low sensibility. It can be explained by
the fact that primary manifestations of COVID-19 are
indurated areas in the form of ground-glass opacity
(Fig. 5, 6), visualization of which mainly lies out of the
boundaries of radiography. However, regularities of X-ray
pattern in COVID-19 can be detected: bilateral nonhomo-
geneous limited shadows with predominant localization
in subpleural and lower lung areas [20] without clearly
determined symptom of air bronchography, and also the
areas of lung pattern thickening in basal lung segments
which are confirmed by our own observations (Fig. 1).
It should be also noted that on the X-ray image the lesion,
which was conditioned by COVID-19, can be disguised
by the features of the X-ray pattern manifestations at the
early stages in CF patients. With further advancement
of the process the enlargement of the shadows in the
lung fields in both size and intensity is observed, and
it is visualized well in classical radiography examinations
in anterior and lateral projection, and gives primary infor-
mation about localization and volume of inflammatory
changes in the lung.
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[obpe Bi3yanisyeTbCa Npu KNacuU4HUX PEHTIEHONONYHMX
OOCIiAXKEHHAX B nepedHin Ta OiyHin npoekuisx i agae

nepBuHHY iHdopmMauito npo nokanisauito Ta ob6car
3ananbHUX 3MiH Y NereHsix.
MpoBigHumn  piarHocTyHMMK  KT-03Hakamu  Bynn

cMMnTOMKU AedopMyrHoro OpoHXiTYy, SKi 3ycTpivyanucb y
BCiX nauieHTiB 3 MB He3anexHo Bif CTYMeHs TSKKOCTI.
OCHOBHVMMM nNaTepHamMy YypaXeHHsi IereHeBOi TKaHWHU
y nauieHTiB i3 MB, iH(ikoBaHMX kopoHaBipycom, Oymnu
03HaKM MNiOBULLEHHS LWiNbHICHUX XapaKTepuCTUK napeH-
XiMW nereHb, BUKMWKaHi BUTICHEHHAM MOBITPS 3 anbBeor
Ta 3arnoBHEHHAM iX iHWWUM cybCTpaToOM: «MaToBE CKIO»,
PETUKYNSAPHI 3MiHW, KOHcoMigauia, ocepeaku iHdinsTpauii
pisHoro poamipy. [lloegHaHHA O3HaK i CTyniHb TXHBLOI
BMPAa3HOCTI BIAPI3HANUCL Y Pi3Hi TEPMiHW PO3BUTKY 3axBO-
PIOBaHHS i 3anexanu BiA CTYMeHs TSXKKOCTi OCHOBHOIO
3aXBOPIOBAHHSA. Y Mipy pO3BUTKY KOPOHaBIpPYyCHOI iHpeKLuiT
NpoMeHeBa KapTuMHa 3MIHIOETbCH, HabyBawoum pucu
MHEBMOHIi, L0 OpraHi3yeTbcs (QinsHKM KOHconigauii wupo-
KO OCHOBOI, 3BEpPHEHi A0 KOCTanbHOI NneBpu, MiHiNHI
AingHkyn nHeBMmodibpoay) (puc. 5, 8).

HeobxigHo Takox Big3HaumTy, wo npu KT (Ha BigMiHy
Big peHTreHorpadii) y BCix nauieHTiB 3 TsxkKkum nepebirom
MB Bu3Hayanucb OBOOIYHI GPOHXOEKTa3n 3 MepeBaKHO
nokanisauieto y BepxHiX 4acTkax nereHb. Y OinbLIoCTi
(8 xBOPMX) cnocTepiranoch 3HWXXEHHS LWiNbHOCTI NIereHeBoi
TKaHWHW | (POpMyBaHHA MOBITPOBMICHUX MOPOXHWH, LLO
€ TMNOBOI O3HaKow MB i He xapaKTepHO AN ypaXkeHHs
nereHb NPy KOPOHaBIPYCHIN iHdeKU;i.

Takum 4ymHoM, MCKT, y nopiBHSIHHI 3 peHTreHorpadgieto,
y xBopux Ha MB BUABNSE TOHKI CTPYKTYPHi 3MiHN nereHe-
BOi TKaHWHW i BpoHXianbHOro AepeBa (HasiBHICTb 30H 3HW-
XKEHOI LWiNbHOCTI nereHeBol TKaHWHW, PO3LUMPEHHS | ae-
dopmaLito  cermMeHTapHuUx i cybcermeHTapHuUx OpOHXiB;
MOTOBLUEHHS CTiIHOK BPOHXIB; HAsIBHICTb AiNSIHOK «MoO3aiy-
HOI» LUINBbHOCTI NEereHeBoi TKaHWHW; BUSIBIIEHHS] GPOHXO-
ektasiB). Bce ue pemoHcTtpye KT sk 6inbl 4yTnveun
iHOMKaTOp YpaXKeHHs nereHb, [OO03BONSE AiarHoCcTyBaTu
nerki i atmnosi ¢opmn MB y popocnux, npaBuiibHO
BM3HA4aTW CTafito i aKkTUBHICTb OCHOBHOIO MaTonoriyHOro
npouecy, a TakoX BiOKPUBAE MOXMMBICTb Ha PaHHIX
cTafiax BUSABNATM Y LUX XBOPUX NPOSIBU KOPOHaBIPYCHOI
MHEBMOHIi, OUiHIOBaTW edeKTUBHICTb mnikyBaHHS. OuiHka
3MiH Y NereHsax Ta BUSBNEHUX NaTepHiB LO3BOMSAE 3 Pi3HUM
CTYNeHeMm YMNeBHEHOCTi MPUMYCTUTU, YN BUKMMKAHI BOHU
KOPOHaBIPYCHOK iH(peKUien, Y4 MatoTb iHLWY eTionorito.
OpHak, B OCHOBi 3anuaeTbCsA KhiHiYHA WMOBIPHICTb,
i Mikap-peHTreHonor NoOBMHEH MaTu YSBINEHHSA NpPO 0cobnu-
BOCTi nepebiry 3axBoploBaHHA Ta 30epiraTv enigemiyHy
HaCTOPOXEHICTb Y KOXKHOMY KOHKPETHOMY BUNazKy.

TakMm 4mHOM, npoBedeHi Hamwu AOCRIAXKEHHS nig-
TBEPOXKYIOTb OCHOBHI TPEHAM, O CTOCYHOTBCS KITHIYHUX
ocobnmBocTel nepebiry KopoHaBipyCHOT iHGEKLT Y XBOpUX
Ha MB, sKi no3Ha4yMnn aBTOpPU 3 €EBPOMENCBHKUX KpaiH
i CWA. OtpumaHi pesynstatv [O03BOMWAM  BU3HAYUTH
OCHOBHi acnekT MpPOMEHEBOI AiarHOCTUKM Ta ocobnu-
BOCTI nartonoriyHmx 3miH nereHb npun COVID-19 y pgopoc-
nnx naujieHTis, xBopmx Ha MB.

BUCHOBKMU

PeHTreHorpadisi opraHiB rpygHOi MOPOXHUHM € Heo6-
XiOHUM eTanoM y MnonepefHi AiarHoCTULi ypaKeHHs ne-
reHb npu COVID-19 y popocnux naujieHTis, xBopux Ha MB,
abo npu BMHWMKHEHHI HEeBiAKNagHWX CTaHiB. PeHTreHorpa-
i 403BOMNSE B KOPOTKI TEPMiHW i MpU mManux BuUTpaTtax

The leading diagnostical CT signs were the symptoms
of bronchitis deformans, which were detected in all CF
patients regardless of the degree of severity. The main
lesion patterns of lung tissue in CF patients infected
with coronavirus, were the features of increased indu-
rated characteristics of pulmonary parenchyma, which
were caused by releasing air from alveoli and filling
them with other substrate: ground-glass, reticular changes,
consolidation, infiltration foci of different size. Combi-
nation of signs and degree of their severity differed during
various periods of disease development and depended
on degree of severity of the main disease. As corona-
virus infection was developing, the X-ray pattern was
also changing by obtaining the signs of organizing
pneumonia (consolidation areas which were turned in
such way that the broad base was facing costal pleura,
linear areas of pneumofibrosis) (Fig. 5, 8).

It should also be mentioned that during CT (in contrast
with X-ray examination) in all patients with severe CF
bilateral bronchiectases with predominant localization in
upper lung areas were localized. In the majority (8 patients)
the reduction of lung tissue thickness and the formation
of air-containing cavities was observed. This is a typical
sign of CF and is not characteristic of lung lesion in
coronavirus infection.

Thus, MSCT, unlike radiography, detects subtle struc-
tural changes of lung tissue and bronchial tree (the pre-
sence of the zones of lowered density of lung tissue;
expansion and deformation of segmental and subseg-
mental bronchi; thickening of bronchial walls; the presence
of the areas of mosaic density of lung tissue; detection
of bronchiectases). All of these things demonstrate
that CT is a more sensible indicator of lung lesion, and
it allows mild and atypical forms of CF in adults to be
diagnosed, the stage and activity of the main pathological
process to be correctly determined, and also makes it
possible to detect the features of coronavirus pneumonia
at early stages in these patients and assess the efficacy
of the treatment. Estimating the lung changes and
detected patterns allows with different degree of confi-
dence to assume whether they are caused by coronavirus
infection or have other etiology. Nevertheless, clinical
probability remains at the core, and radiologist must
be aware of the peculiarites of disease course and
maintain epidemic precaution in each specific case.

All in all, the research which we performed, con-
firm the main trends which concern clinical features
of coronavirus infection course in patients with CF that
were pointed out by the authors from European countries
and the USA. The obtained results allowed the main
aspects of X-ray diagnostics and the features of patho-
logical lung changes in COVID-19 infected adult patients
with CF to be determined.

CONCLUSIONS

Chest radiography is a necessary stage in prelimi-
nary diagnostic of lung lesion in COVID-19 infected adult
patients with CF or in the cases of medical emergencies.
Radiography allows within a short period of time and
with small expenses confidently the patients, who have
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BMEBHEHO BiOOKpEMSIOBATM NauieHTiB, NaTOMNOriyHi 3MiHM
AKMX nNpu Bidyanisauii BignosigawTb NposiBaM BipYCHOI
NMHEBMOHii. Ha peHTreHorpamax ypakeHHs, oBGymoBreHe
COVID-19, y nauieHtiB 3 MB MoXe Ha nmo4yaTKoBWX eTa-
nax MacKyBaTUCb OCOONMBOCTAMW NPOSIBIB OCHOBHOIO
3aXBOPIOBaHHS. Y 3B’3Ky 3 UUM Oyab-siKi pEHTreHOMNOriYHi
NposBM 3anasnbHUX 3MiH fiereHb y XBopux Ha MB MOBUHHI
B enigeMiyHMi nepiog posrnagatuca [k nigospini wopo
COVID-19 ta Bumaratn npoegeHHs MNP i KT.

KT BusiBUNacs MnOTYXHUM iHCTPYMEHTOM AndepeHLi-
anbHOT AiarHOCTUKK, O03BOSIAKOYM PO3LINATU XBOPUX 3 TU-
MOBMMM O3HaKaMW KOPOHABIPYCHOIO YPaXKEHHHA Ta iHLIMX
3MiH y nereHsix, xapaktepHux ana MB. OsHakamu, sii
MW PO3LUIHIEMO $K BIgNOBIAHI MHEBMOHIT, CNPUYNHEHOT
iHcpekuieto COVID-19, BUSBMNUCH YLLINBbHEHHS NereHeBoil
TKaHMHM 3a TUMOM «MaTOBOrO CKMa», HasiBHICTb pPi3HOI
dopMK AINAHOK «MaToBOro CKra» 3 PeTUKYNsapHUMU 3Mi-
HaMM Ta KOHconigauiel nereHeBoi TKaHWHKM, bGinateparnb-
Ha rnokanisaujisi naTonoriYyHMX 3miH, NnepeBaxHo y 6asanbHuX
Ta cybnnespanbHux Bigainax. KT B AvHamiui 3axBopto-
BaHHA CBOEYAaCHO BWSIBMSAE HEBIOKNAAHI YCKNagHEHHS
3 6oky nereHb npu COVID-19 y xBopux Ha MB.
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pathological changes that correspond with viral pneumonia
signs when being visualized, to be distinguished. On X-ray
images the lesion caused by COVID-19 in patients with
CF can be disguised by the features of the main disease
manifestations. Therefore, any X-ray evidence of inflam-
matory lung changes in CF patients during the epidemic
period must be regarded as COVID-19 suspected, and
polymerase chain reaction and computed tomography
must be performed.

CT turned out to be a powerful tool for differential
diagnostics, allowing patients with typical signs of corona-
virus infection and other changes in lungs which are
typical for CF, to be distinguished. The signs which we
consider to be the signs of pneumonia that was caused
by COVID-19 infection turned out to be: induration of
lung tissue in the form of ground-glass opacity, presence
of ground-glass areas of different shape with reticular
changes and consolidation of lung tissue, bilateral
localization of pathological changes, predominantly in
basal and subpleural areas. CT in the time course of the
disease timely detects urgent complications in the lungs
in COVID-19 infected patients with CF.
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Prospects for further research

CT can be used in the future for the purpose of observing
the changes in the lung tissue of CF patients in course of disease
for timely correction of patient surveillance. Due to high sensi-
bility of CT method, its usage for diagnosing respiratory organs
pathology in CF under the conditions of coronavirus pandemic
will broaden, in particular for assessing late effects of virus
lung damage.

Conflict of interest

The authors declare no conflict of interest which can be conside-
red to be the one that may damage impartiality of the article.

Funding information

The work is financed by the State Budget of Ukraine.

INFORMATION ABOUT AUTHORS

Tkachenko Mykhailo Mykolaiovych — Doctor of Medical
Sciences, Professor, Head of Department of Radiology and
Radiation Medicine of Bogomolets National Medical University
of the Ministry of Health of Ukraine; 34, Peremogy Ave., Kyiv,
Ukraine, 03057;

e-mail: mtkachenkodeprrm@gmail.com

tel.: +38 (068) 359-08-51

Author’s contribution: developing the concept of
research, summarizing the results.

Morozova Nataliya Lvivna — Candidate of Medical Sciences,
Associate Professor of Department of Radiology and Radiation
Medicine of Bogomolets National Medical University of the
Ministry of Health of Ukraine; 34, Peremogy Ave., Kyiv, Ukraine,
03057;

e-mail: natalymorozova506@gmail.com

tel.: +38 (067) 589-99-93

Author’s contribution: examination of patients,
processing and analyzing information, writing the text
of the article.

OpuwuriHanbHi gocnigkeHHs

Original research



YKpaiHCbKWI pafionoriYHvin Ta oHkonorivyHmm xxypHan. 2022, T. 30. Ne 2. C. 9-24

Ukrainian journal of radiology and oncology. 2022;30(2):9-24

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

TaHaciuyk-lfaxueBa Hatania BonoaumupiBHa — [okTOp
MeAuYHMX Hayk, npodecop kadeppw pagionorii Ta pagiauinHoi
MeauumMHM  HauioHanbHOrO  MEeAUYHOro  YHIBEPCUTETY  iIMEHi
0.0. boromonbus MiHicTepcTBa OXOpPOHM 340POB’S  YkpaiHu;
np. MNepemorw, 6ya. 34, m. Knis, Ykpaina, 03057;

e-mail: tanasichuk.v.s@gmail.com

Mo6.: +38 (050) 563-54-20

BHecok aemopa: nidbip nimepamypHux Oxeper,
HarnucaHHs mekcmy cmammi.

YepkacoBa Jllo6oB AHaToniiBHa — KaHaMaaT MeELUYHUX
Hayk, OoueHT kadenpw pagiornorii Ta papgiauiiHoi MeauumHK
HauioHanbHoro meguyHoro yHisepcutety iMeHi O.O. Boromonbus
MiHicTepcTBa oxopoHu 300poB’s Ykpainu; np. MNepemoru, 6ya. 34,
M. KuiB, YkpaiHa, 03057;

e-mail: lovecherkasova@gmail.com

Mo6.: +38 (096) 459-92-35

BHecok aemopa: nidbip nauieHmie 3a memoto pobomu,
po3pobka OusaliHy OocriOxeHHs, nidzomoska cmammi
8o nyb6nikauj.

Tanasichuk-Gazhyeva Nataliya Volodymyrivha — Doctor
of Medical Sciences, Professor of Department of Radiology
and Radiation Medicine of Bogomolets National Medical
University of the Ministry of Health of Ukraine; 34, Peremogy Ave.,
Kyiv, Ukraine, 03057;

e-mail: tanasichuk.v.s@gmail.com

tel.: +38 (050) 563-54-20

Author’s contribution: selecting literature sources,
writing the text of the article.

Cherkasova Lubov Anatoliivna — Candidate of Medical
Sciences, Associate Professor of Department of Radiology and
Radiation Medicine of Bogomolets National Medical University
of the Ministry of Health of Ukraine; 34, Peremogy Ave., Kyiv,
Ukraine, 03057;

e-mail: lovecherkasova@gmail.com

tel.: +38 (096) 459-92-35

Author’s contribution: selecting patients by the topic
of the article, developing the design of the research,
preparing the article for publication.

Pykonuc Haginwos
Manuscript was received
26.05.2022

Received after review
12.06.2022

OTpumMaHo nicns peLeHsyBaHHs

MpuiHATO [0 APYKY Ony6nikoBaHO
Accepted for printing Published
15.06.2022 30.06.2022

OpuwuriHanbHi gocnigkeHHs

24

Original research



YKpaiHCbKWI pagionoriYHWin Ta oHkonorivyHum xxypHan. 2022. T. 30. Ne 2. C. 2540 ISSN 2708-7166 (Print)
Ukrainian journal of radiology and oncology. 2022;30(2):25—40 ISSN 2708-7174 (Online)

DOI: https://doi.org/10.46879/ukroj.2.2022.25-40

YOK: 616.831-006.484.04-089:615.849:616-073.756.8-073.8-006-001.8

CTepeoTakCUYHA paAioXipypris paAiope3suCTEHTHMUX FAIOBAQCTOM.
LLUASIXM NOAOACQHHS PAAIOPE3UCTEHTHOCTI NMNOKCUYHMX MYXAUH

psizoB A.B.", ORCID: 0000-0003-1785-6705, e-mail: grandoc61@gmail.com
MpsisoB A.A.", ORCID: 0000-0002-2210-1430, e-mail: precisemaningame@gmail.com
Mpuaina H.4.', ORCID: 0000-0003-1137-8212, e-mail: gridinanina@ukr.net

Crtynein B.A.2, ORCID: 0000-0001-7552-7024, e-mail: stuley.volodymyr@lIl.kpi.ua

"[JepxasHa ycmaHosa «IHcmumym Helpoxipypeaii im. akademika A.l1. PomodaHosa

HaujoHanbHoi akademii MeOuyHux HayK YkpaiHu», Kuis, Ykpaita

2HaujoHanbHutll mexHidHul yHisepcumem Ykpaitu «Kuigcbkuli nonimexHidHuli incmumym imeHi lzopsi Cikopcbko20o»
Minicmepcmea ocsimu i Hayku YkpaiHu, Kuis, YkpaiHa

Stereotactic radiosurgery of radioresistant glioblastomas.
The ways of overcoming radioresistance of hypoxic tumors

Griazov A.B.", ORCID: 0000-0003-1785-6705, e-mail: grandoc61@gmail.com
Griazov A.A.", ORCID: 0000-0002-2210-1430, e-mail: precisemaningame@gmail.com
Grydina N.Ya.", ORCID: 0000-0003-1137-8212, e-mail: gridinanina@ukr.net

Stuley V.A.2, ORCID: 0000-0001-7552-7024, e-mail: stuley.volodymyr@lIil.kpi.ua

State Organization «Romodanov Neurosurgery Institute

of National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine

2National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»
of the Ministry of Education and Science of Ukraine, Kyiv, Ukraine

KAlo4OBi cAoBQ: PE3IOME

rinokciq, rmiobnactoma, pagioxipypria,  AKTyanbHiCTb. BpaxoByluum BWCOKMM CTyniHb PE3NCTEHTHOCTI rmiobnactomn Ao
pagioceHcmMbinisauis, MarHiTHO-pe3oHaHC-  MPOMEHEBOrO JiKyBaHHS, @ TaKOX HW3bKi MOKA3HUKM 3araribHOi BWXXMBAHOCTI XBOPMX,
Ha Tomorpadisi. HeobXigHi HOBI NOKpaLLeHi METOAMKM B MiKyBaHHI AaHOI natonorii. 3okpema A0oCnigKeHHs
KOMMIEKCHOro NPOMEHEBOTO NiKyBaHHSA, NOEAHAHOrO 3 padioceHcmbinizatopamu.

Meta pobotu. OuiHnTn edekTuBHICTL padioceHcMbinisalii rnoKCUYHUX MNyXMUH Mpu
pagioxipyprivHOMy nikyBaHHi rmiobnactom. [lokpawmTt Ge3peumamBHy Ta 3aranbHy
BVDKMBAHICTb XBOPWX.

I'psi308 AHOpiti AHOpitioguy Matepianu Ta metogu. CTepeoTtakcuuHa pagmioxipypris (CPX) rnio6nactom nposegeHa
lepxaBHa ycTaHoBa «IHCTUTYT Helipo- vy 106 naujeHTiB (cepeaHiit Bik 53 poku), 66 uonosikis (62,26%) Ta 40 xiHok (37,73%).
Xipyprii im. akapemika A.ll. PomojaHoBa  Cepegns nosa cTaHosuna 18 Mp npu oaHodbpakuiikivn CPX Ta 32 Mp (7 Mp 3a chpakuiio)
HalioHanbHoi akafemii MeauYHUX HayK  npy CPX B pekinbka dpakuii. CepeHiii 06'eM NyXnuHN CTaHOBKB 29 cM®.

AAS KOPECNOHAEHLi:

Yipaitiny; } ) OCHOBHY pyny cknanu 66 nauieHTis, sikum nposoannm CPX 3 pagioceHcuBinisavieto.
Byn. MaitGopoan, 6ya. 32, Kuis, Ykpaia; 40 nauieHTiB CKIanu KOHTPOMbLHY rpyny, AkuM nposoannu CPX 6es paaioceHcnbiniaatyii.
e-mail: precisemaningame@gmail.com Pe3ynbratn Ta ix o6roBopeHHsl. MepiaHa 3aranbHoi BuxmBaHocTi (M3B) craHoBuna

20 wmicauiB y rpyni 3 papgioceHcubinisauieto, a y KOHTPOnbHi rpyni — 12 micsauis.
BespeunavBHuii nepiog micna papioxipyprii y rpyni 3 pagioceHcubinisauieto npoTAarom

© lpsisoe A.B., psizos A.A., 10 micsiuis BigmiveHo y 95,4%, npoTu 70,6% Yy KOHTPOMbHI.

pudina H.5., Cmynel B.A., 2022 M3B nicna CPX 6yna nomi6Holo Mix nauieHtamm 3 nyxnuHamu IDH gukoro Tuny Ta
nauieHtamu 3 nyxnuHamm 3 myTauieto IDH (10,0 micauis npotn 11,0 micsuis BignosiaHo),
a Takox Mk naugieHtamm 3 MGMT-meTunboBaHMMM NyxNMHaMU Ta MauieHTaMmu
3 MGMT-HemeTunboBaHmmu nyxnuHamu (11,2 npotu 10,2 micAus BiANoBiAHO).
Cepepn Bcix nmponikoBaHux nauieHTiB y 20 (16,6%) cnocTtepiranucsa nobiyHi pagiauinHi
asuwa nicna CPX, a y 9 nauieHTiB (7,5%) po3BMHYBCS MPOMEHEBUI HEKPO3 y TEpMiH
BiA 3 o 16 micauis nicna CPX. Y nigrpyni 3 meTpoHiaa3onom y 6,6% xBopux cnoctepira-
NMCS 03HaKW MOMIPHOI TOKCUYHOCTI y BUIMAAi NPosiBy HyAOTW. Y Nigrpyni 3 HiMOpasonom
03HaK TOKCUYHOCTI He BU3Ha4anocs.
BucHoBku. PagioceHcunbinisauia npu nposegeHHi CPX  rinokcnyHux papiopesuc-
TEeHTHMX rniobnactom nokpauwye Ha 53,3% nokasHukn 3aranbHoro Ta Ha 24,8% 6es-
pPeLnanMBHOIO BIDKMBAHHS.
Himopason Ta MeTpoHigason € noTyXHUuMW pagioceHcubinisatopamu, fki MiABULLYIOTb
pagioyyTNMBICTb  MYXMMHHMX KMITUH  LWIASXOM  30ifbLUEHHS] KUCHEBOI HACWMYEHOCTI
FiINOKCUYHUX KITITUH.
[ns BM3Ha4YeHHs1 Noka3aHb Woao npoBeaeHHs CPX 3 pagioceHcumbinisauieto 1a TepMmiHiB
npoBegeHHss ceaHcy CPX HeobGxigHO BpaxoByBaTW pesynbraT KUCHEBOI Npobwu
(cTyniHb Hacu4YeHOCTi MyXMMHU KUCHEM), MiK iIHTEHCMBHOCTI CMrHamy B 30Hi aKTMBHOIO
POCTY MyXMMHU Ta MiK HACMYEHOCTi BCbOro 06’€My NMyXITUHMW.
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ABSTRACT

Background. Taking into account high degree of resistance of glioblastoma to radiation
therapy, and also low overall survival rates of patients, it is necessary to develop improved
methods of treating this pathology, in particular, complex combined treatment with
radiation therapy and radiosensitizers.

Purpose — to assess the effectiveness of radiosensitization of hypoxic tumors in
radiosurgical treatment of glioblastomas; to increase non-recurrent and overall survival
rate of patients.

Materials and methods. Stereotactic radiosurgery (SRS) of glioblastoma was performed
in 106 patients (average age — 53 years), 66 males (62,26%) and 40 females (37,73%).
The average dose was 18 Gy in a single-fraction SRS, and 32 Gy (7 Gy per fraction)
in multi-fraction SRS. The average volume tumor was 29 cm?.

The treatment group consisted of 66 patients who underwent SRS with radiosensitization.
40 patients made up the control group and underwent SRS without radiosensitization.
Results. Median overall survival (MOS) was 20 months in the group with radiosensi-
tization, whereas in the control group it was 12 months. 10-month recurrence-free period
after radiosurgery was observed in 95,4% of the patients of the group with radiosen-
sitization and in 70,6% of the patients of the control group.

MOS after SRS was similar between the patients with wild-type IDH tumors and
patients with tumors with IDH mutation (10,0 months and 11,0 months respectively),
and also between the patients with MGMT-methylated tumors and patients with
MGMT-nonmethylated tumors (11,2 and 10,2 months respectively).

Among all the treated patients, in 20 of them (16,6%) side radiation effects after SRS
were observed, and in 9 patients (7,5%) radiation necrosis developed in 3 to 16 months
after SRS. The signs of moderate toxicity in the form of vomiting were observed in 6,6%
of the patients of the subgroup with metronidazole. There were no signs of toxicity in
the subgroup with nimorazole.

Conclusions. Radiosensitization improves rates of overall survival by 53,3% and recur-
rence-free survival by 24,8 % in performing SRS of hypoxic radioresistant glioblastomas.
Nimorazole and metronidazole are powerful radiosensitizers which increase radiosensi-
tivity of tumor cells through enhancing oxygen saturation of hypoxic cells.

In order to determine indications for performing SRS with radiosensitization and
periods for performing an SRS session we must take into consideration the result of
an oxygen test (level of oxygen saturation of the tumor), the peak of signal intensity in
the zone of active tumor growth and the peak of saturation of the whole tumor volume.

Griazov AB, Griazov AA, Grydina NYa, Stuley VA. Stereotactic radiosurgery of radioresistant glioblastomas. The ways
of overcoming radioresistance of hypoxic tumors. Ukrainian journal of radiology and oncology. 2022;30(2):25-40.
DOI: https://doi.org/10.46879/ukroj.2.2022.25-40

3B’30K pO60TH 3 HOYKOBMMMU NPOrPAMAMM,
NAGHAMMU | TEMAMU

Cratta € pparMeHTOM pucepradii Ha 3000yTTs CTy-
neHs poktopa cinococpii B ranysi OXopoHU 340pOB’A
«CTepeoTakcmyHa pagioxipypris 3 AiarHOCTUYHMM Cynpo-
BOJOM r1io6nactom 3 ypaxyBaHHAM MOMNEKYNAPHO-TEHETNY-
HOI CTpPykTypu nyxnuHu» [psisoBa A.A. (HauioHanbHuin
YHIBEPCUTET OXOPOHM 300poB’'a Ykpainm im. M.J1. LWynuka
MiHicTepcTBa OXOpPOHWM 300pOB’'st YKpaiHWu), TEPMIH BUKO-
HaHHsa 2018-2022 pp., kepiBHMK — 3aBigyBay BigOineHHs
pagioHyknigHoi  giarHocTukM  [lepxaBHOi  yCTaHOBWU
«IHCTUTYT Hewmpoxipyprii iMm. akagemika A.l. PomogaHoBa
HauioHanbHOI akageMii MeguyHux Hayk YkpaiHu» OOKTop
MeanyHux Hayk, goueHTt C.C. Makees.

BCTYN

miobnactoma (FBM) € HanOLWMPEHILLO 3MOSKICHOK
MyXIIMHOK TFOMOBHOMO MO3KY Y Aopocnux. CbOrogHiliHs

Relationship with academic programs,
plans and themes

The study has been performed as a part of the
thesis for the degree of Doctor of Philosophy in the field
of health care «Stereotactic radiosurgery with a diag-
nostic accompaniment of glioblastomas with the consi-
deration of molecular genetic structure of the tumor,
Griazov A.A. (Shupyk National Healthcare University of
the Ministry of Health of Ukraine) period for performance:
2018 — 2022, led by Head of Radionuclide Diagnos-
tics Department of State Organization «Romodanov
Neurosurgery Institute of National Academy of Medical
Sciences of Ukraine» Doctor of Medical Sciences,
Associate Professor S.S. Makeiev.

INTRODUCTION

Glioblastoma (GBM) is the most common malignant
brain tumor in adults. Modern standard therapy includes
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CTaHfapTHa Tepania BKMNoYae pesekuinHy  Xipyprito,
a TakoX af’toBaHTHY XiMiormpomeHeBy Tepanito 3 noganb-
Wwot XimioTepanieto. Ane HaBiTb He3BaXawunm Ha Te,
WO AOChiMKeHHs B Ui ranysi nokpawunu pesynsratu
NiKyBaHHA NauieHTiB 3a paxyHOK OonTuMi3auii XipypriyHmx
Ta af'loBaHTHUX CTparterii, 3aranbHW NPOrHO3 Mpu Ui
NyXnuHi 3anuwaeTtbca HecnpuatTnueum [1-3]. KniHiyHMn
nepebir 3a3Bnyan xapakTepusyeTbCs NOKanNbHUM peunaun-
BOM, LLIO NPUMMKAE IO BOTHMLLLA NEPBUHHOI NyXITNHM, i YacTo
obMexye TepaneBTUYHI MOXIMBOCTI MOBTOPHOI pe3eKLii
ab0o NnoBTOPHOrO NpuaHaveHHs npomeHesoi Tepanii (MT).

Byno 3pobneHo kinbka cnpob MokpalwimTy pesynsraTtu
NiKyBaHHA NaUi€eHTIB  LWMASXOM MNOCUAEHHA MNPOMEHEBOT
BiOMOBIAI MyXNMHM 3a AONOMOroK pagioceHcmbinisaTopis.
IcHye GaraTo MOXNMBUX NIOXOAIB [0 BUMPILIEHHS L€l
npobrnemu, Hanpvknag, LWNSXOM 3HWXKEHHS pagiopesuc-
TEHTHOCTi, WO BWHWKae B pesynbraTi NOKCil MyXNHMU,
YTBOPEHHSA aKTUBHWX POPM KUCHIO abo BTpy4aHHs Yy Bia-
HOBMEeHHs pajiauinHo-iHgykoBaHoro nowkoaxeHHs OHK.
Y npoueci KniHiYHMX BMNpoOyBaHb Yy LbOMY BiAHOLLEHHI
6yna ouiHeHa HM3Ka areHTiB. [poTe nporHo3 rniobrnacTromMm
3anunwaetbes HeageksatHuM i y XXI ctonitTi. LUa crartTa
noknukaHa pgatuv BcCebiYHWMiA ornmsg  MUHYNMX Nigxonis,
pesynsraTtieB Ta npobnem, noOB’A3aHMX 3 pafioceHcu-
Ginizytounmn areHTamu y Tepanii rmioMu, a TakoX MOXIMBI
ManlyTHi HanpsamkM y uin ranysi. MynstndopmMHa rmio-
6nactoma (MBM) € NyXnNMHHMM YTBOPEHHSIM, SKe Bifome
CBOIM 3HA4YHUM TFiNOKCUYHMM Ppo3BUTKOM. Kpim TOrO,
NyXfWHHa FiNOKCIA Bidirpae BaxnuBY porb SK Mediatop
pafiope3ncTEHTHOCTI, OOMEXYHUM NMOLLKOOXKEHHS, CNpUYK-
HEHe iOHI3Yo4YMM ONPOMIHEHHAM.

Haibinbl paHHii nigxio Ha OCHOBI MEepPCNeKTUBHMX
OOKNiHiYHMX faHux OyB ony6bnikoBanun B 1976 p. [4].
Urtasun et al. pangomisyBanu koropty 3 31 nauieHTa, SKi
LOAHA OTpMMyBanu MeTpoHigason npotaroM 18-geHHoro
Kypcy MNpPOMEHEBOro ikyBaHHSA B MOPIBHAHI 3 TiNbKn
ONpOMiHEHHAM. Y pesynbraTi Oyno oTpumaHo Kpalli no-
KasHVWKM [0 MpOrpecyBaHHs Ta 3aranbHOi BWXMBAHOCTI,
M3B 26 TwxHiB nopiBHAHO 3 15 y rpyni ekcnepuMeHTarnb-
HOrO niKyBaHHS. ABTOpPM MOSACHUNN edekT 3aTpPUMKK
NMOBTOPHOrO POCTY MYXINNHU PE3YNbTaTOM «BULLOT KNITUHHOT
iHaKTUBaLi» pagiopesncTeHTHUX MMNOKCUYHUX KIITUH [5].

[okniHivyHi pe3ynbTati BXe nokasanu, Wo MeTpoHiga-
30N € NOTYXHUM pagioceHcmbinizatopom, ocobnmeo B Ti-
MOKCUYHMX KniTHax [4]. HactynHi BunpoGyBaHHA Oynu
NpoBeAEeHi 3 MOro MOTYXHIWUM HaCTYMHUKOM Mi3oHigas3o-
nom: y 1984 p. Fulton et al. npogoBxunu nonepegHe
pocnigpkeHHa. BoHu noegHanu  HiTpoimigason apyroro
MOKOMIHHA 3 rinepdpakuioHOBaHOK MNPOMEHEBOK Tepa-
nieto (FOMNT) Ta 3BuvanHumn dpakuisvm (3P). Ane npu
GaraTopasoBili LLOAEHHIN (paKUiiHiA NpoMeHeBi Tepanii
JofaBaHHA papgioceHcubinisatopa He [ano  3Ha4yHoro
noninweHHs [6].

BigeHcbka pocnigHuvubka rpyna nosigomMuna  npo
nopibHi pesynsTaT TOro X POKy, He NPOAEMOHCTPYBaBLUN
CTaTUCTMYHOI 3HAYYLLOCTi MOMIMNWEeHHA BMXMBAHHA [7, 8].
3rogom, [OOCNIMKEHHS nepenwnu Bid BUKOPUCTAHHS
Mi30OHiZa3ony A0 eTaHigasony TPeTboro MOKOMiHHA. Y ny6-
nikauisx Mapsapacbkoi MeauYHOI LIKOMWM NOBIOMNSAETLCA
Npo MOXIMBICTb MO0 BMKOPUCTAHHA 3a [OMOMOrOH
6e3nepepBHUX iH(Y3in nig Yac Gpaxitepanii [9], a Takox
NPUCKOPEHOT AMCTaHUinHOI npomeHeBoi Tepanii (MAMNT)
npu rniobnactomi [10] i pguTauin  mmiomi  cToBOGYypa
rorioBHOro mo3sky [11].

DocnigxenHss Chang et al. BusBMnM, WO niKyBaHHS
nobpe nepeHocuTbes, ane 6e3 nomineHHs BUXMBaHHS

resection surgery, and also adjuvant radiochemotherapy
with further chemotherapy. But even despite the fact
that studies in this field improved the treatment results
due to optimization of surgical and adjuvant strategies,
general prognosis in the cases of this tumor remains
unfavorable [1-3]. Clinical course is usually characterized
by local recurrence, which is adjacent to a primary
tumor site, and often limits therapeutic possibilities
of repeated resection or additional prescription of radiation
therapy (RT).

Several efforts to improve the treatment results
were made by enhancing radiation response of the tumor
using radiosensitizers. There are a lot of possible appro-
aches to solve this problem, for example, by decreasing
radioresistance which emerges as a result of tumor
hypoxia, creating active forms of oxygen, or interfering
in the recovery of radiation-induced DNA damage. A num-
ber of agents in this respect was estimated in the course
of clinical trials. However, prognosis of glioblastoma
remains inadequate in XXI century. This article is aimed
at giving a complete review of previous approaches,
results, and problems, associated with radiation-sensi-
tizing agents in the therapy of glioma, and also possible
directions in this field. Glioblastoma multiforme (GBM)
is a tumor mass which is known for its significant hypoxic
development. Besides, tumor hypoxia plays an important
role as a mediator of radioresistance which limits the
damage caused by ionizing radiation.

The earliest approach based on prospective preclinical
data was published in 1976 [4]. Urtasun et al. randomized
the cohort of 31 patients, who were receiving metronida-
zole every day during 18-day course of radiation therapy
compared to only ray treatment. As a result, better rates
of progression and overall survival (MOS — 26 weeks
compared to 15) were obtained in the group of experi-
mental treatment. The authors explained that this effect
of delay of repeated tumor growth was a result of «highest
cell inactivation» of radioresistant hypoxic cells [5].

Preclinical results had already shown that metronida-
zole was a powerful radiosensitizer, especially in hypoxic
cells [4], and the next trials were held with its more
powerful successor misonidazole: in 1984 Fulton et al.
continued the previous research. They combined a second-
generation nitroimidazole with hyperfractionated radiation
therapy and usual fractions. But in repeated everyday
fractionated radiation therapy the addition of a radiosen-
sitizer didn’t give a significant improvement [6].

The Viennese research group informed about similar
results that same year not having demonstrated a statis-
tical significance of the improvement of survival [7, 8].
Later, the studies moved on from the use of misonidazole
to the third-generation ethanidazole. In the contributions
of Harvard Medical School, it is stated that ethanidazole
can be used by the means of continuous infusions during
brachytherapy [9], and also during accelerated distant
radiation therapy in the cases of a glioblastoma [10] and
a childhood brain stem glioma [11].

The studies of Chang et al. showed that treatment
was tolerated well, but there was no increase in survival
compared to other concepts of treatment concepts [12].
Because connection of nitroimidazoles with hypoxic
tumors turned out to be useful in studying gliomas.
Nitroimidazole derivatives are studied on PET-visuali-
zation for mapping the tumor hypoxia with the visualization
of [F18] FETA or [F18] MISO [13], and oxygenation values
according to MRT data. The program BOLD-MRT allows
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NOPIBHSAHO 3 iHLLIMMM KOHLEeNUisiMu nikyBaHHs [12]. Ockinbkn
CMOPIOHEHICTb  HITPOiIMiAasoniB 3 TMNOKCUYHUMMU  TKaHU-
HaMU BUSIBUNACS KOPWCHOK B AOCHIIKEHHSX [NioMMU.
MoxigHi HiTpoimigasony gocnigxyroTbes y opmi yHKLUio-
HanbHol [MET-Bidyanisauii Ana KapTyBaHHA NyXMUHHOT
rinokcii 3 Bigyanisauieto [F18] FETA a6o [F18] MISO [13],
Ta MNoKasHWKIB okcureHauii 3a ganummn MPT. lNporpama
BOLD-MPT pae MOXnuBICTb 34ilCHIOBATW pagioxipyprito
abo npomeHeBy Tepanito rniobnactomMu 3 ypaxyBaHHAM
NoKasHMWKIB OKCureHauii Ta peokcureHadii [14—16].

MepeBarn metogy BOLD nonsratwoTe y BigCYTHOCTI
HeOoOXiOHOCTI 30BHILUHLOrO BBEAEHHS KOHTPACTHUX pPevo-
BMH abo papgioakTnBHMX i3oToniB. BOLD wuytnueun po
HasiBHOCTi 3MIHM Hampyry KWUCHIO B CyOUHaX TKaHWHW.
BOLD € HeiHBasuBHum metogom MPT pgns HenpsiMoro
BUMIPIOBaHHSA 3MiH OKcureHauii B TkaHuHax [17-19].

306paxeHHss BOLD-MPT 3 6inblio0  NMOBIPHICTHO
BigoOpaxatoTb rocTpy (nos’ssaHy 3 nepdy3ieto) rinoKcito
TKaHWH 4Yepes3 TMMYacoBY OKMH3i0 APIOGHNX KPOBOHOCHUX
CYAVH, Tofji SIK XPOHiYHa rinoKCiA 3 MEHLLO MMOBIPHICTIO
Bigobpaxaetbca BOLD-MPT [20-22].

MeTta po6otn. OuiHUTK edeKTMBHICTb pagioceHcnbi-
nisauii riNOKCUYHUX MYXNUH NpW pagioXipypriyHOMy niKy-
BaHHi rmiobnacTtom. MNokpalmTtu 6e3peunamBHy Ta 3aranbHy
BWXXMBaHICTb XBOPUX.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

CrepeotakcunyHa pagioxipypris (CPX) rniobnactomum
npoBegeHa y 106 nauieHTiB (cepenHin Bik 53 poku, iHTep-
Ban 29-82), 66 4onosikie (62,26%), Ta 40 xiHok (37,73%)
3a OfHY 4M Aekinbka pakuin.

CepenHst nosa craHosuna 18,4 I'p npn oaHodpakuii-
Hin CPX. Mpn CPX 3a 5 dpakuii cymapHa gosa Oyna
32,7 T'p (iHTepBan 25—40 Ip), a cepeaHs nosa 3a dpakuito
ctaHoBuna 6,55 Mp. Mpu CPX 3a 3 dpakuii cepeaHs nosa
7,73 T'p 3a dpakuito, a cymapHa — 23,2 [p. B uinomy gosa
3a (opakuito ctaHoBuna 7,14 p. CepeaHii o6’em onpomi-
HeHux nNyxnuH ctaHoBmB 29,21 cm?, iHTepan 3,3—140 cm®.
66 nauieHTiB O6ynu 3 nNepBUMHHUMMU rriobnacTomamu,
40 — 3 peuanBHUMM.

[Mepen nposedeHHAM ceaHcy pagioxipypril XBopum
060B’A3KOBO NPOBOAUNY AOCHIMKEHHA oKcureHauii SpO,
(KinbkicTb MiTpiB 3a xBunuHy O,), Np1 HeoBXiaAHOCTI NiaHi-
matoum Bmict O, n1o 100%. 3a 2 roamHn go CPX xBopi
npunmanu nepopansHo 2 r Tpukacaugy (MeTpoHigasony,
MTH, M+), abo 2 r HakcomkuHy (Himopasony, HMP, H+).

MPT 3i ctaHgapTHMMK NpoTOKONaMu, a TakoxX Audy-
3iliHO-3BaXeHi 306paxeHHs (O33) Ta AndysiHO-TEH30PHI
306paxeHHs (OT3) 3 oTpumaHHsaM KoediuieHTa audyaii
ADC Ta nporpamy BOLD npoBoaunu o nepdysii KUCHIO,
yepes 20 xBunuH nicns nepdysii KUCHIO i NOTIM LWe pas
nicnsa ceaHcy pagioxipyprii (4epe3 40 xBunuH). TpmBanicTb
ceaHcy nepdysii KucHo ctaHoBmna 20 XBUMWH 3 HACTYMHUM
NpoBeAEeHHAM ceaHcy paaioxipypril.

OcHogHin rpyni naudieHtis CPX nposoaunu 3 pagio-
ceHcubinizadieto. 30 xBopux Npunmani rinoKCUYHUIA pagio-
ceHcubinizatop meTpoHigason (CPX M+), Ta 36 — HiMopa-
3on (CPX H+). 40 nauieHTiB cknamu KOHTPOSbHY rpymny,
sikuM nposoannu CPX 6e3 pagioceHcubinisauii (CPX PC-).

MpoTsarom nepworo TwxHA nicns CPX npoeoavnu
nostopHe MPT 3 MeTOH OLiHKM NoKasHWKIB KoedilieHTa
andysii (ADC) y 30Hi NPOMIXKHOT FiNOKCii AN BU3HAYEHHSI
MOXINUBUX MNPEAUKTOPIB Ha pagioxipypriyHe nikyBaHHSA
rniobnacTomMu 3 BUKOPUCTaAHHSIM pagioceHcumbinisadii.

radiosurgery or radiation therapy of glioblastoma with
the consideration of oxygenation and reoxygenation values
to be performed [14-16].

The benefits of the BOLD method include the absence
of necessity for the external administration of contrast
agents or radioactive isotopes. BOLD is sensitive to the
change in oxygen pressure in the tissue vessels. BOLD is
a non-invasive method of MRT for indirect measurement
of oxygenation changes in tissues [17-19].

BOLD-MRT images are highly likely to show acute
(connected with perfusion) tissue hypoxia due to temporary
occlusion of small blood vessels, whereas chronic hypo-
xia is less likely to be visualized on BOLD-MRT [20-22].

Purpose — to assess the effectiveness of radiosensiti-
zation of hypoxic tumors in radiosurgical treatment of glio-
blastomas; to increase non-recurrent and overall survival
rate of patients.

MATERIALS AND METHODS

Stereotactic radiosurgery (SRS) of glioblastoma was
performed in 106 patients (average age — 53 years, age
range — 29-82), 66 males (62,26%) and 40 females
(37,73%) in one or several fractions.

The average dose was 18,4 Gy in a single-fraction SRS.
In five-fraction SRS the total dose was 32,7 Gy (range 25—
40 Gy), and the average dose per fraction was 6,55 Gy.
In three-fraction SRS the average dose per fraction
was 7,73 Gy, and the total dose was 23,2 Gy. Overall,
the dose per fraction was 7,14 Gy. The average volume
of irradiated tumors was 29,21 cm?, range 3,3-140 cm3.
66 patients had primary glioblastomas, 40 patients —
recurrent ones.

Before performing a session of radiosurgery all the
patients necessarily underwent SpO, oxygenation mea-
surement (number of liters per minute O,), raising oxygen
level to 100% when necessary. Patients orally consumed
2 g of tricasaid (metronidazole, MTN, M+) or 2 g of naxogin
(nimorazole, NMR, N+) two hours before the SRS.

MRT with standard protocols, as well as diffusion-
weighted images (DWI) and diffusion tensor images (DTI)
with obtaining apparent diffusion coefficient (ADC), and
BOLD program was performed before the oxygen perfu-
sion, 20 minutes after the oxygen perfusion and one more
time after the session of radiosurgery (in 40 minutes).
The duration of an oxygen perfusion session was 20 minu-
tes with further performance of a radiosurgery session.

The patients of the treatment group underwent SRS
with radiosensitization. 30 of them took hypoxic radiosen-
sitizer metronidazole (SRS M+), and 36 patients — nimora-
zole (SRS N+). 40 patients made up the control group
and underwent SRS without radiosensitization (SRS RS-).

Another MRT was performed during the first week
after SRS for the purpose of estimating the ADC values
in the zone of intermediate hypoxia for determining
possible predictors on radiosurgical treatment of glioblas-
toma using radiosensitization.
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Y 6GinbwocTi nauieHTiB 6ynu nyxnuHu IDH  gukoro
1Ny (86%) Ta MGMT-meTunboBaHi (60%).

PiBHi remorno6iHy B cupoBaTLi KpoBi Oynu JoCnimKeHi
nepen CPX y Bcix nauienTiB. 30 nauieHTiB (25,0%) 3 piB-
HeM remornobiHy < 120 r/n i 90 nauienTiB (75,0%) 3 piB-
HeM remornobiHy = 120 r/n. 88 nauieHTiB (83,02%) oTpu-
MyBanu CynpOBOXYIHYMIA KypC TEeMO30fIoMigy NpPOTArom
pagioxipypriyHoro nikyBaHHsi (y 4o3yBaHHi 75 mr/mM?/oeHb),
Ta 70 nauieHTiB (66,03%) oTpMMyBanu nocnigoBHy Ximio-
Tepanito 3 Temosonomigom 150-200 mr/m?> 5 pgHiB Ha
TWKOEHb KOXHI 28 gHiB. Miobnactomu y Hawwux crnocTe-
pPEeXeHHAX Oynn nepeBaXxHO MOHOMOKamnbHI — 96 XBOpUX
(90,56%), mynetudokanbHi 6ynn y 10 xsopux (9,43%).
MepiaHa iHoekcy KapHoscbkoro (IK) craHoBuna 70 6anis.
Mpu papgioxipypriyHOMy niKyBaHHi MW MNpu3HayYanu [o3u,
kepytouncek npotokonom 90-05, pekomeHgoBaHM OHKO-
noriyHoto pynoto PagiauiviHoi Tepanii (RTOG). binbLicTb
XBOPUX B OCHOBHIA Ta KOHTPOMbHiN rpynax Oymnu
3 NepBMHHMMU rmiobnactomamm (Tabn. 1).

Most patients (86%) had wild-type IDH tumors and
MGMT-methylated tumors (60%).

The levels of hemoglobin in blood serum were mea-
sured before SRS in all patients. There were 30 patients
(25,0%) with the level of hemoglobin < 120 g/l and 90 pa-
tients (75,0%) with the level of hemoglobin = 120 g/l.
88 patients (83,02%) were undergoing a concomitant
course of temolozomide during radiosurgical treatment
(dosage: 75 mg/m? per day), and 70 patients (66,03%) were
receiving subsequent chemotherapy with temolozomide
150-200 mg/m? 5 days a week every 28 days. Glio-
blastomas in our observations were mainly monofocal —
96 patients (90,56%), multifocal ones were in 10 patients
(9,43%). The median of Karnofsky index was 70 points.
In radiosurgical treatment we prescribed doses based
on the 90-05 protocol, which is recommended by
Radiation Therapy Oncology Group (RTOG). Most pati-
ents in the treatment and control groups had primary
glioblastomas (Table 1).

Tabnuus 1. Po3noain nauieHTiB B OCHOBHIN Ta KOHTPOMbHIN rpynax, n = 106 (126 BorHuL)
Table 1. Distribution of the patients in the treatment and control groups n = 106 (126 tumor sites)

Poanogin xsopux 3a rpynamu OcHoBHa rpyna, n = 66 KoHTpornbHa rpyna, n = 40
Distribution of the patients in the groups Treatment group, n = 66 Control group, n = 40
e 0600 2 650)
o e 26 @9 14 @50
Sm e 519 n@so
] 27 043 20750
) 5109 o400)

lMpumimku: 18,4 'p — cepenHsi fo3a npu ogHodpakuinHin CPX; 32,75 p — cymapHa fo3a npu CPX 3a 5 dpakuin.
Notes: 18,4 Gy — average dose in a single-fraction SRS; 32,75 Gy — total dose in five fractions of SRS.

MmiobnacTtoma posTalloByBanacb 4Yactiwe y TiM sHin
(30,18%) Ta nobHin yactkax (28,30%), Havpigwe 3ycTpi-
Yanacsa B NigKipKOBMX CTpPyKTypax mosky (8,3%), 3agHin
yepenHin amui (1,6%) Ta ctoBBypi Mmo3ky (1,6%).

KniHiyHumn nposiBamu HanyacTiwe 6ynu: cygoMHUi
cuHapom (47,1%) ronoBHun 6inb (26,4%), cnabkicTb
(20,7%), pyxoBi NOpYLUEHHs Ta MNOPYLIEHHHA YyTIUBOCTI
(no 18,8%).

MepiaHa cnocTepexeHHs cknana 24 wmicsui 3 Mo-
meHTy CPX.

PE3YABTATU TA iX OBFOBOPEHHS

MepiaHa 3aranbHoi BwxuBaHocTi (M3B) crtaHoBuna
20 wmicsiuiB y rpyni 3 pagioceHcubinisauieto y KOHTPOrb-
Hin rpyni — 12 wmicsauis. BespeumamsHui nepiog nicns
pagioxipyprii (CTpoku crnoctepexeHHsa 10 micauis) y rpyni
3 papgioceHcubinizauieto craHoBuB 95,4% npotn 70,6%
Y KOHTPOIbHIN.

OcobnuBoctamMu  rniobnactomm € pagiopesncTeHT-
HiCTb, TOMY MW Hamaranucsi, AOTPUMYIUYUCH MOKa3HUKIB
TONEePaHTHOCTI MO3KOBMX CTPYKTYp, MiABECTM MaKkcumarb-
Hy 003y Ha NyxnuHHe BorHuwe. Ha etani giarHocTuku
Oyno NpiopUTETHUM BU3HAYEHHS CTYMEHS FMOKCIT NyXNnHM
(rocTpoi 4M XpOHiYHOI), Ta 06CAr riNOKCUYHOI YacTKM.

Glioblastoma was more often located in the parietal
(30,18%) and frontal (28,30%) lobes, it was least often
detected in subcortical brain structures (8,3%), posterior
cranial fossa (1,6%), and brain stem (1,6%).

The most common clinical symptoms were: seizure
syndrome (47,1%), headache (26,4%), fatigue (20,7%),
movement and sensory disorders (both — 18,8%).

The median of observation was 24 months from
SRS performance.

RESULTS AND DISCUSSION

Median overall survival (MOS) was 20 months in the
group with radiosensitization, whereas in the control
group it was 12 months. 10-month recurrence-free period
after radiosurgery was observed in 95,4% of the patients
of the group with radiosensitization and in 70,6% of the
patients of the control group.

The special feature of glioblastoma is radioresistance,
so we tried, adhering to the values of tolerance of brain
structures, to administer maximal dose into the tumor site.
At the stage of diagnostics, it was of high priority to
determine the tumor hypoxia degree (acute or chronic),
and the volume of hypoxic fraction. The most important
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Haibinbw BaXnMBMM MOMEHTOM ©Oyrno BU3HAYEHHS
NPOMDKHOI FMOKCIT Yy TKaHWHI NyXAWHW Ta FiNOKCUYHOT
neHymbpu, a TakoX MOXIMBOCTI OKcureHawii, sKy
BM3Ha4anu 3a [OMOMOrol KucHeBoi npobu. Mu pobunm
MPT (3 obor’a3koBMM npoBeAeHHsamM nporpamu BOLD),
BM3HAYanu rinoKCWYHi dpakuii nyxnuHW, a noTiM npo-
TaroMm 20 XBWMAWMH MPOBOAMNWN iH(Y3il0 KMCHEM i 3HOBY
nostoptoBanu MPT 3a nporpamoto BOLD pns Bisyani-
3auii okcureHauii, Ti XxapakTepy, 3 OTPUMaHHAM MiKy iHTeH-
cuBHocTi curHany (MIC) B 30HI aKTMBHOIO MNyXIIMHHOIO
pocTy, fo niky HacudeHHs nyxnuHm (MHIM), Bcboro ii obcsry,
WO B Hawmx cnoctepexeHHsx cknano: MIC yepes 20 xBu-
nvH nicna iHQY3ii kncHio Ta MHM we 4vepes 20 xBUNWH.
Takum 4nHOM, BUpaxyBanuM YacoBWW iHTepBan, B $KO-
MYy MU TMOBUWHHI MPOBOAUTW ceaHCc pagioxipyprii Bif
MOMEHTY NiKy iHTEHCUMBHOCTI CUrHamy B 30Hi aKTMBHOrIO
MYXIIMHHOTO POCTY 4O MOMEHTY MOBHOIO HAacWM4eHHs Myx-
nuHHOT TKaHuHKM O, (puc. 1).

moment was the determination of intermediate hypoxia
in the tumor tissue and hypoxic penumbra, and also the
possibility of oxygenation, which we assessed using
an oxygen test. We performed MRT (with obligatory reali-
zation of BOLD program), determined hypoxic fractions
of the tumor, and then were conducting oxygen infusion
for 20 minutes, and again repeated MRT according to
BOLD program for visualization of oxygenation and its
character, with obtaining peak of signal intensity in the
zone of active tumor growth to the peak of tumor satu-
ration, the whole volume of the tumor, which in our obser-
vations amounted to: peak of signal intensity in 20 minutes
after oxygen infusion and peak of tumor saturation in
another 20 minutes. Thus, we calculated time interval
during which we must perform a session of radiosurgery
from the peak of signal intensity in the zone of active
tumor growth to the moment of complete tumor saturation
with O, (Fig. 1).

(1)

@)

Puc. 1. Bnnme okcureHauii O, y nporpami BOLD Ha rinokcuyHi 30H1 3pocTaHHsA rmiobnactomu.
(1) = MPT y nporpami BOLD fo iHdysii O, (TkaHUHa NMyXnuH1 Maixe He BiApi3HAETLCA Bid MO3KOBUX CTPYKTYP).
(2) — MPT yepes 20 xBunuH nicns iHgysii O, AeMOHCTPYE 3HaYHe NocuneHHs iHTeHcmeHocTi curHany (MIC) no nepudepii
MYyXMWHHUX BY3NIB Y 30Hi aKTUBHOIO NYXJIMHHOTO POCTY (CuHA cTpinka). (3) — MPT vepes 40 xBunuH nicns iHgysii O,
(micnst npoBeAeHHs ceaHcy pagioxipyprii) AEMOHCTPYE PO3LUMPEHHS 30HM OKCUreHauii
3a paxyHOK MOBHOro HacuyeHHs obcary nyxnuHu (MHM) O, (cuHa cTpinka)
Fig. 1. Effect of O, oxygenation in BOLD program on hypoxic zones of glioblastoma growth.
(1) = MRT in BOLD program before O, infusion (the tumor tissue is almost no different from brain structures).

(2) — MRT 20 minutes after O, infusion demonstrates a significant increase in signal intensity in periphery of tumor nodes in the zone
of active tumor growth (blue arrow). (3) — MRT 40 minutes after O, infusion (after a session of radiosurgery) demonstrates expansion

of the oxygenation zone due to complete saturation of the tumor volume with O, (blue arrow)

BukopucTtaHnHa pagioceHcmbinisauii nigBuwmno pagio-
YYTAMBICTb NYXNUH Ta Jdano MNPUAHATHI  pesynbraTtu
nikyBaHH4. lMpoTarom TWkHSA Oyrno OTPUMaHO paHHIo Bia-
noeiab Ha CPX 3 pagioceHcubinisauieto, 6inbLll BUpaXeHy
B nigrpyni CPX 3 BMKOpUCTaHHAM Himopasony (Tabn. 2).

BpaxoByBanucs nuwe Ti BUMNagku, konu obcar nyx-
NUHN 3MEHWMBCA He MeHwe Hik Ha 10%. 3 Tabnuui
BMAOHO, WO BIACOTOK paHHbOI BIAMNOBIAI, BUXoOO4AYM 3
KINbKOCTI MYXIIMHHWX BY3MiB Ta 3MEHLUEHHS 06’emy nyx-
NVHW, NepeBaxas y NiArpyni 3 BUKOPUCTAHHAM FiMOKCKY-
Horo papgioceHcubinizatopa HiMopasony, B MOPIBHSHHI 3
niarpyno BMKOPUCTaHHS METPOHiga3ony, y CniBBigHO-
WeHHi 54,4 npotn 45,4, Ta 25,0 npotn 15,0, BignosigHo.
3MeHLWweHHA 06’eMy MyXNWHW Y KOHTPOMbHIN rpyni npo-
TAMOM TWXKHSA He BM3Hayanocs. 3MeHLWeHHs o6’emy nyx-
NVHW NOYMHanocs 3 TpeTboro AHs nicna nodatky CPX
3 BuKopuctaHHam HMP (puc. 2).

Papiovytnueicte nyxnvH y nmigrpyni 3 pagioceHcubi-
nizaTopoM MeTpoHigasonom Oyna MEHLUOK B MOPIBHAHHI
3 nigrpynoto 3 HiMopasonom (Tabn. 3).

3 1abnuui BMAHO, WO Yy KOHTPOIMbBHIN rpyni NPOTArom
4 TWKHIB nicna pagioxipypriYHOro FiKkyBaHHs, O3HaK

The use of radiosensitization increased radiosensiti-
vity of the tumors and gave satisfactory treatment results.
An early response to SRS with radiosensitization, which
was more significant in the subgroup of SRS with the use
of nimorazole, was obtained within a week (Table 2).

We took into the account only those cases in which
the volume of the rumor decreased no less than by 10%.
It can be seen from the table that the percentage of early
response, based on the number of tumor nodes and the
decrease in tumor volume, was prevalent in the subgroup
with the use of the hypoxic radiosensitizer nimorazole
in comparison with the subgroup with the use of metroni-
dazole, at the ratio 54,4 to 45,4, and 25,0 to 15,0, respec-
tively. The decrease in tumor volume in the control group
wasn't detected during the week. The tumor volume
started to decrease from the third date after the begin-
ning of SRS with the use of NMR (Fig. 2).

Radiosensitivity of the tumors in the subgroup with
radiosensitizer metronidazole was lower compared to
the subgroup of radiosensitizer nimorazole (Table 3).

It can be seen from the table that there were no signs
of early respond observed in the control group during
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paHHbOI BiAMNOBIAl HE cnocTepiranocs, BiA3HavYanues nuwe
03HaKM 3MEHLUEHHsI 30HM Habpsiky Ta perpec CuUMMTO-
MaTuKM, Yy HeBenukoMmy BigcoTky Bunagkie (10,0% i
14,2%, BignoBigHO), y TOM 4Yac, SK Li MOKa3HWKN B
nigrpynax 3 papgioceHcubinisauieto craHoBunn  93,9%
i 75,7%, BionosigHo.

4 weeks after radiosurgical treatment, only the signs of
the diminishment of the swelling zone and regression
of symptomatology were determined in a small percentage
of cases (10,0% and 14,2%, respectively), whereas
these values in the subgroups with radiosensitization
were 93,9 % and 75,7%, respectively.

Ta6nuus 2. MPT koHTpoOnb paHHbOI BiANOBIgi (Yepe3 TvxaeHb) Ha nikyBaHHa MBM nicng CPX
i3 3acTocyBaHHsIM pagioceHcubinisadii / 6e3 pagioceHcubinisauii 3a gaHnMm BontoMeTpil
Table 2. Follow-up MRT of early response (in a week) to the treatment of GBM after SRS
with the use of radiosensitization / without radiosensitization according to the volume measurement data

3MiHa 06csAry BorHuiL 3a gaHumm MPT OcHosHa rpyna, n = 66 (62,26%)
nicns npoeeaeHHs CPX Treatment group, n = 66 (62,26%) KoHTponbHa rpyna, n= 40 (37,73%)
Change in volume of tumor sites according MTH 30 (45,4%) HMP 36 (54,5%) Control group, n= 40 (37,73%)
to the MRT data after performing SRS MTN 30 (45,4%) NMR 36 (54,5%)
44 (66,6%)
3meHwmnmcs / Decreased 0(0)
18(27,2%) | 30(45,4%)
0(0)
36inbwmnucek / Increased 0(0)
0(0) | 0(0)
22 (33,3%)
CrabinbHi / Stable 40 (100,0)
12 (18,1%) | 6 (9,09%)
MegiaHa 3meHLweHHs obeary TBM (%) 20,0% _
Median of decrease in volume of GBM (%) 15,0% | 25,0%

TMpumimku: MTH — meTpoHigason, HMP — Himopa3on.
Notes: MTN — metronidazole, NMR — nimorazole.

Trm OFEfE4 87

244 w 24

()

)

Puc. 2. (1) — MPT po nikyBaHHs y nporpami BOLD (CPX H+). (2) — MPT uepe3 3 gHi nicns nikyBaHHsa (CPX H+).
[iameTp BorHuwLa ameHLwmBes 3 2,6 oo 2,2 cm. O6’em nyxnuHW 3ameHwmsces 3 8.57 cm® go 5,32 cm® (Ha 6,02%)
Fig.2. (1) — MRT before the treatment in BOLD program (SRS N+). (2) — MRT 3 days after the treatment (SRS N+).
The diameter of the site decreased from 2,6 to 2,2 cm. The volume of the tumor decreased from 8.57 cm? to 5,32 cm?® (by 6,02%)

MegiaHa 3aranbHoi BwxmBaHocTi (M3B) crtaHoBuna
18,4 wmicaui (95% [0l 12—40 wmicauis). MNicna CPX i3 3a-
CTOCYBaHHAM pafioceHcnbinisaTtopiB ogHO- Ta ABOpiYHaA
BWXMBaHICTb cTaHoBuna 62,2% i 36,3% i3 3acTyBaHHSAM
METPOHIZO30My, OOHO- Ta [BOPiYHA BWXWBAHICTb CTa-
HoBuna 66,4% i 38,2% i3 3acTtocyBaHHA HimMopasory.
Y KoHTponbHin rpyni M3B cknana 12 wmicsauiB, opHo-
Ta [OBOpiYHA BWXUBAHICTb CTaHoBurna 46,4% i 24,6%.
BespeunanBHuin nepiog nicns pagioxipyprii 3 pagioceH-
cubinisauieto  (TepmiH cnoctepexeHHs 10 wmicsuiB) B
OCHOBHiN rpyni cknae 95,4% npotn 70,6% y KOHTPOMbHINA.

Bigcotok nicnanpomeHeBux nobiuHMX edpekTiB nicns
CPX He3HayHO BiOPI3HSIBCA B OCHOBHI Ta KOHTPOIbLHIN
rpynax (16,6% B ocHoBHui rpyni npotn 10,0% B KOHT-
ponbHWIA), NPOTe y niarpyni 3 BukopuctaHHam HMP uen
BiJCOTOK OyB HAMMEHLUUM i CTaHOBMB nue 5,6%.

BiocoTok naujieHTiB, Y SKMX PO3BUHYBCS MPOMEHEBMUI
Hekpo3 y TepMiH Big 60 o 288 pgHie nicna CPX B oCHOB-

Median overall survival (MOS) was 18,4 months
(95% CI 12-40 months). After SRS with the use of
radiosensitizers one- and two-year survival rates were
62,2% and 36,3% with metronidazole use, and 66,4%
and 38,2% with nimorazole use. In the control group MOS
was 12 months, one- and two-year survival rates were
46,4% and 24,6%. Recurrence-free period after the radio-
surgery with radiosensitization (observation period -
10 months) in the treatment group was 95,4%, whereas
in the control group it was 70,6%.

The percentage of post-radiation side effects after
SRS slightly differed in treatment and control groups
(16,6% in the treatment group versus 10,0% in the
control one), but in the subgroup with the use of nimora-
zole this percentage was the lowest — only 5,6%.

The percentage of patients, which developed radia-
tion necrosis within the period from 60 to 288 days after
SRS in the treatment group, was two times lower compa-
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Ta6nuus 3. XapaktepucTukn edpekTUBHOCTI pafioXipyprii B OCHOBHI Ta KOHTPOMbHIN rpyni
Yepes 4 TwxkHi nicna CPX 3 nokasHWKamn NoAanbLLOro SI0KanbHOrO KOHTPOMIO 3POCTaHHS MyXIIMHW Ta BUXKMBAHHSA
Table 3. Characteristics of efficacy of radiosurgery in treatment and control groups
4 weeks after SRS with the values of further local control of tumor growth and survival

OcHoBHa rpyna // Treatment group KoHTponbHa rpyna // Control group
XBopi / Patients, Bornuwie / Tumor site,
Ipyna/xapakrepucTtuka N =66 n =80 ) ) )
Group/characteristics XBopi / Pat(l,ents, Bornuwie / Tumor site
MTH/MTN, | HMP/NMR, | MTH/MTN, | HMP/NMR, n =40 (%) n=44
n =30 (%) n =36 (%) n =34 (%) n =42 (%)
PaHHs Bignosiab 55 (83,3) 61(76.25) 0 (0) 0(0)
Early response 20(666) | 35(97,2) 22(647) | 39(928)
3MeHLUEeHHS 62 (93,9) 70 (87,5%)
30HU HabpsKy
e 4(14,2 8 (10,0
Diminishment of the 26 (86,6) 36 (100,0) 30 (88,2) 40 (95.2) (142) (10.0
swelling zone
Perpecis HeBponoriyHoi 50 (75,7)
CVIMFITOIV.IaTVIKI/I ) 6 (14,2)
Regression of neurologic 20 (66,6) 30 (83,3) -
symptomatology
BespeunansHui nepioq 95,4%
npotarom 10 micauis 70.6
10-month 94,0% 96,8 - ’
recurrence-free period
MepiaHa 3aranbHoi 18.4 micaui / 18.4 months
BUXMBAHOCTI 18.0 micsiLis 18,8 micsiLis 12.0 micauis / 12.0 months
Median overall survival 18.0 months 18,8 months -
Mnne 11 (16,6
MicnsnpomeHeBa PRR 11 516,6; NP/ PRR MrP / PRR MNP/ PRR
pearuia nneP 5 (10,0) MNP 6 (5,6)
Post-radiation reaction , )
PRR 5 (10,0) PRR 6 (5,6) 13(16,2) 4(10,0) 6(136)
PH 4 (6,06%)
PafiioHekpo3 RN 4 (6,06%) PH 4 (6,06%) PH 5 (12,5%) PH 5 (12,5%)
Radionecrosis PH 3 (10%) PH 1 (2,7%) RN 4 (6,06%) RN 5 (12,5%) RN 5 (12,5%)
RN 3 (10%) RN 1 (2,7%)

lMpumimku: MTH — meTpoHigason, HMP — Himopa3son, MNIMP — nicnanpomeHeBa peakuisi.
Notes: MTN — metronidazole, NMR — nimorazole, PRR — post-radiation reaction.

Hin rpyni 6yB y ABa pa3n MEHLUUIA Y MOPIBHAHHI 3 KOHT-
ponbHoto rpynoto (6,06% npotn 12,5%), npu ToMmy, WO Yy
niarpyni 3 MTH BiH Takox 6yB Bucokum i ctaHosus 10%,
Togdi sk y nigrpyni 3 HMP — nuwe 2,7%.

TakvM YMHOM, 3a paxyHOK NiABULLEHHS PadiodyTNBOCTI
NyXNVHW 3MEHLLYBanach NikyBanbHa Ao3a Ha NyxnuHy, Wwo
BiQMNOBIAHO 3MEHLLYBAno KinbKiCTb BUNAAKiB pagioHeKpoay.

Y nigrpyni 3 MeHTpoHigasonoM Yy 6,6% xBopux
cnocrepiranuca 03Haku MOMIPHOI TOKCWMYHOCTI Yy BUMMAAi
nposiBy HyAOTW i B LMX BUMNAAKax AN 3HATTS LMX NposiBiB
MW 3acTocoByBanu uepykan. Y nigrpyni 3 Himopasonom
03HaK TOKCMYHOCTI He BM3Ha4vanocs.

Mpuknagom Hambinbw eeKTUBHOIO 3acToCyBaHHSA
CPX 3 wmeTpoHigasonoM npu nikyBaHHi rniobrnactomm
€ nauieHT [, y siKOro, He3Baxkawoum Ha Benukui obcsr
nyxnuin o 30 cm® mu npoeenu opHopasoBy CPX
3 fo3yBaHHaM y 14 p (puc. 3).

EdektuBHum pagioceHcmbinisatopom npoaeMOHCTpY-
BaB cebe MeTpoHigason i npu HeonepabenbHWX rMnio-
fbnactomax 3 MynbTUAOKaNbHUM 3POCTaHHAM Ta JloKa-
nizauielo y cepeamHHNX CTPYKTypax MO3KY, Y TOMY 4uchi
B MO30NNCTOMY Tini.

MokasaHHA OO0 pagioxpypriyHOro nikyBaHHs rniobnac-
TOMM 3 BMKOPWUCTAHHAM FiNOKCMYHMX pagioceHcumbinisarto-
piB MU BM3HA4Yanu, AOCNILKYOUYM MOXIMBOCTI OKCUreHauii
nyxnuHu (puc. 4).

red to the control group (6,06% versus 12,5%), given
the fact that in the subgroup with metronidazole it was
also high — 10%, whereas in the subgroup with nimo-
razole — only 2,7%.

Therefore, because of increasing radiosensitivity
of the tumors, the treatment dose on the tumor was
reduced, which consequently lowered the number of
cases of radionecrosis.

The signs of moderate toxicity in the form of vomi-
ting were observed in 6,6% of the patients of the sub-
group with metronidazole, and in these cases, we used
cerucal to manage these signs. There were no signs of
toxicity in the subgroup with nimorazole.

An example of the most effective use of SRS
with metronidazole in treating glioblastoma is patient G.,
who, despite the big tumor volume — up to 30 cmd,
underwent one session of SRS with the dosage
of 14 Gy (Fig. 3).

Metronidazole also proved to be an effective radio-
sensitizer in inoperable glioblastomas with multifocal
growth and localization in the middle structures of the
brain, in particular in the corpus callosum.

We determined indications for radiosurgical treat-
ment of glioblastoma with the use of hypoxic radio-
sensitizers when studying the possibilities of tumor
oxygenation (Fig. 4).
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Ak BMOHO 3 PUCYHKIB, BUKOPWUCTOBYBanucs AUGY3HO-
3BaXeHi Ta [OUdy3HO-TEH30pHI 300paXkeHHs,, a TaKoX
nporpamu BOLD Ta T2*. Lle 3ymMOBneHO TUM, LLO Yy CTaH-
paptHux MPT-nocnigoBHOCTAX MM HE MOXEMO YiTKO
BU3HAYaTU [LiNSAHKM MNYXIWHHOI TiNOKCil, 30HW aKTMBHOIO
NYyXMMHHOrO POCTY Ta LiNsHKM peokcureHauii. MNMocTKOHT-
pacTtHi T1Bl y umnx Bunagkax Takox He AaloTb HeoOXigHOI
Ansa nikyBaHHA iHpopmaluii.

It can be seen from the figures that we used diffusion-
weighted images and diffusion tensor images, and also
BOLD programs and T2*. It was conditioned by the fact
that we couldn't accurately determine the areas of
tumor hypoxia, zones of active tumor growth, and
reoxygenation areas in standard MRT sequences. Post-
contrast T1-weighted images also don’t give necessary
information for our treatment in these cases.

(1) @) @) (4)

Puc. 3. Mauien I",, 55 pokiB. 3a gaHumu Gioncii — rmiobnactoma. MNpoeeaeHa CPX B ogHy dpakuito. MPT go CPX (1),
nicns CPX — yepes TwxaeHb (2), yepes 3 (3) i yepes 4 TvxHi (4).
Papiomogundikauisi TpukacangomM (MeTpoHigasonom).
B noganbwomy nposegeHo 10 ceaHciB ximioTepanii (Temo3onamig). MoBHa Bignosigb Ha NikyBaHHS.
[ocArHyTo KOHTPOIb 3pOCTaHHA NyxnNuHWU. BeapeunaneHuii nepiog 37 micauis
Fig. 3. 55-year-old patient. According to biopsy data — glioblastoma. A single-fraction SRS was performed.
MRT before SRS (1), after SRS — a week later (2), 3 (3) and 4 (4) weeks later.
Radiomodification with tricasaid (metronidazole). 10 sessions of chemotherapy (temozolomide) were performed afterwards.
Complete response to the treatment. Control of tumor growth was achieved. Recurrence-free period — 37 months

(1) )

Puc. 4. MNMpuknagu peokcureHadii F/BM nicnsa BukopuctysaHHs meTpoHigasony (MTH).
MPT (andy3Ho-TeH30pHe 306paxeHHs) Ao BBeaeHHs MTH (1) Ta yepes 5 roguH (2).
MP-curHan nocunmecsi, KOHTYpPU NyXNUHKU (MynbTUdOKanbHOI rMiobnactoMu) crany YiTkilmmMm.
PeanbHi mexi nyxnuHu Busisunucs Habarato GinbLuMmu, HiXk BOHM BidyaniyBanucs 0o BeBegeHHst MTH,
LLIO BNAMHYIO Ha TaKTUKY NiKyBaHHs!
Fig. 4. Examples of GBM reoxygenation after using metronidazole.
MRT (diffusion tensor image) before the administration of metronidazole (1) and 5 hours after it (2).
MR signal increased, tumor (multifocal glioblastoma) contours became clearer.
The real boundaries of the tumor turned out to be much bigger than they had been visualized before the administration
of metronidazole, which had an impact on the treatment strategy
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OaHi metoguku, y Tomy uucni T2* pgaotb iHopmadito
Npo 30HW HaWbinblW BMpaXeHoi TFNOKCii 3a paxyHOK
aKTMBHOMO MyXJIMHHOTO POCTY Ta CTYMNeHA peokcureHauii
Ona  npoBedeHHs1  CTepeoTakCW4Hol  papgioxipyprii 3
BMKOPUCTaHHAM pagioceHcnbinizauii (puc. 5).

M

These methods, in particular T2*, give information
about the zones of the most significant hypoxia through
active tumor growth and reoxygenation level for performing
SRS with the use of radiosensitization (Fig. 5).

)

Puc. 5. Mpuknaau peokcureHadii F'BM nicna BukopuctyBaHHs MeTpoHigasony (MTH).
MPT T2* go BBegeHHss MTH (1) Ta yepes 5 roguH (2). MP-curHan 3Ha4yHO NOCUNMBCS, NepeBaXHO Y 30Hi MYXIIMHHOI FiNOKCii,
3a paxyHok peokcureHalii. [ns nikyBaHHs Liei MynbsTMdopMHoi rniobnactomu 6yno o6paHo Taktuky CPX
3 BUKOPUCTaHHSIM TiNoKcU4Horo pagioceHcubinizatopa Tpukacanay (MeTpoHigasony)
Fig. 5. Examples of reoxygenation of glioblastoma after using metronidazole (MTN).
MRT T2* before administering MTN (1) and 5 hours after the administration (2). MR signal increased significantly,
mainly in the zone of tumor hypoxia, because of reoxygenation. The following strategy was chosen
for treating this multiform glioblastoma: SRS with the use of hypoxic radiosensitizer tricasaid (metronidazole)

Taknum 4ymHoM, obos’askoBumMn MPT-nocnigoBHOCTAMU
ONa  BM3HAYEeHHS BMPA3HOCTI MMOKCii, ANA BUSIBMEHHS
[INSHOK Hawbinbl aKTMBHOMO MyXJIMHHOMO POCTY Ta CTy-
neHst okcureHauii nicns npo6 3 kncHem € nporpamu BOLD,
T2*i 033 (ADC).

OunHamiky NO3nTMBHOI BIANOBIAI NyXMWHU Ha MiKyBaHHS
MW OUjHIOBanNM 3a 3MEHLUEHHsIM 0BCAry MnyxnuMHU NpoTs-
roM neplmx YOTUPbOX TWXKHIB, He MeHwe 10% obcary
3a nepLwunn TxaeHb | He meHwe 50 % obcary nyxnuHu 3a
nepLui 4 TvxHi (puc. 6).

Thus, BOLD programs, T2*, and diffusion-weighted
images (ADC) are necessary for determining the signi-
ficance of hypoxia, detecting areas of the most active
tumor growth and oxygenation level after oxygen tests.

We assessed the time course of positive response
of the tumor to the treatment by the decrease in
tumor volume during first four weeks, no less than
by 10% of the volume during the first week and no
less than by 50% of the volume during the first four
weeks (Fig. 6).

M

)

Puc. 6. MNMocTkoHTpacTHe MPT go pagioxipypriyHoro nikyBaHHS (1) Ta yepes 4 TwxkHi (2). Ha 06’em nyxnuHn
6yno nigBegeHo 5 dpakuin no 8 MNp + MTH. MynsTndokanbHi BOrHuLa rniodbnactomy B AinNsHLi MO30NMCTOrO Tina HEKPOTU3yBanucs,
y npasiii 3a4HLO-NOBHO-TIM'AHIN AiNSHLI 3HAYHO 3MeHLUNMEA B 06’emi (GinbLu Hix Ha 30%)
Fig. 6. Postcontrast MRT before radiosurgical treatment (1) and 4 weeks after it (2). 5 fractions of 8 Gy + MTN
were administered into the tumor. Multifocal sites of glioblastoma in the area of the corpus callosum necrotized,
and in the right posterior frontoparietal lobe they decreased significantly in volume (by more than 30%)

Y CNOCTEPEXEHHSIX 3 BUKOPUCTAHHAM  TMOKCUYHUX
pagioceHcubinizaTopiB  cnoctepirann Ginbw  Bpaxatoui
pesynbTaty WBMAKOI BigNOBiAI Ha pagioxipypriyHe niky-
BaHHA rniobnactomMmn AMKOrO TuMmy, i3 3HAaYHUM 3MEHLUEH-
HAM 06’emy NyxnuHW Yepe3 3 TxHI (Binbl HixX Ha 70%)
Ta 3 NOBHOLO BiAnoBiaaw vepes 3 Micsaui (puc. 7).

In our observations with the use of hypoxic radio-
sensitizers we observed more impressive results of
a fast response to the radiosurgical treatment of the
wild-type glioblastoma, with significant decrease in tumor
volume 3 weeks later (more than by 70%) and with a com-
plete response 3 months later (Fig. 7).
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(1)

)

@)

Puc. 7. LBnaka Bignosigb Ha pagioxipypridHe nikyBaHHsi MynbTudgopMHoi F'BM 3 Benukumu ainsHkamu rinokcii (aukoro tuny).
MPT po CPX (1) yepes 3 TwxHi (2) Ta yepes 3 micsiui (3). CPX 'y 5 dpakuint 3 pagioceHcubinizauieto. PO 8 p, COA 40 IMp.
TNikyBaHHsi cynpoBogXyBanocsi NpuioMoM Temo3o5oMiay (Ao3yBaHHSA 75 Mr/m?).

[ani 6yno npoBeaeHo 8 kypciB Temo3onamigy y Ao3yBaHHi ximiotepanii (150—200 Mr/m?) 5 gHiB Ha TUXAEHb KOXHi 28 AHiB
Fig. 7. Fast response to the radiosurgical treatment of multiform GBM with big areas of hypoxia (wild type).

MRT before SRS (1), 3 weeks (2) and 3 months (3) after it. 5-fraction SRS with radiosensitization. Single dose — 8 Gy, total dose — 40 Gy.
The treatment was accompanied with temozolomide intake (dosage — 75 mg/m?).

8 courses of temozolomide were performed in the dosage of chemotherapy (150—-200 mg/m?) 5 days a week every 28 days

Y upOoMy BMNagKy BM3HAYarocs 3Ha4yHe 3MEHLLEHHS
obcary MynstMdopMHOI rinokcuyHoi TBM yepes 3 TudkHi
(Ha 78,6%) nicna npoBeneHHst CPX 3 rinokcnyHow pagio-
ceHcubini3auielo HakCOMKMHOM (HiMOpa3orom) i MoBHa
BiaNoBiab yepes 12 TuxHiB (3 micsaui).

Jlokanisauis B nigkipkOBUX CTPYKTypax MO3KY ycknag-
HIOBana IikyBaHHA Ta CcTaBuna nig CyMHIB YCRiLHWNA
NMPOrHO3 Yepe3 HaCTOPOXKEHICTb LIOAO MiCNANPOMEHEBOI
peakuii, Habpsiky Ta MoOxnmBoro papgioHekpody. OpHak
yepes Tpu Micadi Oyno [OCArHyTO MOBHOI BiAMOBIA,
nyxnuHa pegykyBanacb. [lauieHTka >xuBa. bespeuname-
HWU nepiog 19 micaui..

lenoka BignoBigb Ha papioxipypriyHe nikyBaHHSA
rmiobnactomm AuMKOro TuMny (MOPIBHAHO 3 MyXnvHamu
MYTaQHTHOTO  TWMy) MOXNMBO  3ymoBrneHa  GinbLuoto
TPOMHICTIO A0 pagioceHcubinisaTopiB Ginblw arpecuBHMX
Ta FiNOKCUYHUX MYXIVH.

BaxnueuMm MomeHTOM AumHamiyHoro MPT cnocrtepe-
XEHHS fK 3 TOYKM 30py PpaHHbOi (WBMAKOI) BiAMOBIAi
Ha pagioxipypriyHe niKyBaHHS, TaK i 3 TOYKM 30py Npeauk-
TOPIB YCMIWHOCTI nikyBaHHA rniobnactom, 6Gyna ouiHka
MOKa3HMKIB MPOMIKHOI FiMOKCii 3a AaHMMu koedpiuieHTa
BMMiptoBaHHSA andysii (ADC) (tabn. 4).

A significant decrease in the volume of multiform
hypoxic GBM (by 78,6%) 3 weeks after SRS with
hypoxic radiosensitization with naxogin (nimorazole)
was determined in this case, and the complete response —
12 weeks (3 months) after SRS.

Localization in subcortical brain structures made the
treatment more difficult and put in doubt successful
prognosis due to apprehension after post-radiation
reaction, swelling, and possible radionecrosis. However,
the complete response was achieved 3 months later,
the tumor was reduced. The female patient is alive.
Recurrence-free period — 19 months.

A fast response to the radiosurgical treatment of
wild-type glioblastoma (compared to mutant-type tumors)
may be caused by greater tropism to radiosensitizers
of more aggressive and hypoxic tumors.

An important moment of a dynamic MRT examination
from the perspective of early (fast) response to the
radiosurgical treatment, as well as from the perspective
of predictors of glioblastoma treatment success, was
the assessment of the values of intermediate hypoxia
by ADC data (Table 4).

Ta6nuus 4. QuHamika nokasHukie ADC y 30Hi TpOMiXHOI rinokcii rmiobnactomu o Ta nicnsa pagioceHcumbinizauii MTH Ta HMP
Table 4. Changes of ADC values in the zone of the intermediate hypoxia
of glioblastoma before and after the radiosensitization with MTN and NMR

ADC (10° mm?/c) / ADC (10° mm?/s)

Perpecisi BorHuwia
Regression of tumor site
(n=13)

TepMmiH cnocTepexxeHHs
Observation period

CrabinbHi BorHuwa
Stable tumor sites
(n=5)

[MporpecyBaHHs 3aXBOPOBaHHS
Progression of the disease
(n=2)

Mepen npuitomom MTH a6o HMP

Before intake of MTN or NMR (1,02£0,06) - (1,14 £ 0,04)

(1,02£0,06)— (1,14 £0,04) | (1,02 +0,06)— (1,14 + 0,04)

Micna npunomy MTH

After intake of MTN (1,18 £0,08) - (1,26 £ 0,06)

(1,06 £0,05)— (1,16 £0,02) | (1,02 % 0,05)— (1,12 + 0,02)

Micns npunomy HMP

After intake of NMR (122£0,02) - (1,28 £ 0,08)

(1,08 £0,06) — (1,18 £0,05) | (1,04 +0,04)— (1,14 + 0,08)

*ana x2 test P < 0,05 BigmMiHHOCTI € JOCTOBIpHUMW.
*for x2 test P < 0,05 differences are significant.

3a pesynbratamm Hawoi poboTu BuadHadeHo, wo ADC
y 30Hi rinokcii ctaHoBuTb (0,6—0,8) x 10% MM?/c; rinOKCUYHI

Based on the results of our work, it was determined
that ADC in the zone of hypoxia was (0,6—0,8) x 10* mm?/s;
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neHym6pm — (0,9—1,0) x 10% MM?/c; y 30HI NPOMIXKHOI FiNOKCii —
(1,0-1,1) x 10® mm%c, aKTUBHOrO NYXJIMHHOFO POCTY —
(1,2-1,5) x 10® mm?/c; Hekposy — (1,8-2,5) x 10° mm?/c.
Mn BM3Haumnu, WO MpoMiXkHA rinokcis 3a gaHummu ADC
nicna CPX nigeuwyeTtbca Ao 3HayeHsb: Big (1,18 + 0,08) —
(1,26 + 0,06) oo (1,22 + 0,02) — (1,28 £ 0,08), wo moxe
OyTn npegukTOpOM BIANOBIAI Ha pagioxipypriyHe nmiky-
BaHHSA, TOOTO NPOrHOCTUYHUM (PAKTOPOM.

3a crabinbHOi BignoBiAi Ui MOKa3HWKM MNPaKTUYHO
He 3miHioBanuca. | HaBmaku nigsuwyBanucsa nig 4vac
nporpecyBaHHsi 3aXBOploBaHHSA. Llel nokasHuk moxe OyTtn
LiHHAM [iarHOCTUYHUM YMHHMKOM. O3Haku nokanbHOro
peumaouBy B OCHOBHI Trpyni BM3HA4yanucs MNpOTArom
12 micsauiB y 5 nauieHTiB (7,5%). Y Bcix BUNnagkax NnoBTOPHO
6yno nposegeHo CPX (puc. 8).

Y paHomy Bunagky 6yna nposegeHa CPX 3a ogHy
dpakuito i3 pagioceHcubinizauieto i cynyTHbOW XiMio-
Tepanieto. Ha V = 2,2 cm® BorHuwe peunamsy — 18 Ip.
[MpoBeAeHHs MOBTOPHOI CTepeoTakCUYHOI pagioxipyprii
Ha BOTHULLE peuMaunBy € Haubinbl edeKTUBHUM METOO0M
nikyBaHHS i npakTu4HO 6e3ansrepHaTMBHUM. ONpPOMIHEHHS
BCbOrO MO3Ky ManoedektuBHe npu [BM Ta HekopekTHO
npu HEBENVKOMY OAMHUYHOMY OCEpPEeOKOBOMY YpPaXKEHHi
i 3arpoXye TSXKKMMMW KOTHITUBHUMW MOPYLUEHHAMW, TOAi
gk CPX pae wBuakuin edekt 6e3 nobiuHMX peakLin.
B paHomy BMNagky MU pa3oBO  BMKOPMCTOBYBanu
sk pagioceHcubinizatop Himopason. Yepes 6 wmicauis
NyXNMHHE BOTHWLLE NOBHICTIO peayKyBanocsa (puc. 9).

hypoxic penumbras — (0,9-1,0) x 10* mm?/s; in the zone
of intermediate hypoxia — (1,0-1,1) x 10® mm?s, in the
zone of active tumor growth — (1,2-1,5) x 10° mm?/s; in
the zone of necrosis — (1,8-2,5) x 10® mm?'s. We disco-
vered that the intermediate hypoxia according to ADC
data after SRS increased to the following values: from
(1,18 £ 0,08) - (1,26 + 0,06) to (1,22 + 0,02) — (1,28 + 0,08),
which can be a predictor of the response to the radio-
surgical treatment, in other words the prognostic factor.

These values almost didn’t change in stable response.
Conversely, they increased during the progression of
the disease. This value can be a valuable diagnostic
factor. The signs of local recurrence in the treatment
group were determined during 12 months in 5 patients
(7,5%). SRS was performed for a second time in all
cases (Fig. 8).

One-fraction SRS with radiosensitization and con-
comitant chemotherapy was performed in this case.
Per V = 2,2 cm® recurrence site — 18 Gy. Performing
repeated SRS on the recurrence site is the most
effective method of treatment and has almost no alter-
natives. Irradiation of the whole brain is ineffective in
GBM and inappropriate in a small single site of damage,
and may cause severe cognitive impairments, whereas
SRS has an immediate effect without side reactions.
In this case we used nimorazole as a radiosensitizer
for one time. The tumor site completely reduced in
6 months (Fig. 9).

(1)

)

Puc. 8. XBopa 51 pik. NoTopHa CPX. CtaH nicnsi BuganeHHsa N'BM i npoeegeHHs CPX. JlokanbHui peuuame vyepes 12 micauis.
MPT (1) — BOrH/LLE NMYXIMHHOIO PeLUnanBY y MedianbHii CTiHLi MpaBoro 6i4HOro LWyHOYKa.
(2) — KT-nepdysis (306paxeHHsA 06’eMy KPOBOTOKY) TaKOX AEMOHCTPYE BOTHULLE peunamBy rmiobnactomm
Fig. 8. 51-year-old female patient. Repeated SRS. Condition after the removal of GBM and performance of SRS.
Local recurrence 12 months later. MRT (1) — tumor site of recurrence in the medial wall of the right lateral ventricle.
(2) — CT-perfusion (image of blood flow volume) also demonstrates the tumor site of glioblastoma recurrence

O3Hakn noKanbHOro peunavBy Y KOHTPOIMbHIN rpyni
BM3Havanucs npotarom 12 micauis y 8 nauientis (20,0%).
Y 4 sBunagkax 6yna nosTopHO npoBegeHa CPX,
y 2 — xipypriyHa pesekuis, Ta y 2 — ONPOMiHEHHSI BCbOro
FONOBHOIO MO3KY.

lMokasHWKM CTaTUCTUYHOrO aHanidy (3a MeTogom
Kaplan—Meier) poBoasitb, WO 3anpoOnoOHOBaHWA METO.
NiKyBaHHSA OEMOHCTPYE AOCTOBIPHO 3Hauylli BiAMIHHOCTI
6espeumanBHOrO Ta 3aranbHOro BWDKMBAHHA Mpu pagio-
Xipyprii riobnactomM y nauieHTiB OCHOBHOI Ta KOHTPOSbHOI
rpyn (puc. 10 Ta 11).

| Ham 3paeTbCs, WO akTyanbHO NpOJoOBXyBaTh
po3snodaty Temy pagioxipypri4HOro nikyBaHHs rniobnac-
TOMM 3 BUKOPUCTAHHSIM pagioceHcmbinisadii.

The signs of local recurrence in the control group
were being determined in 8 patients (20,0%) in 8 patients.
SRS was performed repeatedly in 4 cases, surgical
resection — in 2 cases, and irradiation of the whole brain —
in 2 cases.

The values of statistical analysis (by Kaplan—Meier
method) prove that the suggested method of treatment
demonstrates significant differences between recurrence-
free and overall survival in radiosurgery of glioblastomas
in the patients of treatment and control groups (Fig. 10
and 11).

It sems to us that it is important to continue studying
the started topic of radiosurgical treatment of glioblas-
toma with the use of radiosensitization.
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Puc. 9. Ta x xBopa. CtaH nicnsa CPX peunaumsy 'BM uvepes 6 micauis. (1) — MPT T133 3 koHTpacTyBaHHAM.
(2) — KT-nepaysis (nokasHuku o6’emy Ta LUBUAKOCTI MO3KOBOro kpoBoobiry). Ocepenok He Bidyanisyetbcs B nporpami T1BI nicns
KOHTpACTYBaHHS1, MOKa3HUKN 06Csiry i LUBUAKOCTI KPOBOTOKY HU3bKi — rinonepdysis. Moganblumnii 6e3peumansHmin nepiod — 11 micsuis

Fig. 9. The same female patient. Condition after SRS of GBM recurrence 6 months later.

(1) — contrast-enhanced MRT T1-weighted image. (2) — CT-perfusion (indicators of the volume and speed of cerebral blood circulation).

The site wasn’t visualized in T1-weighted image program after contrasting,

the values of volume and velocity of blood flow were low — hypoperfusion. Further recurrence-free period — 11 months

Survival Functions
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Fig. 10. Overall survival in treatment and control groups
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Puc. 11. be3peunamBHe BUXMBAHHSA B OCHOBHIN Ta KOHTPOSbHIN rpynax
Fig. 11. Recurrence-free survival in treatment and control groups
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BUCHOBKMU

PapioceHcnbGinizauis npu nposegeHHi CPX rinokcuy-
HWX papiope3nCTeHTHMX rmiobnacTtom, nokpaiye Ha 53,3%
nokasHWku 3aranbHoro Ta Ha 24,8% 6e3peunanBHOroO
BUXXMBaHHS.

Himopason Ta  MeTpoHigason €  MNOTYXHUMMU
pagioceHcubinizaTopamn, ki NiABULLYHOTbL  pagiovyTnu-
BICTb MYyXNUHHUX KNITUH LINAXOM 36iNbLUEHHS KUCHEBOT
HaCWM4YEeHOCTI MNOKCUYHUX KITITUH.

[Ona Bu3HayeHHs nokasdaHb WoAo npoBedeHHs CPX
3 pagioceHcubinisauieto Ta TEPMiHIB MPOBEAEHHST ceaHcy
CPX o06oB’si3koBO MNOTPiIGHO BpaxoByBaTW pe3yrnbraT
KMCHEBOI Npo6M (CTyNiHb HACUYEHOCTI MyXIMHU KUCHEM),
nik iHTEHCUBHOCTI curHany B 30Hi aKTMBHOroO POCTY MyX-
NIMHK Ta NiKk HACUYEHOCTi BCbOro 06’ €My MyXIMHW.

Mun BBaxxaemo 3a nepcnekTMBHe nogasblue BUBYEHHS
pagioxipypriyHoro nikyBaHHsi rniobnactoMm 3anexHo Big
MOIEKYNSIPHOI CTPYKTYPU 3 BMKOPUCTAHHAM FiMOKCUYHUX
pagioceHcubinizaTopiB 3 KUCHEBOK nNpobo Ta BUMKO-
puctaHHam nokasHukie MPT — ADC ta BOLD
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CONCLUSIONS

Radiosensitization improves rates of overall survival
by 53,3% and recurrence-free survival by 24,8% in perfor-
ming SRS of hypoxic radioresistant glioblastomas.

Nimorazole and metronidazole are powerful radio-
sensitizers which increase radiosensitivity of tumor cells
through enhancing oxygen saturation of hypoxic cells.

In order to determine indications for performing SRS
with radiosensitization and periods for performing
an SRS session we must take into consideration the
result of an oxygen test (level of oxygen saturation of
the tumor), the peak of signal intensity in the zone of
active tumor growth and the peak of saturation of the whole
tumor volume.

We consider it promising to continue studying radio-
surgical treatment depending on molecular structures
with the use of hypoxic radiosensitizers with oxygen test,
and the use of MRT-ADC and BOLD values.
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MepcnekTMBM NOAAQABLUMX AOCAIAXEHD

Mopanblie [ocnigXeHHs1 NpOBeOEHHS CTEePeOoTaKCUYHOI pafio-
xipyprii mpu rniobnactoMax Ta LWASXWM MOAOMAHHA TiNMOKCUYHOI
pafiope3nMCTEHTHOCTI AaHOT MYXIUHU.
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Prospects for further research

It is necessary to perform stereotaxic radiosurgery in glioblas-
tomas in further research, and to search for the new ways of
overcoming hypoxic radioresistance of the given tumor.
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AAS UUTYBAHHS:

PE3IOME

AkTyanbHicTb. Pak ceyoBoro Mixypa 3anmae 9 micue 3a MOLUMPEHICTIO Cepea OHKOMo-
riYHUX 3axBOpOBaHb Ta 2 cepeq 3MosKiCHMX MyXnuH cevocTateBoi cuctemu. Onepaduii
3 BUOANEHHS CEYOBOrO Mixypa 3Ha4YHO 3HUXKYKOTb SIKICTb XUTTS XBOPUX Ta CRpUsIOTb
nosiBi nicnsonepauiiiux ycknagHeHb, SKi MOXYTb CTaTM MPUYMHOKD CMEpPTi XBOPOro
NPOTAroM NepLloro poky nicns onepauii. Hapsagy 3 BuaaneHHAM opraHa npyv M’si3eBo-
iHBa3aMBHOMY paky ce4voBoro Mixypa (MIPCM) moxyTe OyTu BnpoBamXeHi opraHo-
36epiratodi onepauii Ha ce4oBOMY MiXypi, LLO € ansTePHATUBOK paguKanbHii LUCTEKTOMII.
Meta po6otu. MopiBHAHHS pe3ynbraTiB nikyBaHHa nauieHTisB 3 MIPCM Ta HasiBHiCTiO
nimgoBackynsipHoi iHBasii (J1Bl) B nepBMHHIN NyxnuHi B ABOX rpynax: nicns pagukansHoi
LMCTEKTOMIT 3 iNeouMCTOHEeONIacTUKOK Ta napuianbHOI LMCTEKTOMI i3 aa’toBaHTHOM
ximiotepanieto (XT).

Martepianu Ta metoau. Y 3anexHocTi Big MeTogy nikyBaHHS nauieHTiB Gyno posnogi-
neHo Ha 2 rpynu. B 1 rpyny ysinwnu 46 (42,4%) nauieHTiB, sikum Gyna nposepeHa
napuianbHa uuctekTomis 3 ag’toBaHTHow XT; y 2 — 63 (57,6%) nauieHTu nicns pagukanb-
HOi umcTekTOMii 3 ineouncToHeonnacTukolo abo ypeTepokyTaHeocTomieto. Kputepii
Biabopy nauieHTiB Ans 36epexeHHs ce4yoBOro Mixypa Oynu 3aranbHO peKoMeHOOBaHi.
3aranbHy BUXUBaHICTb, KaHLep-cneundiyHy Ta 6e3peumnanBHY BXUBAHICTb OLiHIOBaNu
3a metogom KannaHa—Mawepa. MegiaHa Biky nauieHTiB nepLuoi rpynu cTaHoBWna
55 (mianasoH 48-65 pokiB) pokiB, y apyrii — 60 (55—71 pokiB).

PesynbraTu Ta ix o6roBopeHHA. OTpyMaHi AaHi cBigyaTh, WO 3a M'ATUPIYHUIA TEPMIH
CMOCTEPEXEHHS1 OHKOMOriYHIi  pesynbraTM  NiKyBaHHA B OBOX rpynax BiporigHo
He BiOpI3HAIOTBCS, ane, BPaxoBYHUYM 3HAYHO Kpally SIKICTb XWTTS B rpynax opraHo-
36epiratodoro nikyBaHHSl, MOXIWBO CTBepaxyBaTu, Wo 6imojanbHa Tepanis MIPCM
y BigibpaHux nauieHTiB BunpasgaHa. J1Bl byna HesanexHuM nNpeaukTopoM siKk peuuamvBy
3axBOPIOBaHHA, TaK i KaHuep-cneuudivHol BuXMBaHOCTI. [MauieHTn, sk oTpumyBanu
KOMMIIEeKCHY Tepanito B MpeacTaBneHnx AOCHiOKEHHSX, AEMOHCTPyBanu 3adOoBiflbHY
KaHLUep-cneumndivHy Ta 3aranbHy BUXMBAHICTb.

BucHoBku. Y xsopux 3 nosutusHowo JIBlI npu MIPCM BukopucTaHHsi opraHosbepirato-
4yoro JiKyBaHHs 3 af'loBaHTHOKW XiMioTepanielo [03BOMsE [AOCAITM  ChiBCTaBHUX
OHKOMOTiYHUX pe3ynbTaTiB B NOPIBHAHHI 3 pagnKanbHOK LUCTEKTOMIEID.

BpaxoBytoun cyTTeBi nepeBarn opraHo3bepiratodoro nikyBaHHS nepefn LWUCTEKTOMIE
3 pi3HUMKM MeTodaMun AepwvBalii cevi, 3anponoHOBaHa JflikyBanbHa TakTUKa € ansTrepHa-
TUBOIO LINCTEKTOMI.

Cakano A.B., lauepenis 3.B., Cakano B.C. lNporHocTMyHe 3HayeHHs niMdoBacKynspHOi iHBasii y XBOpux Ha M’a3eBo-
iHBa3MBHWI paKk ce4oBOro Mixypa. YkpaiHcbkull padionoaidHuli ma oHkomnoeidHul xypHan. 2022. T. 30. Ne 2. C. 41-49.
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ABSTRACT

Background. Bladder cancer ranks 9 in prevalence among malignancies and 2 among
malignant tumors of the human urogenital tract. Removal of the bladder together
with a tumor significantly reduces the quality of patients’ life and contributes to the
emergence of postoperative complications that can lead to the patient’s death during
the first year after the surgery. Along with radical methods of removing muscle-
invasive bladder cancer (MIBC), organ-sparing operations can be performed, which can be
an effective alternative to radical cystectomy.

Purpose of study was to compare the results of treatment of MIBC with presence
of lymphovascular invasion (LVI) in the primary tumor in two groups: after radical cys-
tectomy with ileocystoneoplasty and partial cystectomy (PC) with adjuvant chemotherapy.
Materials and methods. Depending on the method of treatment, patients were
divided into 2 groups. The 1%t group included 46 (42,4%) patients who underwent PC
with adjuvant chemotherapy; 2™ group — 63 (57,6%) patients after radical cystectomy with
ileocystoneoplasty or ureterocutaneostomy. Patient selection criteria for bladder preser-
vation were generally recommended. Overall survival, cancer-specific and recurrence-
free survival rates were evaluated according to the method of Kaplan—Meier. The median
age of patients in the 1%t group was 55 (48-65 years), in the 2" — 60 (55-71 years).
Results. The obtained data show that during 5-year follow-up period, the oncological
results of the treatment of 2 groups have no significant difference, but taking into
account significantly better quality of life of patients who underwent organ-preserving
treatment, it is possible to claim that the use of bimodal therapy of MIBC in selectively
chosen patients is justified. LVl was an independent predictor of both disease
recurrence and cancer-specific survival rates. Patients who received complex therapy
in presented studies demonstrated satisfactory cancer-specific and overall survival rates.
Conclusions. The use of organ-preserving treatment with adjuvant chemotherapy in
patients with MIBC and positive LVI allows the oncological results, which are
comparable to radical cystectomy, to be achieved.

Taking into consideration significant advantages of organ-preserving treatment
compared with radical cystectomy with various methods of urine derivation, the
proposed treatment strategy is an appropriate alternative to radical cystectomy.

Sakalo AV, Gatserelia ZV, Sakalo VS. Prognostic value of lymphovascular invasion in patients with muscle-invasive
bladder cancer. Ukrainian journal of radiology and oncology. 2022;30(2):41-49. DOI: https://doi.org/10.46879/

ukroj.2.2022.41-49

3B’5130K pO6GOTH 3 HAOYKOBUMMU MPOFPAMAMM,
NAGHAMM | TEeMaMK

Cratta € hparmeHTOM AucepTauii Ha 30006yTTa Hay-
KOBOrO CTyMeHs KaHaugata MeguyHuMX Hayk 3a cneui-
anbHicTio 14.01.06 «Ypornoria» nikaps Xxipypra-oHkosora
KuniBCbKOro MiCbKOro KrMiHiY4HOTO OHKOIOFIYHOTO  LIEHTPY,
3a04HOr0 acnipaHTa Bigdiny oHkoypororii  OepxaBHoi
ycTaHoBu «IHCTUTYT yponorii im. akagemika O.®. BosiaHoBa
HauioHanbHOi  akagemii  MeanyHmx Hayk  YKpaiHu»
lMauepenii 3.B. «[lMapuianbHa uMcTeKTOMIA 3 Ximionpo-
MEHEBOIO Teparielo npu  M'A3eBO-iHBAa3MBHOMY  paky
Ce4yoBOro mixypay, wudp Temu: BK.92, npuknagHa, TepmiH
BUKOHaHHSA: 2018-2022 pp., KepiBHUK — 3aBigyBay Bioginy
OHKoypororii  [lepkaBHOi yCTaHOBM «IHCTUTYT yponorii
im. akapgemika O.®. BosiaHoBa HauioHanbHOI akagemii
MEOMYHUX HayK YKpaiHW», [OOKTOp MeOWYHUX Hayk,
npodpecop B.C. Cakano.

BCTYN

HasBHricTb nimdpoBackynspHoi iHBasii (J1Bl) y nepsuH-
Hi NyxnuHi y XBOpUX Ha pak ce4yosoro Mixypa (PCM)
€ MPOrHOCTMYHO HECNPUATIIMBMM (DaKTOpPOM, O BNNvMBae
Ha BWXMBAHICTb Ta MOripLIyE NPOrHO3 Micns XipypriyHoro
nikyBaHHe. HeraTvBHe nporHocTnyHe 3HadveHHsa J1Bl B
NyXNWHI BU3Ha4YeHo AnsA kateropii T1 nepBUHHOI NyXnuHM
Ta micns XipypriyHOro rikyBaHHs B 06’€Mi TpaHcypeTparb-
Hoi pesekuii (TYP) ceyoBoro mixypa [1]. Tak 3a HasiBHOCTI

Relationship with academic programs,
plans and themes

The article is a fragment of the thesis for the degree
of Candidate of Medical Sciences in specialty 14.01.06
«Urology» of surgical oncologist of Kyiv City Clinical
Oncology Center, post-graduate student of the Depart-
ment of Urologic Oncology of the State Institution «Acade-
mician O.F. Vozianov Institute of Urology of the National
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«Partial cystectomy with chemoradiation therapy for
muscle invasive bladder cancer», code: BK.92, applied,
performance period: 2018-2022, led by Head of the
Department of Urologic Oncology of the State Institution
«Academician O.F. Vozianov Institute of Urology of the
National Academy of Medical Sciences of Ukraine», Doctor
of Medical Sciences, Professor V.S. Sakalo.

INTRODUCTION

The presence of lymphovascular invasion (LVI) in
a primary tumor in the patients with bladder cancer is
a prognostically unfavorable factor which affects survival
rate and worsens prognosis after surgical treatment.
The negative prognostic value of LVI in the tumor is deter-
mined for T1 category of the primary tumor and after
transurethral resection (TUR) of the bladder [1]. Also, if LVI
and/or other unfavorable factors (BCG - refractivity,
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JIBI Ta/abo iHwmnx HecnpuaTnuemux daktopiB (BCG — ped-
pakTepHIiCTb, iHBa3ia MNpocTaTU4HOro BiAAiny ypetpu Ta
HeypoTenianbHa MopdonoriyHa 6ygoBa) opMyeTbCs
nigrpyna gyxe BWCOKOrO pU3WKy peunavBy Ta € niarpyH-
TAM 0O BWKOHAHHA LWUCTEKTOMIi npu M’13eBO-HeiHBa-
3mBHomy PCM [2].

lMporHocTnYHa UiHHICTb dhakTopa BanigoBaHa Ha 3Hau-
Holo 3a o6’emom BMGIpKOlO (4257 XBOPWUX) Y KOrOPTHOMY
JOCNIMKEHHI MpU BUKOPUCTAHHI pagukanbHOI LMCTEKTO-
mii (PLl) Ta Tas3oBoi nimdageHekToMii — mpu cTaHgapT-
HOMY MyrnbTUBapiaHTHOMY aHanisi AOBeAeHO BiporigHWUi
BMAMB dhaKTopa Ha MOKa3HWKM KaHuep-cneundivyHoi BUXn-
BaHOCTI Ta BipOrigHOCTI peuuauBy, Npu LbOMY HasBHICTb
npegvkTopa € OinblU CYTTEBOK AMNA XBOPMX 3 BIiACYTHICTIO
MEeTacTaTUYHOIO YpaXeHHs Ta3oBuX NiMdoBy3nis [3].

JIBl BM3Ha4yaeTbCcs NpyM MOPAONOriYHOMY AOCHIAKEH-
Hi NYXNWHU SK CKYMYEHHSI NYyXJIMHHUX KMiTUH BCepeauHi
OpibHMX cyaMH Ta € MOpdONOoriYHUM EKBIBaneHToM (eHo-
MEHY MiKkpOMeTacTasyBaHHs, TOMY, FMOTETMYHO, NpOBe-
OEHHS CUCTEMHOI ximioTepanii B aa’toBaHTHOMY/Heoan 'to-
BaHTHOMY pexumax y nauieHTiB 3 JIBl+ moxe nokpawmTtn
KaHuep cneuundiyHi nokasHukK nikysaHHs [4].

MeToro pocnigkeHHss Gyno MNOpPIBHAHHA pe3ynbraTiB
nikyBaHHsa nauieHTie 3 MIPCM Ta HassHicTio JIBl B
NepBMHHIN NyXNMHI B ABOX rpynax: nicna pagukanbHOi
LMCTEKTOMIT 3 iNeouMCTOHeOoNnacTMkow Ta napuianbHOi
uncrtekTomii (ML) i3 ag’toBaHTHO XiMioTepanieto.

MATEPIAAU TA METOAU AOCAIAXEHHA

lMpoBeneHo petpocnekTuBHe gocnigkeHHa 109 xBopumx
Ha M’A3eBO-iHBa3WBHUI paKk CEYOBOro Mixypa, L0 MpOXo-
Avnu opraHosbepiratode KOMMnekcHe nikyBaHHA B Kuis-
CbKOMY MiCbKOMY  KMiHIYHOMY OHKOMOrYHOMY  LEHTPI,
akMn € 6asoto [lepxaBHoi ycTaHoBU «IHCTUTYT yponorii
im. akagemika O.®. BosiaHoBa HauioHanbHOI akagemii
MeanmyHux Hayk Ykpainm», 3 2008 no 2018 pp. B npoueci
JOocCrifXeHHA nicnsionepauiiHux  FiCTONOriYHUX  npena-
paTie BuganeHux nyxnvH 6yno O0AaTKOBO BM3HAYEHO
HasBHICTb NiMdoBacKynsApHoI iHBa3il.

MauientiB 3 HasgHicTio JIBl B 3anexHOCTi Big metogy
niKkyBaHHS po3nofineHo Ha Agi rpynu: B 1-ly YBINLWIIO
46 xBopux (42,4%) nicna napuiansHOi LMCTEKTOMIT 3 Taso-
BOIO NiMdafeHeKToOMieo Ta af’toBaHTHOI XximioTepanii Ta
y 2-ry — 63 (57,6%) xBopux nicns pagukanbHOT LUCTEKTOMIT
3 ineoumMcToHeONNacTUko abo ypetepokyTaHEOCTOMIELD.

3rigHo 3 AM3alHOM [OOCNIMKEHHS B nepLlin rpyni
nnaHyBanocb nposefeHHs Ao 6 kypciB ag'toBaHTHOI XT
3a cxeMoto — umucnnatuH 70 mr/m? B 1-i4 geHb + remumntatiH
1000 mr/m? B 1-i, 8-4,15- OeHb, iHTepBan Mix LMKnamu
21 peHb, noBHU obcar nikyBaHHA OTpUMMano nuwie
18 (39,1%) xBopwux, y iHWWX npoBeaeHo 2-5 kypciB
NiKyBaHHSA — 3anexHo Bi4 CTyneHs BUMPaXeHOCTi ycknaga-
HeHb. BigmoBoto Big npogoBxeHHs XT cnyryBanu ycknag-
HeHHs 3 — 4 cTyneHs TokcuyHocTi (CTCAE version 4) —
nepeBaxHO MaHUWUTONEHISA, aHeMis, HyaoTa, OnioBaHHS,
30inNbLIEeHHss  piBHA  KpeaTWHiHy/cevyoBWHM),  BinbLlicTb
nauieHTiB 24 (52%) otpumano 3 — 4 kypcu XT.

Posnogin nauieHTiB 3a TNM-knacudikauieo Takuii:
y 1-n rpyni T2a-T2b — 26 (56,5%), T3a-T3b — 20 (43,5%),
y 2-ri rpyni — T2a-T2b — 36 (57,2%), T3a-T3b — 27 (42,8%).

MepiaHa po3MmipiB NEpBMHHOI MNYyXNWHWU CTAaHOBUNN
y nauienTis 1-i rpynu 28,6 mm, y 2-i rpyni — 68,2 mm.

Y BCiX naujieHTiB MopdonoriyHo Byno nigTBepmKeHO
ypoTtenianbHy KapuuHOMY Pi3HOro CTyneHs audepeHdito-
BaHHA MyXNWHW: Y 1-1 rpyni 3 nomipHum cTyneHem (G2) —

invasion of prostatic urethra, and non-urothelial morpho-
logical structure) are present, the subgroup of a very
high risk of recurrence is formed, and it is the basis
for performing cystectomy in muscle-invasive bladder
cancer (NMIBC) [2].

The prognostic value of the factor is validated in the
cohort study 4257 patients with the use of radical
cystectomy and pelvic lymphadenectomy. Standard
multivariant analysis has proved significant influence
of the factor on the cancer-specific survival rate and chance
of a recurrence, in addition, the presence of predictor
is more significant for patients with the absence of
metastatic lesion of pelvic lymph nodes [3].

LVI is determined morphologicaly as a cluster of tumor
cells inside the small vessels, and it is a morphological
equivalent of micrometastasis phenomenon, therefore,
hypothetically, performing systematic chemotherapy (CT)
in adjuvant/neoadjuvant regiments in patients with LVI+
may increase cancer-specific values of treatment [4].

The objective of our study was to compare the results
of treatment of patients with MIBC and the presence of
lymphovascular invasion (LVI) in the primary tumor in
two groups: after radical cystectomy with ileocystoneo-
plasty and partial cystectomy with adjuvant CT.

MATERIALS AND METHODS

A retrospective study of 109 patients with MIBC was
conducted. The patients were undergoing organ-preser-
ving complex treatment from 2008 to 2018 in Kyiv City
Clinical Oncology Center, which is the base of State
Institution «Academician O.F. Vozianov Institute of
Urology of the National Academy of Medical Sciences
of Ukraine». Postoperative pathomorphological exami-
nations of removed tumors allowed the presence of
lymphovascular invasion to be additionally determined.

The patients with the presence of LVI were divided
into 2 groups according to the method of treatment:
the first group consisted of 46 patients (42,4%) after
partial cystectomy with pelvic lymphadenectomy and
adjuvant CT and the second one consisted of 63 (57,6%)
of patients after radical cystectomy with ileocystoneoplasty
or ureterocutaneostomy.

In concordance with the design of the research,
delivery of up to 6 courses of adjuvant CT was planned
according to the following schedule: cisplatin 70 mg/m?
in on the 1tday + gemcitabine 1000 mg/m? on the 1%,
8Mh, 15" days, interval between the cycles — 21 days.
Only 18 (39,1%) patients underwent full course of
treatment, others received only 2 to 5 courses of treatment
depending on the severity of complications. The reasons
for quitting further CT courses were the complications
of 3 — 4 degree of toxicity (CTCAE version 4) — mostly
pancytopenia, anemia, nausea, vomiting, increase in the
level of creatinine/urea, most patients (24; 52%) under-
went 3 — 4 courses of CT.

According to TNM-classifi-cation the patients:
in the 1st group T2a-T2b — 26 (56,5%), T3a-T3b —
20 (43,5%), in the 2nd group — T2a-T2b — 36 (57,2%),
T3a-T3b — 27 (42,8%).

The median of primary tumor size was 28,6 mm in
the patients of the 1%t group, 68,2 mm in the patients
of the 2™ group.
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28 (60,9%), Husbkum (G3) — 18 (39,1%), y 2-n rpyni
3 noMipHuUMm ctyneHem (G2) — 35 (55,6%), Hu3bkum (G3) —
26 (44,4%) nauientiB. [Jo onepauii B ycix Bunagkax
nposegeHo MCKT/MPT) Ta TYP 6Gioncito ceyoBoro mixypa,
iHoai obcTexeHHs aonoBHioBanu MET-KT.

BukopuctaHo Taki kpuTepii Bigbopy nauieHTiB ans
opraHo3bepirao4oro nikyBaHHsi: po3Mip MyXnuHU He Ginb-
we 6 cM, BiACyTHiCTb carcinoma in situ y HeypaxeHin
YacTMHI CeYyOoBOro Mixypa, BiACYTHICTb OinaTtepanbHoro
rinpoHedpo3sy, KriHiYHa BiACYTHICTbL MeTacTasiB y perio-
HapHuX Ta BigaaneHux nimdgosysnax (3a KT i/abo MPT),
nokanisauisi NyxnMHM Ha OiYHMX CTiHKax i AHi ceyoBOro
mixypa. MauieHTn 6ynu noiHdopmoBaHi Npo nepesarn Ta
HeJonikK napuianbHOT Ta paguKkanbHOI LLUCTEKTOMII.

Hanyactiwmmm  nicnsonepauiiHuMn  yCKnagHeHHAMU
y 1-in rpyni 6ynu nimdopesa — 7 (15,22%), roctpun o06-
CTPYKTUBHWUIA ni€enoHedpuT, SKMn notpebyBaB yCTaHOBKM
nepkyTaHHoi Hedpoctomn — 4 (8,7%) Ta 4yacTkoBa He-
CMPOMOXHICTb LUBIB CTiHKM ce4oBoro mixypa — 5 (10,87%).
Y 2-i rpyni HanWyacTiluMMK YCKNagHEHHAMWU Oynu rocT-
pui nienoHedput — 15 (23,81%), AMHaMiYHa KuLLKOBa
HenpoxigHicTb — 3 (4,76%), NoripLeHHs NposBiB XPOHiY-
HOi HMpKOBOI HegocTaTHocTi — 3 (4,76%), HECNPOMOXHICTb
pe3epByapHO-ypeTpanbHoro aHactomody — 2 (3,17%),
nimdopesn — 11 (17,46%).

3aranbHy, kaHuep-cneumdivHy Ta 6e3peumanBHy BUXK-
BaHiCTb po3paxoByBanu 3a Metogom KannaHa—Mawnepa.
B sakocti nogin agns nobygoBu rpadikiB KannaHa—
Manepa posrnsganv TepMmiH Big onepauii 40 AiarHOCTUKK
peunauBy Ta iHTepBan Bi4 gaTu onepauii 4o cMmepTi Big
NporpecyBaHHsi OCHOBHOIO 3axBOPKBaHHA abo iHWKMX
npuunH. [ns nogaHHs JaHuX 3acTocoByBanu MepiaHy
Ta IHTepKBapTiNbHWI po3Max.

XapaKkTepucTUKM nauieHTiB HagaHo B Tabn. 1.

Urothelial carcinoma of various grades of tumor diffe-
rentiation was morphologically confirmed: in the 1t group
with moderate grade (G2) — 28 (60,9%), with low
grade (G3) — 18 (39,1%), in the 2™ group with moderate
grade (G2) — 35 (55,6%), with low grade (G3) — 26 (44,4%)
patients. MSCT/MRT and TUR biopsy of the bladder was
performed in all patients before the surgery, sometimes
PET-CT was additionally performed.

The following criteria for selecting patients for organ-
preserving treatment were used: tumor size — not more
than 6 cm, absence of carcinoma in the healthy part of
the bladder, absence of bilateral hydronephrosis, clinical
absence of metastases in regional and distant lymph
modes (according to CT and/or MRT), localization of the
tumor on the side walls or at the bottom of the bladder.
The patients were informed about advantages and dis-
advantages of partial and radical cystectomy.

The most common postoperative complications in the
1st group were the following: lymphorrhagia — 7 cases
(15,22%), acute obstructive pyelonephritis which deman-
ded percutaneous nephrostome — 4 (8,7%), and partial
failure of the bladder wall sutures — 5 (10,87%). In the
2" group the most common complications were acute
pyelonephritis — 15 (23,81%), dynamic bowel obstruction —
3 (4,76%), worsening of manifestations of chronic kidney
failure — 3 (4,76%), failure of reservoir-urethral anastomo-
sis — 2 (3,17%), lymphorrhagia — 11 (17,46%).

Overall survival, cancer-specific and recurrence-free
survival rates were evaluated according to the method of
Kaplan—Meier. The period from the surgery to the diagnos-
tics of recurrence and the interval from surgery date to the
death from progression or other reasons were chosen
as the events for Kaplan—Meier analysis. Median and
interquartile range were used to demonstrate the data.

The characteristics of the patients are given in Table 1.

Tabnuus1. Xapaktepuctuka xsopux Ha MIPCM
Table 1. Characteristics of the patients with MIBC

My, 3 TNAE PagvkanbHa uuctekTomis
HocnigpkyBaHuin dakto KinbkicTb XxBOpuX e I B Sl Nl Elem Ve llk
E)f‘anfine 4 factor P 09 P PC with PLND Radical cystectomy
2-6 courses of APCT, LVI+ with ICNP or UCN LVI+
n = 46 (42,4%) n =63 (57,6%)

. <70 48 20 (43,5%) 28 (44,4%)
Bik/ Age > 70 61 26 (56,5%) 35 (56,8%)
Crats / Sex yon /M 86 37 (80,4%) 49 (77,8%)
XiH / F 23 9 (19,6%) 14 (22,2%)

. T2a-b 62 26 (56,5%) 36 (57,2%)
Crapia T/T stage T3a-b 47 20 (43,5%) 27 (42,8%)
Po3mip nyxnuHu 3-5cm (cm) 73 31 (67,4%) 42 (66,7%)
Tumor size 6-8 cm (cm) 36 15 (32,6%) 21 (33,3%)
CTyniHb andepeHLitoBaHHs G2 65 28 (60,9%) 35 (55,6%)
Grade of differentiation G3 44 18 (39,1%) 26 (44,4%)

PE3YABTATU TA iX OBFOBOPEHHS

Y 1-n rpyni NpoTAromM CMNOCTEPEXEHHSA MICLEBI peun-
AvBn Ta nporpecyBaHHa cnoctepiramm y 18 (39,1%)
XBOPUX — 3 HUX TiNbKW MICLEBUA peunans NoOBEPXHEBOrO
PCM y 8 Bunagkax, micLueBuin peumame + nporpecyBaHHA
y perioHapHux nimcosy3nax —y 4 Ta micueBuin peunams +
nporpecyBaHHs Yy perioHapHi/BigaaneHi nimdosy3nu —
y 2 xBopux. [lauieHTam 3 MicueBUM MOBEPXHEBUM
peungusom nposoaunu TYP 3 BHYTPILIHLOMiIXYpOBOIO

RESULTS AND DISCUSSION

In the 1 group local recurrences and progression were
observed in 18 (39,1%) patients during the observation pe-
riod — out of them 8 cases of local recurrence of NMIBC
bladder cancer; 4 cases of local recurrence + progres-
sion in regional lymph nodes; 2 cases of local recurrence +
progression in regional/distant lymph nodes. The patients
with local surface recurrence underwent TUR with intra-
vesical immuno/chemotherapy. The life-saving cystectomy
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iMyHO/ximioTepanielo. PsTyBanbHa UMCTEKTOMIS nNpoBe-
JeHa y 4 nauieHTiB 3 nokanbHMM peuMavBOM M'S3€BO-
iHBa3uBHOro paky. lMpu nporpecyBaHHi y perioHapHi/Bia-
haneHi nimdosy3nn abo napeHxiMaTo3Hi opraHu MNpoBO-
ovim XT 3a cxemoio MVAC. MegpiaHa TepmiHy Big
XipypriyHoro nikyBaHHa OO AiarHOCTUMKW peunauey B nep-
win rpyni — 22,3 £ 11 mic. lpoTaromMm cnocTepexeHHs
cepep naujieHTiB nepLuoi rpyny nomepro 8 (17,4%) xsopux,
3 HKX Big, Nporpecii 3axBoptoBaHHsA — 6 (13%).

Y 2-n rpyni (n = 63) nporpecyBaHHsA AiarHOCTyBamnu
y 26 (41,2%) xBOpUX — 3 HWUX Yy perioHapHi nimcosysnun —
y 17 Ta y perioHapHi/BigaaneHi nimdgoBy3nu Ta iHLWi
opraHu  (nereHi, neyiHka, 3aocdyepeBWHHI n/B) -—
y 9 Bunagkax. [MauieHTn 3 nporpecielo B noganbLiomy
otpumyBanm XT 3a cxemoro MVAC. Cepen xBopux
2-i rpynn Bcboro nomepno 14 (22%) xBopwx, 3 HWUX Bif
nporpecii — 11(17,4%).

Y 1-ia rpyni (n = 46) NpOTAroM TEPMiHY CMOCTEPEXEHHS
3aranbHa BwxusaHicTe (3B) cknana 56%, B 2-n rpyni
(n = 63) — 54%, kaHuep-cneumdiyHa (KCB) — 58%
Ta 56% BignosigHo. lNpu nopiBHsHHI 3B Ta KCB wMix
rpynamu BiporigHOT pisHUUi npu piBHi 3HadywocTi 0,05
He BcTaHoBneHo (p = 0,1523).

was performed in 4 patients with local recurrence of muscle-
invasive cancer. In the cases of progression in regional/dis-
tant lymph nodes or paren-chymatous organs, CT was per-
formed according to MVAC schedule. The median of period
from the surgical treatment to the diagnostics of recurrence
in the 1%t group was 22,3 + 11 months. During the obser-
vation period 8 (17,4%) patients of the 15t group died, 6 (13%)
out of them — due to the progression of the disease.

In the 2™ group (n = 63) the progression was diagnosed
in 26 (41,2%) patients — 17 out of them in regional lymph
nodes and 9 - in regional/distant lymph nodes and
other organs (lungs, liver, retroperitoneal lymph nodes).
The patients with progression further received CT
according to MVAC schedule. Among the patients of
the 2" group 14 (22%) died in total, 11 (17,4%) out of
them — due to the progression.

In the 1%t group (n = 46) the overall survival rate
during the observation period was 56%, in the 2" group
(n = 53) — 54%, cancer-specific survival rate — 58%
and 56% respectively. Comparing overall survival rate
and cancer-specific survival rate, there was no significant
difference between these groups determined with the
level of significance 0,05 (p = 0,1523).

Tabnuua 2. [T'STupiyHi OHKONOriYHi pe3ynsraTtn
Table 2. Five-year oncological results

DocnigxyBaHa rpyna
Studied groups

3aranbHa BMXMBaHIiCTb, %
Overall survival rate, %

KaHuep-cneuncivyHa BuxmBaHicTb, %
Cancer-specific survival rate, %

Be3peunaneHa BUXMBaHicTb, %
Recurrence-free survival rate, %

ML 3 TNAE Ta
2 kypew ATNXT, n = 26, JIBI+

Radical cystectomy
with ICNP or UCN, n =63

PC with PLND and 56 58 61
2 courses of APCT, n = 26, LVI+

PagvkanbHa umMctekTomis

3 ILUHIM a6o YKC, n = 63 54 56 59

BespeuuaneHa BuxunBaHictb (BB) y 1-1 rpyni ctaHoBK-
na 60,9%, y 2-n — 58,8%, BiporigHoi pi3HMLi NOKasHUKIB
Npu MOPIBHSAHHI MK rpynamuM He BcTaHoBreHo (1 vs 2,
p = 0,793). MNpun NOpiBHAHHI 3aranbHOi BWXMBAHOCTI 3a
meTogom KannaHa—Maiwepa BiporigHOi pisHULi Midk rpynamm
He BcTaHoBneHo (log-rank kputepini = 0,102) (puc. 1).

Recurrence-free survival rate in the 1% group was 60,9%,
in the 2nd — 58,8%, no significant difference of values in
comparing the groups was determined (1 vs 2, p = 0,793).
When comparing the overall survival rate according to
Kaplan—Meyer method no significant difference between the
groups was determined (log-rank criterion = 0,102) (Fig. 1).
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Puc. 1. 3aranbHa BWXuUBaHICTb y rpynax napuianbHoi uuctektomii Ta XT (1) Ta umctekTomii (2)
Fig. 1. Overall survival rate in the groups of partial cystectomy and CT (1) and cystectomy (2)

No significant difference between the groups for the

BipOrigHOCTI MOsIBM peumamBy B 3aneXHOCTi Big Tuny
nikyBaHHs (log-rank = 0,694) — puc. 2.

possibility of emergence of recurrence depending on
the type of treatment was determined (log-rank = 0,694) —
Fig. 2.
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Puc. 2. BiporigHicTb nporpecyBaHHs B 4OCNIAKYBaHUX rpynax
Fig. 2. Possibility of progression in the studied groups

Mpwn NOpIBHSAHHI BIpOriAHOCTI HACTaHHSA KiHLEBOI TOYKM
OOCNiAXKEHHss — CMepTi Bif, NPOrpecyBaHHs B 3aneXHOCTi
Bi4 mMeToAdy MiKyBaHHS — CYTTEBOI Pi3HWLI HE BCTaHOBMEHO
(log-rank = 0,2572).

[opaTtkoBo npoBegeHo aHanis 3a metogom KannaHa—
Manepa ans saranbHoi BuwkuBaHocTi (3B) Ta BiporigHoCTi
peumauBy B rpynax B 3anexHocCTi Big natomopdororiy-
Horo kputepito T2 i T3 — BiporigHOiI pi3HNULi He BUSABMEHO
(log-rank = 0, 218 Ta 0,785 Ha puc. 3 Ta puc. 4 BiANoOBIAHO).

Survival Function {5,) - with confidence Interead

When comparing the possibility of achive of the final
point of the research — death from progression depending
on the treatment method — no significant difference was
determined (log-rank = 0,2572).

Additionally, the analysis according to Kaplan—Meyer
method for overall survival rate, and possibility of recur-
rence in the groups depending on pathomorphological
criterion T2 and T3 was performed — no significant
difference was determined (log-rank = 0,218 and 0,785
on Fig. 3 and Fig. 4 respectively).
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Puc. 3. 3aranbHa BUXMBAHICTb y rpynax B 3anexHOCTi Bif kateropii T2-T3 nyxnvHu
Fig. 3. Overall survival rate in the groups depending on T2-T3 category of the tumor
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Puc. 4. BiporigHocCTi peumauBy B rpynax B 3anexHoCTi Big kpuTepito T
Fig. 4. Possibilities of recurrence in the groups depending on T criterion

AHanisytoun 3aranbHy BWKMBAHICTb Ta BipOrigHICTb
peunauBy B rpynax B 3anexHocTi Bif karteropii G2-G3
NEPBMHHOI NYyXNUHW TaKOX He BCTAHOBMEHO CTaTuC-
TnuHOI pisHuui (log-rank = 0,073 ta 0,556 Ha puc. 5 Ta
puc. 6 BianoBigHo).

OTpuMaHi AaHi cBigyaTb Npo BIACYTHICTb BiporigHOi
piHMUi B pesynbTaTax MiX [OChigXyBaHWMK rpynamum —
3a pesynbratamu opraHo3bepiratoue nikyBaHHS B 006’eMmi

Analyzing the overall survival rate and the possibility
of recurrence in the groups depending on G2-G3
category of the primary tumor, no significant difference
was determined, too (log-rank = 0,073 and 0,556 on
Fig. 5 and Fig. 6 respectively).

The received data demonstrate the absence of signifi-
cant difference between the studied groups — according to
the results, organ-preserving treatment, which includes
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napuianbHoi uuctektomii 3 TJIAE Ta ap’'loBaHTHOW XiMio-
Tepanieto He NOCTYNaeTbCa paankanbHin LMCTEKTOMIT [5].

partial cystectomy with pelvic lymphadenectomy and adju-
vant chemotherapy is not inferior to radical cystectomy [5].

Survival Function [5) - with confidencn Inferet 1

-l
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Puc. 5. 3B B gocnigxyBaHuUX rpynax B 3anexHocTi Bif kateropii G nepBUHHOI MyXnUHN —
3HauYeHHs1 p Ans Kputepito log-rank HabnXyeTbCA A0 BipOriQHOTO 3HA4YEHHS
Fig. 5. Overall survival rate in the studied groups depending on G category of the primary tumor —
p value for log-rank criterion gets closer to significant value
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Puc. 6. BiporigHicTb peuuamsy B rpynax B 3anexHocTi Bif kateropii G nepBUHHOI NyXnvHu
Fig. 6. Possibility of recurrence in the groups depending on G category of the primary tumor

B uinomy, pesynsratu xipypriyHoro nikyBaHHs MIPCM
3anunLIalnTbCA HEe3adoBiNbHUMKM — Tak, 3rigHoO 3 OaraTo-
ueHTpoBolo ©as3ol AaHux, n'atupiyHa 3B CcTaHOBUTL
nvwe 60% [6]. BiporigHo 3 UMM MOB’sI3aHUIA TOW aKkT,
wo npubnusHo y 50% naujieHTiB 3i cTagieo Buwe 3a T2
Ta HassHicTio JIBl npotarom 5 pokiB nicna umcTekTomii
JiarHocTyloTb BigganeHi mertactasu, TakuM YWHOM L
nauieHTn BXe MatoTb NiMOreHHi Ta remaToreHHi Mikpo-
MeTacTasu Ha MOMEHT NnaHyBaHHSA LMCTEKTOMIi [6].

[aHi gocnigpkeHb BiAHOCHO NPOrHOCTUYHOINO 3HAYEHHS
JIBI noB’asyioTb Len NpeavkTop 3 iHWWMK XapakTepuc-
Tukamm PCM: kateropis T2 i Buwe, BUCOKUIA (HU3bKUIA)
CTYNiHb AUdepeHLiloBaHHA MyXMNMHW, HasBHICTb MeTacTa-
3iB y nimcaTtuyHi By3nu, MNyXMHW Ha LUMPOKIA OCHOBI,
HasiBHICTb HEKPO3iB Yy MyxNnuHi. IcHytoTb Aani, wo J1BI
€ HesanexHum npeavkTopoM peLmauBy 3axBOPHOBaHHS
i KCB, nporHoctuyHe 3HayeHHs npeaukTopa 30inbLuy-
€TbCS Y XBOpMX 6€e3 HasiBHOCTI MeTacTasiB B perioHapHUx
nimcpatmyHux  Bysnax. JIBI moxe Oyt noe’ssaHa
3 NPUXOBaHNMN MeTacTasamu.

XBOpUM, SIKi MaloTb BUCOKUA PU3UK peuuauByBaHHS
Ta Nporpecii 3axBoploBaHHA y 3B’13Ky 3 HasIBHICTHO NiMdo-
BacKynsipHoOi iHBa3ii, HeobxigHe NMpoBeaAeHHs aa’toBaHTHOI
Tepanii, sKka 3rigHO 3 OesKMMWU MeTa-aHarnizaMu 3HWXye
pu3uk cMepTi Ha 22-25% [8].

Ha cborogHi, Ha BiAMiHY Bif iHLIWX NyXfWMH ceyocTaTe-
BOi CUCTEMU (paK sledka Ta CTaTeBOro YfieHa) HasiBHICTb
JIBI He BxogntTb go TNM knacudikauii paky ce4yoBoro
Mixypa Ta He BUKOPUCTOBYETLCA ANS MPUNRHATTA KNiHIYHUX
piweHb [7]. Y npoBedeHOMY [OCHIAXEHHI MW cCnvpanucb
Ha rinoTesy, wo JIBIl, HaBiTb npwu BiACYTHOCTI MeTacTasis

Overall, the results of the surgical treatment of MIBC
remain unsatisfactory — according to the multicenter
database, five-year overall survival rate is only 60% [6].
The fact that in approximately 50% of patients with
the stage higher than T2 and with the presence of
LVI during 5 years after cystectomy distant metastases
are diagnosed, is probably connected with the above-
mentioned data. Thus, by the time of the planning of
cystectomy, the patients already have lymphogenous
and hematogenous micrometastases [6].

Data on the prognostic value of LVI connect this pre-
dictor with other characteristics of bladder cancer:
T2 category and higher, high (low) grade of tumor differen-
tiation, the presence of metastases in lymph nodes,
tumors on a broad base, presence of necroses in the tumor.
There are data that LVI is an independent predictor of
recurrence of the disease and cancer-specific survival rate,
the prognostic value of the predictor increases in patients
without the presence of metastases in regional lymph
nodes. LVI may be related to hidden metastases.

The patients, who have high risk of recurrence and
progression of the disease due to the presence of lympho-
vascular invasion, require adjuvant chemotherapy, which,
according to some meta-analyses, decreases the risk
of death by 22-25% [8].

To date, unlike other tumors of urinary system (testi-
cular and penile cancer), the presence of LVI is not inclu-
ded in TNM-classification of bladder cancer and is not
used for making clinical decisions [7]. In the performed
research we relied on the hypothesis that LVI, even if
the metastases are absent in the lymph nodes after
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y nimdpoBysnax nicna nimgageHekToMil, € OAHUM 3 OCHOB-
HUX PaKTOpiB AN NpuU3HaA4YeHHs af’toBaHTHOI Tepanil.
Kpim TOro, 3a cyyacHumu gaHumu, napuianbHa LIMCTEKTO-
mis y BigibpaHux xsopux 3 MIPCM € metognom BubGopy
XipypriYHOro BTPYYaHHs, KM 0O3BONSAE JOCAITU 3a00BiNb-
HOro OHKOMoriyHoro koHTporno. HouinbHicTe ML} obymos-
neHa MOXMMBICTIO BUOANEHHA NEPBUMHHOI MYXSIMHKU, perio-
HapHWX Ta30BUX NMiMGOBY3NIB 3 METOO 30EepeXeHHs opraHa,
3a/10BiNbHOIO CE4YOBUMYCKAHHA Ta ceKcyanbHOT PyHKLT.

BUCHOBKMU

Y xBopux 3 noautmsHoto J1BI npu MIPCM BukopuctaHHs
opraHo3bepirato4oro nikyBaHHs 3 af'lOBAHTHOK  XiMio-
Tepanielo [403BOMNS€ LOCArTM ChiBCTABHMX OHKOMOMYHMX
pes3ynbraTiB B MOPIBHSHHI 3 paanKanbHOK LIUCTEKTOMIELD.

BpaxoBytoun cyTTeEBI nepeBarn opraHo3bepiralo4oro
nikyBaHHA nepef UMCTEKTOMIED 3 pPisHMMM MeTodamu
JepuBalii cevi, 3anpornoHoBaHa miKyBanbHa TaKTUKa €
anbTepPHaTMBOK LIMCTEKTOMII.
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nepcneK'ruBu MOAQABLUUX AOCAIAXEHD

Mopanblie BMBYEHHSI MPOrHOCTUYHOI UWiHHOCTI JIBI, sk npeguk-
TOopa nporpecyBaHHsi, [03BONWUTb cdpopMyBaTW MiArpyny BWCO-
KOro pu3nKy Ta OOrpyHTYyBaTW [OUIMbHICTE af'loBaHTHOI Ta
Heoap toBaHTHOI Tepanii B KoMMnekcHoMy nikyBaHHi MIPCM.

KoHdAIKT iHTepecis

ABTOpPK 3a5BNSAIOTb NPO BIACYTHICTb KOHMMIKTY iHTEpeCiB.

IHcpbopmaluis Npo diHAHCYBAHHS

Pobota diHaHCcyeTbcs BuaaTkamu [lepxaBHoro GroaxeTty YkpaiHu.

lymphadenectomy, is one of the main factors for prescrip-
tion of adjuvant therapy. Besides, according to modern
data, partial cystectomy in the selected patients with MIBC
is a method of surgery selection, which allows satisfactory
oncological control to be achieved. The relevance of
partial cystectomy is conditioned by the possibility of the
removal of primary tumor, regional pelvic lymph nides
for the purpose of organ preservation, satisfactory
urination, and sexual function.

CONCLUSIONS

The use of organ-preserving treatment with adjuvant
chemotherapy in patients with MIBC and positive LVI allows
the oncological results, which are comparable to radical
cystectomy, to be achieved.

Taking into consideration significant advantages of
organ-preserving treatment compared with radical cystec-
tomy with various methods of urine derivation, the propo-
sed treatment strategy is an appropriate alternative to
radical cystectomy.
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Prospects for further research

The further studying of the prognostic value of LVI as the predictor
of progression will allow a subgroup of high risk to be formed
and reasonability of adjuvant and neoadjuvant therapy in complex
treatment of MIBC to be justified.
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KAiHiYHe 3Ha4YeHHsA noAiMopdi3MiB reHa peuenTopa eCTPOoreHy
Y XBOPUX HO METACTATUYHUMU
AOMIHOAbHUM (Her2-HeraTuBHMK) PAK FPYAHOI 30AO3MU

TapaceHko T.€., ORCID: 0000-0001-9952-7598, e-mail: tarasenko28te@gmail.com

HaujoHansHutl iHcmumym paky Minicmepcmea oxopoHu 30opoe’s Ykpainu, Kuis, YkpaiHa

Clinical significance of estrogen
receptor gene polymorphisms in patients
with metastatic luminal (Her2-negative) breast cancer

Tarasenko T.Ye., ORCID: 0000-0001-9952-7598, e-mail: tarasenko28te@gmail.com
National Cancer Institute the Ministry of Health of Ukraine, Kyiv, Ukraine

KAlo40Bi cAoBa: PE3IOME

MeTacTaTUYHUA pak rpyaHoi 3amo3un, rop-  AKTyanbHicTb. CUrHanbHUI eCTPOreHoBUIA LWINSIX € CKnaaHWM GionoriYyHMm npouecom,
MoHoTepanis, iHribiTopy apomaTtasu, pe- IO KOHTPOMe nponidepalio KniTWH, anonTtos, iHBasilo, aHrioreHes TOLLO, Y XBOPUX
3UCTEHTHICTb, nonimopdiamu reHa ESR1. Ha noMiHanbHI nigTMNU paky rpyaHoi 3anosu (Pr3). Y Bunagky cenekuii nMyxXmuMHHWUX
KNiTWH, WO MICTSTb MyTaLilo y reHi peuenTtopa ectporeHy 1 Tuny (ESR1), naHun peuentop
cTae akTUBHUM He3anexHo Big 30BHilLUHIX curHanis. [Onsa reHa ESR1 Bigoma Hu3ka
OOHOHYKNEeoTAHUX nonimopdismie, 3okpema ESR1 A-351G, ESR1 T-397C, wo 3patHi
nigBuLyBaTK TpaHCKpUNuito umx reHiB. HabyTi MyTauii B niraHa3B’s3yto4OMYy OOMEHi
TapaceHko TemsiHa €g2eHigHa reHa ESR1 e yactumu pgpansepamu cTiikocTi Ao ropmoHotepanii ([T) iHribiTopamu
HaujoHanbHWit iHCTUTYT paky MinicTepctea ~ apomartasu (lA). AHanis myTauiin reHis ectporeHoBux peuentopis (ER) y umpkymiotodin
OXOpOHU 300pOB’'S YkpaiHu, Haykoso-go- OHK Moxe BucTynatv y poni cyporaTHoro TecTy BUBHaYeHHsi rOPMOHOPE3NCTEHTHOCTI
crigHe sigaineHHa ximioTepanii conigHux — Ta NPOrHosyBaHHs nepebiry MeTacTaTuyHOro noMiHansHoro PIr3.

AAS KOPECNOHAEHLi:

NyXH; Meta po6otu. MigsnwmnTn ecpektrBHiCTb [T |A y XBOPYX HA METacTaTUYHWIA NIOMiHaNbHUIA
Byn. IlomoHocosa, 6yan. 33/43, m. Kuis, (Her2-HeratmBHuit) PI'3 Ha nigctasi BuMBYEHHs noniMopdHMX BapiaHTis reHa ESR1
Ykpaina, 03022; (A-351G, T-397C).

e-mail: tarasenko28te@gmail.com Martepianu Ta Metogu. [poBegeHO NPOCMEKTUBHE KOTOPTHE OOCHIMKEHHSI 3 y4acTio

82 nauieHTok 3 MeTacTaTU4HUM noMiHanbHUM (Her2-HeratuBHum) PI3. Yci nauieHTku
po3noymMHanuM npuruom HectepoigHux IA — netposon 2,5 mr um aHactposon 1,0 mr
© TapaceHko T.€., 2022 wopeHHo. Ha doHi I'T |A nauieHTam y pasi nporpecyBaHHs 3axBOprBaHHS abo yepes
12 micsyiB nikyBaHHs 6yno npoBegeHo aHani3 nonimopgiamis A-351G (rs9340799) Ta
T-397C (rs2234693) B 1 iHTpOHI reHa ESR1 y nepudepunyHin kposi MeTofom nonimepasHoi
naHutorosoi peakuii (MJIP), 3 HacTynHUM po3nodineHHsM Ha ABi rpynu: | ocHoBHa rpyna
(nporpecyBaHHsi oo 12 mic. ['T) Ta Il koHTponbHa rpyna (nporpecyBaHHs nicns 12 mic. I'T).
CratuctuyHy obpobky matepiany npoBogunu 3 BUKOpPUCTaHHAM naketa Medstatistica.
Pesynbratu Ta iX oGroBopeHHs. Bu3HayeHo cTaTUCTMYHO [OCTOBiIpHY nepesary
BUSIBMEHHSA noniMmopdHmx BapiaHTiB 351 AG, 351 GG 1a 397 TC, 397 CC reHa ESR1
B OCHOBHIilA rpyni XBOPWX, HiX y KOHTponbHIi (p < 0,001). He BcTaHOBREHO 3B’A3KY MiX
aHaMHECTUYHUMW [aHUMK NauieHTiB  (MeHonaysanbHuiA cTaTyc, iHAeKC macu Tina,
penpoaykTvBHa (PyHKLis, NPUAOM oparnbHUX KOHTpaUEenTUBIiB, CIMEHUIA aHaMHe3), Kpim
CynyTHbOI riHekonoriyHoi natonorii (p < 0,05) Ta pPoO3BUTKOM pPaHHBLOrO MPOrpecyBaHHs
3axBOptoBaHHs Ha poHi I'T IA.
BucHoBku. BusHayeHHs myTauii reHa ESR1 e pouinbHum popaTtkoBuM ¢hakTopom
nporHosyBaHHsi edektuBHocTi T |A. HasiBHicTb nonimopdHux BapiaHTiB A-351G
Ta T-397C 3a reHom ESR1 cratctuyHo 3Hauywle 36inbluye NMOBIPHICTb PO3BUTKY
paHHBOro NporpecysBaHHs Ha oHi ropmoHoTepanii 1A, B cepegHboMy — Y TPETUHU XBOPUX
3 MeTacTaTU4HUM JoMiHanbHUM (Her2-HeratmeHuM) PIF3. IMyHoricToXiMiYHMX Ta KniHiko-
aHaMHEeCTUYHUX JaHWUX HeJOCTaTHbO AN BU3HAYEHHS rPYny NauieHTiB BUCOKOTO pU3NKY
peancteHTHocTi go I'T 1A.

AAS UUTYBAHHS:

Tapacenko T.€. KniHiyHe 3HauyeHHs noniMopdiamiB reHa peuenTopa eCcTPOreHy Yy XBOPYMX Ha MeTacTaTU4HWUn
noMiHanbHW (Her2-HeraTuBHWUIA) pak rpyaHoi 3anosun. YkpaiHcbkul padionozidHull ma oHkonoeidyHul xypHan. 2022.
T. 30. Ne 2. C. 50-61. DOI: https://doi.org/10.46879/ukroj.2.2022.50-61
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ABSTRACT

Background. Estrogen signaling pathway is a complicated biological process which
controls cell proliferation, apoptosis, invasion, angiogenesis, etc. in patients with
luminal subtypes of breast cancer. In the case of selection of tumor cells which contain
mutation in estrogen receptor gene 1 (ESR1), this receptor becomes active indepen-
dently of external signals. There is a range of single nucleotide polymorphisms of
ESR1 gene, including ESR1 A-351G, ESR1 T-397C, which are capable of increasing
transcription of these genes. Gained mutations in the ligand binding domain of ESR1 gene
are frequent drivers of immunity to hormone therapy with aromatase inhibitors (Als).
The analysis of estrogen receptors (ER) genes in circulating DNA may act as a surrogate
test of determining hormone resistance and prognosing the course of metastatic luminal
breast cancer.

Purpose — to increase the effectiveness of hormone therapy with Als in patients with
metastatic luminal (HER2-negative) breast cancer based on the study of polymorphic
variants of ESR1 gene (A-351G, T-397C).

Materials and methods. Prospective cohort study with involvement of 82 female patients
with metastatic luminal (HER2-negative) breast cancer. All patients started taking
non-steroidal Als — letrozole 2,5 mg or anastrozole 1,0 mg every day. During hormone
therapy with Als, the patients underwent A-351G (rs9340799) and T-397C (rs2234693)
polymorphisms testing in one intron of ESR1 gene in peripheral blood by the method of
polymerase chain reaction (PCR) in the case of progression of the disease or 12 months
after treatment. The patients were then distributed into two groups: | treatment group
(progression before 12 months of hormone therapy) and Il control group (progression
after 12 months of hormone therapy). The material was statistically processed using
Medstatistica software.

Results and discussion. Statistically significant advantage of detecting polymorphic
variants 351 AG, 351 GG, and 397 TC, 397 CC of ESR1 gene was determined more
in the treatment group than in the control one (p < 0,001). No connection between
anamnestic data of the patients (menopausal status, body mass index, reproductive
function, intake of oral contraceptives, family medical history) apart from concomitant
gynecologic pathology (p < 0,05) and development of early progression of the disease
in the setting of hormone therapy with Als was established.

Conclusions. Determination of mutations of ESR1 gene is a relevant additional factor
of prognosis of effectiveness of hormone therapy with Als. The presence of polymorphic
variants A-351G and T-397C of ESR1 gene statistically significantly increases the
possibility of development of early progression during hormone therapy with Als,
on average — in one third of the patients with metastatic luminal (HER2-negative) breast
cancer. Immunohistochemical and clinical-anamnestic data are insufficient for determi-
ning the patients’ group of high risk of resistance to hormone therapy with Als.

Tarasenko TYe. Clinical significance of estrogen receptor gene polymorphisms in patients with metastatic

luminal (HER2-negative)

breast cancer. Ukrainian journal of radiology and oncology. 2022;30(2):50-61.

DOI: https://doi.org/10.46879/ukroj.2.2022.50-61
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CrtatTa € hparMeHTOM AncepTadii Ha 3000yTTa CTyneHs
JokTopa chinocodii 3a cneuiansHicTio 14.01.07 « OHkonoris»
MOJIOALLOrO HayKoOBOrO CniBpOOITHMKA HAyKOBO-OOCHiAHOIO
BioAiNeHHsa XximioTepanii conigHmMx nyxnuH HauioHanbHOro
IHCTUTYTY paky MiHicTepcTBa OXOPOHM 340POB’S YKpaiHu
TapaceHko T.€. «OnTumisauis ropmoHoTepanii iHribiTtopamu
apomMartasm y XBOpPUX Ha MeTacTaTUYHUM JIOMiHaNbHUN
(Her2-HeratmBHui) pak rpygHOi 3amnosu 3 ypaxyBaHHAM
nonimMopdiamiB reHa peuentopa ecTporeHy», npuknagHa,
TepMiH BUKOHaHHs: 2019-2022 pp., KepiBHWK — 3aBigyBay
HayKOBO-OOCIAHOrO  BigAiNeHHa XximioTepanii  conigHux
nyxnuH HauioHansHoro iHCTUTYTY paky MiHicTepcTBa
OXOPOHW 3A0pPOB’A  YKpaiHW, [OOKTOP MeOWYHMX Hayk,
npogecop J1.A. CuBak.

BCTYN

HesBaxatoum Ha cyTTeBui nporpec y 30inblUeHHI no-
Ka3HUKIB BMXMBaAHOCTI MeTacTaTudHoro PI3, gaHa nato-

Relationship with academic programs,
plans and themes

The article is a fragment of the thesis for the degree
of Doctor of Philosophy in specialty 14.01.07 «Oncology»
of junior research fellow of Research Department of
Chemotherapy of Solid Tumors of National Cancer
Institute of the Ministry of Health of Ukraine Tarasenko T.Ye.
«Optimization of hormone therapy with aromatase inhi-
bitors in patients with metastatic luminal (HER2-negative)
breast cancer with consideration of estrogen receptor
gene polymorphisms», applied, period for performance:
20192022, led by Head of Research Department of
Chemotherapy of Solid Tumors of National Cancer Institute
of the Ministry of Health of Ukraine, Doctor of Medical
Sciences, Professor L.A. Syvak.

INTRODUCTION

In spite of significant progress in increasing survival
rates of metastatic breast cancer, this pathology still
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norigs goTtenep 3anvwaeTbCs  HeBurikoBHow. MegiaHa
3aranbHoi BuxmBaHocTi (3B) y nauieHTiB 3 meTtactatuy-
HUM moMiHanbHum (Her2-HeratnBHum) PI'3 crtaHoBUTHL
18-24 micaui [1, 2]. BpaxoByto4m reHETUYHY reTepPOreHHICTb
PIr3, akTyanbHMM € BMBYEHHSI MapKepiB Pe3NCTEHTHOCTI.
Lle po3BonuTb BYacHO [fiarHOCTyBaTM MNpPOrpecyBaHHs
3axBOpPIOBAHHSA Ta NepPCOHiikyBaTh MikyBaHHS NauieHTIB.

MonekynspHi BigMIiHHOCTI MiX iMyHoricToximiyHo (IFX)
BM3Ha4veHolo ekcnpecieto ER, nporectepoHoBux peuen-
TopiB (PR) Ha nmepBuHHIN Gioncii NnyxnuHu Ta UMPKymoo-
yoi AHK meTactaTuyHoro npouecy AEMOHCTPYITb AUC-
KopaaHTHicTb ¥y 13-28% ycix Bunagkis [3]. MpioputeTHnm
ans nioMiHansHoro (Her2-HeratmeHoro) PI'3 nikyBaHHSAM
€ ropMmoHoTtepanis (['T), 3a paxyHoK ii BUCOKOi edeKTuB-
HOCTi Yy MOPIBHAHHI 3 XiMmioTepanietlo Ta MiHiManbLHOro
Npoginto TOKCUYHUX siBuL,. Y OinbllocTi BuNagkiB nepe-
Bara BigdaeTbcs npu3HadeHHio T rpynu iHridiTopie apo-
matasm (lA). MpoTe, y TPETMHN NauieHTiB cnocTepiraeTbes
HeyyTnMBiCTb A0 |A 4Yepe3 akTuBauito akTopiB pesuc-
TeHTHocTi. [punyckawTb, WO nNig 4Yac MeTacTaTU4HOro
nporpecyBaHHsi, ocobnmeo Ha d¢oHi Tepanii IA, Binbysa-
I0TbCA TaKi BaXNMBI MONEKYNSAPHI 3MiHKU, K noniMopdiamun
reHa ESR1 (A-351G, T-397C) [4].

MeTa po6otu. Mignwmntn edpekTuBHICTb I'T IA y XBOpUMX
Ha meTacTaTu4HUA nioMiHanbHU (Her2-HeratuBHuin) PI3
Ha nigcrasi BMBYEHHSA MoniMopdHMX BapiaHTiB reHa ESR1
(A-351G, T-397C).

MATEPIAAU TA METOAU AOCAIAXXEHHA

MpoBeneHo obcepBadiiHe aHaniTMYHE KOrOPTHE NPOC-
NeKkTUBHE BIOKPUTE HepaHOOMI30BaHe AOCHiMKEHHS 3a
yyacTio 82 nauieHTOK 3 MeTacTaTUYHMM JHOMiHaNbHUM
(Her2-HeratmBhum) PI3, saki  nikyanucb Ha  6asi
HaujioHanbHoro iHcTuTyTy paky 3 2016 no 2022 pp.
Y pocnigXeHHi 6panu yyacTb nvule XBOpi 3 HAsABHICTIO Ha
nyxnuHi ekcnpecii ER = 1%, wo € knio4yoBnMm haktopom
BM3HA4YeHHs NoMiHanbHoro Tuny PI3 [5]. Ycim nauieHTkam
Oyno BWMKOHAHO CTaHOAPTHWUMA OOCAr OOCTEXEHHS, SAKUN
BkMo4aB 30ip aHamHesy (Bik Ha MOMEHT MOCTAHOBKM
JiarHosy, mMeHonaysanbHWUiA CTaTyC, OLUiHKa iHOeKCcy macu
Tina, gocBeigy naniHHA, CynyTHBOI rHEKOMOriYHOI NaTonorii,
KiNbKOCTi nonoris, abopTiB, NPUOMY OpanbHUX KOHTpaLen-
TMBIB, BUMAOKIB OHKOMOMYHUX 3aXBOPKOBaHb Yy POAWHI,
KniHiYHi  MeTogn (bisvkanbHU ormag Ta nanbnadis),
npomMeHeBi MeToAau (KOMMOTepHa Tomorpadis opraHis
rPyOHOI MOPOXHWHW, YEPEBHOI MOPOXHWHM Ta Maroro
Tasa 3 KOHTPACTHUM nigcuneHHssM, MPT rornoBHOro Mo3ky
Yy pasi HasiBHUX HEBPOIOTNiYHMX CUMMTOMIB, OCTEOCLMH-
Turpadis Ans OUiHKM HasiBHOCTI MeTacTa3iB y KiCTKM),
ricTornoriyHe Ta iMyHOrICTOXiMiYHE AOCHIIXEHHS NepBUH-
HOro TpenaH-GioncinHoOro Martepiany nyxnuHu (CTyniHb
andepeHuitoBaHHsa G, iHOekc nponidepaTnBHOI akTuB-
HocTi Ki-67, ekcnpecia ER, nporectepoHoBMX peLen-
TopiB (PR), peuenTtopiB enigepmanbHOro ¢gakropa pocTy,
Tmn 2 (Her2).

XBOpi B SKOCTi nmepwioi niHii naniatmeHoi I'T oTpumy-
Banu nepoparnbHO HecTepoigHi IA (aHacTtpo3on 1 mr abo
netposon 2,5 wmr). Micna 12 wmicAuiB nikyBaHHA abo y
BMMaZKy MNpPOrpecyBaHHsl 3axBOPKOBaHHA paHiwe 1 poky
npunomy I'T, nauieHTkam BUKOHYBanocb MOMNeKynspHo-reHe-
TUYHE JocnimkeHHa nonimopdismiB A-351G (rs9340799)
Ta T-397C (rs2234693) B 1 iHTpOHi reHa ESR1 y nepude-
puyHin  kpoBi metogom [MJIP. o rpynm 1 (ocCHOBHa
rpyna) ysiiwnu 34 nauieHTKW, XBOpi Ha MeTacTaTUYHUiA

remains incurable. The median of overall survival (OS)
in patients with metastatic luminal (HER2-negative) breast
cancer is 18-24 months [1, 2]. Taking into account genetic
heterogeneity of breast cancer, it is currently important
to study resistance markers. It will allow progression of
the disease to be timely diagnosed and treatment of
patients to be personalized.

Molecular differences between immunohistochemically
determined ER expression, progesterone receptors (PR)
on the primary tumor biopsy and circulating DNA of
metastatic process demonstrate discordance in 13-28%
of all cases [3]. High-priority treatment for Iuminal
(HER2-negative) breast cancer is hormone therapy due
to its high effectiveness compared to chemotherapy and
minimal profile of toxic events. In most cases, hormone
therapy is preferably prescribed with the group of aroma-
tase inhibitors (Als). However, insensibility to Als because
of activation of resistance factors is observed in one third
of patients. It is assumed that during metastatic progres-
sion, especially when therapy with Als is performed,
such important molecular changes occur as ESR1 gene
polymorphisms (A-351G, T-397C) [4].

The objective of the study was to increase the effec-
tiveness of hormone therapy with Als in patients with
metastatic luminal (HER2-negative) breast cancer based
on the study of polymorphic variants of ESR1 gene
(A-351G, T-397C).

MATERIALS AND METHODS

Observational analytical cohort prospective open
non-randomized study with involvement of 82 female
patients with metastatic luminal (HER2-negative) breast
cancer, who were undergoing treatment at National
Cancer Institute from 2016 to 2022. According to the
conditions of the study, only patients with the presence
of ER expression = 1% in the tumor, which is the key factor
of determining luminal type of breast cancer, were inclu-
ded [5]. All patients underwent standard volume of
examination, which included history taking (age at the time
of establishment of diagnosis, menopausal status,
measurement of body mass index, experience of smoking,
concomitant gynecologic pathology, parity count, abortion
count, intake of oral contraceptives, cases of oncological
diseases in family medical history), clinical methods
(physical examination and palpation), radiological methods
(contrast-enhanced computed tomography of thoracic
organs, abdominal organs, and pelvic organs, brain MRI
in cases of present neurological symptoms, osteoscin-
tigaphy for assessing the presence of metastases in the
bones), histological and immunohistochemical test of
primary trephine biopsy tumor material (G-degree of
differentiation, index of proliferative activity of Ki-67, ex-
pression of ER, progesterone receptors (PR), epidermal
growth factor receptors, type 2 (HER2).

The patients were orally taking non-steroidal Als
(anastrozole 1 mg or letrozole 2,5 mg) in the first line
of therapy. After 12 months of treatment, or in case of
progression of the disease earlier than 1 year of hormone
therapy intake, the patients underwent molecular-genetic
testing of A-351G (rs9340799) and T-397C (rs2234693)
polymorphisms in one intron of ESR1 gene in peripheral
blood by the method of PCR. Group 1 (treatment group)
consisted of 34 patients with metastatic luminal (HER2-
negative) breast cancer — these patients were receiving
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nomiHanbHu  (Her2-HeratuBHuii) PI3 — ue nauieHTkw,
ki oTpumyBanu ['T HecTepoigHmun |A Ta manu nporpecy-
BaHHS 3axBoptoBaHHA [0 12 wmicauiB 3a gaHumm KT
Ta ouiHkoo RECIST 1.1 (Response Evaluation Criteria In
Solid Tumors); Oo rpynu 2 (KOHTponbHa rpyna) yBilLO
48 xBOpMX Ha MeTacTaTuyHuMin noMiHanbHUA (Her2/neu-
HeratuBHuii) PI3 — ue nauieHTkn, ski oTpumysanm [T
HecTepoigHumMu |A Ta mManu nporpecyBaHHS 3axBOpPHOBaH-
HA nicna 12 micauis 3a aaHumu KT Ta ouiHkoto RECIST 1.1.

MaTemaTtunyHa (cTaTncTtuyHa) obpobka AaHnX BUKOHaHa
i3 3aCTOCYBaHHAM CTaHOAPTHUX CTaTUCTUYHUX MaKETIB
STATISTICA 10.0. Ons nepBuHHOI 06po0KM Tabnuub
Ta nonepegHix po3paxyHKiB BUKOPWCTOBYBanu nakeT
nporpam Excel. Po306ikHOCTI BBaxanu CTaTUCTUYHO
3Havywumm npu p < 0,05.

[nsa KinbKiCHNX OaHUX NepBMHHA CTaTUCTUYHA 0Opob-
Ka Bknovana B cebe obuMcrieHHs cepenHboro apudgme-
TUYHOro, Moxubku cepeaHbO apuOMETUYHOTO 3HAYEHHS,
cepefHbOKBaZApPaTUYHOIO BiOXMITEHHS.

BignoBigHicTeb eMNipMyYHNX PO3NOAINiB aHanisyBanach
3rigHO 3 HOpMarbHMM 3aKOHOM po3nogineHHs [ayca 3a
Kputepiem X? MNipcoHa.

BiamiHHOCTi Mk BMOipkamu, WO po3nogineHi 3a
HOpManbHMM 3aKOHOM, OLjiHIOBanM 3a napaMeTpu4HnM
kputepiem CTblogeHTa.

[ns xapaKTepuCTUKM iCHYBaHHS 3amneXxHoCTi (B3aeMo-
3B'I3KY) M BEMUYMHAMK 3aCTOCOBYBaNuUCs NapHUN Koe-
iuieHT kopensuii x? MipcoHa, TouHWUIA KpuTepin diwepa,
X2 3 nonpaskoto MeTca.

BigHocHui puank RR (relative risk) pospaxoBysaBcs
3 95% posipuum iHTepsanom Cl (confidence interval).

OuiHka 3aranbHOi BWXMBAHOCTI XBOPMX MPOBOAMIIACH
3a metogoM KannaHa—Mawepa.

PE3YABTATU TA iX OBFOBOPEHHS

KAIHI4YHMI NPOodDiAb 3aAYHEHUX Y AOCAIAXKEHHS

Bik XBOpMX Ha MOMEHT 3any4yeHHs A0 AOCHILKEHHSI
cTaHoBUB 24—82 poku, cepeHin Bik cknas (52,9 + 12,6) poku.
MepeBaxHa KinbkicTb xBopux Gyna Bikom noHag 50 pokis
SK B OCHOBHIN (18 nauieHTok — 52,94%), TaK i B KOHTPOIb-
Hin rpyni (32 nauieHTkn — 66,67%). Mpynn poanogineHi
3a BikoM ©6e3 CTaTUCTMYHO 3Hadywmnx po3bikHOCTEN
(x2 = 3,153; p > 0,05).

55 nauieHTok (67,07%) Ao nodaTky nikyBaHHA T 1A
nepebyBann B NpupoaHin noctmeHonaysi (puc. 1). Maui-
EHTKM SK OCHOBHOI, TaK i KOHTPOMbHOI rpyn, He Mamnu
CTATUCTMYHO 3HAYYLUMX PO3BiXKHOCTEN OO0 MEHCTpyarb-
Horo crtatycy (X2 = 1,790; p = 0,181). Ycim nauieHTkam,
AKi 3Haxogunucb y npe- abo nepumeHonaysi 6yno npwu-
3HAYeHO oOBapianbHy Cynpecito A0 Mno4vaTtky npunomy
HecTepoigHux |A, a nicna [OCArHeHHa nocTMeHonay-
3anbHUX piBHIB ecTpagiony Ta onikynoCcTUMymnio4oro
rOPMOHY, NPOJOBXEHO BBEAEHHA aHanoris  roHago-
TPOMiH-PUNI3NHI FTOPMOHIB KOXHi 28 AHIB NPOTArOM yCbOro
nepiogy nikyBaHHs IA.

Byno npoananizoBaHo po3noAin nauieHToK 3a iHAeK-
com macu Tina (IMT), srigHo 3 pekomeHAauismu Bce-
CBITHbOI OpraHisauii OXOpPOHW 300pOB’'sl. Y OOCHIMKEHHI
He BMSBWNOCb NAUIEHTOK 3i 3HAYHUM AediunMToM macw,
OXWUPIHHAMMW APYroro Ta TPeTbOro CTyneHis. 3rigHo 3 oTpu-
MaHUMW [AaHMMK, MepeBaxHa BinbLicTb XBOPUX B 060X
rpynax (3aranom 43 nauieHTkn, 52,44%) mana Hopmanb-
Hun IMT. 3a nokasHukamu IMT (puc. 2) rpynu gocnia-
XKEHHSA CTaTUCTUYHO 3HauvyLle He BigpisHanucs (p > 0,05).

hormone therapy with non-steroidal Als and had prog-
ression of the disease up to 12 months according to
CT data and RECIST assessment 1.1 (Response
Evaluation Criteria In Solid Tumors). Group 2 (control
group) consisted of 48 patients with metastatic luminal
(HER2/neu-negative) breast cancer — these patients were
receiving hormone therapy with non-steroidal Als and
had progression of the disease after 12 months according
to CT data and RECIST assessment 1.1.

Mathematical (statistical) data processing was perfor-
med using standard statistical software STATISTICA 10.0.
For the primary processing of tables and preliminary
calculations Excel software package was used. Differences
were considered statistically significant when p < 0,05.

For quantitative data the primary statistical processing
included calculations of arithmetic mean, arithmetic mean
error, standard error.

Correspondence of empirical distributions was analy-
zed according to Gaussian law of normal distribution
by x? Pearson’s criterion.

Differences between samples, which were distributed
according to normal law, were estimated by Student’s t-test.

Pearson’s paired correlation coefficient x?, Fisher’s
exact test, and x?> with Yate’'s correction were used
for characterizing the presence of interconnection bet-
ween values. Relative risk was calculated with 95% confi-
dence interval.

The estimation of OS of the patients was performed
by Kaplan—Meier method.

RESULTS AND DISCUSSION

Clinical profile of the patients

The age of the patients at the time of involvement in the
study was 24-82 years, average age was (52,9 + 12,6) years.
The overwhelming majority of the patients were 50 years
or older both in the treatment (18 patients — 52,94%) and
in the control group (32 patients — 66,67%). The groups
were uniformly distributed by age without statistically
significant differences (x? = 3,153; p > 0,05).

55 patients (67,07%) before the beginning of treatment
with hormone therapy with Als were in natural postmeno-
pause (Fig. 1). The patients from the treatment group,
as well as from the control group, didn’'t have statistically
significant differences in menstrual status (x> = 1,790;
p = 0,181). All patients who were in pre- or perimeno-
pause were prescribed ovarian suppression before the
start of intake of non-steroidal Als, and after reaching
postmenopausal levels of estradiol and follicle-stimulating
hormone, the administration of analogues of gonado-
tropin-releasing hormones every 28 days during the whole
period of treatment with Als was continued.

Distribution of patients by body mass index (BMI)
was analyzed according to the recommendations of World
Health Organization. There were no patients with significant
weight deficit, second-degree and third-degree obesity
in the study. According to the obtained data, the vast
majority of the patients in both groups (43 patients in
total, 52,44%) had a normal BMI. According to the BMI
measurements (Fig. 2) the groups of the study didn’t
have a statistically significant difference (p > 0,05).
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Bigomo, Wo TpvBane naniHHA LUrapok MoOXe acouito-
BaTUCA 3 MoraHMM nporHo3om nepebiry PIr3. Tak, 3a
Aanumn Pierce J. Ta iH. (2014 p.), cepea KONULLHIX KypuiB
pusvk peunausyBaHHa PI3 36inbwyetbca Ha 22%, Topi
SIK Cepell aKTUBHUX KypUiB, 3a3HayaltoTb aBTOpM, Biporia-
HicTb 30inbweHHs peumamBy PI3 3poctae o 41%,
a cmepTHocTi 8o 60% [6].

3aranom OGinbLWICTb XBOPUX Y AAHOMY [OCHIOXEHHI
He Oynu kypusamun — 64 (78,05%). B ocHoOBHIW rpyni Tux,
XTO ManuTb YX Nanue, He BUSBUIIOCb OOCTOBIPHO Ginblue
(11 (32,35%), Hix y koHTponbHin rpyni (7 (14,58%)
(x2=2,704; p = 0,101).

3a paHMMu  niTepatypy HasaBHICTb  FHEKOMNOTiYHUX
3aXBOPIOBaHb € OAHWMM i3 (paKkTopiB PU3NKY PO3BUTKY
PI3 [7, 8]. Byno npoaHanisoBaHo 41 BNnMBaB Len gakTop
Ha edeKTMBHICTb ['T y nauieHTiB 4aHOTro AOCTIMKEHHS.

Po3nogin xBopux 3anexHo Bifg CynyTHLOI FiHEKONOrivYHOI
nartornorii B aHaMHe3i HaBedeHo B Tabn. 1.

OTxe, CynyTHs riHekomnoriyHa nartonoria (rinepnnasis
€HOOMETPIsA, MiOMa MaTKW, reHiTanbHUN eHOOMETPIO3, KiCTH

It is known that long-term smoking may associate
with bad prognosis of breast cancer course. Indeed,
according to the data of Pierce J. et al. (2014), the risk of
breast cancer recurrence among ex-smokers increases
by 22%, whereas among active smokers, according to
authors, probability of breast cancer recurrence increases
up to 41%, and probability of death — up to 60% [6].

Generally, the majority of patients in this study were
non-smokers — 64 (78,05%). In the treatment group the
number of smokers or ex-smokers didn’t turn out to be
significantly higher (11 (32,35%) than in the control group
(7 (14,58%) (x® = 2,704; p = 0,101).

According to the literature data the presence of
gynecologic disorders is one of the factors of breast
cancer risk development [7, 8]. It was analyzed whether
that factor had an impact on the effectiveness of hormone
therapy in the patients of that study.

Distribution of patients depending on the concomi-
tant gynecologic pathology in past medical history is
given in Table 1.

OpuwuriHanbHi gocnigkeHHs

54 Original research



YKpaiHCbKWI pafionoriYHWi Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 50-61

Ukrainian journal of radiology and oncology. 2022;30(2):50-61

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

Ta6nuus 1. Po3nogin XxBopux Ha MeTacTaTU4HWI nomiHanbHuin (Her2-HeratusHun) PIr'3
B 3aMeXHOCTi Bii HAsABHOCTi CynyTHbOI riHeKomnoriyHoi nartonorii, n = 82
Table 1. Distribution of patients with metastatic luminal (HER2-negative) breast cancer depending
on the presence of concomitant gynecologic pathology, n = 82

Ipyna xBopux / Group of patients,
TiHeKoNoriuHMii aHaMHe3 n (%) v o
Gynecologic history ocHoBHa / treatment, | koHTponkHa / control,

n =34 n =48
lnepnnasis eHooMeTpis, Mioma MaTku 7 (20,59) 5(10,42) 0.935 0.334
Endometrial hyperplasia, hysteromyoma ’ ’ ’ ’
leHiTanbHW eHOOMETPIO3 2 (5,88) 0(0,00) 0.169 >0.05
Genital endometriosis ’ ’ ’ ’
KicTn seyHukis / Ovarian cysts 9(26,47) 7 (14,58) 1,114 0,292
BukungHi / Miscarriages 2 (5,88) 1(2,08) 0,567 >0,05
OO6TsKEeHWI aHaMHe3
Aggravated medical history 20 (58,82) 13 (27,08)
o o6 - 8,338 0,004

e 00T KeHU aHaMHe3

Non-aggravated medical history 14 (41,18) 35 (72,92)
Bcboro / Total 34 (100,0) 48 (100,0)

SIEYHUKIB, BUKMAHI) Byna BuseneHa y 33 (40,24%) nauieH-
TOK (Tabn. 1). B OCHOBHIN rpyni KiNbKiCTb NaLi€HTOK —
20 (58,82%), ski manm OOTSXKEHUWA TiHEKOMNOriYHWN
aHaMHes, BusBunacs 3Hadywe Ginbwoto (p < 0,05), Hix
Yy KOHTpoOnbHi rpyni — 13 (27,08%), Wo Moxe CBigunTK
npo OMNOCEPEAKOBAHUM 3B A30K MK  THEKONOrYHUMM
3aXBOPIOBAHHSIMM B aHaMHe3i Ta pO3BUTKOM HeYyTnu-
BocTigo I'T.

Kpim Toro, 6yno npoaHanizoBaHO aHaMHe3 NaujieHTOK
Wwoao qisionoriyHoi Ta LWTYYHO MepepBaHOi BariTHOCTEN.
MpunyckatoTe, wo nepwi (go 30 pokiB) Ta [OOHOLUEHI
(3 34 TwxHS) BariTHOCTI BMMMBaKTb Ha [OBrOCTPOKOBE
3HWKEHHS pu3nky po3suTKky PI3. 3 iHworo Goky, BiacyT-
HICTb MOMOoriB, OCOGNMBO Yy MOEAHAHHI 3i LWTYYHUMU 4K
camoBinbHMMU abopTamu, BUKMNMKaKOTb posnagu y rino-
Tanamo-rinocizapHo-oBapianbHin -~ cuctemn  Ta  guc-
6anaHc y nponidepaTMBHMX MNpouecax TKaHWHW TFpyaHOI
3anosu [9, 10].

3aranom 69 (84,15%) nauieHTok manu nonorn 6e3
3HaYyLWMX BiOMIHHOCTEW MiXK OCHOBHOW (26 (76,47%)
Ta KOHTponbHow (43 (89,58%) rpynamu. (x> = 1,676;
p = 0,196). WTy4yHe nepepvBaHHs BariTHOCTi (abopTw)
3aranom manu 40 (48,78%) nauieHToK.

ICHylOTb cynepeuynvBi OaHi WoOO0 BMAAMBY FOPMO-
HanbHUX KOHTPALENTMBIB Ha PU3MK BUHUKHEHHS PI3.
Nurses’ Health Study Hagano ouiHky 3383 Bunagkam
Pr3 cepeg 1,6 MnH XiHOK. 54% nauieHTOK Hikonm
He npuiAManu oparnbHi FOpPMOHalnbHI  KOHTpaLEenTuBu,
40% npuimanu ix y MuHynomy, 6% npunumanu npoTtu-
3annigHi npenapatM Ha MOMEHT BKIIOYEHHA B Jocnia-
XeHHs. Pesynbratom [JaHOro adanisy cTaB BWCHOBOK
Nnpo BIACYTHICTb niaBUWEHUX pusnkiB PI3 cepen yciei
KOropTW, 30KpemMa cepef >KiHOK, aKi npunmManu oparbHi
KoHTpauenTueu Ginbwe 10 pokiB Ta ceped XiHOK Mo-
noguwe 45 pokis [11].

B ogHoMy 3 HamGinbLMX AocnimpkeHb, wo 6yno onyob-
nikoeaHo y 2017 p. y New England Journal of Medicine,
Oyno npoaHanizoBaHo 1,8 MIH XiHOK, siki 3aCTOCOBYBanu
CydacHi ropMoHanbHi npoTusannigHi npenapaTtu, WO
MiCTSITb Oinblu HU3bKI 403M €CTPOreHy Ta HOBi CUHTETUYHI
NPOrecTUHOBI KOMMNOHEHTU. [ocnimpkeHHa nokasano, Lo
MOPIBHAHO 3 >XiHKaMu, SKi HIKOMM He BWKOPUCTOBYBanu
rOpMOHanbHi  KOHTpaUenTMBW, BiAHOCHUI pusnk PIr3
Y XIHOK, 1O MPOAOBXYKTb UM NpurUManu ix y MUHYMoOMY,

Thus, concomitant gynecologic pathology (endometrial
hyperplasia, hysteromyoma, genital endometriosis, ovarian
cysts, miscarriages) was detected in 33 (40,24%) patients
(Table 1). In the treatment group the number of patients —
20 (58,82%), who had an aggravated gynecologic history,
turned out to be significantly higher (p < 0,05) than in the
control group — 13 (27,08%). This fact may indicate about
mediated connection between gynecologic disorders
in medical history and development of insensibility to
hormone therapy.

Besides, the medical history was analyzed for physio-
logically and artificially interrupted pregnancies. It is
assumed that the first (before 30 years) and full-term
(from 34" week) pregnancies affect on the long-term
breast cancer risk decrease. On the other hand, the
absence of childbirth, especially combined with artificial
or arbitrary abortions, causes disorders in hypothalamic-
pituitary-ovarian system and disbalance in proliferative
processes of breast tissue [9, 10].

In total, 69 (84,15%) patients had childbirths
without significant differences between the treatment
(26 (76,47%) and the control (43 (89,58%) groups
(x> = 1,676; p = 0,196). 40 (48,78%) patients had their
pregnancies artificially interrupted (abortions).

There are controversial data on impact of hormonal
contraceptives on the risk of breast cancer formation.
Nurses’ Health Study analyzed 3383 cases of breast
cancer among 1,6 million women. 54% of the patients have
never taken oral hormonal contraceptives. 40% used to
take them, 6% were taking contraceptives at the time of
involvement in the study. As a result of this analysis, it was
concluded that there was no increased risk of breast
cancer among the entire cohort, in particular among
the women who had been taking oral contraceptives
for more than 10 years, and among the women younger
than 45 years old [11].

In one of the biggest studies, which was published
in 2017 in New England Journal of Medicine, 1,8 million
women, who were using modern hormonal contraceptive
preparations, which contained much lower doses of
estrogen and new synthetic progestin components, were
examined. The study showed that in comparison with
women, who had never used hormonal contraceptives,
the relative risk of breast cancer in women, who continued
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6ys nigBuwernun (RR = 1,20; 95% CI = 1,14-1,26).
ABTOpM TakOX 3asHauunu, wWo pusnk PI3 3pocTtae
3 TPMBAnICTIO MPUIAOMY TOPMOHANbHUX KOHTpaLENTUBIB,
Tak npu npunomi noHag S pokie, Wwe sK MiHIMyM 5 pokiB
nicna NPUNUHEHHST 3aCTOCYBaHHS [aHUX Mpenaparis,
pusnk 36epiraeTbes. lMigrpynoBuii aHania nokasaB Bif-
CYTHICTb pi3HUUi BNMBY Ha pu3nk PI'3 B 3anexHocTi Big
dopMu Ta LWNAXiB BBEAEHHSA KOHTpaLenTueiB. Tak, npena-
patn ong nepopanbHOro NPUMOMY Ta BHYTPILUHbOMATKOBI
cripani, WO MiCTATb NMwWe feBOHOprecTpesn, oboninbHO
nigsuwytoTte pusmk PI'3 — RR = 1,93, 95% CI = 1,18-3,16,
Ta RR =1,21, 95% CI = 1,11-1,33, BignosiaHo [12].

LLlogo npuiioMy npoTtusannigHUX ropmMoHanbHUX Mnpe-
napartiB Haganu iHdopmauito Tinbkn 10 xBopux (12,2%),
3 Hux 7 oci6 (20,59%) ocHosHOi rpynn Ta 3 (6,25%)
KOHTpPOMbHOI rpynu. PisHMUA MK rpynamm He € cTartuc-
TUYHO 3Havywoto (x2 = 0,084; p > 0,05), MOXNMBO Yepes
HWU3bKY KiNbKiCTb COCTEPEXEHD.

Byno ouiHeHo CiMeWHU OHKOMOrYHUIMN aHaMHe3 YCiX
nauieHTok. OBTsXKEeHMM BBaXkanu BUMNAAKWA OHKOMOMiYHUX
3axBOplOBaHb cepeq poamdiB, ocobnmBo PI3 Ta pak
AEYHUKIB.

3a paHvmu niTepatypu cnagkoBi daktopy 06ymoBmo-
totb go 10% ycix Bunagkis PI3. [o KputepiiB reHe-
TWYHOrO AiarHody cnagkoBoro PI3 BigHOCATbL HasiBHICTb
y poavHi aBox Ta Oinbwe pogwuie |-l cTtyneHiB cno-
pigHeHocTi, ski xBopinu Ha PI3; giarHocTyBaHHSA MyXJMH
Yy KIHOK PpaHHbOro BiKy; ABODIYHE YpaKEHHS TpyaHUX
3anos; nepBMHHA MHOXWHHICTb HOBOYTBOPEHb Y XBO-
poro Ta Woro poawudie; cneundiyHi NyxnuHHI acouiauii
(cvHppom cimenHoro PI3 / s€e4HuKiB, CMHOPOM CiMEHOro
PIr3 / se4HukiB / eHoomeTpist / TOBCTOI KULIKKM (CMHAPOM
Jlinya) Towo), piarHoctyBaHHs PI'3 y yonogikis [13].

3aranom 27 (32,93%) nauieHTok BKasanu Ha fiarHocTy-
BaHHS paky y poguHi (Tabn. 2). B o6ox rpynax He BUABIEHO
CTaTUCTUYHO 3HAYyLLMX PO3BKHOCTEN LWOAO OOTSKEHOCTI
OHKOMoriYHoro aHamHesy (x2 = 0,459; p > 0,05).

taking them or used to take them, was increased
(RR =1,20; 95% CI = 1,14-1,26). The authors also stated
that the risk of breast cancer increased with time of
intake of hormonal contraceptives: if one was taking
them for 5 years, the risk would still remain for no fewer
than 5 years after ceasing to take these preparations.
The subgroup analysis showed the absence of difference
of impact on risk of breast cancer depending on the
form and ways of administering contraceptives. Indeed,
the preparations for oral administration and intrauterine
devices, which contain only levonorgestrel, mutually incre-
ase risk of breast cancer — RR = 1,93, 95% CIl = 1,18-3,16,
and RR = 1,21, 95% CI = 1,11-1,33, respectively [12].

Only 10 patients (12,2%), 7 (20,59%) out of the treat-
ment group, and 3 (6,25%) out of the control group,
gave information on the intake of hormonal contraceptives.
The difference between the groups is not statistically
significant (x2 = 0,084; p > 0,05), probably due to a small
number of observations.

Family oncological history of all patients was assessed.
The cases of oncological diseases among relatives,
especially breast cancer and ovarian cancer, were consi-
dered to be aggravated.

According to literature data, hereditary factors cause
up to 10% of all cases of breast cancer. The criteria of
genetic diagnosis of hereditary breast cancer include
presence of 2 and more |-ll-degree relatives, who had
breast cancer, in the family; diagnosis of tumors in women
of young age; bilateral breast lesion; primary multiplicity of
tumors in the patient and their relatives; specific tumor
associations (syndrome of family breast cancer / ovarian
cancer, syndrome of family breast cancer / ovarian cancer /
endometrial cancer / colon cancer (Lynch syndrome) etc.),
diagnosis of breast cancer in men [13].

In total, 27 (32,93%) patients informed about the diag-
nosis of cancer in the family (Table 2). No statistically
significant differences in the aggravation of oncological
history was determined in both groups (x? = 0,459; p > 0,05).

Ta6nuus 2. Po3nogin XxBopux Ha MeTacTaTUYHWI noMiHanbHuin (Her2-HeratusHun) PIr'3
B 3aNEXHOCTI Bif CIMENHOro OHKONOriYHOro aHamHesy, n = 82
Table 2. Distribution of patients with metastatic luminal (HER2-negative) breast cancer depending
on family oncological history, n = 82

'pyna xBopux / Group of patients,
Bunaaku OHKOMOMYHMX 3aXBOPIOBaHb y poaudiB n (%) )
Cases of oncological diseases in relatives ocHoBHa / treatment, KOHTpOIbHa / control, X P
n=234 n =48
PI'3, pak sie4HukiB, pak npocTtaTtu 4(11,76) 5(10,42) 0.028 0869
Breast cancer, ovarian cancer, prostate cancer ’ ’ ’ ’
Pak nerenis / Lung cancer 1(2,94) 2 (4,17) > 0,05
Pak LLNyHKOBO-KMULLKOBOIO TpaKTy 4(11,76) 3 (6,25) 0441 005
Gastrointestinal cancer ’ ’ ’ ’
IHwWi Buan paky / Other types of cancer 2 (5,88) 6 (12,5) 0,459 >0,05
Bcboro / Total 11(32,35) 16 (33,33)
- 0,009 0,926
Hi/ No 23(67,65) 32 (66,67)
Bcboro / Total 34(100,0) 48 (100,0)

Y xBopux Ha nomiHanbHun (Her2-HeratusHuin) PI3,
3anyyeHnx y OOChigXeHHs, HanyacTiwe crnocTepiranocb
noefHaHe MeTacTaTM4He ypaXKeHHs KiCTok B 060X rpynax —
23 (67,65%) Bunapkn B ocHoBHIN rpyni Ta 31 (64,58%) —
Yy KOHTPOJSbHIl rpyni, MpoTe CTaTUCTUYHO 3HAYYLLOT Pi3HUL
He BusaBneHo (X2 = 0,083; p = 0,774). I3onboBaHe ypaKeHHs
KICTOK 3Ha4YHO uacTile Oyrno BWSIBNIEHO B KOHTPOIbHIN

In the patients with luminal (HER2-negative) breast
cancer, who were involved in the study, combined meta-
static bone lesion was most often observed in both
groups — 23 (67,65%) cases in the treatment group and
31 (64,58%) in the control group, however no statistically
significant differences were detected (x? = 0,083; p= 0,774).
Isolated bone lesion was significantly more often detected
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rpyni xgopmx Ha metactatudHui PI3 — 14 (29,17%) Bu-
nagkis npotn ogHoro (2,94%) BunagKky B OCHOBHIW rpyni
(x?=0,003; p < 0,05).

KombGiHauito gBox Ta bGinblue HeBicuepanbHUX MeTa-
CTaTUYHMX  BOTHULL (3  BMKITIOYEHHSAM  BicLepanbHUX
meTacTasiB) giarHoctysanu Tinbkn y 2 (5,88%) nauieHTis
ocHoBHoi rpynn Ta 'y 10 (20,83%) KOHTponbHOI rpynu, 6e3
CTaTUCTMYHO 3HauyLwoi pisHuui (x2 = 0,109; p = > 0,05).
Cepeq BicuepanbHNX MeTacTasiB nepeBaxanu ypakeHHs
nereHeBoi TkaHWHK B 060x rpynax — 19 (55,88%) sunagkis
B OCHOBHIW rpyni Ta 15 (31,25%) BunagkiB y KOHTPOMbHIN
rpyni (X2 = 4,975; p = 0,026). 3a YacToTO AiarHOCTYBaHHS
MeTacTasiB y MeYiHKy MK OCHOBHOK Ta KOHTPOMbHO
rpynamy Oyno BUSBMEHO PI3HULKO Ha PiBHI TeHaeHUii
0o cratuctuyHoi 3Haummocti — 13 (38,24%) xBopux
B OCHOBHiIN rpyni Ta 6 (12,5%) xBOpUX y KOHTPOIbHI rpyni
(x? = 7,405; p = 0,007). I3onboBaHi BicLepanbHi MeTacTasm
(TinbkM y nereHi um TiNbkn y neviHky) Oyno iHiyianeHo
piarHocToBaHo y 4 (11,76%) xBOpMX B OCHOBHIN rpyni Ta
y 9 (18,75%) B kOHTpONbHiIN rpyni (x? = 0,299; p = 0,585).

IMyHoricToximi4HKIA NpoddiAb NYXAUH

IcTOpMYHO BBaXKaeTbCH, L0 MYXMMHM 3 PiBHEM eKcrpe-
cii ER 6inbwe 50% xapakTepusyloTbCa €EeKTUBHILLIOW
Bignosigat Ha [T [14].

[ocnigxeHo, Wo cepefHin piBeHb ekcnpecii ER y Bcix
xBopux cknaB 80,5 + 22,9%. XapakTepHMM BUSIBUNOCH,
Lo BMCOKMIA piBeHb ekcrpecii ER (> 50%) 6ys nputamaH-
HWI GinblocTi nauieHTok B obox rpynax — 29 (85,29%)
B OCHOBHI Ta 43 (89,58%) — B KOHTpOMbHiIN rpyni, 6e3 cTa-
TUCTMYHO 3HauYyLWwmx po3bixHocTer (X2 = 0,342; p = 0,559).

Ekcnpecig PR npwu ntomiHanbHomy (Her2-HeratusHomy)
PI'3 € ogHMM i3 NMPOrHOCTUYHUX MapKepiB arpecuBHOCTI
nepebiry 3axBoptoBaHHA Ta 4ytnueocTi go ['T. BigcyTHicTb
ekcnpecii PR Bu3Hauae ntomiHanbHuin B nigtun PI3 Tta
Moxe OyTu dakTopom abepaHTHOI nepefadi curHanie
haKTopiB POCTY, WO CMPUYUHAE PE3UCTEHTHICTL Ao [T,
Hes3Baxaroum Ha HasBHY ekcnpecito ER [15].

MepeBaxHa GinbLUicTb NayieHTok — 27 (79,41%) xBOpurX
B OCHOBHI rpyni Ta 43 (89,58%) XBOpUX y KOHTPOIbHIi
rpyni manu ekcnpecito PR. CepegHii piBeHb ekcnpecii
PR cknaB 42,7 + 35,3%. BigcyTHicTe ekcnpecii PR
6yno BusHayeHo y 7 (20,59%) XBOpMX OCHOBHOI rpymnu
Ta 5 (10,42%) xBOpUX KOHTPONbHOI rpynu. CTaTucTnyHO
3Ha4vywux BiOMIHHOCTEN MK rpynaMmuM He BCTaHOBMEHO
(x2 = 1,648; p = 0,200). Bucoky ekcnpecito PR (>50%)
manun 15 (44,12%) nauieHTOK OCHOBHOI rpynu Ta
16 (33,33%) koHTponbHOI rpynu (X2 = 0,984; p = 0,322).

Binomo, wWwo piBeHb iHAOekcy nponidepadii  Ki-67
BNNMBae Ha BMOGIp TakTMKWM MiKyBaHHS NaLi€EHTOK 3 MeTa-
cTatu4HUM niomiHanbHum PI3. Ki-67 siBnsie coboto aHTureH
y agpi KNiTUH y BCiX dasax KMAiTUHHOTO UMKIY, OKpiM
dasn cnokoro (GO). Y 3B’asky 3 Tum, wo Ki-67 npucyTHin
nvwe B nponicepyoumx KniTMHax, AaHun mapkep 6yB
pekomeHgoBaHun y 2013 poui ekcneptamm St. Gallen
International Breast Cancer Conference ans crtpatudi-
Kauil NyxnvH 3 BUCOKOK Ta HWU3LKOK MponidepaTUBHO0
aktuBHicTio. lMpwn iHgekci Ki-67 6Ginbwe 20% ropmoH-
peLenTop MO3WUTUBHI NYyXNUHW BIAHOCATb OO NOMiHanNb-
Horo nigTuny B. Hapasi xapaktep AWHaAMIYHUX 3MiH
nokasHukie Ki-67 BMBYAETbCA Y KOHTEKCTI MEepBUHHOT
PE3NCTEHTHOCTI NyXNWH A0 Heoapa'toBaHTHOI T [16].

[ocnigxeHo, WO cepefHin piBeHb iHAeKcy nponide-
pauii Ki-67 y Bcix nauieHTok cknaB 29,98 * 18,28%.
BinbWwicte XBOpMX Ha MeTacTaTUYHUKA  NIOMiIHaNbHUI
(Her2-HeratuBHuii) PI'3 sk B ocHoBHin rpyni (20 nauieH-

in the control group of patients with metastatic breast
cancer — 14 (29,17%) cases compared to one (2,94%)
case in the treatment group (x? = 0,003; p < 0,05).

The combination of two and more non-visceral meta-
stasis sites (excluding visceral metastases) was diagnosed
only in 2 (5,88%) patients of the treatment group and
in 10 (20,83%) patients of the control group without statis-
tically significant difference (x* = 0,109; p = > 0,05). Among
visceral metastases, lung tissue lesions were prevalent
in both groups — 19 (55,88%) cases in the treatment group
and 15 (31,25%) cases in the control group (x* = 4,975;
p = 0,026). There was a difference in frequency of diag-
nosing metastases to the liver between the treatment
and the control group at the level of tendency to statistical
significance — 13 (38,24%) patients in the treatment group
and 6 (12,5%) patients in the control group (x> = 7,405;
p = 0,007). Isolated visceral metastases (only to the lungs
or only to the liver) were initially diagnosed in 4 (11,76%)
patients in the treatment group and 9 (18,75%) in the
control group (x? = 0,299; p = 0,585).

Immunohistochemical profile of tumors

It is historically believed that tumors with ER expression
level more than 50% are characterized by the more
effective response to hormone therapy [14].

It was studied that the average ER expression level in
all patients was 80,5 + 22,9%. It turned out to be distinctive
that the high level of ER expression (> 50 %) was present
in the majority of the patients in both groups — 29 (85,29%)
in the treatment group, and 43 (89,58%) — in the con-
trol group without statistically significant differences
(x2=0,342; p = 0,559).

PR expression in luminal (HER2-negative) breast
cancer is one of prognostic markers of aggressiveness of
disease course and sensibility to hormone therapy.
The absence of PR expression determines luminal B sub-
type of breast cancer and may be the factor of aberrant
transmission of signals of growth factors, which contribu-
tes to resistance to hormone therapy despite the present
ER expression [15].

The overwhelming majority of patients — 27 (79,41%) in
the treatment group and 43 (89,58%) in the control group
had PR expression. The average level of PR expression
was 42,7 + 35,3%. The absence of PR expression was
determined in 7 (20,59%) patients of the treatment group
and 5 (10,42%) patients of the control group. No statisti-
cally significant differences between the groups were
established (x2 = 1,648; p = 0,200). High PR expression
(> 50%) was in 15 (44,12%) patients of the treatment group
and 16 (33,33%) of the control group (x? = 0,984; p = 0,322).

It is known that the level of Ki-67 proliferation index
affects the choice of treatment strategy of the patients
with metastatic luminal breast cancer. Ki-67 is an antigen
in a cell nucleus in all phases of the cell cycle, except
for quiescence phase (G0). Because of the fact that Ki-67
is present only in proliferating cells, this marker was recom-
mended in 2013 by the experts of St. Gallen International
Breast Cancer Conference for stratification of tumors
with high and low proliferative activity. When Ki-67 index
is higher than 20%, hormone receptor-positive tumors are
referred to as the ones of luminal subtype B. At present,
the character of dynamic changes of Ki-67 values is stu-
died in the context of primary resistance of humor to
neoadjuvant hormone therapy [16].

It was researched that the average level of Ki-67 proli-
feration index in all patients was 29,98 + 18,28%. The majo-
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ToK; 58,82%), Tak i B KOHTpOnbHin rpyni (28 nauieHTok;
58,33%) manu ekcnpecito iHgekcy Ki-67 noHag 20%,
6e3 CTaTUCTMYHO 3Hauylmx posbixHocten (x? = 0,002;
p = 0,965).

MoAeKyAIpHO-reHeTU4YHi 0COBAUBOCTI
noAimopdpismiB reHa ecTporeHoBoro
peuenTtopa ESR1 (A-351G, T-397C)

Y XBOPUX HO METACTATUYHUI
AOMiIHAAbHUM (Her2-HeraTtusHuin) PI3

OTpumaHi fgaHi nokasanu, wWwo reHotun AA 3a
reHom ESR1 (A-351G) cnoctepirascs y 47 (57,3%) iHOK.
MonimopcHi BapiaHtT — AG Tta GG 3a reHom ESR1
(A-351G) Busunn y 27 (32,9%) ta 8 (9,8%) nauieHTok
Bi4NoBIgHO. AHANOrYHUM pPO3NoAin BUSABMAEHO 3a rEHOM
ESR1 (T-397C), a came 44 (53,7%) Bunagku peectpa-
uii reHotuny TT Ta 25 (30,5%) i 13 (15,8%) Bunagkis TC
i CC BignosigHo.

BusiBneHo cTaTMCTUMYHO 3Hadvylly po3bikHICTb nepe-
BaXXKHO B OCHOBHIW rpyni KifbKOCTi NaUi€EHTOK 3 HasBHICTIO
sk nonimopaiamie 351 AG, 351 GG (x? = 11,515; p < 0,001),
Tak i nonimopdiamie 397 TC, 397 CC (x2 = 32,816;
p <0,001) rena ESR1.

O6’'eKTUBHA BiANOBiAb HO AIKYBOHHS

lMpoaHanizoBaHo BignoBigb Ha nikyBaHHA |A 3rigHO
3 MixHapogHumu kputepismn RECIST 1.1. BnpopoBx
12 micsauiB nikyBaHHs. 3aranbHy eeKTUBHICTb NiKyBaHHS
(noBHa BignoBiab, 4YacTkoBa BignoBigb Ta cTabinizauis
3axBoptoBaHHA) Manu 14 (63,64%) nauieHTOK OCHOBHOI
rpynu 1a 13 (100%) koHTponbHOI 3 nonimopdizmamu AG
Ta GG reHa ESR1 (A-351G), p > 0,05. Y 8 (36,36%) naui-
€HTOK 3 nomniMmopdHumK BapiaHTamu reHa ESR1 (A-351G)
B OCHOBHIl rpyni 6yrno 3apeecTpoBaHO Npu NEPLUOMY KOHT-
pornbHOMY OOCTEXEHHi MporpecyBaHHs 3axBOPHBAHHS,
Lo BiAgNOBIAaEe NEpBUHHIN HeyyTnNMBOCTI Ao Tepanii IA.
Y KOHTPOMbHIV rpyni TakMx nauieHToK He 6yno, pisHWuUS
€ 3Havywoto (X2 = 0,01525; p < 0,05).

Y nauieHTok — HociiB reHotuniB TC ta CC reHa ESR1
(T-397C), B OCHOBHi/ Ipyni TakOX 4acTiwe BUABMSANM
nporpecyBaHHs 3a kputepiamm RECIST 1.1. Ha coHi niky-
BaHHS |A BnpogoBx 12 micsuiB — 10 nauieHTok (34,48%)
B OCHOBHIi# rpyni; 0% — B KOHTPOMbHIi, NpoTe pi3HMLUA
He € 3Hauywwoto (x? = 0,07853; p > 0,05).

PU3UKM PO3BUTKY PAHHbLOI PE3UCTEHTHOCTI
AO ITIA B 30A€XHOCTIi BiA HASIBHOCTI
noAimopdpHUx BapiaHTiB reHa ESR1

3a [ponomorol pospaxyHKiB MokasHukiB abconoT-
HOro Ta BiOHOCHOroO pwu3ukiB, Oyno npoBegeHO aHanis
NMPOrHOCTMYHOI poni noniMopcpHux reHotunie  A-351G
3a reHom ESR1, 3 obumncnenHsm 95% posipyoro iHTep-
gany (CI) (tabn. 3).

Ak BipoGpaxeHo y Tabn. 3, HasBHICTb MoniMopdHUX
BapiaHTiB A-351G 3a reHom ESR1 3HayHO 36inbluyBana
iMOBIPHICTb PO3BUTKY PaHHLOrO MPOrpecyBaHHs Ha (OHI
ropmoHoTepanii 1A B cepegHbomy B 2,4 pasu (BP 2,39;
95% [l = 1,41-4,04), (p < 0,001).

[ns nonimopdiamie 397 TC, 397 CC reHa ESR1 Takox
Oyno npoBedeHO PO3paxyHKW MOKa3HWKIB abCcomnTHOro
Ta BiLHOCHOrO pM3uKiB, 3 obuncneHHsm 95% CI (tabn. 4).

BusHaueHo, wo reHotun T-397C Takok Mae npor-
HOCTUYHE 3Ha4eHHs. TaK, PVU3UK BUHWKHEHHS PaHHLOIO

rity of the patients with metastatic luminal (HER2-nega-
tive) breast cancer in both treatment group (20 patients;
58,82%) and control group (28 patients; 58,33%) had
more than 20% expression of Ki-67 index without statis-
tically significant differences (x? = 0,002; p = 0,965).

Molecular genetic features

of polymorphisms (A-351G, T-397C)

of ESR1 estrogen receptor gene in patients
with metastatic luminal (HER2-negative)
breast cancer

The obtained data showed that AA genotype of
ESR1 gene (A-351G) was observed in 47 (57,3%) women.
Polymorphic variants — AG and GG of ESR1 gene
(A-351G) were detected in 27 (32,9%) and 8 (9,8%) pa-
tients respectively. Analogical distribution was detected
by ESR1 gene (T-397C), namely 44 (53,7%) registration
cases of TT genotype and 25 (30,5%) and 13 (15,8%)
cases of TC and CC respectively.

A statistically significant difference was mainly detected
in the treatment group in a number of patients with the
presence of both polymorphisms 351 AG, 351 GG
(x2=11,515; p <0,001) and polymorphisms 397 TC, 397 CC
(x2=32,816; p < 0,001) of ESR1 gene.

Objective response to treatment

The response to the treatment with Als was analyzed
according to international RECIST 1.1. criteria during
12 months of treatment. 14 (63,64%) patients of the treat-
ment group and 13 (100%) patients of the control group
with polymorphisms AG and GG of ESR1 gene (A-351G),
p > 0,05 had overall effectiveness (complete response,
partial response, and stabilization of the disease).
In 8 (36,36%) patients with polymorphic variants of ESR1
gene (A-351G) of the treatment group, the progression of
the disease was detected during the first follow-up exami-
nation, and it corresponds with primary insensibility to the
therapy with Als. There were no such patients in the cont-
rol group, difference is significant (x? = 0,01525; p < 0,05).

In the patients who had TC and CC genotypes of ESR1
gene (T-397C) progression was also more often detected
according to RECIST 1.1. criteria during the treatment
with Als for 12 months — 10 patients (34,48%) of the treat-
ment group, 0% — of the control group, but the difference
is not significant (x? = 0,07853; p > 0,05).

Risks of development of early resistance
to hormone therapy with Als depending on the
presence of polymorphic variants of ESR1 gene

Using the calculations of values of absolute and
relative risks, the analysis of prognostic role of polymorphic
genotypes A-351G of ESR1 gene was performed with
calculation of 95% of confidence interval (Cl), (Table 3).

As it is shown in Table 3, the presence of polymor-
phic variants A-351G of ESR1 gene significantly increa-
sed the probability of development of early progression
during hormone therapy with Als on average by 2,4 times
(RR 2,39; 95% CI = 1,41-4,04) (p < 0,001).

For polymorphisms 397 TC, 397 CC of ESR1 gene
calculations of absolute and relative risks were also
performed with calculation of 95% of Cl (Table 4).

It was determined that genotype T-397C also has
prognostic significance. Indeed, the risk of appearance
of early progression in patients with polymorphic variants

OpuwuriHanbHi gocnigkeHHs

Original research



YKpaiHCbKWI pafionoriYHWi Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 50-61

Ukrainian journal of radiology and oncology. 2022;30(2):50-61

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

nporpecyBaHHst y xBopux 3 noniMopdHumu BapiaHTammn  T-397C of ESR1 gene increases by 4,5 times (RR 4,55;
T-397C reHa ESR1 nigeuwyeteca B 4,5 pa3n (RR 4,55; 95% Cl = 2,48-8,33), (p < 0,001).

95% Cl = 2,48-8,33), (p < 0,001).

Ta6nuus 3. Ponb nonimopgHux BapiaHTie A-351G reHa ESR1 y nporHo3yBaHHi paHHbOi pe3ncTEHTHOCTI
00 ropmoHoTepanii |A y XBoprx 3 MeTacTaTU4HUM ftoMiHanbHUM (Her2-HeratmeHum) PT3
Table 3. The role of polymorphic variants A-351G of ESR1 gene in prognosing early resistance
to hormone therapy with Als in patients with metastatic luminal (HER2-negative) breast cancer

ABCOMOTHMIA pU3KK B OCHOBHIW rpyni / Absolute risk in the treatment group 0,65
ABCOMOTHNI PU3KK Y KOHTPONbHIN rpyni / Absolute risk in the control group 0,27
BigHocHui pusuk (BP) / Relative risk (RR) 2,39*
CranpgaptHa noxubka BigHocHoro puauky / Standard error of relative risk 0,27
HwxHs mexa 95% CI / Lower range of 95% Cl 1,41
BepxHsa mexa 95% CI/ Upper range of 95% Cl 4,04

TMpumimku: *cakTop nigBuULLYE YacToTy BUNaAKiB (MpsSiMUiA 3B’A30K).
Notes: *factor increases the frequency of cases (direct connection)

Ta6nuus 4. Ponb nonimopdHux BapiaHTiB T-397C reHa ESR1 y nporHo3yBaHHi paHHbOT pe3MCTEHTHOCTI
0o ropmoHoTepanii |A y XBoprx 3 MeTacTaTU4HUM MtoMiHanbHUm (Her2-HeratveHum) PI3
Table 4. The role of polymorphic variants T-397C of ESR1 gene in prognosing early resistance
to hormone therapy with Als in patients with metastatic luminal (HER2-negative) breast cance

ABCOMIOTHMIN pU3MK B OCHOBHIN rpyni / Absolute risk in the treatment group 0,85
ABCOMOTHUIA PU3KK Y KOHTPONbHIN rpyni / Absolute risk in the control group 0,19
BigHocHui pusmk (BP) / Relative risk (RR) 4,55*
CrangapTtHa noxubka sigHocHoro pusmuky / Standard error of relative risk 0,31
BepxHsa mexa 95 % CI Lower range of 95% Cl 8,33
HwxHst mexxa 95% CI / Upper range of 95% ClI 2,48

TMpumimku: *akTop NiaBULLYE YacTOTy BUNaAKiB (MPSMUIA 3B’A30K).
Notes: *factor increases the frequency of cases (direct connection).

3araAbHA BUXKUBAHICTb

Overall survival

HesBaxkatoum Ha HecnpuATAMBUMIA NPOrHO3 MosiMop- In spite of unfavorable prognosis of ESR1 gene poly-
diamiB reHa ESR1 Ha edekTtmBHicTb nikyBaHHsA T IA, 3B morphisms on the effectiveness of treatment with hormone
ans GinbliocTi nauieHTok, wo byna ouiHeHa 3a MetogoM  therapy with Als, OS for most patients, which was estimated
KannaHa—Marwepa, cknana 6inble 5 pokis. Tak, noka3uuk by Kaplan—Meier method, was more than 5 years. Indeed,
cepefHbOi BUXXMBAHOCTI B OCHOBHIN rpyni cknae 56,3 mic., the value of mean survival was 56,3 months in the

Y KOHTPONbHIN rpyni — 73,5 mic. (puc. 3).

treatment group, 73,5 months in the control group (Fig. 3).

EymyAsTrasa S3CTY THE, IT0 mewam | Kanags-iiadep]
Cumuipiive particie of those who sunived (Kapian-AMeder)

o

A

o o = [ o o
= ® - W W
¥
p_J ¥

Kynipnetmma S3CTES THE, ¥T0 RHNER
=]
("

Cumuilaive parkcde of those who survived

o
b

=

(=]
o

[ =]
¥}
I}t
&
i
o
i

i
k3
i
[
b

[

L=

Fpyna 1
Group 1
Fpyna il
Group 1

Puc. 3. 3aranbHa BUXKMBaHICTb Y XBOPUX HA MeTacTaTUYHUIA NioMiHanbHuiA (Her2-HeratusHuin) PI'3
Fig. 3. Overall survival in patients with metastatic luminal (HER2-negative) breast cancer
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BUCHOBKMU

He BcTaHOBMEHO 3B’'A3KY MK aHaMHeCTU4YHUMMU Aa-
HMMK nauieHTiB (MeHonay3anbHWUI cTaTyc, iHOEeKC macu
Tina, penpoaykTuBHa (YHKLiS, NPUAOM OpanbHUX KOHTP-
auenTuBiB, CiIMEVHUIA aHaMHe3), KpiM CymnyTHbOI riHeKorno-
rivHoi natonorii (p < 0,05) Ta po3BUTKOM paHHBLOrO Nporpe-
cyBaHHs PI'3 Ha dooHi T 1A.

BctaHoBneHo, WO cepeq YciX NauieHTOK nepeBaxas
reHotun AA 3a reHom ESR1 (A-351G) — 47 (57,3%) Ta
8 (9,8%) naujieHTOK BignNoOBIgHO.

3a reHom ESR1 (T-397C) BusHayeHo reHotun TT
y 44 (53,7%) Bunagkax 1a TC i CC y 25 (30,5%) Ta
13 (15,8%) Bunagkax, BianoBigHo.

BusiBneHO cTaTUCTUMYHO 3Hauvylly po3bikHICTb nepe-
Ba)XHO B OCHOBHIW rpyni KifbKOCTi NaUiEHTOK 3 HasiBHICTIO
sk nonimopaiamie 351 AG, 351 GG (x? = 11,515; p < 0,001),
Tak i nonimopdiamie 397 TC, 397 CC (x? = 32,816;
p <0,001) rena ESR1.

BusHaveHo, WO nNepBMHHA HeYyTNMBICTb A0 Tepanii
IA Byna cTaTMCTUYHO 3HAYHO YacCTILLOK B OCHOBHIN rpyni
3 noniMopdHumn BapiaHTamu reHa ESR1 (A-351G),
(x? = 0,01525; p < 0,05).

HasBHicTb noniMmopdHux BapiaHTiB A-351G 3a reHom
ESR1 crtatuctnyHo 3Hadywle 36inbllyBana iMOBIpHICTb
PO3BMTKY pPaHHbLOrO MPOrpecyBaHHsi Ha POHI FOPMOHO-
Tepanii IA B cepegHbomMy B 2,4 pasm (RR 2,39;
95% Cl = 1,41-4,04), (p < 0,001).

Pu3nK BUHMKHEHHSI paHHLOrO MPOrpecyBaHHs y XBO-
pux 3 noniMopcgpHumu BapiaHTamm T-397C reHa ESR1
nigsuwyetbca B 4,5 pasu (RR 4,55; 95% CIl = 2,48-8,33),
(p < 0,001).
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CONCLUSIONS

No connection between medical history data of the
patients (menopausal status, body mass index, repro-
ductive function, intake of oral contraceptives, family
medical history), except for concomitant gynecologic
pathology (p < 0,05), and development of early progression
of breast cancer during hormone therapy with Als.

It was determined that AA genotype of ESR1 gene
(A-351G) was prevalent among all patients — 47 (57,3%)
and 8 (9,8%) patients respectively.

TT genotype of ESR1 gene (T-397C) was determined
in 44 (53,7%) of the cases and TC and CC in 25 (30,5%)
and 13 (15,8%) cases respectively.

Statistically significant difference was mainly detected
in the treatment group in a number of patients with the
presence of both polymorphisms 351 AG, 351 GG
(x> = 11,515; p < 0,001) and polymorphisms 397 TC,
397 CC (x? = 32,816; p < 0,001) of ESR1 gene.

It was determined that primary insensibility to the
therapy with Als was statistically significant more often in
the treatment group with polymorphic variants of ESR1
gene (A-351G), (x2 = 0,01525; p < 0,05).

The presence of polymorphic variants A-351G of
ESR1 gene statistically significantly increased the proba-
bility of development of early progression during hor-
mone therapy with Als on average by 2,4 times (RR 2,39;
95% Cl = 1,41-4,04) (p < 0,001).

The risk of appearance of early progression in pati-
ents with polymorphic variants T-397C of ESR1 gene
increases by 4,5 times (RR 4,55; 95% CI = 2,48-8,33),
(p <0,001).
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Prospects for further research

Better understanding of the diversity of luminal (HER-2 negative)
breast cancer will contribute to optimization of activities for early
detection of resistance to hormone therapy with Als, better
selection of patients for combined modes of hormone therapy,
determination of its sequence, and can also inspire development
of new medications.
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PE3IOME

AKTyanbHicTb. 3MnosiKiCHi HOBOYTBOPEHHS LUKIpU € [OCUTb MOLUMPEHVMMU  NyXIMHaMU
B 3aranbHOCBITOBIM nonynsauii i ceped HaceneHHs YkpaiHn. OCHOBHUM MeTOOOM
[iarHOCTUKN NyXINUH LWKipK € Gioncis, Wo A03BONsE BCTAHOBUTY AiarHO3 Ha paHHii ctagii
i 3abe3neuye BUMiKOBYBaHHS BinbLUOCTi NaUieHTIB.

MeTta po6otu. OuiHuTM cyyacHi pekomeHzauii wopo 6Gioncii wkipy npu giarHocTmui
[epMaTOOHKOMOrYHMX 3aXBOPIOBaHb.

Martepianu Ta Metoam. lMowyk Axepen iHcdopmaLii npoBoguBcs 3a gonomoroto 6a3
naHnx PubMed ta GoogleScholar i3 3acTtocyBaHHAM Takux KIOYOBKX CRiB: Gioncis Lwkipw,
NyXnWHW  LWKipW, JiarHocTuka, MenaHoma. Cepen BUSIBMEHUX [Xepen BUKIOYanuchb
poboTn 6e3 CTaTUCTUYHOIO aHanidy, onuc OKpeMux BunagkiB, cTaTTi 6e3 BUCHOBKIB,
Okepena i3 ayontoiourmu pesynstatamu. [mMmbrHa nowwyky cknagana 10 pokis.
PesynbratM Ta ix oGroBopeHHA. B pesynbtati nmpoBegeHOro mMoLlyKy BWSIBIIEHO
57 ny6nikauin, ski Bignoeiganu 3ageknapoBaHii MeTi. HanmnowwwmpeHiwvmu metoau-
Kamy €. NyHKuis, OputBeHHa Oioncia, ekcuusinHa Ta iHUmsiiHa Gioncia. BinbwicTb
HacTaHOB PEKOMEHAYITb NPOBOAMTM eKCLUM3iHYy Gioncilo Ha BClO TOBLUMHY K BaxaHy
npoueaypy npv nigo3pi Ha menaHoMy. BkasyeTbcs, L0 BUSIBMEHO CTAaTUCTUYHO 3HAYYLLMIA
piBEHb CMEPTHOCTI y rpyni 3 NyHKLUinHOW Bioncieto. Y BGinbLOCTi cnoctepexeHb He Oyno
BUSIBMEHO 3HaJYyLUMX BigMIHHOCTEN LIOAO peunavMBy MeNnaHoOMW Yy rpynax eKCUM3INHOI
Gioncii Ta nyHKUiiHOro po3pisy. Yepes KmiHiYHY PIZHOMaHITHICTb MenaHOMMU BiACYTHS
yHicbikauia y Tunax Gioncii, wo npoBoasTbca Ans ii giarHoctukM. Hanbinblw HeToYHUM
METOAOM BUSIBMBCS METOA NaH4y-6ioncii, Wo noB’sa3aHo 3 NigBULLEHUM PU3MKOM HU3BKOTO
PiBHA AiarHOCTUKN MeNnaHoOMU.

BucHoBku. bioncisi Wwkipn € 060B’A3K0BUM NEPLUMM KPOKOM ANsi BCTAHOBIIEHHSI OCTATOM-
HOro fJiarHo3y nyxnuHu LWwkipy. EkcumsinHa noBHa bGioncis € Hanbinbw BunpaBgaHoK
niarHocTukolo 'y GinbwocTi BunagkiB. PauioHanbHa TexHika 6ioncii  3anuwaetbcs
NUTaHHAM, Lo NoTpebye NoAAanbLIOro BUBYEHHS.

lymeHiok K.B., INuceHko [O.A. CyuacHi nornsgum Ha 6Gioncito LWkipy B anroputmi AiarHOCTUKK

[,epMaToOHKONOrYHUX 3aXBOPHOBaHb. YkpaiHcbKul padionoeiyHuli ma oHkonoeidHul xypHan. 2022. T. 30. Ne 2. C. 62-71.
DOI: https://doi.org/10.46879/ukroj.2.2022.62-71

Key words:
skin  biopsy, skin tumors, diagnosis,
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ABSTRACT

Background. Malignant neoplasms of the skin are fairly common tumors in the world
population and among the population of Ukraine. The main method of diagnosing skin
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tumors is a biopsy, which allows establishing a diagnosis at an early stage and ensures
the cure of most patients.

Purpose. To evaluate modern recommendations for skin biopsy in the diagnosis of
dermato-oncological diseases.

Materials and methods. The search for sources of information was conducted using
the MEDLINE/PubMed, EMBASE/ExcerptaMedica, CochraneLibrary, PubMed Ta Google
Scholar databases using the following keywords: skin biopsy, skin tumors, diagnosis,
melanoma. Among the identified sources, works without statistical analysis, descriptions
of individual cases, articles without conclusions, and sources with duplicate results were
excluded. The search depth was 10 years.

Results. As a result of the conducted search, 57 publications were found that corres-
ponded to the declared purpose. The most common methods are: puncture, shaving,
excisional and incisional biopsy. Most guidelines recommend full-thickness excisional
biopsy as the preferred procedure for the diagnosis of suspected melanoma. It is indicated
that a statistically significant mortality rate was found in the puncture biopsy group.
Most observations showed no significant differences in melanoma recurrence between
excisional biopsy and puncture groups. Given the clinical diversity of melanoma, there is
no uniformity in the types of biopsies performed to diagnose melanoma. The most
inaccurate method turned out to be the punch biopsy method, which is associated with
an increased risk of underdiagnosis of melanoma.

Conclusions. A skin biopsy is a mandatory first step to establish a definitive diagnosis
of a skin tumor. Excisional complete biopsy is the most justified in most cases of diagnosis.

Rational biopsy technique remains an issue that needs further study.
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3B’5130K pO6GOTH 3 HOYKOBUMMU MPOFPAMAMM,
NAGHAMM | TEeMAMK

[aHa poboTa BMKOHaHa B pamKax HayKOBO-OOCIiAHOI
po60oTn YKpaiHCbKOI BiCbKOBO-MeAMYHOI akagemii Mi-
HicTepcTBa 060pOHU YKpaiHu: «Po3pobneHHs cyyacHux
METOAIB [LiarHOCTMKU Ta MiKyBaHHS THINHO-CENTUYHUX
yckrnagHeHb npu OOMOBIN XipypriyHin TpaBMmi», Homep
aepxasHoi peecTpauii 0120U101834, TepMiH BUKOHAHHS
2019-2022 pp., KepiBHWK: MONKOBHUK MeOUYHOI Cryxow,
OOKTOp MeOuyHMX Hayk, npodecop kadenpu BIiACHKO-
BOi Xipyprii YKpaiHCbKOi BiICbKOBO-MeOWYHOI akagemii
MinictepctBa 000poHM YkpaiHu, 3acnyxeHun nikap
Ykpainn A.J1. 3apyubkui.

BCTYN

3nosikiCHi HOBOYTBOPEHHS LUKIPU € [OCUTb nompe-
HAMW NyXMMHaMW B 3aranbHOCBITOBIN nonynsauii i cepen
HaceneHHsa Ykpainu [1, 2]. B YkpaiHi, 3a gaHumn Hauio-
HanbHOro KaHLUEp-peecTpy, 3aXBOPIOBAHICTb Ha L naTo-
norito y 2018-2019 pp. ctraHoBuna 7,9 Bunagku Ha 100 Tu-
cAY HaceneHHs [2]. B iHWMX kpaiHax Uen MoKasHWMK
3HaxoauTbCcs Ha Aelo Buwomy piBHi. Cepen HaceneHHs
€Bponu y ogHoro 3 koxkHux 50 ocib po3BuBaeTbCs Mena-
Homa [3]. lNMoka3HMKM 3aXBOPIOBAHOCTI HAa MenaHoMmy Bif-
Pi3HAOTBCS 3anexHo Big reorpadiyHoOro posTallyBaHHA
KpaiHu, cTaTi, Biky, Nnpodecii Ta couianbHO-eKOHOMIYHOIO
ctatycy [4]. Y po3BMHEHMX KpaiHax BCTaHOBMeHa TeHAEeHUis
[0 3pOCTaHHS KiNbKOCTi XBOPUX Ha MenaHomy, ocobnveo
cepeq nogen monogoro BiKy. PiBeHb 3axBoptoBaHOCTI Ha
MenaHOMy LLOPIYHO NpogoBXye 3pocTat B Crnony4veHux
LWrarax [5]. Y 2016 poui 6yno 3apeectpoBaHo 82476 Ho-
BMX BUMAOKIB MeNaHoOMW i 3aXBOPIOBAHICTb HA MenaHoMy
3pocTae wBuAwe, Hik Ha Oyab-sKy iHLWY 3MosiKiCHY
nyxnuHy, 6nusbko 7230 oci6 nomepnu Big MenaHomwu
B 2019 poui B CLUA, i 9KWwo TeHAEHUis CMEpPTHOCTI Big

Relationship with academic programs,
plans and themes

The work was performed within the framework of
the research project Ukrainian Military Medical Academy
of the Ministry of Defense of Ukraine «Development of
modern diagnostic and treatment methods of purulent-
septic complications in military surgical traumay», state
registration number 0120U101834, period for perfor-
mance 2019-2022, led by colonel of the medical service,
doctor of medical sciences, professor of the Department
of Military Surgery of the Ukrainian Military Medical
Academy of the Ministry of Defense of Ukraine, Honored
Doctor of Ukraine Ya.L. Zarutskyy.

INTRODUCTION

Malignant neoplasms of the skin are fairly common
tumors in the world population and among the population
of Ukraine [1, 2]. According to the data of the National
Cancer Registry of Ukraine, morbidity in 2018-2019
was 7.9 cases on 100 thousand [2]. In the others countries
this indicator is located on something higher levels. In the
population of Europe, 1 out of every 50 people develops
melanoma [3]. The melanoma rates vary depending
on geographic location, country, gender, age, profession,
and socioeconomic status [4] among developed countries,
there is a trend toward an increase in the number of
melanoma patients, especially among young people.
The rate of melanoma continues to increase annually
in the United States [5]. In 2016, there were 82,476 new
cases of melanoma and the incidence of melanoma is
increasing faster than any other malignancy, about
7,230 people died of melanoma in 2019 in the US, and
if melanoma mortality trends continue, it is projected
that melanoma will be the only tumor, without reducing
mortality from cancer [5]. Most skin melanomas have
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MEenaHOMM NPOJOBXUTBLCS, NMPOrHO3YEThCH, WO MenaHoma
Oyoe €avHOK NyxNMHOK 0e3 3HMKEHHS CMEPTHOCTI Bif
paky [5]. BinblWicTb WKIPHUX MenaHoM MatoTb NiaBULLEe-
HUA PU3NK MpOrpecyBaHHs Ta BWUCOKY neTanbHIiCTb [6].
B uinomy, 3 2006 no 2016 pik 3axBoptoBaHiCTb Ha Mena-
HoMy 3pocna Ha 39% y BCbOMY CBITi, MPUYOMY piBEHb
CMepPTHOCTI Big MemnaHomu ctaHoBuB 0,7% cmepTen Big
ycix Bugis paky [1].

BpaxoByroun Cepio3HiCTb MPOrHo3y Npu AaHOMy 3aXBO-
PIOBaHHi, BaXNMBO BiA3HAYMTK, WO paHHA AiarHocTvka
HOBOYTBOPEHb LUKipK, 0COBNMBO MenaHoMM, CYTTEBO MoO-
Kpallye MpOrHo3 LWoAo BWXKMBAHHA Ta ofyxaHHsa [7].
BcTtaHoBneHo, WO came paHHS fiarHocTvka MenaHomwu
€ HaMBaXXNMBILWMM aKTOPOM BWXMBaHHA nNauieHTa npu
CTaHOapTHIA Tepanii, Aka pekomeHgoBaHa Mpu KOHKPET-
HiM cTagil 3axBoptoBaHHA [8]. [iarHO3 BBaXkaeTbCA paH-
HiIM SKWO Ha cTagil pagianbHOro po3BUTKY BUSBNSA-
€TbCS 4ac, MPOTArOM HKOr0 HEOMMacTUYHi  KNiTUHK
obmexeHi enigepmicom.

Bepudikauis kniHiYHOro AiarHo3y menaHoMu € Bax-
NMBMM €TanoM AiarHOCTMKM, OCKIfbKN Y KMiHIYHIA NpakTuui
BiH € Cy0’'€KTMBHMM i I'PYHTYETLCS Ha aHanisi Mmopdono-
MYHUX O3HAK Yy KOHKPETHOro naudieHta. BisyanbHui ornsag
i3 3acTocyBaHHAM AepmaTtocKonii 403BOSSE 3anigo3puTtu
HasIBHICTb MyXIMHM LKipWU y NaLieHTa, Wo 3Ha4YHO NokpaLlye
[iarHoCTVKy, ogHaK KiHLeBMM eTanomM 3anuiaeTtbcs bion-
cig HoBOyTBOpeHHs [9]. | xo4a MPONOHYETLCS Uina Huska
HOBUX METOAIB AiarHOCTUKM i3 BWKOPUCTaHHAM aHanisy
300paxeHb 3a [JOMOMOrow LWTy4yHoro iHTenekty [10],
ane B YCiX pekOMeHZauisx NigKpecrieTbCs, WO OCHOB-
HAM METOAOM [iarHOCTMKM MyXJIMH LWKipn € 6Gioncis,
dKa [J03BONSE BCTAHOBMTM [iarHo3 Ha paHHin cTagii,
i 3abe3neyvye BuNikoByBaHHS OinbLUOCTI NauieHTiB [11].

OpHak nokasaHHA Ao Gioncii Wwkipu € gocutb cyne-
peYrMBMMU Yy Pi3HMX PEKOMEHALlisX Ta HacTaHOBaXx, TakoxX
BapilOlTbCA 3anponoHoBaHi MeToauku Gioncii, Wo matTb
BMKOPWUCTOBYBaTUCb NpW diarHocTuui MenaHomu [12].
MigkpecnioeTbes, WO BUOIp HeagekBaTHOI TexHikn Gioncii
MOXe 3aTpumaTti abo CTBOPUTM TPYAHOLLI Y BCTAHOBMEHHI
piarHozy abo, B ripwomMy BWNagky, MOXe MNpu3BECTU
00 xvbHoHeraTmBHoro pesynesraty [13].

OpHak, HaBiTb TakU BaXXMMBWUN acreKkT Ha CbOroAHi
He BMMAMBAE Ha Pi3HOMAaHITHI pekomMeHaauil Woao npose-
OeHHs  Gioncii wkipyn npu giarHocTuui HOBOYTBOPEHb
WKipW, Ae iCHyloTb AOCUTb MPOTUIIEXHI NOMSAAM, WO Mo-
Tpebye noganbLloro y3rogkeHHs [14, 15].

Meta poboTu — OUiHUTK cyyacHi pekomeHAauii Wwoao
Gioncii wkipn npu giarHOCTMUI  AEPMAaTOOHKOMOMNYHUX
3aXBOPIOBaHb.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Mpwu nigrotoBui po6oTn Oyno BMKOPUCTAHO aHamiTy-
HUA Ta CUHTETUYHUI METOAM OOCNISKEHHSA 3 HACTYMHUM
BMKOPWUCTAHHAM MeTOAIB iHAYKUii Ta ageaykuii. [Mowyk
Dokepen iHdopmauii npoBogMBcs 3a Aonomorol 6as
nannx MEDLINE/PubMed, EMBASE/Excerpta Medica,
Cochrane Library, PubMed ta Google Scholar i3 3actocy-
BaHHAM TaKMX KIOYOBMX CrliB: Gioncis LWKipy, NyXIvHM
WwiKipw, AiarHoctuka, menaHoma. Cepep BUSIBMIEHUX OXe-
pen BuWKM4anucb poboTtn 6Ge3 CTaTUCTMYHOro aHaniay,
onnc okpemux BuNagkiB, cTaTtTi 6e3 BMCHOBKIB, Axepena
i3 gybniowoummmn pesynbratamu. [mubuHa nowyky ckna-
nana 10 pokis.

an increased risk of progression and high mortality [6].
Overall, the incidence of melanoma increased by
39% worldwide from 2006 to 2016, with the death rate
from melanoma estimated to be 0.7% of all cancer
deaths [1].

Given the severity of the prognosis for this disease,
it is important to note that early diagnosis of skin neo-
plasms, especially melanoma, significantly improves the
prognosis for survival and recovery [7]. It has been
established that the early diagnosis of melanoma is the
most important factor in patient survival with standard
therapy recommended for a specific stage of the di-
sease [8]. The diagnosis is considered early, when the
time during which the neoplastic cells are limited by the
epidermis is detected at the stage of radial development.

Verification of the clinical diagnosis of melanoma is
an important stage of diagnosis, since in clinical practice
it is subjective and based on the analysis of morpholo-
gical features in a specific patient. A visual examination
using dermatoscopy makes it possible to suspect the
presence of a skin tumor in a patient, which significantly
improves the diagnosis, but the final stage remains
a biopsy of the neoplasm [9]. And although a number of
the new diagnostic methods are proposed using image
analysis with the help of artificial intelligence [10], all
recommendations emphasize that the main method of
diagnosing skin tumors is biopsy, which makes it possible
to establish a diagnosis at an early stage and ensures
the cure of most patients [11].

However, the indications for skin biopsy are quite
contradictory in various recommendations and guidelines,
and the proposed biopsy techniques to be used in the
diagnosis of melanoma also vary [12]. It is emphasized [13]
that choosing an inadequate biopsy technique can delay
or create difficulties in establishing a diagnosis or, in the
worst case, can lead to a false negative result.

However, even such an important aspect today does
not affect various recommendations [14, 15] regarding
conducting a skin biopsy in the diagnosis of skin neo-
plasms, where there are quite opposite views, which
requires further coordination.

The purpose of the work is to assess modern recom-
mendations for skin biopsy in the diagnosis of dermato-
oncological diseases.

MATERIALS AND METHODS

Analytical and synthetic research methods were used
in the preparation of the work, followed by the use of
induction and deduction methods. The search for sources
of information was carried out using the databases
MEDLINE/PubMed, EMBASE/Excerpta Medica, Cochrane
Library, PubMed and Google Scholar using the following
keywords: skin biopsy, skin tumors, diagnosis, melanoma.
Among the identified sources, works without statistical
analysis, descriptions of individual cases, articles without
conclusions, and sources with duplicate results were
excluded. The search depth was 10 years.
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PE3YABTATU TA IX OBFTOBOPEHHS

3a pesynsratamy MOLUYKY BUSBNEHO 57 HayKoBUX
[Kepern, wo Bignosiganu MeTi pobotu. bioncis wkipw,
SIK 3a3Ha4YeHO BMLIE, € OCHOBHOW AiarHOCTUYHOK MpPO-
Luenypolo, sika 3a3Buyai MpoBOAMTBCA AN OiarHOCTUKM
[epMaToOHKOMOrNYHUX  HOBOYTBOPEHb. IcHytoui  MeToam
Gioncii wWkipy MalTb TEXHiYHI PO3BIKHOCTI Ta PO3pi3Hs-
I0TbCS1 3@ OCHOBHUMW pakTopamu, L0 BPaxoBYOTb MicLe,
rMWOUHY Ta LWIMPWHY YLIKoMXeHHs. Meta Gioncii — HagaTtn
rictonory sikomora 6inbLue TKaHWHK i3 Micusi 3 HaNBULLUMN
WaHcaMu [iarHOCTUYHOIO pe3ynbTaTy, BUKMMKaK4YM npu
LUbOMY $KOMOra MeEHLUE TMOLUKOMKEHHSI Ta MOTipLUIEHHS
SKOCTI XXUTTS nauieHTa [16].

OpHak y cyyacHii nmpakTuui nikapi BUKOPWCTOBYHOTb
pisHOMaHiTHi meTogm Oioncii yepe3 ynogobaHHs nikaps
abo nauieHTa, cknagHi aHaTOMiYHi po3TallyBaHHA Ta
po3Mmipu ypaxeHb 6e3 ypaxyBaHHs KMiHi4HOT HEOOXiZHOCTI.
HannowwupeHiwi metoan 6ioncii, sKi pekomeHayTbCs
Ha cbOrofHi, BKM4alTb: 1) MOBHY eKkcumsiiiHy 6Gioncito
3a Jonomorok ckanbnens, 2) iHum3inHy Gioncito 3a gono-
MOroto ckanbnens, 3) eKCUM3iniHy NyHKLinHy Gioncito, obme-
XKEHY MIIOLLel0 MOBEPXHi NaHY-iIHCTPYMEHTY, 4) iHUM3iiHY
naH4y-6ioncito 3 BMAANEHHAM NULIE YaCTUHU YPaXKEeHHS,
5) rmnboky 6putBeHHy Gioncito (shave biopsy) 3 Bukopuc-
TaHHsIM abo ckanbnens, abo nesa 6puten [17].

Cepen 3ragaHuMx Buwe MeTodiB 6OputBeHHa abo
6nopguenonibHa 6Gioncia (BucikaHHA ne3om GpuTBu abo
ckanbnenem) € HavnoLUMPEHILLO TEXHIKOK, sika BHacHi-
[OK NpOCTOTU Ta ePeKTUBHOCTI BUKOPUCTOBYETLCS AepMa-
Tonoramu. OpHak iCHye OymKa, L0 BWKOPUCTAHHSA Mo-
BepxHeBoi Gioncii 6e3 BUCikaHHA PeTUKYNSApPHOI Aepmu
abo naH4-Gioncii, WO Mae HenoBHY MMUOWHY i TOBLLUMHY,
MOXe MPU3BECTM [0 MOMWIKU B pe3ynbTaTi ricTonoriyHoro
OOCTiXEHHSA, PO3CIYEeHHA MyXNUHWU 4Yepe3 1 NMOLWNHY
MOTEHUINHO MOXe ChpuUsiTU PO3MNOBCIOAXKEHHIO  KNITUH
NyXMWHW | HaBiTb NIABULLEHHIO PU3NKY cmepTHOCTI [18].
Ocob6nvMBo Hebe3neyHumM € pusmMk MoMWUnku Bigbopy
3pasKiB, OCKINbKW He BCi ypaXKeHHs LUKipy noTpannsoTb
y npenapar agns nopanblioro AocnigkeHHsi. Tomy cy4vacHi
pekomeHgaLlil ogHO3Ha4YHO 3acTepiratoTb Big YaCTKOBUX
po3pi3iB ANA OUiHKM NIrMEeHTOBaHUX ypaKeHb, Migo3pinux
Ha MenaHomy [19, 20]. lligBoasy4M nigCYMKM MOXEMO
3a3Ha4YNTK, WO iHUM3IMHA NyHKLUiHa Gioncia moxe npus-
BECTW [0 HEBUSABINEHHSA MyXIMHU LWKipy abo HeLoOLiHKN
cnpaBXHbOI rmmMbuHn 3a bpecrnoy.

OpHak icHylOTb BUMNagkyM Konu naHy-6ioncia € GinbL
NMPUIAHATHOI, HiXXK ekcumsiiHa 6Gioncis, ockinbkn i 3a-
CTOCYBaHHS MOXe MPU3BECTU [0 CYTTEBOrO MOTipLUEHHS
SKOCTi XUTTA nauieHTa [21]. BunpaBgaHum € BuMKOpUC-
TaHHSA iHUM3INHOT Gioncii y BuNagky MiIrMEHTHUX MyXMvH
pPO3MipOM MOHag4 2 CM 3 NEBHMMW aHATOMIYHMMW flOKa-
nisauisiMn, NoBHe BUAANEHHS SKNX NpU3Beae 40 BaXIIMBUX
KOCMETUYHUX Ta pyHKUiOHanbHUX 3MiH: 06nuyys, Byxa,
LKipa rornoBu, pyku, naxsw, MNiHIrTboBa AiNAHKa, TaKOX,
SKWO Y NauieHTa nirMeHTHa NyxfvuHa 3 HU3bKOK Mi03poto
Ha 3MosKiCHiCTb, abo y BUNaaKy AyXXe BENUKMX NiIrMeHTHUX
NyXNWH, NOBHE BUOASIEHHSI SIKMX NMpu3Bede 4O HeBUMNpaB-
JaHo Benukux AedekTiB LIKIipU 3a BiACYTHOCTI 4iTKOro
giarHosy [22, 23]. Bupiszatoun nuwe dparMeHT 3 Makpo-
CKOMiYHO HambinbLL Nigo3pinoi nyxnuHu, iHumM3inHa Gioncis
iHogi He 3abesneyye nartonioroaHatomMa npenapaToMm
MaKCUManbHOT TOBLUMHM i, TaKMM YMHOM, MepeLuKoaXae
TOYHIA OUiHLUI NEepBUHHOI NYyXMMHW, WO NPU3BOAUTL A0
BiJHECEHHs1 nauieHTiB OO Oinbw cnpusaTnMBOi 3a npor-
Ho30M rpynu [24].

RESULTS AND DISCUSSION

According to the results of the search, 57 scientific
sources were found that corresponded to the purpose of
the work. Skin biopsy, as mentioned above, is the main
diagnostic procedure that is usually performed to diag-
nose dermato-oncological neoplasms. Existing methods
of skin biopsy have technical differences and differ based
on the main factors that take into account the location,
depth and width of the lesion. The purpose of the biopsy
is to provide the histologist with as much tissue as
possible, from the place with the highest chances of a diag-
nostic result, while causing as little damage and disruption
of the patient’s quality of life as possible [16].

However, in current practice, physicians use a variety of
biopsy techniques due to physician or patient preference,
complex anatomic locations, and lesion sizes regardless
of clinical necessity. The most common biopsy techniques
recommended today include: 1) total excisional scalpel
biopsy, 2) incisional scalpel biopsy, 3) excisional puncture
biopsy limited to the surface area of the punch instru-
ment, 4) incisional punch biopsy with only partial removal
lesions, 5) deep shave biopsy using either a scalpel or
a razor blade [17].

Among the methods mentioned above, the razor or
saucer biopsy (excision with a razor blade or scalpel)
is the most common technique used by dermatologists
due to its simplicity and effectiveness. However, it is
believed that the use of a superficial biopsy without
excision of the reticular dermis or a punch biopsy that has
incomplete depth and thickness may lead to an error
in the histological examination, dissection of the tumor
through its plane, which can potentially contribute to the
spread of tumor cells and even increase the risk of
mortality [18]. The risk of sample selection error is
especially dangerous, since not all skin lesions fall into the
preparation for further research. Therefore, modern
recommendations clearly warn against partial incisions
for the evaluation of pigmented lesions suspicious for
melanoma [19, 20]. Summing up, we can note that
incisional puncture biopsy may lead to the failure to
detect a skin tumor or an underestimation of the true
depth according to Breslow.

However, there are cases when a punch biopsy is more
acceptable than an excisional biopsy, because its use
can lead to a significant deterioration of the patient's
quality of life [21]. The use of incisional biopsy is justified
in the case of pigment tumors larger than 2 cm with certain
anatomical localizations, the complete removal of which
will lead to important cosmetic and functional changes:
face, ears, scalp, hands, armpits, subungual region [22, 23].
Also, if the patient has a pigment tumor with a low suspi-
cion of malignancy, or in the case of very large pigment
tumors, the complete removal of which will lead to
unnecessarily large skin defects in the absence of a clear
diagnosis. By cutting out only a fragment from the
macroscopically most suspicious tumor, an incisional
biopsy sometimes does not provide the pathologist with
a sample of the maximum thickness and, thus, prevents
an accurate assessment of the primary tumor, which
leads to assigning patients to a group with a more favo-
rable prognosis [24].

An incisional biopsy is justified in the presence of
a pigmented giant nevus with a recently macroscopically
changed area. But even in such cases, there remains
a high risk of not detecting melanoma and its stage, which,
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IHUM3IiHa Gioncis BMNpaBgaHa nNpy HasiBHOCTI MirMeHT-
HOro BENETEHCLKOrO HEBYCY 3 HELLOAABHO MaKpOCKOMIYHO
3MIHEHOI AinNsHKow. Amne HaBiTb Yy Takux Bunagkax
3anuaETbCa BUCOKUIA PU3MK HEBUSIBITIEHHHS MenaHOMM
i il cTagii, Wo, 3a AesKMMU CTaTUCTUYHUMM OAHUMU, KOMun-
BaeTbcA B Mexax 16—43% i, BignosiaHo, no3baensie
nauieHta ageksaTHOI Tepanii, BIANOBIAHOI peanbHin
cTagii, Ta noripwye nporHo3 [25]. | HaBnaku, HagmipHe
BM3HAYEHHS CTagil BMKMAYEHO B NyXfuMHax, AKi nompto-
IOTbCS B30O0BX NpuaaTtKiB LUKipW, AiarHOCTUKA, BignoBigHoO,
YTPYAHIOETLCS MPU  HEBENMMKOMY OparMeHTi  MyXIMHU
i, TakmMm 4YMHOM, nauieHT niggaeTbCs HeBUNpaBAaHO
arpecvBHOMY liKyBaHHIO [26].

HesBaxatoum Ha HaBedeHi BuMlle MPUMYLLEHHS,
Y KINbKOX [OOCNIMKEHHSAX BCTAHOBMIEHO, WO 4YacTKoBe
BUAANEHHS MYXJIMHWM He BNMBaE Ha NoAanblUMii NPOrHo3
3axXBOPIOBAHHS, Ha 3aranbHe BWXUBAHHSA, Ta Ha BWXU-
BaHHa 6e3 3axBoptoBaHHA [27, 30]. lNpwunyckaioTb, WO
OaHWA oaKT NOSICHIETLCA TUM, WO B BinNbLUOCTI BUNAakiB
MOBHE BUWOANEHHS 3anuWKIB YTBOPEHHS [OCAraeTbcs
NPOTAroM BiAHOCHO KOPOTKOrO Yacy nicnsi MepLuoro BTPY-
YaHHe (2-3 micsui), Wo TeopeTMyHO 3anobirae nporpecii
3axBoptoBaHHS [31].

ICHYIOTb Y3rofXeHi AaHi, siki cBigyaTb Npo BiACYTHICTb
peanbHUX BiAMIHHOCTENW Y MNPOrHO3i PU3MKY peunausy,
nepiogi 6e3 3axBoptoBaHHSA abo 3aranbHOMY BWKMBaHHI
nauieHTiB 3 MenaHoOMOI 3anexHo Bi4 TUMy BUKOHAHOI
Gioncii [32, 34]. OgHak, nyLe WsSXOM NMOBHOMO BUCIYEHHS
nigo3pinoro yTBOPEHHS MOXIMBO OTpMMaty Marepian
ONsi afeKBaTHOro FiCTONOrYHOro AOCHIAXEHHS, WO A03BO-
NSIE OLHUTU CNPAaBXHIO MMUOUHY YPaXKeHHS i TaKUM YNHOM
[OCAITN TOYHOIrO BU3HAYeHHS cTagii.

OTxe y piarHocTuui MenaHoMu HajawTb nepesary
BMKOPUCTaHHIO €eKCUM3iMHOI Bioncii Ha MOBHY TOBLUMHY
ONs [OOCArHEHHA HaMKpawoi TOYHOCTI  FiCTOMOr4YHOro
OOCTiAXKEHHSA Ta BU3HAYEHHSA rMunbuHM NyxnuHu 3a bpec-
noy [35, 36]. lMpakTvka BWCIYEHHA Ha BCHO TOBLUMHY
3 BigCTynoMm 1-3 MM Bif Kpato MirMEHTOBaHOrO YpaXKeHHsI
[O3BONSE OTpMMaTu iHdopmaLlilo, sika € CYTTEBOKW Ans
BM3HAYEHHs cTafil Ta nikyBaHHA. Y pekoMeHaauisix
AmepukaHcbkoi akagemii gepmatornorii (CLUA) onucaHo
TP METoOM BWKOHAHHA  AiarHOCTUMYHOI  eKCUM3INHOT
Gioncii: (1) eninTuyHa ekcumsisa, (2) naH4y-6ioncis HaBkono
KniHiYHOro ypaxeHHst abo (3) rmmnboka GpuTBeHHa bGion-
cis (cayuepu3auisi), WO MOLWIMPIETLCA HA MUOOKMN
peTukynsapHun wap gepmu [37]. HagssuyamHo Baxnmeo,
Wwob yci Ui MeToan BMKOPMUCTOBYBaNuMcCA 3 BIiACTYMNOM Big
6iyHoro kpato (1—3 MM) i Ha NOBHY TOBLUMHY B rMMOuHY [38].

Moxemo 3pobuTM BUCHOBOK, LLO eKkcumsiiHa Gioncis
NEepBUHHOI MNyXMWHW 3 BY3bKUM BIACTYNOM Bi4 Kpato
(1-3 mm) 3aBotoBana nosuuii B 60poTbbi 3 iHWUMK BUaamMm
Gioncii, xo4a ¥ He BWnyyuna ix MOBHICTIO 3 Aianas3oHy
MOXXIMBOCTEN BCTAHOBMEHHS AiarHo3y B OKPEMUX CUTya-
uisx [38]. OpieHTauia ekcumsii NoBMHHA Opatn 0o yBaru
nokaneHi MiHil  HaTary, wWo6 3MeHWnTNn HeobXigHICTb
nepecagku LWKipu abo BENUKUX PEKOHCTPYKTMBHMX MpPO-
ueayp [39]. IHamsigyanbHWM NigXig nonsrae y Kpyrromy
BWUCIYEHHI i3 3anpomnoHOBaHMMM KpasMyn Ta nojasb-
LUOMY BWCIYEHHI PO3LUMPEHb TETYMEHTY, HEOoOXiaHMX Ons
NIHINHOrO 3aKpUTTH, AKI YITKO BUABMAKOTLCA Mig BNSMBOM
nokanbHOro Hatary TkaHuHm [40].

AKWO NyXMMHM HAcCTINbKM BEMWKI, WO X NOBHE BMAa-
NEHHS 3anuwmno 6 3HaYHUIM KOCMETUYHWUIA abo dyHKLio-
HanbHU OedeKT, PEKOMEHAYETLCS 3aCTOCYBAHHS iHLLIOTO
TUNY TexHikM, Takoro sik OpuTBeHHa abo naH4-Gion-
cia [41, 43]. MNpoTe KOXeH i3 HUX Mae Kinbka HeaoniKiB,

according to some statistical data, ranges from 16-43%
and, accordingly, deprives the patient of adequate
therapy corresponding to the real stage and worsens
the prognosis [25]. Conversely, excessive determination
of the stage is excluded in tumors that spread along the
appendages of the skin, the diagnosis, accordingly, is
difficult with a small fragment of the tumor and, thus,
the patient is subjected to unnecessarily aggressive
treatment [26].

Despite the above assumptions, several studies have
found that partial tumor removal does not affect the
patient's future prognosis, neither overall survival nor
disease-free survival [27-30]. It is assumed that this fact
is explained by the fact that in most cases the complete
removal of the remnants of the formation is achieved
within a relatively short time after the first intervention
(2-3 months), which theoretically prevents the progression
of the disease [31].

There is consistent evidence that there are no real
differences in the prognosis, risk of recurrence, disease-
free period, or overall survival of patients with melanoma
depending on the type of biopsy performed [32, 34].
However, only by complete excision of a suspicious
formation is it possible to obtain material for an adequate
histological examination, which allows one to assess
the true depth of the lesion and thus achieve an accurate
determination of the stage.

Therefore, when diagnosing melanoma, preference
is given to using a full-thickness excisional biopsy to
achieve the best accuracy of histological examination
and determine the depth of the tumor according to
Breslow [35, 36]. The practice of full-thickness excision
with a margin of 1-3 mm from the edge of the pigmented
lesion allows obtaining information that is essential for
determining the stage and treatment. The recommen-
dations of the American Academy of Dermatology des-
cribe 3 methods of diagnostic excisional biopsy: (1) ellip-
tical excision, (2) punch biopsy around the clinical lesion
or (3) deep shave biopsy (saucerization) extending to
the deep reticular layer of the dermis [37]. It is extremely
important that all these methods are used with a margin
from the lateral edge (1-3 mm) and for full thickness
in depth [38].

We can conclude that the excisional biopsy of the
primary tumor with a narrow margin from the edge
(1-3 mm) gained ground in the fight against other types
of biopsy, although it did not completely remove them
from the range of possibilities for establishing a diag-
nosis in certain situations [38]. Excision orientation
should take into account local lines of tension to reduce
the need for skin grafts or extensive reconstructive proce-
dures [39]. An individual approach consists in circular
excision with proposed edges and further excision of
the extensions of the tegument necessary for linear
closure, which are clearly revealed under the influence
of local tissue tension [40].

If the tumors are so large that their complete removal
would leave a significant cosmetic or functional defect, the
use of another type of technique, such as shave or punch
biopsy, is recommended [41, 43]. However, each of them
has several drawbacks, such as the risk of missing
malignant changes of melanocytic lesions and/or not
determining the true thickness of the tumor. In the case
of razor biopsy, the scarring process at the base of the
biopsy field will complicate the identification of malignant
cells and the measurement of tumor thickness [44].
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Hanpuknag, pusnK NPonycTUTA 3MNOSIKICHI 3MiHM MenaHoLu-
TapHUX ypaXkeHb Ta/abo He BU3HAYUTU CNPaBXHIO TOBLUMHY
nyxnuHu. Y Bunagky GputeBeHHoi Gioncii npouec pyb6uto-
BaHHA B OCHOBI nons Gioncii ycknagHuTb igeHTudikadito
3MOAKICHUX KNITUH | BUMIPY TOBLUMHU NyXIUHK [44].

Y pasi 3acTocyBaHHS onTMManbHoi Oioncii nocrtae
NMATaHHS LUMPOKOrO BUCIYEHHSA BXEe BepudikoBaHOI MNyx-
nvHn. CTaHgapTM30BaHUM nigxogom € nons go 4-5 cm,
WO TI'pYyHTYIOTbCA Ha Cyb’eKTMBHOMY MOMMsAAi eKcrnepTis
i NoTpebyTb NoganbLIoro OBrpyHTYBaHHA B pesynbrarti
aHanisy KniHiyHux gaHumx [45].

ICHYIOTb AaHi, Lo BUCIYEHHSA MaE NPOBOAUTUCH 3 KPAEM
340POBOI TKaHWHW, NPAMO NPOMNOpPUINHUM iHAekcy bpec-
noy nepBWHHOI NyxnuHu [46, 47]. Lle nosTOpHe BTpYy-
YaHHS BBa)KaeTbCsl 0OOB’A3KOBMM, X0O4a iCHye OBa Benu-
KMX nNaTonoriYyHMX [OOCHIMKEHHS, $Ki nokasanu, LWo
HasABHICTb 3HAYHMX 3amnMWLLKIB MYXSIMHHOI TKAHWHW HaBpPA4
UM BUABUTLCA 3a BIACYTHOCTI I MaKpPOCKOMIYHOI ideHTu-
dikauii y Bcbomy 3pasky [48, 49]. Ha cborogHi BugaeTbca
HEBUMNPaBAAHMM BUKOPUCTAHHS  LUMPOKOIO  BUCIYEHHS
HaBKOMNO MyXIMHHOI TKaHWHW (OO0 5 cM), WO BMNpaBLOBY-
BaNioCb HAasAIBHICTHO 3MIHEHUX MenaHouuTiB Yy [AaHin
ainaHui [50, 51], ogHak Take BTPyYaHHs NpU3BOAUTL A0
3HaYHOrO KOCMETMYHOro aedekTty. Pesynbratv cyyYacHux
JocnifpkeHb  Manu  BU3HAYMTU  ONTUMAanbHUA  PO3MIp
BUCIYEHHS i3 MakcumanbHOW 6e3neko Ta MiHiManbHUM
PVM3UKOM peunamBy, OCKINMbKN caMe peuuavB € OCHOBHUM
haKTopoM pU3UKY LWoAo BwxkmuaHocTi [52, 53]. Pesynb-
TaTu UMX JOCNigKeHb JOCUTbL HEOOQHO3HAYHI i NnoTpebyoTh
noganbLlUOro YTOYHEHHS, OCKIMbKM BMMaralTb 3acTocy-
BaHHSA iHWMX KpUTepIiB, KpiM iHoekcy Bpecnoy, ocobnmeo
HeodHOpIAHICTb camoi NyxnuHu [54].

Ha cborogHi 6arato ekcnepTiB BU3HAE, IO Ha OCHOBI
OTPUMaHMX AaHUX HEMOXIMBO BU3HAYUTM OMNTUManbHUA
po3Mip BMAANEHHs i Hapasi cnig 3acTocoBYyBaTW iCHYHOMI
pekoMeHauii, 3asHauMBLIW, WO fiKyBaHHA Mae OyTu
iHOMBiOyanbHMM ANs KOXHOro naudieHTa [55, 56]. 3anuwa-
€TbCA TaKOX BiAKPUTUM MWUTaAHHS LOAO ONTUMAarbHOro
yacy MiX giarHOCTMYHOK Bioncieto Ta LWNMPOKOK pes3ekLieto
3 MeTOK NiKyBaHHA. BinblicTb AOCNIAXEHb BKasyloThb,
WO HEeMaE XOOHWX [oKasiB TOro, WO Ha 3aranbHy
BWXMBAHICTb i BWXMBaAHICTb 63 3axBOPHOBaHHSA BMIMBaE
iHTepBan 4acy MK ABOMa ornepauismn, SKWo BiH He
nepesuwye 90 gHis [57].

MigBogsyM  nNiACyMOK  HALIOro  KOPOTKOro  ornsgy,
MOXEMO 3a3Ha4YNTM OCHOBHI MOMIOXKEHHS LOAO 3acTocCy-
BaHHA Gioncii B anropuTmi OiarHOCTUKKU 3rOSIKICHUX HOBO-
YTBOPEHb LUKIpW.

PaHHE BUSABNEHHs, Halcy4dacHiwa 6ioncia Ta wupoke
nokanbHe BUCIYEHHS BiANOBIOHO 4O MPUMHLUMMIB AOKA30BOI
MeavuuHu, ©6e3yMOBHO MOKpaliaTb MPOrHO3 AN KOHK-
peTHOro nauieHta. Ha cborogHi Ha >xanb He iCHye y3roa-
)KEHOI TOYKM 30pYy LLOAO €TaNlOHHOIO BUKOPUCTaHHS Bioncii
B AiarHOCTUL Ta NnikyBaHHi MenaHoMMu.

BUCHOBKMH

Bioncis wkipy € 06OB’A3KOBMM NEPLUMM KPOKOM Ansi
BCTAHOBIEHHS OCTATOMHOrO AiarHo3y NyXUHM LLKIpW.

MoBHa ekcumsinHa Gioncia y 6inbwocTi BUNagkis
OiarHoCTMKKN € HanbinbL BMNpaBaaHoto.

PauioHanbHa TexHika 6ioncii 3anuwaeTbcs NMUTaHHAM,
wo notpebye noaanbLIOro BUBHEHHS.

When solving the question of optimal biopsy, the
question of wide excision of an already verified tumor
arises. The standardized approach is fields up to 4-5 cm,
which is based on the subjective opinion of experts and
requires further justification as a result of the analysis
of clinical data [45].

There is evidence that excision should be performed
with a margin of healthy tissue directly proportional to
the Breslow index of the primary tumor [46, 47]. This rein-
tervention is considered mandatory, although there are
two large pathological studies that have shown that the
presence of significant residual tumor tissue is unlikely
to be detected in the absence of its macroscopic identifi-
cation in the entire specimen [48, 49]. Today, the use
of wide excision around the tumor tissue (up to 5 cm),
which was justified by the presence of altered melano-
cytes in the area [50, 51], however, such an intervention
leads to a significant cosmetic defect, seems unjustified.
The results of modern research aimed at determining
the optimal size of excision with maximum safety and
minimal risk of recurrence, since recurrence is the main
risk factor for survival [52, 53]. The results of these
studies are quite ambiguous and require further clarifi-
cation, as they require the use of other criteria in addition
to the Breslow index, especially the heterogeneity of the
tumor itself [54].

Today, many experts admit that based on the obtained
data, it is impossible to determine the optimal size of
removal and currently the existing recommendations
should be applied, noting that the treatment should be
individual for each patient [55, 56]. The question of the
optimal time between diagnostic biopsy and wide resec-
tion for curative purposes also remains open. Most studies
indicate that there is no evidence that overall survival
and disease-free survival are affected by the time interval
between 2 operations, if it does not exceed 90 days [57].

Summing up our brief review, we can note the main
points regarding the use of biopsy in the algorithm for
diagnosing malignant skin neoplasms.

Early detection, state-of-the-art biopsy and wide local
excision in accordance with the principles of evidence-
based medicine will definitely improve the prognosis of
a particular patient. To date, unfortunately, there is
no agreed point of view regarding the standard use of
biopsy in the diagnosis and treatment of melanoma.

CONCLUSIONS

The skin biopsy is a mandatory first step to establish
a definitive diagnosis of a skin tumor.

The complete excisional biopsy is the most justified
in most cases of diagnosis.

The rational biopsy technique remains an issue that
needs further study.
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Prospects for further research

The perspective of further research is to determine the optimal
biopsy tactics in the algorithm for diagnosing malignant skin
neoplasms.
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Meta po6otun. BuB4eHHs ocobnuBocTel BMNMBY HEOaA’toBaHTHOI noniximiotTepanii
Ha CTPYKTYPHO-PYHKLIOHANBbHWUI CTaH MYXMWHHUX KIITUH Pi3HWX MOMEKYNSAPHUX MiAgTVNIB
npu BTOPMHHO-HaBpPSAKOBIN hopmi paky rpyaHoi 3anosu.

Martepiann Tta Metoawn. [ocnimkeHo nyxnuHu 29 xsBopux Ha PI'3 6e3 cynyTHboro
Habpsiky Ta 32 xBopux Ha BH® PI'3, B siknx 0o npoBegeHHS CUCTEMHOT HEOa[ OBaHTHOI
noniximiotepanii (MXT) imyHoricToximiYHO BM3Hayanu peuentopu Ao ectporeHy (ER),
nporectepoHy (PR) Ta pgo enigepmanbHoro daktopa pocty mwoguHn 2 (HER2).
3a peuenTopHMM CTaTycoM MyXnWHM po3noginanmu Ha 4 rpynu: 1 — Tpwdi HeratuBHi
(«3-Her»), 2 — HER2-nosuntmeHi («HER2»), 3 — ropmoHanbHo peuenTtopHi («HR»),
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AAS UMTYBAHHS:

4 — nyxnuHW 3 KO-EKCMpeciel ropmoHanbHux peuentopie Ta HER2 («HR+HER2»).
Onsa noniximiotepanii (MXT) 3actocoByBanu pexum (ACx4 — Px4). YnbrpacTpykTypy
MK pocnigkyBanM 3a [OMOMOrol0 CTaHAAPTHUX METOAIB  €MNeKTPOHHOI  MikpocKonii.
B ycix gocnigkeHux rpynax BuM3Ha4anu 4acTiCTb BUMAOKIB 3 BUpPaXKeHUM TepaneBTud-
HUM natomopdgosom (BTTM), a Takox 4acTicTb MyXnuH 3 NOMIHANbHUMK Ta HernoMmi-
HanbHUMK O3HakamMu nicnsa nikyBaHHA. OpepxkaHi AaHi obuucnioBanu 3a [OMOMOroH
HernapaMmeTpu4yHnX MeTofdiB, BUKOpUCTOBYlouM nakeT nporpam ansa MK «Biostat»
Ta 3acTOCOBYKOYM HenapaMeTpuUYHWUIA KpUTepii MakcMmanbHO npaBAonofibHOI OLjiHKM
[OCTOBIpHOCTI ANns Manux gobipok (Pmn ).

PesynbratM Ta ix o6roBopeHHsi. BcraHoBneHo, wo [MXT y xBopux Ha PI3 6Ges
cynyTHboro Habpsiky Buknukae BTIM 6inblwocTi NyxnuH peuenTopHUX rpyn «3-Hery,
«HER2» Tta «HR+HER2», y nopisHaHHi 3 rpynoo «HR», Ae He cnoctepiranocs
»ogHoro Bunagky BTMM. Y pasi BH® PI'3 vacticTb nyxnuvH 3 BUPaXeHUM naTtoMop-
0o30M Yy rpynax 3 HentoMiHanbHUMK MiATMNaMK Ta KO-eKCMpecielo peLenTopis 3MeHLUY-
€TbCH, NpuvyoMy Ansa niaTuny «3-Her» [ocToBipHO. Lle c©BigunTb npo  niaBuLLeHy
PE3NCTEHTHICTb MyXMWH TPWUYi HeraTMBHOTO paky. Y rpyni ropMoHanbHO PeLenTOpPHUX
nyxnvH npu BH® uen nokasHWk [JOCTOBIPHO 3pocTae. AHania ynbTpacTpykTypu
NyXIWH Pi3HNUX MOMNEKYNSIPHUX MNiATUMIB Moka3as, WO OinbLliCTe NPOLECIB ypaKeHHs
Ta cynpoBigHux peakuin Ha gito MXT igeHTnyHi Ana ob6ox cdopm PI3. Tak, y Bignosiab
Ha xiMmioTepanilo cnocTepiralTbCsA Pi3Hi BUAM KNITUHHOI 3arnGeni: HeKpoTMYHa, TeMHO-
KNiTUHHA, anonTUYHa; NPOLECU ypaXKeHHs KNiTUHHOro siapa: HasiBHICTb AosigepHux MK,
KNiTUH 3 MiKposiApamu; MOPYLUEHHS CTPYKTYPWU MIKPOCYAUH: Habpsik Ta yLinbHEHHS
uuTonnasmm eHgoTenioumTiB Ta iX BifliapyBaHHSA; akTuBauis darountody Ta iMyHHUX
npouecis. Tinbku ans BH® nputamanHa HasBHicTb K Ta emboniB y kaningpHux cyauHax,
a TaKkoX [AOCTOBIPHO MiABMLLIEHA YacTiCTb MraHTCbKMX MONIMMAOIAHUX  NYXIIMHHUX
KNiTuH. BcTaHoBneHo Takox, wo nicng MXT y xBopux Ha PI3 6e3 o3Hak Habpsiky
30epexeHi  MyXNWHHI  KNiTUHW ~ OEMOHCTPYIOTb  MEepeBakHO  NOMiHamnbHi  O3HaKK
(72,7-100%). OpHak npu BH® PI3 nopibHa peakuis nposiBNAeTbCA nuwe Ans
rOpMOHarnbHO peLenTopHUX NiATUMIB Ta rpynu 3 KO-eKCrpecielo peLenTopiB. ToAi SK Ans
NyXnuH Tpwudi HeratuBHoro Ta HER2-no3uTuBHOrO niAgTMNIB 4acTiCTb MOMiHANBbHUX
03HaK HUX4a, Hix Npy HeHabpsikoBomy PI3 i cknagae 33,3 Ta 66,7% BignosigHo, p < 0,05.
BucHoBku. Ocobnusoctsmn BH® PI3 Ha BigmiHy Big HeHabpsikoBoi copmu PI3
€ [OCTOBIpHO 3HWXEHa YYTNMBICTb TPWUYi HEraTMBHOMO paky Ao XimioTepanii Ta TeHAEH-
uis A0 XiMIOPe3MCTEHTHOCTI MONeKynsApHUX niaTuniB 3 HaseHicTio HER2: 3Hauvywa
36epexeHicTb y rpyni Tpudi HeratuBHoro paky nicng MXT nyxnuH 3 HemnoMiHanbHUMK
KNiTUHaMK, TOAi SIK B iHLUIMX PpeLenTopHMX rpynax BinblicTe NyXNWMH Mae noMiHanbHi
03Haku; BiporigHO niaBuWeHa nicna ximioTepanii KiNbKICTb MyXMUH 3 TiraHTCbKUMU
noninnoigHumu  knitnHamm. Moxnueo, ocobnueocti BH® PI'3 nos’sizaHi 3 HasBHiCTIO
noninnoigHux MK, cTiikux go ximioTepanii, a npouecu 3ananeHHst i gis ximiotepanii
MOXYTb BiflirpaBaTv NeBHY pPorib Y CTUMYINSLIT iX YTBOPEHHS.
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af’toBaHTHOI  XiMioTepanii Ha CTPYKTYPHO-PYHKLOHANbHUIA CTaH MyXAWHHKUX KIITUH NpU  BTOPUHHO-HaOPSIKOBIN
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ABSTRACT

Background. Secondary edematous form of breast cancer (SEF BC) is the most
aggressive type of BC that is characterized by rapid progression, high levels of metastasis,
significant resistance to chemotherapy and radiotherapy. SEF BC is not just a combination
of cancer and local inflammation, but is a rare phenomenon in which the development
of the tumor is primary. The processes of edema and inflammation occur because of
lymph flow blockage by the formation of emboli from tumor cells (TC), which have
elevated levels of E-cadherin, properties of polyploid cells and show signs of stem cells.
Trimodal therapy methods are used for the treatment of SEF BC, the main components
of which are neoadjuvant systemic chemotherapy, surgery and adjuvant radiation
therapy. However, the results of treatment remain insufficient, possibly due to the fact
that the features of SEF, the role of stem cells and inflammatory factors are not taken
into account. Therefore, further research is needed in various fields of oncology,
molecular biology, immunology, genetics, morphology, including electron microscopy,
which is an important area for establishing the characteristics of both tumor cells
and their environment.

Purpose. Study of the neoadjuvant polychemotherapy influence on the structural
and functional state of tumor cells of different molecular subtypes in the secondary
edematous form of breast cancer.

Materials and methods. Tumors of 29 patients with normal breast cancer and 32 pati-
ents with SEF BC were studied. Receptors to estrogen (ER), progesterone (PR) and
epidermal human growth factor 2 (HER2) were immunohistochemically determined
before systemic neoadjuvant polychemotherapy (PCT). According to the receptor
status, tumors were divided into 4 groups: 1 — ftriple negative («3-neg») tumors,
2 — HER2-positive («<HER2») tumors, 3 — hormonally receptor («HP») tumors, 4 — tumors
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with co-expression of hormonal receptors and HER2 («HR + HER2»). For polychemo-
therapy (PCT) the regimen (ACx4-Px4) was used.The ultrastructure of the tumor
cells (TC) was examined using standard electron microscopy methods. In all study groups,
the frequency of cases with pronounced therapeutic pathomorphosis (PTPM) was
determined, as well as the frequency of tumors with luminal and non-luminal symptoms
after treatment. The obtained data were calculated using non-parametric methods with
the software package for PC «Biostat» application and using a non-parametric criterion
of the most plausible assessment of reliability for small selections (Pmp).

Results. It was found that PCT in patients with conventional BC causes a pronounced
therapeutic pathomorphosis (PTPM) of most tumors of the receptor groups «3-neg»,
«HER2» and «HR+HER2», compared with the group «HR», where no case of PTPM
was observed. At SEF BC the frequency of tumors with the pronounced pathomor-
phosis in groups with nonluminal subtypes and co-expression of receptors decreases,
that for group «3-neg» is reliable. This indicates increased chemoresistance of triple
negative tumors. In the group of hormone receptor tumors at SEF, this index increases
significantly. Analysis of the ultrastructure of tumors of different molecular subtypes
showed that most of the processes of damage and accompanying reactions to the action
of PCT are identical for both forms of BC. Thus, in response to chemotherapy, different
types of cell death: necrotic, dark cell, apoptotic; processes of cell nucleus damage:
presence of dinuclear PCs, cells with micronuclei; disturbance of the microvessels
structure: edema and condensation of the endothelial cells cytoplasm and their exfoliation;
activation of phagocytosis and immune processes are observed. Only SEF is
characterized by the presence of TCs and emboli in capillaries, as well as a significantly
increased frequency of giant polyploid tumor cells. It was also found that after PCT in
patients with normal BC preserved tumor cells show mainly luminal signs (72.7-100%).
However, in SEF BC such reaction occurs only for hormone-receptor subtypes and
the group with co-expression of receptors, whereas for tumors of three negative
and HER2-positive subtypes the frequency of luminal signs is lower than in conventional
BC and is 33.3%, p < 0.05 and 66.7%, respectively.

Conclusions. Peculiarities of SEF BC in contrast to the usual form of BC are significantly
reduced sensitivity of 3-negative cancer to chemotherapy and the tendency to chemo-
resistance of molecular subtypes with the presence of HER2; significant survival after
PCT tumors with non-luminal cells characteristic in the group of 3-negative cancer,
while in other receptor subtypes most tumors have luminal features; probably increased
after chemotherapy the number of tumors with giant polyploid cells. It is possible
that the features of SEF BC are associated with the presence of polyploid TCs resistant
to chemotherapy, and both inflammation and chemotherapy may play a role in stimu-

lating their formation.
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NAGHOMU | TeMamu

Cratta € (hparMeHTOM NNaHOBOi HayKOBO-AOCMIAHOI
po6otn [epxaBHOi ycTaHOBW  «IHCTUTYT  MeAUYHOI
pagionorii Ta oHkonorii iM. C.M. Mpurop’eBa HauioHanbHoi
akagemii MeguyHux Hayk YkpaiHuy «Po3pobutu nporpamy
KOMMNIEKCHOrO MiKyBaHHS XBOPWX Ha BTOPUMHHO-HaOpsiKo-
BUA pak rpygHoi 3ano3n 3 YypaxyBaHHSAM MeXaHi3MiB
natoreHesy 3anasnbHOro i HabpsAKOBOrO KOMMOHEHTIB
arpecuBHOCTI MyXJIMHHOMO NPOLECY», HOMEp AepXaBHOI
peectpauii: 0118U001712, wudpp temn: HAMH 03.18,
npuknagHa, TepMiH BMKOHaHHA: 01.2018-12.2020 pp.,
KepiBHUK — aupekTop [epxaBHOI yCTaHOBM «lHCTUTYT
MeauyHoi papgionorii i oHkonorii im. C.IM. Tlpurop’eea
HauioHanbHOI akagemii MegnyHnx Hayk YkpaiHuy», OOKTOp
Mean4Hux Hayk, npodecop M.B. KpacHocenbCbkui.

BCTYN

BTopuHHO-HabpsikoBuiA  pak rpygHoi 3ano3m  (PI3)
€ Hambinbw arpecMBHMM TunNom PI3 i Big3HavaeTbea
LUBUAKOK MPOrpecito, BUCOKMM piBHEM iHBas3ii Ta MeTa-

Relationship with academic programs,
plans and themes

The paper is a fragment of the planned research
project of State Organization «Grigoriev Institute for Medi-
cal Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine» which is «To develop
a program of complex treatment of patients with secondary
edematous breast cancer, taking into account the mecha-
nisms of the pathogenesis of the inflammatory and edema-
tous components of the aggressiveness of the tumor
process». State registration number: 0118U001712,
research project code: NAMN 03.18 applied, period for
performance: 01.2018-12.2020; led by director of the
State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine», doctor of medical sciences,
professor M. Krasnoselskyi.

INTRODUCTION

Secondary edematous form of breast cancer (SEF BC)
is the most aggressive type of BC and is characterized
by rapid progression, high levels of invasion and meta-
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CTasdyBaHHsl, 3HAYHOK PE3UCTEHTHICTI0O [0 XiMio- Ta
pagiotepanii [1, 2]. BropuHHo-HabpsikoBa copma (BHD)
PI'3 € He npocTto koMOiHaLielo paky Ta MicLeBoro 3ana-
NeHHs, ane ABnsde cobok piaKkMn (HEHOMEH, NMpU AKOMY
NEPBMHHMM € PO3BUTOK MYyXMUHW, a npouecu Habpsky
Ta 3ananeHHs BWHWKAKTb BHAcMigok Onokagu niMmdgo-
BIOTOKY MNpW YTBOPEHHi MM OoBaCKynspHUX KOMMMEKCIB
3 nyxnuHHMX KNituH (MK), gki mMaTe NigBULWEHUA piBeHb
E-kagrepvHy, BnacTMBOCTI MONINNOIAHUX KNiTUH Ta NposiB-
nswTb 03Haku crtoBbypoBux knitnH (CK) [2-4]. Cepepn
MonekynsipHux nigtunis BH® PI3 nepeBaxaiTb Tpudi
HeraTBHUA Ta HER2 no3uTmBHWUI pak, y KNiTUHHIA nony-
nsauji skmx came CK cknagatotb GinbuicTs [5]. MNpy ubomy
Heo4HOPa30BO NIAKPECNIOETLCA BIACYTHICTE  crneuundiy-
HOCTi  MOPQOMONiYHUX, MOMEKYNAPHUX Ta TFEHETUYHUX
03Hak ans uiei gopmun PIr3 [6].

[HLWO 3 NPYYMH, NOCWUMIOKYNX arpPeCUBHICTb, € 3ana-
NEeHHSA, sIKe CynpoBOOXKYE KaHueporeHes. PisHi noro dak-
TOPU CTUMYMIOKTbL MPOLECU POCTY, AifeHHs, iHBasil Ta
MeTacTasdyBaHHA MyXJIMHHUX KMiTMH, @ TakoX akTuBauito
Pi3HMX LLNAXiB OHKOreHesa, aHrioreHesa, Towo [7].

Ona tepanii BH® PI'3 3actocoBytoTbca meToan, siki
HenoraHo 3apekomeHayBanu cebe Ana niKyBaHHA 3BUW-
YyarHoro paky rpyaHoi 3anosv. Ane npu Ui cdopmi PIr3
nooauHui BOHW ManoedekTnsHi, ToMy 3 2000 poky
3aCTOCOBYOTb METOAM TpumoparbHOI Tepanii, OCHOB-
HAMW CKMNafgoBMMU SIKMUX € Heoad'loBaHTHA CUCTEMHa
XimioTepanis, e(eKkTUBHICTb SKOI BM3Ha4alTb 3a Mokas-
Hukom pCR (pathological complete respone, natonoriyHa
MoBHa BiAMOBiAb), XipypriyHe BTPyYaHHA Ta afg’loBaHTHa
pagiauinHa Tepaniqa [8]. BcTaHOBNEHO TakoX, LLO BiANOBIAb
Ha NiKyBaHHA, 30KpeMa Ha XimioTepanito, 3anexuTb Bif
peLenTopHOro CTaTycy MyxXWHWU, WO MPUMYLLYE Bpaxo-
BYyBaTW Liel (pakTop Ta BUKOPUCTOBYBATK Pi3Hi Moanudikauii
nikyBaHHa [9]. OgHak, HaBiTb 3a TakMx yMOB pe3ynbratu
niKyBaHHA 3anuwiatoTbes He3agoBinbHMK [10]. Tomy ans
nokpalleHHss edeKTUBHOCTI Tepanil nigBULLYIOTb [03Y
ximionpenapartiB, 3aCTOCOBYIOTb BHYTpilLHbOapTepianbHe
iX BBELEHHS, BMKOPUCTOBYIOTb KOMOiHaLi0 KOHBeEHLianb-
HOT XximioTepanii 3 TapreTHow Tepaniel, Hanpuknag,
3 iHribiTopamu peuenTopiB 4O enigepmanbHOro akTo-
pa pocty 2 mogunHn (HER2) [11-13]. Mopsa 3 umm peski
JOCnigHMKN BBaXaloTb, WO NpW OTPUMaHHI NOBHOI Big-
noBigi MyxXNVHU Ha Heoap'toBaHTHY XiMioTepanilo MOXHa
BiAMOBUTMCA Big4 MacTeKTOMIl i NPOBOAUTM nuLE CUMM-
TomatuyHe nikyBaHHa [14]. Cnig 3a3HauvTh, WO YyCi Ui
MeTtoau Tepanii He BpPaxoBYyTb ocobnueocten BHO,
30KpeMa, poni CTOBOYpoBMX KNiTMH Ta bakTopiB 3ana-
neHHs. € paymka, WO cneuudiyHa TapreTHa Tepanis
ons BH® noku e HegocTynHa i Wo icHye HeBigknagHa
HeoOXigHICTb pPo3pobKM HOBWMX METOAIB Tepanii 3a ymMoB
MOLLYKY HOBUX MiwleHer [15]. Hanbinbw nepcnekTMBHUMHA
MOXyTb OyTw TapreTHi npenapartu, Ais SKUX CnpsMoBaHa
sk Ge3nocepeaHbO Ha dakTopu, cneumdiyHi ansi cToeoy-
poOBMX KNiTWH, TaK i Ha cpakTopu 3ananeHHs. Y 3B'A3Ky
3 UMM HeoOXigHi noganblui 4OCHIMKEHHS Y PI3HMX ranys3sx

OHKonorii, Tepanii, MonekynsapHoi 6ionorii, imyHonorii,
reHeTuKn, Mopdonorii, 30KpemMa EeNneKTPOHHOI  MiKpo-
ckonil, WO € BaXIMBMM HamnpsMKOM ANd BUBYEHHS

XapakTepUCTUK SIK CaMuX MNyXIMHHWX KNiTUH, Tak i ene-
MEHTIB OTOYYIOHOrO X cepeaoBuLLa.

Meta po6oTun. BuB4YeHHS ocobnuBocTen BNMMBY
Heoaf'toBaHTHOI noniximioTepanii Ha CTPYKTYPHO-OYHK-
LioHanbHUN CTaH MNYXAWHHUX KIITUH Pi3HUX MONeKynsp-
HMX MiaTUMNIB NpY  BTOPWHHO-HaOPsKOBIN ¢opmi  paky
rpygHoi 3anosu.

stasis, significant resistance to chemotherapy and radio-
therapy [1, 2]. Secondary edematous form is not just
a combination of cancer and local inflammation, but is
a rare phenomenon in which the primary is tumor
development. The processes of edema and inflamma-
tion occur due to blockage of lymph flow after formation
of lymphovascular complexes from tumor cells (TC),
which have elevated levels of E-cadherin, the properties
of polyploid cells and show signs of stem cells (SC) [2-4].
Among the molecular subtypes of SEF BC, triple negative
and HER2-positive cancers are predominated in the cell
population of which just SCs represent the majority [5].
At the same time, the lack of specificity of morphological,
molecular and genetic traits for this form of BC is repea-
tedly emphasized [6]. Another reason that exacerbates
aggression is inflammation, which accompanies carcino-
genesis. lts different factors stimulate the processes of
growth, division, invasion and metastasis of tumor cells,
as well as the activation of various pathways of onco-
genesis, angiogenesis etc [7].

For the treatment of SEF BC methods are used that
have proven themselves well for the therapy of ordinary
breast cancer. However, in this form of BC alone, they are
ineffective. So since 2000 methods of trimodal therapy,
the main components of which are neoadjuvant systemic
chemotherapy, the effectiveness of which is determined
by pCR (pathological complete response), surgery and
adjuvant radiation therapy are use [8]. It was also found
that the response to treatment, in particular to chemo-
therapy, depends on the receptor status of the tumor,
which forces to take into account this factor and resort
to modification of treatment [9]. However, even under
such conditions, the results of treatment remain insuffi-
cient [10]. Therefore, to improve the effectiveness of
therapy the increased dose of chemotherapeutics, intra-
arterial administration, a combination of conventional
chemotherapy with targeted therapy, for example, with
inhibitors of receptors for human epidermal growth factor 2
(HER?2), are use [11, 12, 13]. In addition, some researchers
suppose that after the achievement of complete response
to neoadjuvant chemotherapy mastectomy can be revoked
and only symptomatic treatment can be carry out [14].
It should be noted that all these methods do not take
into account the features of SEF, in particular, the role
of stem cells and inflammatory factors. It is believed
that specific targeted therapy for SEF BC is not yet
available, and that there is an urgent need to develop
new therapies in terms of finding new targets [15].
The most promising may be targeting drugs, the action
of which is aimed both directly at factors specific to stem
cells and inflammatory factors. Therefore, further rese-
arch is needed in various fields of oncology, therapy,
molecular biology, immunology, genetics, morphology,
including electron microscopy, which is an important
area for studying the characteristics of both tumor cells
and their environment.

Objective of this study was to study the effects
of neoadjuvant chemotherapy on the structural and func-
tional state of tumor cells of different molecular subtypes
in the secondary edematous form of breast cancer.
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MATEPIAAU TA METOAU AOCAIAXEHHS

XBOpYM Ha ABi KMiHiYHI popmMuK paky rpyaHOI 3anosu:
BTOpPUHHO-HabpsikoBy c¢opmy (BH® PI3, 32 Bunagkm)
Ta PI3 6e3 o3Hak Habpsiky Ta 3anarneHHsi, (KOHTponbHa
cepis, PI'3, 29 BunagkiB) NnpoBoannM CUCTEMHY Heoan 'to-
BaHTHY noniximiotepanito (MXT) 3 HacTynHow MacTekTo-
mieto. [1na Heoaa'toBaHTHOT [MXT BMKOPUCTOBYBaNu pexum
ACx4 — Px4 (AC: pokcopybiunH 60 mr/m? B/B 'y 1-1 figHb +
+ umknodgocdamig 600 mr/m? B/B y 1-1 4eHb — OOUH pas3
Ha Tpu TWXHi, 4 unknu; P — naknitakcen 175 mr/m? B/B
y 1-/i oeHb — oauH pa3 Ha Tpu TWxHi, 4 uuknum). Big naui-
€HTIB OTPMMaHO iH(hOpMOBaHy 3rogy Ha yyacTb y gocnia-
)KEHHI, ke NpoBeaeHo BiAMOBIAHO OO OCHOBHMX GioeTnu-
HUX HOPM I'enbCiHCbKOT Aeknapauii BcecBiTHbOT MegnyHoi
acouiauii  «ETWUYHI  npuHUMNN  MEeOMYHUX  OOCHIOKEHb
3a y4yacTo IAMHU Yy sAKOCTi o6’ekTa [OCNIgKEHHS»
(1964-2013 pp.). TlpoTokonu [JOCRIOXKEHHSI CXBaneHi
KomiTeToM 3 nutaHb GioeTnkn Ta geoHTonorii [epxaBHoi
ycTaHoBU «IHCTUTYT MeguudHOI pagionorii Ta OHkonorii
im. C.IM. Mpurop’eBa HauioHanbHOi akageMii MeandYHUx
Hayk YkpaiHn». O6cTexeHi nauieHTn 6ynu npoiHdopmo-
BaHi NPO AOCAIMKEHHS | Aanu 3rogy Ha Noro NpoBeAEeHHS.

3a [,onoMOro iMyHOFICTOXIMIYHMX METOZAIB Y MyXmmMHax
yCiX XBOpUX OO MiKyBaHHsi BU3Ha4Yanu HasBHICTb peuen-
TOpiB 4O XIHOYMX FOPMOHIB Ta enigepmManbHoro ¢akropa
pocty nioavHn 2 (HER2). Y KoXHiln cepii 3a peLenTopHUM
cTatycoM nyxnuHu obG’egHyBanu y 4 rpynu: 1 rpyna -
NyXAWHW 3 BIACYTHICTIO YCIX [OCRigXeHUX peuenTopis
(Tpuyi HeratuBHUI pak, «3-Her»), 2 rpyna — KapLMHOMM,
NnosuTMBHI OO peuenTopa enigepmarnbHOro daktopa
pocty nogunn («HER2»), 3 rpyna — kapuuHomu 3 ekcnpe-
cieto ropmoHanbHux peuentopie (HR), go skoi Bxoammnu
nyxnuHu 3 ogHMM abo ABoma peuentTopaMu A0 KiHOYMX
cTepoigis, ectporeHy Ta nporectepoHy («ER», <kER + PRy),
4 rpyna — NyxfMHW 3 KO-EKCMpecielo peuenTopiB OO cTe-
poigHux ropmoHiB Ta HER2 (ko-ekcnipecis, «<ER + HER2»,
«ER + PR + HER2») (1abn. 1). CtyniHb naTonoriyHoro
naTtoMopdo3y MyXfWMH Pi3HUX PeLEenTOpHUX Trpyn 3BU-
vyanHoro PI'3 ta BH® PI'3 nicns noniximiotepanii Bu3Ha-
yanu sk cnabkuii, NOMIPHUIA Ta BUPaXEHU Tepanes-
TUYHUI NaToMopdo3.

MATERIALS AND METHODS

Patients with 2 clinical forms of breast cancer: secon-
dary edematous form (32 cases) and ordinary BC,
without signs of edema and inflammation (29 cases)
underwent systemic neoadjuvant polychemotherapy (PCT)
followed by mastectomy. For neoadjuvant PCT, the
ACx4 — Px4 regimen was used (AC: doxorubicin 60 mg/m?
on the 1%t day + cyclophosphamide 600 mg/m? on the
1stday — once every three weeks, 4 cycle; P — paclitaxel
175 mg/m? on the 1t day — once every three weeks,
4 cycles). Patients received informed consent to parti-
cipate in the study, which was conducted in accordance
with the basic bioethical standards of the Helsinki
Declaration of the World Medical Association «Ethical
principles of medical research with human participation
as an object of study» (1964 — 2013). The research
protocols were approved by the Committee on Bioethics
and Deontology of the Institute of Medical Radiology and
Oncology. State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine». The examined patients
were informed about the study and agreed to conduct it.

In the tumors of all patients the presence of receptors
for female hormones and human epidermal growth
factor 2 (HER2) was determined by immunohistoche-
mical methods before treatment. In accordance with the
receptor status tumors was categorize into the following
4 groups: 1 group — tumors without receptors (triple nega-
tive cancer, «3-neg»), 2 group — carcinomas positive
for human epidermal growth factor receptor («HER2»),
group 3 — carcinomas with the expression of hormonal
receptors (HR), which included tumors with one or two
receptors for female steroids, estrogen and progesterone
(«ER», «kER + PR»), group 4 — tumors with co-expression
of receptors for steroid hormones and HER2 (co-expres-
sion, <kER + HER2», «<ER + PR + HER2») (Table 1).
The degree of tumor pathomorphosis of different recep-
tor groups of normal BC and SEF BC after polychemo-
therapy was defined as weak, moderate and pronounced
therapeutic pathomorphosis.

Ta6nuua 1. Po3noain gocnimxkeHnx NyxvH Mo cepisix Ta rpynax
Table 1. Distribution of the studied tumors by series and groups

Cepii / Series Yeworo / Total | 3-Her / 3-neg HER2 HR Ko-ekcnpecis / Co-expression
MXT, HeHabpsikoBuin PI'3
PCT, nonedematous BC n 29 4 5 9 1
MXT, BH® PI3
PCT, SEF BC n 32 1 7 9 5

3paskn nyxnuH, ogepxaHi nig 4ac onepaTtuBHOrO
BTPyYaHHs, 006pobnsinuM 3a CTaHAapTHUMW ENEKTPOHHO-
MikpockoniyHuMKn MeTtoamkammn [16]. lNicns dikcauii nyx-
NNHHOT TKaHWHW croYaTKy y rmTapanbaerigHomy dikca-
Topi 3a KapHoBcbkuM, a noTim — B 1% TeTpaokcuai ocmito
3a [lanage Ta 3HEBOOHIOBaHHS B €TaHONi 3pocTaryoi
KOHLeHTpaLii maTepian 3anvBanu y CyMill enoKCUOHUX
cMmon (enoH-apanguT) i nonimepusyBanu 36 roauH
npu 56°C. YnbTpaToHKi 3pi3n, BUrOTOBMEHI Ha ynbrpa-
mikpoToMi YMTI-4 Cymcbkoro BMpoOHM4Yoro 06’eHaHHS
«EnektpoH» (YkpaiHa), KoOHTpacTyBanuM B HacU4YeHOMY
po34uHi ypaHinauetaty i uuTpaTi cBuHUIO 3a PenHonba-
COM Ta aHanisysanum B €neKTPOHHOMY  MiKpOcKoni

Tumor samples obtained during surgery were pro-
cessed by standard electron microscopic techniques [16].
After fixation of tumor tissue first in glutaraldehyde
fixator according to Karnowski, and then in 1% osmium
tetraoxide according to Palade and dehydration in
ethanol of Increasing concentration, the material was
impregnated by a mixture of epoxy resins (epon-araldite)
and polymerized for 36 hours at 56°C. Ultrathin sections
made on an ultramicrotome UMTP-4 of Sumy Production
Association «Electron» (Ukraine) were contrasted in
a saturated solution of uranyl acetate and lead citrate
according to Reynolds and analyzed in an electron micro-
scope EM-125 (Sumy Production Association «Electron»,
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EM-125 (Cymcbke BUpOGHMYe 06’efHaHHA «ENEKTpOHY,
YkpaiHa). 36inblueHHA Ha NpeacTaBneHuX eneKTPOHHO-
MikpockoniyHmx cooTorpacpiax cknagae 8000.

MigpaxoByBanu 4acTiCTb BMMNAAKIB 3 fOMiHaNbHUMMK
Ta HenomiHanbHUMKM o3Hakamn (%) y cepisx 3Buyan-
Horo PI'3 ta BH® PI'3 nicns noniximiotepanii. [Jo niomi-
HanbHUX O3HaK BIOHOCUNM HASBHICTb MPOTOKOMOAIGHMX
CTPYKTYp, ApiOHMX KNiTMH Ta  BHYTPILUHBOKMITUHHUX
NPOCBITKIB, @ OO0 HEeroMiHanbHMUX — MPUCYTHICTb BENUKUX
HeaudepeHuinosaHux MK.

OTpuMaHi pe3ynbTat obumMcnioBanu 3a [ONOMOroH
HenapameTpUYHUX KPUTEPIiB 3 BUKOPUCTaHHSIM NakeTa
nporpam ansa MNK «Biostat» Ta HenapameTpuyHoro metoay
MakcMManbHO npaBaonoaibHoi ouiHkmM gocTosipHocTi (Pmm)
ansa manux gobipok [17].

PE3YABTATU TA iX OBFOBOPEHHS

Byno BcTaHOBMNEeHO, WO Heoag'toBaHTHA nomiximio-
Tepania xBOpux Ha 3BuyanHum PI3 y rpynax nyxmnvH
3 HemnMiHanbHUMU MONEKYNSApPHUMK nigTunamu («3-Hery,
«HER2») Ta 3 ko-eKkcnpecielo ropmoHanbHUX peuenTopis
i HER2 npu3BoaMTb [0 BMpaXKeHOro TepaneBTUYHOro
natomopcposdy (BTMM) 75%, 60% Ta 72,7% nyxnuH,
BiQMOBIAHO, MOXINMBO, BHACIIAOK BMCOKOrO PiBHS BUXia-
Hoi nponidepatmBHOi aktuBHocTi MK umx rpyn, wo
MOB’A3aHO 3 BiNbLUOK YYTNUBICTIO KNITUH Y CTaHi AineHHs
0O UMTOTOKCUYHMX npenapatis (tabn. 2) [18]. Y rpyni
NyXNvH 3 TOPMOHaNbHUMKU peLenTopamMmn y XOOHOMY
BMNagKy He CrocTepiranocs BUPaXKeHOro TepaneBTuy-
Horo natomopdoa3y.

Ukraine). The magnification in the presented electron
microscopic photographs is 8000.

The frequency of cases with luminal and non-luminal
symptoms (%) in the series of conventional BC and
SEF BC after polychemotherapy was calculated. Luminal
features included the presence of duct-like structures,
small cells and intracellular lumens, and non-luminal
features included the presence of large undifferen-
tiated PCs.

For obtained results calculation non-parametric criteria
were applied using the software package for PC «Biostat»
and non-parametric method of the most plausible reliability
assessment (Pmp) for small selections [17].

RESULTS AND DISCUSSION

It was found that neoadjuvant polychemotherapy
of patients with conventional BC in groups of tumors
with non-luminal molecular subtypes («3-neg», «HER2»)
and with co-expression of hormone receptors and
HER2 leads to pronounced therapeutic pathomorpho-
sis (PTPM) 75%, 60% and 72.7% of tumors, respectively,
may be due to the high level of initial TC proliferative
activity of these groups, which is associated with
greater sensitivity of cells in the state of division to cyto-
toxic drugs (Table 2) [18]. There was not a single case
with pronounced pathomorphosis in groups of tumors
with hormonal receptors expression.

Tabnuus 2. YacTicTb BUNagkiB BUPaXXeHoro TepaneBTMYHOro natoMmopdosy
MYXMWH Pi3HUX peLenTopHUX rpyn HeHabpsikosoro PI'3 Ta BH® PI'3 nicnsa noniximiotepanii
Table 2. The frequency of cases with pronounced therapeutic pathomorphosis
in the series of nonedematous BC and SEF BC after polychemotherapy

KoHTponbHa cepisi, HeHabpsikosuin PI'3 Cepisa BH® PI'3
PeuenTopHa rpyna Control series, nonedematous BC SEF BC series
Receptor group
Ycboro / Total BTIM / VPPM Yeboro / Total BTMNM / VPPM
N 4 3** 11 2*
3-Her / 3-neg
% 100 75,0 100 18,2
N 5 3** 7 2
HER2
% 100 60,0 100 28,6
N 9 0 9 3*
HR
% 100 0 100 33,3
Ko-ekcnpecis N " 8™ 5 2
Co-expression % 100 72,7 100 40,0

lpumimka: *[OCTOBIPHO Y NOPIBHSIHHI 3 KOHTPONbBHO cepieto, P < 0,005,

**NOCTOBIPHO Y NOPiBHSAHHI 3 rpynoto «HR», P < 0,005.
Note: *significant in comparison with the control series, P < 0.005,
**significant in comparison with the group «HR», P < 0.005.

Ha BigMmiHy Big KOHTPOMbHOI cepii, y XBOpPUX Ha
BH® PI'3 y rpyni Tpudi HeraTMBHOro paky crnocTepira-
€TbCSl JOCTOBIpHE 3MEHLLEHHS 4acToCTi MyXNWH 3 BuUpa-
KEHUM NaTONOrMYHUM NaToMopd030M nicnsa ximioTepanii,
WO BKA3ye Ha PE3UCTEHTHICTb TakMx MyxMIWH [0 iky-
BaHHA. Y rpynax 3 ekcnpecieto HER2 Ta 3 ko-ekcnpecieto
ropmoHanbHux peuentopie Ta HER2 nokasHuk BTIM
BUSIBNSETLCS [ELO HWXKYMM, HDK Y BIigMnoBigHWX rpynax
HeHabpsikoBoro PI3, xo4a i HeBiporigHo. MoxnuBo, WO
He3BaXkaluM Ha T[iCTOMOrYHY, rEeHeTUYHy Ta ynbTpa-
CTPYKTYPHY iAEHTUYHICTb KNiTMH 060X cbopm PI3, icHyoTb
dakTopun, Aki BNAMBarTb Ha CTinkicTb umx MK go tepanii.

In contrast to the control series, in patients with SEF BC
in the group of triple negative cancer there is a significant
decrease in the frequency of tumors with PTPM after
chemotherapy, which indicates the resistance of such
tumors to treatment. In groups expressing HER2 and
co-expressing hormone receptors and HER2, the rate
of PTPM is slightly lower than in the corresponding
groups of conventional BC, although insignificantly.
It is possible that, despite the histological, genetic and
ultrastructural identity of cells of both forms of BC, there
are factors that affect the resistance of these TCs to
therapy. Inflammatory processes obviously play a role,
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MeBHy ponb, 04EBUAHO, BiAirpalTb MPOLIECU 3anarneHHs,
AKi  Yyepe3 CTUMYNAUII0 CUrHanbHUX LWNASXIB  MOXYTb
nigsuysatn pesucteHTHicTb K go Tepanii. Moxnueo,
TaKoX, L0 Y LIbOMY BWHEH BWCOKWUW piBeHb E-kagrepuiHy
y CTOBOYpPOBMX KMiTUHAX HEMMIHaNbHUX MiATUMIB, SKWN
Cnpusie yTBOpPEHHI eMOoniB Ta BWHMKHEHHI HabpsKy
Ta 3ananeHHs. He BMHATKOBO, TaKOX, WO Ximiopesuc-
TEHTHICTb 3YMOBMIOETBCA HaABHICTIO npu BH® PI3 noni-
nnoigHux TMK. Le 3anBuii pas nigkpecnoe HeobxigHiCcTb
MOLUYKY TapreTHUX MeToAiB NpOTU CTOBOYPOBWUX KIiTUH
Ta hakTopiB 3ananeHHsi, 3acobiB BU3HA4YeHHs Ta 3anobi-
raHHsA yTBOpeHHA noninnoigHux MK.

LLle ogHum dpeHomeHom y pasi BH® PI'3 € poctoBipHO
nigBuLLIEHa YYTNMBICTb FOPMOHAmNbHO PELENTOPHUX MyX-
nuH po MXT y NOpiBHSAHHI 3 BiANOBIAHUM 3HAYEHHAM
Ans koHTporo. Lle moxe ByTu noB’a3aHo 3 HasABHICTIO Npu
BH® PI'3 y nonynauii nyxnuH wi€ei rpynu KNitMH 3 o3Hakamu
6asanbHNx cToBOYpOBMX popMm, SK uUe Oyno BUSABMNEHO
y HaloMmy nonepegHbOMY AOCHimKeHHi, abo BnnuBy 3a-
naneHHs Ha enitenianbHi cTOoBOYpPOBi KMiTUHW. BuasneHi
0co6nMBOCTI NOTPEBYOTh NOAANbBLIOIO JOCHIIKEHHS.

PaHiw Hamn 6yno npeacTtaBneHo ynbTPacTPyKTYpHWUIA
Burnsg nyxnumHHux knituH (MK) y koxHOMy 3 peuenTop-
HUX nigTMNIB HeHabpsSKOBOro Ta BTOPWHHO-HAGPSIKOBOrO
paky PI3. MNpu ybomy He Byno 3apeecTpoBaHO MOMITHUX
BiomiHHOCTel ToHKoi Oygosu MK mix uvmu gBoma dop-
MamMy paky. 3a CBOIMW CTPYKTYPHO-(YHKLiOHANbHUMMN
o3Hakamn Buainanuca aea Buau [1K: nomiHanbHi Ta
HenMiHanbHi. [Ona nepwux XxapakTepHa HasBHICTb
HeBenukux K 3 03HakamMu CUMHTE3YO4YOI Ta CeKpeTopHOIl
dyHKuUii, yacTo o6’egHaHMX Y NPOTOKOMOAIOHI CTPYKTYypM,
cepepn HUX po3TalloBYETbCHA HebaraTo KpymnHilmx Heamde-
peHUiNoBaHNX CBITNNX KNITUH, siKi MOXYyTb OyTu eniteni-
anbHUMKU cToBOypoBUMYK KniTuHamu [19]. Ona  Henomi-
HanbHUX OpM NpuUTamaHHi nepeBaXHO BenuKi Heaude-
peHuinoBaHi nyxnuHHi knitnHm (MK) 3 BenukuMu gapamm
Ta (YHKLiIOHaANbHOK aKTMBHICTIO, CMPSMOBaHOK Ha picT
Ta OineHHs, SKi MOXYTb MaTu BigHoweHHA Ao 6a3anbHux
cToBOypoBMX KMiTWH. odibHi KniTMHW, 36epexeHi nicns
ximioTepanii, npeacTaBneHi Ha pucyHkax 1 ta 2.

which through stimulation of signaling pathways can
increase TC resistance to therapy. It is also possible
that this is due to high levels of E-cadherin in stem
cells of non-luminal subtypes, which contributes to the
formation of emboli and edema and inflammation.
It is possible also, that chemoresistance is caused by
existence of polyploid TCs at SEF BC. This once again
emphasizes the need to find targeted methods against
stem cells and inflammatory factors, means to identify
and prevent the formation of polyploid cells.

Another phenomenon in SEF BC is a significantly
increased sensitivity of hormone receptor tumors to PCT
compared with the corresponding value for control.
This may be due to the presence of basal stem cells in the
tumor population of this groups, as was found in our
previous study, or the effect of inflammation on epithelial
stem cells. The identified features require further study.

Previously, we presented the tumor cells ultrastruc-
ture in each of the receptor subtypes of normal and
secondary edematous BC cancer. There were no signifi-
cant differences in the fine structure of the TC between
these two forms of cancer. According to their structural
and functional features, two types of TCs were distin-
guished: luminal and non-luminal. The luminal type is
characterized by the presence of small cells with signs
of synthesizing and secretory function, often combined
into duct-like structures. Among them are a few larger
undifferentiated light cells, which may be epithelial stem
cells [19]. Non-luminal forms are characterized by large
undifferentiated tumor cells with large nuclei and functio-
nal activity aimed at growth and division, which may be
related to basal stem cells. Similar cells preserved
after chemotherapy are shown in Figures 1 and 2.

Puc. 1. HeBenuki NnyxnuHHi KNiTUHKW
3 NNeoMOPMHUMU SApaMU Ta BHYTPIKNITUHHUM MPOCBITKOM
y NPOTOKOBI CTPYKTYpPi NyXIIMHW, Y XBOPOi Ha HeHabpsikoBuii PI'3
TPWYi HeraTMBHOrO MiATUNY Micns XimioTepanii.

A - anpo, An — apepue, BKI — BHYTPIKNITUHHWIA NPOCBITOK
Fig. 1. Small tumor cells with pleiomorphic nuclei and
intracellular lumen in the duct structure of a tumor with

a common BC of triple negative subtype after chemotherapy.
A — nucleus, A — nucleolus, BKIT — intracellular lumen

Puc. 2. Benvka HegudepeHLiioBaHa KniTuHa y NyxnuHi XBOpoi
Ha BH® PI'3 Tpuyi HeraTuBHOro nigtuny nicns ximiotepanii
Fig. 2. Large undifferentiated cell in a tumor of a patient
with SEF BC triple negative subtype after chemotherapy

Ornsp nitepatypu

78

Literature review



YKpaiHCbKWI pafionoriYHWin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 72-87

Ukrainian journal of radiology and oncology. 2022;30(2):72-87

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

EnekTpoHHO-MIKpOCKOMNIYHE  BUBYEHHSA  YNbTPACTPYK-
TYpu NyxnnH HeHabpsKoBOro Ta BTOPUHHO-HAOPSAKOBOroO
paky PI3 nicns ximioTepanii nokasano, wWo npu Bupaxe-
HOMYy TepaneBTMYHOMY natoMopdosi B YycCix rpynax
BUSIBNSATbCA O3HAKW  HEKPOTWYHOI  3armbeni  KniTuH,
a B OKpemux BuNagkax MyxXJIMHW MOBHICTIO 3aMilLyETbCS
CMOMyYHOI TKaHWMHOKW. YacTo ypaxeHa nyxnmHa ckna-
[aeTbCd 3 TEMHMX (PyHKUiOHANbHO HEaKTUBHUX KITiTUH,
SIKi PO3TaLLOBYIOTBCSA IpynamMu Ta nornsmu, LWo € 03HaKaMu
TeMHoKNiTUHHOI 3armbeni MK (puc. 3). Ak npasuno, rpynu
Taknx KnNiTMH CYNpPOBOAXYKOTLCA MonaMu  niMdounTis
(puc. 4). Ha tni ypaxeHHS iHOA4I BUSBNSIOTLCS HEBEMMKI
pakoBi KOMMMEKCK 3 Kinbkox xutresgatHux K.

Electron microscopic study of the tumors ultrastructure
of ordinary and secondary edematous BC after chemo-
therapy showed that tumors with severe therapeutic
pathomorphosis demonstrate the signs of necrotic cell
death in all groups, and in some cases the tumor is
completely replaced by connective tissue. Often the
affected tumor consists of dark functionally inactive cells,
which are located in groups and fields, which are signs
of dark cell death of the TC (Fig. 3). As a rule, groups
of such cells are accompanied by fields of lymphocytes
(Fig. 4). Sometimes small cancer complexes from several
viable PCs are found.

Puc. 3. ['pyna TeMHMX pyHKLOHANbHO HEAKTUBHUX KMITUH
y NyXIVHi XBOpOi Ha HeHabpsikoBuii PI'3 3 ko-ekcnpecieto
ropmoHaneHux peuentopis Ta HER2 nicnsa ximiotepanii
Fig. 3. A group of dark functionally inactive cells in a tumor
of a patient with normal BC and co-expression of hormone
receptors and HER2 after chemotherapy

Puc. 4. 'pyna nimdouunTiB y CNONYYHIN TKAHUHI HABKPYTU AiNAHKA
TEMHUX KNITWH Y NyXIWHI XBOpOi Ha HeHabpsikosui PI'3
3 eKCrpecieto ropMOoHanbHUX peLenTopiB Micns ximioTepanii
Fig. 4. A group of lymphocytes in the connective tissue around
the area of dark cells in a tumor of a patient with normal BC
with the expression of hormone receptors after chemotherapy

Puc. 5. Benvka gBosifepHa NyxnuHHa KNiTUHa y NyxnuHi xeopoi Ha BH® PI'3
3 eKcrpecielo ropMoHanbHKX peLenTopiB nicnsa ximiotepanii
Fig. 5. Large binuclear tumor cell in a tumor of a patient with SEF BC
and the expression of hormone receptors after chemotherapy

MyxnnHM 3 noMipHUM naTomMopdO30M MICTATb  SK
OingHkn 3 TeMHuMun popmamum MK, Tak i rpynu KnituH
3 OKpPEMUMW O3HaKaMy ypaKeHHs, a y MyxnuHax 3i cnab-
KMM TepaneBTUYHMM NaToMopd0o30M NepeBaxaloTb XUTTE-
3aaTtHi MK, cepen SKUX NPUCYTHI OKpeMi TeMHI KNiTUHW.

BigomMo, WO MilWeHHIO XiMiocTaTU4HMX npenapartis
NnepeBaxHo € KNiTMHHe a4po. CaMe UMM  3yMOBIEHI Taki
(eHOMEHM, K MPUCYTHICTb Y nyxnmHax obox ¢opm PIr3

Tumors with moderate pathomorphosis contain both
areas with dark forms of TC and groups of cells with
some signs of damage. In tumors with weak therapeutic
pathomorphosis, viable TCs predominate, among which
there are individual dark cells. It is known that the target
of chemotherapy drugs is mainly the cell nucleus.
This is due to such phenomena as the presence in tumors
of both forms of BC and different receptor subtypes of
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Ta pi3HMX peuenTopHux nigtTunis gsosgepHux MK, knituH
3 mikposgpamu Ta K y craHi anontuyHoi 3armGeni,
o noe’asaHo 3 ypaxeHHam OHK (puc. 6, 7, 8). Micna MXT
y MyxnuHax BUABMSAKTBCA TaKoX FiraHTCbKi MONinnoigHi
knitnHn (FMMK) (puc. 9), fAki, 9K BigOMO, NPUCYTHI Maixe
B YCiX COnigHMX NyxnuHax, a BHacnigok Ail npoTunyx-
NUHHOT Tepanii iX yucenbHicTb 3poctae [20]. TTIMNK Ta

iX Halagkym MalTb BracTMBOCTI CTOBOYPOBMX KITITUH,
NposIBMSIOTL  BUCOKY PE3UCTEHTHICTb [0 TpaguuiiHol
yyacTb y npouecax

NPOTMNYXNNHHOI  Tepanii, 6epyTb
KaHueporeHe3y Ta MeTacTasyBaHHS.

Puc. 6. Mikposigpo y umMtonnasmi KniTUHW Y NyXnunHi XBopoi
yf HeHabpskoBuq PI'3 3 ekcnpecieto ropMoHanbHUX peLenTopis
nicns ximiotepanii. MA — mikposigpo, J1 — nisocoma
Fig. 6. Micronucleus in the cytoplasm of a cell in a tumor
of a patient with normal BC and the expression of hormone
receptors after chemotherapy. MA — micronucleus, J1 — lysosome

dinuclear PCs, cells with micronuclei and PCs of apoptotic
death, which are associated with DNA damage (Fig. 6, 7, 8).
After PCT, giant polyploid cells (GPPC) are also found
in tumors (Fig. 9), which are known to be present in
almost all solid tumors, and as a result of antitumor
therapy, their number increases [20]. GPPC and their
descendants have the properties of stem cells, show
high resistance to traditional antitumor therapy, partici-
pate in the processes of carcinogenesis and metastasis.

Puc. 7. KniTuHa y cTtaHi anonTo3Hoi 3armbeni y nyxnuHi xsopoi
Ha BH® PI'3 Tpuui HeratmBHOro nigtuny nicns ximiotepanii.
Al — agpo y cTaHi anonTosy
Fig. 7. A cell in a state of apoptotic death in a tumor of a patient
with SEF BC and triple negative subtype after chemotherapy.
Al — the nucleus in a state of apoptosis

Puc. 8. lraHTcbka knituHa y nyxnuHi xsopoi Ha BH® PI'3 Tpuui HeratusHoro niatuny nicns ximiotepanii
Fig. 8. Giant cell in a tumor of a patient with SEF BC and triple negative negative subtype after chemotherapy

Y paHomy [JocnigKeHHi npu 3BuyanHin  opmi PI3
nogi6Hi MK (puc. 8) cnoctepiranuncs nicnsi nNikyBaHHS y ABOX
3 29-T NyxnuH y Trpyni 3 KO-eKCNpecield ropMoHanbHUX
peuentopiB Ta HER2, Togi sik npu BH® PIr3 BoHn Gynu
NPUCYTHI Y BOCbMU 3 27-MU MYXIINH Pi3HUX MOMEKYNSAPHUX
niaTvnie, Aki 36epernuca nicnsa ximiotepanii (p = 0,038).

YpaxeHHs NyxnvH npuvBOAUTL A0 CTUMYNSAUil Takumx
npoueciB gk darounTos, B gskomy 6epyTb yyactb cami [K,
NOrMNHAKYMN HE TiMbKN KMITUHHWUIA OEeTpuT, ane h OKpeMi
MOLWIKOMKEHI  MYXNWHHI  KNITUHW, nNpO WO  CBigYUTb
HasBHICTb Yy UMTOMMa3Mi BTOPUHHUX fi30COM, (harocom
y Pi3HMX CcTagifgx pO3CMOKTYBaHHS, Ta daroumToBa-

In this study after treatment in the usual form of BC
similar TCs (Fig. 8) were observed in 2 of 29 tumors in
the group with co-expression of hormone receptors
and HER2, whereas in SEF BC they were present in 8
of 27 tumors of different molecular subtypes that survi-
ved after chemotherapy (p = 0.038).

Tumor damage stimulates processes such as phago-
cytosis, in which the TCs themselves participate, absor-
bing not only cellular detritus but also individual
damaged tumor cells, as evidenced by the presence in
the cytoplasm of secondary lysosomes, phagosomes
at different stages of resorption, and phagocytosed
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Hux MK (puc. 9, 10). TpannsoTbCca TakoX BUNaaKU KanbLm-
dikauii dparocom (puc. 11).

TCs (Fig. 9, 10). There are also cases of calcification
of phagosomes (Fig. 11).

Puc. 9. KniTvHa 3 dharocomoto y uutonnasmi B CTaHi
Mauike NMOBHOMO PO3CMOKTYBaHHS Y NMyXIWHi XBOPOi
Ha BH® PI'3 3 ekcnipecieto ropMoHanbHUX peLenTopis
nicns ximiotepanii. PC — dparocoma
Fig. 9. Cell with phagosome in the cytoplasm
in a state of almost complete resorption in the tumor
of a patient with SEF BC and the expression
of hormone receptors after chemotherapy. ®C — phagosome

Puc. 10. ®aroumToBaHa knituHa, y yutonna3awmi MK,

y NyXnu1Hi XBOpoi Ha HeHabpsikosui PI'3 3 ko-ekcnpecieto
ropmoHanbHux peuentopis Ta HER2 nicns ximiotepanii.
OrK — charoumToBaHa NyxnuHHA KNiTUHA
Fig. 10. Phagocytosed cell, in the cytoplasm of the PC,
in a tumor of a patient with normal BC and co-expression
of hormone receptors and HER2 after chemotherapyl.
®IK — phagocytosed tumor cell

Puc. 11. KanbumndikoBaHa darocoma y umtonnasmi KnitmuHm
B NyXnuWHi xBopoi Ha BH® PI'3 Tpuyi HeratuBHOro niatuny nicnsa ximiotepanii
Fig. 11. Calcification of the phagosome in the cell cytoplasm
in a tumor of a patient with SEF BC and triple negative negative subtype after chemotherapy

BigsHauaeTbCcsl TakoX akTMBauis iMyHHUX MNPOLECIB,
Ha wWo Bkasye nosia cepen [1K mixeniTenianbHUx
NEeNKoOUUTIB, SKi BUKOHYHOTb iMYyHHI (OyHKUiT (puc. 12).

XimioTepanis NMOMITHO BMAMBAE Ha CTaH €eHOOoTEenit
KaninapHux CyAMH $K 3BUYaWHOI, TaKk | BTOPWHHO-
Habpskosoi opmu PIr3. Mpu ubomy B ogHWMX BUMagkax
crocTepiraeTbCa HabpsK UMTONNasMuM  eHgoTenianbHUX
KNITUH KaningpHUX CyAWH, WO MOXe CBiguMTu Npo niaBu-
LWEeHHS MPOHWKHOCTI CyAuH, a B iHWWX — uuTONnnasma
eHgoteniounTtiB (ETL) ywinbHOETLCH, WO iHOAI Cympo-
BOMKYETbCA BiAllapyBaHHAM eHAoTenito Big 6asanbHoi
membpanu (puc. 13, 14). OcTtaHHe sBuwe Ginbl xapak-
TepHe AnsA npouecy ypaxeHHa cyauvH. OpgHak He 6yrno
3achikcoBaHO AOCTOBIPHMX 3MiH YaCTOCTi YPaXeHHS CyauvH
BHacnigok MXT mix gsoma popmamm PIr3.

B okpemux Bunagkax i Tinbku npn BH® y npocsiTky
KaninAapHUX CyavH BUSABNATLCA MYXMWHHI KIMTITUHW Ta eM-
6onu, xapakTepHi aonsa Habpsikosoi oopmm PI'3 (puc. 15, 16).

Activation of immune processes is also noted, which
is indicated by the appearance among the TC of inter-
pithelial leukocytes that perform immune functions (Fig. 12).

Chemotherapy significantly affects the state of the
endothelium of capillaries, both normal and secondary
edematous forms of RGD. In some cases, there is swelling
of the cytoplasm of endothelial cells of capillaries, which
may indicate increased vascular permeability, and in
others — the cytoplasm of endothelial cells (ETC) is
compacted, which is sometimes accompanied by
detachment of the endothelium from the basement
membrane (Fig. 13, 14). The latter phenomenon is more
characteristic of the process of vascular damage.
However, no significant changes in the frequency of
vascular lesions due to PCT were recorded between
the two forms of BC. In some cases, and only in SEF in the
lumen of capillaries are tumor cells and emboli, charac-
teristic of the edematous form of BC (Fig. 15, 16).
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Puc. 12. MixenitenianbHi nevikountun cepen temHux MK y nyxnuHi xsopoi Ha BH® PI'3 3 ekcnpecieto HER2 nicns ximiotepanii
Fig. 12. Interepithelial leukocytes among dark TCs in a tumor of a patient with SEF BC with HER2 expression after chemotherapy

Puc. 13. KaninsipHa cyauHa 3 pisko Habpsiknow LuUTonnasmoto
€eHAOoTENIOUUTIB Y NYXMUHI XBOpOT Ha HeHabpsikosuin PI'3
Ta ekcnpecieto HER2 nicns ximiotepanii.

Mp — npocsiTok cyanHu, ETL, — eHgoTeniount
Fig. 13. Capillary vessel with sharply swollen cytoplasm
of endothelial cells in a tumor of a patient with normal BC
and HER2 expression after chemotherapy.

Mp — lumen of the vessel, ETL, — endotheliocyte

Puc. 14. KaninspHa cyavHa 3 TeMHUM eHgoTeniem,
KU BiOLWAPOBYETLCS Bif CMONYYHOI TKAHUHU Y NYXNUHI
xBopoi Ha BH® PI'3 3 ekcnpecieto ropMoHarnbHMX peuenTopis
nicns ximiotepanii. BM — 6a3anbHa MembpaHa
Fig. 14. Capillary vessel with dark endothelium that detaches
from connective tissue in a tumor of a patient with SEF BC
and the expression of hormone receptors after chemotherapy.
BM — basement membrane

Puc. 15. CBiTni NyxnuHHi KNiTUHW Y MPOCBITKY KaninsapHOi CyanHu
y nyxnuHi xBopoi Ha BH® PI'3 Tpuui HeratmBHoro nigtuny
nicns ximiotepanii. MNK — nyxnuHHa knituHa
Fig. 15. Light tumor cells in the lumen of a capillary vessel
in a tumor of a patient with SEF BC triple negative subtype
after chemotherapy. MK — tumor cell

Puc. 16. EmMGon y npocBiTKy kaninspHoi cyamHu
y nyxnuHi xeopoi Ha BH® PI'3 Tpuui HeratmeHoro nigtuny
nicna ximiorepanii
Fig. 16. Embolus in the lumen of a capillary vessel
in a tumor of a patient with SEF BC triple negative subtype
after chemotherapy
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EnekTpoHHO-MiKpockoniyHi gocnigxeHHs nyxnuH PIr3
0e3 03HaKk Habpsiky Ta 3ananeHHs 3 Pi3HUMU MOSEKy-
NApHMK  NigTUNaAMK Nokasanu Takox, wo nicna [XT
ynetpacTpyktypa ix [1K 4acto mae xapakTepucTuku,
He npuTamaHHi BUxigHomy nigTuny. Tak, 6yno BCTaHOBMNEHO,
wo y 72,5-100% nyxnuH 3 Tpudi HeratueHum, HER2-no3u-
TMBHMM pPakoM Ta 3 KO-eKCMpEeCie peuenTopiB nicns
nikyBaHHA BusBnsaoTbes MK Tinbku 3 ntoOMiHanNsHMMK O3Ha-
kamu (Tabn. 3). MNMopibHe sBWLIE € pe3ynbTaToM reTepo-
reHHocTi PI'3, ocKkinbku y nNyxnuHax HenoMiHanbHUX
nigTMNiB 4acTo 3HaxOAUTbCA HEBENuKa KinbKiCTb KNiTUH
3 NoMiHanbHUMKM O3Hakamu, a npwu Ko-ekcnpecii peuen-
TopiB npucyTHi Ak HER2-noautushi MK, Tak i knituHu
3 ropmMoHarnbHuMK peuentopamu. OyeBMaHoO, micns 3aru-
Geni G6inbw yytTnMBMX Ao XximioTepanii MK, nputamaHHux
UMM niaTMNaM, y nyxnvHax 3anvaroTbCs nuvLie MoMmi-
HambHi  KNiTUHKW, SKi MOXYTb Yy ManbyTHbOMY [aBaTtu
CBil BNACHUM KMOH, 3MIHIOKYM BUXIOHUA peLenTopHUn
nigTIN NyXnuHW.

Electron microscopic studies of BC tumors with
different molecular subtypes have also shown that
after PCT, the ultrastructure of their TC often has charac-
teristics not inherent in the original subtype. Thus, it was
found that in 72,5-100% of tumors with 3-negative,
HER2-positive cancer, and with co-expression of recep-
tors, after treatment, TCs are detected only with luminal
signs (Table 3). This phenomenon is a result of the hetero-
geneity of BC, because in tumors of nonluminal sub-
types there are often a small number of cells with luminal
features, and in the co-expression of receptors there
are both HER2-positive TCs and cells with hormone
receptors. Apparently, after the death of more sensitive
to chemotherapy TCs inherent in these subtypes, only
luminal cells remain in the tumors, which may in the
future give their own clone, changing the original receptor
subtype of the tumor.

Tabnuus 3. Yacticte Bunagkis 3 nomiHansHuMu (J1O) Ta HentomiHanbHMKM o3Hakamu (HI10),
(%) y cepisix HeHabpsikoBoro PI'3 ta BH® PI'3 nicnsa noniximiorepanii
Table 3. The frequency of cases with luminal (LS) and non-luminal signs (NLS),
(%) in the series of conventional BC and SEF BC after polychemotherapy

KoHTponbHa cepisi, HeHabpsikosuin PI'3 Cepiss BH® PI'3
PeuenTopHa rpyna Control series, ordinary BC Series SEF BC
Receptor group
Ycboro / Total JIO/LS HNO / NLS Ycboro / Total JIO/LS HNO / NLS
N 4 3 1 9 3 6*
3-Her / 3-neg
% 100 75,0 25,0 100 33,3 66,7
N 5 5 0 6 4 2
HER 2
% 100 100 0 100 66,7 33,3
N 9 8 1 7 6 1
HR
% 100 88,9 11,1 100 85,7 14,3
Ko-ekcnpecia N " 8 3 5 5 0
Co-expresion % 100 72,7 27,3 100 100 0

lMpumimka: *0OCTOBIPHO Yy MOPIBHSHI 3 KOHTponem, P < 0,05.
Note: *significant in comparison with the control, P < 0.05.

OpHak, npu BTOpPWHHO-Habpsikosin cdopmi PI3 y nyx-
nnHax 3 3-Her Ta HER2-no3utmBHMX nigTuniB CTyniHb
3aMiHM HEMMIHANbHUX PeLenToOpHUX NIATUMIB Ha JtoMi-
HarnbHi NOMITHO HWX4YMIA. Tak, y NyXNMHax Tpu4i HeraTuBHOIO
nigTMnNiBy BUSIBNSIETbCA OOCTOBIPHO MeHLIa 4acTiTb MnyX-
NMH 3 nioMiHanbHMMK o3Hakamu (33,3%), Hixx npu 3Bu-
YarHin dopmi PI3 (75,0%). Y nyxnuHax 3 eKcrpecieto
HER2 s3amiHa Big3Ha4aeTbes y 66,7% NyxnuH Ha BigMiHY
Big KOHTponio, Ae BoHa peectpyetbea y 100% Bunaakis,
Xo4a pi3HUUA He € BiporigHow. Y rpyni NyxnuvH 3 ropmo-
HanbHo-peuenTopHMMu niatunamm nicna MXT y xBopux
Ha obuasi dopmu PI3 yactka nyxnuH 3 niOMiHaNbHUMMN
XapakTepucTukamy 3anuiiaeTbCsl  O4HAKOBO  BMCOKOH
(88,9 Ta 85,7% BignoBigHO), WO 3yMOBMOETLCA NepeBa-
XaHHSM MyXAMH 3 BUXIQHUM TOPMOHAamNbHUM CTaTyCcOM
Ta Malke MOBHOK BiACYTHICTHO GasanbHWX CTOBOYPOBUX
KNiTWH. Y pasi ko-ekcnpecii peLenTopiB Lei npouec Biaody-
BaeTbcst y 100% nyxnuH. MogibHy 3miHy MonekynsipHoro
nigTuny NyxnuH nicna ximioTepanii Big3HayaloTb TakoXx
i iHLWI gocnigHWKN.

TakMM 4MHOM, NpOBeAEeHe [OOCNIMKEHHS MoKasarno,
O CUCTEMHA Heoaa'toBaHTHAa MonixiMioTepanisi y XBOpUX
Ha HeHabpsikoBuin PI'3 BUKNUKae BUpakeHWi Tepanes-
TUYHUIA naTtomMopd0o3 MyXNMH NEPEBAXHO 3 HErNMiHanb-
HAMM peLenToOpHUMK NigTUNamMM Ta 3 KO-EeKCNpecieto

However, in the secondary edematous form of BC
in tumors with 3-neg and HER2-positive subtypes, the
degree of replacement of non-luminal receptor subtypes
by luminal ones is significantly lower. So, in group of the
3-negative subtype there is a significantly lower incidence
of tumors with luminal signs (33.3%) than in the usual
form of BC 75.0%). In tumors with HER2 expression,
replacement is observed in 66.7% of tumors, in contrast
to control, where it is registered in 100% of cases, although
the difference is not reliable. In the group of tumors
with hormone-receptor subtypes after PCT in patients
with normal and secondary edematous forms of BC,
the proportion of tumors with luminal characteristics
remains equally high (88.9 and 85.7%, respectively),
due to the predominance of tumors with baseline hormo-
nal status and almost complete absence basal stem cells.
When co-expressing receptors, this process occurs in
100% of tumors. A similar change in the molecular
subtype of tumors after chemotherapy is also noted by
other researchers.

Thus, the study showed that systemic neoadjuvant
polychemotherapy in patients with conventional BC causes
a pronounced therapeutic pathomorphosis of tumors
mainly with non-luminal receptor subtypes and co-ex-
pression of receptors. In the secondary edematous form
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peuenTopiB. MNMpu BTOpPUHHO-HaOpsikoBin dopmi PI3 nyx-
nvHM umx rpyn 6ynu Ginblw peaucteHTHi o aii MXT
Y MOPIBHSIHHI 3 KOHTPOSILHOK Cepieto, 0cobnmBo Le CTocy-
€TbCA TPWYi HEraTMBHOIO paky, Ans sKOro chnocTepira-
€TbCS JOCTOBIpDHE 3MEHLLEHHSA 4acTOCTi MyXNWH 3 BuUpa-
XeHuM natomopco3om. Y rpyni ropMoHarnbHO peLenTop-
HUX NyXNUH npu 3BuvanHomy PI3 Bunagku 3 BTMM
MOBHICTHO BiACYTHI, ToAi sik npu BH® ix gocToBipHO GinbLue.
EneKkTpoHHO-MIKPOCKONIYHI  AOCRIMAXEHHS  YNbTPACTPYK-
TYpU NyXNUH nokasanw, Wo Yy BignoBiab Ha NiKkyBaHHA Npu
obox pocnigpkeHnx dopmax PI3, pos3BuBalOTbCs PisHi
BUAM KNITUHHOI 3armbeni: HeKpOTUYHA, TEeMHOKMITUHHA,
anonTuU4Ha; MPOLECU YPaKEHHs1 KNITUHHOrO sigpa: HasiB-
HicTb AaBosgepHux MK, knitTMH 3 Mikposapamu; akTusauis
darounToly Ta iIMYHHUX MpoueciB; peakuis KaninsapHux
CyOUWH Ha ximioTepanito: HabpsK, yLWiNbHEHHS LUMTONNasMm
Ta BiglapyBaHHA eHpoTeniouuTiB. Ha BigMiHY Big He-
HabpsikoBoro PI'3 npu BTOPMHHO-HAOPSIKOBIN  chopmi
nicna Ximiotepanii cnoctepiraetbca HagasHicTb MK Ta ix
emborniB y MikpoCyQuHax, a TakoX AOCTOBIpHO NigBuLLe-
Ha KifbKICTb FiraHTCbKUX NONINAOIAHNX NYXINHHUX KNITUH.

BcTaHoBneHo TakoXk, LIO Micrnsg CUCTEMHOI Mnoniximio-
Tepanii xBopux Ha HeHabpsikoBui PI3 y 36epexeHunx gi-
NAHKaX NyXfvH KNiTUHW OEMOHCTPYHOTb NMepPeBaXHO O3Ha-
KN NOMiHanbHUX MonekynsapHux nigtunie (72,7—100%).
Y pasi BTOpUHHO-HabpsikoBoi copmn PI3 nogibHe
SABMLLE BiA3HAYaETbCA AN FOPMOHarbHO-peLenTOPHMX
nigTMniB Ta rpynu 3 KO-eKCnpecielo peuenTopiB, ToAi SK
y NyxnuHax 3 HemnoMmiHanbHUMK nigtunamu (3-Her Ta
HER2) nicns ximiotepanii y 66,7 Tta 33,3% Bunagakis,
BiOMOBIAHO, BUSABMAIOTLCA XapaKTepHi Ans uux rpyn
BenuKi HeaudgepeHuinoBaHi K, o4eBMOHO, PE3UCTEHTHI
Jo aii ximionpenapartie. Lle moxe cBiguitn, Lo npu
BH® PI'3 y nyxnuHax HenmoMiHanbHMX MiATUNIB MPUCYTHI
NYXAWHHI  KNITUHKW, 9Ki 32 CBOIMM XapakTepucTukamm
BiOpI3HAIOTbCA BiA TWX, WO CknagatoTb GinbLicTe y aHano-
riyHux cy6Tnnax HeHabpsKOBOro paky rpyaHoi 3arnosu.
MoxnvBo, BOHM npeacTasneHi NoninfoigHMMN KNiTUHaMM.
Cnabko BupaXeHui CTyMiHb TepaneBTUYHOro MaTomop-
o3y B MyxNUHax UUX TuNiB nNigTBEpPOXYyE cneundiyHi
BrnactmeocTi Takux [MK. OcobnuBocTi Bigryky nyxmuH
BH® PI'3 Ha ximioTepanito cBig4aTb Npo HeobXxigHicTb
noganbLUOro MOLWYKY 3acobiB TapretyBaHHA NyXnuH Ta
3acCTOCyBaHHA MynbTUMOAANbHUX METOAIB  MiKyBaHHS,
0cobnmnBo ANs HenMiHaNbHUX NigTUNIB.

BUCHOBKMU

Y pasi HeHabpsikoBoro PI'3 3a MmokasHMKOM 4acTOCTi
BMPaXEHOro TepaneBTUYHOIO naTtomMopdo3y [OOCTOBIPHO
YyTNMBIWMMK OO0  XiMmioTepanii € Tpudi HeraTUBHWMN,
HER2-no3uTMBHMIN pak Ta MyxNuHW 3 KO-eKCrpecieto
peuenTopiB Yy MOPIBHAHHI 3 NiArpyno ropMoHanbHO
peLenTopHUX NyXNWH, cepen SKWX BiOCYTHI  BMNagku
3 BMpaXeHnM natomMopco3om.

OcobnueicTio BH® PI'3 € gocToBipHO 3HMXEHA YyTnu-
BiCTb TPUYi HEraTMBHOro paky Ao nofixiMioTepanii Ta TeH-
OeHuis 0o XiMIOpe3UCTEeHTHOCTI MOMEKYNApHUX NiATUNIB 3
HasBHicTio HER2 Ha BigmiHy Bia HeHabpsikoBoi doopmu PI3.

XapaktepHum Anst HeHabpsikoBoro PI3 nicns ximio-
Tepanii € nepesaxaHHA MK 3 fOMiHaNbHUMKM O3HaKaMu
B YCiX AOCMIIKEHUX MOMEKYNAPHMX NigTUNAXx.

Mpn BH® Pr3 nicna MXT Tinbkn Tpudi HeraTMBHWIA
pak 36epirae 66,7% nyxnuH 3 nNpUTamMaHHUMK Ui rpyni
HerntoMiHanbHUMU KNiTMHaMK, ToAi AK Y iHLWNX peLenToOpHUX
nigrpynax 6inbLwicTe NyXnuH Mae NOMiHarnbHi 03HaKK.

of BC, tumors of these groups were more resistant
to PCT compared with the control series, especially for
3-negative cancer, for which there is a significant reduction
in the frequency of tumors with severe pathomorphosis.
In the group of hormone receptor tumors in normal
BCcases with VTPM are completely absent, whereas
in SEF they are significantly more. Electron microscopic
studies of the ultrastructure of tumors have shown that
in response to treatment in both studied forms of BC
develop different types of cell death: necrotic, dark cell,
apoptotic; processes of cell nucleus damage: presence
of dinuclear TCs, cells with micronuclei; activation of
phagocytosis and immune processes; capillary response
to chemotherapy: edema, cytoplasmic compaction and
endothelial cell detachment. In contrast to the usual BC
in the secondary edematous form after chemotherapy,
there is the presence of TC in microvessels, as well
as a significantly increased number of giant polyploid
tumor cells.

It was also found that after systemic chemotherapy
of patients with conventional BC in the preserved areas
of tumors, the cells show mainly signs of luminal molecu-
lar subtypes (72.7-100%). In the secondary edematous
form of RGD a similar phenomenon is observed for
hormone-receptor subtypes and groups with co-expres-
sion of receptors, while in tumors with non-luminal sub-
types (3-neg, and HER 2) after chemotherapy in 66.7 and
33.3% of cases, accordingly, large undifferentiated TCs
characteristic of these groups, obviously resistant to
chemotherapy, are found. This may indicate that in
SEF BC in tumors of non-luminal subtypes there are
tumor cells, which differ in their characteristics from
those that make up the majority in similar subtypes
of normal breast cancer. They may be represented by
polyploid cells. The weak degree of therapeutic patho-
morphosis in tumors of these types confirms the specific
properties of such PCs. Peculiarities of the response
of BC tumors to chemotherapy indicate the need for
further search for means of tumor targeting and the use of
multimodal treatments, especially for non-luminal subtypes.

CONCLUSIONS

In conventional BC, 3-negative, HER2-positive can-
cers and tumors with co-expression of receptors are
significantly more sensitive to chemotherapy in terms
of the frequency of pronounced therapeutic pathomor-
phosis in comparison with a subgroup of hormone receptor
tumors, among which there are no cases with severe
pathomorphosis.

A feature of SEF BC is a significantly reduced sensiti-
vity of 3-negative cancer to chemotherapy and a tendency
to chemoresistance of molecular subtypes with the
presence of HER2 in contrast to the usual form of BC

Characteristic of conventional BC after chemotherapy
is the predominance of TC with luminal features in all
studied molecular subtypes.

In SEF BC after PCT, only 3-negative cancer retains
66.7% of tumors with non-luminal cells inherent in this
group, while in other receptor subgroups most tumors
have luminal features.
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Tinbkn npy BHO Big3Ha4yaeTbCst 4OCTOBIPHO MiaBULLEHA

KINbKICTb FiraHTCbKUX NONINAOIAHMX MYXNUHHMX KITUH Ta
HasBHICTb Y KaninsApHUX cyguHax NyXIWHHUX KNiTUH Ta
emboniB.

OyeBungHo, ocobnusocTi BH® PI'3 nos’asaHi 3 HasB-

HicTio noninnoigHux MK, cTinkux go ximiotepanii, i NeBHy
pornb y CTUMYNAUIT X YTBOPEHHA MOXYTb rpatu npouecu
3ananeHHs, SK i gis ximiotepanii.
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Prospects for further research

In further studies, it is planned to study the possibility of over-
coming the therapeutic resistance of breast cancer tumors by
targeting tumor stem cells, especially in non-luminal receptor
subtypes. There is also an intention to apply the tactics of
multimodal therapy depending on changes in the receptor
status of tumors during treatment, which involves appropriate
modern methods.

Conflict of interest

The authors have no conflicts of interest to declare.

Funding information

Financed by the state budget of Ukraine.

INFORMATION ABOUT AUTHORS

Lukashova Olha Petrivna - Candidate of Biological
Sciences, Leading Researcher of Radiation Oncology Laboratory
of State Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical Sciences
of Ukraine; 82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: olga.petrovna.Lukashova@gmail.com

tel.: +38 (050) 780-63-90

Author’s contribution: performing the electron micro-
scopic study, analyzing the results, and writing the article.

Bilyy Oleksandr Mykolaiovych — Surgical Oncologist,
Candidate of Medical Sciences, Associate Professor of Depart-
ment of Oncology, Radiology and Radiation Medicine of
V.N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine; 4, Svobody Sq., Kharkiv, 61022;
Senior Researcher of Oncosurgery Department of State Orga-
nization «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine;
82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: abely@ukr.net

tel.: +38 (067) 280-73-89

Author’s contribution: refining the text of the article,
analytic division, writing conclusions.

Lepekha Ivanna Vitaliivna — Surgical Oncologist of Oncosur-
gery Department of State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine», 82, Pushkinska Str., Kharkiv,
Ukraine, 61024; Assistant of Department of Oncology, Radiology
and Radiation Medicine of V.N. Karazin Kharkiv National Uni-
versity of the Ministry of Education and Science of Ukraine;
4, Svobody Sq., Kharkiv, 61022;

e-mail: ivannalepeha@gmail.com

tel.: +38 (096) 491-27-74

Author’s contribution: selecting patients in the scope of
the study issue, writing the article.

Ornsp nitepatypu

Literature review



YKpaiHCbKWI pafionoriYHWin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 72-87

Ukrainian journal of radiology and oncology. 2022;30(2):72-87

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

MaxomoB Bonoaumup CeprinoBuy nikap-oHKoXipypr
KOHCYNbTaTMBHOI  MoMikniHikn  [lepxaBHoi ycTaHOBU  «IHCTUTYT
MeanyHoi pagionorii Ta oHkonorii im. C.IM. Mpurop’eBa HauioHanb-
HOI akageMii MeanyHuX Hayk YkpaiHuy; Byn. lMywikiHcbka, 6ya. 82,
M. XapkiB, YkpaiHa, 61024;

e-mail: pakhomovvladimir77@gmail.com

mMo6.: +38 (099) 791-04-02

BHecok aemopa: nidbip nauieHmie 3a memoto pobomu,
HarucaHHs mekcmy cmammi.

Cnob6opasiHiok Onbra BonogumupiBHa — kaHouaat meauy-
HWX HayK, AOUEeHT kadbedpu OHKonorii, pagionorii Ta pagiauinHoi
MeanLUmMHN XapKiBCbKOro HawioHansHoro yHisepcutety iM. B.H. Ka-
pasiHa MiHicTepcTBa ocBiTW | Hayku Ykpainu, nn. Ceoboau, bya. 4,
M. XapkiB, YkpaiHa, 61022;

e-mail: olgaslobodjanuk@gmail.com

mMo6.: +38 (067) 271-53-77

BHecok asmopa: ¢hopMy8aHHsI 2Py X80PUX, MPOBEOEHHS
MeduKaMeHMO3HO20 JTiKy8aHHsI.

LlytoB Cepriv BnagucnaBoBuY — KaHOAMAAT MeOUYHUX
HayK,  Xipypr-oHKomnor  BigAiNeHHs  OHKOMoriyHoi  Xipyprii
[epxaBHOi ycTaHOBU «|HCTUTYT MeAWYHOI pagionorii Ta oHKonorii
im. C.M. purop’eBa HauioHanbHOi akagemii MegW4yHUX Hayk
Ykpainuy; Byn. MywkiHcbka, bya. 82, m. Xapkis, YkpaiHa, 61024;

e-mail: shutov.sv65gmail@gmail.com

mMo6.:+38 (050) 323-74-29

BHecok aemopa: nidbip nauieHmie 3a memoto pobomu,
nié6ip gpomomamepiarnis.

TecneHko IpuHa MukonaiBHa — nabopaHT BULLOI KaTeropii
nabopatopii  pagiauinHoi  oHkororii  [lepxaBHOi  ycTaHOBM
«lHcTUTYT MegmuHoi pagionorii Ta oHkororii im. C.IM. Mpurop’eBa
HauioHanbHoi akagemii MeanyHux Hayk Ykpainuy; Byn. MNyLukiHcbKa,
6ya. 82, m. Xapkis, YkpaiHa, 64024;

e-mail: szanjat@gmail.com

mo6.: +38 (050) 302-73-81

BHecok aemopa: obpobka bioroziyHo2o Mmamepiarny Ons
€/1eKMPOHHO-MIKPOCKOMIYHO20 OO0CIOXEHHS, OMpPUMaHHSI
€/1eKMPOHHO-MIKPOCKOMIYHUX ~ 306paxeHb, yyacmb Yy
HanucaHHi cmammi.

Pakhomov Volodymyr Serhiyovych — Surgical Oncologist
of Advisory Clinic of State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine»; 82, Pushkinska Str., Kharkiv,
Ukraine, 61024;

e-mail: pakhomovvladimir77@gmail.com

tel.: +38 (099) 791-04-02

Author’s contribution: selecting patients in the scope of
the study issue, writing the article.

Slobodianyuk Olha Volodymyrivna — Candidate of Medical
Sciences, Associate Professor of Department of Oncology,
Radiology and Radiation Medicine of V.N. Karazin Kharkiv
National University of the Ministry of Education and Science
of Ukraine, 4, Svobody Sq., Kharkiv, 61022;

e-mail: olgaslobodjanuk@gmail.com

tel.: +38 (067) 271-53-77

Author’s contribution: forming the groups of patients,
performing pharmaceutical treatment.

Shutov Serhii Vladyslavovych — Candidate of Medical
Sciences, Surgical Oncologist of Oncosurgery Department
of State Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical Sciences
of Ukrainey; 82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: shutov.sv65gmail@gmail.com

tel.: +38 (050) 323-74-29

Author’s contribution: patient search, selecting photo-
graphic material.

Teslenko Iryna Mykolaivha — Laboratory Assistant of the
Highest Category of Radiation Oncology Laboratory of State
Organization «Grigoriev Institute for Medical Radiology and
Oncology of the National Academy of Medical Sciences of
Ukraine»; 82, Pushkinska Str., Kharkiv, Ukraine, 61024;

e-mail: szanjat@gmail.com

tel.: +38 (050) 302-73-81

Author’s contribution: processing of biological material
for electron microscopy study, obtaining electron
microscopy images, participation in writing of the article.

Pykonuc Haginwos
Manuscript was received
05.05.2022

Received after review
13.06.2022

OTpumMaHo nicns peLeHsyBaHHs

MpuiHATO [0 APYKY Ony6nikoBaHo
Accepted for printing Published
15.06.2022 30.06.2022

Ornsp nitepatypu

87

Literature review



YKpaiHCbKWI pafionoriYHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 88-99
Ukrainian journal of radiology and oncology. 2022;30(2):88-99

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

DOI: https://doi.org/10.46879/ukroj.2.2022.88-99

YOK: 615

KAiHI4HI cnocTepeXxeHHs reHepaAi30oBAHOI Ta HeonepabeAbHOI
MiCLLEBO-PO3NOBCIOAXEHUX POPM 6A3AABHO-KAITUHHOI KOPLLMUHOMU

Kyniniu .B."2?, ORCID: 0000-0002-0636-9621, e-mail: kulinich.galina@gmail.com
Mpoxopoea E.B.", ORCID: 0000-0002-4519-6436, e-mail: elvira.orlovskaya@ukr.net
MockaneHko M.B.!, ORCID:0000-0001-6310-6660, e-mail: moskalenkomarina67@gmail.com
HacoHoBa A.M.", ORCID: 0000-0002-2786-3311, e-mail: nasonaln@gmail.com

Oanuntok C.B.", ORCID: 0000-0002-9971-0410, e-mail: danyliuksvit@gmail.com

"[epxasHa ycmaHosa «IHcmumym medu4Hoi padionoeii ma oHkonoeii im. C.I1. pueop’esa
HaujonanbHoi akademii MeOuyHuUX HayK YKpaiHu», Xapkie, YkpaiHa

2Xapkiecbkull HauioHanbHUl MedUYHUL yHigepcumem

Minicmepcmea oxopoHu 300poe’st YkpaiHu, Xapkie, YkpaiHa

Clinical observations of generalized and inoperable

locally advanced forms of basal cell carcinoma

Kulinich H.V."2, ORCID: 0000-0002-0636-9621, e-mail: kulinich.galina@gmail.com
Prokhorova E.B.!, ORCID: 0000-0002-4519-6436,e-mail:elvira.orlovskaya@ukr.net
Moskalenko M.V.!, ORCID: 0000-0001-6310-6660, e-mail: moskalenkomarina67@gmail.com
Nasonova A.M.", ORCID: 0000-0002-2786-3311, e-mail: nasonaln@gmail.com

Danyliuk S.V.", ORCID: 0000-0002-9971-0410, e-mail: danyliuksvit@gmail.com

KAlo40Bi cAoOBaQ:

MiCLIeBO-pO3MOBCIOKEHA  MeTacTaTuyHa
6a3anbHo-KNiTUHHA  KapuuHoMa, eTanu
niKyBaHHS, YCKMagHEeHHs, KRiHIYHUA
BUMNaJOK.

AAS KOPECNOHAEHLi:

lpoxoposa Enbeipa bopucieHa

[epxaBHa ycTaHoBa «IHCTUTYT MeAMYHO!
pagionorii Ta oHkonorii im. C.IM. Mpurop’eBa
HauioHanbHOi akagemii MeguyHMX Hayk
YkpaiHu», rpyna npomeHeBOi natonorii
Ta naniaTMBHOI MeauLHY;

Byn. [ywkiHcbka, 6yn. 82, m. Xapkis,
Ykpaina, 61024;

e-mail: elvira.orlovskaya@ukr.net

© KyniHid I.B., lNMpoxoposa E.b.,
MockaneHko M. B., HacoHosa A.M.,
Haxumnok C.B., 2022

State Organization «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine», Kharkiv, Ukraine
2Kharkiv National Medical University

of the Ministry of Health of Ukraine, Kharkiv, Ukraine

PE3IOME

AxTyanbHicTb. basanbHo-knituHHa kapumHoma (BKK) craHoButb 6nuseko  80%
ycix BWMNafKiB AiarHOCTOBaHOro paky LWkipu (3a gaHumu American Cancer Society).
B pi3Hux kpaiHax cBiTy nokasHuk 3axBoptoBaHocTi Ha BKK HeogHopigHun, Wwo nos’sa3aHo
3 OCHOBHWM MpPOBOKYytoUYMM cbakTopoM po3suTky BKK — ynbrpadionetosum Bunpomi-
HeHHAM. B YkpaiHi, 3a gaHumu HauioHanbHOro kaHuep-peectpy, 3a 2019-2020 pp.
3apeecTpoBaHo 15882 HOBMX BMMNagKiB HeMENaHOMHOro paky wWkipu. CTaHgapTtu-
30BaHWUIA MOKa3HUK 3axXBOPKOBAHOCTI Ha L naTtonorito B YkpaiHi 36inbwmsca Ha 2,6%,
B nopiBHsAHHI 3 2018 p. BasanbHO-kNiTUHHUIA pak YacTo peumamBye (Ha OYyMKY Pi3HWUX
aBTopiB nMokasHuk Bapitoe Big 10 go 80%), B TOoM 4Yac sk BigganeHi mertacrasu
niarHocTyloTbCsl  BKpal  pigko. Ceprio3HMM  [OCArHEHHsIM  MorekynsipHoi  Gionorii
ctano po3yMiHHst yvacti Hedgehog (Hh) curHanbHoro wnsixy B kaHueporeHesi BKK.
HesBaxatoun Ha pocuTb fobGposikicHuid nepebir BKK, pisHOMaHiTTA MeTtogis ioro
nikyBaHHSA, Ma€ Micue BWCOKUA PU3VNK peunamBy, a y [OesKMX NauieHTiB ypaXKeHHs
MOXYTb MporpecyBaTv OO Mexi, HenpuaaTHoi Ans MicueBoi Tepanii, Wo pobuTtb
aKkTyanbHUM MOLUYK anbTepHaTUBM XipyriYHOMY Ta NPOMEHEBUM BUAAM NiKyBaHHSI.

Meta poGotu. [ocnigutu Ha npuknagi KniHiYHWX Bunagkie ocobnmeocTi nepebiry,
niKyBaHHS, PO3BUTKY YCKNaAHEHb peuuamBylodOi MiCLLEBO-pO3MOBCIOAXKEHOI MeTacTa-
TUYHOI HeonepabenbHOT 6a3anbHO-KMITUHHOT KapLUHOMW.

Matepianu Ta meToam. KniHiuHe cnoctepexxeHHs nauieHTkn K., 73 pokis, sika oTpumyBana
niKyBaHHA Y BIAAINEHHI KMiHIYHOT OHKOMOrii Ta remaTonorii 3 npuMBogy MHOXWUHHOIO
METacTaTUYHOrO ypaxeHHsi 6a3anbHO-KNITUHHOK KapLUMHOMOK (TEPMIH CMOCTEpPEXEHHS
14 pokiB) Ta nauieHTkm [., 42 pokiB, sika nikyBanacsi y Big4ineHHi NpomeHeBoi
natonorii Ta naniaTMBHOI MeaMUMHW 3 NpPYMBOAY arpecuBHoro nepebiry MicLeBo-pos-
nosctogxeHoi BKK (TepMmiH cnoctepexeHHsi 29 pokiB). OBGCTeXeHHs Ta niKyBaHHS
nposoaunocs B ymosax [lepxxaBHoi yCTaHOBU «IHCTUTYT MeQn4HOI pagionorii Ta OHKonorii
im. C.MN. Mpurop’eBa HauioHanbHoi akageMii MeguyHux Hayk YkpaiHuy.

PesynbtaT Ta ix o6roBopeHHA. [lpeactaBneHo KniHiYHI  BUNagku TpyBanoro
crnoctepexeHHs (14 Ta 29 pokiB) 3a xBopuyMM i3 6Ge3nepepBHO PeLnanBYOHO arpecuB-
Hoto BKK. Ons obox BunagkiB goBefneHo MeTactadyBaHHs BKK, BusBneHo ii micuese
PO3NOBCIOAXEHHS, ONUCaHe BWKOPUCTAHHA PI3HUX METOAIB fiKyBaHHS — XipypriyHoro,
NPOMEHeBOro, KpioAeCcTPYKUii, XiMmioTepaneBTUYHOro. [lokasaHa CKNagHICTb BeAeHHs
XBOpMX, SKLWIO BUYepnaHi BCi AOCTYyMHi MeToau. HasegeHo nikyBaHHA YcknagHeHb
creujianbHUX MeTofiB Tepanii, GaraTokpoKoBi BigHOBMOBANbHO-NNACTUYHI OnepaTUBHI
BTPYYaHHS! i3 BUKOPUCTaHHSIM Pi3HUX METOAIB NNaCTUKU.
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ABSTRACT

Background. Basal cell carcinoma (BCC) occupies around 80% of all the cases of
diagnosed skin cancer (according to American Cancer Society). In various countries
of the world the morbidity rate of BCC differs due to the main predisposing factor of BCC
development — ultraviolet radiation. In Ukraine, according to National Cancer Registry,
15882 new cases of non-melanoma skin cancer were registered in 2019-2020.
Standardized morbidity rate of this pathology increased by 2,6% compared to 2018.
Basal cell cancer commonly recurs (according to different experts, the rate varies
from 10% to 80%), at the same time, distant metastases are diagnosed quite rarely.
Understanding contribution of Hedgehog (Hh) signaling pathway to carcinogenesis
of BCC has become a serious achievement in molecular biology. In spite of relatively
benign course of BCC and variety of treatment methods of this disease, there is a high
risk of recurrence, and in some patients, lesions may progress to such extent that
they become unsuitable for local therapy which makes it urgent to search for alternatives
to surgery and radiation therapy.

Purpose — to study the peculiarities of course, treatment, development of complications of
recurrent, locally advanced, metastatic inoperable BCC by the example of clinical cases.
Materials and methods. Clinical observation of female patient K., 73 years old, who was
undergoing treatment in the Department of Clinical Oncology and Hematology by reason
of multiple BCC lesions (observation time 14 years) and female patient D., 42 years old,
who was undergoing treatment in the Department of Radiation Pathology and Palliative
Care by reason of aggressive course of locally advanced form of basalioma (observation
time 29 years). Observation and treatment were performed in the State Organization
«Grigoriev Institute for Medical Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine».

Results. The clinical cases of observation and different stages of treatment of patients
with constantly recurring aggressive BCC over a long period of time, 14 and 29 years,
are demonstrated. Metastasing of BCC is confirmed in both cases, local advancement
is shown, various methods of treatment were used: surgery, radiation therapy, cryode-
struction, chemotherapy. Difficulty of patients' management is shown, especially when all
available methods are used up. Treatment of complications of special therapy methods,
multistage restoring plastic surgeries using different methods of plastic repair are described.
Conclusions. Treating recurrent, metastatic, and locally advanced inoperable forms of
BCC when one runs out of possibilities of the main treatment methods — surgery, radiation
therapy, chemotherapy is a difficult task which requires further development of modern
technology and treatment methods.

Kulinich HV, Prokhorova EB, Moskalenko MV, Nasonova AM, Danyliuk SV. Clinical observations of generalized
and inoperable locally advanced forms of basal cell carcinoma. Ukrainian journal of radiology and oncology.
2022;30(2):88-99. DOI: https://doi.org/10.46879/ukroj.2.2022.88-99
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BCTYN

BasanbHo-kniTMHHa  kapuuHoma (BKK) ctaHoBUTH
6nnsbko 80% ycix BMNadKiB AiarHOCTOBAHOIO paky LUKipu
(3a paHnmun American Cancer Society) [1]. Y pi3Hux kpaiHax
CBiTY MOKa3HUK 3axBoptoBaHocTi Ha BKK HeogHopigHun.
Tak, HavBULLi MOKa3HMKM cnocTepiraloTbes B [liBOAEHHMX
kpaiHax Csity (AscTpanis, HoBa 3enaHgis), B TOM 4ac K B
kpaiHax Cxogy ikcytoTb HanHwxdi (MoHronis, Henan) [2].
Y perioHax YkpaiHu noLumpeHicTb 3axBoptoBaHoCTi Ha BKK
TaKOX PI3HUTLCA. Y MeLlKaHLiB XepCOHCbKOI, 3anopisb-
koi Ta KipoBorpagcbkoi obractern B 3 pasu uvacTiwe
AiarHoCTylOTb  paK LKipWM, HK B 3axigHux obnacTsx.
B YkpaiHi, 3a gaHvMu HauioHanbHOro kaHuep-peecTpy,
3a 2019-2020 pp. 3apeecTtpoBaHo 15882 HoBMX BMNaakis
HeMenaHoMHOro paky LWkipn (3 Hux 9320 — y XIHOK).
CTaHOapTM30BaHUA  MOKa3HMK 3axBOPIOBAHOCTI Ha L0
natonorito B YkpaiHi 36inbwmecs Ha 2,6% B NOPIBHAHHI
32018 p. [3].

OCHOBHVMM NPOBOKYOYMM  hakTopom po3suTky BKK
BBAXa€TbCA ynNbTpadioneToBe BUNPOMIHEHHS, 30Kpema
COHSIYHI ONikW, OTPUMaHi B paHHbOMY AUTUHCTBI. [lo dak-
TOpIB PU3NKY TaKOX BiOQHOCMTBCA CBITAMM TUM  LUKIpK
(I Ta Il dpotoTMnn 3a diTunaTpukom), pyae BONOCCH, Yomno-
BiYa cTaTb, BUMNAaAKy BUSBMEHOrO paky LUKIpW y poaudis,
iOHi3yl04e BUMNPOMIHEHHS, BNMB Ha LUKIPY KaHLEpPOreHHWX
PEYOBUH, TakMX SIK KaM’itHO30fbHa CMOna, MULW’SK, nak,
caxa, napadiHun, HeounLweHn rac, MiHepanbHi macna [4].

BasanbHO-KMITUHHMI pak LWKipn (CMHOHIMK: Basanioma,
basouentonapHui  pak Kpomnexepa, 6asanenitenioma,
Rodentcarcinoma), 3rigHo 3 rictonoriyHoto knacudikauieto
BOO3 (1980 p.) — ue nyxnvHa LWKipU 3 BUPaXeHUM
[EeCTPYKTUBHUM pPOCTOM, LIO MOXOAWUTb 3 enigepmicy uu
BOSIOCSIHOrO ponikyna, KniTMHW, ski cxoxi 3 6asanbHumun
KniTMHaMu enigepMicy i MalTb CXMMbHICTb A0 peuvau-
BYBaHHs, BOHW, SK NPaBuio, He MeTacTasyloTb, B 3B’A3KY
3 YMM HacTO BUKOPUCTOBYIOTb TEPMIH «Bazanioma» [5].

CeprnosHM  JOCArHEeHHAM  MornekynsapHoi  Gionorii
cTtano po3yMiHHs YyyacTi Hedgehog (Hh) curHanbHoro
wnsxy B kaHueporeHesi BKK. YwkomxeHHs paHoro cur-
HanbHOro LWMSXY BUSABAAIOTL MPU  OESAKUX  BPOMKEHUX
AedekTax Ta pi3HOMaHITHUX TUNax NyXmuH, y TOMY Yucni
paky wkipyn. Hedgehog-curHaniHr (Hh-curHaniHr) KoHTpo-
MIE aKTUBHICTb reHiB, WO 6epyTb yyacTb y npouecax
mMopdoreHesy. AKTMBHICTb Hh-curHaniHry y pgopocnumx
CYTTEBO 3HWXEHa, B MOPIBHAHHI 3 nepiogoMm embpiore-
He3dy. MyTauii, Wo npun3BoaAsaTb 4O NATOMNOrYHOI akTMBaLii
LbOro CUrHanbHOro LWnsxy, Bu3HavaTbest B 90% Bunagkis
BKK Ta peskux megynobnacTtom, i uUe BigKpvBae HOBI
MOXTMBOCTI B Tepanii AaHunx Ho3onorin [6].

Buaingaiote gekinbka kniHiyHMx dopm BKK, cepeq
AKUX HOOYNAPHWUI BapiaHT 3yCcTpivaeTbCs HanyacTiwe Ta
cTaHOBUTb 6nmn3bko 75% ycix Bunagkie. Jlokanisyetbes
nepeBaxHoO B AinsHUi wwKipy ronosu Ta wui (noHag 90%)
Ta XapakTepusyeTbCs MOBIMbHUM pOCTOM. BupaskoBui
BapiaHT po3rnsfaloTb SK pesynbsraT NpupogHoi esontouii
HoaynspHoro BapiaHTa. Po3mipy BMpaskm MOXYTb KOMu-
BaTUCHA B MeXax BiJ AEKiNbKOX MiniMeTpiB OO rraHTCbKUX
nedpexTiB 3 rmmbokoto iHBasielo Ta pynHyBaHHSAM npuner-
NUX CTPYKTYP, WO YCKMAOHIOE TaKTUKY BEeOEHHSA TakuxX
xBopux. [loBepxHeBa opma 4acTie nokanisyerbes
Ha Tyny6i Ta kiHuiBkax (o 60%), Hepigko BigMivalTbCA
MHOXWHHI  BOTHMLLA, SKi XapakTepu3yloTbCs HamnbinbL
pobposikicHum nepebirom. [Ona uiei dopmu Mmicueso-
OECTPYKTUBHUW PICT HE XapakTepHWUN, MOXNMBUIA OOBro-

INTRODUCTION

Basal cell carcinoma (BCC) occupies around 80%
of all the cases of diagnosed skin cancer (according
to American Cancer Society) [1]. In various countries
of the world the morbidity rate of BCC is different.
Indeed, the highest rates are observed in Southern
countries of the world (Australia, New Zealand), whereas
in the Eastern countries the lowest rates are determined
(Mongolia, Nepal) [2]. The morbidity rate of BCC is also
not the same in various regions of Ukraine. Residents
of Kherson, Zaporizhzhya, and Kirovograd regions are
diagnosed with skin cancer 3 times more often than the
residents of the western regions. In Ukraine, according
to National Cancer Registry, 15882 new cases of non-
melanoma skin cancer (9320 out of them — in females)
were registered in 2019-2020. Standardized morbidity
rate of this pathology in Ukraine increased by 2.6% com-
pared to 2018 [3].

The main predisposing factor of BCC development is
considered to be ultraviolet radia-tion, as well as sunburns
which were received in early childhood. The risk factors
also include light skin tone (phototypes | and Il according
to the Fitzpatrick scale), red hair, male sex, cases of
detected cancer in relatives, ionized radiation, effect of
carcinogenic substances on skin, for example coal tar,
arsenic, varnish, soot, paraffins, non-purified gas, mineral
oils [4]. According to histological classification and
WHO (1980), basal cell cancer (synonyms: basalioma,
basal cell Krompecher cancer, basal epithelioma, rodent
carcinoma) is a skin tumor with apparent destructive
growth which stems from epidermis or hair follicle, cells
which are similar to basal cells of epidermis that have
a tendency of recurrence. As a rule, they do not meta-
stasize, therefore the term «basalioma» is often used [5].

Understanding contribution of Hedgehog (Hh) signa-
ling pathway to carcinogenesis of BCC has become
a serious achievement in molecular biology. Damage of
this pathway is detected in the cases of some congenital
defects and various types of tumors including skin cancer.
Hedgehog pathway controls the activity of genes which
are involved in morphogenesis processes. The activity
of Hh pathway in adults is significantly lower compared
to the period of embryogenesis. Mutations, which lead
to pathological activation of this signaling pathway,
are determined in 90% of all BCC cases and some
medulloblastomas, and thus new possibilities in therapy
of these nosologies are opened up [6].

There are several clinical forms of BCC, among which
nodular type is the most common and occupies around
75% of all cases. It is localized mostly in head and neck
skin area (more than 90%), and is characterized by
slow growth. Ulcer is thought to be the result of natural
evolution of nodular type. The size of an ulcer can range
from a few millimeters to huge defects with deep invasion
and destruction of adjacent structures, which complicates
surveillance of such patients. Cell-surface form is more
often localized in the body and limbs (up to 60%), multiple
foci, which are characterized by the most benign course,
are frequently observed. Locally destructive growth is not
characteristic of this type, long-term course for decades
with slight slow growth is possible. A flat basalioma
(morphea-like) might clinically resemble a scar or a «patch».
In 95% of cases it is localized in head and neck skin.
Infiltrating growth in adipose tissue and muscles is peculiar
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TpuBanuin nepebir BNPOJOBX [AECATWMiITb 3 HE3HAYHUM
nosinbHMM pocTtoMm. [nocka 6asanioma (cknepogepmo-
nogibHa) KniHiYHO MOXe HaragyBaTu pybeLpb 4n «naTky».
B 95% BunagkiB nokanisyeTbCsl Ha LUKipi ronoBu Ta Lni,
M NpuTaMaHHU iHINETPaATUBHUIA PICT Y XUPOBY KMiTKO-
BUHY Ta M'si3n. IHdinsTpatnBHa dopma BKK nos’sizaHa
3 MpOrpecielo HOAYNMAPHOTO Ta MNIIOCKOro BapiaHTiB Ta
XapaKkTepusyeTbCa BUPaXKEHUM iHINETPaTUBHUM KOMIMO-
HEHTOM, Oinbll MOraHWM NPOrHO30M Ta CXWIbHICTIO 00
BMHUKHEHHSI peuMamBiB nicnsa nikyBaHHs. dibpoenitenioma
MiHkyca 3a3Buyan nokanisyeTbCs Ha LWKipi nornepeka Ta
Haragye ibpoeniTeniomHi noninn 4n ceboperHuin kepa-
T03. MeTatuniyHMn BapiaHT XapakTepusyeTbCs MNoOea-
HaHHAM BKK Ta nnockokniTMHHOro paky, arpecuBHUM
nepebirom 3 MOXNMBICTIO POCTY Ta PO3MOBCIOMKEHHAM
SIK y pasi NIOCKOKMITUHHOIO paky, 30KkpeMa 3 YyTBOPEHHSAM
BigaaneHnx metacrtasis. [lirmeHTHa dopma BKK xapak-
TEpU3YETbCA MNiOBULLEHMM CKNagoM MirMEeHTy MenaHiHy
B MyXNMHax, WO YCKNaaHwe audepeHuianebHy AiarHOCTUKY
3 MENaHOMOIO LLKIpW.

licTonoriyvHo 6a3anbHO-KNiITMHHWMIA pak wkipyu (BKPLL)
noainseTeCd Ha HegudepeHuinoBaHun Ta gudepeH-
uivosaHun. [lo nepLioro BigHOCATb COMiAHY, MiIrMEHTHY,
mMopcdpeanoaibHy Ta noBepxHeBy 6asaniomu; 0o AudepeH-
uifoBaHOro —  KepaToTOMiYHy, KiCTO3HY, afeHoigHy
(i3 3anosuctum gudpepeHuitoBaHHaMm) [7].

Xoya HOBOYTBOPEHHSA LUKIPM BiAHOCATBLCS OO Bi3yanb-
HWX MYXIWH, iX AiarHoCTUKa cknagHa gk AN NoYMHaumx
OHKOIOriB, TaK i OepmaTonoriB, OCKWMbKW iCHYE Pi3HO-
MaHITTA [0OPOSKICHMX MNyXNWH, NpeKaHueposiB Ta 3mMo-
SAKICHNX HOBOYTBOPEHb LLKIpW.

HesBaxatounm Ha pgocutb pobposikicHuin nepebir BKK,
Pi3HOMaHITTS MEeTOAIB MNiKyBaHHSA [aHOro 3axBOPHBAHHS
(xipypriuyHe, npoMeHeBe, na3epHe, KPioAecTpyKuis, KOMOi-
Hauii), Mae Micue BWCOKWA PU3MK peuuamBy, a y OEesiKuX
NauieHTIB ypaXKeHHs MOXyTb NporpecyBatm [0 MeXi,
HenpupaTtHoi Ans  MmicueBoi Tepanii. Lle 3ymoenioe
HeCnpuATIMBMIA MPOrHO3 3axBOPIOBaHHSA. YacToTa BUMHUK-
HeHHa peungusisa BKPLU, Ha pgymKy pisHMx aBTopiB,
Bapitoe Big 10 go 80% [8].

HaBegeHo KniHiYHI cnocTepexXeHHs ABOX MalieHTOK,
y SKMX [iarHOCTOBaHO MiCLIeBO-PO3NOBCIOIKEHNI  Ta
MeTacTaTuyHuiA BapiaHTn nepebiry BKK.

Meta poGotu. [ocnigntM Ha npuknagi KniHiYHMX
BMNagkiB ocobnMBOCTI nepebiry, nikyBaHHSA, PO3BUTKY
YCKNagHeHb  PELMAMBYIOHOI  MiCLIEBO-PO3MNOBCIOIKEHOT

MeTacTaTuyHoi HeonepabenbHoi BKK.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

MauienTka K., 1938 p.H., BBaxae cebe xBopoto 3 1997 p.,
KON MOMITUNA PiCT NOKPUTOrO KipoYkamu HOBOYTBOPEHHS
LUKipY TiM'AHOT BiNsSHKN.

Y xoBTHi 1997 p. BCTaHOBMNEHO AiarHO3: Ga3anbHOo-
KNiTUHHWIA pak wkipn ronosn T2NOMO Il cT. (umMTomnorivyHe
pocnigkeHHa Big 10.10.1997 p. — 6asanbHO-KMITUHHA
KapuuHoma), 3 npvBOgy 4YOro oTpumarna Kypc 6nm3bko-
OKYCHOI peHTreHoTepanii.

Y nmotomy 1998 p. nomitmna 36inbleHHa nimda-
TUYHKUX By3niB wui niBopy4. 09.02.1998 p. BMKOHAHO eKc-
uM3iiHy Gioncito  BEpPXHbOLUIMWHOTO niMchoBy3na niBo-
pyy. lictonoriyve pocnigxkeHHa (M3 Ne 6137-40 Big
17.02.1998 p.) BuABUNO conigHMn BasanbHO-KNITUH-
HUM pak, NIATBEPIXEHO MNPOAOBXKEHHS 3axXBOPHOBaHHSA
B nimdatuyHy cuctemy (puc. 1). Y nicnsonepauinHomy

to this type of basalioma. Infiltrating form of BCC is
connected with progression of nodular and flat types and
is characterized by expressed infiltrated component,
worse prognosis and tendency of recurrence after treat-
ment. Fibroepithelioma of Pincus is usually localized
in low back skin and resembles fibroepithelial polypuses
or seborrheic keratoses. Metatypical type is characte-
rized by combination of BCC and squamous cell cancer,
aggressive course with possible growth and spread,
as in squamous cell cancer, in particular formation of
distant metastases. Pigmented type of BCC is charac-
terized by increased melanin pigment in tumors, which
complicates differential diagnostics with skin melanoma.

Basal cell skin cancer (BCSC) is histologically classi-
fied into non-differentiated and differentiated. The first
class includes solid, pigmented, morphea-like, and surface
basaliomas; differentiated ones include keratotic, cystic,
adenoidal (with glandular differentiation) [7].

Although skin neoformations fall under the category
of visual tumors, their diagnostics is difficult for both
aspiring oncologists and dermatologists due to the broad
variety of benign tumors, precancers, and malignant
skin neoformations.

In spite of relatively benign course of BCC and variety
of treatment methods (surgery, radiation therapy, laser
treatment, cryodestruction, combinations) of this disease,
there is a high risk of recurrence, and in some patients,
lesions may progress to such extent that they become
unsuitable for local therapy. It causes a negative prog-
nosis of disease. The occurrence rate of BCSC
recurrences, according to different experts, varies
from 10% to 80%. [8] Clinical observations of 2 female
patients, which were diagnosed with locally advanced
and metastatic variants of BCC course, are presented.

The objective of the study is to elucidate peculiari-
ties of clinical course of generalized and locally advanced
forms of BCC.

MATERIALS AND METHODS

Female patient K., 1938 year of birth, considers
herself to be diseased since 1997, when she noticed
the growth of skin neoformation, which was covered
with crusts, in parietal region.

In October 1997 the diagnosis was determined: stage
Il basal cell skin cancer of the head T2NOMO (cytological
examination dated 10.10.1997 — basal cell carcinoma),
thus the patient underwent the course of close-focus
roentgenotherapy. In February 1998 growth of lymph
nodes of the neck to the left was observed. On 09.02.1998
excisional biopsy of the left upper neck lymph node was
performed. During histologic examination (histopatho-
logic medical report No.:6137-40 dated 17.02.1998 — solid
basal cell cancer), disease spread to lymphatic system
was confirmed (Fig.1). In postoperative period the patient

Bunagok i3 npakTukun

A case from practice



YKpaiHCbKWI pafionoriYHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 88-99

Ukrainian journal of radiology and oncology. 2022;30(2):88-99

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

Puc. 1. Ocepepnxku 6azaniomu conigHoi 6y0oBu 3 xapakTEPHMM «4acTOKONOM» B TKaHUHI niMdpoByana.
3abapBreHHsi reMaToKCuUiHOM Ta eo3nmHoM, X100
Fig. 1. Foci of solid basalioma with distinctive «stockade» in the lymph node tissue. Hematoxylin and eosin stainig, x100

nepiogi oTpumana Kypc AMCTaHUiNHOI NPOMeHeBoi Tepa-
nii (ONT) B COM = 36 p.

MounHatoun 3 2000 p. xBopii Oyno BWMKOHAHO
Tpu kpiogecTpykuii (2000, 2003, 2006 pp.) y 3B'A3ky 3
BepndIiKOBaHUMN MicLeBMMU peuuanBamy (UMTOMOrivyHe
pocrnigkeHHa 28.02.2000 p. — koMMieKcy, WO XapakTepHi
nns 6asanioMy Ta KOMMIIEKCUM 3 HasIBHICTIO MMOCKOKNi-
TUHHOI MeTannasii — MeTaTuniYHU pak).

3 2004 p. nepioguyHoO BigMiYae NosiBy BOMOroro Kaluso
3 BUAIMEHHAM CBITIIOr0 MOKPOTUHHS, 6oni B MiBiA NONOBUWHI
rpy4HOI KNiTKK.

Y 6GepesHi 2007 p. npu NpoxomxeHHi npodpornagy
PEHTIEHONOMNYHO BUSIBMEHO COrMiTapHe KynbonoAioHe
HOBOYTBOPEHHSI B AiameTpi Ao 3 cm, nigospa Ha Mera-
CTaTU4He ypaKeHHs1 BEPXHbOI YacTKU NiBOI NereHi.

Y npoueci poo6ecTexxeHHs Ha 6asi [lepxxaBHOi ycTaHOBM
«IHcTUTYT MegmyHoi pagionorii Ta oHkonorii im. C.I1. pu-
rop’eBa HauioHanbHOi akageMii MeguuHnx Hayk YKpaiHu»
PEHTreHOEeHAOCKOMIYHO BCTaHoBneHo (28.12.2007 p.),
WO nepudepnyHe HOBOYTBOPEHHS MiBOI NereHi posTallo-
BaHe He Yy BepxHin vactui S1, a B S6 niBoi nereHi —
doKycHa TiHb OBOIQHOI hOpPMU, CEPEAHBOI IHTEHCUBHOCTI,
3 [OCTaTHbO YiTKMMU KOHTypaMmu, OAHOPIOHOI CTPYKTYpW;
KOpEHi CTPYKTYpOBaHi, CMHYCW BinbHi. BUkoHaHO LuUNKoBy
TpaHcbpoHxianbHy 6Gioncito (TBB) 3 onucaHoi TiHi niBoi
nereHi 4yepes B6a. 3a pesynsratamMu LWTOMOrYHOrO
pocnipkeHHss (Ne 62) Big 28.12.2007 p. BTaHOBMEHO
MeTactad paky, WMOBIpHO 6a3anbHO-KNITMHHOI Kapuu-
Homu. Mikponpenapat OyB TakoX nepernsHyTuin Ha Gasi
iHLLOT KNiHiKM — MeTacTas paky, brivkye 4O METaTMMNIYHOrO.

3a piWeHHsSM MyNbTUAMCLUMMIHAPHOTO  KOHCUITiyMY
Big 15.01.2008 p., BpaxoByloun 3a40BINbHUIN CTaH XBOPOI
Ta PO3MOBCIOMKEHHS OHKOMPOLECY, MOKa3aHOo IliKyBaHHS
y 2 etanu: Ha | eTtani — npoBegeHHs OMNT Ha pinsHky nyx-
nvHK nereHi Ta cepepgocTiHHg (CO[M 40 I'p) 3 mogudika-
uieto dropacpypom no 800 mr 2 p/g B AHIi ONPOMIHEHHS
(cymapHa posa dropadypy 20 r), Ha Il etani — OMNT
KNacuyHUM pakuioHyBaHHAM Ha BOTHWLLE B NiBiN fereHi
B COQM 21 Ip.

3 aHamHe3y Takox Bigomo, Lo 17.01.2008 p. nauieHTka
TpaBMyBanacb Ha cxopax, Oyno BCTaHOBMNEHO AiarHos:
nepernom KiCToK NiBOro nepeannivys.

3a gaHumm koHTponbHoi KT Big 28.03.2008 p. — nosu-
TMBHa AMHaMiKa Yy BUMMAAi 3MEHLUEHHS PO3MipiB HOBOYT-
BOPEHHSI B S6 niBopy4, KOHCONIQYHUNA NepenomM 3agHbLoro
BigpocTka IX pebpa 6e3 3miweHHs. Mpu cunHTUrpadii kic-

underwent a course of External Beam Radiation
Therapy (EBRT), total radiation dose — 36 Gy.

During the next three years local recurrences were
established (cytological examination dated 28.02.06 —
bodies which are characteristic of basalioma and
bodies with the presence of squamous cell metaplasia —
metatypical cancer), therefore cryodestruction was
performed (2000, 2003, 2006).

Since 2004 the patient has been periodically noticing
the occurrence of wet cough with expectoration of light
mucus and left-sided chest pain.

In March 2007, during periodic health examination
a solitary globe-shaped neoformation with a 3 cm diameter
and metastases of upper lobe were detected on X-ray.

As a result of the follow-up endoscopic examination
(28.12.07) in the State Organization «Grigoriev Institute
for Medical Radiology and Oncology of the National
Academy of Medical Sciences of Ukraine» it was deter-
mined that peripheral left lung neoformation was located
not in upper segment S1, but in S6 of the left lung, ovoid
focal shadow of moderate intensity with quite clear out-
lines and homogeneous structure; roots were structured,
sinuses were free. Excisional transbronchial biopsy of the
left lung shadow through B6a was performed. As a result
of cytological examination (No. 62) dated 28.12.07 cancer
metastasis was detected, possibly a basal cell carci-
noma. The microslide was also examined at another clinic —
cancer metastasis, closer to metatypical.

By the decision of multidisciplinary board of doctors
on 15.01.2008, taking into account satisfactory condition
of the patient, the spread of oncological process was
shown at stage |: performing EBRT on the area of lung
and mediastinal tumor (total radiation dose — 40 Gy)
with phthorafurum modification 800 mg 2 times per day
in the days of ray treatment (total dose of phthorafurum —
20 g), at stage Il: EBRT by the method of classical
fractionation on the locus in the left lung, total radiation
dose — 21 Gy.

It is also known from the anamnesis that on 17.01.2008
the patient got injured at the staircase and was diag-
nosed with left forearm bone fractures.

According to the data of follow-up CT dated 28.03.2008
positive time course was determined: the neoformation
in the left S6 decreased in size, consolidated non-dis-
placed fracture of posterior crest of the IX rib. On 06.04.2008
bone scintigraphy of the whole skeletal system showed

Bunagok i3 npakTukun

92

A case from practice



YKpaiHCbKWI pafionoriYHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 2. C. 88-99
Ukrainian journal of radiology and oncology. 2022;30(2):88-99

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

Tok ycboro ckeneta 06.04.2008 p. BUABNEHO O3HaKK
aKTMBHOI nepebyaoBM KiCTKOBOI TKaHWHM NiBOro nepea-
nnivyys, KiCTOK 3agHboro Bigpoctka IX pebpa niBopyd
(BpaxoByl4M aHaMHE3 — NOCTTPaBMaTUYHOI Npupoan).

3a panmmu KT Big 13.08.2008 p. — Prolongatio morbi:
niBoGivHui rigpoTopakc (40 mn), rigponepvkapg. OTpumana
3 umknm MNXT 3 20.08.2008 no 15.10.2008 p.: umcnna-
TMH 100 wmr, etono3mg 600 mr. Bigmiyanacb no3uTuMBHA
peHTreHonoriyHa gMHamika.

3 05.05.2010 p. — HeraTMBHa AMHaMika 3a OaHUMWU
KT — 36inbLUeHHS KiNbKOCTI BiNbHOI piguHM B NneBparnbHii
NOPOXHWHI NiBOpPYY A0 46 MM, B MOPOXHUHI nepukapay
00 7 MM, pO3MipM OMUCaHOro paHille HOBOYTBOPEHHSA
B S6 nisoi nereni 30inbwunmcs o 40x28 mm. 36inbLin-
nacb KinbKiCTb cybnneBpanbHUX M’SKOTKAHWHHMX HOBO-
yTBopeHb (Makc y S10 20x19 mm). O3Haku rinoBeHTUNSALi
B S6 Ta S4 niBoi nereni. MNposegeHo 2 uumknu [MXT
3a cxemow — uucnnatuH 120 wmr, etono3uag 600 mr —
6e3 AuHamiky, 2 uUuknuM 3a cxemoro uucnnatuH 100 wr,
umtorem 3000 mr. Ha koHTponbHin KT 02.09.2010 p. —
HeraTMBHa OuHaMika y BUIMSAA4i HApPOCTaHHA 3MiH Yy KicCT-
KOBI CUCTEMI: BU3HAYaAETLCA [AiNsgHKa 3MiHWU CTPYKTypu
3agHboro Bigpoctka IX pebpa niBopyd MPOTSHKHICTIO
o 37 MM 3 HasiBHICTIO KOHCOMIQYyK4oro neperioMy
Ha ¢oHi cknepo3y (3a BkasaHWi nepiog Big3HayaeTbCcH
306iNMbLUEHHST  CKIMEPOTUYHOIO KOMMOHEHTa B  AinsHLUI)
Ta BOTHULLE AEeCTPYKUii A0 5 MM, O HaBOAUTb Ha OYMKY
Npo NpOrpecito  3axBOPIOBaHHA B KiCTKOBY CUCTEMY.
B iHWOMY — 6e3 cyTTEBOI AMHAMIKM.

13.01.2011 p. xBopa 3BepHynacb Q[0 [epxaBHol
YCTaHOBU «lHCTUTYT MeOudHOI pagionorii Ta OHKonorii
im. C.IM. Mpurop’eBa HauioHanbHOi akageMii MeanyHUx
Hayk YKpaiHu» y 3B'si3Ky 3i cKapramu Ha kKawenb 3
BUAIMEHHAM MOKPOTUHHS 3EMEHOr0  KOMbOopy MPOTHAroM
2 TwxHiB, 6oni B rpyaHin KniTui NPOTArOM POKY, 3aWLLKY,
3aranbHy crabkicTb.

3a gaHumm KT OrK, O4M, MT Big 17.01.2011 p.:
O3HaKM LEeHTpanbHOi OpOHXOKApLMHOMW TiBOI  NnereHi
(38x46x58 MM), BTOPWHHI 3miHM nnespu (8o 20 mMm) niBoi
nereHi 3 NpPopocTaHHAM B 3afgHi BigpocTkm IX Ta X pe-
Oep, niBoGIYHMM NNEBpPUTOM, rigponepukapagom, nimda-
JeHonarielo CepefoCTiHHA Ta 3a04epeBMHHUX NiMEOBY3niB.

OcteocuuHturpacia 21.01.11 p., BusiBUNa o0o3HakKu
BOFHULLEBOrO YpaXeHHs 3afHix dparmeHTiB IX—-X pe-
6ep niBopyy, WO MNIATBEPIXYE HASABHICTb MpoOrpecii
3aXBOPIOBAHHS B KICTKM.

BukoHaHo p[Bi nneBpanbHi nyHkKuii (26.01.2011 Ta
27.01.2011 p.) 3 MeETO UMWTOMOrYHOrO [AOCHiIAXKEHHS
eKkcygaty, ane BOHU BUSABUIWCbL HEiH(POPMaTUBHUMM.
3a gaHumu pibpobpoHxockonii — BidyanbHo 6e3 naTonorii.

MpoTarom HacTynHMX 3 MicAuiB nauieHTKa He 3Bep-
Tanacb OO KNiHikv [epxaBHOi yCTaHOBM «IHCTUTYT Me-
OndHoi papgionorii Ta oHkonorii im. C.IM. Tlpurop’eea
HaujioHanbHOi akageMii MegnyHux Hayk YkpaiHu» y 3B’sA3Ky
3 enigemieto rpuny.

12.05.2011 p. 3BepHynacb OO0 OHKorora 3i ckapramu
Ha HapOCTaHHS 3afMLLIKW.

Mpu nnespanbHin nyHkuii Big 13.05.2011 p. — eBa-
kynosaHo 200 mn piguHW, LMTOMOrYHO NiATBEPAKEHO
(Ne 3879) — meTactas 6a3anbHO-KNITUHHOIO paky.

Ha koHTponbHin KT Tpbox 30H Big 19.05.2011 p. — BusAB-
neHa HeraTuBHa AuHaMika (B nopiBHAHHI 3 17.01.2011 p.):
30iNblUEHHA  pPO3MipiB  HOBOYTBOPEHHSI  MiBOI  NereHi
(44x49x64 MM) Ta HOBOYTBOPEHHSA MNNEBPWU niBOPYM
(8o 27x126 mm)

indications of active remodeling of bone tissue of the
left forearm, bones of posterior crest of the IX rib to the
left (taking into account the anamnesis — it was of post-
traumatic nature).

According to CT data on 13.08.2008 — Prolongatio
morbi: left-sided hydrothorax (40 ml), hydrocardia.
The patient received 3 cycles of multiagent chemotherapy
from 20.08.2008 to 15.10.2008: 100 mg cisplatin, 600 mg
etoposide. Positive radiological time course was observed.

From 05.05.2010 negative time course according
to CT data was observed: increase in amount of free
fluid in the left pleural cavity to 46 mm, in the pericar-
dial cavity — to 7 mm, the size of the abovementioned
neoformation in S6 of the left lung increased to
40x28 mm. The number of subpleural soft tissue
neoformations (max in S10 — 20&19 mm) increased.
Hypoventilation signs were detected in S6 and S4
of the left lung. 2 cycles of multiagent chemotherapy
according to the following pattern were performed:
120 mg cisplatin, 600 mg etoposide, no changes were
detected afterwards, then 2 cycles using cisplatin 100 mg
and cytogem 3000 mg were performed. During the
follow-up CT on 02.09.2010negative time course was
determined: accumulation of lesions in the skeletal
system, the area of structure change of posterior crest
of IX rib to the left 37 mm in length with the presence
of consolidated structure was established against the
background of sclerosis (in the given period, sclerotic
component was noticed to increase in the area), as well as
aggressive lesion to 5 mm which implied that the disease
progressed to the skeletal system. Apart from that,
no significant changes were determined.

On 13.01.2011 the patient turned to the State Orga-
nization «Grigoriev Institute for Medical Radiology and
Oncology of the National Academy of Medical Sciences
of Ukraine» due to the increase in complaints, namely:
cough with expectoration of green mucus over a period
of 2 weeks, chest pain over a period of a year, short
breath, general weakness.

According to the data of CT of chest, abdomen,
and lower pelvis dated 17.01.2011, signs of central bron-
chial carcinoma of the left lung (38x46x58 mm) were
detected, as well as secondary alterations of pleura
(to 20 mm) of the left lung with invasion to posterior crests
of IX and X ribs, left-sided pleuritis, hydrocardia, media-
stinal lymphadenopathy, and retroperitoneal lymph nodes.

The patient was referred for osteoscintigraphy on
21.01.11, where signs of focal lesion of posterior frag-
ments of IX and X ribs to the left were determined (which
confirmed the progression of the disease to the bones).

2 pleural punctures (26.01.11, 27.01.11) for the purpose
of cytological examination of exudate were performed,
but they weren't informative. According to fibrobroncho-
scopy data, pathology wasn’t visually detected.

For the next 3 months the patient didn't turn to the
State Organization «Grigoriev Institute for Medical Radio-
logy and Oncology of the National Academy of Medical Sci-
ences of Ukraine». She links it with the influenza epidemic.

On 12.05.2011 the patient turned to oncologist
because of short breath development.

On the follow-up CT of 3 zones dated 19.05.2011
somewhat negative time course was determined
(compared to 17.01.11): enlargement of the neoformation
in the left lung (44x49x64 mm) and the neoformation
of the left pleura (to 27x126 mm).
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Y 3B’A3Ky 3 NpOrpecield 3axBOPHBaHHA MNauieHTKy
rocnitanizoBaHo [0 BiOA4INEHHA KMiHIYHOI OHKosorii Ta
rematonorii [lepXaBHoOi YCTaHOBM «IHCTUTYT MeAUYHOI
pagionorii Ta oHkonorii iM. C.MN. Mpurop’eBa HauioHanbHoi
akagemii MegudHuUX Hayk YkpaiHu». 22.06.2011 p. oTpu-
mMana Take nikyBaHHsa: OiccocoHatn (3ometa 4 wMr),
kapbornnatuH 450 wmr B/B kpan., enipyGiumH 80 M,
6neounH 15 mr B/B kpan. Ta Tepanis cynposogy — 6e3
ecekty. 3a pilleHHAM MyNbLTUAMCLUMITIHAPHOTO KOHCK-
niymy, BpaxoBYyluYM CTaH MNali€HTKA, 3YMOBMEHWNA pO3-
MOBCIOIXKEHHSAM OHKOMPOLECY, HEraTUBHY PEHTIEHOMOrIYHY
OnHaMiKy, mokasaHo NpoBefeHHs CMMNTOMaTUYHOT Tepanil.

MauienTka O., 1972 p.H., 3BepHynacb o [epxaBHoi
yCTaHoBU «IHCTUTYT MeguyHOI pagionorii Ta OHkonorii
im. C.IN. Mpurop’eBa HauioHanbHOi akageMii MeanyHux
Hayk YkpaiHn» y 2019 p. 3 npuBogy 4eproBoro peuvamsy
6aszaniomn wkipy noba (T2NxMO, Il ct.), 3i ckapramu
Ha HasABHICTb HOBOYTBOPEHHSA NiBOI NOGHOI AINSHKM Ha
piBHI nicnsonepauiiHoro aedekTy (p1c. 2), BUpasKku LLKipn
noba, noOpyweHHA nam’saTi, 3anaMOPOYEHHS, 3HWXKEHHS
cnyxy, nepiognyHe nigsuwenHa AT go 150/90 mm pT cT.

A

During pleural puncture on 13.05.2011 200 ml of
fluid was evacuated, basal cell cancer metastasis was
cytologically confirmed (No.3879).

Due to progression of the disease, the patient was
hospitalized to the Department of Clinical Oncology and
Hematology of the State Organization «Grigoriev Institute
for Medical Radiology and Oncology of the National
Academy of Medical Sciences of Ukraine». On 22.06.11
she received the following treatment: biophosphonates
(Zometa), 450 mg Carboplatin IV infusion, 80 mg epirubicin,
15 mg bleocin IV infusion and accompanying therapy —
without any improvement. By the decision of multidis-
ciplinary board of doctors, taking into account condition
of the patient, which was caused by the spread of oncolo-
gical disease, and negative radiological time course —
symptomatic treatment was indicated for the patient.

Female patient D., 1972 year of birth, turned to the
State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine» due to subsequent recur-
rence of basalioma of forehead skin (T2NxMO, stage Il)
with the following complaints: presence of neoformation
in the left frontal cortex (Fig. 2), forehead skin ulcers,
memory impairment, vertigo, diminished hearing, periodic
increase in arterial blood pressure up to 150/90 mmHg.

Puc. 2. MauieHTka [., 49 pokis, sika npoTsaroM 29 pokiB cnoctepiraeTbesa Ta Nikyetsca 3 npusogy BKK.
YcknagHeHHs cneujianbHOro nikyBaHHS: OCTEOHEKPO3 NOBGHOI KiCTKM NiBOpyY,
nicnsinpoMeHeBUI HEKPO3 B NOEAHAHHI 3 peLManBOM OCHOBHOMO 3aXBOPHOBAHHS
Fig. 2. Female patient D., 49 years old, who has been treated for BCC for 29 years.
Complications of special treatment: osteonecrosis of the left frontal bone, postirradiation necrosis
in combination with relapse of the underlying disease

3 aHamHesy BigOMO, LLO XBOpa — nepeceneHka 3 30HU
BiguyxxeHHa YopHobunscekoi AEC, nepebysana y 30-km
30Hi 3 25.04.1986 no 17.06.1993 pp. Y 1992 p., we
3HaxXoOs4YUCb Y 30HI BiOYYXXEHHsl, NauieHTka BuABMNA
y cebe HOBOYTBOPEHHS MiBOI CKPOHI, 3MiHU LMTONOAIGHOI
3anosm, novanucb 4acti ronosHi Gomi. 3 2001 poky
3'ABUMUCb  MOKHYMi  AiNSHKW B Npoekuii  HOBOYTBOPY.
o 2007 p. go nikapis He 3BepTanacs. Y 2007 p. npose-
OEeHO BWAANeHHs nyxnuHW Wwkipn noba 3 BinNbHOW
nnactukoto (M3 Ne 13969-73 Big 19.06.2007 p. giarHo3 —
6asanbHO-KMITMHHA KapuuHOMa), B MicnsonepauifiHoMy
nepioai paHa He 3arotoBanachb.

Y ksiTHi 2009 p. umTONOriYHO BepudiKOBaHO NepLUMi
micueBun peumams xsopobu. 3 06.04.2009 no 03.06.2009 p.

It is known from anamnesis that the patient is a migrant
from exclusion zone around the Chernobyl nuclear power
station and she stayed in 30 km area from 25.04.1986
to 17.06.1993. In 1992, when she was still in the zone,
neoformations in the left temple were detected, as well
as changes of thyroid gland and frequent headaches.
In 2001 oozing lesions formed in the projection of the
neoformation. The patient didn’t consult a doctor. In 2007
resection of forehead skin tumor with free grafting
(histopathologic medical report No 13969-73 dated
19.06.2007 - basal cell carcinoma) was performed, in
postoperative period the wound didn’t heal.

In April 2009 the first local recurrence of the disease
was cytologically verified. From 06.04.2009 to 03.06.2009
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npoBegeHo poswennexHun kypc AMNT B Il etanm B COQA
60 p. Ha Ttni nposBegeHoro nikyBaHHA PEHTreHONoriYHo
Bigmivyanack ctabiniszauis npouecy.

BespeunauBHuii nepioa cknagas 2 poKW, NPOTSAroM
SAKMX Y nauieHTkn Oynu piarHocTtoBaHi ycknagHeHHsa [T
(ocTeoHekpo3 MOBHOI KiCTkM niBopyY, MiCASNPOMEHEBUN
HEKpO3 M’SKUX TKaHWH), 3 NpuMBogy 4oro B YepBHi 2011 p.
oTpumana XipypriyHe nikyBaHHA B Tpu eTanu. Ha nep-
oMy eTani: BuAaneHHs pyObUbOBO3MIHEHUX  M'SIKMX
TKaHWH, HEKpOoTOMis NOOHOI AinsHKM NiBOpyY, nnacTuka
TBEPAOI MO3KoBOI 060noHKM. Ha gpyromy eTani: nnacTtuka
WKipK roroBu JOOHOI AiNsiHKM pOTOBaHMM Knantem Ta
ayTonnacTtuka TiM SHO-CKPOHEBO-MOTUITMYHOT QiNAHKM BiNb-
HAM LWKipHMM KknanteM. Ha Tpetbomy eTani: 3abip ngj-
NAHKM WKpOoKoI hacuii nisoro crerHa. lMicns npoBefeHHs
onepaTtMBHOIO nNiKyBaHHA MpoTArom 1 poKy JaHux 3a
Prolongacio morbi He BusiBneHo. 06.08.2012 p. — Buko-
HaHO KpaHionnacTuKy TUTaHOBOK nnactuHow «Conmet»
no6Hoi ginsaHku niBopyy. Y nuctonagi 2012 p. rictonoriyHo
BepudikoBaHO 4eproBun Micuesun peumams BKK, 3
npueod4y HOro BMKOHAHO KpiogecTpykuito. bespeuun-
OvBHUIN nepebir npotarom 4 pokis. Y nwoTtomy 2016 p.
BctaHoBrneHo BKK conigHoi 6yposu (M3 Ne 2653-56
Big 11.02.2016 p.), HasiBHicTb Prolongacio morbi y m’ski
TKaHWHW  NOOHO-TIM’'AHOT  AiNAHKKW, WO niggaBanocs
onepaTtMBHOMY MNiKyBaHHIO (BuOaneHHs peuuamsy, pyous,
KOHTYpHa nnacTtuvka nig mMicLeBol aHecTesieto). [Ansa 3ami-
WeHHs cdopMoBaHoro gedekTy B AiNsHUi OnpoOMiHEHHS
Ta HEeOQHOPasoBMX OMepaTMBHMX BTPyYaHb 3 NpuBody
micueBux peunameie 26.05.2016 p. 6yno npoeageHo | eTan
iTanincbkoi nnactukn. Ha ubomy etani ycyHeHo OedekT
NoOHOI AiNAHKA KnanTemM Ha >XMUBWMbHIA HiXUi 3 niBoro
nepeannivya. Opyrmni etan — BigCiKaHHS XUBUMABHOT HiXKKM
nposegeHo 15.06.2016 p.

MpoTsirom 2 pokie — 6e3peunanBH1n Nepeoir.

Y civHi 2019 p. rictonoriyHo BepndikoBaHO YeProBum pe-
unamnB 3axeBoptoBaHHs. 3a gaHumn MPT Big 07.05.2019 p. —
iHTpakpaHianbHa iHBa3ig HOBOYTBOPEHHS M'SIKMX TKaHWH
niBoi NobHoi ginaHku. 3 pesynstatamu 06CTEXEHHs nadi-
€HTKa 3BepHynacb [0 [epaBHOi yCTaHOBU «IHCTUTYT
MeaunyHoi pagionorii Ta oHkonorii im. C.IM. lpurop’eea
HauioHanbHOT  akagemii  MeauvHux Hayk  YKpaiHu».
3a pilleHHAM KOHCuniymy 3anpornoHOBaHO MPOBEAEHHS
naniaTMBHOrO Kypcy AMCTaHUINHOI npomeHeBol Tepanii
B COO 34 lp (3 pagiomogudikauieto UMCMNATUHOM).
JlikyBaHHS nepeHecna 3agoBinbHO. Ha koHTponbHin MPT
Big 18.12.2019 p. — cTaH nicns KOMMNAEKCHOro mnikyBaHHS
niBoi No6HoT AinsHkn, MP-03HaKu NPOAOBXEHHS POCTY.

Mpn noBTOpHOMY ObCTEXEHHI y OepesHi 2021 p. —
HeraTMBHa peHTreHonoriyHa pauHamika (puc. 3, 4) vy
BUIMSAI CTPYKTYPHUX 3MiH NOGHOI KIiCTKM, NaTonoriYHui
napaocarnbHUA KOMMOHEHT 3 YypaXeHHsM OOGOMOHOK Ta
no6Hux yactok (D < S) — MMOBIPHO BTOPUHHOTO XapakTepy;
MacuBHUIA NepuUdOKanbHU HaOpsiKk PEYOBMHWU  TOOB-
HOFO MO3KY 3 HasiBHICTIO Mac-edpeKkTy Ta 3MilLeHHAM
CepefovHHUX CTPYKTYp; CTPYKTYpHi 3MiHm C3 xpebus —
SUSpICiO BTOPUHHOTO XapakTtepy.

3a pilWeHHAM MyNbLTUAMCUUMITIHAPHOTO  KOHCUMiyMY,
Cnupalyncb Ha [aHi aHamHesy, pesynbrath  KIiHiKo-
nabopaTopHO-IHCTPYMEHTANbHUX METOAIB  OOCNIOKEHHS,
BpaxoBylouM MpPOrpecilo  3axBOPIOBaHHA B  TOMOBHUWA
MO30K, L0 YycknagHunacb Habpskom Ta Jucnokadieto
CepeouHHUX CTPYKTYp — MpPOBEAEHHsSI creujianbHoro
nikyBaHHA HEMOXIUBE, OCKifbKU iCHYE BWCOKa NMOBIp-
HiCTb NeTanbHOro BUMNazKy.

split-course EBRT in 2 stages was performed, total
radiation dose — 60 Gy. In the course of the treatment
stabilization of the process was determined.

Recurrence-free period lasted for 2 years, during
which the patient was diagnosed with radiation therapy
complications (osteonecrosis of the left frontal bone,
postirradiation necrosis of soft tissues), because of that
she underwent 3 stages of surgical treatment in June 2011.
At the first stage excision of soft scar tissues, necrotomy
of the left frontal cortex, duroplasty were performed. At the
second stage skin grafting of frontal area with rotational
flap and autografting of parietal-temporal-occipital area
with free skin graft were performed. At the third stage
collecting material of broad fascia of the left thigh was
performed. After surgical treatment no data according
to Prolongacio morbi was found. On 06.08.2012 cranio-
plasty with titanium implant «Conmet» of the left frontal
lobe was performed. In November 2012 another local
recurrence of BCC was histologically verified, so cryo-
destruction was performed. There were no recurrences
for the next 4 years. In February 2016 (histopathologic
medical report No.2653-56 of 11.02.2016 — solid BCC)
the presence of Prolongacio morbi in soft tissues of
fronto-parietal area, which was surgically treatable
(resection of recurrence, scar, contour plastic surgery
under local anaesthesia), was determined. For the sub-
stitution of the formed defect in the irradiated area
and repeated surgeries due to local recurrences on
26.05.2016 the first stage of lItalian plastic surgery.
At this stage the defect of the frontal lobe was removed
with pedicled flap from the left forearm. At the second
stage the pedicled flap was dissected on 15.06.2016.

There were no recurrences for the next 2 years.

In January 2019 another local recurrence of the
disease was histologically verified. According to the
MRI data on 07.05.2019 intracranial neoformation invasion
of soft tissues of the left frontal lobe. With the exami-
nation results the patient turned to the State Organization
«Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine»,
by the decision of board of doctors performing palliative
course of EBRT (with radiomodification with cisplatin)
was suggested, total radiation dose — 34 Gy. The patient
tolerated treatment well. On the follow-up MRI on
18.12.2019 the condition after complex treatment of the
left frontal lobe was checked, magnetic resonance signs
of growth continuation were detected.

During repeated examination in March 2021 negative
radiological time course (Fig. 3, 4) in the form of struc-
tural changes of the frontal bone was determined, as
well as pathological periosteal component with lesions
(seemingly, secondary ones) of the membranes and
frontal lobes (D < S); massive perifocal swelling of brain
matter with the presence of mass effect and shift of medi-
al structures were detected along with structural changes
of the C3 vertebra — suspicio of secondary changes.

By the decision of multidisciplinary board of doctors,
based on the anamnesis data, the results clinical labora-
tory instrumental examination methods, and taking into
account the progression of the disease into the brain,
which complicated by swelling and dislocation of medial
structures, performing special treatment was considered
to be impossible.
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Puc. 3. MPT nauieHTkn [l. AkcianbHui 3pi3 T2-3BaxkeHe
306paxxeHHs. MacuBHWUIA nepudokanbHU HabpsiK Pe4OBUHM
rONIOBHOMO MO3KY 3i 3MiLLIEHHSIM CEPEAUHHUX CTPYKTYP
Fig. 3. MRI of female patient D. Axial section T2-weighted image.
Massive perifocal swelling of brain matter
with a shift of the medial structures

PE3YABTATU TA X OBrOBOPEHHSA

MpeactaBneHi KNiHiYHI  CNOCTEPEXEHHS  INCTPYTh
BMMNagKM arpecrMBHOIo MeTacTaTuyHoro nepebiry 6asansHo-
KNITUHHOIO paky LWKipK, Pi3HUX eTaniB NikyBaHHA XBOPMWX
3 6e3nepepBHO peumamBytoyolo arpecuBHo BKK npo-
TArom TpmBanoro vacy — 14 ta 29 pokis. [lns 060x BMnagkis
poseneHo metactasyBaHHs BKK, BusiBneHe 1ioro micuese
PO3MNOBCIOMKEHHS, ONUCaHE BUKOPUCTAHHA Pi3HUX MeTOgiB
niKyBaHHA — XipypriyHOro, MPOMEHEBOro, KpiogecTpyKLii,
ximioTepaneBTu4Horo. [loka3aHa CKNagHICTb BeOEeHHsI
XBOPUX, AKLLIO BUYEpnaHi BCi AOCTYNHi MmeToan. HaBeneHo
niKyBaHHA yCKnagHeHb crneuianbHUX MeToAiB  Tepanii,
DOaraToKpOKOBi  BiQHOBIIOBANbHO-MMNACTUYHI  ONepaTuBHI
BTPYYaHHA 3 BWKOPUCTAHHAM Pi3HWX METOAIB MracTUKW.
Ha cbOorogHilWHin AeHb NepcnekTVBHUM HanpsiMKOM FiKy-
BaHHA TakMX MNauUieHTIB € 3acTOCyBaHHs Mpenaparis, Lo
6nokytoTe curHanbHun  wnax Hedgehog (Bicmoperi6).
MyTauii, Aki axkTMBylTb uUen curHanbHuin wnax (Hh),
BMKIMMKAKOTb PIiCT  Pi3HOMaHITHUX BUAIB pakKy, cepes
SKMX  NpoBigHEe Micue 3aimae  6asanbHO-KNITUHHA
kapumHoma (90%) [6].

3a pesynbratamm  pocnigxkeHHs ERIVANCE BCC
(6epeseHb 2012 p.) YnpaBniHHAM 3 KOHTPOMIO 3a NpoaykK-
Tamn Ta nikamu CLUA (FDA) 6yno cxeBaneHo nepLuvn
nikapcbku 3aci6 (Bicmogerib) ana nikyBaHHA meTacTa-
TWUYHOI, MiCLIEBO-PO3MOBCIOMKEHOI, peunanByovoi opmm
BKK, dka He nigndarae XxipyprivHoMy Ta nNpOMEHeBOMY
nikyBaHHo [9]. Moka3Hukn edekTMBHOCTI Ta 6e3neyHoCTi
uboro npenapaty 6ynu 3’'acoBaHi B npoueci Oarato-
ueHTpoBoro pocnimkeHHs |l ¢asm ERIVANCE BCC, B
sikomy 6panu yyactb 104 nauieHTn (33 — 3 MeTacTaTUyYHOK
dopmoto Ta 71 — 3 MicueBO-po3noBcloaXeHOW). MeaiaHa
Yacy [O PO3BWTKY BIAMOBiAI NMpu MeTacTaTuyHin hopmi
BKK cknagana 14,8 wmic., npuM MicLeBO-pO3NOBCOa-
XeHin — 26,2 mic., TepmiH cnoctepexeHHa — 39 Mic.
Yactota o06’ekTMBHOI BIigMOBI4I Npyv  MeTacTaTUYHIN
dopmi — 48,5%, npu micueso-posnosctogxeHin — 60,3%.

Puc. 4. MPT nauieHTkn [l. AKCianbHWU 3pi3 NOCTKOHTPACTHE
T1-3BaxkeHe 306paXKeHHs 3 MPUrHIYEHHSIM CUTrHany Bif, XUpY.
IHTpakpaHianbHa iHBa3isi HOBOYTBOPEHHS M’SIKUX TKaHWH
niBoi No6bHoi YacTku
Fig. 4. MRI of female patient D. Axial section post counterstain
T1-weighted image with signal suppression from fat. Intracranial
invasion of the neoformation of the soft tissues of the left frontal lobe

RESULTS AND DISCUSSION

The presented clinical observations illustrate the
cases of aggressive metastatic course of basal cell skin
cancer, different stages of treatment of patients with
constantly recurring aggressive BCC for a long period
of time — 14 and 29 years. For both cases the metastasis
of BCC was confirmed, its local advancement was
detected, the use of various treatment methods — surgery,
radiation therapy, cryodestruction, chemotherapy was
described. Difficulty of patients’ management, when
one runs out of all available methods, was shown.
The treatment of the complications of special methods
of therapy was presented, as well as multi-stage recovery
plastic surgeries using various methods of this type of
surgeries. Presently, the perspective direction in treating
such patients is using preparations which block Hed-
gehog signal pathway (Vismodegib). Mutations which
activate this signal pathway (Hh) cause growth of various
types of cancer, among which the leading position is
taken by basal cell carcinoma (90%) [6].

According to the results of ERIVANCE BCC study
(March 2012) [9], the U.S. Food and Drug Administration
approved the first medication (Vismodegib) for treating
metastatic, locally advanced, recurrent forms of BCC
which can’t be treated with surgery or radiation therapy.

Success and safeness rates of this preparation were
found out during the multi-center study at Il phase of
ERIVANCE BCC, in which 104 patients (33 with metastatic
form and 71 with locally advanced one) took part.
Median time to the response development in metastatic
form of BCC amounted to 14.8 months, in locally advanced
form — to 26.2 months, follow-up period — 39 months.
Objective response rate in metastatic form was 48.5%,
in locally advanced one — 60.3%. Median overall survival
in patients with metastatic form of BCC equaled to
33.4 months, and in the group of locally advanced
BCC it wasn’'t reached because more than 50% of the
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MepiaHa 3aranbHOi BMXMBAHOCTI Yy XBOpUX 3 MeTacTa-
TnyHoto cpopmoto BKK cknapana 33,4 mic, a y rpyni
3 MicueBo-posnosctogkeHolo BKK we He pocarHyTa,
ockinbkn noHag 50% XBOpUX Ha MOMEHT 3pi3y OaHuX
xuBi (nuctonag 2012 p.).

Byno Takox npoBeneHo GaraToueHTpoBe BigKpuTe
pocnigpkeHHa STEVIE, ocHoBHa MeTa sKkoro nonsrana
B ouiHUi Oesnekn Ta edekTMBHOCTI BicMogeridy (2011—
2014 pp.) [10]. Y pocnigxeHHi 6bpanu yyacte 1227 naui-
EHTIB, y Akux mopdonoriyHo 6yno BepudikoBaHo MicLeBo-
pO3noBCIOMKEeHY Ta MeTacTtaTuyHy dopmn BKK. MauieHTtn
3 nokanbHo nowupeHoto BKK 6ynu BusHaHi Heonepa-
OenbHUMK. Ha MOMEHT KMiHIYHOrO MPUMNMUHEHHSA OOCHia-
XeHHa (6 nuctonaga 2013 p.) 499 nauieHtiB (468 3
nokanbHoto cpopmoto BKK T1a 31 3 meTtactatnyHo)
oTpumMmyBanM Bicmogeri6 Ta cnocTepiranuca npoTArom
12 wmicqauiB abo goBlie (cepegHs TpuBamiCTb eKCMo3uuji
36,4 TvxHi). MobivHi sBULWA cnocTepiranuca y BinbLIOCTi
nauieHTiB  (98%), cepen HaWMOLIMPEHIWWX: M’A30BI
cna3mu (64%), anoneuis (62%), aucressia (54%), BTpaTa
Barn (33%), acteHia (28%), 3HWxeHHs anetuty (25%)
i areBsisa (22%), giapes (17%), Hynota (16%), BToma (16%).
3a ouiHkamu JocnigHuKiB, 3aranbHy BignoBigb Ha nNpoBe-
feHe nikyBaHHsa Manu 302 nauieHTV 3 MicLeBO-pO3noB-
ctopkeHoto BKK (n = 453) Ta 11 nauieHTiB 3 MmeTacTatuy-
Hoto BKK (n = 29), wo cknagae 67 ta 38% BignosigHo.

OTxe, edeKTUBHICTb Ta 6esneyvHiCTb 3acToCyBaHHSA
6nokatopie Hedgehog wnsxy (Bicmogerib) y nauieHTiB
3 Tshkkumun chopmamum nepebiry BKK goBegeHo B xoai 2 noe-
HomacLlTabHux gocnigxeHb (ERIVANCE BCC 1a STEVIE).
BaranbHoHaujoHanbHa oHkororivHa Mepexa CLUA (Natio-
nal Comprehensive Cancer Network) Bkntounna sicmMoge-
rié y kniHiYHi pekomeHgauii 3 nikyBaHHsi nepBuHHOro 6a-
3anbHO-KMNITUHHOTO Paky LUKIPY BUCOKOTO CTYMEHSI PU3UKY.

BUCHOBKH

Takum 4MHOM, TNiKyBaHHS MeTacTaTM4HOI Ta Heone-
pabenbHoi BKK — e cknagHa 3apava, sika B NepeBaxHin
OinblocCTi BMNagkiB He Aocsrae metu. Y noganbLiomy
HeOoOXiAHO MPOAOBXUTY BUBYEHHSA TEMMW ANSl NOKPALLEHHS
pe3ynbTaTiB NikyBaHHSA L€l rpynu nauieHTiB.
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patients were alive at the moment of data slicing
(November 2012).

Additionally, a multi-center, open-label study
STEVIE [10] was performed, the main purpose of
which was to assess safety and effectiveness of
vismodegib (2011 — 2014). 1227 patients, in which locally
advanced and metastatic forms of BCC had been
morphologically verified, took part in the study. The patients
with locally advanced BCC were determined to be
inoperable. By the moment of clinical study termination
(06.11.2013) 499 patients (468 with local form of BCC
and 31 with metastatic) were receiving vismodegib
and were being observed for 12 months or longer
(average exposure time — 36.4 weeks). Side effects
were observed in the majority of patients (98%), the
most common ones were: muscle spasms (64%),
alopecia (62%), dysgeusia (54%), weight loss (33%),
asthenia (28%), poor appetite (25%) and ageusia (22%),
diarrhea (17%), nausea (16%), fatigue (16%). According
to the researchers, general response to the received
treatment was in 302 patients with locally advanced BCC
(n = 453), and 11 patients with metastatic BCC (n = 29),
which equals 67% and 38% respectively.

All in all, the effectiveness and safety of blocking
agents (vismodegib) of Hedgehog pathway in patients
with severe forms of BCC course were proven during
2 full-scale studies (ERIVANCE BCC and STEVIE).
The U.S. National Comprehensive Cancer Network
added vismodegib into clinical recommendations on
treating primary basal cell skin high risk cancer.

CONCLUSIONS

To sum up, treating metastatic and inoperable forms
of BCC is a difficult task, which is failed in the vast
majority of cases. In the future it is necessary to
continue studying this topic for improving the results
of the treatment of this group of patients.
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MepcnekTMBM NOAAABLUMX AOCAIAXEHD

Y nopanbLloMy HeobXigHO OLHWTU edEeKTUBHICTb 3aCTOCYBaHHS
Bicmogeriby npu HeonepabenbHii Ta MeTactaTnyHin BKK sk y
cknagi KoMGiHoBaHOI, Tak i caMoCTilHOI Tepanii.
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Prospects for further research

In future it is necessary to assess the effectiveness of the use
of vismodegib in inoperable and metastatic BCC as a part of both
combined therapy and separate therapy.
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