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PE3IOME

AxkTtyanbHicTs. OCTaHHI JecATHpiudst B YKpaiHi XapaKTepu3yloThCs 3Ha4-
HUM 301JIBIICHHSIM KIUTBKOCTI XBOPHX Ha TyOepKy/Ib03, 4acTo 3 (hopMyBaH-
HSM TMOPOXXHUH po3nanry. [IpomeHeBa IiarHOCTHKA TOPOKHUCTUX YTBO-
pEeHB JIeTeHb € ONHIEI0 3 aKTyaJIbHHX MPOOIeM CydacHOi MyJTbMOHOJOTIT
1 TopakaibHOI Xipyprii. AOciiecn JlereHb HaraayloTh iHII 3aXBOPIOBaHHS
3 HasBHICTIO JECTPYKIli 1 MOPOKHUH, IO JUKTYyE HEOOXiMTHICTh MPOBE-
JIeHHS! TU(EepeHIiHOT A1arHOCTUKH 3 TYOepKyIIbO3Yy.

Merta podoTH — BUAUICHHS OKPEMHX BapiaHTIB PEHTICHOJIOTIYHOI Kap-
TUHU a0cIiecy JIeTeHb i BH3HAUYCHHS MOXIJIMBOCTEW AudepeHIiiHoi mia-
THOCTHKH TICEBJOTYOEpKYIbO3HOTO BapiaHTa 3 MOPOKHUHAMHU TyOepKy-
JILO3HOT €TiONOTI.

Marepiaau Ta Metonu. [IpoBeseHO aHami3 pe3ylbTaTiB PEHTICHOIOT -
HOTO JIOCHI/DKEHHS OpraHiB IPyJHOI KIITKH 252 XBOpUX Ha abcIiec JereHb
BikoM 18-78 pokiB. BukopucToByBajrcs peHTreHorpadis B 2 MPOEKIIisX,
JiHilHa 1 KoM’ 1oTepHa ToMorpadis (56 xBopux). YciM XBOPHM HPOBOIH-
JI0CS JUHAMIYHE JIOCIIIHKEHHS.

Pe3yabraTu Ta ix o0ropopenHs. IIpakTnyHo B OUIBIIOCTI BUNAAKIB ab-
CIECy JIEreHb BHHHUKA€ HEOOXIAHICTH MPOBEACHHs auepeHIiiiHoi mia-
THOCTHKHU 3 HU3KOIO HO30JIOTIYHUX (OpM. Y pe3yibTari BUBUEHHS OTpH-
MaHUX JIaHUX 3alpPOIIOHOBaHA Kiacu]ikallisi peHTTeHOJIOTIYHUX BapiaHTIB
abcreciB JereHb. Buineni THIIOBHIA Ta aTUITOBI BapiaHTH PEHTT€HOJIOTId-
HOT KapTHUHHU TOCTPOTO a0CIecy JIeTeHb, Cepel SKHUX IyXJIMHOTOMIOHUM,
KicTONONIOHUH, TceBnoTyOepKybo3HHui — 38 xBopux (15 %) i nereneBo-
mieBpanbHuii. HaBesieHo 0COOMMBOCTI PEHTTEHOIOTTYHOT KApTUHH TICEB-
JOTYOepKyIIbO3HOTO BapiaHTa, a TaKOX BIJMIHHOCTI i O3HAKH, IO JJ03BO-
JISIOTH YCTAHOBIIOBATH MPABUIIBHUIH JIIaTHO3.

BucnoBku. IIpomeneBe AOCHIIKEHHS 3alMIIA€THCS IPOBIIHUM Yy Iia-
THOCTHIII THIHHO-NECTPYKTUBHHUX 3aXBOPIOBaHb. 3HAHHS BHUIICHUX Ba-
piaHTIB, 1 0COOIMBO ICEBAOTYOCPKYIILO3HOTO, JO3BOJINTH 3HAYHO ITOJIIIT-
IIMTH QIarHOCTHKY 1 MU(EePEHINIHY TiarHOCTUKY a0CIIECiB JIETCHb.

OpuriHaiabHI J0CITiKCHHS

9 Original research
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ABSTRACT

Background. Recent decades in Ukraine have been characterized by a
significant increase in the number of tuberculosis patients, often with
forming cavities of destruction. X-ray diagnosis of lung cavitary lesions
is one of the current issues of modern pulmonology and thoracic surgery.
Pulmonary abscesses resemble other diseases with destruction and cavi-
ties substantiating the need for differential diagnosis with tuberculosis.
Purpose — specifying particular scenarios of X-ray presentation of lung
abscess and determining the capability of differential diagnosis of pseudo-
tuberculosis with cavities of tuberculosis etiology.

Materials and methods. The paper deals with the analysis of X-ray ex-
amination of thoracic viscera provided for 252 patients with lung abscess,
aged 18 and up to 78. X-ray radiography in two projections, linear and
computed tomography (56 patients involved) were performed. All patients
underwent a study over time.

Results. Almost in most lung abscess cases, there is a need for differential
diagnosis with a range of medical entities. The obtained data have made
it possible to suggest a classification of X-ray scenarios of lung abscess.
The scenarios of X-ray presentation of acute pulmonary abscess are typi-
cal and atypical, among those: cystoid, pseudotuberculous, affected 38 pa-
tients (15 %), and pulmonary-pleural. The peculiarities of X-ray presenta-
tion of pseudotuberculous scenario along with the differences and signs
allowing to make an accurate diagnosis have been specified.

Conclusions. X-ray study remains an essential in diagnosing purulent-de-
structive diseases. Being familiar with the scenarios mentioned above and
pseudotuberculous one, in particular, will make it possible to significantly
improve diagnosis as well as differential diagnosis of pulmonary abscess.
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3B’S130K po6OTH 3 HAYKOBUMH MPOrpaMaMu, IIaHAMH
i Temamu

PoGota € ¢QparMeHTOM IITAHOBOT HAYKOBO-IOCIIJI-
HO1 po6oTH XapKiBChKOI MEIUIHOI aKaAeMil IiCIISTUTIIIOM-
HOl ocBiTH «lIpoMeHeBa MiarHOCTHKa 3aXBOPIOBAHb Jie-
reHb Ta IUIGBpU Yy Jopociux 1 jiteid» (HoMep
neprkasHoi peectpauii: 0114U000520, npukiagsa, TepMiH
BukoHaHHs: 01.2014-12.2019 pp., KepiBHUK — JIOKTOp Me-
IMYHAX HayK, 3aBidyBad Kadeapu peHTreHONOoTil Ta qUTS-
40i perrredoorii, mpodecop Bopousxkes 1. O.).

BCTYII

Jdudepeniiina peHTTeHONIOTiYHA TIaTHOCTHKA a0cIie-
CiB JIETeHb NPH TUTOBHUX KIIHIYHUX 1 PEHTTEHOIOTIIHIX
NpOsIBax, sIK MPABHIIO, JO3BOJIAE Y OUIBIIOCTI KITIHIYHUX
BUIAJKIB YCTAaHOBUTH IPpaBWIbHUN JiarHo3. OnHak mpo-
LIECH B JIETEHSIX 13 (POPMYBaHHIM HMOPOXKHHH B OKPEMHX
XBOPUX MOXYTb OyTH TaKHMH, 1110 33 PSHTTCHOJIOT1IHOIO
KapTUHOIO HAraayloTh 1HIII 3aXBOPIOBAHHS JIET€Hb 3 Ha-
SIBHICTIO IECTPYKIIT 1 TUKTYFOTh HCOOXIHICTh IPOBEICHHS
J(epeHIiiHOT 1IarHOCTUKH, 30KpeMa 3 TyOepKyibo3y,
HEpiIK0 3 BHKOPHCTAHHSIM KOMII IOTepHOI TOMOTrpadii
(KT). o Toro > ocTaHHi AecATUPIYISA B YKpaiHi XapaKre-
PHU3YIOTBCSI 3HAUHUM 30UNTBIICHHSAM KITBKOCTI XBOPHX
Ha TyOepKyJ1b03, POCTOM TSDKKUX (opM, Hepinko 3 ¢op-
MYBaHHSIM HOPOXXHHMH po3nany. IIpo akTyanbHICTh wHi€l
MpoOJIeMH CBITYUTH TE, IO TOYHICTH YCTAHOBJICHHS

Connection with scientific programs, plans and topics

The paper is a fragment of the planned research proj-
ect of Kharkiv Medical Academy of Post-graduate Edu-
cation which is “Radiation diagnosis of pulmonary and
pleural diseases in adults and children” (state registration
No: 01140000520, applied, period for performance:
01.2014-12.2019, led by Doctor of Medical Science,
Head of Radiology and Pediatric Radiology Department
of KhMAPE, Professor Voronzhev I. O.).

INTRODUCTION

Differential X-ray diagnosis of pulmonary abscesses
in typical clinical and radiological manifestations, as a
rule, allows to make an accurate diagnosis in most clini-
cal cases. However, the processes in the lungs, character-
ized by forming cavities in some patients, may be the
ones which, according to X-ray presentation, are like
other pulmonary diseases with destruction, and so they
require differential diagnosis, especially when we deal
with tuberculosis, frequently applying computed tomog-
raphy (CT). In addition, the last decades in Ukraine are
marked by a significantly increased number of patients
with tuberculosis, prevailing severe forms, often with
forming cavities of destruction. The relevance of this is-
sue is evidenced by the fact that accuracy of TB diagnos-
ing reaches only 60 %. Besides, it is also of special
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MPaBWJIBHOTO JI1arHO3y TIPH TYOEpKYJIb03i JIOXOAWUTH
mate 10 60 %. Lls mpobieMa € TOCUTh aKTyaJIbHOO TIe
i TOMy, III0 B OCTaHHI JNECATHPIYYS KUIBKICTh THIHHO-
JIECTPYKTUBHUX 3aXBOPIOBAHb JIET€Hb 3HAaYHO 3pocia [1-5].

Po3BuToK TOCTpHX aOCIeciB JIeTeHb Big3HAYABCS
B 90-x pokax MuHynoro cromrrs — y 5,4 % XBopux
Ha TTHeBMOHIO [6]. 3a manumu [IyaTpMOHOTIOTIYHOTO TICH-
Tpy M. XapKoBa, BiJICOTOK XBOpUX Ha aOclecH JeTeHb
3a OCTaHHI JecsTh pokiB 3pic Bix 1,1 mo 1,8 %. JliarHo3
abcrecy 10 (opMyBaHHs MMOPOKHUHU B JIETCHAX ycCTa-
HOBJIIOETHCS B3araiii TUIbkH y 14,5 % obctexenux [7-9].
VY nmoctymHil JliTeparypi € MOCHJIaHHS HA HEOOXIIHICTh
npoBeAeHHs AudepeHniiHol niarHocTuku adcuecy Jie-
TeHb 3 OKPEMUMH 3aXBOPIOBaHHSIMHM, OJIHAK €JJMHOTO IIi-
JICHOTO YIpyIlyBaHHS BapiaHTiB mepeOiry abdcueciB Jje-
TeHb JIOCI HE IPOINOHYBAJOCS, 1 3alpOIIOHOBaHA HAMH
Kiacu}ikaIlis € OpUTiHATHHOIO PO3POOKOIO.

Meta po6oTH — BHIIICHHS OKPEMHUX BapiaHTIB PEHT-
TCHOJIOT1YHOI KapTUHH a0CIIeCy JICTCHB 1 BU3HAYCHHS MOXK-
JUBOCTEH MU(EPEHIINHOI MIarHOCTUKU TICEBIOTYOEpKY-
JHO3HOTO BapiaHTa 3 TOPOKHUHAMH TyOepKyITbO3HOI
€Ti0JIOT1i.

MATEPIAJIU TA METOAU JOCJILJKEHHS

Hamu mpoBeneHo aeranpHHW aHali3 peHTI€HOIpaM
oprauis rpyanoi itk (OI'K) 252 xBopux 13 JAiarHo3om
abcnecy JsiereHb BikoM Bif 18 no 78 pokis. Ilpu mocii-
oxeHHl y 38 (15 %) xBopux ycTaHOBIICHA HAsSBHICTh aTH-
MTOBOTO TICEBIOTYOCPKYIIFO3HOTO BapiaHTa (BiK MAIli€HTIB
19-72 poxn). Y miid TpyIIi ImepeBaykaid XBOPi YOIOBITOT
crari — 33 xBopux (86,8 %), xiHok Oymo mmre 5 (13,2 %).
3a BIKOM XBOpi PO3MOAUTIIINCH TaKUM YHWHOM: Bim 19
1o 45 poxkiB — 16 xBopux (42,1 %), 45 poxiB i cTapre —
22 xBopux (57,9 %). YciM XBOpPHM i3 IICEBIOTYOCPKY-
JHO3HUM BapiaHTOM BUKOHYBaich peHTreHorpadis OI'K
y NpsiMil 1 JI0OJaTKOBHUX MPOEKIsIX Ta JiHIHHA TOMOrpa-
¢is, 18 xBopum wiel rpynu Bukonana KT. Sk rpyna no-
PIBHSHHSI BHKOPHCTaHI pe3yJabTaTd PEHTI€HOJOTIYHOTO
JIOCIIDKEHHST 29 XBOPUX Ha IOPOXXHUHHI (hOpMHU TyOep-
Kynb03y BikoM Bif 20 10 62 pokis, 20 3 Hux 3poodnena KT.

Komm’rorepra Tomorpadis OI'K  BuxoHyBamacs
Ha KOMIT FOTepHHX ToMorpadax Somatom Emotion ¢pipmu
Siemens i Asteion ¢ipmu Toshiba 3 marpumero 300pa-
sKeHHsT 512 % 512 enemMeHTiB.

Pentrenonoriyni gocmimpkeHHs npoBoawianchk y Ko-
MYHaJIbHOMY HEKOMEpI[IfHOMY MiqnpreMcTBi «Micbhka
kiaiHiyHa JtikapHs Ne 13» XapkiBchKol MiChbKOT panu
(ITynpMoHONOTIYHME LIeHTp M. XapKoBa) Ha PEHTTEHIB-
ceromy amnapari P/IK-50V npu ¢okycHiii Bincrani 100 cm,
Haripyroto 52—76 kB (3aJ1e:xHO BiJl BiKy Ta MacH Tijla XBO-
pux), cuti ctpymy 100 MA, Burpumi 0,08—0,20 c.

JliarHo3 miATBep/KyBaBCs  KIHIKO-JIA0OpaTOpHUM
00CTeXEHHSAM Ta TUHAMIYHUM CIIOCTEPENKEHHSIM 3a XBO-
puMu. TepMmiH AMHAMIYHOTO CIIOCTEPEKEHHS 3aJIC)KaB
BiJl TOCTPOTH IepeOiry i KOIMBaBCs B MeXax Bix 1-3 TIk-
HiB 10 3—6 MicaniB. Tpoe XBOPHUX MPOOTIIEPOBaHi.

interest, since in recent decades the number of purulent-
destructive lung diseases has increased substantially [1-5].

The development of acute pulmonary abscesses was
observed in the 90s of the last century, i. e. in 5.4 % of
patients with pneumonia [6]. According to Kharkiv Pulm-
onology Center, the percentage of patients with pulmo-
nary abscesses has increased from 1.1 % to 1.8 % over
the past ten years. The diagnosis of abscess before form-
ing a cavity in the lungs is generally made only in 14.5 %
of subjects [7-9]. There are references regarding the need
for differential diagnosis of pulmonary abscess with par-
ticular diseases in the available literature, however no
unified holistic grouping of scenarios of pulmonary ab-
scesses has been suggested yet, so the classification pre-
sented in this study is an original research and develop-
ment product.

Purpose — specifying particular scenarios of X-ray
presentation of lung abscess and determining the capabil-
ity of differential diagnosis of pseudotuberculosis with
cavities of tuberculosis etiology.

MATERIALS AND METHODS OF RESEARCH

The paper deals with a detailed analysis of X-ray ex-
amination of thoracic viscera provided for 252 patients
with pulmonary abscess, aged 18 and up to 78. Among
the patients under study, 38 (15 %) patients were diag-
nosed with atypical pseudotuberculous scenario (age of
patients: 19-72). This group was dominated by male pa-
tients: 33 patients (86.8 %), while the females were repre-
sented only by 5 (13.2 %) patients. In terms of the age,
the patients were divided as follows: 16 patients (42.1 %)
aged 19 to 45, 22 patients (57.9 %) aged 45 and older. All
patients with pseudotuberculous scenario underwent X-
ray radiography of the thoracic viscera in frontal and ad-
ditional projections and linear tomography; for 18 pa-
tients of the group CT was performed. As a comparison
group, the X-ray findings of 29 patients with cavitary TB
forms aged from 20 to 62 were used; twenty patients out
those underwent CT.

Computed tomography of the thorax was carried out
by means of Somatom Emotion CT scanners produced by
Siemens and Asteion by Toshiba with an image matrix of
512 x 512 elements.

X-ray examinations were performed at Municipal
Non-Profit Enterprise City Clinical Hospital No 13 of
Kharkiv City Council (Kharkiv Pulmonology Center)
on PIK-50Y X-ray machine at a focal length of 100 cm,
voltage of 52—76 kW (depending on age and body weight
of patients), current strength of 100 mA, time-exposure of
0.08-0.20s.

The diagnosis was confirmed by clinical and labora-
tory examination and monitoring the patients over time.
The period of over-time check-up depended on the sever-
ity of the course and ranged from 1-3 weeks to 3-6
months. Three patients were operated on.
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PE3YJIBTATH TA iX OBI'OBOPEHHSI
AHaJi3 pe3ynbTariB BIAaCHUX IOCIHIKCHb Ta JaHUX
JiTEepaTypy AO3BOJIMB HaM BUAUIMTH TaKi KIIHIKO-pEHTTe-
HOJIOTIYHI BapiaHTH mepebiry adcIieciB JeTeHb 1 3amporio-
HYBaTH iX KJIacH(iKaIio:
1. TumoBwii BapiaHT. II. Atunosi BapiaHTH:
a) MyXJIMHOTIOAIOHUH;
0) KiCTONOAIOHMIA;
B) IICEBIOTYOCPKYIILO3HNI;
T') JIETeHEBO-TICBPATbHHN.

Jani 10CHiKeHHST XBOPUX 3 adCIiecaMu JICTCHb IIijI-
TBEPIWJIM HCOOXIMHICTH MPOBENCHHS IU(EpeHITii-
HOI peHTTeHONIOTiYHO1 aiarHoctuku y 38 (15 %) obcte-
KEHUX 3 TMCEBIOTYOCpKYIbO3HHUM BapiaHTOM mepediry
XBOpoOH. Y TpyIIi 00CTeKEHUX TOCTpHit aberec Oyro mia-
rHocToBaHO y 34 xBopux (89,5 %), XpoHiuHMi — y 4 XBO-
pux (10,5 %). Y xBopux 31 NCeBAOTyOEPKYILO3HUM Bapi-
aHToM aOcieciB  JiereHb IMOPOXHUHM  JECTPYKIIil
JIOKaJTi3yBamucs y mpasiid jgeredi —y 22 (57,9 %), y 14
(36,8 %) — y miBiit, y 2 xBopux (5,3 %) — B 000X JICTCHSX.

[poBenenns audepeHIiHHOI PEHTICHOIOTIYHOT JTia-
THOCTHKHU TOCTPOTO abcIiecy JIeTeHb i3 TyOepKyIbO3HUM
TpoIecoM OyIio HEOOXiTHIM Yy TaKUX KIIHIYHHAX BHITAI-
Kax 3a HasBHOCTI:

— JOKami3amii 3MiH y BEpXHIX 4acTKax JIeTeHb Ta BEp-
XIBKOBOMY CEIMEHTI HHKHBOI YaCTKH;

— PEHTTEHOJIOTTYHHX 3MIH, SIK1 HarayBayiv iHpUIbTpa-
TUBHUH TyOepKyinbo3 (JI0OIT, CErMEHTHT) i3 pO3MajioM,
TyOepKyIpoMy abo (hibpo3HO-KaBepHO3HY (opmy (3 Oo-
KOBaHOIO KaBEPHOIO);

— NIBOX MUIAHOK iH(MBTparii, B onHil i3 skux chop-
MyBaacs OpOXKHUHA;

— JpiOHUX BOTHHIIEBUX TiHEW HABKOJO NECTPYKTHB-
HOI IOPOXKHUHH;

— Ha IOYaTKy JIOCIIJUKEHHS JEKUIBKOX JPIOHHX IO-
PpOXXHUH Ha (OHI IHDIIBTPATUBHUX 3MiH;

— JIUITHOK «BIJICIBY» B CETMEHTH YpPa)KCHOI JereHi
a00 MPOTHIICKHOT;

— 30UTbImIeHNX a00 3BAITHCHHUX JIM(MATHIHUX BY3JiB
y KOpeHi;

a TaKOXX TIPH TIO€HAHHI BUIIICOMUCAHUX 3MiH 3 YIOBIIb-
HEHOIO TO3UTHBHOIO JIMHAMIKOIO TMATOJOTIYHOTO TpO-
necy.

BuBueHHsT KIIIHIKO-71a00paToOpHOT  CHMIITOMATOJIOTIT
00CTEXEHHX XBOPHX MTOKA3aJI0, 10 HAWYACTIMIO KIIHIY-
HOIO 03HAKOIO MPH NICEBIOTYOCPKYIIEO3HOMY BapiaHTi OyB
noctiitaui xamens (100 %) i3 BUAUICHASIM THIHHOTO MO-
kpotunHs (y 14 xBopmx — 36,8 %), CIM30BOrO MOKpO-
THHHSA —y 24 (63,2 %); niABUILEHHS TeMIIepaTypH 10 ¢e-
OopmnbHuX P y 22 (57,9 %), 1o cy6dedpunsaux —y 16
(42,1 %); xpoBoxapkaHHs y 6 xBopux — 15,8 %. 3MiHu
(dopMynu KpoBi XapakTepH3yBallHCs JICHKOLIMTO30M 3i
30UTBIICHHSAM MAJIHYKOAICPHUX HEHTPODIIB, y NESIKHX
xBopux — Jimdoneniero, npuckopenusm IIOE, inoni
JI0 HEBEJUKHUX LU D.

JetanpHuii aHaM3 KITiHIKO-Ta00paTOpHUX TaHUX T0-
3BOJINB HAM BHJIUTMUTH OCHOBHI KJIIHIYHI Ta J1abopaTopHi
O3HaKH, SIKi JIOTIOMAaraloTh MEBHOIO MIPOI0 PO3MEXKYBATH
Hecrelu(iYHy TTOPOXKHUHY 1 ypayKeHHS JIereHb TyOepKy-
JILO3HOT pupoau (Tadm. 1).

RESULTS AND DISCUSSION

Analyzing the study outcomes and literature data has
made it possible to specify the following clinical and ra-
diological scenarios of pulmonary abscesses and to sug-
gest the classification of those:

I. Typical II. Atypical:

a) tumor-like;

b) cystoid;

¢) pseudotuberculous;
d) pulmonary-pleural.

The findings obtained via examining patients with
pulmonary abscesses have confirmed the need for differ-
ential X-ray diagnosis in 38 (15 %) patients with pseudo-
tuberculous scenario of the disease. In the group of pa-
tients who were examined, acute abscess was diagnosed
in 34 patients (89.5 %), chronic one — in 4 patients
(10.5 %). In patients with pseudotuberculous scenario of
pulmonary abscesses, the destruction cavities were lo-
cated in the right lung — 22 patients (57.9 %), in 14 pa-
tients (36.8 %) — in the left lung, in 2 patients (5.3 %)
both lungs were affected.

Differential X-ray diagnosis of acute pulmonary ab-
scess with TB (tuberculosis) process was essential for the
following clinical cases:

— if changes affect the upper lobes of the lungs and
apical segment of the lower lobe;

— if there are X-ray changes resembling infiltrative
tuberculosis (lobitis, segmentitis) with destruction, tuber-
culoma or fibro-cavernous form (with blocked cavity);

— if there are two infiltration regions, on one of which
a cavity has formed;

— if there are small focal shadows around the
destructive cavity;

— if, at the beginning of the study, there are several
small cavities associated with infiltrative changes;

— if there are areas of “seeding” in the segments of the
affected lung or another one;

— if there are enlarged or calcified lymph nodes at the
root;

a combination of the changes listed above with a slow
positive progressing of the pathological process.

Studying clinical and laboratory symptoms of the ex-
amined patients showed that the most common clinical
sign in pseudotuberculous scenario was persistent cough
(100 %), with purulent sputum (in 14 patients — 36.8 %),
mucous sputum — in 24 patients (63.2 %); increasing tem-
perature to febrile figures in 22 patients (57.9 %), to sub-
febrile ones — in 16 patients (42.1 %); hemoptysis in 6
patients — 15.8 %. Changes in the blood formula were
characterized by leukocytosis with an increase in rod-
shaped neutrophils, in some patients lymphopenia, accel-
erated BSR (blood sedimentation rate), sometimes mod-
erately , were observed.

A detailed analysis of clinical and laboratory data al-
lowed us to identify the main clinical and laboratory fea-
tures that, to some extent, help to distinguish nonspecific
cavity and pulmonary lesions of tuberculous nature (Ta-
ble 1).

The X-ray presentation of typical scenario of acute
pulmonary abscess with due regard for clinical and
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Tadaunst Ne 1. OcHOBHI XapaKkTepHi KJIIHIUHI TPOSIBA TOCTPOTO abciiecy, KaBepHH Ha cTajlii popMyBaHHs
Ta chopMOBaHOI KaBEpHH

Table 1. Main specific clinical manifestations of acute abscess, cavern at the stage of formation and formed cavern

OsHaka Tocrpuii aberec Kagepna nHa crazii hopmyBaHHS CoopmoBana kaBepHa
Parameter Acute abscess Cavern at the stage of formation Formed cavern
Yacrimre cepenHii
Bik xBopux Yacrime cepenHiit Yacrime Monoaunii i cepenHiit 1 cTapmmii
Age of patients | Middle most commonly Young a middle most commonly | Middle and elderly most
commonly
Crarb Yacrimie 40I0BiKH Yacriie 40I0BiKH UYacriie 4010BiKH
Gender Males most commonly Males most commonly Males most commonly
Jlokamizartis Yacrimie mpasa JIeTeHs B onniii 260 060X JiereHsx B onniii a60 000X ereHsx
Location Right lung most commonly In one or both lungs In one or both lungs
Tocrtpuit i migroctpuii Ha $oHi
[Touatok TocTpuit IH(IIBTPaTHBHOTO XpoHiuHMH
Beginning Acute Acute and subacute in the setting | Chronic
of infiltrative
Temmneparypa Cy06debpunbHa, pigme GpedpuisHa | o 37,5°
38-40° . o
Temperature Low-grade, febrile less commonly | To 37.5
binb B ypaxeHniii ToN0OBHHI TPyIHOT KIITKH Memn1u xapakTepHuit MeH1u xapakTepHUi
Pain In the affected part of the thorax Less typically occurring Less typically occurring
N 3 MOKPOTHHHSM, 1HOAI
Crioyarky cyxuii, pijuie . .
. . - [HOI 3 KPOBOXAapKaHHSIM, KPOBOXapKaHHSI, IEPIOIHYHO
BOJIOT Ui, BUIIICHHS THIFTHOTO . - S
. nepiogunyHo abo moctiiHo MBT abo nocriitno MBT
Kamens a00 THIJIBHOTO MOKPOTHHHS 3 AOMIIIKaMU . . S . .
Cough KpoB Sometimes hemoptysis, periodic | With sputum, sometimes
.. . or regular Mycobacterium hemoptysis,
Initially dry, productive less commonly, . o
. . . tuberculosis periodic or regular
purulent or putrid expectoration with blood . .
Mycobacterium tuberculosis
N . N Amnewmis, npuckopena I1IOE,
HeiitpodinpHuii TeHKOIMTO3 L . . h .
. [MomipHi neiixounTos i LLIOE, Hepizako JiM¢orneHis,
3 NaJMYKOSAEPHUM 3PYILIEHHAM BIIIBO, . . .
Kpos puckopena LIOE HEPiJIKO JTiM(OIEHisl, MOHOLIUTO3 | MOHOLIMTO3
Blood p PCH: .. Moderate leukocytosis and BSR, | Anemia, accelerated BSR,
Neutrophilic leukocytosis with rod-nuclear often lvmphopenia. monocviosis | often Ivmphopenia
shift to the left, accelerated BSR ymphop ’ y ymphop ’
monocytosis

Penrtrenonoriuyna KapTMHa THIIOBOTO BapiaHTa Troc-
Tporo alcriecy JiereHb 3 ypaxyBaHHSIM KJIiHiKo-1abopa-
TOPHHUX JIaHUX, SIK MPABMIIO, BEJIMKHUX TPYJHOILIB IS JIi-
Kapsi-peHTreHoiora He ckianae (puc. 1).

JlecTpyKTHBHI NpOLECH TP 3arajibHUX 3aXBOPIOBaH-
HSX JIET€Hb 1 TyOepKyIh03i B MO€NHAHHI 3 IHITBTPATHB-
HUMH BH3HAYaIOTh OCHOBHI JTU(EPCHIIHO-iarHoC-
TUYHI TPYOHOIII TIpoMeHeBoi miarHocTwku. Y 15 %
O0OCTe)KEHMX HaMHM XBOPHX PEHTICHOJOrIYHAa  Kap-
THHA THIITHO-JIECTPYKTHBHOIO TIPOLIECy HaraayBaa 3MiHA
IpU TyOepKyYJIbO3i, 10 1 10 MOXJIMBICTh BUAUIATH TaK
3BaHHWI TICEBIOTYOCpPKYILO3HUI BapiaHT. [lecTpyKTHBHI
MPOLIECH CYTTEBO YCKIIATHIOKOTh AH(EPEHIIIAIIFO, 110 B HH-
HIIIHIN emigeMivHii cuTyariii o0rpyHTOBaHO 301IbIIyE Ti-
MEepAIaTHOCTHKY TyOepKyIb03y. OCKIIbKH y OUTBIIOCTI BH-
MaJKiB 00CTEKEHHSI XBOPUX 13 AECTPYKTUBHUMH 3MiHAMHU
B JIeTeHsX Oa3yeTbcsi Ha pyTHHHOMY mociimkeHHi OI'K,
a KT BUKOpPHCTOBYETHCSI B OKPEMUX BHUIIAJIKaX, HAMU HPO-
Be/ieHa crpoda po3MexyBaTy abcriec JeTeHi i IeCTPYKIIito
JIeTeHb TyOepKyIIbO3HOT MPUPOAN Ha OCHOBI IIUX METO/IUK.

IcHyro4a TOYKa 30py PO MEPeBaXKHY JIOKAIII3aLilo Ty-
0epKyJIb03y B BEpXHIX 4aCTKax JIETEHb € OJHIEIO 3 TOJIOB-
HHX NPUYHH TIarHOCTHYHHX TTOMUIIOK. BepxiBkoBa j1oKa-
J3aIfisl aHeBMATHYHUX 3alalbHUX 1H(UIBTpATIB 13 Je-
CTPYKTHBHUMH 3MiHaMHU 3aBXAHU € 00’€KTUBHOIO OCHO-
BOIO JUIs TiependadeHHs TyOepKyapo3y. Ha pucyHky 2

laboratory data, as a rule, does not seem to be a challenge
for a radiologist (fig. 1a, 1b).

Destructive processes associated with inflammatory
lung diseases and tuberculosis in combination with infiltra-
tive ones determine the main differential diagnostic chal-
lenges of radiological diagnosis. In 15 % of the examined
patients, the X-ray presentation of the purulent-destructive
process resembled changes in tuberculosis, which made it
possible to distinguish the so-called pseudotuberculous
scenario. Destructive processes significantly complicate
differentiation, which in the current epidemic situation rea-
sonably increases the overdiagnosis of tuberculosis. Since,
in most cases, the examination of patients with destructive
changes in the lungs is based on a routine examination of
the thorax, and CT is used in specific cases, we tried to dis-
tinguish lung abscess from lung destruction resulting from
tuberculous following these techniques.

The existing view on the predominant TB location in
the upper lobes of the lungs is one of the prevalent causes
of diagnostic errors. Apical location of apneumatic in-
flammatory infiltrates with destructive changes is always
an objective basis for predicting tuberculosis. Fig. 2
shows an X-ray of a patient with a cavity of tuberculous
origin on the changed background.

In patients with pseudotuberculous scenario of lung
abscesses, occurring regional and remote inflammatory
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Puc. 1. Pentrenorpamu xB. I1., 34 p., y npsimiii (1) Ta 6iuniit (2) npoekiisx: 371iBa B S 6 Ha (hOHI 3aTeMHEHHs Bi3yali3y€eThCs MM0-
POXHHMHA a0CIIeCy 3 TOPH30HTAIILHUM PIBHEM PIJIMHU Ta TOBCTUMHM CTIHKaMH. BHYTpIlIHIi KOHTYp 4iTKHH, HEpiBHUIH

Fig. 1. Frontal and lateral X-ray patterns of a 34-year-old patient P. On the left in S 6, an abscess cavity with a horizontal fluid level
and thick walls is clearly visible with shadow in the background. The inner border is distinct, uneven

Puc. 2. Pearrenorpama xs. I'., 25 p. 3 060x OokiB, Oinbie 31iBa, y [-11 Mixkpedep’six, a 371iBa i B HABKOJIOKOPEHEBIH 30HI Ma€ Miciie
MIOHM)KEHHS IPO30POCTI JIETEHEBOT TKAHMHU 32 PaXyHOK criequ(iyHuX iHQUIBTPaTUBHUX 3MiH Ta THEBMO(iOpo3y. 31miBa B KOPTU-
kasnpHOMY Bimaimi II MixkpeOep’st BU3HAaUa€ThHCs MOBITPSIHA TIOPOXKHUHA OBAJILHOT (POPMU 3 BiIHOCHO TOBCTUMH cTiHKamu. Opranu

CepeoCTiHHS 3MillleHi BiTiB0. BucHoBOK: (hiGpo3HO-KaBepHO3HNIT TyOSpKYIb03 BEPXHBOI YACTKH JIiBOT JIETeHI

Fig. 2. X-ray pattern of a 25-year-old patient H. On both sides, on the left mainly, in I-II intercostal spaces, as well as on the left
and around the root area, there is a decrease in the transparency of lung tissue due to specific infiltrative changes and pneumofi-
brosis. On the left, in the cortical part of II intercostal space, an oval-shaped air cavity with relatively thick walls is rendered. The
mediastinal organs are shifted to the left. Conclusion: fibro-cavernous tuberculosis of the upper lobe of the left lung
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Puc. 3. Pentrenorpama xs. JI., 24 p.: cipaBa y BepXHiif gacTii i 311iBa B 2 MikpeOep’T B HABKOJIOKOPEHEBiH 30H1 Ha (hOHI TUITHOK
iHQUTBTpamii MaroTh MicIle HEBEIMKIX PO3MipiB MOPOKHIHM a0CIIeciB 3 piIMHO. B HaBKONHIIHIN JIeTeHeBil TKaHIHI
BOTHMILIEBI TiHi
Fig. 3. X-ray pattern of a 24-year-old patient L. On the right in the upper lobe and on the left in II intercostal space in the juxtahilar
region, there are small abscess cavities with fluid with infiltration regions in the background. Focal shadows in the surrounding
lung tissue

1 2
Puc. 4. Pentrenorpama xB. b., 34 p., BlJI-ingikoBanoi: 1) crpaBa y BepxHiii 4acTii — MOPOXXHUHA a0cLiecy 3 TOBCTUMH CTiHKaMH,
3 YITKUMU HEPIBHUMH BHYTPILIHIMH 1 HEUITKUMHU 30BHIIIHIMH KOHTYpaMH, 3 HEBEIIMKHUM PiBHEM PiINHH i epr(OKaIbHIM
3amajJeHHsIM. 371iBa — BOTHUIIEBI TiHI cepefHbOI iIHTEHCHBHOCTI 3IMBHOTO XapaKTepy B S3MYKOBUX CETMEHTAX; 2) IIPU JHHAMIY-
HOMY CIIOCTEpE)KEHHI yepe3 7 Ai0 mpu MpoBeIeHHI Kypcy MpOTH3aaabHOI Teparlii BU3HAYa€ThCsl TO3UTHUBHA AUHAMIKA Y BUIIIAI
3MEHIICHHS ITOPOKHUHH a0CIIeCy Ta KiJIbKOCTI PiJJMHH B Hill, 3)1iBa 3MEHIIICHHS KIJIBKOCTI Ta IHTEHCUBHOCTI BOTHUIIIEBHX TiHEH,
II0 JO3BOJIMJIO Pa30M i3 BiJICyTHICTIO MiKoOaKTepii TyOepKy: 1603y B MOKPOTHHHI BUKIIIOYUTH CIIEIU(BIUHHIN XapaKTep 3araieHHs

Fig. 4. X-ray pattern of a 34-year-old HIV-positive patient B.: 1) An abscess cavity with thick walls, with distinct uneven internal

and indistinct external borders, with a low fluid level and perifocal inflammation on the right in the upper lobe. Focal shadows of

moderate-intensity confluent type in the lingular lobe on the left; 2) Positive response in the form of decreased abscess cavity and
amount of liquid in it on case follow-up in 7 days after anti-inflammation therapy; reduced amount and intensity of the focal tissues
on the left, that along with absent TB microbacteria in the sputum has made it possible to exclude a specific nature of inflammation
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HaBeJICHA PEHTreHOrpamMa XBOPOTO 3 MOPOKHHHOIO Ty-
OepKyJIb03HOI0 T'eHe3y Ha 3MiHEHOMY (DOHI.

VY XBopuX 31 ICEBIOTYOECPKYIHO3HUM BapiaHTOM ab-
CIIECIB JICTCHP TilEpIiarHOCTHIN TYOSpKYIbO3y CIpHsIa
OsIBA PETiOHAPHUX 1 BiJIAJICHUX 3allalIbHUX BOTHUIIL Bifl-
ciBy (19 xBopux — 50 %, i3 HUX BIJICIB y IIPOTUIJICKHY JIe-
reHto maB Miciie y 12 xBopux (31,6 %), Ha 6011l JloKaTi3a-
i1 MOPO’KHUHHU BifICIB ycTaHOBICHNI Takox y 7 (18,4 %),
B 00mBi stereni — y 7 xBopux (18,4 %).

VY Takux BHNaJKax Iporec OyB yacTille JBOCTOPOH-
HIM, XapaKTepHOIO Oyiia aCUMETpisl BUSBIICHUX Ha PEHTre-
HOrpamMax 3MiH: IOpOKHHMHA abciecy Oyima OLIBIIO
Ha (oHI MOmMpeHImuX HPUIBTPaTHBHUX 3MiH (pHC. 3).
Lle HaragyBaio (popMyBaHHS MOPOKHHHH PO3Many B Ty-
OepKy/nb03HOMY 1H(QUIBTPATI Ta HAsIBHICTH OPOHXOTEHHOTO
BIJICIBY B ITPOTHJIC)KHIH JiereHi abo TiraHTchKi (POKycH Ka-
3€03HOI MTHEBMOHIi. Y TPymi XBOPHX 31 ICEBIOTYOEpKy-
JHO3HUM BapiaHTOM IOCTOBIPHO YacTillle 3yCTpidajiics
XBOpIi Ha IyKpoBHii aiader ta BlJI-indikosani (puc. 4, 5).
VY rpymi XBopuX Ha TyOepKy/1b03 3anajbHi BOTHUIIA Bij-
ciBy Oynu y 25 3 29 xBopux — 86,2 %, p < 0,05.

Hepinko abcuecn, sK 1 KaBepHH, JIOKaJi3yIOTHCS
y BEpXHIX BiJIijlaX BEPXHIX YaCTOK 1 y BEpXiBKOBHUX CET-
MEHTaX HIKHIX 4aCTOK. 3HAUHO pijlle KaBepHU JIOKai-
3YIOTBCSI B CEPEIHIN YacTIli CrpaBa i B HUKHIX CETMEHTaX
HIKHIX 4JacToK. [l TyOepKyinbo3y, sk 1 mjsi abcremy-
BaHHS, XapaKTEPHHM € YTBOPEHHs HMOOJMHOKHX KaBEpH,
JTy’K€ PiIKO MOXKYTh ICHYBaTH J[Bi TIOPYY pO3TaIIOBaHi Ka-
BEpHHU, 1110 HE XapaKkTepHO JyIsl adcuecy.

CroibHUM JUIS KaBepH 1 abcueciB € Te, o iX BHY-
TPILIHI KOHTYpU HIKOJIM HE TIOBTOPIOIOTH 3O0BHIIIIHI,
0 € BiAMIHHOIO O3HAKOIO MpH Au(epeHIiiHIi aiarHoc-
THUIII 3 TOPOKHUHAMU iHIIOL eTiojorii. [Tpu 060x popmax
CHIJIbHOIO Oyle TakoX HasBHICT, Ha erami Qopmy-
BaHHs OyXTononiOHuX KoHTYpiB. [{yst abcuecy i kaBepHH
XapaKTEPHOIO € PO3MUTICTh 30BHIIIHIX KOHTYPIB, OIHAK

1 2

foci of seeding (19 patients i. e. 50 % where: seeding into
the opposite lung took place in 12 patients (31.6 %), on
the side of the cavity location seeding was also detected
in 7 patients (18.4 %), into both lungs — in 7 patients
(18.4 %), contributed to TB overdiagnosis. In such cases,
the process was often bilateral; the asymmetry of the
changes detected on radiographs was observed: the ab-
scess cavity was larger in the setting of more common in-
filtrative changes (fig. 3). It resembled forming the cavity
of destruction in tuberculous infiltrate and appearing
bronchogenic seeding in the opposite lung or giant foci of
caseous pneumonia. In the group of patients with pseudo-
tuberculosis scenario, patients with diabetes mellitus and
HIV-infected were significantly more common (fig. 4, 5).
In the group of patients with tuberculosis, inflammatory
foci of seeding were in 25 patients out of 29, i. e. 86.2 %,
p <0.05.

Abscesses, as well as caverns, are frequently located
in the upper parts of the upper lobes and in the apical seg-
ments of the lower lobes. Less often caverns are located
in the middle lobe on the right and in the lower segments
of the lower lobes. Tuberculosis, as well as abscess for-
mation, is characterized by forming occasional caverns;
very rarely there may be two adjacent caverns, which is
not typical for abscess.

A common feature for caverns and abscesses is the
fact that their inner boundaries never resemble the outer
ones, which is a distinctive feature in differential diagno-
sis with cavities of other etiologies. In both forms, the
bay-like boundaries at the stage of formation will also be
common. For abscess and caverns, the blurring of the
outer boundaries is common, but the width of the annular
shadow in case of a cavern is often the same, while in ab-
scess it is uneven. A forming cavern differs from abscess
by occurring heavy or reticular lines of lymphangitis or
increase of those in the tissue surrounding the cavity,

Puc. 5. XBopa K., 47 p., xBopisa Ha IfykpoBuii 1iabet: 1) penTreHorpama 3 2 60KiB, y BEpXHIX MOJISIX HapaMeiaCTHHAIBHO BH-
3HAYAIOTHCS MIOPOKHUHHU: CTIpaBa 10 4 CM y JiaMeTpi, 37iBa — 10 3 cM y AiaMeTpi, 3 HeBEIHKUMU PIBHAMH PiAWHY 1 IEpH(OKaIb-
HUM 3allaJICHHAM HaBKOJIO; 2) KOMIT I0T€pHA TOMOTpama B AWHaMmini yepe3 7 ai0. M’ IKOTKaHMHHHIA peXuM. Y BEpXHIX 4acTKax:
y S2 cripaBa — oBaJIbHOT ()OPMH MOPOXKHUHA 3 YITKUMU HEPIBHUMH KOHTYpamu, B S3 311iBa — IiIsSTHKA KOHCOJTiAAMIT 3 TUITHKaMH
JeCTPYKIIT B MeaiansHOMYy Biaiii 1o 2 cm. BucHoBok 3a KT: TyGepkyib03 serens; 3) peHTreHorpama B JUHAMILI Iie depes 7 1io;
TTICJIS JTIKYBaHHS BU3HAYAETHCS TO3UTHBHA JIMHAMIKA Y BUIVISII 3MCHIIICHHSI TOPOKHUH 3 BOX O0KiB. Ha 0CHOBI KITiHIKO-71a00pa-
TOPHOTO OOCTEKEHHS 1 YIOBITbHEHOT TO3UTHBHOI AMHAMIKH crienndivHa Mprupoa 3MiH He Oya miaTBepKkeHa

Fig. 5. 47-year-old patient K. with a history of diabetes mellitus: 1) Paramediastinally rendered cavities on 2 sides in the upper
fields on X-ray pattern: on the right up to 4 cm in diameter, on the left up to 3 cm in diameter, with small fluid levels and perifocal
inflammation around; 2) CT over time in 7 days. Soft tissue mode. In the upper lobes: in S2 on the right, there is an oval-shaped
cavity with distinct uneven borders, in S3 on the left there is a consolidation area with regions of destruction in the medial part up
to 2 ecm. CT conclusion: pulmonary tuberculosis; 3) X-ray pattern over time in another 7 days after treatment: positive response in
the form of the decreased cavity on both sides. Clinical and laboratory examination and slow positive response have not confirmed
a specific nature of the changes

OpwuriHaibHI JOCIHIIKEHHS 16 Original research



VYKpaTHCbKUH paionoriyHui Ta oHKosoriynuit xypHai. 2021. T. 29. Ne 1. C. 9-20
Ukrainian journal of radiology and oncology. 2021;29(1):9-20

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

MIMPYHA KiJIbIIENOAIOHOT TiHI ITPY KaBepHi YacTille o/Ha-
KoBa, Tpu abcmeci — HepiBHOMIpHA. [l KaBepHH,
mo (OPMYETBCS, XapaKTEPHOI O3HAKOK BiIMIHHOCTI
BiJ abciecy Oyne mosiBa ab0 301IbIICHHS B OTOYYOUid
MOPOKHUHY TKAHWHI TSDKUCTHX a00 CITKOBUX JIHIN JTiM-
(harTOiTY, HacTiIIEe B HAIPSAMKY 10 KopeHs. [Ipu abcmeci
MOPOKHMHA, 1110 (OPMYETHCS, 4dacTille Mae IICH-
TpajbHE PO3MIIICHHS, TP KaBepHi — EKCIIEHTPUYHE.

®dopma KaBepH y OUTBIIOCTI BHMAJKIB € HETPABIIIb-
HOIO; PIJIIKO KaBepHa MOXKE MaTd IPaKTHYHO KYJSICTY
a60 oBasIbHY (OpMY, Il KaBEpPHH, SK MPABUIIO, i BUHUKA-
I0Th 3 IHQIIBTPATIB y TOpOCIUX XBOpHX. Po3Mipu abcie-
ciB yacrime Oubm, HiX Mpu TyOepKyabo3i. Ha Binmminy
Binm alcrecy, MOpOXXKHHHA TyOepKyJIhO3HOI KaBEpHHU
0e3 piBHA PIIUHU 1 Maibke 3aBXKAM BUIBHA BiJl CHPOIO-
nionux mac (y 27 3 29 xBopux — 93,1 %), a B mopoxKHUHI
abcrecy MpakTHYHO 3aBkau € pimguHa (y 36 3 38 xBO-
pux — 94,7 %, p < 0,001), a B AesIKNX BUMIAAKaX — CEKBE-
ctpu (6 xBopux — 15,8 %).

[Tpu TyOepKyapO3HHX KaBEepHAX i3 CEKBECTPaMH CH-
POIOIiOHI MacH BIAIUIAIOTHCS BiJl CTIHOK KaBEpPHH 1 Y BH-
ISl OKPEMUX TPYAOUOK 3HAXOASATHCS B MOPOXKHMHI Ka-
BEPHH, 1110 TAKOXK HE € TUIIOBUM I abcLecy.

O3Hakam¥, SKi JO3BOJSIFOTH BIJPI3HUTH KaBEPHY
BiJl 3aJIMIIKOBOI MOBITPSIHOT MOPOKHUHU (HaOyTa micis
abcrecy Kicra), € OinbIa TOBIIMHA 1 HEPIBHICTH CTIHOK,
HasBHICTh [PEHYIOYHX OpOHXIB y MEHiallbHUX BiIi-
Jax Ta TEepHUKaBITapHI 3pOINEHHS 1 XapakTep BOTHUIIL.
[Ipu nucemiHOBaHOMY TYyOEpKYNIbO3i JIETE€Hb MOXYTh
(hopMyBaTHCS TOHKOCTIHHI, TaK 3BaHI «IITAMIIOBaHI», Ka-
BEpPHHU.

Y XBOpHX 31 IICEBIOTYOCPKYIBO3HUM BapiaHTOM ab-
CLIeCiB JIeTeHb MPOLEC, 5K IMPaBUIO, XapaKTepusy-
BaBCsl THM, IO 3aMaJibHa 1HQUIBTpaIlis JOXOAHIa 10 KO-
peHIB JereHb, AKi OyiaW WiABHUINEHOI IHTEHCHBHOCTI
1 JIemO MAaJOCTPYKTypHi. Po3mmpeHHs TiHEeH KOpeHiB
He crocTepiranock. Y 1 xBoporo (2,6 %) mMana Micie Ha-
SBHICTh KaJbLIMHATY B KOpPEHi, Takox y | xBoporo Oymm
30UTPIIICHUMH JTIM(ATHYHI By3JIA KOPEHS, IO BUMAraio
MpPOBEACHHS JU(EPEHIIHHOT IarHOCTHKH 3 TyOepKy-
JB03Y.

CrutbHUM 1711 (piOPO3HO-KaBEPHOZHOTO  TyOEpKy-
JbO3Yy Ta XPOHIYHOTO alcrecy € acuMeTpist 3MiH y Jiere-
HSX, 3MIIICHHSI CEPEeNOCTIHHS B OiK OUIBIN BHUpaKEHUX
3MiH, PO3BHUTOK PI3HOTO CTYIEHS BHPAKEHOCTI ITHEBMO-
¢$i6posy, emdizemu Ta iH. BaxmBumu y mudepenuiiniit
JIarHOCTHUII WX JBOX TATOJOTIYHUX IMPOIECIB € HasiB-
HICTh AedopMarii rpyaHOI KIITKH, OCOOIMBO B IUISHII
BEpXiBOK Mpu (piOpO3HO-KaBEPHOZHOMY TYOEpKY/1b03i,
OiNbII BUPaKEHI 3MEHIICHHS JIETEHEBOTO TIOJs, 3Mi-
IICHHS CEPEIOCTIHHA B OiK YpaKeHHs, Ha (poHi Oe3MmoBiT-
psHOT TKAaHMHU Yepe3 pyOleBi 3MiHM iHOII Bi3yauizy-
IOTBCSI TiHI KaJbIIMHATIB, 3MiHHU TOJIOKECHHS KyTIOJa Jia-
(bparmMu, HEpiAKO HASBHICTH BUPAKCHUX IUICBPATbHHX
HamapyBaHb. Ba)IIMBUMU € TaKOXK 3MiHH JIETEHEBOTO Ma-
JIOHKa B OTOYYIOUil JiereHeBiil TkauuHi. [Ipn TyGepky-
7031, SIK IPaBUIIO, He OyBae TAaKOro rpydooro TsHKHCTOIO
JIETEHEBOT'0 MaJllOHKa, sIK mpu abcueci. Ha TyOepkynbo3
yacTime BKa3ylOTh TOHKI CITKOBI TiHI 1 d9acTime Ma-
FOTH MICII€ BOHHUIIEB] 3MIHH.

Ha KT BusiBnsieTbest THIIOBA Ui abciiecy Oararoiia-
POBICTh 13 HU3BKOIIUJILHUM IIEHTPOM, IIOT€HHOIO

often towards the root. In abscess, a forming cavity has a
central location in most cases, in caverns it is eccentric.

The shape of the caverns in most cases is incorrect;
rarely a cavern can have almost spherical or oval form;
these caverns, as a rule, do form from infiltrates in adult
patients. The dimensions of abscesses are often larger than
in tuberculosis. In contrast to the abscess, the cavity of the
tuberculous cavern is without fluid level and almost al-
ways clear of cheesy masses (in 27 patients out of 29,
93.1 %), while in the cavity of the abscess there is almost
always fluid (in 36 out of 38 patients, 94.7 % , p < 0.001),
and in some cases — sequestration (6 patients, 15.8 %).

In tuberculous caverns with sequesters, cheesy masses
are separated from the cavern walls and in the form of in-
dividual lumps are located in the cavity of the cavern,
which is also not typical for abscess.

The signs distinguishing a cavern from a residual air
cavity (acquired after cyst abscess) are the greater thick-
ness and unevenness of the walls, occurring draining
bronchi in the medial departments and pericavital adhe-
sions and the nature of the foci. In disseminated pulmo-
nary tuberculosis, thin-walled, the so-called “stamped”
caverns can form.

In patients with pseudotuberculous scenario of lung
abscesses, the process was mainly characterized by the
fact that the inflammatory infiltration reached the roots of
the lungs, which were of high intensity and somewhat un-
structured. Extending root shadows were not observed. In
1 patient (2.6 %) there was calcinate in the root, as well as
in 1 patient there were enlarged lymph nodes of the root,
which required differential TB diagnosis.

The common features for fibrocavernous tuberculosis
and chronic abscess are asymmetry of changes in the
lungs, displacement of the mediastinum in the direction
of more pronounced changes, development of varying de-
grees of pneumofibrosis and emphysema, etc. An impor-
tant point in differential diagnosis of these two pathologi-
cal processes is chest deformity, especially in the apical
region in fibrocavernous tuberculosis, more pronounced
reduction of the pulmonary field, displacement of the me-
diastinum towards the lesion; in the setting of airless tis-
sue due to scarring sometimes calcification shadows are
visualized; change of diaphragmatic cupula location, fre-
quent pronounced pleural thickening. Changes in the lung
pattern in the surrounding lung tissue are also important.
In tuberculosis, commonly unlike abscess, there is no
such rough heavy lung pattern. Tuberculosis is more often
indicated by thin mesh shadows and more often there are
focal changes.

CT reveals multilayer formation with low-density
center, which is typical for abscess, pyogenic membrane,
perifocal inflammation. Using contrast enhancement in-
creases the accuracy of manifestations. After drainage of
abscess in the bronchi, the appearance of fluid and gas
levels is typical. Sometimes before drainage, occuring gas
is associated with the metabolism of the purulent flora. In
common inflammatory processes, the central destructions
of 2-3 mm and bigger quickly arise. The CT image fre-
quently shows the symptom of “adducting” vessels. Ap-
proximately in 30 % of patients, CT images do not have a
typical set of symptoms which is sufficient to establish
the nature of destructive changes, due to the phase of the
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MeMOpaHoto, Tepru(OKaJIbHUM 3anajeHHsIM. Buxopuc-
TaHHSI KOHTPACTHOT'O ITOCHJICHHSI 301IbIIY€E YiTKICTh IPO-
sBiB. Ilicis apenyBaHHs abcriecy B OpOHXHM THIIOBOIO
€ TosiBa pIiBHS PiMUHM 1 ra3y. [HKOIM HasBHICTH Trazy
OB’ s13aHa 3 MeTabomi3MoM THoepiaHOI (iopu. [pu Oa-
HallbHUX 3allaIbHUX NPOLEcax IIBUJIKO BUHUKAIOThH LICH-
TpanmbHI AeCTpyKmii po3mipoM Bim 2-3 MM i Oimbrme.
Ha KT-300paxeHHI HEpPigKO CIOCTEPIra€ThCsi CHMIITOM
«mpuBigHuX» cymuH. [Ipubmusno y 30 % xBopux KT-
300pa)KeHHsI HE Ma€ XapaKTEPHOTO CHMIITOMOKOMILICKCY,
JIOCTaTHbOTO JUIs BCTAHOBIICHHS NPUPOAM JIECTPYKTHB-
HUX 3MiH, 1110 00YMOBJICHO (Da3010 3aXBOPIOBAHHS 3 aTH-
MOBUM TepediroM, «3MasaHiCTIO» KapTHHH, TEpamielo,
SIKa TIPOBOJIUTHCSL.

[Tpu npoBeaeHH] TUQepeHIIHOT 1IarHOCTUKH Ha KO-
pHcTh abcrecy JIereHi CBIIYUTH BIATOBITHUN aHAMHE3,
(isuKanpHI JaHi, BIICYTHICTH TYOSPKYIBO3HUX MiKOOAK-
Tepil y MOKPOTHHHI Ta XapaKkTepHi 3MiHH B KIIHITHOMY
aHamizi KpoBi. BupimamsHUM TpH BCTaHOBJICHHI Mpa-
BUWJIBHOTO JiarHO3y YacTO € BUKOPHCTAHHS DPE3YJbTaTiB
KaTaMHECTUYHOTO  PEHTI'CHOJOTIYHOTO  JOCIHIIKEHHS
yepe3 HEBEJIMKHI MPOMDKOK Yacy: 3a3BUYail MO3UTHBHA
nuHaMika depe3 7—14 ai6 Oyna mpu abeuecax y 97,4 %,
a npu Tyoepkyabo3i B 100 % Oyna Biacyrths, p < 0,001
(puc. 6).

disease with atypical course, “blurring” of the presenta-
tion, the therapy which is provided.

When performing differential diagnosis in favor of
pulmonary abscess, the corresponding past medical his-
tory, physical data, absence of tuberculous mycobacteria
in sputum and typical changes in complete blood count
are taken into account. Frequently, the findings of follow-
up X-ray examination in a short period of time is crucial
to make an accurate diagnosis: usually positive changes
in 7-14 days was in abscesses in 97.4 %, while in tuber-
culosis they were absent in 100 %, p < 0.001. (fig. 6).

1 2

3

Puc. 6. XBopuwii I1., 60 p.: 1) pentrenorpama 31iBa B S 6 HIXKHBOT 4aCTKH Ha (hOHI iHPIIBTPATUBHUX 3MiH Bi3yasi3yeThCs MO-
BITpsIHA TOPOYKHUHA a0CIieCy 3 TOBCTUMH CTiHKaMH, 3 YITKMM BHYTPIIIHIM KOHTYPOM; 2) KOMIT I0TepHa TOMOIpaMa, BHKOHaHa
HACTYITHOTO JHs. 371iBa B S 6 HIDKHBOI YaCTKH JUJISTHKA KOHCOJIIJanii JiereHeBoi napeHximu po3mipamu 60 X 50 MM 3 3 MOpo>kHH-
HaMU po3maiy 70 21 MM Ta YHCIEHHUMH BY3JIHKaMH HAaBKOJIO; 3) peHTIeHOrpaMa: depe3 2 THKHI MicIst Kypcy Hecnenudidaoro
TIPOTH3AMaIbHOTO JTIKyBaHHS BU3HAYAETHCS MTO3UTHUBHA JUHAMIKA y BUIVISII 3MEHIIIEHHS TOPOXKHUH PO3TMaay B po3Mipax
i mepu(OKaIbHOTO 3anaJeHHs

Fig. 6. 60-year-old-patient P.: 1) An air cavity of abscess with thick walls, with a distinct internal border is clearly visible with
infiltrative changes in the background on x-ray pattern on the left in S 6 of the lower lobe. 2) CT performed the next day. A region
of consolidation of the pulmonary parenchyma 60x50 mm with 3 cavities of destruction up to 21 mm and numerous nodules
around on the left in S 6 of the lower lobe; 3) X-ray pattern: positive response in the form of the decreased cavity of destruction in
terms of dimensions and perifocal inflammation in 2 weeks after a course of non-specific anti-inflammatory treatment

BUCHOBKH

1. IIpomMeHeBe TOCIIIKEHHS TIPOIOBKYE 3AIUIIATUCS
NPOBIJHUM IIPH BCTAHOBJICHHI NPaBHIBHOTO JiarHo3y
y BUNAJKax THIHHO-IECTPYKTUBHUX yPa)KCHb JICTCHb.

2. BupineHHS 3alpONOHOBaHUX PEHTICHOJIOTTYHHX
BapiaHTIB a0cIecy JIereHb, 30KpeMa ICeBIOTYOCPKYIbO3-
HOTO, JIO3BOJIMTB JIIKApsSIM MPAaKTHIHOI OXOPOHU 370pOB’SI
3 ypaxyBaHHJIM HaBEJCHUX y TEKCTi O3HaK MH(epeHIi-
HOI JIarHOCTHUKH CYTTEBO MOKPAIIUTH JiarHOCTHKY ao0-
CLIECIB JICTCHb MUIAXOM BHKIIOYCHHS IECTPYKTHBHHX

CONCLUSIONS

1. X-ray study is still an essential in setting an accu-
rate diagnosis in cases of purulent-destructive lung le-
sions.

2. Specifying the suggested X-ray scenarios of pulmo-
nary abscess, especially pseudotuberculous one, will al-
low physicians of practical health care, following differ-
ential diagnosis features provided in the paper, to
significantly improve the diagnosis of pulmonary ab-
scesses by eliminating destructive forms of tuberculosis,
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¢dopMm TYyOepKynbO3y 1, SK HACHiJIOK, NMPH3HAYaTH Ipa-
BUIIbHE JIIKYBaHHS XBOPHX, & B JICSKHX BHUIAJKaX YHHK-
HYTH OTIEPATUBHOIO BTPYYaHHSI.
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and, consequently, to prescribe appropriate treatment and,
what is more important, to avoid surgical intervention in
certain cases.

REFERENCES

1. Shekhter AI, Lepikhin NM, Lepikhina DN.
Komp’yuternaya tomografiya na ambulatornom etape
differentsial’noy diagnostiki destruktivnykh vospaleniy
i tuberkuleza legkikh [Computed tomography at the
outpatient stage of differential diagnosis of destructive
inflammation and pulmonary tuberculosis]. Problems
tuberk. and lung diseases. 2005;2:11-9. (In Russian).

2. Churylin RYu. Dyferentsialna diahnostyka pukhly-
nopodibnoho varianta abstsesu i raku lehen [Differen-
tial diagnosis of tumor-like abscess and lung cancer].
Medical. matter.2015;1-2:85-92. (In Ukrainian).

3. Mohanty MM, Manju R, Archana M. Clinical, Radio-
logical and Bacteriological Profile of Lung Abscess —
An Observational Hospital Based Study. Open. Access.
Maced. J. Med. Sci. 2018;6(9):1642—6. (In English).

4, Hu L, Lin J, Li J, Cao Y, Lin L. Lung abscess sec-
ondary to lung cancer with Eikenella corrodens and
Streptococcus anginosus: a case report. BMC Infect.
Dis. 2020;20:351. (In English).

5. Torres A, Menéndez R, Wunderink RG. Bacterial
Pneumonia and Lung Abscess. Murray and Nadel'’s
Textbook of Respiratory Medicine. 2016:557-82. (In
English).

6. Parkar AP, Kandiah P. Differential Diagnosis
of Cavitary Lung Lesions. J. Belg. Soc. Radiol.
2016;100(1):100. (In English).

7. Gafoor K, Patel S, Girvin F, Gupta N, Naidich D,
Machnicki S et al. Cavitary lung diseases: a clin-
ical-radiologic  algorithmic  approach.  Chest.
2018;153:1443-65. (In English).

8. Nin CS, de Souza VV, Alves GR, do Amaral RH,
Irion KL, Marchiori E et al. Solitary lung cavities:
CT findings in malignant and non-malignant disease.
Clin. Radiol. 2016;71(11):1132-6. (In English).

9. Reed JC. Chest Radiology. Patterns and Differential
Diagnoses. Elsevier. 2018;614. (In English).

IMepcrieKTHBH MONAJIBIINX TOCTITKEHD
VYnockoHalleHHsT TU(PEPEHIIHOT PEHTTCHOAIarHOCTHKH
MOPOKHIUHHUX YPaKCHb JICTCHI.

Konduaikr inTepecis
ABTOpH HE MAlOTh 3asBICHUX KOHKYPYIOUMX iHTEpe-
CiB.

Indopmanis npo pinancyBaHHs
@®inancyBaHHSI BuAaTkamMu Jlep>kaBHOTO OOMKETy
VYkpainu.

Prospects for further research
Improvement of differential X-ray diagnostics of lung
cavity lesions.

Conflict of interest

The authors state no conflict of interest.

Funding information
Financed by the state budget of Ukraine.

OpuriHaiabHI J0CITiKCHHS

19 Original research



YkpalHChKkui pamionoriyauii Ta oHKomorigHni xypHaiL. 2021. T. 29. Ne 1. C. 9-20
Ukrainian journal of radiology and oncology. 2021;29(1):9-20

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

BIZJOMOCTI ITPO ABTOPIB

Yypuiin Pycaan FOpiiioBny — xkanangat MeanaHux
HayK, JIOLEHT Kadeapu peHTTeHOJIOTIi Ta ANTIY0T peHTre-
HoJori1 XapKiBChbKOT MEIMYHOT aKaeMii MiCIIsAUIIIOMHOT
ocBith MiHicTepcTBa OXOpPOHHM 310pOB’ST  YKpaiHu;
ByJ. AMocoBa, Oyn. 58, M. XapkiB, Ykpaina, 61176;

e-mail: ruslanrentgen@gmail.com

M006.: +38 (067) 893-94-15,

Tex. po0.: +38 (057) 725-24-71.

Buecok aemopa: obcmedicenns XxXeopux, Hanu-
Canmss pooomu, anaiz OMpUMAaHUx pe3yibmamis.

Bopoub:kes Irop OusiekcanaApoBHY — JJOKTOP MeIUY-
HUX Hayk, npodecop, 3aBigyBau Kaderpu peHTTeHOJI0-
rii Ta AUTSYOI peHTreHoI0Tii XapKiBChbKOI METUYHOT aKa-
JeMil MICISIUITIOMHOI OCBITH MIiHICTEPCTBA OXOPOHU
3m0poB’st Ykpainu; Byn. Amocosa, Oyn. 58, M. Xapkis,
Vkpaina, 61176;

e-mail: igor.voronzhev@gmail.com

M00.: +38 (097) 280-28-52,

Tei. po0.: +38 (057) 725-24-71.

Bunecok aemopa: rxopecysanns eukonanoi po-
bomu, aHaniz oMmpUMaHux pe3yibmamis.

KoJuiomiiiuenko FIOpiii AuaroJjiiioBuu — KkaHau-
JaT MEAWYHHX HayK, IOIEHT Kadeapu pPEHTTCHOJIO-
rii Ta AUTSIYOI peHTreHoI0Tii XapKiBChbKOi METUYHOT aKa-
JeMil MICISIUITIOMHOI OCBITH MIHICTEPCTBA OXOPOHU
3m0poB’st Ykpainu; Byn. Amocosa, Oym. 58, m. Xapkis,
Vkpaina, 61176;

e-mail: kolomiychenko@gmail.com

M00.: +38 (067) 595-72-43,

Tex. po0.: +38 (057) 725-24-71.

Buecox asmopa: obcmedicenHs Xxeopux, auaniz
OMPUMAHUX Pe3VIbInamis.

KoBanboBa QOuexcanapa OJuiekcanapiBHa — jikap-
PCHTICHOJIOT, 3aBiyBayKa PEHTICHOIOTIYHOTO BiIIIICHHS
KomynasbHoro HekomepuiiiHoro mignpuemcrsa «Micbka
kiiHiyHa JikapHs Ne 13» XapkiBchKoi MICBKOi panu;
nip-T ['arapina, Oyn. 137, m. XapkiB, Ykpaina, 61124;

e-mail: aleksal 7ko@gmail.com

M00.: +38 (067) 912-70-23.

Buecox asmopa: obcmedicenns xeopux, awaniz
OMPUMAHUX PE3VILMAMIS.

Cupora Baaguciaas BanepiiioBny — xanaugar me-
JUYHUX HAyK, aCHCTEHT Kadeapu Topako-abaoMiHaIBHOI
xipyprii XapkiBcbkoi MeIMYHOT aKaJaeMmii IiCiIsIUIIoM-
HOi ocBiTH MiHIiCTepCcTBa OXOPOHH 3/10pOB’sl YKpaiHu;
ByJI. AMOCOBa, Oyz. 58, M. XapkiB, YkpaiHa, 61176;

e-mail: sirotavlad@ukr.net

M006.: +38 (067) 772-35-86.

Buecok aemopa: obcmedsicennst xeopux ma ix Ji-
KYBAHHA, AHANI3 OMPUMAHUX PE3VIbIMamis.

INFORMATION ON THE AUTHORS

Churylin Ruslan Yuriiovych — Candidate of Medical
Sciences, Associate Professor of Radiology and Pediatric
Radiology Department of Kharkiv Medical Academy of
Postgraduate Education of the Ministry of Health of
Ukraine; 58, Amosova Str., Kharkiv, Ukraine, 61176;

e-mail: ruslanrentgen@gmail.com

tel.: +38 (067) 893-94-15,

office tel.: +38 (057) 725-24-71.

Author’s contribution: examination of patients,
writing the article, analyzing the obtained results.

Voronzhev Thor Oleksandrovych — Doctor of Medi-
cal Sciences, Professor, Head of Radiology and Pediatric
Radiology Department of Kharkiv Medical Academy of
Postgraduate Education of the Ministry of Health of
Ukraine; 58, Amosova Str., Kharkiv, Ukraine, 61176;

e-mail: igor.voronzhev(@gmail.com

tel.: +38 (097) 280-28-52,

office tel.: +38 (057) 725-24-71.

Author’s contribution: editing the article, analyz-
ing the obtained results.

Kolomiichenko Yurii Anatoliiovych — Candidate of
Medical Sciences, Associate Professor of Radiology and
Pediatric Radiology Department of Kharkiv Medical
Academy of Postgraduate Education of the Ministry of
Health of Ukraine; 58, Amosova Str., Kharkiv, Ukraine,
61176;

e-mail: kolomiychenko@gmail.com

tel.: +38 (067) 595-72-43,

office tel.: +38 (057) 725-24-71.

Author’s contribution: examination of patients,
analyzing the obtained results.

Kovalova Oleksandra Oleksandrivna — Radiolo-
gist, Head of Radiology Department of Municipal non-
commercial enterprise “City Clinical Hospital No 13” of
Kharkiv City Council; 137 Gagarina Ave., Kharkiv,
Ukraine, 61124;

e-mail: aleksal 7ko@gmail.com

tel.: +38 (067) 912-70-23.

Author’s contribution: examination of patients,
analyzing the obtained results.

Syrota Vladyslav Valeriiovych — Candidate of Medi-
cal Sciences, Teaching Assistant of Thoracoabdominal
Surgery Department of Kharkiv Medical Academy of
Postgraduate Education of the Ministry of Health of
Ukraine; 58, Amosova Str., Kharkiv, Ukraine, 61176;

e-mail: sirotavlad@ukr.net

tel.: +38 (067) 772-35-86.

Author’s contribution: examination and treat-
ment of patients, analyzing the obtained results.

OpuriHanabHi JOCITiIKCHHS

Original research



VYkpaiHChKHI pajionorianuii Ta oHkoJorigamid xKypHai. 2021. T. 29. Ne 1. C. 21-31 ISSN 2708-7166 (Print)
Ukrainian journal of radiology and oncology. 2021;29(1):21-31 ISSN 2708-7174 (Online)

DOI: https://doi.org/10.46879/ukroj.1.2021.21-31 — 8MCESS
VIK: 618.19-006.6-085

DapMaKOeKOHOMIYHUI aHAJII3 32CTOCYBAHHS MEePTY3ymMady
B Tepamnii meractatTuuHoro HER2-no3utuBHOIO

PaKy MOJIOYHOI 32J1034 B YKPAaiHi

Myskuuyk O. B.:, ORCID 0000-0002-7571-2606, e-mail: alexmuzhychuk@gmail.com

Besnitko H. B.2, ORCID 0000-0003-0274-2203, e-mail: bezdetkofarm@gmail.com

! Xapriecvoruil nayionansHuil meouunuil yHisepcumem Minicmepcmea oxoponu 300pos’s Yipainu, Xapxkis, Ykpaina
2 Hayionanwruti ¢hapmayesmuunuil ynieepcumem Minicmepcemea oxoponu 300pog’st Yrpainu, Xapkis, Yrpaina

Pharmacoeconomic analysis of pertuzumab
in treatment of HER2-positive

breast cancer in Ukraine

Muzhychuk O. V.1, ORCID 0000-0002-7571-2606, e-mail: alexmuzhychuk@gmail.com
Bezdetko N. V.2, ORCID 0000-0003-0274-2203, e-mail: bezdetkofarm@gmail.com

' Kharkiv National Medical University of the Ministry of Health of Ukraine,

Kharkiv, Ukraine

2 National University of Pharmacy of the Ministry of Health of Ukraine, Kharkiv, Ukraine

Korouogi cioBa: PE3IOME

(hapMaKkOEeKOHOMIKa, PaK MOJIOYHOI 3a- | AKTyaJbHicTh. OCTaHHIM dYacoM Yy CBITI 3pocrae SaXBOpIOBaHiCTB
nosu, HER2-nosuTuBHMil pak Monod- | Ha pak IPYAHOL 3al03u. Bin BiX3HAYaeThesl PiSHOMAHITHICTIO KIHHIYHIX
HOi 3a;mo03u, mepTy3ymab, npemapar | IIPOABiB i MOTEHIIHHUX MeTOiB NikyBaHHs. BuOip TakTuku JiKyBaHHS,

«Ilep’eTa®». Horo MmociigoBHOCTI Ta e(eKTUBHOCTI BUKOPHCTOBYBAHHX XiMiompemapa-
TiB Ha IleHl 9ac € aKTyaJbHUM MHTAHHIM.
JI1s HUTYBAHHS: Meta po0oTH — OIHKA E€KOHOMIYHOI IOLINBHOCTI TapreTHol Tepamii

Myxuayk O. B., Besmitko H. B. ®ap- | 3 BHKOPHCTaHHAM neprysyma0y (mpemapar «Ilep’era®») y maiieHTok
MaKOEKOHOMIUHHI{ aHAIi3 3acToCyBaHHs | 13 METACTATHIHUM HER2+ PM3 3 mo3uiii ykpaiHChKOT CHCTEMH OXOPOHHU

370pPOB’SI.

Marepiaiau Ta Metoau. BusHnadeHHs pe3ynbTaTiB JiKyBaHHS 1 OB’ SI3aHIX
3 HUM BHTparT BUKOHAHO METOJOM aHAJITHYHOrO MOJEIIOBaHHsS Mapkosa
Ha TIJACTaBl PE3yJbTaTiB PaHJAOMI30BAHOTO 0OaraTOIEHTPOBOTO BiAKPH-
toro xmiHigHOTO mMociimkeHHs III ¢asm CLEOPATRA. Yacosmii ropu-
30HT Mozeni — 20 pokiB. [lopiBHIOBaHCSl allbTEpHATHBHI BapiaHTH Tepa-
mii meproi yiHii MeTactarnunoro HER2+ paky momounoi 3a5i03u: cxema
PTD — mepry3ymab + Tpacty3ymad + morerakcen Tta cxema TD — Tpac-
Ty3ymab + momerakcen. Ha rpyHTi MapKkoBCHKOTO MOJETIOBAHHS IPOBE-
JIeHO (papMaKOEKOHOMIYHHUH aHaJli3 METOIaMHU «BUTPATH — €(PEKTUBHICTH»
1 «BUTpaTu — KOPHCHICTBY». SIK KpuTepil e(peKTUBHOCTI BUKOPUCTOBY-
; - Banmu poku 30epexxeHoro x)uTTsd (LYG), kputepiii KOPHCHOCTI — MOKa3-
POHH 310pOB’st Vipainu, kadenpa on- | yyx QALY. BpaxoByBamy BapTiCTh NPSMMX MEAWMHUX BUTPAT, CTPYKTYpa

nepTy3ymaly B Teparii MeTacTaTHIHOTO
HER2-mo3uTHBHOTO paKy MOJOYHOI 3a-
no3u B YKpaiHi. Vkpaincekuil padiono-
2iynutl ma onkonoeiunuil srcypuan. 2021.
T. XXIX. Ne 1. C. 21-31. DOL: https://
doi.org/10.46879/ukroj.1.2021.21-31

J1s kopecnoHAeHii:

Mysxuuyk Ounekciii Bonogumuposud
XapkiBChKUI HALIOHATHHUNA MEINY-
HUH yHiIBepcuTeT MIiHICTEpCTBa 0XO-

KOJIOT1; SKHX Oyia BU3HAa4Y€Ha BiJIIOBIIHO IO YUHHOTO HpOTOKOJ'Iy Bapricts JIII
Byn Ilymikinceka, Oya. 82, M. XapkiB, | pyspauamacst srigao 3 Peectpom onToBo-Biamyckuux min MO3 Vkpaiuu,
Ykpaina, 61024; BapTICTh MEAUYHHUX TIOCIYT — 3TiIHO 3 HASBHUMH Yy BUIBHOMY IOCTYIIi
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PesyabratH Ta iX 00roBopeHHsi. 3TiHO 3 MOJEIIOBaHHSIM CEpETHS
OYiKyBaHa TPHBANICTh MKHUTTA NalieHTOK 13 MeracrarnyHuMm HER2+
PM3, mo orpumytors cxemy PTD, cranoButh 15,69 poky B mopiBHSHHI
3 13,95 poky B rpymni TD. OgHOYacHO 3 TIOAOBKEHHSIM TEPMIiHY KHUTTS
Ha (oni 3actocyBanHs cxemu PTD mimBumryertscst foro skicts. [lari-
entku B rpymi TD y cepeansomy orpumytors 7,8 QALY, a B rpyni PTD —
9,24. 3aranbHi BUTpaTH 32 MOJENHOBAHHMN IEPIOf JOCIIKEHHS Yy TpyIi
PTD cxnamu B cepeaabomy 1 970 369,6 TpH Ha oJHY NAIiEHTKY, B TPYIIi
TD — 732 517,7 pH.
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IakpemenTanbHi Koedinientn ICER (BaprticTh 1 70MaTKOBOTO POKY JKUTTS)
ta ICUR (BapricTh | mMOZAaTKOBOTO POKY SIKICHOTO JKHTTS) CKJIAJH BiAIO-
BimHO 710 924,6 rpH Ta 861 175,4 pH.

BucnoBku. 1. TapretHuil mpemapar mnepry3ymMad € e(QEKTHBHHM Ji-
KapChKUM 3acO00M TpH BUKOPHUCTAHHI y MAIIEHTOK i3 METaCTaTHIHUM
HER2+ PM3.

2. Cxema Teparrii nepuioi JiHii naieHTok i3 meractaruaaum HER2+ PM3
3 JI0ZIaBaHHIM MEPTY3yMaly y MOPIBHSHHI 31 CXeMOK TpacTy3ymad + 1o-
Herakceln rnorpedye OUIBIIMX BHUTpAT, BOAHOYAC JIO3BOJSIE JAOCSIITH Kpa-
KX pe3yibTariB — y nepcrekTrsi 20 pokiB 3a0e3nedye B cepeHbOMY J10-
natkoBo 1,74 poky xutra Ta 1,44 QALY.

3. ®apMakoeKOHOMIYHMH aHaji3 Ha TPYHTI MOJCTIOBAHHS 3a METO-
JoM MapkoBa Ta pPO3paxyHKiB METOJaMH «BHTPaTH — e(EKTHBHICTHY
Ta «BUTPATH — KOPHCHICTb» JIO3BOJISAE BBAXKATH JOAABAHHS MEPTY3yMaldy
(mpemapar «Ilep’eTa®) M0 CXeMH TapreTHOI Teparii mepimoi JiHil Tpac-
Ty3ymal + momeTrakcen y mamieHToK i3 MetactarnganM HER2+ PM3 exo-
HOMIYHO JOIIJIBHOI0 MEANYHOIO TEXHOJIOTIEI0 B YNHHUX YMOBaX OXOPOHHU
3710pOB’sl YKpaiHu.

ABSTRACT

Background. The incidence of breast cancer tends to be increasing world-
wide in recent years. It is characterized by various clinical manifestations
and potential treatment approaches. The choice of treatment strategy, its
sequence as well as the efficiency of administered chemotherapy is quite
relevant these days.

Purpose — assessing economic feasibility of targeted therapy with pertu-
zumab (Perjeta®) in patients with metastatic HER2+ BC from the perspec-
tive of the health care system of Ukraine.

Materials and methods. The treatment outcomes as well as related costs
were determined by means of Markov analytical modelling based on a ran-
domized multicenter open clinical study of CLEOPATRA phase III [2].
The model time horizon was 20 years. The alternative schemes of front-
line therapy of metastatic HER2+ breast cancer were compared: PTD regi-
men pertuzumab + trastuzumab + docetaxel and TD regimen trastuzumab
+ docetaxel. Based on Markov modelling, pharmacoeconomic analysis by
means of cost-effectiveness and cost-utility methods was carried out. As an
efficiency criterion, LYG amount was used, as a utility criterion — QALY
indicator. Direct medical costs were counted, the structure of which had
been determined according to the current Protocol. The cost of drugs was
calculated in accordance with the Register of wholesale prices for pharma-
ceuticals of the Ministry of Health of Ukraine; the cost of treatment proce-
dures was determined in accordance with the available price lists of paid
medical services provided by licensed medical institutions. Discounting at
the level of 3 % per year was applied. Sensitivity analysis of the outcomes
was carried out before pertuzumab price changed.

Results. According to the modelling, the average life expectancy of pa-
tients with HER2+ BC, receiving PTD scheme is 15.69 years compared to
13.95 years in the TD group. Along with prolonging life, associated with
PTD scheme, its quality increases. Patients in the TD group gain 7.8 QALY
on average, while in the PTD group it is 9.24. The total expenses for the
simulated (involved into modeling) study period in the PTD group aver-
aged UAH 1 970 369.6 per patient, in the TD group — UAH 732 517.7.
ICER (cost of 1 additional life year) and ICUR (cost of 1 additional qual-
ity-adjusted life year) incremental coefficients amounted to UAH 710924.6
and UAH 861175.4 respectively.

Conclusions. 1. Pertuzumab target drug is an effective pharmaceutical
when administered to patients with metastatic HER2 + breast cancer.

2. The frontline therapy regimen for patients with metastatic HER2 +
breast cancer with pertuzumab being included is more expensive in com-
parison with trastuzumab + docetaxel regimen; at the same time it makes it
possible to achieve better results, i. e. to provide on average extra 1.74 life
years and 1.44 QALY in 20-year perspective.
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3. Pharmacoeconomic analysis based on Markov model and cost-effec-
tiveness and cost-benefit calculations make it possible to consider per-
tuzumab (Perjeta®), included into frontline targeted therapy regimen of
trastuzumab + docetaxel in patients with metastatic HER2+ breast cancer,
as an economically feasible medical technology under current health care
conditions in Ukraine.
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3B’s130Kk po00TH 3 HAYKOBMMH IIPOrpaMaMH, IJIaHAMH
i TeMamu

PobGora BuKOHaHA B paMKax HayKOBO-IOCIIJHOI poOOTH
JepxaBHOi ycTaHOBM «IHCTHUTYT MEAMYHOI pasiono-
rii Ta onkomnorii im. C. I1. I'purop’eBa HartionansHoi akase-
Mil MeauuHHX Hayk YKpainm» «Po3pobutn mporpamy
KOMIUIEKCHOTO JIIKyBaHHSI XBOPHX Ha BTOPUHHO-HAOPSIKO-
BUIf paK TPy/AHOI 32031 3 ypaxyBaHHSIM POJIi 3arajbHOTO
i HaOpsIKOBOrO KOMITOHEHTIB arpeCHBHOCTI IMyXJHWHHOTO
npouecy» (HoMmep aepkaBHOi peectparii: 0118U003210,
mmdp temn: HAMH 04.18, nmpuknanHa, TEpMiH BHKO-
Hauus: 01.2018-12.2020 pp., KepiBHUK — JIOKTOp MEANY-
HUX HayK, npogecop Kpacnocenscekuii M. B.).

BCTYII

Y BcbOMy CBITI, y TOMy 4HcHi i YKpaiHi, paKk MOJIOY-
Hoi 3a103u (PM3) € omHNM 3 HaHOLIBII TOITUPEHHX 3105~
KiCHUX HOBOYTBOpEHB y kiHOK [l]. Ha#Oinpmr arpecus-
HOIO  (GOpMOIO  3axBOpIOBaHHA € miatun  PM3
i3 miBHIIeHOI0 excnpeciero perenrtopiB HER2 Ha noepxHi
MyXJIMHHKX KIITHH. Tepanist 13 3acToCyBaHHSIM r'yMaHi30Ba-
HOro MOHOKJIOHaJbHOTO aHTH-HER2-anTuTINA TpacTy3y-
Maly Ha JIOJIaToK JI0 TPaUIIIHHOT XiMioTepartii CTaTHCTUYHO
JIOCTOBIPHO ITJIBUIIlYE BIDKUBAHICTH O€3 IMpOrpecyBaHHs
1 zaranpHy BrkuBaHICTh y mnamieHtiB 3 HER2-nosw-
TUBHHM METACTaTHIHUM PaKoM MOJIOYHOI 3a103u (MPM3).

Ha croromHi MpomoBKyIOTE pO3pPOOISATHCS HOBI Tepa-
MIEBTUYHI cTpaTterii, mokimkani BrumBati Ha HER2. Ce-
pel TaKuX CTpaTeriii 0COOMUBY yBary IpUBEPTAE TIEPTY3Y-
Mab. 3a maHMH 0araToLEHTPOBOTO PaHIOMI30BAHOTO
kiinigaoro pociimkenns I ¢pasu CLEOPATRA, 3acTo-
cyBaHHs KOMOiHaIii mepry3yma0y (npenapar «Ilep’eTa®»),
Tpactysymaly (npemapar «lepuentun®») i monerakceny
MOPIBHSIHO 13 3aCTOCYBaHHSIM IUIAe00, TpacTy3ymaly
1 IOIIETaK eIy SIK MepInol JiHii Teparii narienTis i3 HER2-
no3utuBHEM MPM3 Oinbme Hixk Ha 10 % migBuinye pi-
BCHb BIJMOBIII NMyXJIMHA Ha Teparito, Maibke Ha 49 %
301IbIIIYE MeziaHy BYPKMBAHOCTI Oe3 mporpecyBaHHs 3a-
XBOPIOBaHHS [2]. 3 ypaxyBaHHSIM BUCOKOI KIIIHITHOT eek-
TUBHOCTI ITepTy3yMaly JOIUIFHUM € BH3HAYeHHs (hapma-
KOCKOHOMIYHUX ACITIEKTiB 3aCTOCYBaHHSM CXEMH Tepartii
3 UM TIperapaToM. B ymoBax oxopoHU 310poB’sl YKpaiHu
(hapMaKOCKOHOMIYHHI aHAaJIi3 3aCTOCYBaHHS MepTy3yMaly
B tepamii mnepmoi usinii HER2-nozutneHoro MPM3
HE MPOBOIMBCSL.

MeTta po6oTH — OI[iHKA CKOHOMIYHOI JIOIJIb-
HOCTI TapreTHOI Teparii 3 BUKOPHCTAHHSIM IMEpTy3yMady
(mpenapar «Ilep’era®») y MAli€HTOK i3 MeTacTATUYHUM
HER2+ PM3 3 no3unii ykpaiHCBKOI CHCTEMH OXOpOHH
3I0pOB’sl.

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
planned research project of SO “Grigoriev Institute for
Medical Radiology and Oncology of the National Acad-
emy of Medical Sciences of Ukraine” which is “To de-
velop a complex treatment program for patients with sec-
ondary edematous breast cancer with research of the
mechanisms of pathogenesis of inflammatory and edema-
tous components of aggressiveness of tumor process”
(state registration No: 0118U003210, research project
code: NAMS (Ukraine) 04.18, applied, period for perfor-
mance: 01.2018-12.2020, led by Doctor of Medical Sci-
ence, Professor Krasnoselskyi M. V.).

INTRODUCTION

Breast cancer (BC) is one of the most common female
malignancies worldwide as well as in Ukraine [1]. The
most aggressive form of the disease is BC subtype with
increased expression of HER2 receptors on the surface of
tumor cells. Therapy by means of humanised monoclonal
anti-HER2-antibody of trastuzumab in addition to tradi-
tional chemotherapy statistically significantly increases
progression-free survival and overall survival in patients
with HER2-positive metastatic breast cancer (MBC). At
present, new therapeutic strategies aimed to influence
HER2 are being elaborated. Among those, pertuzumab
draws special attention. In accordance with a multicenter
randomized clinical trial of CLEOPATRA phase III, a
combination of pertuzumab (Perjeta®), trastuzumab
(Herceptin®) and docetaxel, compared to placebo, trastu-
zumab and docetaxel as frontline therapy of patients with
HER2-positive MBC, increases the level of tumor re-
sponse to treatment by 10 % as well as it increases the
survival median without disease progression almost by
49 % [2]. With due regard for high clinical efficiency of
pertuzumab, assessing pharmacoeconomic aspects of ad-
ministering pertuzumab therapy schemes is considered to
be reasonable. Under health care regulations of Ukraine,
the pharmacoeconomic analysis of pertuzumab in front-
line therapy of HER2-positive MBC has not been carried
out yet.

Purpose — assessing economic feasibility of targeted
therapy with pertuzumab (Perjeta®) in patients with met-
astatic HER2+ BC from the perspective of the health care
system of Ukraine.
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MATEPIAJIU TA METOAU JOCJIKEHHS

I[Ipu mnpoBeneHHI (PapMAKOCKOHOMIYHOTO —aHAIIZy
(®EA) xepyBanucss HOpMaTUBHMMH JokymeHTamun MO3
YkpaiHu 110/10 OLIIHKU TEXHOJIOT1H OXOPOHU 310pOoB’s [3].
BuxopucraHo MeTonu «BUTpaTH — €PEKTUBHICTE) 1 «BH-
TpaTh — KOPHUCHICTb» Ha IPYHTI aHATITHYHOTO MOJEIIO-
BaHHs1 3a MapkoBuM [3.4]. MonentoBaHHsS MPOBEACHO
Ha OCHOBI PaHJOMi30BaHOTO OAaraTOIICHTPOBOTO BiIKPH-
toro kiiHiuHoro pociipkenss 111 ¢pasu CLEOPATRA [2].
Mopnenb sBisie cO00I0 MOPIBHAHHS KITBKOCTI POKIB 30e-
pexenoro kutts (life years gained-LYG) Tta Kinb-
KocTi pokiB sikicHOTO XUTTS (quality adjusted life years-
QALY), mo MoXyTh OyTH OTpHMaHi IpU BUKOPHCTAHHI
y xBopux Ha MPM3 HER2+ anbrepHaruBHHX BapiaH-
TiB Tepamii mepmoi miHii: cxema PTD — mepry3ymab
(mepma mo3a 840 mr, mami 420 mr) + TpacTy3ymad (mepima
no3a 8 mr/kr, gami 6 mr/kr) + gomerakcen (75 mr/m?);
cxema TD — Tpacty3ymab (meprma mo3a 8 MI/KT, maii
6 mr/kr) + morerakcen (75 mMr/m?).

Monens MapkoBa BiII3epKaIto€e IePexil FmoTeTHIHOT
koroptu naiieHTok (1000 ocib) yepes Tpu CTaHH 310pOB’S:
«06e3 mporpecyBanus» (BII), ToOTo Oe3 o3HaK 3axBoOpro-
BaHHA IIICIS MPOBEACHOI XiMiOTeparii, «IporpecyBaHHD)
(IT) 1 «cmepthy (C). [omyrsiiito MOIEIi CKIIaIar0Th JKIHKH
3 TICTOJOTIYHO MiATBEPKCHUM MeTacTarnaauM PM3
i3 HagMmipHOIO abo mocmieHoro excnpeciero HER2. Map-
KOBCBKHUI IIMKIT (IIEpioj] 4acy MiXK MepexoaMy MaiieHTOK
3 OJTHOTO CTaHy JI0 iHIIIOTO) CKJIamae 3 TIDKHI (BiOITOBIIHO
JI0 IHTEepBaJy MPOBEICHHS TapreTHOI Teparmii mepTy3yma-
60M). Yci narieHTKN BXOIATh Y MOJICNb Y CTaHi «0e3 mpo-
TpEeCyBaHHS IIICIIS TIPOBECHOI a1’ foBaHTHOI Teparii. Ko-
JKEH LMKJI BOHU MOXYTh MEPEXOAUTH 13 OJHOTO CTaHy
B iHIMiA, 200 3anuMIarucs B Tomy camoMy crasi. Lleit mpo-
[IEC TIOBTOPIOETHCS A0 THX Tip, JIOKH BCl MAIi€HTKA
YMOBHO HE TIEpeHIyTh /0 CTaHy «cMepTb». Jlnsi Bu3Ha-
YEeHHs PEe3yJNIbTaTiB Teparii 3a Pi3HUMH CXEMaMH Ta BH-
TpaTH Ha JIKyBaHHA B JOBTOCTPOKOBIM TMEPCIEKTHBI
B34TO TepMiH crioctepexeHHs 20 pokis. IMoBipHOCTI Tepe-
XOoy MDK pI3HUMH CTaHaMH TICTS TapreTHOI Tepartii
3a cxemamu PTD Ta TD HaBeneno B tabumui 1.

Bonn po3paxoBaHi 3a pe3yJabTaTaMH JOCIIIKESHHS
CLEOPATRA [2, 5]. CtpykTypa Mozieni HaBeIeHa Ha PU-
CYHKYy 1.

Monens Ma€e Taki IPUITYIICHHS: TAIIEHTKH, 10 3Ha-
XoJsThes B craHi bII, orpumytoTh oiHy 13 anbTepHaTHB-
HuX cxeM TapretHoi Teparii (PTD a6o TD) no momeHty
MIPOTPECYBaHHS MAaKCHMAJIBHO MPOTSATOM POKY; TIPH HPO-
rpecyBaHHI 3aXBOPIOBAHHSI MAI[IEHTKH OJIEPXKYIOTh APYTY
minito ximiorepamii (XT); y pasi BimcyTHOCTI edexty

MATERIALS AND METHODS OF RESEARCH

The pharmacoeconomic analysis (FEA) was carried
out in accordance with the regulations of the Ministry of
Health of Ukraine on assessing health care technologies
[3]. Cost-effectiveness and cost-utility methods based on
Markov analytical modelling (Markov model) were ap-
plied [3,4]. The modelling was performed following a
randomized multicenter open clinical study of CLEOPA-
TRA phase III [2]. The model is a comparison of life
years gained (LYG) and quality adjusted life years
(QALY) that can be obtained when administering alterna-
tive frontline therapy to patients with MBC HER2+: PTD
scheme — pertuzumab (first dose is 840 mg, then 420 mg)
+ trastuzumab (first dose is 8 mg/kg, then 6 mg/kg) +
docetaxel (75 mg/m?); TD scheme — trastuzumab (first
dose is 8 mg/kg, then 6 mg/kg) + docetaxel (75 mg/m?).

Markov model provides insight into passing through
three health statuses by a hypothetical patient cohort
(1000 people) such as “no progression” (NP), i. ¢ no dis-
ease markers after chemotherapy, “progression” (P) and
“death” (D). The model population is represented by
women with histologically verified metastatic breast can-
cer with excessive or increased HER2 expression. Mar-
kov cycle (the period between passing from one status to
another) is 3 weeks (according to the interval of targeted
therapy with pertuzumab). All patients enter the model in
“no progression” status after adjuvant therapy. Each cycle
they can pass from one status to another, or remain in the
same status. This process is recurring until all patients
conditionally reach “death” status. In order to make an as-
sessment of the therapy outcomes according to different
schemes and the cost of treatment in the long run, the ob-
servation period of 20 years is taken. The probabilities of
passing different statuses forth and back after targeted
therapy according to PTD and TD schemes are presented
in Table 1.

They have been calculated with due regard for
CLEOPATRA findings [2,5]. The model structure is
shown on Fig.1.

The model has the following assumptions: patients
who are in NP state receive one of the alternative schemes
of targeted therapy (PTD or TD) until the moment of pro-
gression, maximum within one year; as the disease pro-
gresses, patients receive a second line of chemotherapy
(CT); in case there is no effect of CT second line, pallia-
tive therapy, which is common in international cancer
practice, is administered [6]. The second line scheme cor-
responds to the basic principle of sequential CT in pro-
gression of breast cancer — pharmaceuticals should be

Taéauns 1. BiporigHicts nepexony Mix pisHUMH MapkoBchbkiMHU ctaHamu B rpynax PTD ta TD

Table 1. Probability of passing through different Markov statuses in PTD and TD groups

Cras, [0 SIKOTO 3/1iHCHIOEThCS TIEPexist
CTaH, 3 SKOTO 3IiHCHIOETHCS TO status
Hepexiz Bes mporpecyBanHs [IporpecyBanus CwMmepTh
FROM status No progression Progression Death
PTD TD PTD TD PTD TD
bes mporpecysaiiit 0,99182 0,98799 0,00698 0,01025 0,001198 0,001762
No progression
Tporpecysariis 0 0 0,9982 0,9974 0,0018 0,0026
Progression
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CraH 6e3 nporpecyBaHHA
Condition without progression

MporpecysaHHA
Progression

CmepTb
Death

Puc. 1. Crpykrypa Moneni Mapkosa

Fig. 1. Markov model structure

Bix apyroi niHil XT — 3aransHONPHHHATY B MIXKHAPOAHIN
OHKOJIOT1YHIH MpaKTHIll MamiaTuBHY Teparito [6]. Cxema
JIpyTOi JIiHIT BIAMOBIAa€ OCHOBHOMY IPHHIIUITY T10CITiI0B-
Hoi XT npu nporpecyBanni PM3 — 3mina JII1 mae npoBo-
JIUTUCS 3 ypaxyBaHHSIM MeXaHi3My Jii Ha IpOIec PoCcTy
nyxiuHu. Tox micnsa Taprernux JIII, a came Tpacty3y-
Maly, peKOMEHIIOBaHE 3aCTOCYBAaHHS CXEM 13 JIalaTHHi-
O0oM Ta xanerurabinoMm [7, 8].

IIpu mposenenni ®EA metomom «BHTpaTté — eek-
TUBHICTB» SK KpPHUTEPiil €PEeKTHBHOCTI 3aCTOCOBYBAIH
KutbKicTh LY G, siKy BU3HA4aIM 32 (HOPMYIIOH0:

LYG (t) = K (t)/1000,

ne LYG (t) - LYG y pik snikyBanns t; K (t) — KinbpkicTh
MAli€HTOK, IO BWXWIM, 3 THX, IO BXOISTH y MOJIEIb
y pik mikyBaHHS t [9].

Kinpkicts marmienTok 3 ymoBHOI koropta 1000 oci0,
II0 BIDKWIIM B PiK JTIKyBaHHA t, pO3paxoByBaiH 3a Ghopmy-
JI010:

Kt=K1 (t) + K2 (t) + K3 (t) + K4 (),

ne K (t) — KUIBKICTh MAI[iEHTOK, 1[0 BHIKHIIH, 3 THX,
110 BXOJSITh Y MOJielib Yy pik JikyBanus t; K1 (t), K2 (t) —
KIJIbKICTh Mali€HTOK, IO BIXHIIH, y cTaHax «bII» ta «I1»
y pIK JIKyBaHHS t.

IIpu ®EA mMeTomoM «BUTPATH — KOPUCHICTEY» KPHUTE-
piem xopucHocti OyB mokasHMK QALY, mo BpaxoBye
KUIBKICTh POKiB 30€pEKEHOT0 JKUTTS 3 TIONPABKOIO Ha iX
skicthb [9]. KoedimieHT sikocTi »)HUTTs namieHTok i3 PM3
y PI3HUX CTaHax 3J0pOB’s BH3HAYalld Ha IiJCTaBi OITy-
omikoBaHuxX gaHux [10].

CrpykTypa BUTpaT BH3HA4YC€HA BiJIOBIJIHO 10 YHH-
Horo [Iporokoiny [7]. YpaxoBaHi npsiMi MeIMYHI BUTpATH,
a caMe: BapTicTh Jikapchkux npemnaparis (JIIT), mo Bxo-
IITh 0 ANBTCPHATUBHUX CXEM TapreTHOI Teparii; Bap-
TICTh MEAWYHHUX TOCIYr mpouexypu BBeneHHs JIII; Bu-
TpaTH Ha TOCIITai3allilo/JeHHUI CTallioOHap; BapTiCTh
KOpEeKLiT MOOIYHUX sIBUIL TapreTHOi Teparii. Yactora no-
0luHMX sBHUIL, MO TNOoTpeOytoTh sikyBanus (III-IV cry-
NIeHs1), JUIsl aJIbTepHAaTUBHMAX CXEM BHM3HAJajacs BiImo-
BiTHO JIO ONYONIKOBaHHX JAHUX PaHIOMIi30BaHHIX
nmociimkenb [2, 11]. Takox 3rigHO 3 momoxeHHsAM [Ipo-
TOKONy Ta iHcTpyKkuiit g0 JIIT BBakamocs HacTyIHE: Tec-
TyBaHHS Ha excrpecito HER2 6Gymo mposenene mo mo-
YaTKy TapreTHoi Ttepanii; mnpoueaypa BeeaeHus JIII,
10 BXOISTH JO CKJIJy ajbTepHATHBHUX CXEM Tepallii,

changed taking into account the mechanism of action on
the tumor growth process. Thus, after targeted pharma-
ceuticals, namely trastuzumab, the schemes with lapatinib
and capecitabine are recommended [7, 8].

When performing FEA by means of cost-effectiveness
method, LYG amount was used as an efficiency criterion,
being calculated according to the formula:

LYG (t) = K (t)/1000

where LYG (t) is LYG in the year of treatment t; K (t)
is the number of survived patients out of those included in
the model in the year of treatment t [9].

The number of patients from the conditional cohort of
1000 survivors in the year of treatment t was calculated
according to the formula:

Kt=KI (t) + K2 (t) + K3 (t) + K4 (t)

where K (t) is the number of survived patients out of
those included in the model in the year of treatment t; K1
(t), K2 (t) is the number of patients who survived in NP
and P statuses in the year of treatment t.

In FEA, carried out via the cost-utility method, the
utility criterion was QALY indicator, taking into account
life years gained, adjusted for their quality [9]. The coef-
ficient of quality of life of patients with BC in different
health statuses was counted based in the published data
[10].

The cost structure has been defined in accordance
with the current Protocol [7]. Direct medical costs were
included, that is: the cost of pharmaceuticals included
into alternative schemes of targeted therapy; the cost of
medical services on administering the drugs; hospitaliza-
tion/in-patient facility; the cost of correcting side effects
of targeted therapy. The frequency of adverse effects that
should be treated (degree III-1V) for alternative schemes
was assessed according to the published data on random-
ized trials [2, 11]. Also, in accordance with the Protocol
regulations and the drug leaflets, the following was con-
sidered: testing for HER2 expression had already been
performed before the onset of targeted therapy; the proce-
dure of introduction of pharmaceuticals included into al-
ternative treatment schemed took 3—24 hours for infusion
and mandatory hospitalizing to a specialized in-patient
department [12-14]; subcutaneous administration of
trastuzumab was possible as outpatient/inpatient facility
procedure [14]; patients should undergo cardiac
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norpedye  3-24 rom Jus mpoBeneHHS  iHQY3il
Ta 000B’SI3KOBOI TOCITITAII3aMl]l B CIIEmiaai30BaHui CcTarli-
oHap [12-14]; mimukipHe BBEICHHS TPACTy3yMaly MOX-
nBe B aMOyJIaTOpHUX yMOBax/JeHHOMY cratioHapi [14];
i 9ac JIIKyBaHHS TPAacTy3yMaOOM MamieHTy HEoOXiTHO
MIPOBOAUTH KapIiOMOHITOPUHT; TalieHTH B cTaHi b mo-
TpeOyI0Th 00CTEIKEHHsI OHKOJIOTa pa3 Ha piK, 3 0O3HAKaMu
MIPOTPECYBAHHS — IIIOMICSIIIS.

Bapricts JIII Bu3Hawamacs BiamoBimHo no Peectpy
OIITOBO-BIJIMMyCKHUX IIiH Ha JIKapChKi 3aco0M CTaHOM
Ha 09.12.2020 [15]. BapricTe AiarHOCTHYHUX Ta JIKY-
BAJIIHUX TNPOLEAYp BH3HAYaNacs 3TiJHO 3 HasBHUMHU
y BUIBHOMY JOCTYII NMPEHCKypaHTaMH IUIATHUX MEAn4-
HUX TIOCIYT, [0 HaJaloThCs JIINEH30BAaHUMU MEANYHUMU
ycraHoBamu [16, 17]. BiamoBigHO 10 MIKHApPOIHUX pe-
KOMEHJIalliil IpH po3paxyHKaxX 3arajbHUX BUTPAT 3aCTO-
COBYBAJIM TUCKOHTYBAHH: Ha piBHI 3 % mopivHO.

AHaIi3 9yTIMBOCTI pe3yJIbTaTiB MPOBEICHO 10 3MiHU
uinn JII, 1mo BXOJATH B ajbTEPHATHBHI CXEMH TapreT-
HOI Teparmii 1 10 3MiHHU HiHU Ha TIepTy3yMad.

PE3YJIBTATH TA iX OBTOBOPEHHSI

Pesynbrarn MapkoBCHKOTO MOJIETIOBaHHS MOKa3aJlH,
110 TapreTHA TEPaIisi 3 BUKOPUCTAHHSAM NepTy3ymaly 3a-
Oesrieuye Juisi OfiHIET CepeHbOCTATUCTUYHOI MAIlIEHTKH
3 metactarnaauM HER2+ PM3 gomarkoso 1,74 LYG mo-
PIBHSIHO 3 aJbTEPHATHBHOIO cxemoro Teparii. Cepemns
OYiKyBaHa TPUBAJIICTh XKUTTS MALI€HTOK, 10 OTPUMYIOTh
cxemy PTD, cranoButh 15,69 poky B TOpIBHSHHI
3 13,95 poky y rpym TD. OpmHOYacHO 3 TOHOBKCH-
HSIM TEpMiHy XKUTTs Ha (oHi 3acTocyBanHsi cxemu PTD
M IBUIIY€THCS HOTO SKiCcTh. [IpoTaroM aHami30BaHOTO T1e-
piony mamieHTKH B rpym TD y cepemHboMy OTPHMYIOTH
7,8 QALY, a B rpyni PTD — 9,24, To0T0 MaroTh Jomar-
koBo 1,44 QALY.

Hait0inpir po3moBCIOMKEHUME KPUTEPisIMUA €(PEeKTHB-
HOCTI Teparii 3JI05SKICHUX HOBOYTBOPEHB € 3arajbHa BH-
skuBaHicTh (OS) Ta BHKMBAHICTh XBOPUX 0€3 O3HAK 3a-
xBoproBarHsa (DFS) mporsrom meBHOro wacy (1 pik,
5 pokiB, 10 pokiB). Pe3ynbratamMu KIIHIYHUX JTOCIIJKEHb
noseneHo, mo DFS ta OS 3amexarp Bim piBHS pCR
(patological complete responce) — 4acTOTH IOCATHEHHS
MOBHOI BIANOBIAI MyXJIMHM Ha XiMioTeparilo (3HHK-
HEHHs OyIb-SKUX O3HAK ITyXJIMHHOTO MPOLECY B PE3yilb-
tati nikyBaHHsA) [18]. BukopucraHHS mepty3ymaly
B CKJIaJl TapreTHol Tepamii Haja€ MOXIMBICTH JI0-
cart Oinbin Bucokoro piBHSA pCR y mamieHToK i3 MeTa-
crarmaanM HER2+ PM3 [2, 11]. Came 1ie#t daxt mosic-
HIOE€ TIO3UTUBHY DI3HHUIFO MK TOJOBHUMH KiHI[CBHMU
MOKa3HUKaMH €(EeKTUBHOCTI JOCIiPKYBaHUX allbTepHa-
THBHHX cXeM — Ourbm Bucoki 3HadeHHs LYG 1a QALY
y TpyIi, 10 OTPUMAJIH TapreTHy Tepariito 3 BUKOPHCTaH-
HSM TepTy3yMaly B TIOPiBHSHHI 31 cxemoro Tepartii TD.

Po3paxyHKH BUTpAaT Ha QJIBTEPHATUBHI CXEMH TapreT-
HOI Teparlii 3 ypaxyBaHHSM YacOBOTO FOPU3OHTY MOJEII
20 pokiB MoOKa3aiH, MO TapreTHa Teparlis 3 J0JaBaHHIM
mepTy3ymMady, sika OUTbIn eeKTHBHA TOPIBHIHO 3 Tepa-
€0 TpacTy3ymal + J0IeTakcel, € CyTTEBO JOPOXKIOIO.
V nopmanemomy BuCOKa BapTicTh cxemu PTD nemo xom-
TICHCYETHCS 32 PAXyHOK 3MEHIIEHHS BHTpAT Ha JIPyTy
JiHII0 XimioTepamii Ta migTpuUMylody Tepamito. Buko-
puctranHg cxemu PTD no3Bosisie oTpumaTu 3a NEBHUN

monitoring during treatment with trastuzumab; patients in
NP status should be examined by an oncologist once per
year, with progression signs — monthly.

The cost of drugs was counted in accordance with the
Register of wholesale prices for pharmaceuticals as of
09/12/2020 [15]. The cost of diagnostic and treatment
procedures was determined following the available price
lists of paid medical services provided by licensed medi-
cal institutions [16, 17]. According to international guide-
lines, discounting at the level of 3 % per year was applied
when calculating total expenses.

Sensitivity analysis of the outcomes was carried out
before the price of the drugs, included into the alternative
schemes of targeted therapy, as well as pertuzumab price
changed.

RESULTS AND DISCUSSION

Markov modelling findings have shown that targeted
therapy with pertuzumab provides additional 1.74 LYG
for one average patient with metastatic HER2+ breast
cancer compared to the alternative regimen. The average
life expectancy of patients receiving PTD scheme is 15.69
years compared to 13.95 years in the TD group. Along
with prolonging life, associated with PTD scheme, its
quality increases. During the analyzed period, patients in
the TD group gain 7.8 QALY on average, while in the
PTD group this is 9.24, in other words, they have extra
1.44 QALY.

The most common criteria of the effectiveness of treat-
ment of malignancies are overall survival (OS) and dis-
ease-free survival (DFS) for some specific period (1 year, 5
years, 10 years). Clinical findings have shown that DFS
and OS depend on pCR (pathological complete response)
level, i. e. the frequency of achieving a complete tumor re-
sponse to chemotherapy (subsidence of any signs of tumor
process due to treatment) [18]. Administering pertuzumab
as a component of targeted therapy makes it possible to
achieve higher levels of pCR in patients with metastatic
HER2+ breast cancer [2,11]. This very fact explains a posi-
tive difference between the main endpoints of the effective-
ness of alternative regimens under study, that is higher
LYG and QALY values in the group that received targeted
therapy with pertuzumab compared to TD regimen.

Calculating the cost of alternative targeted therapy
schemes with due regard for the time horizon of the 20-
year model has shown that targeted therapy with pertu-
zumab, which is more effective than trastuzumab +
docetaxel therapy, is substantially more expensive. Fur-
ther, the high cost of PTD regimen is somewhat offset by
reducing the expenses for second-line chemotherapy and
supportive therapy. PTD regimen makes it possible to
achieve fewer relapses, breast metastases and deaths
within some period of time, which is accompanied by re-
ducing the cost of second-line and supportive therapy at
the terminal disease stage, however, the overall average
cost per patient in the PTD group is still higher than in the
TD group (Table 2).
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nepioJy MEHINOI KIUIBKOCTI pelMIuBIB, MeTacTasiB
PM3 Ta cmepTeil, 110 BIAMOBITHO CYIPOBOIKYETHCS
3MEHILCHHSIM BUTPAT Ha IIPOBEICHHS APYToi JiHii Ta mij-
TpUMyIouoi Tepamii B TepMiHalbHIN cTajii 3axBopro-
BaHHs, ajie 3arajbHi CepelHi BUTPATH Ha OJHY IMalli-
eHTKy B rpymni PTD Bce >k Taku Buimli, HiX y Tpym TD
(Tabm. 2).

FEA differs from standard cost calculations by the
fact that it not only compares the expenses for alternative
treatment regimens, but also correlates these expenses
with clinical effectiveness of the corresponding medical
technologies. For this purpose, the cost-effectiveness ra-
tio (CER) and the incremental cost-effectiveness ratio
(ICER) are assessed by the cost-effectiveness method.

Taoauus 2. CepenHi BUTpATH HA JIIKyBaHHS OAHI€T manieHTKu 3 MeTactatnaHiM HER2+ pakoM MosodHoT 3amo3u
IIpU BUKOPHUCTAHHI aJbTEPHATUBHUX CXEM TapreTHOI Teparii (mepcenekTisa 20 poKiB)

Table 2. The average cost of treating one patient with metastatic HER2+ breast cancer using alternative targeted
therapy regimens (20-year perspective)

Bup Butpar Cxema PTD Cxema TD A mik exemai PTD 1a TD
. . A between PTD and TD
Cost type PTD regimen TD regimen .

regimens
Taprerna Tepariz 1906415,2 663425,0 1242990,2
Targeted therapy
Hpyra niniz XT 53126,2 55503,6 -2377.4
CT second line
Mixrpuuyrotia Tepanis 8294,7 11062,4 27678
Supportive therapy
Kopexkuist mo6iuHO71 i
Side effect correction 2202 194.3 25,9
OHKOMOI:IITOpI/IHF. . 2313,3 2332,4 -19,1
Oncological monitoring
3arazom 1970369,6 732517,7 1237852,0
In total

®EA Bipi3HS€ThCS Bi 3BUYAHHUX PO3pPaxyHKIB BH-
Tpar THM, III0 HE MPOCTO MOPIBHIOE BUTPATH Ha aJbTepHa-
TUBHI CXEMH JIIKYBaHHS, a CIIBCTaBIISIE 11i BUTPATH 3 KJIi-
HIYHOIO E€(EKTHBHICTIO BIAMOBIIHUX MEAMYHHX TEXHO-
JIOTiH. 3 1i€I0 METOI0 32 METOJOM «BHUTpPATH — e(eKTHB-
HICTh» BHM3HAYAEThCS TTOKA3HUK e(EKTUBHOCTI BUTpAT
CER (aum. cost-effectiveness ratio) ta inkpemeHTanbHUI
nokasHuk epexrusrocTi BuTpar ICER (ammt. incremental
cost-effectiveness ratio). INokasuuk CER Bu3Hauae Bu-
TpaTu Ha OAAMHHUINO €(PEKTHBHOCTI MEIUYHOI TEXHOJIOTI],
mo anaii3yerbes, a ICER 1okasye BUTpaTn Ha J1071aTKOBY
OIMHHMITIO €(hEeKTUBHOCTI IPHU TIEPEXO/l 3 MEHII e(EeKTHB-
HOT Ha OUTBII €()EKTHBHY METOANKY. METO/I «BUTpaTH — KO-
pucHicTb» J103Boisie BU3HauYMTH mnokasHuk CUR (anrm.
cost-utility ratio), N0 BU3HAYAE BUTPATU HA OIUHHUITIO KO-
PHCHOCTI aHaJi30BaHOT MEAMYHOI TEXHOJIOTIl, Ta IHKpe-
MeHTanbHui mnokasHuk ICUR (auni. incremental cost-
utility ratio), o mokasye BUTpaTd Ha JOJATKOBY OJHHHIIIO
KOpHUCHOCTI. Y 11poMy mociiukeHHi mokasHuk CER Bu3Ha-
4ae BapTICTh OTHOTO 30EpEeKEHOTO POKY JKUTTS (OTHOTO
LYG), a mokazank CUR — BapTicTh OmHOTO 30epe’KEHOTO
SKiCHOTO pOKy KUTTS (omHOTO QALY), BIATIOBIIHO TTOKA3-
Hukn [CER ta ICUR — BapTicTh OMHOTO JOMATKOBO 30€pe-
JKEHOTO Ta SKICHOTO POKY XXHTTS Y BHIAJKY, SIKIIO TTalli-
enTKa 3 MPM3 sik nepiiry JiiHit0 TapreHToi Teparii 3aMicTh
cxemu TD Oyne orpumysaru cxemy PTD. Pesynsraru pos-
paxyHKIiB (hapMaKOCKOHOMIYHMX MOKa3HUKIB MpeJCTaB-
JeHO B Ta0mui 3.

Jani, HaBemeHi B TaOmuii 3, MOKa3ykOTh, MO OOW-
Bi CXEMH TapreTHOI Tepamii € JOCUTh BapTiICHUMH, BOIHO-
gac cxema PTD Oinbm edexrusHa, Hixk TD. Bapricts on-
HOTO JJONATKOBOTO POKY XHTTI, IKUH MOKE OTPHUMATH TIalli-
entka 3 MeracrarnuanM HER2+ PM3, sxmo 3amicth
Teparii 3a cxemoro TD Oyme orpumysarun cxemy PTD,

The CER determines the cost per unit of efficiency of the
medical technology being analyzed, while the ICER
shows the cost per additional unit of efficiency when
switching from a less efficient method to a more efficient
one. The cost-utility method makes it possible to deter-
mine the CUR (cost-utility ratio) that counts the cost per
unit of utility of the analyzed medical technology, and the
incremental cost-utility ratio (ICUR) that shows the cost
per additional unit of utility. In this study, the CER calcu-
lates the cost of one life year gained (one LYG), while the
CUR counts the cost of one quality-adjusted life-year
(one QALY); consequently, ICER and ICUR determine
the cost of one additional life year gained and quality-ad-
justed life year if a patient with MBC receives PTD re-
gime as the frontline of targeted therapy instead of TD
regime. The calculation data of pharmacoeconomic indi-
cators are presented in Table 3.

The data in Table 3 show that both targeted therapy
regimens are quite expensive; at the same time, PTD regi-
men is more effective than TD one. The cost of 1 addi-
tional life year that a patient with metastatic HER2+
breast cancer can gain, undergoing PTD regimen therapy
instead of TD regimen, is 710924.6 UAH, the cost of one
additional quality-adjusted life-year is 861175.4 UAH.

At present, Ukraine has not defined the amount of
funds, which for society is a conditional threshold “will-
ingness to pay” for a new, more effective medical tech-
nology (more effective pharmaceutical). At the same
time, worldwide this threshold is determined as the
amount of triple GDP per capita. The ICER (cost of 1 ad-
ditional life year) and ICUR (cost of 1 additional quality-
adjusted life-year) incremental coefficients, determined
by pharmacoeconomic analysis for targeted therapy of
metastatic HER2+ breast cancer with pertuzumab
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Tadauns 3. PapMakoeKOHOMIYHI MOKA3HUKH IIPH BUKOPUCTAHHI albTEPHATUBHHUX CXEM TapreTHol Tepartii
y namieHTok i3 meracrarnaauM HER2+ pakom monounof 3ano3u (nepcriekrrBa 20 pokiB)

Table 3. Pharmacoeconomic indicators when using alternative schemes of targeted therapy in patients
with metastatic HER2 + breast cancer (perspective 20 years)

Cxema Cepenni
Teparii prrpata
Therapy Ha | manieHTKy LYG QALY CER CUR ICER ICUR
R e Average cost
per 1 patient
PTD 1970 369,6 15,69 9,24 125 610,4 213 309,6 710 924,6 861 175,4
TD 732 517,7 13,95 7,80 52 528.0 93915,7

cranoBuTh 710 924,6 TpH, BapTiCTh OAHOIO IOJATKO-
BOTO POKY sIKicHOTO *uTTs — 861 175,4 rpH.

Ha croronni B YkpaiHi He BH3HAU€HAa CyMa KOLITIB,
0 CKJaJa€ Ul CyCIUIbCTBA YMOBHHMH IIOPIT «TOTOB-
HICTH IUTATUTH» 32 HOBY, OUTBII €()eKTHUBHY MEAUYHY TEX-
HoyloTif0 (O1bIn  e(DeKTHBHHI JTIKAPCHKUM TIperapar).
Boanouac y Oinbiiocti kpaiH CBITY i€l mopir Bu3Hava-
€TbCsl Yy po3mipi notpiiinoro BBII Ha aymry HaceneHHs.
Busnayeni numsixom (papMakoeKOHOMIYHOTO aHaNizy iH-
kpemerTtanbHi koedinientu ICER (Bapricts | momarko-
Boro poky kuTTs) Ta [ICUR (BapTicTh | 101aTKOBOTO POKY
SIKICHOTO JKHTTS) JUIsl TAPTETHOI Teparlii MeTacTaTUIHOTO
HER2+ PM3 3 nonaBanHsiM 1iepTy3ymMady, y MOpIBHSIHHI
31 CXEMOIO TpacTy3ymal + J0IeTaKCeNl MEHII, Hi’K YMOB-
HUHM TOpIT «TOTOBHOCTI IUIATHTH», SIKUM 3a JaHUMHU
MinictepctBa (inaHciB YKpaiHM Ha Iepuly IOJOBHHY
2020 p. cxiaB 867 782 TpH.

AHaui3 4yTIHBOCTI Pe3ylbTaTiB BIAHOCHO KOJNHWBaHBb
L[IHK HAa [IEPTY3yMad JOBOAMTS, IO MPH 3MCHIICHHI [IIHU
BiH CTa€ OUIBII €KOHOMIYHO JIOLITBHUM.

Huni HasBHI fAaHi CBiYaTh MpO BUCOKY KIHIYHY
e(eKTHBHICTh BUKOPUCTAHHS Y MAII€HTIB i3 METaCcTaTH4-
auM HER2 mosutuBHmM PM3 TapreTroi Tepamii meprmoi
JiHil 3 BUKOPHCTAaHHAM IepTy3ymaldy. Bucoka kiiHidHA
e(peKTUBHICTb CTaJla apryMEHTOM JUIsSl BKIIFOYCHHSI TIepTy-
3yMaly B CydacHi MI>KHApOJHI MPOTOKOJIN JIKYBaHHs Ta-
mientiB i3 HER2 mosutuBauM PM3  y  cxemu
Heoax'toBanTHOT Tepamii [19]. Ockinbku nepryzymad
(npemnapar «Ilep’era®») € MOCTATHLO HOBMM JIKAPCHKUM
3ac000M, TPUBAIIICT CIIOCTEPEIKEHHS 3a BIIIaJICHUMU pe-
3y/lbTaTaMi HOTO BHUKOPUCTaHHS TPH METacTaTHIHOMY
HER2 mnosutuBanM PM3 € 1€ HEZOCTaTHLOIO, 100
Ha TPYHTI pea’bHNX KIHIYHUX JaHWX BU3HA4YaTH BCI BH-
TpaTH, 1O BsI3aH1 3 HOTO0 BUKOPUCTAHHAM. AHAII3 MOAAIb-
HIOTO CIIOCTEPEKEHHS MAII€HTIB, 10 Opau y4acTh y J10-
cumpkenni  CLEOPATRA,  migrBepmkye — KIIHIYHY
e(EeKTUBHICTD Ta MEpEeBaru CXeMH 3 BUKOPHCTAHHSM IIep-
Ty3ymMaly MpOTATOM YOTHPHOX pokiB [11]. Huai mposo-
JITHCS TIOJAITBIIN CTIOCTEepeXeHHs. J[aHi CTOCOBHO BUTpAT,
OTPUMaHHMX y pe3yJbTari MOJICIIOBAaHHS, MOXYTb OYyTH
B TIOJIAJIBILIOMY CKOPErOBaHI Ha IPYHTI JOJaTKOBUX JOCITi-
JDKEHB.

BUCHOBKH

1. Taprerumii npemnapar «Ileptyzymad» € edexTus-
HHUM JIIKAPCHKUM 3aCO00M IpH BUKOPHCTAHHI y TMaIli€H-
Tok i3 meracrarnyiuM HER2 nosurusanm PM3.

2. Cxema Tteparrii nepmroi JiHii namieHToK i3 Meracra-
tnuauM  HER2+ PM3 i3 nomaBaHHAM IepTy3ymady

compared to the trastuzumab + docetaxel regimen, are
lower than the conditional “willingness to pay” threshold,
which according to the Ministry of Finance of Ukraine
(the first half of 2020) is UAH 867782.

The analysis of sensitivity of the outcomes towards
fluctuation of pertuzumab prices proves that as the price
decreases, it becomes more cost-effective.

Currently available data suggest high clinical effi-
ciency of providing targeted frontline therapy with pertu-
zumab to patients with metastatic HER2+ breast cancer.
High clinical efficacy has been argued for including per-
tuzumab into current international treatment protocols for
patients with HER2+ breast cancer into neoadjuvant ther-
apy regimens [19]. Since pertuzumab (Perjeta) is rather
new pharmaceutical, the long-term follow-up of meta-
static HER2+ breast cancer cases with administering per-
tuzumab is still insufficient to determine all costs associ-
ated with its use based on real clinical data. The analysis
of further follow-up of patients involved in CLEOPATRA
study confirms the clinical efficacy and benefits of pertu-
zumab regimen for four years [11]. Further observations
are currently being made. The cost data obtained via
modeling can be later adjusted based on additional re-
search.

CONCLUSIONS

1. Pertuzumab target drug is an effective pharmaceuti-
cal when administered to patients with metastatic HER2+
breast cancer.

2. The frontline therapy regimen for patients with
metastatic HER2+ breast cancer with pertuzumab being
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y MOPIBHSHHI 31 CXEMOKO TPaCTy3yMad + OIeTaKcel mo-
TpeOye OITBIINX BHUTpAT, BOTHOYAC O3BOJSE IOCATTH
KpaIuX pe3yibTariB — y nepcrektusi 20 pokiB 3abe3re-
qy€e B CEepeIHbOMY A0AaTkoBO 1,74 poxy xurrs Ta 1,44
QALY.

3. dapMaKOSKOHOMIYHHN aHali3 Ha IPYHTI MOZIEIIO-
BaHHS 32 METOZloM MapkoBa Ta po3paxyHKIB METOAaMHU
«BUTPATH — €(DEKTUBHICTB» Ta «BUTPATH — KOPHUCHICTHY
JO3BOJISIE BBaYKATU JOJAaBaHHS MepTy3ymaly (mpemapar
«Ilep’eTa®») 10 cxeMu TapretTHoi Tepamil mepioi Ji-
HIT TpacTy3ymMad + jouerakces y MHallileHTOK 3 MeTacTa-
tnyanM HER2 mosutuBHMM PM3 €KOHOMIYHO IOIiIB-
HOIO MEJMYHOIO TEXHOJIOTI€I0 B YUHHUX YMOBAaX OXOPOHHU
310pOB’s YKpaiHu.
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included is more expensive in comparison with trastu-
zumab + docetaxel regimen; at the same time it makes it
possible to achieve better results, i. e. to provide on aver-
age extra 1.74 life years and 1.44 QALY in 20-year per-
spective.

3. Pharmacoeconomic analysis based on Markov
model and cost-effectiveness and cost-benefit calcula-
tions make it possible to consider pertuzumab (Perjeta®)
included into frontline targeted therapy regimen of trastu-
zumab + docetaxel in patients with metastatic HER2+
breast cancer as an economically feasible medical tech-
nology under current health care conditions in Ukraine.
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PE3IOME

AKTyalBHICTb. Y CTPYKTYpi OHKOJIOTIYHOI IAToJOTii y YOJIOBIKIB pak
nepeamixypoBoi 3ano3u (PI13) mocimae mnepiie micie, Ipu 1bOMY € JIpy-
TOI0 3a YacTOTOI0 TPHYMHOIO CMEPTi BiJl 3JI0SKICHUX HOBOYTBOPCHb,
a I’ ATUPIYHAN TTOKA3HUK BIKABAHOCTI ckiranae 30 %.

MeTta po6otu — ouinuti edpexrusHicts [IT y xBopux Ha PII3 i BuOKpe-
MUTH KIIIHIKO-JTA00paTopHi (paKTopH, 10 ii BU3HAYAIOTE.

Marepiaan ta meroau. Ilix cioctepeskeHHAM mepedyBaii 195 domnoBi-
kiB 3 PII3 Bikom Bix 52 mo 82 pokiB, TPUBANICTh SKOTO BiJi MOMEHTY Jia-
THOCTHKH 3aXBOPIOBAHHS CKJana B cepennboMy 3 poku. [lapamerpu kpu-
Tepito [micoHa B cepeqHbOMY JOpIBHIOBAIM 6 0Oanam, CIiBBiIHOIICHHS
nepudeprdHoi i neHtpaibHoi Gopmu nmyxiauHU — 3:1, aJeHOKapLUUHOMY
JIarHOCTOBAaHO B 94 % BHIMAJKiB, TNTAHTOKIITHHHY KapiuHOMY — Y 6 %o.
Pe3ynbTaTi Ta iX 00rOBOpeHHs. Y CepeIHbOMY 3a 2,5 POKy Iicis pa-
JUKAJIBHOT TpocTaTekToMii Ha T pisHux MmeromiB [IT peunauByBaHHS
Heorulazmu crioctepiraerecst 'y 40 % Bim kurebkocTi xBopux Ha PII3,
0 IMOB’si3aHE 3 BUXIAHUMHM ITTOKa3HWKaMM Kputepito [micona, dopmoro,
JIOKaJTi3alli€lo Ta MOMIMPEHICTIO MyXJIMHHOTO IPOLECY, HasiBHICTIO KOMOP-
01HOT MamiIAPHOT KAPIIMHOMH CEUOBOTO MiXypa, MeTacTasiB y miMparmy-
HUX By3JlaX, BiJIaJIeHUX BHYTPIIIHIX OpraHax i CKEJIeTi, a BiJ MOTYKHOCTI
W CIPSIMOBAHOCTI IIPOMEHEBOTO BIUIMBY 3aJI€XkKaTh TaKi yCKIAJHEHHS pa-
nmioreparmii, SK AEPMAaTHT, TONiHEHpOMaTisi, TOCTpi CyOWHHA HEIOCTAT-
HICTh Ta TyOyIOIHTEPCTUIIATFHUI HEPPUT.

BucnoBku. HeoOximHa po3pobOka menuuHoi Texnosorii [IT xBopux
Ha PII3, cnpsiMoBaHa Ha 3HMKEHHS [il TMPOTHOCTUYHO HECTIPHATIUBHX
YHHHUKIB JIIKYBaHHSI.
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ABSTRACT

Background. Prostate cancer (PC) ranks first in the structure of onco-
logical pathology in men, being the second leading cause of cancer death
and having 30 % as the five-year survival rate. Radiation therapy (RT) for
prostate cancer has great potential for enhancement.

Purpose — to evaluate the efficacy of RT in patients with prostate cancer
and highlight the clinical and laboratory factors determining it.

Materials and methods. The study enrolled 195 men with prostate cancer
aged 52 to 82 years. The duration from the moment of diagnosis of the
disease averaged 3 years. The Gleason score parameters were 6 points on
average, the ratio of peripheral to central tumor form was 3:1, adenocarci-
noma was diagnosed in 94 % of cases, giant cell carcinoma — in 6 %.
Results. On average, recurring neoplasm is observed in 40 % of the pa-
tients with prostate cancer 2.5 years after radical prostatectomy combined
with different methods of radiation therapy, which is associated with the
initial indicators of the Gleason score, shape, localization and expansion
of the tumor process, the presence of comorbid papillary carcinoma of the
urinary bladder, metastases in the lymph nodes, distant viscera and the
skeleton, while the power and direction of radiation exposure influence
such radiotherapy complications as dermatitis, polyneuropathy, acute vas-
cular insufficiency and tubulointerstitial nephritis.

Conclusions. Developing the medical technology for RT in patients with
prostate cancer to reduce the effect of prognostically unfavorable treat-
ment factors is essential.
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3B’5130K po60TH 3 HAYKOBHMH NPOrpaMaMHu, INIAHAMH
i TeMamu

PoGoTa BHKOHaHA AK YacTHHA HAyKOBO-IOCHTITHOI pO-
6otn HarionansHoro iHCTUTYT paky «Bu3HauuTH IUISIXU
3MEHIIICHHS 1HBAIM3AIlil XBOPHX 3 JIOKAJII30BAHUM PaKOM
HUPKM Ha OCHOBI PO3pOOKHM Ta ONTHMI3alii iHHOBALi-
HHUX METOJIB JIIarHOCTHKU HEOaJI IOBAaHTHOI TapreTHOl Te-
partii Ta XipyprigHoro JiKyBaHHD» (HOMEp epKaBHOI pee-
crparii: 0118U003727, umudp temu: BH.14.01.07.178-18,
npuKiTagHa, TepMid BukoHaHHSA: 2018-2020, kepiBHUK —
3aBiyBad HAyKOBO-JOCIIIHOTO BIIJUICHHS ILJIaCTHY-
HOI Ta PEKOHCTPYKTHBHOI OHKOYpOJOTii, I-p MEJ. Hayk,
npogecop Craxoscbkuii E. O.).

BCTYII

VY CcTpyKTypi OHKOJIOT1YHOT IIaTOJIOTI] Y YOJIOBIKIB pak
nepeamixypoBoi 3ano3u (PI13) mocimae mepre micte [1,
2], IpH LLOMY € APYIOIO 33 YaCTOTOIO MPHUYMHOI0 CMEPTI
BiJl 3JI0SIKICHUX HOBOYTBOPEHbD, a I’ SITUPIYHNI MOKA3HUK
BrxuBaHOoCTI ckmamgae 30 % [3, 4]. 3axBoproBaHICTh Ta
cmeptHicTh Bix PII3 B ychoMy CBITI IOPIYHO 3pOCTAOTH,
10 BU3HAYA€ aKTyalbHICTh Ipobiemu [5, 6].

3arajabHONPUNHHITAM CTaHIapPTOM JIIKYBaHHs I1allicH-
TiB 13 nokasizoBaHuM PII3 € pagukanbHa MpocTaTekToMis
i nozaneia npomenesa teparnis (I1T) [7]. Bukopucranus
[T npu PII3 no3Bonsie CKOPOTUTH KUIBKICTH MeTacTa-
3iB [8, 9], ane y yacTuHU XBOpUX C(PEKTUBHICTH 3aJIHIIA-
€THCS HE3a/I0BIJIbHOO, PO3BUBAIOTHCS HECTIPUSTIHBI ITPO-
MEHEBI peaxilii, o moTpedye yIOCKOHAICHHS panioTepa-
neBTHYHKX 3axomis [10, 11].

Connection with scientific programs, plans and topics

The study has been carried out as a fragment of the
research project of National Cancer Institute “Determin-
ing the approaches aimed to reduce disability of patients
with localized kidney cancer on the basis of development
and improvement of innovative diagnostic techniques of
neoadjuvant targeted therapy and surgical treatment”
(state registration No: 0118U003727, research project
code: BH.14.01.07.178-18, applied, period for perfor-
mance: 2018-2020; led by Head of Research Unit of
Plastic and Reconstructive Oncourology, Doctor of Medi-
cal Science, Professor Stakhovskyi E. O.).

INTRODUCTION

Prostate cancer (PC) ranks first [1, 2] in the structure
of oncological pathology in men, being, at the same time,
the second leading cause of cancer death [3, 4]. Prostate
cancer incidence and mortality rates tend to increase
worldwide determining the urgency of the issue [5, 6].

The common standard of treating patients with local-
ized PC is radical prostatectomy followed by radiation
therapy (RT) [7]. Radiation therapy in PC makes it possi-
ble to reduce the number of metastases [8, 9], however, in
some patients the effectiveness is unsatisfactory along
with developing adverse radiation reactions, so this ne-
cessitates the enhancement of radiotherapy [10, 11].
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MeTta po6oTu — oninutu eexkruBHicTh [IT y XBOpHX
Ha PII3 i BHOKpeMHUTH KiiHiKO-1a00paTopHi (akTopw,
IO 11 BU3HAYAOTh.

MATEPIAJIM TA METOAU JOCJILKEHHS

XBopi nepeOyBanu Ha 0OCTS)KEHHI Ta JIiKyBaHHI B Ha-
nioHasnpHOMY iHCTUTYTI paky (KuiB). YV nocnimkeHHs 3a-
Jy4eHO TAIli€HTIB, SIKUM BHKOHAHO MPOCTATEKTOMIIO,
asie 00CTeXEHHs 3/1iHCHEHO /10 ONEePaTHBHOTO BTPYYaHHSI.
Kpurepisimu BUKITIOUEHHS OyJIM XBOPI 31 CTAJI€I0 TTATOJIO-
rig"oro nporecy menire 2-i. ITig cmoctepesxeHHsIM Tiepe-
OyBanu 195 gonogikis i3 PII3 Bikom Bixg 52 1m0 82 pokis
(y cepenabomy (66,3 £+ 6,89) pokiB). TpuBamicTb 3axBO-
pPIOBaHHS 3 MOMEHTY [IarHOCTHKHM CKJaja Big 5 Mic.
1o 17 poxis (y cepenapomy 3,2 = 0,19 poxy). CmiBBigHO-
wenns pT2a, pT3a, pT3c, pT4, pT2b, pT3, pT2c, pT3b,
pT2 cramiit PII3 ckmamo 1:1:1:2:3:5:7:7:9. Tloka3auku
pN1, pN2 i pN3, Bianosigno, BusBieHi y 22 %, 9 %1 8 %
obcrexxennx, pM1 1 pM2 —y 26 % i 17 %. ITapamerpu
kputepito [micona (GS) Oymu 6,4 + 0,08 6ary. CriBBi-
HOIICHHA TepudepudHoi Ta meHTpanbHOI Gopmu PII3
cxiano 3:1, JoKamizalio MyXJUHH B 3aJHBOMY BiJUIUTI
MPOCTaT BCTAHOBJIEHO B 56,9 % Bumazakis, y Oi4HUX —
B 36,9 %, y nepennsoMy — B 6,2 %. ANEHOKapUUHOMY
JiarHOCTOBaHO Y 93,9 % Bi KIJIBKOCTI OOCTEKEHUX XBO-
PHX, TITAaHTOKJIITHHHY KapuuHoMy —y 6,2 %. MeTtactasu
B JiMdaTHYHNX By3nmax BuUsABICHO y 38,5 % XBopwuX,
y BianmaneHux opranax —y 18,6 %, y ckeneti — B 28,0 %.
Komop06imHi 101aTKOBI MyXJIMHA B OOCTEKEHUX XBOPHUX
Ha PII3 Oymu TakuMu: MamigspHAa KapIHHOMAa CEYo-
BOTO Mixypa mana micie B 3,1 % crocrepexeHs, CBITIO-
KIITHHHA KapIHOMa HHUPKU — y 2,6 %, ajgeHoKapIu-
HOMa rpynHoi 3am03u — y 1,0 %, MIOCKOKITITHHHUHA pak
mkipu —y 0,5 %.

HMiarmoctuka PII3 1 #ioro metacra3iB 0Oa3yBanacs
Ha KJTiHIYHHUX, Ta00paTOpHUX, IPOMEHEBUX (PEHTTEHOIIO-
TiYHUX, KOMII IOTepHO-TOMOrpadiyHuX, CcoHorpadiu-
HUX), (IOPOCKOMIYHUX, IUTOJOTIYHUX (TICTOIOTIYHUX)

METOJax JIOCHi/DKeHHS. BHUKOpUCTOBYBanu —amaparu
Multix-Compact-Siemens  (Himeuunna), = Somazom-
Emotion-6-Siemens  (Himewyunna), Gygoscan-Intera-

Philips (Himepmannm), Envisor-Philips (Himepnanmu).
PiBHI NyXJIMHOACOIIMOBAHUX MapKEepIiB y CHPOBATII
KpOBI BHBYAJIM TAKMM YHMHOM: MPOCTATHYHMUHN crienui-
Huit anturen (PSA), Tecroctepon (TS) i mroreinizyro-
yuid ropmoH (JiroTportid — LT) — iMyHOXIMIYHUM aHaIi30M
i3 BuKopHCTaHHsIM anamizaropa Cobas-6000 Ta TecT-
cucremu Roche-Diagnostics (IlIBeiinapist); akTHBHICTB
kucioi npocraruyHoi ¢ocdarazu (APP) 1 BmicT iHCyImi-
Homoxiouoro dakropa pocty 1 (ISF) — imyHOpepmeHT-
HuM anamizoM (pizep PR2100-Sanofi diagnostic pasteur,
Opanriist) i3 TecT-cucremoro Immulite-Siemens-AG (Hi-
MEYUMHA); aKTUBHICTH ITiko3wiTiaponasu (GH) it myxHoi
(docdarasu (AP) — 3a mormomororo 0ioXiMITHOTO aHaIi3a-
topa Olympus-AU640 (SmoHis).

OrinroBain GS, crymiae audepenmianii PII3 (GDT)
Ta #ioro craxito (STT), mimpaxoByBanu iHTErpaTbHAN iH-
JieKe TshKkocTi myximmaHoTOo Tiporiecy (IWT) 3a dopmyioro:
IWT = [(T + 2N + 3M) x GS]:d, ne T — mikHapoaHUii 1MO-
Ka3HHUK XapakTepy MEepBUHHOI MyXJUHU; N — MDKHApOA-
HUH TIOKa3HUK Py METACTaTUYHOIO YPaXKEHHs perioHap-
HUX JiMpaTHYHAX BY371iB; M — cyma Irpym MeTacTasiB

Purpose — to evaluate the efficacy of RT in patients
with prostate cancer and highlight the clinical and labora-
tory factors that determine it.

MATERIALS AND METHODS OF RESEARCH

The patients underwent examination and treatment at
National Cancer Institute (Kyiv). The study involved the
patients who had prostatectomy performed, however the
examination was carried out before surgery. The with-
drawal criteria were the patients with pathological pro-
cesses of the stage less than 2. One hundred and ninety-
five patients with PC, aged 52 to 82 years (average age
66.3 + 6.89), were under medical observation. The dura-
tion from the moment of the disecase being diagnosed
ranged from 5 months up to 17 years (3.2 = 0.19 years on
average). The ratio of pT2a, pT3a, pT3c, pT4, pT2b, pT3,
pT2c, pT3b, pT2 PC stages was 1:1:1:2:3:5:7:7:9. The in-
dices pN1, pN2 and pN3 were found, respectively, in
22 %, 9 % and 8 % of the examined individuals, pM1 and
pM2 —in 26 % and 17 % of them. Gleason score (GS) was
6.4 £ 0.08 points. The ratio of peripheral tumor form to the
central one was 3:1; a tumor was detected in the posterior
area of the prostate in 56.9 % of cases, in the lateral area —
in 36.9 %, in the anterior one —in 6.2 %. Adenocarcinoma
was diagnosed in 93.4 % of cases, and giant cell carci-
noma in 6.2 %. Lymph node metastases were detected in
38.5 % of patients, distant organ metastases — in 18.6 %,
skeleton metastases — in 28.0 %. Comorbid additional tu-
mors in the examined PC patients were the following:
papillary bladder carcinoma in 3.1 % of cases, clear cell
renal adenocarcinoma in 2.6 %, breast adenocarcinoma in
1.0 %, squamous cell skin cancer in 0.5 %.

Diagnosing prostate cancer and its metastases was
based on clinical, laboratory, radiological (X-ray, com-
puted tomography, sonography), fibroscopic and cytologi-
cal (histological) diagnostic techniques. Multix-Compact-
Siemens  (Germany), Somazom-Emotion-6-Siemens
(Germany), Gygoscan-Intera-Philips (the Netherlands),
Envisor-Philips (the Netherlands) devices were used. The
tumor-associated marker levels in serum were assessed as
follows: prostate specific antigen (PSA), testosterone (TS)
and luteinizing hormone (lutropin, LT) — via immuno-
chemical analysis using a Cobas-6000 analyzer and
Roche-Diagnostics test-system (Switzerland); prostate
acid phosphatase (PAP) activity and insulin-like growth
factor 1 (ISF) content — via enzyme immunoassay (reader
PR2100-Sanofi diagnostic pasteur, France) with Immulite-
Siemens-AG test system (Germany); activity of glycosyl
hydrolase (GH) and alkaline phosphatase (AP) — by means
of Olympus-AU640 biochemical analyzer (Japan).

Gleason score, PC differentiation degree and its stage
(STT) were assessed along with calculating the integrated
index of tumor severity (IWT) according to the formula
IWT = [(T + 2N + 3M) x GS]:d, where T is an interna-
tional parameter of primary tumor; N is an international
parameter of groups of metastatic involvement of the re-
gional lymph nodes; M is the total of metastasis groups in
distant organs; d is duration of a disease. STT was (3.0 £
0.07) RU (relative units), GDT — (2.5 £ 0.05) points,
IWT —(17.2 + 1.18) RU. As a control group, 30 apparently
healthy men aged 50 to 73 years (average age: 64.7 +
+2.52) were examined.
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y BiyianieHnx opraHax; d — TpPHBaJICTh 3aXBOPIOBAHHS.
IMokazuuk STT cknas (3,0 £ 0,07) y. 0., GDT — (2,5 + 0,05)
6amniB, IWT — (17,2 + 1,18) B. 0. /17151 KOHTPOIFO 0OCTEKEHO
30 npakTUYHO 37I0POBHX YOJIOBIKIB BikoM Bix 50 10 73 po-
KiB (y cepenaboMy (64,7 £ 2,52) pokiB).

CraructuuHy 0oOpoOKy OTpMMAaHHUX pe3yJbTaTiB J0-
CIII/DKCHb BUKOHAHO 3arajlbHOBH3HAHHUMH METOAaMH
3a JIOOMOTOI0 KOMIT FOTEpHOTO BapialliiHoro, Hermapame-
TPUYHOTO, Kopelsiiitaoro, omHo- (ANOVA) i Gararo-
¢axropHoro (ANOVA/MANOVA) nucnepciiinoro ana-
mi3y (mporpamu Microsoft-Excel Ta Statistica-Stat-Soft-6,
CIIA). OmuinroBamu cepenni 3HadeHHs (M), iX cTaH-
naptHi moxu6ku (SE) i Binxunenns (SD), kpurepii napa-
MeTpuuHoi Kopensmii Tlipcona (r) i HemapameTpudHOL
Kenpmamna (1), oqHO(GAKTOPHOTO IUCIEPCIITHOTO aHATi3y
(D), onnopinnocti aucnepcii bpayna — ®opcaiira (BF)
Ta Yinkokcona — Pao (WR), BinminHocTe#t CthroneHTa (t)
i Makuemapa — ®imrepa (%), a TAKOX JTOCTOBIPHICTH CTa-
TUCTUYHUX  TOKa3HWKiB  (p). BwusHawanmm  piBeHb
I SITUPIYHOT BMKHMBAHOCTI XBopux (St) 3a akTypiaib-
HUM MeTozioM Kammana — Meiiepa. Y 1iboMy JOCHTIDKEHH]
3a KpUTHYHMH PiBEHb 3HAYYNIOCTI MTPH TIEPEBIpIIi CTaTHC-
THUYHUX rinore3 npuiimManu 3a 0,05.

PE3YJBTATH TA iX OBTOBOPEHHSA

Tepmin nouarky [1T miciist BcranosieHHs aiarHosy PI13
y OOCTe)KeHUX XBOPHX y cepemHboMy ckmaB (2,1 + 0,15)
POKy, a micist BukoHaHoi mpocrarekromii — (0,7 + 0,11) poxy
(y mepui 3 Mic. micis ornepariii ONPOMIHEHHS PO3IIOYATO
y 70,8 % xBopux). 3BHuaiiHa ramMma-Teparisi BUKOHaHA
y 80,0 % Bumaakis (1-ma miarpyna), a Ha JiHIHHOMY TIpH-
ckoproBaui 3 eHeprieto ¢oroniB 6 MEB — y 20,0 %
(2-ra migrpyma), TOOTO CHIBBIIHOMICHHS NWX MIiATPYII
cinaio 4:1. Y 1-i miarpymi 1o3a onpoMineHHs Oyna Bij 40
no 86 Ip (y cepemnbomy (73,0 = 1,28) Ip), a y 2-i —
Bix 60 I'p mo 95 (93,5 + 3,09) I'p), TobTO Ha 28 % OlnpIa
(t=6,87; p<0,001). ¥ Bcix xBopux Ha PII3 3nilicHroBann
MPOMEHEBUI BIUIMB Ha MEPBUHHY NyxnuHy, y 21,5 %
13 HUX — I0ATKOBO HA IIIAXU TiM(pOTOKY, y 4,6 % — Ha Me-
TacTasH.

VY 39,5 % Bijx KUIBKOCTI XBOpPUX B TepMiHH 1—6 pOKIB
micis mpoctarekToMii (y cepemasomy depes (2,4 + 0,18)
poky abo (28,8 + 2,16) mic.) Buamkim perumusu PII3.
3a ganumu  0fHO(GAKTOPHOIO MCIICPCIHHOTO —aHAII3y
Ha PO3BUTOK PELMIMBIB ITyXJIMHHOTO IIPOIECY BIUIH-
BaJIM TEPMIH BiJl IOYATKy BCTAHOBJICHHS fiarHo3y (D = 5,70;
p < 0,001), mokazuuku pN (D = 2,89; p = 0,010), GS
(D=2,76; p=0,014), popma (ueHTpamsHa, nepudepuaHa)
PII3 (D =2,31; p = 0,036), iforo moKkami3aIis B 3aIHii Jac-
tuHi 3as03u (D = 2,68; p = 0,016), npopocTaHHs B npsiMy
knmky (D = 3,21; p = 0,005), HasBHICTS TiapoHE(DPO3Y
(D =2,50; p = 0,024) i xomMopOiHOT MAMIAIPHOI KapIy-
HOoMH cedoBoro mixypa (D = 3,25, p = 0,004). Ha tep-
MiHH peIMINBIB PaKy TICIIs ONepartii BILTHHYIN HOTO JOKa-
JTi3aris B 3a/HiH 1 Oi4HMX yacTuHax (BixmosimHo D = 3,10;
p=0,0141D=3,19; p=0,012), nokazuuku pN (D =2,37;
p = 0,048 ) ta pisers GS (D =3,21; p=0,011).

Po3Butok permmuBiB  PII3  3amexuTh Bim HasB-
HOCTI MeTacTa3iB y nimbarnyaux Bysnax (D = 2,26; p =
=0,040) i cxeneti (D = 2,46; p = 0,026), 30kpema Bix Me-
Tacta3zyBaHHs B Kkiry6osi (D = 2,84; p = 0,012), maxosi
(D = 2,32; p = 0,035), napanyoneHansui (D = 2,27,

The findings were statistically processed by means of
well-recognized methods of computer variation, nonpara-
metric, correlation, one- (ANOVA) and multifactor
(ANOVA/MANOVA) analysis (Microsoft-Excel and Sta-
tistica-Stat-Soft-6, USA). We made an assessment of
mean values (M), standard errors (SE) and standard devi-
ations (SD) of those, Pearson (r) parametric correlation
criteria and Kendall (t) non-parametric ones, one-way
ANOVA test (D), Brown — Forsythe (BF) and Wilcoxon —
Rao (WR) variance homogeneity, Student’s (t) and
McNemar — Fisher’s (%) differences, as well as the reli-
ability of statistical measures (p). The five-year survival
level of patients (St) was evaluated by means of the Ka-
plan — Meier actuarial method. In the study, the critical
level of significance in testing statistical hypotheses was
0.05.

RESULTS AND DISCUSSION

The starting date of RT (radiation therapy) after diag-
nosing PC in examined patients averaged 2.1 + 0.15
years, while after prostatectomy it was 0.7 + 0.11 years
(within three months after surgery, irradiation was initi-
ated in 70.8 % of patients). Standard gamma therapy was
performed in 80.0 % of cases (Subgroup 1), and with a
photon energy of 6 Mev — in 20.0 % (Subgroup 2), in
other words, the ratio of those subgroups was 4:1. In Sub-
group 1, the irradiation dose was from 40 to 86 Gy (73.0
+ 1.28 Gy on average), and in Subgroup 2 it varied from
60 to Gy 95 (93.5 + 3.09 Gy), i.e. 28 % higher (t=6.87; p
< 0.001). All patients with PC were exposed to radiation
of the primary tumor, in 21.5 % of them — the lymph flow
pathways were additionally irradiated, in 4.6 % — metas-
tases.

39.5 % of patients, within 1-6 years after prostatec-
tomy (on average after (2.4 = 0.18) years or (28.8 £2.16
months)) had recurring PC. According to one-way vari-
ance analysis, the development of recurrences of the tu-
mor process was influenced by the time interval from the
onset of diagnosing the disease, (D =5.70; p <0.001), pN
(D =2.89; p=0.010), GS (D = 2.76; p = 0.014), form
(central, peripheral) of PC (D = 2.31; p = 0.036), its loca-
tion in the posterior part of the gland (D = 2.68;
p = 0.016), adhering to the rectum (D = 3.21; p = 0.005),
hydronephrosis (D = 2.50; p = 0.024) and comorbid pap-
illary carcinoma of the bladder (D = 3;25, p = 0.004). The
term of cancer recurrence after surgery was impacted by
its location in the posterior and lateral parts (D = 3.10;
p=0.014 and D = 3.19; p = 0.012, respectively), pN val-
ues (D =2.37; p=10.048 ) GS level (D=3.21; p=0.011).

The development of PC recurrence depends on ap-
pearing metastases in the lymph nodes (D = 2.26; p =
= 0.040) and skeleton (D = 2.46; p = 0.026), especially,
metastasis in the iliac (D = 2.84; p = 0.012), inguinal (D =
=2.32; p = 0.035), paraduodenal (D = 2.27; p = 0.039),
paraaortic (D = 3.03; p = 0.008), cervical (D = 4.18;
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p = 0,039), mapaaopranshi (D = 3,03; p = 0,008), muiini
(D=4,18; p=0,001), vagxaroununi (D = 3,05; p=0,007)
i miakmounyni (D = 2,88; p = 0,010) nimdarnyni By3ny,
xpeber (D =2,17; p = 0,048), crernosy kictky (D = 3,74;
p = 0,002) Ta xynpmosuii cyrod (D = 11,38; p < 0,001),
a TaKOX BiJl METacTa3iB y HaAHUPKOBY 3ajno3y (D = 2,18;
p =0,047).

p = 0.001), supraclavicular (D = 3.05; p = 0.007) and
subclavicular (D = 2.88; p = 0.010) lymph nodes, spinal
column (D =2.17; p=0.048), femur (D =3.74; p=0.002)
and the hip joint (D = 11.38; p <0.001), as well as on me-
tastases in the adrenal gland (D = 2.18; p = 0.047).
Figure 1 shows lower five-year survival of PC pa-
tients with GS > 7 points compared to other patients with
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Puc. 1. Buxusanicth xBopux Ha PII3 i3 pisaum Buxigaum piaem GS (%)
Fig. 1. Survival of PC patients with different baseline GS level (%)

Ha pucynky 1 6adumo MEHIIy IT'SITHPIYHY BHKHBa-
HicTh XxBopux Ha PII3 i3 GS < 7 GaumiB mopiBHSAHO 3 iH-
muMu nanieatamu npu GS < 7 6anis (Bixnosigao 15 %
124 %; x> = 24,30, p <0,001). Iligkpecnumo, o npu GS
7 > 6axniB 6y Bummm nokasuuk STT (t = 10,72, p <
<0,001),y2,3 pasy—IWT (t=6,24,p<0,001), y 2,5 pazy
YacTille BUSBISUIA METAacTa3W y JiM(aTHIHHX By3Jax
(x> = 23,40, p < 0,001) i B 5,8 pazy — y BijytaJlecHUX opra-
Hax (> = 8,63, p=0,003).

[T Hanexuth 10 OCHOBHUX METOMIB JiKyBaHHs PIT3.
3a JaHUMH JIITepaTypH, CIIBBIHOIICHHS YaCTOTH BUKOHY-
Banux npu PII3 mpocrarexromii, ropmonotepamii (I'T)
i IIT cranmoButs 1:2:3 [12]. YV HamoMmy moCHiIKeHHI
84,6 % mamientiB orpumyBamu [T, a 3 MeTuKaMEHTO3HUX
3aco0iB y 32,7 % BUINaIKiB BUKOPUCTOBYBAJIN JICHITPOIIEiH
(cepennst mo3a (4,9 + 0,24) Mr/no6), y 54,6 % — 3omanexc
(16,1 £ 1,12) mr/no0), y 33,3 % — Gikarepo (58,3 + 2,56)
Mr/n06). Hamu BusBIIEHO, 1110 HHM3bKA BHKHBAHICTH XBO-
pux Ha PI13 6e3 mapanensHoi I'T crioctepiranacs mpu 611b-
oM Ha 85 % IWT (t = 4,10, p < 0,001) i 6iapm yacTHM
(Ha Y4) MeracrazyBaHHAM Y JiM¢aruysi By3au (x> = 6,95,
p = 0,008 ). MoxxHa 3poOUTH BUCHOBOK, 1110 HASIBHICThH Me-
TacTasiB y JIiM(oBY3J1ax € 000B’I3KOBOIO YMOBOIO JIISI ITPO-
Beaenus ['T. T'imoanaporeHHi npenaparu cTaiu 3acobamMu
BHOOpy meproi ninii y xBopux Ha PII3, omHak y BUmaz-
Kax Takoi TpuBayioi I'T MyXJIMHHUNA IPOLEC CTA€ HEUYTIIN-
BUM JIO JIIKYBaHHS 1 3aXBOPIOBAHHS [TOYMHAE TIPOTPecyBa-
i [13]. Bonnowac I'T 37aTHa mimBuUIyBaTH pe3yiibTaTd
[T PII3, 30unbIyBaTH BIXKMBaHICTh XBOpHX [14].

Mu BiniOpanu 1i mapamerpu 11T, siki ogHOUAaCHO Mamu
BiporimHi mmcrmepciiini 3B’s3km bpaynma — ®opcaiita

GS < 7 points (15 % and 24 %, respectively; x> = 24.30,
p < 0.001). It should be emphasized that in case GS > 7
points, STT (t = 10.72, p < 0.001) was higher, 2.3-fold —
IWT (t = 6.24, p < 0.001), 2.5-fold more frequent metas-
tases in lymph nodes (}*> = 23.40, p < 0.001) and 5.8-
fold — in distant organs (y> = 8.63, p = 0.003).

Radiation therapy is one of the common methods of
treating PC. According to the literature, the frequency ra-
tio of PC prostatectomy, hormone therapy (HT) and RT is
1:2:3 [12]. In our study, 84.6 % of patients received HT,
where, in 32.7 % of cases leuprorelin was administered
(average dose (4.9 + 0.24) mg/day), in 54.6 % — zoladex
(16.1 £ 1.12) mg / day), in 33.3 % — bicatero (58.3 £ 2.56)
mg/day). We revealed that low survival of PC patients
without simultaneous HT was observed when IWT
(t =4.10, p < 0.001) was increased by 85 % along with
more frequent (by %) lymph node metastasizing
(x> = 6.95, p = 0.008). It follows that metastases in the
lymph nodes is a prerequisite for HT. Hypoandrogenic
drugs have become the means of front line choice for pa-
tients with PC, however, in cases of prolonged HT, the
tumor process becomes insensitive to treatment and the
discase starts progressing [13]. At the same time, HT is
able to enhance the outcomes of radiation therapy of PC
and increase the patient’s survival [14].

We singled out those RT parameters which simultane-
ously had probable Brown-Forsythe variance bonds and
Pearson’s parametric correlations with the time frames of
tumor recurrence after prostatectomy. Those included: a
direct relationship with RT duration from the onset of the
diagnosis (BF = 3.01, p = 0.046; r = +0.139, p = 0.048)
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i mapamerpu4Hi KopessiniiHi [lipcona 3 TepMinamu penu-
JIBY ITyXJIMHHOTO IIPOIECy Micisi BAKOHAHOT MPOCTaTeK-
ToMii. J[0 HUX HaJeKaIH: PSIMUAHN 3B’S30K 13 TPUBATICTIO
IIT Big mouarky miarHOCTHKH 3axBoproBaHHs (BF = 3,01,
p = 0,046; r = +0,139, p = 0,048) 1 3BOpOTHIii — 3 103010
npoBeneHoro ompominenHs (BF = 437, p < 0,001;
r=-0,165, p=0,021). Kpim TOTO, BCTAHOBIIEHO O0CpPHEHI
KOPEJISALiiHI CTIiBBIAHOMICHHS 3 TIOTYXKHICTIO IPOMEHEBOTO
BIUIMBY Ha NepBHHHY myxiamHy (r = —0,099, p = 0,046)
i iwrsixu imgoToky (r =-0,142, p = 0,047).

Ha kijbKicTh yCKIIQJHEHb pajioTeparii BIUIMBAIOTh
napaMeTpu 3araiibHoi 103u onpomineHHs (BF = 2,77,
p = 0,043) i no3u npoMeHeBol Jii Ha MEPBUHHY ITyXJIUHY
(BF = 2,58, p = 0,048). Bin noryxnocri IIT Ha muisixu
JTM(OTOKY 3aeXuTh (POPMYBaHHS IIPOMEHEBOTO JepMa-
tury (BF = 6,70, p = 0,010), Ha Bigmaneni meracrasu —
po3sutok nomineipomnarii (BF = 5,97, p = 0,015) i roctpoi
cynmurHOi HepoctarHocTi (BF = 20,59, p < 0,001), a Bu-
HUKHEHHS TOCTPOTO TyOyJIOIHTEPCTHUINIATFHOTO HEPPUTY
OB S13aHO 13 cyMapHOIo 03010 onpomineHHs (BF = 7,43,
p = 0,007) ¥ mOTYXHICTIO OIPOMiHEHHS TIEPBHHHOI MyX-
muau (BF = 5,80, p=0,017).

SIk BUJHO 3 pUCYHKIB 2—4, I’THpIUYHA BHKMBAHICTh
xBopux Ha PII3, sKki OTpuMyBaaM TramMma-Tepariro

and a reverse one — with the irradiation dose (BF = 4.37,
p <0.001; r=-0.165, p = 0.021). Moreover, inverse cor-
relations were ascertained towards the power of radiation
effect on the primary tumor (r = —0.099, p = 0.046) and
lymph flow pathways (r = —0.142, p = 0.047).

The number of radiotherapy complications is affected
by total radiation dose values (BF =2.77, p = 0.043) and
the radiation dose on the primary tumor (BF = 2.58,
p = 0.048). The radiation therapy power presupposes a
range of dependencies: when affecting lymph flow path-
ways it influences formation of radiation dermatitis
(BF =6.70, p = 0.010), distant metastases — development
of polyneuropathy (BF = 5.97, p = 0.015) and acute vas-
cular insufficiency (BF = 20.59, p < 0.001), while acute
tubulointerstitial nephritis is associated with the total ra-
diation dose (BF = 7.43, p = 0.007) and the irradiation
power affecting the primary tumor (BF = 5.80, p=0.017).

Figures 2—4 show that the five-year survival of PC pa-
tients exposed to gamma therapy and irradiation on a lin-
ear accelerator (LA) with 6 MeV energy was 57 % and
21 % (> =22.95, p < 0.001) without background HT. Ac-
cording to hormone therapy on a linear accelerator with
6 MeV energy, the five-year survival was 24 %
(x> = 21.64, p < 0.001). This difference in the five-year
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Fig. 2. Survival of patients depending

on the development of tumor relapse (%)
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Fig. 4. Survival of patients depending on administering HT (%)
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1 OIPOMIHEHHS Ha JTiHIHHOMY TipuckoproBayi (JIIT) 3 enep-
riero 6 Mes ckmana 57 % i 21 % (3> = 22,95, p < 0,001)
6e3 ¢onosoi ['T. BiamoBigHO 3 TOPMOHOTEPAITIEIO HA JTi-
HIIfHOMY NpUCKOpIOBadi 3 eHepriclo 6 MeB 1’siTHpiuHa
BIKMBaHICTh ckiana 24 % (x> = 21,64, p < 0,001). Taka
BIIMIHHICTb Yy T’ AITUPIYHIA BIDKHBAHOCTI JTBOX TPYIT XBO-
pHX II0B’si3aHa, 3 HaIIOi TOYKHU 30Dy, 3 PI3HOI0 PO3IOBCIO-
JUKEHICTIO MyXJIMHHOTO TMPOIIECY (CTai€0 3aXBOPIOBAHHS)
Ta HasSBHICTIO 200 BIJICYTHICTIO ()OHOBOI TOPMOHOTEpATTIi.
[TinTBepmKEHHSIM BHIIEBHUKIIAJICHOTO CIYT'YIOTh TaKi JaHi:
y XBOPHX, SKUX JiKyBanu Ha JII1 3 eHepriero onmpoMiHEHHS
6 Mes, Oymu BiICYTHI MeTacTasW y BiIJalieHI OpraHd
(x> = 11,04, p = 0,001), ra 19 % pisuie BUSBISUTA METa-
crasu B uimdarnuni  Bysmm (2 = 4,88,
p = 0,027), na 14 % Oy menmum mnokasHuk GDT
(t =239, p = 0,018) i Ha 24 % — po3Mip MyXJIMHHU
(t=1,97, p=0,049). V Bunagkax penuauBy IIyXJIUHHOTO
npouecy aocrosipao (Ha 10 %) BusBUBCA OUIBIINM MO-
kasauk STT (t = 2,34, p = 0,020), nHa 18 % gacTime Bu-
SIBJSLIM MeTacTasd B JimMdarnyaux Bysnax (x> = 6,37,
p =0,012) i ma 20 % — y ckexeri (}* = 7,99, p = 0,005),
1110 TAKOXK HAINPSIMY 3aJI€XKaJI0 BiJl pO3MTOBCIOKEHOCTI 3a-
XBOPIOBaHHSI Ha eTarli IUlaHyBaHHS JiikyBaHHS. OJnHO-
YacHE BHMKOPHCTAHHS 3BOPOTHOTO HENapaMETPUIHOTO
Kopessniiinoro 3B’s3ky Kenpamia ta mapamerpa bpa-
yHa — DopcaiiTa 103BOJIMIO 3 BUCOKOO BipOTIIHICTIO BH-
3HAYNTH, 10 CepeiHs TPHUBAIICTD JKUTTA Ta I ITHPIYHA
BIDKMBAHICTh HAIpsMYy 3aJIeKaTh Bij 4acy MO4arKy Ipo-
MeHeBOi Teparii B a1’ toBaHTHOMY pexxumi. OkpiM ckaza-
HOTO, TaKOXX KOHCTaTOBaHE MpsSMe KOPEJAIiifHe CITiBBiI-
HOIICHHS TapameTpa TPUBAJIOCTI JKUTTS 3 IOTYXHICTIO
nposeneHoi [T (t =+0,221, p=0,001).

UYepe3 6 wmic. BiJ BUKOHAHOI MPOCTaTEKTOMil piBEHBb
PSA 3menmuses B 9,4 pa3zy, TS —na 26 %, LT — na 8 %,
ISF i APP — Bimnosinno Ha 16 %, AP — na 7 %. Ha pu-
CYHKYy 5 TOIJaHO TPHBHMIpHI IHTETrpajibHI TiCTOTpaMu
¢epmentanx mapkepis PII3 (APP + AP + GH) y 3nopo-
BUX YOJIOBIKIB KOHTpPOJIbHOI rpynu Ta xBopux Ha PII3
JI0 1 B TIpoIIeci JiKyBaHHS, 5K, A0 pedi, MaiKe He 3MiHIO-
Banuch. HeoOximHO Big3HaunTH, Mo A0 modarky 1T mix
MOKa3HUKaMHU OKpeMHX OioMapKepiB y KpoBi XBOpHX ic-
HYIOTh BUCOKOBIPOTi/THI KOPEJAMiiHI 3B’ A3KH, TIPH IIbOMY
BMicT TS migBHUIy€eTHCS, a KOHIIEHTPAIiS HOTO TPSMO KO-
pemoe 3 TspKKicTIo mepebiry PII3 [15]. ¥V mpoueci
IIT PII3 mpurHideHHA mapameTpa TECTOCTEPOHEMIi cy-
MIPOBOKY€EThCS 30UTbIIeHHIM KoHIeHTpamii LT [16],
CTaH pelenTopis sikoro peryitoe npu PII3 npouecu kau-
neporeresy [17]. Hamu 5k BCTaHOBJICHO HOCTOBIpHE 3HH-
JKEHHSI BMICTY JIFOTPOITIHY B KPOBI.

3a maHumu O6arato()akTOPHOrO JAMCIICPCIHHOTO aHa-
mizy VinkokcoHa — Pao, Ha iHTerpanpHy AMHAMIKy IIO-
ka3HuKiB MapkepiB PII3 BmmmBatots (p < 0,001) Buximui
napamerpu pT (WR = 1,83), pN (WR = 3,24), pM
(WR =4,65), STT (WR =3,16), GDT (WR =2,52), IWT
(WR = 1,60), GS (WR = 1,89), nommpeHocTi Ta po3Mi-
piB nyxiuau (BianosinHo WR = 1,84 1 WR = 2,95), me-
TactazyBaHHA B niMpatuaHi By3nu (WR = 2,18), Binga-
neni opraan (WR = 2,01) i ckener (WR = 2,02), a Takox
npopocrannsi PII3 y cewoBnit mixyp (WR = 2,07,
p = 0,016). Kpim Toro, icHy€ 3B’I30K TWHAMIKH ITyXJIHH-
HHUX MapkepiB 3 yacom nouarky [1T micis mpocrarekromii
(WR = 1,64, p < 0,001), i3 cymapHOW 03010

survival of the two groups of patients is, from our per-
spective, associated with different spread of tumor pro-
cess (stage of the disease) and presence or absence of
background hormone therapy. The forgoing is confirmed
by the following data: patients who underwent treatment
on a linear accelerator (LA) with 6 MeV energy had no
metastases in distant organs (y*> = 11.04, p = 0.001), the
lymph node metastases (x> = 4.88, p = 0.027) were 19 %
less frequent, GDT (t = 2.39, p 0.018) was 14 % lower
(t =2.39, p = 0.018), while tumor size was 24 % lower
(t =1.97, p = 0.049). In cases when tumor process re-
curred, STT was significantly (10 %) higher (t = 2.34,
p = 0.020), metastases were detected by 18 % more fre-
quently in the lymph nodes (y*> = 6.37, p = 0.012) and by
20 % — in the skeleton (x> = 7.99, p = 0.005), which also
directly depended on disease spreading at the planning
stage of treatment. Being applied simultaneously, Kend-
all nonparametric inverse correlation and Brown-For-
sythe parameter have made it possible to determine with
high probability that the average life expectancy and
five-year survival directly depend on the time of initiat-
ing radiation therapy in adjuvant mode. Besides, a direct
correlation of the life expectancy parameter with the
power of RT (1 =+ 0.221, p =0.001) has been also ascer-
tained.

Six months after prostatectomy, PSA level was 9.4-
fold decreased, TS — by 26 %, LT — by 8 %, ISF and
APP - by 16 %, AP — by 7 %. Figure 5 shows three-di-
mensional integrated histograms of PC enzyme markers
(APP + AP + GH) in healthy men of the control group and
PC patients before and during treatment, which, in fact,
remained almost unchanged. It’s worth noting that prior
to RT there are highly probable correlations between the
indicators of some biomarkers in the blood of patients
along with increasing TS content, the concentration of
which directly correlates with the severity of PC [15]. In
the course of radiation therapy of prostate cancer, sup-
pression of testosteroneemia is accompanied by increased
LT concentration [16], the state of receptors of which reg-
ulates carcinogenesis projects in PC [17]. We’ve found a
significant decrease in lutropinemia content.

The data obtained due to Wilcoxon — Rao multivariate
analysis of variance show that the integral dynamics of
PC markers is influenced by (p < 0.001) initial parameters
of pT (WR = 1.83), pN (WR = 3.24), pM (WR = 4.65),
STT (WR =3.16), GDT (WR =2.52), IWT (WR = 1.60),
GS (WR = 1.89), tumor spread and dimensions
(WR = 1.84 and WR = 2.95, respectively), metastases in
lymph nodes (WR = 2.18), distant organs (WR = 2.01)
and skeleton (WR = 2.02), as well as PC invasion to the
bladder (WR = 2.07, p = 0.016). Besides, there is a rela-
tionship between the dynamics of tumor markers and the
time of initiating RT after prostatectomy (WR = 1.64,
p < 0.001), with the total radiation dose (WR = 1.31,
p =0.005), gamma therapy power (WR = 1.48, p <0.001)
and the effect on lymph flow (WR = 1.38, p = 0.011), as
demonstrated by the ANOVA/MANOVA. According to
one-way analysis of variance, there is no relation between
changes in markers of the tumor process and the duration
of diagnosing and the starting date of PT after prostatec-
tomy. The dependence of the ISF parameter dynamics on
particular components of RT factors was not revealed,
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Fig. 5. Differences of three-dimensional histograms of integrated indicators of enzyme activity (APP + AP + GH)
in healthy people and patients with PC in course of treatment

ompominenns (WR = 1,31, p = 0,005), moryx-
HicTio ramMma-teparii (WR = 1,48, p < 0,001) i BruuBy
Ha uuwsixu Jgimdoroky (WR = 1,38, p = 0,011), o npo-
nemoHcTpyBaB BukoHanuit ANOVA/MANOVA. 3a na-
HUMH OIHO()AKTOPHOT'O JHUCIIEPCIMHOrO aHaizy, BiJCYTHI
3B’S13KM 3MiH NIOKa3HHUKIB MapKepiB IMyXJIMHHOTO IPOLECy
3 TPUBAJICTIO BCTAHOBJCHHS J[IarHO3Yy 1 TepMiHAMH IO-
yarky IIT micist mpocrarekromii. He BusiBieHO 3anex-
HocTi auHaMiky napamerpa ISF Bix okpemux ckiiagoBux
gypHHUKIB [IT, a BiACYTHICTH KOPEIAIHHUX 3B’S3KiB
BCIX MapKepiB CTOCyBajlacs IIPOBEICHOI  IOTYX-
HOCTi raMMa-Teparrii.

Mu Binibpamu 1i mapkepu PII3, sixi omHOYacHO Mamu
BiporimHi 3B’s3KK cBOiX 3MiH i3 xapakrepom IIT 3a pe-
3yapTaTaMd BUKOHAHOTO JHCTIepciiHOro amamizy bpa-
yna — @opcaiita 1 HemnapamMeTpUYHOIO KOPEINSIIHHOrOo
Kennmanna. Bussuinocs, mo guHamika 3Hadeds LT 3Bo-
POTHBO criBBiHOCHTBCA 3 eHeprieto 6 MEB (BF = 2,70,
p =0,011; T =-0,143, p = 0,003) i HOTY>KHICTIO BIUIUBY
Ha nuwsixu Jimdotoky (BF = 2,97, p = 0,006; t = 0,125,
p = 0,009), akruBHicTs APP — i3 cymapHOI0 /103010 O1po-
mineHsst (BF = 4,33, p < 0,001; T = -0,098, p = 0,042),
a GF — npsima 3anexHicts Bix notyxkHocti [IT Ha nep-
BuHHy nyxnuHy (BF = 1,41, p = 0,047; © = +0,115,
p=10,017).

IIpu cymapHiit 7031 onpominerHs < 70 I'p akTHBHICTH
APP y cuposatmi kpoBi xBopux Ha PII3 moctoBipHO cKo-
pormnacs Ha 11 % (t = 3,33, p = 0,002), a mpu > 70 I'p —
Ha 17 % (t = 5,26, p <0,001). Y Bunaakax mpoMeHEBOTO
BIUIMBY Ha uuiaxu JiMporoky Bmict LT 3meHmmBcs
Ha 9 % (t = 2,22, p = 0,032), a 6e3 Takoi [IT — Ha 6 %
(t=15,77,p <0,001). [Tigkpecnumo, 110 IPU OMPOMiIHEHHI
nepBUHHOI myxymHH B 1031 <70 I'p 1 > 70 I'p akTuBHICTH
GH y xposi 3MiHIOBanacst HecyTTeBo. [licist BUKOHAHUX
BapiamiiHOTO, AUCIEPCIHHOTO 1 KOPEIAIIIHOTO aHawi3iB
3p0o0JICHO TaKi BUCHOBKH, SIKI MAIOTh ITPAKTHYHY CIIPSIMO-
BaHICTh: 1) pIBEeHb aKTHBHOCTI B CHpPOBATIi KpOBI
APP > 7.5 ar/mn (> M+SD xBopux Ha PII3) € moka3zan-
HaMm s npoBepeHHs IIT y mo3i > 70 I'p; 2) BUKoHaHHS
IIT 3 eneprieto poronis 6 MEB pekoMeHI0BaHO XBOpUM
npu piBai LT < 2,5 mO/mn (< M-SD); 3) y Bumaakax
LT > 7,5 MO/mi HEOOXiAHUW BIUIMB OIMPOMIHIOBAHHS
HA IUISIXH JIIM(POTOKY.

while the absence of correlations of all markers was re-
lated to the conducted power of gamma therapy.

We selected those PC markers, which simultaneously
had probable relation of their changes with RT mode ac-
cording to the findings obtained by means of Brown —
Forsythe variance analysis and Kendall nonparametric
correlation. It turned out that the dynamics of LT values
was inversely correlated with 6 MeV energy (BF = 2.70,
p=0.011; T=-0.143, p = 0.003) and the power affecting
the lymph flow pathways (BF = 2.97, p = 0.006;
1=-0.125, p=0.009), APP activity — with the total radia-
tion dose (BF = 4.33, p < 0.001; T =-0.098, p = 0.042),
and GF — a direct dependence on RT power on the pri-
mary tumor (BF = 1.41,p=0.047; t=+0.115, p=0.017).

Exposing to a total radiation dose of <70 Gy, APP ac-
tivity in the serum of PC patients was significantly re-
duced by 11 % (t=3.33, p=0.002), while in >70 Gy — by
17 % (t=15.26, p <0.001). In cases of radiation impact on
lymph flow pathways, LT content decreased by 9 %
(t=2.22, p =0.032), and without RT of such mode — by
6 % (t=5.77, p <0.001). We do emphasize that when ir-
radiating the primary tumor at a dose of <70 Gy and >70
Gy, GH activity in the blood changed insignificantly. Af-
ter variation, variance and correlation analysis, the fol-
lowing practical conclusions were drawn: 1) the activity
level in the serum APP > 7.5 n/ml (>M + SD patients with
PC) is an indication for RT at a dose of >70 Gy; 2) RT
with photon energy of 6 MeV is recommended for pa-
tients with LT level < 2.5 mO/ml (<M-SD); 3) in cases
LT > 7.5 mO/ml, the irradiation of lymph flow pathways
is required.

OpuriHanabHi JOCITiIKCHHS

Original research



YkpaiHChKHI pajliodoTidHui Ta oHKoJIoTiYHM xKypHat. 2021. T. 29. Ne 1. C. 3244
Ukrainian journal of radiology and oncology. 2021;29(1):32-44

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

BUCHOBKH

1.V cepenapomy 3a 2,5 poKy micis paauKaiabHOI Ipo-
crarekToMii Ha i pizHEX Metomuk [1T permnuBu Heo-
wiazmMu cnocrepiratorbest y 40 % BiJl KUTBKOCTI XBOPHX
Ha PII3, Mo BU3HAYAETHCS BUXIAHUMH MOKa3HUKaMHu PN
i GS, ¢dopmoro, TOKATI3ALIEIO Ta MOMHUPEHICTIO My XJIHH-
HOTO TIPOIIECY, HAsIBHICTIO KOMOPOITHOT MaMiISIPHOI Kap-
IIUHOMH CEUOBOTO MiXypa, MeTacTasiB y JiMdaTHIHIX
By3JlaX, BIIJTAJICHUX BHYTPIIIHIX OpraHaX i CKeJeTi.

2. Bin motyHOCTI Ta CIPSIMOBAaHOCTI IIPOMEHEBOTO
BIUIMBY 3ajJiekKaTb Taki YCKIAQTHEHHSA pajioTeparii,
SK JIEPMaTUT, MOTIHEHponarisi, TocTpi CyIMHHA HE0CTaT-
HICTB 1 TYOYyJIOIHTEpPCTUIIaTBHUI HEPPUT.

3. IT’stupiuHa BrokuBaHiCTh XBopux Ha PII3 3aie-
JKUTP BiJl BUXimHOTO piBHA GS, MeToauku mpoBeneHoi [1T
it mapanensHoro npusHaueHHs ['T.

4. TpuBaNiCTh KUTTS TAIIEHTIB, SKi MMOMEPJIH, 3BO-
POTHBO TOB’si3aHa 3 TepMmiHamu modarky [IT micis mpo-
CTAaTeKTOMIl 1 TPSMO CIIBBIIHOCUTBHCS 3 TIOTYXKHICTIO
OTIPOMiHEHHSI.

5.V mpotieci mpoBeIeHAUX JIIKYyBaJbHUX 3aX0/IiB 3MEH-
HIYETHCS BMICT Y KPOBI MapKepiB MyXJIHMHHOTO IIPOLECY
(PSA, TS, LT, ISF, APP, AP), mo Bu3Hadae mepe-
0ir Ta MPOrHOCTHYHI (PaKTOPH 3aXBOPIOBAHHS.
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CONCLUSIONS

1. On average, 2.5 years after radical prostatectomy
along with various RT techniques, recurring neoplasms
are observed in 40 % of PC patients, which is determined
by means of baseline pN and GS, form, location and
prevalence of the tumor, appearing comorbid papillary
carcinoma of the bladder, metastases in lymph nodes, dis-
tant internal organs and skeleton.

2. RT-related complications such as dermatitis, poly-
neuropathy, acute vascular insufficiency and tubulointer-
stitial nephritis depend on the power and direction of ra-
diation exposure.

3. Five-year survival of PC patients depends on the
initial GS level, RT technique and simultaneous HT.

4. The life expectancy of patients who died was in-
versely related to the starting date of RT after prostatec-
tomy and directly related to irradiation power.

5. In the course of treatment, the content of markers of
the tumor process (PSA, TS, LT, ISF, APP, AP) in the
blood decreases determining the course and prognostic
factors of the disease.
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PE3IOME

AkTyajabHicTh. OIHIEIO 3 TONOBHHUX 3a/1ad4 Cy4acHOI MEIWIIMHH € IIpo-
¢dinakTHKa 1 paHHE BUSBIEHHS 3aXBOPIOBaHb, OCOOJIUBO II€ CTOCYETHCS
3JIOSIKICHUX TTyXJIMH, OCKUIBKM BiJ| CTaJil 3aJIe)KUTh MPOTHO3 Ta 3aTpaTu
Ha JIIKyBaHHS. YpakeHHs muronoaionoi 3anosu (I13) Ha 1eit yac moci-
JIAIOTh OJIHE 3 MPOBIJHHUX MICIH Cepell eHJIOKPUHHOI TaToJIoril 3a 3arajb-
HOIO 3aXBOPIOBAHICTIO i TOIIMPEHICTIO y CBiTi. Pak muTononionoi 3ano3u
€ OJIHIEIO 3 JIOKATI3alliif, SIKa IPH CBOEYACHOMY BHSIBJICHHI 1 ITPaBUIILHOMY
JKyBaHHI Ma€ CIPUSATIUBHNA NPOrHo3, i 20-30-piuHa BH)KUBAHICTH epe-
Buiye 90 %. Tomy Imomryk mpocTux, MaJOiHBa3UBHUX, ajle BHCOKOIH(OP-
MAaTHBHUX METOIUK [T ONTHUMI3allii alTOPUTMIB IiarHOCTHKH, Au(epeH-
iaTbHOI AIaTHOCTUKH i MOHITOPUHTY I[FOTO 3aXBOPIOBAHHS 3aJTHIIAETHCS
AKTyaJIbHUM 3aBIAHHSIM.

Meta po0OTH — BH3HAUUTH Ta OOTPYHTYBATH AIarHOCTHYHY 3HAYYILICTH
KOMITJIEKCHOI OITIHKA THUPEOIJHOTO CTaTyCy Ta TMOKa3HHKIB 3arajibHOKIIi-
HIYHOTO aHaJIi3y KpOBi y MAli€HTIB 13 By3JI0BUMH yTBOpeHHs MH 1113.
Marepiaan Ta MeToau. Y JOCIIJDKEHHS BKIIOYeHO 60 MaIlieHTIB 13 By3-
noBuMH yTBOpeHHs MU 1113, siki 3a 1aHUMU yIBTPa3BYKOBOTO JIOCIIHKEHHS
(Y31) LLI3 6ynu Bigueceni no TR-4 kareropii By3ioBoro yrBopeHus 1113
3a mkasoro TIRADS (4-6 6aniB, mito3pii Ha 3moskicHi 3minu 1113).
OOcTe)eHHsT BKIIIOYAlO0 aHKETYBAaHHS, YIBTPa3BYKOBE IOCIHIIKEHHS
3 TOHKOTOJIKOBOIO acHipamiiHo myHKIiiHo0 Oiorciero (TAIIB), murtoso-
TiYHEe TOCIiKCHHS, BH3HAYCHHS KOHIICHTPAIlil TOPMOHIB IIMTOMOMIOHOT
3aJ103W, 3araJIbHOKIIHIYHUN aHaii3 KpoBi. J{OCHiIKEHHS MPOBOIIINCS
Ha 0a3i Jlep>kaBHOTO 3akiany «JlHimpomeTpoBCchka MeadHa akagemist Mi-
HICTEpPCTBa OXOPOHU 3M0POB’ ST YKpaiHm».
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PesyabraTu Ta ix odrosopennsi. OmiHKa THPEOIAHOTO CTATyCy Hali€H-
TiB i3 By3nmoBUMH yTBOpeHHsAME I3 mokas3ama HasBHICTH BipOTiTHOTO
B3a€MO3B’ 3Ky MIXK CTyIIeHEM 370sikicHOTO Tiporiecy y I3 i piBasavu TTT
(3a mmucmepciitnum anamizom Kpackema — Yomica H = 7,30, p < 0,05),
FT4 (H= 17,64, p <0,001) Ta FT3 (H = 12,41, p < 0,01). Ina nauien-
TiB | rpynu 3 moOposikichum mnpouecom y I3 xapakrepHe BiporigHe
(p < 0,05) 3HMKEHHSI 3arajibHOTO PIiBHSI T€MOMNIOOIHY, TaKOX BIPOTiTHO
yactime (p < 0,05) mana micue MikporurapHa anemis. Ha migcrasi npo-
BefieHuX nociimkenb st 11 rpynu BctanoBieno Biporigae (p < 0,05)
3HW)KEHHS 3arajbHOI KUIBKOCTI TPOMOOIIMTIB Ta MMOKa3HUKAa TPOMOOKPHTY,
a TaKOXK MiIBHIICHHS CEPEIHBOT0 00’ €My TPOMOOIUTIB Ta BiJICOTKA BEIU-
KX TPOMOOUHMTIB y TopiBHsHHI 3 | rpynoro. [TokasHUKM KpoOBi TpH 3I10-
skicHoMy mporeci (rpyma III) xapakTepu3yroThes MiIBUIICHAM pPiBHEM
JICHKOIMTIB Ta YaCTKU €03MHOMLTIB i 06a3o¢imiB y nelkouuTapHiil (op-
Myni y opiHsHHI 3 I rpymoro (p < 0,05).

BucHoBkH. Pe3ynpraTy KOMIUIEKCHOI OIIHKHA THPEOITHOTO CTAaTyCy Ta MO-
Ka3HUKIB 3araJIbHOKIIIHIYHOTO aHaJi3y KpPOBi y TAILI€HTIB i3 BY3JIOBUMH
yrBopennsivu 11[3 MokyTh OyTH BHKOpPHCTaHI B yMOBax Iepezorepa-
LifHOT JiarHOCTHKHM SIK  JU(EepeHIiHHO-TIPOTHOCTUYHUN  IHCTPYMEHT
JUTSL OLIIHKH 1X 3JI0SKICHOTO TIOTCHITIAY.

ABSTRACT

Background. One of the major challenges of modern medicine is preven-
tion and early detection of diseases, especially malignant tumors, since the
stage does influence the prognosis and treatment costs. Thyroid involve-
ment is currently one of the leading endocrine disorders in terms of over-
all morbidity and prevalence in the world. Thyroid cancer is one of the
localizations, which being timely detected and properly treated, has a fa-
vorable prognosis, when 20-30-year survival rate exceeds 90 %. There-
fore, the search for simple, minimally invasive, but highly informative
techniques for optimizing the algorithms for diagnosis, differential diag-
nosis and monitoring of this disease remains a priority.

Purpose — to determine and substantiate the diagnostic value of compre-
hensive assessment of the thyroid status and full blood count values in pa-
tients with thyroid nodules.

Materials and methods. The study involved 60 patients with thyroid
nodules, which according to ultrasonography (US) of the thyroid were
classified as TR-4 category of thyroid nodules, TIRADS scale (46 points,
suspected malignant thyroid changes).

The examination included the following: questionnaire, ultrasound exami-
nation with fine-needle aspiration puncture biopsy, cytological examina-
tion, counting the thyroid hormone concentration, full blood count. The
study was carried out at the premises of State Institution “Dnipropetrovsk
Medical Academy of the Ministry of Health of Ukraine”.

Results. Assessment of thyroid status of patients with thyroid nodules
showed a significant correlation between the severity of thyroid malig-
nancy and TSH levels (according to Kruskal — Wallis test, H = 7.30, p <
0.05), FT4 (H=17.64, p <0.001) and FT3 (H=12.41, p <0.01). Patients
of Group I with benign thyroid process showed significant (p < 0.05) de-
crease in total hemoglobin along with significantly frequent (p < 0.05)
microcytic anemia. According to the studies, Group II had a significant
(p < 0.05) decrease in total platelet count and plateletcrit, as well as an in-
creased average platelet volume and the percentage of large platelets com-
pared to Group I. The blood values in malignant thyroid process (Group
IIT) are characterized by increased levels of leukocytes and the proportion
of eosinophils and basophils in the leukocyte formula compared to Group
II (p < 0.05).

Conclusions. The outcomes of comprehensive assessment of thyroid sta-
tus and full blood count values in patients with thyroid nodules can be
used in preoperative diagnosis as a differential prognostic tool to assess
their malignant potential.
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3B’530K po00TH 3 HAYKOBHMH NPOrpaMaMHu, INIAHAMH
i TeMamu

PobGora € ¢parmMeHTOM IITAHOBOiI HAyKOBO-IOCTIJ-
HOi poboTn Kadenpu KiIiHIYHOI JabopaTopHOi AiarHOC-
THKA XapKiBChKOTO HAIIOHAJIBHOTO MEIUYHOTO YHIBEp-
curery MiHICTepcTBa OXOPOHM 370pOB’sl  YKpaiHH:
«Jlocmimpkenns: 1abopaTopHUX KPUTEPIiB MaTONOTIYHUX,
KOMIICHCATOPHUX, aMaNTaIlifHUX peakiii i MporeciB
B OpraHi3Mi JIIOIWHU 3 METOI0 OINTUMI3allii aJropuTMiB
JarHOCTHKMY (KepiBHHUK — 3aBiayBau KadeapH KIiHIYHOT
71a00paToOpHOi JIIarHOCTHKH, JOKTOP MEIMYHHX HayK,
npodecop 3amobdosebka O. L.).

BCTVYII

OpHi€l0 3 TOJIOBHUX 33/1a4 Cy4acHOI MEAMIIMHH € TIPO-
(binakTHKa 1 paHHE BHSBIICHHS 3aXBOPIOBaHb, OCOOJIMBO
I[E CTOCYEThCS 3JOSAKICHUX ITyXJIMH, OCKUIBKH BiJl CTaii
3aJIKUTh IIPOrHO3 Ta BUTPATH HA JIIKyBaHHS.

PiBeHb 3aXBOPIOBAHOCTI HA paK MIUTOMOIIOHOT 3271031
MPOIOBXKYE 3pOCTATH Y BCbOMY CBITi. Pak muromnomioHoi
3ano3u (PI13) nocigae nmeprii micus y CTPYKTYpi 3aXBO-
proBaHoOCTI Ha 3n0siKicHI yTBopeHHs (3H) ocid Momoammx
BIKOBHX TPYII — y BiKOBii kareropii 18—29 poxiB 4omnoBi-
yoi momymIii BiH 3aiimae m’sre micte (7,5 %); y BikoBii
kareropii 0-17 pokiB >kiHO4WOi momyssimii — 4Yer-
Bepte Mmicne (6,5 %), nepuie Mmicue y >KiHOK BikoM 18—
29 pokiB (22,2 %) i ueTBepTe MicIie y *KiHOK BikoM 30—
54 poxu (7,9 %) [1-3].

Ha BiaMiHy Bix KapuuHOM IHIIKX JIOKaJi3allii, pak
[IMTOMOMIOHOT 3aJI03U TPU CBOEYACHOMY BHUSBJICHHI
1 NpaBWIBHOMY JIIKyBaHHI Ma€ CHPUSTIMBUI IPOTHO3,
1 20-30-piuna BmwxuBaHicTs nepesunrye 90 % [4, 5].

Pak muTomnoniOHOI 3a1mo03u — Iie 3T0SKICHA IMyXJIHHA,
sIKa HAJIGKHUTh JI0 BY3JIOBOI marojiorii. B ocranHi mpecsatu-
piudst MPOCTEKYETHCSI TEHIECHIIS 10 30UTBIICHHS Kijlb-
KOCTI BY3JIOBHX YTBOPEHB 1 paKy HIMTONOMIOHOI 3aJ03H.
Ie moB’sA3yOTh i3 HECHPUATIUBOIO €KOJOTIYHOIO CHUTYya-
Ii€ro, 30Kkpema B YkpaiHi — 3 aBapiero Ha HAEC, a Takox
BHACJIJIOK 30UIbIIEHHS BUKOPUCTAHHS JiarHOCTHY-
HUX MCTOJIB Bi3yaJi3allii Ta criocTepexeHHs [6, 7].

Yacrora BusiBneHHs BysniB y L3 npu ynsrpasByko-
BOMY JOCTI/DKCHHI Y 3araibHill TpyIri HacelIeHHs (3a Ja-
HUMH pi3HUX aBTOPiB) csrae 70 %, a mpu ayTormcii momep-
JMX 3a PI3HUX NPUYMH iX 3HAXOAATh OUThII HIXK Yy 50 %
BUNAJKIB. YacToTa BUSIBICHHS paKy B LIMX By3Jax CKJa-
nmae Big 5 no 7,7 % [8, 9]. Pemrra By3imiB € o3HaKamu iH-
IIMX HO3OJIOTiH, TAKWX SK BY3JIOBHI KOJIOIMHUI mpomide-
paTuBHMI 300, ayTOIMYHHI 3aXBOPIOBAHHS, Pi3Hi 3aMajabHi
MPOLIECH, AUCTOPMOHAIIBHI, HO0AeiUTHI CTaHH TOILO.

Jiarnoctuku By31moBUX yTBOpeHb 113 mobpe pospo-
onmena [10] 1 BriIrOYae Y3-HOCHTIIKEHHS, TOHKOTOJIKOBY
acmipariifHy myHKIiiHy 010TICiT0, MOJEKYISApHI Ta iMyHO-
ricroximMiuHi MapkepH, paaioizoTonne nociipkeHHs, KT,
MPT 3a mnoka3aHHsMH, J1aOOpaToOpHy JiarHOCTHKY,
a came: BU3HA4YEHHsI KOHIEHTpAIii THPEOITHIX TOPMOHIB,
THPEOTPOITHOTO TOPMOHY Tirmodi3a, THPEOTIOOYIiHY,
KaJBbIUTOHIHY.

Connection with scientific programs, plans and
topics

The paper is a fragment of the planned research proj-
ect of Department of Clinical Laboratory Diagnosis of
Kharkiv National Medical University “Investigation of
laboratory criteria of pathological, compensatory, adap-
tive reactions and processes in human organism with the
purpose of optimization of algorithms of diagnostics”.
Led by Head of Clinical Laboratory Diagnosis Depart-
ment, Doctor of Medicine, Professor Zalyubovska O. 1.

INTRODUCTION

One of the major challenges of modern medicine is
prevention and early detection of diseases, especially ma-
lignant tumors, since the stage does influence the progno-
sis and treatment costs. The thyroid cancer incidence is
increasing worldwide. Thyroid cancer ranks first in the
structure of the incidence of malignant neoplasms (MN)
in younger age groups, i. €. in the age group of 18-29 of
the male population, it ranks fifth (7.5 %); in the age cat-
egory 0-17 of the female population it ranks fourth
(6.5 %), first in women aged 18 to 29 years (22.2 %) and
fourth in women aged 30 to 54 years (7.9 %) [1-3].

In contrast to carcinomas of other localizations, thy-
roid cancer, being timely detected and properly treated,
has a favorable prognosis, when 20-30-year survival ex-
ceeds 90 % [4, 5].

Thyroid cancer is a malignant tumor relating to nodu-
lar pathology. In recent decades, the number of nodules
and thyroid cancer has tended to increase. This is associ-
ated with unfavorable environmental conditions, in
Ukraine — with the Chernobyl accident, in particular, as
well as due to increased use of diagnostic methods of vi-
sualization and observation [6, 7].

The frequency of detecting thyroid nodules during ul-
trasound examination in the general population (accord-
ing to different authors) reaches 70 %, while via autopsy
of the dead they are detected for various reasons in more
than 50 % of cases. Cancer incidence in these nodules is
from 5 to 7.7 % [8, 9]. Other nodules are signs of other
medical conditions, such as nodular colloidal prolifera-
tive goiter, autoimmune diseases, various inflammatory
processes, dyshormonal, iodine deficiency conditions etc.

Diagnosis of thyroid nodules is well developed [10]
including ultrasound examination, fine-needle aspiration
puncture biopsy, molecular and immunohistochemical
markers, radioisotope study, CT, MRI if medically re-
quired, laboratory diagnosis, that is assessing concentra-
tion of thyroid hormones, TSH, thyroglobulin, calcitonin.

Full blood count is one of the most important diagnos-
tic techniques objectively reflecting the response of
blood-forming organs to the impact of various pathologi-
cal factors on the human body and the state of homeosta-
sis; it is included in examination standards of almost any
pathology and aids in establishing the diagnosis.
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3arajapHOKJIIHIYHUH aHali3 KPOBI € OJTHUM 13 Ba)KJIMBI-
IUX JiarHOCTUYHUX METOJIB, SIKUH 00’ €KTUBHO Bifo0pa-
JKa€ PEaKIlifo KPOBOTBOPHUX OPraHiB Ha BIUIMB PI3HHUX
MaToNIOriyHUX (aKTOpPiB Ha OpPraHi3M i CTaH TOMEOCTasy,
BXOIUTH JI0 CTAHAAPTIB 00CTEKEHHS TPAKTHIHO OyIb-SKO1
maToJiorii 1 JoromMarae BCTAaHOBUATH JiarHo3.

[lupoke BOPOBAa/DKCHHS B  KJIIHIYHY TMPAKTUKY
V3] Ta TOHKOTOJIKOBOI acmipamiiHOi MyHKIIITHOT Oiomcii
CYTT€BO 30UTBINy€e TU(EPEHIIIITHI MOXIHBOCTI Y iarHOC-
THUIIl By3JIOBHX yTBOpeHb LI[3, ane ocraTouHmii jiarHo3
YCTAHOBITIOETHCS MTICIIS TiICTOIOTIYHOTO JoCiipKeH s [11].

[Ilomo AiarHOCTHYHOI IIHHOCTI KOXXHOTO  JIOCITi-
JUKCHHS — JlaHi JOcuTh cynepewimsi [12—14]. [leski
MOYKHA MIPOBECTH TUIBKH Y BHCOKOCTICIIATi30BAHNX KITiHi-
Kax, 0araro 3 HUX BHCOKOBAPTICHI, 1HIII MarOTh MMOOIYHI
edekTH, 0COONMMBO MpH OaraTopa3’oBOMYy 3aCTOCYBaHHI.
Mae 3Ha4eHHS JIIOACHKHIA (hakTop — KBai(ikaiis Jrikaps,
HasIBHICTh araparypu, TEXHIYHI YMOBU JUIsS TPOBEICHHS
JociimkeHHs (po3mip By3iiB MeHie 1 cm). Tak, HeiHpop-
MaTHBHI acIipary, 3a JaHUMHU Pi3HUX aBTOpiB [15—-16], cs1-
ratotb Maixe 20 %.

TakuM YUHOM, OUTBIIICTE JOCITITHUKIB JOTPUMYIOThCS
JOyMKH 11po HemoxuuBicTs 100 % 1ocToBipHOTO JiarHO3y
JOOTIepALlifHIMI METOAaMHU JIOCIiKeHHsA. KpiM 11poTo0,
HABITh SIKIIO BY30JI BU3HAHHU JOOPOSKICHUM, MOTpPiOHE
JIOBIOTPUBAJIC CIIOCTEPEIKEHHS [UIS 3°SICYBaHHS IMHAMIKA
1oro cTpyKTypH, QpyHKIIi Ta HMOBIpHOT MaITirHi3aIIii.

ToMmy MOIIyK MPOCTUX, MaJOIHBa3HUBHUX, aJIc BUCOKO-
iH(GOPMATUBHUX METOAWK IS ONTHMI3alii aJrOpUTMIB
MarHOCTUKY, Au(epeHIianbHOi JiarHOCTUKA 1 MOHITO-
PHUHTY BY3JIOBHX YTBOPCHBb 3aXBOPIOBAHHS 3aJIHIIAETHCS
aKTyaJIbHUM 3aBIaHHSIM.

MeTta po6oTH — BU3HAYUTH Ta OOIPYHTYBATH JiarHOC-
TUYHY 3HAYYIIICTh KOMIUICKCHOT OIIHKU TUPEOITHOTO CTa-
TyCy Ta IMOKa3HUKIB 3araJbHOKIIIHIYHOTO aHaNi3y KPOBi
y HALIEHTIB 3 By3/I0BUMHE yTBOpeHHsmu 1113.

MATEPIAJIM TA METOAU JOCJIIKEHHS

Y TOpoCHeKTHBHE MOCHTIHKEHHS, SIKS IPOBOIIIIOCS
Ha 0a3i /I3 «/IninporneTpoBchbka MeauuHa akanuemis Mi-
HICTEPCTBA OXOPOHH 37I0POB’sl YKpaiHwm», OyJIu BKIIOYEH1
60 marieHTOK — XiHKHK y Bitli Big 21 no 83 pokiB (cepen-
Hill Bik 54,6 + 1,9 poky), sIKi 32 JaHUMU YJIBTPa3BYKOBOTO
nocmimkerns (Y3/1) 13 6ynu Bimneceni 1o TR-4 xarero-
pii By3moBoro ytBopeHHs I3 3a mkamoro TIRADS
(4-6 Ganis, mino3pini Ha 3noskicHi 3minu 1[3) [17]. Yci
0co0u, BKIIFOYEHI B JTOCIIKEHHSI, MAJIA CEPEIHIN MOKa3-
HUK iHaekcy Macu tinma (IMT) 28,0 + 0,6 kr/M?, i3 HEX TT0-
Hax nojoBuHa (60,0 %) Mana Ha/UIMIIKOBY Macy Tijia
a6o oxupians -1 crynens.

3aJe)KHO BiI IMTOJOTIYHOTO BHICHOBKY TTAI[iEHTKH
3 marosorieto 113 Oy posnozineni Ha Tpu rpynu: [ rpymy
ckianu 18 marieHToK i3 JOOpPOSKICHUMHU YTBOPEHHIMH
mmTornoaioHoi 3aio3u (Benign); mo Il rpymm yBiinum 20
namieHToK 3 migo3poro Ha pak 13 (Suspicious for
Malignancy — SFM); III rpymy chopmyBanu 22 namieHTKH
31 3mosikicHuM yTBOopeHHs M 113 (Malignant) (Ta6m. 1).

[ManienTy, siKi Opaiy yyacTb y JOCIIDKEHHI, Oy 3 o
Hi€1 0051acTi, MIHIMI3yIOUH MMOTEHITIHI BiIXWIECHHS 3 OOKY
T ICMIONIOTIYHOTO ACTIEKTy 3aXBOPIOBaHHA. SIK BHIHO
3 Tabmuui 1, BHAUIEHI I'pynM BIPOTIAHO HE BIAPI3HS-
JIMCh M C00010 3a cTarTio nanieHTis (y° = 2,21, p > 0,05),

Being widely implemented into clinical experience,
ultrasound and fine-needle aspiration puncture biopsy
significantly increase the differential capabilities in diag-
nosing thyroid nodules, however a final diagnosis is made
after histological examination [11].

Regarding the diagnostic value of each study, the find-
ings are quite contradictory [12—-14]. Some can be per-
formed only at tertiary centers, many of them are expen-
sive, others have side effects, especially when being
multiused. The human factor, including a physician’s
competence level, availability of equipment, technical
conditions for the study (the size of the nodules is less
than 1 cm) are essential. Thus, non-informative aspirates,
according to various authors [15-16], reach almost 20 %.

Therefore, most researchers are of the opinion that it
is impossible to make 100 % reliable diagnosis by means
of preoperative research methods. In addition, even if the
nodules is considered benign, long-term follow-up is re-
quired to determine the changes of its structure, function
and probable malignancy over time.

Consequently, the search for simple, minimally inva-
sive, but highly informative techniques for optimizing di-
agnostic algorithms, differential diagnosis and monitor-
ing of nodules of the disease remains a priority.

Purpose — to determine and substantiate the diagnos-
tic value of comprehensive assessment of the thyroid sta-
tus and full blood count values in patients with thyroid
nodules.

MATERIALS AND METHODS OF RESEARCH

The prospective study, carried out at the premises of
State Institution “Dnipropetrovsk Medical Academy of
the Ministry of Health of Ukraine”, enrolled 60 female
patients aged 21 to 83 years (the average age 54.6 = 1.9),
who, according to ultrasound (US) of the thyroid gland
were classified as TR-4 category of nodular thyroid tumor
as per TIRADS score (4-6 points, suspected malignant
thyroid changes) [17]. All patients under study had an av-
erage body mass index (BMI) of 28.0+0.6 kg/m?, more
than half (60.0 %) were overweight or had obesity of de-
gree [-II.

Depending on the cytological conclusion, patients
with thyroid pathology were divided into three groups:
Group I consisted of 18 patients with benign thyroid tu-
mors (Benign); Group II was represented by 20 patients
with suspected thyroid cancer (Suspicious for Malig-
nancy (SFM); Group III was formed by 22 patients with
malignant thyroid cancer (Malignant) (Table 1).

The patients involved in the study were from one area,
minimizing potential deviations from the epidemiological
aspect of the disease. As Table 1 shows, the selected
groups significantly did not differ in terms of gender of
patients (y2 = 2.21, p> 0.05), body mass index (F = 0.25,
p> 0.05). At the same time, patients of Group I were

OpuriHanabHi JOCITiIKCHHS

Original research



YkpalHCbKHH pagionorivyHmid Ta oHKomorigHni xypHai. 2021. T. 29. Ne 1. C. 45-57
Ukrainian journal of radiology and oncology. 2021;29(1):45-57

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

Taommust 1. XapakTepucTHKa MALi€HTIB 3aJISKHO BiJl IIUTOJIOTTYHMX BUCHOBKIB Ta BIKY

Table 1. Patients’ profile depending on the cytological findings and age

I'pynu nocmiKeH s Bininmi .
Groups under study VIMIHHICT MK rpymiaMi
IMoxa3Huk 1 5 3 B LLJIOMY
Parameter pyna pyna pyna General difference between the
Group 1 Group 2 Group 3 groups
(n=18) (n=20) n=22)
Bik, poxu, M + m _ _
46,6 £3,7 58,7+3,1%* 57,4 £24* F=451,p=0,015
Age, years, M £ m
IMT, kr/M?, M+ m _ _
BML kg/m?, M + m 28,7+ 1,3 27,5+ 1,4 27,8+0,8 F=0,25p=0,777

Mpumitkun: * —p < 0,05 nopisusiHo 3 I rpynoro (3a kpurepiem HSD).

Notes: * — p < 0.05 in comparison with Group I (according to HSD criterion).

ingexcom macu tina (F = 0,25, p > 0,05). Bonsouac narti-
entn | rpymu Oymm MoOJIOAII 32 BIKOM, TIOPIiBHSHO 3 Talli-
edramu iHmWX rpyn (p < 0,05 3a xpurepiem HSD). Cuin
3a3HAYMTH, 10 TIOHA/I TOJIOBUHY MAIlIEHTIB Y BCIX Tpymax
JOCTIDKCHHS Malld HAJJIMIIKOBY Macy Tijla abo OXWH-
pinnst -1 crynens (BOO3, 1997) — 55,6 %; 50,0 %;
72,7 %, BinnosimHo B I, II Ta III rpymax.

Kpurepii BHKIIOYEHHS! 3 JOCHIIPKEHHS: BIK MEHIIE
18 pokiB; BariTHi >XKiHKH, YOJOBIKH; HEOAKaHHS TMalli-
€HTa OpaTHW ydacTb y JOCIIDKCHHI; HAsBHICTh B aHAM-
He31 MEJTaHOMH, Mizo3pa Ha (HEOXPOMOIIUTOMY YU OYib-
SKy TOPMOHAQJIbHOAKTHBHY IYXJIMHY KOPH HaJHHUPKOBOT
3aJI03H; BiJ]MOBA TaI[iEHTa Bijl IIOBTOPHOTO 3a00py Mare-
piary Ta peryaspHe NpHHMaHHS TAI[iEHTOM IIpeTapariB
GioTuHy.

[Tporpama nmocnimkeHHs, iHbOpMaIs i TalieHTa
1 (hopma iH(OPMOBAHOT 3rO/TM HA YIACTh Y TOCHIKEHHI p0O3-
DISHYTI W yXBaJICHI Ha 3acCillaHHI KOMICIT 3 TIMTaHb CTUKU
KIIHIYHOTO Biqiiry XapKiBCHKOTO HAI[IOHAJBHOTO MEINd-
HOTO yHiBepcuTeTy. CBOE 10OpOBUIBHE PillIEHHS PO Y4acTh
y IOCHIDKEHHI TAIli€HT MiITBEPPKYBaB MiAIHCOM y (hopmi
iHpopMoBaHOi 3roau. OOCTEKEHHS BKIIFOYAIO TaKi JTOCHi-
JUKCHHSI: aHKETyBaHHSI, YJIETPa3ByKOBE JOCIIPKEHHS 3 TOH-
KOTOJIKOBOKO  acITipamifHOI0  IMyHKIIHHOIO  OioTciero
(TATIB), uuToNOrivHEe JOCII/PKEHHS, BUSHAYEHHS! KOHIICH-
Tparii TOPMOHIB IIMTOMOMIOHOI 3aJI03H, 3araJbHOKIIIHIY-
HUIA aHaITi3 KpoBi. J{0CIiKEHHS THPEOITHOTO CTaTyCy Mpo-
Bonmiioch 3a piBHsiMu TTI, Tupoxcuny BinbHoro (FT4),
TpuitonTrpoHiHy BibHOTO (FT3) Ta aHTHTIN KO THpEomep-
oxcuzaasu (AT-TIIO) iMyHOXIMIYHUM METOIOM 3 E€IIEKTPO-
XEMLUTIOMIHICIIEHTHOIO JICTEKITi€I0 HAa aBTOMATHIHOMY aHa-
nizaropi Cobas e411 ¢pipmu Roche Diagnostics, Himewunna.
V3]1 1113 npoBoauiu 3a goroMororo arapara Toshiba SSA-
580A, BHUKOpHCTOBYIOUM  Kiacu(ikamiiiHy  cucremy
TIRADS. Ilpaxriyna xnacudikamiss TIRADS mis kiacu-
(hikaii By3/iB IMIUTOIONIOHOT 3271031 Ta CTpaTU(iKarli pu-
3MKY X 3JIOSIKICHOTO 3axBOproBaHHs [16] Oynma BupakeHa
omiakamu Big 1 mo 5: TIRADS 1 BiamoBimae HOpManbHIH
3ai03i, TIRADS 2 — no6posixkicHomy By3ity (06uasa 3 0 %
3nosikicHocti), TIRADS 3 (ayxe BiporinHi g00posikicHi
By3nH 3 < 5 % 3nosikicHOocTi), TIRADS 4 (5-80 % 3m0s-
kicHocTi) Ta 5 (> 80 % 3JOSKICHICTB) 1O MiJO3PIJIOro
By3na (TIRADS 4A, 4B Tta 4C, mo BinnoBimae HU3BKIH,
cepenHiil Ta MOMIpPHIM Mio3pi Ha 3JIOSAKICHICTH BiINO-
BimHO) 1 TIRADS 5 (Bucoka mifo3pa Ha 3JIOSKICHICTH)
3 pr3uKOM Bif 5 10 80 % 3IMOSIKICHOCTI.

Jlnst TATIB BukopuctoByBasiach ronka 23G (0,6 X 25 mm).
[lyHKuiifHMA Martepian Ha CKeNbIIl BHCYIIYBAJIM Ha

younger compared to patients of other groups (p < 0.05
according to HSD criterion). It should be noted that more
than half of patients in all groups were overweight or had
obesity of degree I-II (WHO, 1997) — 55.6 %; 50.0 %;
72.7 %, respectively, in Group 1, Group 2 and Group 3.

Exclusion criteria: age less than 18; pregnant women;
reluctance of the patient to participate in the study; mela-
noma in the past medical history, suspected pheochromo-
cytoma or any hormonally active tumor of the adrenal
cortex; patient’s refusal to undergo repeat sampling and
regular intake of biotin drugs.

The research program, information for the patient and
the form of informed consent to participate in the study
were considered and approved at a meeting of Ethics
Committee of Clinical Department of Kharkiv National
Medical University. A patient confirmed his/her voluntary
decision to participate in the study with a signature in the
form of informed consent. The examination included the
following: questionnaire, ultrasound examination with
fine-needle aspiration puncture biopsy (FNA), cytologi-
cal examination, assessment of thyroid hormone concen-
tration, full blood count. The thyroid status was accom-
plished by the levels of TSH, free thyroxine (FT4),
triiodothyronine free (FT3) and antibodies to thyroperoxi-
dase (AB-TPO) by immunochemical method with elec-
trochemiluminescent detection on Cobas e411 automatic
analyzer manufactured by Roche Diagnostics, Germany.
Ultrasound of the thyroid gland was performed by means
of Toshiba SSA-580A using the TIRADS classification
system. A practical TIRADS classification to categorize
thyroid nodules and stratify their malignancy risk [16]
was expressed with scores ranging from 1 to 5: TIRADS
1 corresponds to a normal gland, TIRADS 2 to a benign
nodules (both with 0 % malignancy), TIRADS 3 to a
highly probable benign nodule (<5 % malignancy), TI-
RADS 4 (5 to 80 % malignancy) and TIRADS 5 (>80 %
malignancy) to suspicious nodule (TIRADS 4A, 4B and
4C corresponding to low, moderate and moderate suspi-
cion for malignancy, respectively) and TIRADS 5 (high
suspicion for malignancy) with risk ranging from 5 to
80 % of malignancy.

A 23G needle (0.6 x 25 mm) was used for FNA bi-
opsy. The puncture material on the slide was air dried and
fixed with methanol for 5 minutes, staining for 30 min-
utes according to Romanovsky’s technique. The findings
of the cytological examination were evaluated by
Bethesda System (BSRTC) using a standard cytological
protocol. Full blood count was made on a hemolytic
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TIOBITPI Ta (IKCYBaIM METAHOJIOM IIPOTSIOM 5 XBHIIUH, 3a-
OaprmoBaim 30 XBWIMH 32 MeTOIOM PomaHoBchKoro. Pe-
3yJIbTaTH  IUTOJIOTIYHOTO  JIOCHI/DKEHHS  OLIHIOBAJIHCH
3a Bethesda System (BSRTC) 3 BukopucTaHHSM CTaH-
JAPTHOTO ITUTOJIOTIYHOTO TPOTOKONY. 3aralbHOKIIHITHHN
aHaJli3 KpOBI BHKOHYBAaBCS Ha TEMOJITHYHOMY aHalli3a-
Topi Sysmex XN-1000 MeTo0M MPOTOYHOI LUTOMETPIT
3  OLIHKOIO TOKa3HUKIB  JICHKOMOE3y, EpHUTPOIIO-
e3y Ta TpomOomoesy. 3pa3Ku KpoBi JUIS JOCIIIKESHHS
OTPUMYBJIM WIISIXOM IYHKIIl KyOiTaabHOI BEHW MicCIs
HaKJaJIeHHs JUKTyTa (He Oinbine | XBUIWHU) 3@ JOMTOMO-
TOI0 JIBOKOMIIOHEHTHHX CHCTEM JUIsi 3a00py KpoBi — 0f1-
HOpa30BHX MominpomniieHoBux mpodipok 3 K3-EJ[TA.
3pa3kud KpOBi MOCTABISLIUCS B JIA0OOPATOPI0 MPOTATOM
15-20 xBunmH Ta aHami3yBamucs mpotsrom 30-35 XBH-
JIMH 3 MOMEHTY Haaxo/pkeHHs. CTaHaapTuzalis rmpeaHa-
JTiTHYHOTO eTamy Oyna 3a0e3redeHa OI[iHKOIO Oioyoriu-
HOTO Marepially Ha HasBHICTh 3TYCTKIB. Y KOXHOMY
BUIAJIKy BUKOPHUCTOBYBAJIM MEPBUHHY MPOOIPKY Ta CHC-
TEeMy aBTOMaTHYHOI TI0/1a4i 3pa3KiB.

Pearent s aHaNizy KUTBKOCTI Ta PO3MIpPY €pHTPOIIH-
TiB 1 TPOMOOIMTIB 3 BUKOPUCTAHHSIM METOAY TiJpoJHHa-
MigHOTO (hoKycyBaHHS. KOHIIeHTparlisi reMorio0iHy BH-
3HAYAETHCS 3 JJOJIABAHHAM I'€MOJIITHYHOTO PEareHTy 3riHo
31 crienmikariero Sysmex. BiH BUKOPUCTOBY€eThCS sIK (ho-
KyCyBaJIbHA piMHA JUTSA AETEKTOpa TiIpoarHaMigHOro (o-
KyCyBaHHs (JeTekTyBaHHs npu moctiiiHomy Ttomi (DC))
abo nerexropa nportouynoi utomerpii (FCM). Pedepenci
IHTEpBaIN 3arajbHOKIIIHIYHOTO aHANi3y KPOBi BiAMOBima-
I0Th JIaHUM HaliOHaJIbHOI pedepenc-nadoparopii « ARUP
Laboratories» Big 16 Tpasas 2016 poky.

CrarucTiuHy O0OpOOKY pe3yibTaTiB  TOCIHiIKECHHS
MIPOBOJIMIIM 33 JIONOMOTOIO 3arajbHONPUHHATHX Yy Me-
JIUKO-O1070TIYHUX HOCHIHKEHHSIX METOMIB CTAaTHUCTHY-
HOTO aHaNi3y 3 BHKOPHUCTAHHSAM IPOTPAMHUX TPOIYKTIiB
MedCalc v.14.8.1. (MedCalc Software) Ta Microsoft
Excel 2016 (Microsoft). ITapamerpuuni abo Hemapame-
TPUYHI METOAM aHaNli3y 3aCTOCOBYBAJH 3 YPaxXyBaHHIM
3aKOHY pO3MOAUTY KilbKicHUX naHux (kputepiii Illa-
mipo — Yinka). [lyist onucy i MOpiBHSHHS MacHBIB JIaHUX
i3 HOPMaJTBHUM PO3IOIITIOM BHKOPHUCTOBYBAJIN CEPEIHE
apu(MeTHIHE Ta HOTO CTaHAApPTHY MOoXHOKy (M £ m), ox-
HoakTopHuii qucnepciiinuii ananiz ANOVA (F) 3 armoc-
TEPiOPHUM TMOPIBHAHHIM TPYI MK cOO0I0 3a KpUTEpieM
Tukey (HSD); nmpu aHOpmManbHOMY pO3MOAUT AaHUX —
Mmeniany (Me), iHTepKBapTHIBHUH po3Max (25-75 %), He-
napameTpruuHuil anamiz Kpackemna — Yomica ANOVA (H)
3 HACTYIHHM TIONApHUM IMOpIBHSHHsIM Tpym Multiple
Comparisons (MC). IlopiBHSHHS HOMIHAJIBHHUX JaHHX
MPOBOAMIN 13 BHKOPHUCTAaHHSM KpUTepito Xi-KBaapar
[Mipcona (y?). HasBHICTh B3a€MO3B’SI3Ky MIDK DI3HHUMH
(hakTopaMy BH3HAYQIM 3a JIAHUMU JHUCIIEPCIHOTO aHa-
73y Ta KoedirieHTaMu paHroBoi kopesii CripMena (T).
CTaTUCTUYHO 3HAYYILIUM JUIsl BCIX MPOLEAYp CTaTHCTHY-
HOTO aHaJTi3y BBa)KaJH piBeHb 3HaTyIIocTi p < 0,05, Ten-
JeHIiro Bu3Havanmy npu p < 0,1.

PE3YJIBTATH TA iX OBIOBOPEHHSI

Or1iHKa THPEOITHOTO CTAaTYCy MAIi€HTIB 3 YTBOPESHHAMH
1113 noka3ana HasBHICTH BIPOTIJJHOTO B3a€MO3B’SI3KYy MIX
cTyreHeM 3tosikicHoro mporiecy B I3 1 piasmu TTT
(3a mucriepciitanM aHamizom Kpackena — Yomica H = 7,30,

analyzer Sysmex XN-1000 via flow cytometry with the
assessment of leukopoiesis, erythropoiesis and thrombo-
poiesis. Blood samples for the study were obtained by
puncture of the cubital vein after twisting a tourniquet
(not more than 1 minute) using two-component blood
collection systems — disposable polypropylene tubes with
K3-EDTA. Blood samples were delivered to the labora-
tory within 15-20 minutes and analyzed within 30-35
minutes after being received. Standardization of the pre-
analytical stage was ensured by assessing the biological
material for the presence of clots. In each case, a primary
test tube and an automatic sampling system were used.

Reagent for analysis of the amount and size of eryth-
rocytes and platelets using the method of hydrodynamic
focusing. The hemoglobin concentration is assessed by
adding a hemolytic reagent according to the Sysmex
specification. It is used as a focusing fluid for a hydrody-
namic focusing detector (DC detection) or a flow cytom-
etry detector (FCM). Reference intervals of full blood
count correspond to the data of the national reference
laboratory ARUP Laboratories as of May 16, 2016.

Statistical processing of the research findings was per-
formed using generally accepted in biomedical research
methods of statistical analysis using MedCalc v.14.8.1.
(MedCalc Software) and Microsoft Excel 2016 (Micro-
soft) software products. Parametric or non-parametric
methods of analysis were used taking into account the
principle of distribution of quantitative data (Shapiro —
Wilk test). To describe and compare data sets with normal
distribution, we used the arithmetic mean and its standard
error (M £ m), one-way analysis of variance ANOVA (F)
with a posteriori comparison of groups with each other
according to the Tukey criterion (HSD); with abnormal
data distribution — median (Me), interquartile range (25—
75 %), nonparametric analysis of Kruskal — Wallis
ANOVA (H) followed by pairwise comparison of Multi-
ple Comparisons (MS) groups. Comparison of nominal
data was performed using the Pearson’s Chi-square test
(%) The relationship between the various factors was de-
termined by analysis of variance and Spearman’s rank
correlation coefficients (r). The level of significance p <
0.05 was considered statistically significant for all statis-
tical analysis procedures, the tendency was assessed at
p<0.1.

RESULTS AND DISCUSSION

Assessment of thyroid status of patients with thyroid
nodules showed a significant correlation between the de-
gree of malignancy in the thyroid gland and TSH levels
(according to the analysis of Kruskal — Wallis H = 7.30, p
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p<0,05), FT4 (H=17,64,p <0,001) a FT3 (H= 12,41, p
< 0,01). Tak, nonpu Te, mwo 3nayennst TTT y cuposarmi
KpoBi Oumpmiocti marieHTiB (96,7 %) He BHXOTWIN
3a MEX1 HOPMH, CEPEIHI TTOKA3HUKHU 33 HAsIBHOCTI MaJIir-
Hizamii Oy BHIUMH, HIK IPU TOOPOSIKICHOMY Xapak-
Tepi yTBOPEHHS 1 IPH Mi03pPi HA 3IMOSIKICHICTh ITyXJITHHU —
2,0 (1,76-2,30) MxMO/n ipotn 1,45 (0,95-1,97) MkMO/n
(p <0,05) 1 1,39 (1,13-2,27) MmkMO/n (p < 0,1) Binno-
BigHO (Tabm. 2). 3 HaBeACHNUX JaHMUX 3PO3yMLIO0, IO TMaIli-
€HTH 3 HaWBHIOKW KoHueHTpauieto TTI' Ta rpanunu-
HUMH  pe3y/JbTaTaM{d  [UTOJOTIYHOrO  JOCIIIKCHHS
noTPeOyIOTh OLIBII PETEIILHOTO JOCTIKCHHS Y TOPIiB-
HSHHI 3 NalieHTamH, y sikux piserb TTI' mae HU3bKI 3Ha-
yeHHs. Takum uuHOM, 30impiienHs TTI HaBiTh
y Mexax pedepeHTHHX 3Ha4eHb KOPEJIOE 3 IIiJIBUILCH-
HSM PU3MKY MajirHizanii Bysna (r = 0,34, p <0,05) Ta na-
HUHA TIOKa3HUK MOXJIMBO PO3LIHUTH SK HE3aJIeKHUI
npenukrop aist 3H.

<0.05), FT4 (H=17.64, p <0.001) and FT3 (H = 12.41,
p < 0.01). So, despite the fact that the values of TSH in
the serum of most patients (96.7 %) did not exceed nor-
mal, the average values of present malignancy was higher
than in the benign nature of the tumor and suspected ma-
lignancy of the tumor — 2.0 (1.76-2.30) pIU/1 vs. 1.45
(0.95-1.97) WU/l (p < 0.05) and 1.39 (1.13-2.27) plU/1
(p < 0.1), respectively (Table 2). The data above show
that patients with the highest concentration of TSH and
borderline results of cytological study require more thor-
ough examination compared to patients who have low
TSH levels. Thus, increasing TSH even within the refer-
ence values correlates with an increased risk of malig-
nancy of the nodule (r = 0.34, p < 0.05) and this param
can be regarded as an independent predictor for malig-
nancy.

The level of free T4 (FT4) in the serum of patients
showed an inverse correlation between the indicators and

Taoauuns 2. [loka3HUKA piBHSA TOPMOHIB MUATONMOAIOHO 3271031 y TIAIIIEHTIB TPYH IOCIiIKCHHS

Table 2. Thyroid hormone levels in patients of groups under study

.. . Bigxumennas
BiaminHicTh MK . .
[ToxazHuk I'pyna rpynamMu B LiJIOMY BUL HOpMH Pegepenni
Min — max Me (25-75 %) . Deviation 3HAYCHHS
Parameter Group General difference
from the norm | Reference values
between the groups (%)
i 0,01-3,0 | 1.45(0,95-1,97) 11,1
THPEOTPOHHI FOPMOH, 11 0,30-2,75 1,39 (1,13-2,27) —
MKMO/n p=0,026
Thyroid-stimulating N H=7.30 0.27-42
hormone, mol/1 il 0,95-2,66 | 2,00 (1,76-2,30) -
THPOKCHH BiJlbHUIA, I 2,10-18,63 | 14,00 (8,00-16,29) <0.001 33,3
TIMOJTB/JT 11 1,12-13,5 [ 1,94 (1,44-7,00)** I{)I _ 1’7 64 90,0 12,0-22,0
Free thyroxine, pmol/l 111 1,07-22,1 | 1,90 (1,21-9,00)** ’ 90,9
TpuitonTHpOHIH I 4,67-6,30 5,67 (5,10-6,20) —
BUTbHUH, IMOJIB/IT 11 3,9-8.3 6,30 (5,40-8,00) p=0,002 40,0 31-6.8
Free triiodthyronine, N H=12,41 v
pmol/l I 3,87-7,5 |4,90 (4,00-5,30)*# 18,2
AHTHTINA I 13,7-47,9 | 23,0 (18,1-24,0) 11,1
710 TUPEOTIEPOKCHIA3H, 11 14,9-60,9 | 19,0 (18,1-23.3) p=0,903 10,0 Tlo 34
MO/mn .
. . . H=0,20 As high as 34
Anti-thyroid peroxidase 111 11,0-75,2 | 21,9 (16,9-25,8) 9,1
autoantibodies, IU/ml

Mpumitkn:

1. *—p<0,05, ** —p < 0,001 nopiBusHo 3 I rpymoro;

2. #—p < 0,001 mopisusuo 3 II rpymoro (3a kpurepiem MC).
Notes:

1. *—p<0.05, ** —p <0.001 in comparison with Group I;
2.#—p<0.001 in comparison with Group II (by MC criterion).

Pisens BinbHOTO T4 (FT4) y cuposarmi KpoBi Temarny-
HHUX XBOPHX TIOKa3aB HasIBHICTh 3BOPOTHOI KOPEJSLT MiXK
MOKa3HUKaMH 1 TOTEHIIAIOM 3JIOSIKICHOCTI yTBOPEHb —
r =-0,45; p < 0,001. IIpu mobposxicHomy ypaxersi 1113
(Irpyna) piens FT4 numre y Tperunn nauienTis (33,3 %)
OyB HIK4Ye 3a HOpMY, KoimBaBcs Bin 2,10 mo 18,63
nMOJIB/JT 1 B cepenubomy gopisaioBaB 14,0 (8,0-16,29)
mMoITe/7 (Tabi. 2). HaBmaku, abcomroTHa OiIbIIiCcTh Talli-
enriB Il ta III rpyn (90 %) manm nye HU3bKY KOHIICH-
TpALiIo IIbOTO TOPMOHY Y CHPOBATIIl KPOBI — MeJliaHa I1o-
ka3Huka Oyma B 7,2-7,4 pa3dy MEHIIOI 3a IMOKa3HUK
B I rpymi (p < 0,001). OTxe, HU3BKHU piBeHs FT4 MOxe

the potential of tumor malignancy —r = —0.45; p <0.001.
In case of benign thyroid involvement (Group I), FT4
level only in one third of patients (33.3 %) was below
normal range, varied from 2.10 to 18.63 pmol/l and on
average was 14.0 (8.0-16.29) pmol/l (Table 2). On the
contrary, the vast majority of patients in Group II and
Group IIT (90 %) had a very low concentration of this
hormone in the serum — the median rate was 7.2-7.4
times lower than in Group I (p < 0.001). Consequently,
FT4 low level may serve as a differential diagnostic crite-
rion and indicate a potentially malignant origin of the
nodule.
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ciyryBatd U epeHIiiHO-1IarHOCTHYHUM ~ KPUTEPiEM
1 BKa3yBaTH Ha MOTEHIIIHO 3JI0SIKICHE TIOXO/PKEHHS YTBO-
peHHSI.

Ha nporuBary nonepeanbsoMy TOpMOHY, KOHIIEHTPALList
BimsHOTO T3 (FT3) y cupoBarii KpoBi OLTBIIOCTI XBOPUX
3 yrBopennsimMu 113 (80,0 %) He Buxoamia 3a Mexi pede-
peHTHOTO iHTepBary. BomHo9ac ycTaHOBICHHI BipoTif-
HUi 3¢yB 3Ha49eHb FT3 3a11eKHO Bif CTYIEHS 3JI0AKICHOCTI
By3na. Tak, Ui JOOPOSKICHUX YTBOPEHB Ta MpHU Mimo3pi
Ha 3JI0SKICHICTh MyXJIMHH PiBEHb TOPMOHY 3/1€0LIBIIOrO
HaOJIKABCS 10 BEPXHBOT MeXi HOpMHU a00 TIePEBUIIYBaB
ii, y TOM 4ac sk npu MeTacTaTudHoMy ypaxenHi 113 #oro
3HAUCHHS 3HAXOIWIIOCHh YCEpearHI pedepeHTHOro iHTep-
Baiy (p < 0,05 y mopiBHSIHHI 3 NONEPEIHIMH TPYIIaMH)
(tabm. 1).

Hlono pisuiB AT-TIIO, T0 y mocmipkenHi He OyIo Bij-
3HAUCHO CYTTEBUX PO30IKHOCTEH MiX TpylIaMu TAIliEHTIB
(H=0,20, p < gt; 0,05), TOOTO HE BUABICHO NPOIIECY IMY-
HorenHoro pyitHyBanHs 11[3. Tomy aBTOIMyHHHIT cTaryc
HE CIyTy€ MPOTHOCTUYHIM YHHHUKOM MaJIirHi3aIli.

VY Tabmumi 3 HaBeOeHI pe3ynbTaTH, AKi XapaKTepu3y-
I0Th TIOKa3HMKM 3arajibHOKJIIHIYHOTO aHali3y KpOBi
y XBOpHX 13 By31oBuUMH yTBOpeHHssMH [1[3. YcranosieHo
BIPOTiIHI BIIMIHHOCTI MK PiBHSIMH (OPMEHUX €JIEeMEH-
TiB KpOBI, iX MapameTpiB (00’€M Ta iH.) Ta CITIBBIIHOLIECHB
y Ipynax JIOCIiJHKEHHSI.

In contrast to the previous hormone, free T3 (FT3)
concentration in the serum of most patients with thyroid
tumors (80.0 %) did not exceed the reference range. At
the same time, a probable shift of FT3 values depending
on the degree of malignancy of the nodule was detected.
Thus, for benign tumors and suspected malignancy, the
hormone level mostly reached the upper limit of normal
range or exceeded it, while in metastatic thyroid involve-
ment, its value was within the reference range (p < 0.05
compared to previous groups) (Table 1).

Regarding the levels of AB-TPO, the study did not
show significant differences between groups of patients (H
=0.20, p < gt; 0.05), i. e. no process of immunogenic thy-
roid destruction was detected. For that reason, autoimmune
status does not serve as a prognostic factor for malignancy.

Table 3 presents the results characterizing full blood
count values in patients with thyroid nodules. Significant
differences between the levels of blood cells, their param-
eters (volume, etc.) and the ratios in the groups under
study were ascertained.

It was found that patients of Group I were character-
ized by a significant (p < 0.05) decrease in total hemoglo-
bin, its average content and concentration in erythrocytes
compared to patients of Group II and Group III under
study. Microcytic anemia was also significantly more
common (p < 0.05) in Group I patients.

Tadauns 3. Cepeqni NOKAa3HUKH 3aralbHOKIIIHIYHOTO aHaNi3y KPOBI y MAIi€HTIB Py JOCIIPKCHHS

Table 3. The average full blood count values in patients of groups under study

. I'pymu gociimKeHHs . .
PedepenTHi Groups under study BiaMiHHICTE MK rpynamu
IMoka3HHK 3HAYCHHSI 1 > 3 B LILIOMY
Parameter Reference pyma pyma rpyna General difference between
values Group 1 Group 2 Group 3 the groups
(n=18) (n=20) (n=22)
Jletikorurn, 10%1 p=0,015
White blood cells, 1091 3,98-10,04 | 8,32+0,62 7,06 +0,49 | 9,55+ 0,66# F=453
Epurponuru, 10"/ B p=0,792
Red blood cells, 101 3,93-6,09 4,04 +0,23 421+0,16 4,11+0,12 F =023
I'emomio0in, r/mn % « p=10,001
Hemoglobin, o/l 112-175 103,3+4,9 128,2+5,0 122,9 +4,0 F =760
T'emarokput, % " % p=0,018
Hematocrit, % 34,151 348+ 1,4 40,8 +1,7 39.4+1,.2 F=432
Cepenniii 00’ em eputpounTta, ¢ 79-94.8 88.4432 96.9 + 1,7% 959 + 1 4% p =_0,015
Mean corpuscular volume, fl F=4,56
CepenHiii BMiCT TeMOTIIOO1HY, IIT = " " p = 0,002
Mean corpuscular hemoglobin, pg 25,6-32,2 264+1.3 30,6+0.,6 30,0+0.,6 F=6,72
CepenHs KOHIICHTPAList
reMOrI00iHy B €pHUTPOLUTI, I/J1 . % « p=10,001
Mean corpuscular hemoglobin 322-365 296,251 35,727 311,9£2,5 F=83l1
concentration, g/l
Tpomb6orwmTu, 10%1 « p=0,015
Platelet count, 101 163-369 387,7+61,9 | 220,4+272%| 299,9+21,0 F =456
Cepenniii 00’em TpomOoLuTa, G " p=0,015
Mean platelet volume, fl 6,0-13,9 10,33 +0,19 | 11,23 +0,19 10,69 + 0,23 F =453
[IponeHT BeaUKnX TPOMOOIHTIB, %o " p=10,033
Percentage of large platelets, % 13,0-43,0 28217 350+1.8 30,4+ 1.9 F=3,62
Tpom6Goxpurt, % % p=0,022
Thrombocrit, % 0,10-0,40 0,39+0,06 | 0,25+0,03 0,31 £0,02 F =407
Mixkporuth, % % % p =0,005
MicroR, % < 1,6 (1,4-21,8) | 0,6 (0,3-1,7)* | 0,6 (0,3-2,1) H=10.4
OpwuriHaibHI JOCIHIIKEHHS 52 Original research
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Taonuysa 3. [Ipodosoicenns
Table 3. Continuing

P . I'pynu gocmimkeHHs Bimisi .
ehepeHTHI Groups under study UIMIHHICTE MDK TpyTiamu
[TokazHuk 3HAYCHHSI B ILJIOMY
Parameter Reference | e 2 e o) gD General difference between
values Group 1 Group 2 Group 3 the groups
(n=18) (n=20) (n=22)
Maxpouuts, % p = 0,447
MacroR. % < 4,5(3,8-7,0) | 5,9(3,9-7,8) | 4,6 (3,5-7,5) H=161
Heitrpodinu, % 34719 65,6 52,7 59,5 p =0,496
Percent of neutrophils, % ? (52,0-68,1) (43,3-68,1) (53,4-69,3) H=14
JlimpornwurH, % 19.5-53.5 24,9 31,9 25,4 p=0,231
Percent of lymphocytes, % ’ ? (19,4-31,7) (19,7-46,5) (19,7-34,5) H=293
Mownouwntn,% 47-12.5 7,5 10,3 9,3 p=0,437
Percent of monocytes, % i ’ (7,1-9,7) (6,9-12,4) (6,3-13,4) H=1,65
Eosunodinu, % p=0,044
Percent of eosinophils, % 0,7-7,0 L7(1,0-3,0) | 1.8(0.9-2,7) |3.0(1.4-44)# H=623
Bazodimu, % p=0,056
Percent of basophils, % 0,1-1,2 0,3 (0,3-1,1) | 0,4(0,3-0,5) |0,5(0,5-0,8) # H=575
Hespini rpanynonntyn, % p=0,956
Percent of immature granulocytes, 0,0-0,6 0,3 (0,2-0,5) | 0,4 (0,2-0,6) | 0,3 (0,2-0,5) o= (’) 09
% )

Mpumirkn:
1. Cepenni Moka3HUKH NpeAcTaBieHi ik M + m abo Me (25-75 %);

2.* —p <0,05 y nopiBusuHi 3 | rpynoro; #—p < 0,05 y nopisusiaHi 3 11 rpymoro (3a Bixnosigaumu kpurepisimua HSD i MC).

Notes:
1. Average data are presented as M = m or Me (25-75 %);

2.* —p < 0,05 in comparison with Group I; # — p < 0.05 in comparison with with Group II (according to the corresponding criteria of HSD

and MC).

YcTaHOBICHO, 1110 TS NatieHTiB | rpymnu 3 1o0posikic-
HUM riporiecoM y 1113 xapakrepue Biporigue (p < 0,05)
3HIDKCHHS 3arajlbHOTO PiBHS T€MOIVIOOIHY, HOTO cepen-
HBOT'O BMICTY 1 KOHIIGHTpAIlii B €pUTPOLIUTI y MOPIBHAHHI
3 maniearamu 11 ta III rpym mocmimkeHHs. Y TaIi€HTIB
I rpymnm Takox BiporimHo wactime (p < 0,05)
MaJsia MicIie MiKpOLIUTapHa aHEeMisl.

Ha mincrasi mpoBenennx mocmimkens mis 11 rpymm
BcTaHOBJICHO BiporigHe (p < 0,05) 3HWKEHHS 3arajibHOI
KIJTBKOCTI TPOMOONMTIB Ta IOKa3HHKA TPOMOOKPHTY,
a TaKoX TWiJBHUIICHHS CEpPeIHBOrO 00’eMy TpomOOIH-
TIB Ta BIJICOTKa BEJIMKHX TPOMOOLMTIB Yy MOpIBHSHHI
3 [ rpymoro (Tabm. 3).

[ToxazHukuM KpoBi mpu 3nosikicHomy mporeci y 113
(III rpymna) XxapakTepu3yIOThCS TIIBUILICHUM PiBHEM JIeH-
KOIIUTIB Ta YaCTKW €O3MHODINIB i 6a30QimiB y IeHKOIH-
TapHiit ¢popmyni y nopiBasuHi 3 1 rpynoto (p < 0,05),
ase He BHIIE pe(h)epeHTHOTO 3HAUCHHSI.

BHUCHOBKH

1. 3a pe3ymbraraMy KOMIUIEKCHOTO JOCIHIPKCHHS T1a-
LIEHTIB 13 By31oBUMHU yTBOopeHHsimu 1113 mokaszana nia-
THOCTHYHA 3HAUyIIiCTh OLIHKK THPEOIAHOTO CTa-
TyCy Ta MOKa3HUKIB 3aTaJIbHOKJIIHITHOTO aHaMi3Yy.

2. nst nobposikicunx yrBopens 113 (I rpyma) xapak-
TEpHI HACTYIIHI JIaHi: piBeHb BUTbHOTO TUPOKCUHY (FT4)
y cupoBaTIi KpoBi 66,7 % maIfieHTiB He BUXOAUB 33 MEXKi
HOPMHU # y cepeanboMy gopiBHioBaB 14,0 (8,0—
16,29) mmons/m; xoHIeHTparis FT3 B ycix Bumagkax Bia-
noBifana peepeHTHUM IMOKA3HHUKaM, aje 31 3MIMICHHIM
cepeiHiX pIBHIB 70 BepxHBOI Mexi Hopmu (5,67 (5,10—
6,20) mMonp/m). g rpyma MOCTOBIPHO —acOIIOETHCS

Based on the studies performed for Group II, a signifi-
cant (p < 0.05) decrease in total platelet count and
plateleterit, as well as an increase in the average platelet
volume and the percentage of large platelets compared to
Group I (Table 3) were established.

Blood values in the malignant process in the thyroid
gland (Group III) are characterized by increased levels of
leukocytes and the proportion of eosinophils and baso-
phils in the leukocyte formula compared to Group II (p <
0.05), but not higher than the reference value.

CONCLUSIONS

1. According to the findings of a comprehensive ex-
amination of patients with thyroid nodules, the diagnostic
significance of the assessment of thyroid status and full
blood count values is shown.

2. Benign thyroid nodules (Group I) are characterized
by the following data: free thyroxine (FT4) level in the
serum in 66.7 % of patients did not exceed normal range
and averaged 14.0 (8.0-16.29) pmol/l; FT3 concentration
in all cases corresponded to the reference values, but with
a shift of the average levels to the upper limit of normal
range (5.67 (5.10-6.20) pmol/l). This group is likely to be
associated with younger patients (46.6 £ 3.7 years).
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3 OLIBII MOJIOZIMM BiKOM mami€eHTiB (46,6 + 3,7 pokis). Ha-
SIBHICTh 3HIDKCHOI KOHIIGHTpAIlii TeMoro0iny y nepude-
PHUYHIN KpOBI Ta MIKpoIMTapHoi aHeMii y XxBopux I rpynu
MOTPeOYIOTH IIOCHCTEMHOTO JIOAATKOBOTO OOCTEKEHHS.

3. 1o nudepeHiiHO-TIPOTHOCTUYHUX MapKePiB yTBO-
penss 113 3 migo3poro Ha 3MOAKICHICTh IMyXJIMHHU BiTHE-
CeHO: Oyke HU3bKy KoHmeHTpamito FT4 y cuposarii
kposi (1,94 (1,44—7,00) mMo:IB/1T); BUCOKHIA PiBEHB IPO-
nykmii FT3 y 40,0 % BumanxiB 31 3MiIIEHHSIM CepeaHixX
3HAYeHb JI0 BEPXHBOI MEXi peepeHTHOro iHTepBaly
(6,30 (5,40-8,00) mmosnb/a; Biporigae (p < 0,05) 3HH-
JKEHHsI KiJIbKOCTI TPOMOOLMTIB Ta TOKa3HHKa TPomMOo-
KPUTY Ha T MiJBUINCHHS CEPEIHBOrO 00’eMy TpomOo-
LUTIB Ta BIJICOTKA BEJIUKUX TPOMOOLUTIB IPOTH
nobposikicHoro miporecy B 1113.

4. Tupeoimuuii cTaTyc MamieHTiB 31 3MOSKICHUM YTBO-
perrsim 13 (III rpyma) xapakTepu3yeThCs ITiBUIIE-
HuM piBHeM TTT y mOpiBHSHHI 3 JOOPOSKICHUM XapaKTe-
poM ytBOpenHs (p < 0,05) i mpu mizo3pi HA 3TOAKICHICT
myxmuaa (p < 0,1), ane y mMexax pedepeHTHOro iHTep-
BaJly; CyTTEBUM 3HIKEHHAM mponykmii FT4 y cuposari
KpoBi (B 7,4 pa3y B IOPIBHSAHHI 3 TOOPOSIKICHUM Tepedi-
rom; p < 0,001) Ha 11 cepesHbO-HOPMATHBHUX DIBHIB
FT3. JleiikounTorpamMa Takux NAali€HTIB BUPI3HIETHCS
MiJIBUIICHUM PIBHEM JICHKOITUTIB Ta YACTKU CO3MHO]IIIB
i OasodiniB y mnopiBasHHI 3 II Tpymoro (p < 0,05),
asie B MeKax pe()epeHTHUX 3HAUCHb.

5. Pe3ynbrati KOMIUIEKCHOT OI[IHKHM THPEOIIHOTO CTa-
TyCy Ta TOKa3HUKIB 3arajbHOKJIIHIYHOTO aHali3y KpOBi
y Tali€eHTiB 13 BY3JI0BUMH yTBopeHHAMH I3 Mo-
JKYTh OyTH BUKOPHCTaHI B YMOBax MepeoIepariifaoi aia-
THOCTHKH, SK AU(EpeHIIHHO-TIPOTHOCTUIHUIN IHCTPY-
MEHT JUIS OLIHKH 1X 3JI0SKICHOTO TIOTCHIIIAITY.
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IlepcneKTHBY MOAANBININX AOCTiTKEHD

[epiognyHMI MOHITOPUHT MIKHApPOJHUX PEKOMEH 1a-
il o0 KOpeKmii Ta meperisgy MpoTOKOoIy 3 JiarHoc-
THKH 3aXBOPIOBaHb IIIUTOIO/I0HOT 3aJ103H.

[IpiopuTeTHICTH HANIPSMKY JOCIIKEHb CKIIAIa€ PO3-
poOka Ta omTHMa3allis TEXHOIOTii PaHHBOI IIarHOCTHKH
31 CTBOPEHHAM KaJIbKYISATOPa PU3HUKY ITaTONOTIi.

[NepcriekTHBOO MONANBIIMX PO3POOOK € IPOBEACHHS
JOCTIKeHB 13 MOMIYKY Ae(]inunTiB, OB’ I3aHUX 3 aHEMiU-
HUM CHHAPOMOM Ta BUSBJICHHS PaHHIX MapKepiB Heedek-
TUBHOTO epurpornoesy. Lle n03BonuTh cBO€UacHo cdop-
MyBard IHIMBIJyaJIbHy CHCTEMY OLIHKH PH3HKY
y TALIEHTIB Ta OpraHi3yBaTH HU3KY MPOQPUIAKTHYHUX 3a-
XOMiB 13 MIiJABEJCHHSIM B OKPEMHUH paHr BiJIMIHHOC-
TEH MK TpyIamH.

Konduiikr inTepecis
ABTOpPH 3asBISIFOTH, 1[0 HE MAJIH KOHQIIIKTY iHTepeCiB
TIpY HAITMCAHHI i€l CTATTI.

Indopmanis npo pinancyBaHHs
dinancyBaHHS Buaarkamu JlepkaBHOTO OOKETY
Vkpainu.

Ilonsika

Ocobucra nojsika JTOKTOpY MEIMYHHUX HayK, npode-
copy 1. C. IlInoHb1i 32 KOHCYJIBTALIIO 3 TPUBOAY O0POpM-
JICHHSI CTATTi 3 OISy Ha Cy4acHi BUMOTH.

Prospects for further research

Periodic monitoring the international guidelines re-
garding correction and revision of the protocol for the di-
agnosis of thyroid disease.

The priority of research areas is development and op-
timizing early diagnosis technology along with creation
of a pathology risk calculator.

Further research is needed to investigate deficiencies
associated with anemic syndrome and detect early mark-
ers of ineffective erythropoiesis. This will make it possi-
ble to timely form an individual system of risk assessment
in patients and arrange a number of preventive measures
to bring differences between groups to a separate rank.
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PE3IOME

AkTyanbHicTh. Ha chorommimiHiii aeHb 3IIHCHIOIOTBCSA CIPOOH Bij-
HOBJICHHSI TIOIIKO/PKEHOTO MIOKapaa MpH rocTpoMy iH(pApKTI Miokapaa
(IM) moIsIXoM 3acTOCyBaHHS TIpenapariB OiOJOTIYHOTO ITOXOKEHHS,
SIKI CIIPOMO’KHI CTUMYJIIOBATH PEIapaTHBHY pEreHepariio, y TOMy 4HCIi
i BUKOpHCTaHHSI Me3eHXIManbHUX crTpoManbHux KimituH (MCK). 3 iH-
moro 00Ky, 3aCTOCYBaHHsI TePANeBTUYHOI TiMOTepMil B paHHI YacH Mics

Kirouosi ciioBa:

CKCIICPUMCHTANBHAN  1H(apKT Mio-
Kapza, YJIBTPa3BYKOBE JOCIiIKCHHS,
TEpaneBTUYHA TINOTepMis, ME3eHXi-
MaJbHI CTPOMANbHI KIITHHH.
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BUHHUKHEHHS MOPYIICHHS KPOBOTOKY y BIHILEBHX apTEepisiX CIPHs€E 3HU-
JKEHHIO PIBHS MeTaloJi3My y Kap[ioMioIMTax i, BiAMOBITHO, TajbMy-
BaHHIO YTBOPEHHS BUIBHHUX PaJMKaliB, IHIOyBaHHIO arorTo3y.

MeTa po6oOTH — IPOBEACHHS Ta aHaJli3 fAomnmuieporpadii BUCXiTHOTO Bij-
IUTy aOpTH TIypiB 3 eKCIepHUMEHTAIbHUM IM Ui OWIHKH CHCTONIYHOI
¢yHKIIT MioKap/a JiBOTO NITYHOUYKA ITiCIIs MOEIHAHOTO BUKOPUCTAHHS Te-
parneBTH4UHOI TinoTepMii 1 BBeaeHHst anoreHHnx MCK.

Martepiaaun Ta metoau. JlocmimkeHnHs Oyio mpoBenaeHo Ha 90 Gesmopin-
HuX Oimmx mrypax macoro 240-270 r. [adapkr miokapaa BiITBOPIOBAIN
[IUISIXOM TIepeB’sI3KH J1iBO1 KopoHapHOi aptepii. TepameBruuny rimorep-
MiIO TPOBOJIMIIM B XOJIO/IOBiH Kamepi npotsirom 60 xB. JlokanbHa Temmepa-
Typa HIKIpH KOMIpIIeBOi 30HU MiaATpuMyBanacs Ha piBHI +4 °C. Cycnensito
aJloTeHHNX KpiokoHcepBoBaHnX MCK mutameHTH BBOIMIIM OIHOPA30BO
BHYTpIIHEOBeHHO. CoHOrpadiuyHe MOCITIHKEHHS BHCXITHOTO BIIILTY
aoptu Ha 7-my 1 30-Ty noOy micis mepeB’s3KM KOpOHAapHOI aprepii mpo-
BOJIMJIM Ha YJIBTPa3ByKoBoMy exoTomockori «Conomen 500» y B-pexumi
3 epexrom Jlommepa (PW pexmm).

Pe3ynbratH Ta ix o0roBopenHHs. J[OCITiDKEHHS aOpPTalbHOTO KPOBO-
TOKY I0Ka3ajo, o Ha 7-My a00y Micisl rmepeB’si3KH KOPOHAapHOI aprepii
y HIypiB BiIMIYaaoCh 3HW)KCHHS MaKCHUMAalbHOI CHCTOJIIYHOI IIBHJIKO-
CTi Ta TEHJEHINSA IO 3POCTAHHS MIACTONIYHOI MIBUIKOCTI KPOBOTOKY. Lli
3MIiHM BiJOMBAINCh Ha ITyJIbCAllifHOMY I1HJEKCI Ta CHCTOJO-IiacToliyu-
HOMY CIiBBiJJHOIIeHHI. 3MeHIeHHs iHnekcy Crioapra Ha 19 % minreep-
JKYBaJIO PO3BUTOK Y IITypiB KOHTPOJIBHOI TPYIIH CUCTOMIYHOT AUCPYHKITIT,
CTYHIiHb AKOi He 3MeHITyBaBcs 10 30-1 100N eKCIIepUMEHTY.
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Brums anorenanx MCK Ha mporiec pemMoneltoBaHHS ceplisl IIypiB IicIst
mepeB’sI3KM JTiBOi KOPOHApHOI apTepii mposBisiBes Ha 7-My m00y (TocTpa
cramia mepebiry iHdapkTy Miokapia) aHOMAIbHO HHU3BKUME (HIKYE
KOHTPOJTIO) TTIOKa3HWKaMHU KPOBOTOKY B aOpTi 3 TIOBHUM BiTHOBJICHHSM Te-
MoauHaMiku Ha 30-Ty 100y eKcriepuMeHTy (CTais pyOIfOBaHHS).
[ToenHane BUKOPUCTAHHS TEPAIEBTUYHOI TITOTEpMIl Ta BBEICHHS aJOTeH-
Hux MCK crpusiio MiHIMaJIBbHOMY BiJXWJICHHIO MOKa3HHKIB I'eMOJMHA-
Miku Bijg HOpMu. Ha 7-My noOy Biamiyaiu Jiniie 30UTbIICHHS CEPEIHbOT
IIBUAKOCTI KPOBOTOKY B aopTi Ha 29 % Ta 3HW)KEHHSI CUCTOJIO-1acTOIi4-
HOTO CIiBBiJHOIICHHS Ha 12 % B MOPIBHSHHI 3 BIAMOBIIHUM TOKa3HUKOM
HOPMH, 1[0 CBiTYHJIO PO KOMIICHCAIIIF0 HACOCHOI (DYHKIIIT MioKapaa
BucnoBku. J[lonmieporpadidna omiHKa CHCTONIYHOI Ta MiacTOIIYHOT
IIBUIKOCTEH KPOBOTOKY Y BHUCXIJHOMY BiIIUII aOPTH IIypPiB HO3BOIISE
OTIOCEPEIKOBAHO 3a(iKCyBaTH HAsBHICTH Ta CTYIIHb CHCTONIYHOI JHC-
(GyHKIIT JTIBOTO MUTYHOUYKA 1 3MIHCHIOBATH NWHAMIYHUA KOHTPOJB 3a CKO-
poruBoro (yHKIif0 Miokapma Ha (oHi iH(apkTy. [loemHane 3actocy-
BaHHs TepameBTHYHOI rimorepmii 3 yBeaeHHsAM anoreHHHX MCK micms
nepeB’si3KKM J1IBOT KOPOHAPHOT aprepii CHpHse MiATPUMAHHIO MOKa3HH-
KiB T€MOJIMHAMIKH B a0PTi Ha PiBHI, OJIM3bKOMY J1O HOPMH, SIK ITiJ] 4ac roc-
Tpoi (aszu po3BUTKY iH]ApKTY MiOKapaa, Tak 1 Ha cTaii pyOLIOBaHHS.

ABSTRACT

Background. At present, there are attempts aimed at repairing the myo-
cardium affected by acute myocardial infarction (MI) via biologically
sourced drugs, which are able to stimulate reparative regeneration, in-
cluding the use of mesenchymal stromal cells (MSCs). On the other hand,
therapeutic hypothermia initially after the occurrence of impaired blood
flow in the coronary arteries aids in reducing the level of metabolism in
cardiomyocytes and, accordingly, suppressing the formation of free radi-
cals and inhibiting apoptosis.

Purpose — performing and analysing Doppler sonography of the ascend-
ing aorta in rats with experimental MI in order to assess the systolic func-
tion of the left ventricular myocardium influenced by the combined use of
therapeutic hypothermia and administering allogeneic MSCs.

Materials and methods. The study involved 90 outbred white rats weigh-
ing 240-270 g. Myocardial infarction was reproduced by ligating the left
coronary artery. Therapeutic hypothermia was performed in a cold cham-
ber, 60 minutes long. The local skin temperature of the neck area was
maintained at +4 °C. A suspension of allogeneic cryopreserved MSCs of
the placenta was administered once intravenously. Sonography of the as-
cending aorta on day 7 and day 30 after ligating the coronary artery was
carried out by means of «Conomen 500» ultrasound scanner in B-mode
with the Doppler (PW-mode).

Results. Studying the aortic blood flow showed that on day 7 after ligat-
ing the coronary artery, rats had a decrease in max systolic velocity and a
tendency to increase diastolic blood flow velocity. Those changes influ-
enced the pulsatility index and systolic-diastolic ratio. A 19 % decrease in
the Stewart index confirmed the development of systolic dysfunction in
the control group, the severity of which did not decrease until day 30 of
the experiment.

The impact of allogeneic MSCs on the process of remodeling the heart
of rats after ligating the left coronary artery was evident on day 7 (acute
stage of myocardial infarction) via abnormally low (below control) blood
flow in the aorta with complete hemodynamics restoring on day 30 of the
experiment.

The combination of therapeutic hypothermia and administering allogeneic
MSCs aided in the minimal deviation of hemodynamic parameters from
the normal range. On day 7, there was only an increase in the average aor-
tic blood flow rate by 29%, and a decrease in systolic-diastolic ratio by
12% compared to the corresponding normal range, suggesting compensa-
tion of the pumping function of the myocardium.
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Conclusions. Doppler assessment of systolic and diastolic blood flow ve-
locities in the ascending aorta of rats makes it possible to indirectly record
the presence and severity of systolic dysfunction of the left ventricle and
follow up myocardial contractile function affected by MI. The combina-
tion of therapeutic hypothermia and administering allogeneic MSCs after
ligating the left coronary artery helps to maintain hemodynamic param-
eters in the aorta at a level close to normal range during the acute phase
of myocardial infarction as well as at the stage of scarring.

Pyxomnuc Haxiiimos
Manuscript was received
14.10.2020

OTpuMaHO Micis pereH3yBaHHs
Received after review
17.11.2020

[IpuiinsaTo 1o apyKy
Accepted for printing
18.01.2021

3B’s130K po00OTH 3 HAYKOBMMH IPOrpaMaMu, IJIAHAMHA
i TeMamu

PoboTa BuKOHaHA B paMKax HayKoBOi poboTu [HCTH-
TYyTy npobnem kpiobiosorii i kpiomeauunHu Hario-
HaJbHOI akazneMii Hayk Ykpainu «JlecTpykTuBHI Ta Bin-
HOBHI MpOIleCH B TKaHWHAX 1IN VIVO micis il
HU3BKHUX TEMIeparyp Ta Oi0JOTIYHO aKTHBHHUX pe4yo-
BUH» (HOMep jepkaBHOi peectpanii: 0117U000849,
(byHaaMeHTanbHa, KEPIBHUK — KaHAWIAT MEAUIHUX
HayK, CTapliui JOCIiTHUK, B. O. 3aBiyBaya BiIIiTy
eKCIIePUMEHTAIBbHOT KpIOMeIMIMHN [HCTUTYTY TIpoOIIeM
Kpiobionorii i kpiomenunuuu HarmioHanpHOI akagemii
Hayk Ykpainu Yk M. O.).

BCTYII

[memiuna xBopoba cepst (IXC) — onne 3 Halnomm-
PEHILIMX CepLEBO-CYANHHUX 3aXBOPIOBaHb, L0 MPU3BO-
JIITH JT0 BUCOKOI CMEPTHOCTI Ta iHBaNiIU3aIlil HACCICHHS,
y OLIBIIOCTI BUITAAKIB BiJl CepLeBoi MOCTiH(papKTHOT He-
nmocraTHOoCTi. B Ykpaini piBeHb TrocmiTamizarii mepBUH-
HUX MAI€HTIB 13 MPOSBOM TOCTPOrO KOPOHAPHOTO CHH-
npomy miepeBumnye 45 Ttuc. Ha pik [1]. HecBoeuacue
3BEpPHEHHS 32 MEAMYHOIO JIONOMOI0I0, OOMEXEeHa Kijlb-
KICTh KapIioXipypTiYHHX CTalliOHAPiB Ta HE 3aBXKAU pe-
3yJIbTaTBHA KOHCEPBAaTMBHA Teparlisi CTUMYJIIOE TOIIYK
HOBUX, OUTBIIT €(EeKTUBHUX METOIB JIIKyBaHHS TOCTPOTO
iHpapkry miokapzaa (IM).

3pocraHHs ceprieBoi MoCTIHPAPKTHOI HEOCTATHOCTI
MIEBHOO MipOI0 00yMOBIICHE HU3BKOO 3IaTHICTIO KapIIio-
MIOLHUTIB 110 Tpodidepartii. 3AiHCHIOIOTECS CIIpoOU Bia-
HOBJICHHS TTOLIKOJDKCHOTO MiOKap/a IUIIXOM 3acToCy-
BaHHs IpenapariB 0i10JIOTTYHOTO MOXOKEHHS, 30KpeMa
Me3eHXIMaJIbHUX cTpoMansHuX KiaitnH (MCK), ski cipo-
MOXKHI CTHUMYJIIOBaTH pemnapaTHBHy pereHepauito [2].
[pumyckarote, mo micns TpancmiadTanii MCK mirpy-
I0Th JI0 30HM TKaHWHHOTO 3allajeHHs 1 i) BIUIMBOM Ha-
BKOJIMITHBOTO CEPEOBUINA BUAUISIIOTE HU3KY (DaKTOpiB,
SIKI 3pEIITOI0 CIPUSIOTH OUIBII IIBUAKOMY IIPOLECY

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
research project of Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of Sciences
of Ukraine “Destructive and Regenerative Processes in
Tissues in vivo after effect of Low Temperature and Bio-
logical Active Substances” (state registration No:
01170000849, fundamental, led by Candidate of Medical
Science, Senior Researcher, Acting Head of Experimental
Cryomedicine Department of Institute for Problems of
Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine Chyzh M. O.).

INTRODUCTION

Coronary heart disease (CHD) is one of the most com-
mon cardiovascular diseases leading to high mortality and
disability of the population, in most cases, due to post-in-
farction heart failure. In Ukraine, the hospitalization rate
of primary patients with signs of acute coronary syn-
drome exceeds 45 thousand per year [1]. Late seeking
medical advice, limited number of cardiac surgery hospi-
tals and conservative treatment, which does not seem to
be always efficacious, trigger the search for new, more
effective therapy of acute myocardial infarction (MI).

The increasing rate of postinfarction heart failure re-
sults, to a certain extent, from the low capability of car-
diomyocytes to proliferate. Attempts are being made to
restore the damaged myocardium via biologically sourced
drugs, including mesenchymal stromal cells (MSCs),
which are capable of stimulating reparative regeneration
[2]. They assume that after transplantation, MSCs migrate
to the tissue inflammation region and, under the influence
of the environment, release a number of factors that, ulti-
mately, contribute to a faster healing process, activation of
neoangiogenesis, and improved microcirculation. Restora-
tion of microcirculation and preservation of cell viability
in the ischemic region, in its turn, leads to decreasing
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3aro€HHs, aKTHBAIlil HEOAHTIOTeHE3y Ta MOJIMIICHHIO Mi-
KpOTeMOIMPKYIALii. BiIHOBICHHA  MIKpOIMPKYIIALIi
1 30epeKeHHS KUTTE3NATHOCTI KIITHH B 1IIEMi30BaHIN
30Hi, Y CBOIO 4epry, NPUBOAUTH JIO 3HIKECHHS 00 €My
30HU HEKPO3y MiCisA iHpapKTy i 3MEHIICHHS IUIONI CII0-
JYYHOTKaHUHHOTO pyo1s [3, 4].

3 iHmoro OOKy, 3aCTOCYBaHHsI TEpareBTHYHOI TiMo-
TepMii B MepIIi TOAWHH MICIA BUHUKHEHHS MOPYIICHHS
KPOBOTOKY B  BIHLEBHX apTepisx CHOpUs€E  3HH-
JKEHHIO PIBHSI METa0oIi3My y KapAioMionuTax i, Biaro-
BiJTHO, TAJIbMYBAaHHIO YTBOPEHHS BUTBHUX PaJHKaJiB, iH-
ridyBanHio amomro3y [5, 6]. Tinmorepmis 3marHa
JiMiTyBaTu abo 3aro0irTi po3BUTKY iIIEMil ITpH emnizoax
MOPYIICHHST a0 MOBHOI BiICYTHOCTI KPOBOTOKY B Opra-
HaX 3a PaxyHOK 3HIKeHHs criokuBaHHSI AT® i HeoOXina-
HOCTI B 3a0C3MCUCHHI KUCHEM MOTPIOHUX JJIST KUTTEi-
SUTBHOCT1 TKaHuH [7].

OmiHKa TreMOAMHAMIKM Cepls Ta BEIUKHX CYIUH
€ BOKIIMBUM KPUTEPIEM BH3HAUCHHS MOAAJIBIIOT TAKTUKU
BeZieHHs mamienTa. OIHUM 13 HAHOUTBIT MOMIUPEHUX He-
IHBa3UBHUX METOJIB BHBYCHHS MOP(HO(]YHKIIIOHATEHOTO
CTaHy ceplll 3allMIIaeThesl exoKapJiorpadiuHe mocii-
JOKSHHSI, SIKE JIO3BOJISIE JOCTOBIPHO OIIHUTH B TUHAMIIT
3MiHY CKOPOTJIHMBOCTI, T€OMETpPii MiOKap/ia, CUCTONIYHOI
qucdynkuii smiBoro nuryHouka (JILI) mpu mocrindapkr-
HOMY peMofiefoBaHH1 cepiist. OcobnuBHil iHTEpeC BUKIH-
Kae JOCII/DKCHHs IIBHIKICHHX IOKa3HUKIB KPOBOTOKY,
CTaHy CTIHKHM aOpTH (€IaCTHYHICTh 1 MPY)KHICTB) [8], xa-
PAKTEPUCTHKA SKUX OINOCEPEAKOBAHO CBIIYHMTH IIPO CKO-
pormuBy (yHKIiF0O Miokapma Ha ¢oni IM Ta mix
BIUTMBOM DPi3HUX METO/IIB JIIKyBaHHI.

MeTa po00TH — ITPOBEICHHS Ta aHAJI3 JOMILIepOrpa-
(hii BUCXiTHOTO BIIIUTy aOPTH IMypiB 3 EKCICPHMEHTAb-
HUM IM 1714 oniHKM cucTosiuHOT (DyHKIIT MiOKap/ia J1iBOro
IUTYHOYKA MIiCIIA TOEJHAHOTO BUKOPHCTAHHS TEPareBTHY-
HOI rinoTepMii 1 BBeneHHs anoreHHnx MCK.

MATEPIAJIA I METOAU JOCJIIIKEHHSA

Jocnimxenns Oyno mpoBeneHo Ha 90 6e3mopinHux Oi-
JMX 11ypax, Macoro 240-270 r Bikom 7 micsauis. Excriepu-
MEHTH MPOBEJICHI 32 periaMeHToOM, 3aTBepkeHnM Kowmi-
TeToM 3 Oioetnku IHCTHTYTY TpoOIeM KpioGiomorii
Ta KpiomenumHu HarioHanbHoi akagemii Hayk YkpaiHu,
SIKUE OYyI10 pO3p0o0JIeHO BiIMOBIAHO 10 «3arajbHUX MPHUH-
IIUITiB eKCTIICPIMEHTIB Ha TBapuHax», cxBayeHux 11 Hari-
OHaJIBHUM KoHrpecoM 3 Oioetuku (Kuis, Ykpaina, 2007)
1 Y3TO/DKEHUX 3 TOJIOKEHHIME «CBPONEHCHKOT KOHBEHITIT
3 3aXHCTy XpeOCTHWX TBApHH, IO BUKOPHUCTOBYIOTHCS
B CGKCIICpUMEHTAIBHUX Ta IHIIMX HAyKOBHX LIISIX»
(CtpacOypr, @paniis, 1986).

[HdapkT MioKkapaa BiATBOPIOBAIIH IUIIXOM IIEPEB’ I3KH
HU3X1HOT I'JIKH JIiBOT KOPOHApHOT apTepii Ha Mexki Bepx-
HBOT Ta cepeanboi TpeTuHu cyaunau [9]. Cycnensito ao-
reHHUX KpiokoHcepBoBannx MCK mmamentd BBOAMIH
OIHOpPa30BO BHYTPIIIHHOBEHHO. TepaneBTHYHY Trirnorep-
Mmito (TT) mpoBomwIM B XOJNOMOBIH Kamepi MPOTATOM
60 xB mpu t° +4 °C [10].

[Ticnst monentoBanHst IM Bci TBapuHu Oy po3nopi-
neHi Ha 4 Tpynu mo 15 TBapuH y KOXHIiN: 1 — KOHTPOIb,
IM ©e3 nikyBanus; 2 — mypu 3 IM micnsa TT; 3 — mypu
3 IM Ta BBeaenusiM MCK; 4 — nypu 3 IM nicnst TT Ta BBe-
neraasM MCK. I'pyna Hopmu — 15 iHTaKTHUX TIypiB.

volume of the necrosis region after a heart attack and de-
creasing area of the connective tissue scar [3, 4].

On the other hand, therapeutic hypothermia within the
first hours after the onset of impaired blood flow in the
coronary arteries aids in reducing the metabolic rate in
cardiomyocytes and, accordingly, suppressing the forma-
tion of free radicals and inhibiting apoptosis [5, 6]. Hypo-
thermia is able to limit or prevent the development of
ischemia during episodes of impaired or complete ab-
sence of blood flow in organs due to reducing ATP con-
sumption and the need to provide oxygen to the tissues
which is essential for vital activity [7].

Assessment of hemodynamics of the heart and large
vessels is an important criterion for determining the fur-
ther strategy for patient management. One of the most
common non-invasive methods of studying the morpho-
logical and functional state of the heart is echocardio-
graphic examination, which makes it possible to reliably
assess the changes in contractility, myocardial geometry,
systolic dysfunction of the left ventricle (LV) in postin-
farction heart remodeling over time. Studying the veloc-
ity indicators of blood flow, the state of the aortic wall
(compliance and flexibility) [8] is of particular interest;
the characteristic of those ones indirectly indicate the
contractile function of the myocardium associated with
MI and influenced by various methods of treatment.

Purpose — performing and analysing Doppler sonog-
raphy of the ascending aorta in rats with experimental MI
in order to assess the systolic function of the left ventricu-
lar myocardium influenced by the combined use of thera-
peutic hypothermia and administering allogeneic MSCs.

MATERIALS AND METHODS

The study involved ninety 7-month-old outbred white
rats weighing 240-270 g. The experiments were run as per
the regulations approved by the Bioethics Committee of the
Institute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine, which were
developed in accordance with “General ethical principles of
experiments on animals”, adopted by the III National Con-
gress on Bioethics (Kiev, Ukraine, 2007) and confirmed
with the regulations of the European Convention for the
protection of vertebrate animals used for experimental and
other scientific purposes (Strasbourg, France, 1986).

Myocardial infarction was reproduced by ligating the
descending branch of the left coronary artery on the bor-
der of the upper and middle third of the vessel [9]. A sus-
pension of allogeneic cryopreserved placental MSCs was
injected intravenously once. Therapeutic hypothermia
(TH) was being performed in a cold chamber, 60 min
long at +4° centigrade [10].

After MI modelling, all animals were divided into 4
groups, represented by 15 animals each: 1 — control, MI
without treatment; 2 — rats with MI after TH; 3 — rats with
MI and MSCs administering; 4 — rats with MI after TH and
administering MSCs. The group with normal range values
enrolled 15 intact rats.
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Conorpadivuae JTOCTI/DKCHHS BHCXIJHOTO BIIITY
aopt Ha 7-my 1 30-Ty 100y micist nepeB’si3KH KOpOHap-
HOi aprepii MPOBOAMJIM Ha YIIBTPAa3ByKOBOMY E€XOTOMO-
ckormi  «Conomen 500» («CITEKTPOME/» Pocis)
y B-pexumi 3 epexrom Hommrepa (PW pexum) 3 BHKO-
pUCTaHHAM JTiHilfHOTO pmatumka 7,5L38 3 wacrororo
7,5MI'. Bi3dyanpHUM 1 aKyCTHYHHM METOAOM BHOH-
pas TOYKY 3 MaKCHMAaJIbHOIO IHTEHCHBHICTIO ayfIio- 1 Bi-
JICOCUTHAJY 1 peecTpyBald JiHIMHI (CHCTONIYHY Ta Iia-
CTOJIIYHY) HIBUAKOCTI KPOBOTOKY y BHCXIJHOMY BiJyIiii
aoptu (puc. 1). Ilporpamue 3abe3neueHHs amapara Jo-
3BOJISUIO B QBTOMaTHYHOMY PEKUMI BU3HAYATH 1HJEKC pe-
3ucteHTHoCTI (iHnekc I[lypcerno), mymbcamiiHui iHAEKC
(inpexc T'ocninra) Ta iHAEKC CHEKTPAIBHOTO PO3LIMPEHHS
(irmexc Crroapra) (Tabm. 1) [11].

Sonography of the ascending aorta on day 7 and day
30 after ligating the coronary artery was performed by
means of «Conomen 500» («CITEKTPOME]l», Russia)
ultrasound scanner in B-mode with Doppler effect (PW
mode) using a linear sensor 7.5L.38 with frequency of 7.5
MHz. The point with the max intensity of the audio and
video signal was selected by visual and acoustic method,
along with recording linear (systolic and diastolic) blood
flow velocities in the ascending aorta (Fig. 1). The device
software made it possible to automatically count the re-
sistivity index (Pourcelot index), pulsatility index (Gos-
ling index), and spectral expansion index (Stewart index)
(Table 1) [11].

The numeric data are presented in the form of “M +
m”, where M is the arithmetic mean, m (SE) is the

Puc. 1. Exokapuiorpadis mypa B Hopmi. B — pexxum (A) 3 edpexrom donmuepa (B)

Fig. 1. Echocardiogram of a rat under normal condition. B — mode (A) with the Doppler effect (B)

Tadauns 1. KinbkicHi mokasHuKH fonmuieporpadii BUCXiIHOTO BiILTy a0pTH

Table 1. Quantitative indicators of Doppler sonography of the ascending aorta

[Toxa3Huk ITo3nauenHst DopMmyia po3paxyHKy
Parameter Symbols Calculation formula
CucToniyHa MBUIKICTh, M/C Vs [TikoBa cHCTOJYHA MIBUIKICTH KPOBOTOKY
Systolic velocity, m/s Peak systolic velocity of blood flow
JliacTomiyHa MBUAKICTH, M/C vd MiHiMaibHa J1iacTOTIYHA MIBHIKICTE KPOBOTOKY
Diastolic velocity, m/s Minimum diastolic blood flow velocity
CepenHst LIBUAKICTD, M/C Vi CepeHst IBUIKICT KPOBOTOKY 33 CEPLEBHI LIUKIT
Mean velocity, m/s Mean velocity of blood flow over the cardiac cycle
Innexe Iypceno _
Pourcelot index RI RI=(Vs - Vd)/Vs
Inpnexc ['ocminra B
Gosling index Pl PI=(Vs - Vd)/Vm
Tugexc CT.}oap ra ISD ISD =Vs/Vd
Stewart index

Hudposi mani HaBeneni y Burwsimi «M £ m» (M +
SE), ne M — cepenne apupmernune 3HaueHHst, m (SE) —
CTaHJapTHA MOXHOKa cepeanporo apupmernyHoro. Cra-
THUCTUYHY OOpOOKY pe3ysbTaTiB MPOBOIMIN, BUKOPHUCTO-
Bytoun kputepiii Kpackema — Yosurica 3a J101OMOroro
naketa mporpam STATISTICA 10.0 («StatSoft», USA).

PE3YJIBTATH TA iX OBTOBOPEHHSI

IIpu mpoBenenni gommuieporpadii B MpoeKii BHCXia-
HOTO BIIIUTy aOpTH Yy HIypiB TPYIMH HOPMH PEECTPY-
BaJIM MariCTpaibHU{ THUII KPOBOTOKY, 0€3 reMOANHAMIYHO
3Ha4nMoi maTtonorii. 3a CTPYKTYpOIO BiH TpudasHHA —
CKJIAIA€ThCSl 3 TOCTPOTO CHCTOJIYHOTO MKy, PeTpOrpai-
HOTO ITIKy B II€pioJ] paHHBKOI JiacToNU (IIOB’SI3aHOTO 3 ap-
TepiaJbHUM pPe(IIOKCOM) 1 aHTeTrpagHOTO BiIXHUICHHS

standard error of the arithmetic mean. Statistical process-
ing of the outcomes was performed according to the
Kruskel — Wallis test by means of STATISTICA 6.0 soft-
ware package (StatSoft, USA).

RESULTS AND DISCUSSION

The main blood flow, without hemodynamically sig-
nificant pathology, was recorded on Doppler sonography
in the projection of the ascending aorta in rats of the
group with normal range values. It was three-phase in
structure, i.e. it consisted of acute systolic peak, retro-
grade peak during early diastole (associated with arterial
reflux) and antegrade deviation during mid-diastole. Rats

OpuriHanabHi JOCITiIKCHHS

62 Original research



VYkpaiHChbKHH pajionoriannii Ta oHkoJorigamid xkypHai. 2021. T. 29. Ne 1. C. 58-69
Ukrainian journal of radiology and oncology. 2021;29(1):58-69

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

B Iepion cepeaHboi maiacronu. [is mypiB XapakTepHUM
€ BEJIMKUI Iepernaj y MIBHIKOCTI KPOBOTOKY MPOTITOM
cepueBoro 1ukiny. CHCTONO-AIacTONIYHE —CITiBBiTHO-
meHHsa (ingekc Ctroapra) y HIypiB y HOpPMI CKIIaJaio
5,95 £ 0 ,48, mo B 2-2,5 pa3y MepeBHIIye BiAMOBIIHUI
MOKa3HUK JUTs ionuHu (tadm. 2) [11].

were characterized by a substantial drop in blood flow ve-
locity during the cardiac cycle. The systolic-diastolic ra-
tio (Stewart index) in rats of the group with normal range
values was 5.95 + 0.48, which was 2-2.5 times higher
than the corresponding indicator in humans (Table 2)

[11].

anud 2. KitbKicHI TOKa3HUKHA KPOBOTOKY B Ti IITYPIB HA 7-MY I MICIIS TIEpeB’ SI3KM KOPOHAPHOT apTepil
Tab 2. Ki CHI TTOKa3 0BOTO aopTi iB Ha 7 00y 1mic epeB’si3 OpOHAPHOI apTepii

Table 2. Quantitative indicators of blood flow in the aorta of rats on day 7 after ligating the coronary artery

[ToxazHuk Hopma IM (xoHTpOIIB) IM+TI IM + MCK IM + TT" + MCK
Parameter Normal range MI Control MI + TH MI + MSC MI + TH + MSC
Vs, m/c 2,43 +0,05 2,12+0,15' 2,68 +0,16"2 1,86 + 0,23 2,53+0,172

Vs, m/s
Vd, m/c 0,42 + 0,04 0,50 + 0,06 0,58 +0,07! 0,57 +£0,10! 0,51 £ 0,06
Vd, m/s
Vm, we 0,92 + 0,05 1,06 + 0,10 1,21+0,10' 0,95+0,12 1,19+0,12!
Vm, m/s
RI 0,82 +0,01 0,78 £ 0,01 0,79 £ 0,01 0,70 +0,03"2 0,80+ 0,01
PI 2,19+0,10 1,68 £ 0,07 1,83 +0,10' 1,37+ 0,09"2 1,90 +0,3
ISD 5,95+ 0,48 4,79 £ 0,32! 5,05+ 0,32! 3,59+ 0,29"2 5,20 +0,28'
Mpumirkn:

1 — BiIMIHHOCTI cTaTHCTUYHO A0cTOBIpHI (p < 0,05) y MOpiBHSHHI 3 IHTAKTHUMU TBapUHAMU;
2 — BIIMIHHOCTI CTaTUCTUYHO J0CTOBIpHI (p < 0,05) y MOpiBHSAHHI 3 KOHTPOIBHOIO IPYIIOLO.

Notes:

1 — differences are statistically significant (p < 0.05) in comparison with intact animals;
2 — differences are statistically significant (p < 0.05) in comparison with the control group.

Crpoku mpoBezeHHsT Jonmieporpadii aopTaibHOTO
KPOBOTOKY IIiCIIs IIepeB’sI3KW KOPOHAPHOT apTepii y mypis
(7-ma i 30-Ta noba) oOupanyu BiIOBITHO O PE3YJbTATIB
CKPUHIHTOBOTO €JIEKTPOKapIiorpadiqHoro J10CiiPKeHHS
Ta Y3-I0CHiDKEHHS, sIKe BiJI0Opa)aio mpomecH peMoie-
JoBaHHs cepu [12].

Ha 7-my o0y, To6T0 B roctpiii cranii nepediry IM,
€XOIOKa3HUKH BIII3EPKAJIIOIOTh MPOLEC MPHUCTOCYBAHHS
CepueBoro M’s3a 70 (DYHKIIOHAIBHOTO HABaHTAKCHHSI.
[TosiBa AisIHKK HEKPO3Y B CTiHMI J1iBoro nuryHouka (JIL)
ceplist IPUBOMIIA JIO OPYILIEHHs B TeMOJIMHAMIUHIN cHC-
Temi. JlocniypKeHHsS aopTajJbHOrO KPOBOTOKY IOKA3allo,
10 Ha 7-My 2100y micisl nepeB’sI3KM KOPOHApHOI aprepii,
y IIypiB BiIMIYaIHCh 3HIKCHHS MaKCUMAJIbHOT CHCTOJIY-
HOI IIBHMJKOCTI Ta TEHJCHIsI 10 3pOCTAaHHS AiacTOIIYHOT
MIBUKOCTI KpOBOTOKY. L1i 3MiHM BiOMBajINCh Ha Mylbca-
[IITHOMY 1H/IEKCI Ta CHCTOJIO-JIaCTONIYHOMY CIIiBBiIHO-
nieHHi (Tabu. 2). 3a ingekcoM [ocrinra 3a3Buyaii xapakre-
PH3YIOTh €aCTHYHICTh CYMHHOI CTIHKH, TOMY 3HW)KEHHS
myJbcaliiiHoro iHmexkcy Ha 23 % wmomio O CBimYUTH
PO 3MEHIIICHHS €JIaCTUYHOCTI CTIHKK aopTH. [Ipore iimo-
BIPHICTb PO3BHUTKY CTPYKTYPHHMX 3MiH Yy CTIHII CyIWH
y 11ypiB uepe3 7 ai0 micist mepeB’ s3Ku KOpOHapHOi aprepil
Jy’)ke HH3bKa. B yMOBaxX HaHOro €KCIIepUMEHTY MOXKHA
BBa)KaTH, [0 3HIKCHHS MYJIbCAIIMHOTO iHACKCY BiIIMOBI-
JIaJIo 3HIKEHHIO THCKY KPOBi Ha CTIHKY aOpTH 4epe3 OIH-
CaHe paHille 3MEHIICHHs! YIapHOTro 00’ €My, BUKIIMKaHOTO
nporecom pemonentoBanns JIIII [12], i omocepenkoBaHO
CBIYUTH PO HASIBHICTh CHCTONIYHOT AuchyHKI1. [H1eke
Crroapra 3MeHuryBascst Ha 19 %, 1110 Takoxx MOxe po3riis-
JIaTHCs SIK MIATBEPKEHHS PO3BUTKY y LIypiB KOHTPOJIb-
HOI TPYNH CHCTONIYHOI AUCOYHKIIT Ha 7-My 0Oy micis
niepeB’sI3KH J1iBOT KOPOHAPHOT apTepii.

VY rpymi 3 BUKOPUCTAHHSM TEPANEBTHYHOI TirnoTepmii
Ha 7-My 100y TiCIIsl TIepeB’si3KH J1iBOi KOPOHApHOI aprepii

The timing of Doppler sonography of the aortic blood
flow after ligating the coronary artery in rats (day 7 and
day 30) was selected according to the findings of screen-
ing electrocardiographic studies and ultrasonography pre-
senting the processes of cardiac remodeling [12].

On 7 day, i.e., at the acute stage of myocardial infarc-
tion, the echocardiography indices reflect the process of
adaptation of the heart muscle to the functional load. Ap-
pearing necrosis region in the wall of the left ventricle
(LV) of the heart led to a disturbance in the hemodynamic
system. The study of aortic blood flow showed that on
day 7 after ligating the coronary artery in rats, there was a
decrease in the max systolic velocity and a tendency to
increasing diastolic blood flow velocity. Those changes
affected the pulsatility index and systolic-diastolic ratio
(Table 2). The Gosling index is usually used to character-
ize the compliance of the vascular wall; therefore, de-
creasing pulsatility index by 23 % could indicate de-
creased compliance of the aortic wall. However, the
probability of developing structural changes in the vascu-
lar wall in rats on day 7 after coronary artery ligation is
very low. Under the experiment, we could conclude that
decreasing pulsatility index corresponded to decreasing
blood pressure on the aortic wall through the previously
described reduction in stroke volume caused by the pro-
cess of LV remodeling [12], and indirectly indicated sys-
tolic dysfunction. The Stewart index was decreased by
19 %, which could also be considered as confirmation of
the development of systolic dysfunction in rats of the
control group on day 7 after ligating the left coronary ar-
tery.

The group exposed to therapeutic hypothermia on day
7 after ligating the left coronary artery showed increased
peak systolic velocity vs the control group by 26 %, vs the
group with normal range values by 10 % (Table 2). At the
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(ikcyBajgM 30UIBIICHHS IMIKOBOI CHCTOJIYHOI IIBHKOCTI
BITHOCHO KOHTPOJIO Ha 26 %, BIAHOCHO TPYIH HOPMH —
Ha 10 % (tabn. 2). IIpm mpoMy croctepirayiu i 3011b-
LIEHHST MiHIMaJILHOI J1lacToONYHOI mBHKOCTI Ha 38 % Bix-
HOCHO HOpMH. [ lynbcariiifHmii iHAeKC 1 CHCTOIO-1acTOIYHe
CHiBBigHOIICHHs Oymu BimmoBimHO Ha 17 % 1 Ha 15 %
HIDKYE HOPMH Ta JOCTOBIPHO HE TIEPEBHUIILYBAJIN MTOKa3HUKU
KOHTpONBHOI rpynu. OTxe, 3a IMMU JaHUMH HE MOXHA
CTBEpIKYBATH, IO BUPAKCHICTh CHUCTONIYHOI TUCHYHKIIT
y IIypiB i€l rpynu Oyja MEHIIOK B MOPIBHSHHI 3 KOHT-
ponpHOIO TpyToto. Lle# pesynsTar BiAoBigae JaHUM, OTPH-
MaHHM y HallloMy ITOIIepeTHEOMY JIOCIIJDKEeHHI, Jie OyII0 1m0-
Ka3aHo, 10 (PaKIliss BUKHIY y LIypiB TPYNH 3 BUKOPHUC-
TaHHSM TEePANeBTUYHOI TIMOTEPMIii JJOCTOBIPHO HE BiIPi3HS-
Jacsi Bi KOHTpOibHOI rpymu [12]. Takum 4gmHOM, camo-
CTilfHE 3aCTOCYBaHHsI TEpaNeBTUYHOI TiNoTepMmii sIK CIIo-
coly, MmO 3HWKYE METa0ONuHI TPOIeCH B MiOKapi,
HE J03BOJISIE 3aMI00ITTH PO3BUTKY CHCTOMIYHOL TUC(YHKITII.

Haiibinbin BHpakeHi 3MIHM apXiTEKTOHIKM Ceplis,
a came TinepTpodiro MioKapaa 1 AWIITAI0 TOPOKHUH
cepiis, BimiueHo B rpymi 3 BukopructanusiM MCK Ha ¢oHni
excriepumenTanbHoro IM [12]. Bigbutku 3miH reomeTpii
cepllsl 3HAXOAWIH 1 Tpu Aonruieporpadii BUCXiAHOTO Bif-
Jiny aoptd. Y il rpymi Ha 7-My 100y micist mepeB’si3Ku
J1iBoT KOPOHAPHOI apTepil peecTpyBaM HAWHWKIUH MOKa3-
HUK IiKOBOI CHCTOJIIYHOI IBHIKOCTI, sIKMiA OyB Ha 23 %
i Ha 12 9% WMeHIIE HOPMH 1 KOHTPOJIO BiNIOBIIHO.
[pu boMy (hiKCyBa BUCOKHH MMOKa3HUK MiHIMAJIbHOT Ji-
aCTONIYHOI INBUIKOCTI, Ha 35 % Bume HOpMmH (Tabm. 2).
Tomy BiaMidany pi3Ke 3HIKCHHS OOYHCITIOBAIBHAX 1HICK-
CiB 1 B IEpIIy Uepry MyJbCaIliifHOTO iHACKCY, 10 B HAIIMX
eKCIIEPUMEHTaxX TOBOPHUTH IPO 3HIKEHHS TUCKY KpOBI
Ha CTIiHKY aopTtH. Crioctepirany piske IajiiHHS CHCTONO-Ii-
ACTOJIIYHOTO CITIBBIZHOIICHHS: Ha 39 % BIJIHOCHO HOPMH
1 Ha 25 % BiAHOCHO KOHTPONIBHOI TpymH (Tabm. 2). He 3Ba-
JKarO4M Ha TaKi, Ha MIEPIINH MOTI, aHOMAaJIbHI 3MiHU JIOTI-
ieporpa(iyHuX MOKA3HUKIB AaOpTH B IHA TPYyI, MIBHI-
KICTh CEpIeBOTO BHKHIY, II0 IOB’S3aHA 3 YyHApHUM
00’emoM, Oyma HaiiBumioro [12]. Tloka3HUKH HIBHIKOCTI
CEepLEBOTO IUKITY CBIYHIIN PO PO3BUTOK PEMOJICTIOBAHHS
JIII, ane 3aBasku rineprpodii 30epeskeHoro Miokapa pis-
KOTO TIa {IHHS CUCTONIYHOI TUCQYHKIIT HE BiAMIYAIIH.

VY rpymi 3 NOEJHAHUM BUKOPHUCTAHHSIM TEparieBTHY-
Hoi rinotepmii Ta atorearnx MCK Ha 7-my moOy micis
TIepeB’I3KM JTiBOT KOPOHAPHOI apTepii criocTepirain MiHi-
MaJlbHE BIIXWJICHHS TOKa3HHUKIB FEMOJITHAMIKH B1Jl HOPMH.
BinMideHo nuire 301TbIISHHST CEPEIHBOI MIBUIKOCTI KPO-
BOTOKY B a0pTi Ha 29 %, Ta 3HIKEHHSI CHCTOJIO-1acToNI4-
HOTO CHiBBiIHONICHHS Ha 12 % B MOPIBHSAHHI 3 BIAMOBI-
HUMHU TOKazHuKamu Hopmu (Tabm. 2). ToOTo moemaHaHe
BukopuctanHst MCK ta TI" n0o3UTHBHO BILUIUBAJIO HA FEMO-
muHAMIKy B aopti miypiB 3 IM. Ile BiamoBimae maHuM
PO Te, 10 HacOoCHA (DYHKIList MioKap/a B il Tpymi Ha 7-My
00y IiCIIs TIepeB’sI3KH JTIBOT KOPOHAPHOI apTepil KOMITCH-
coBaHa, 1 pemozemoBanns JILII BinOyBaeThest 3 MiHIMaIb-
HUMU 3MiHaMH apXiTEeKTOHIKK oprana [12].

[IpoBenenns nommreporpadivaoro gociimpkeHHs Ha 30-
Ty 100y MiCJIs TIEPEB’I3KH JIiBOT KOPOHAPHOI apTepii J03BO-
JIsI€ OLIHWUTH CTYHiHB cucTomiuHoi aucdynkii JIII, xomm
MIPOIIEC PEMOJIEIIIOBAHHS CEPLEBOIO0 M’si3a 3HAXOIHUTHCS
B 3aBepluabHIN (azi, Ha cTazil pyomtoBanHs [12]. Bunu-
Kae MOXKJIBICTD HA/IaTH TIPOTHO3 TIepediry 3aXBOPIOBAHHS.

same time, an increase in the minimum diastolic velocity
by 38 % vs the norm was also observed. The pulsatility
index and systolic-diastolic ratio were, respectively, 17 %
and 15 % below the norm and did not significantly exceed
the values of the control group. So, according to those
data, it could not be claimed that the severity of systolic
dysfunction in rats of that group was less than in the con-
trol group. This finding is consistent with the data obtained
in our previous study showing that the ejection fraction in
rats of the group using therapeutic hypothermia does not
significantly differ from the control group [12]. Thus, be-
ing used independently, therapeutic hypothermia as a
method reducing metabolic processes in the myocardium,
does not prevent the development of systolic dysfunction.

The most pronounced changes in the architectonics of
the heart, namely myocardial hypertrophy and dilatation
of cardiac cavities, were observed in the group with ad-
ministering MSCs associated with experimental MI [12].
The changes in the geometry of the heart were also de-
tected on Doppler ultrasonography of the ascending aorta.
In this group, on day 7 after ligating the left coronary ar-
tery, the lowest peak systolic velocity was recorded,
which was 23 % and 12 % less than the norm and the
control, respectively. At the same time, a high value of
minimum diastolic speed was recorded, 35 % above the
norm (Table 2). Therefore, a sharp decrease in the compu-
tational indices and, first of all, the pulsatility index was
noted; in our experiments, it indicates a decrease in blood
pressure on the aortic wall. A sharp drop in the systolic-
diastolic ratio was observed: by 39 % vs the norm and by
25 % vs the control group (Table 2). Despite such, at first
sight, abnormal changes in the Doppler parameters of the
aorta in this group, the rate of cardiac output associated
with stroke volume was the highest [12]. The values of
the cardiac cycle velocity suggested the development of
LV remodeling, but due to hypertrophy of the preserved
myocardium, a sharp drop in systolic dysfunction was not
noted.

In the group with the combined use of therapeutic hy-
pothermia and allogeneic MSCs, on day 7 after ligating
the left coronary artery, a minimal deviation of hemody-
namic parameters from the norm was observed. There
was only an increase in the average blood flow velocity in
the aorta by 29 %, and a decrease in the systolic-diastolic
ratio by 12 % compared to the corresponding values of
the norm (Table 2). That is, the combined use of MSCs
and TH had a positive effect on hemodynamics in the
aorta of rats with MI. This is consistent with the data that
the pumping function of the myocardium in this group is
compensated on day 7 after ligating the left coronary ar-
tery, and left ventricular remodeling occurs with minimal
changes in organ architectonics [12].

Doppler study on day 30 after ligating the left coro-
nary artery makes it possible to assess the degree of LV
systolic dysfunction, when the process of heart muscle re-
modeling is in its final phase, at the stage of scarring [12].
It becomes possible to provide a prognosis for the course
of the disease.

According to Doppler ultrasonography in the control
group on day 30 of the experiment, a significant decrease
in the peak of systolic velocity was noted: 1.9 times vs the
norm and 1.7 times vs the previous observation period
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3a nanumMu pommuieporpadii B rpymi koHTpouto Ha 30-
Ty 100y SKCIIEPUMEHTY BifMiYalii 3HAYHE 3HWKCHHS ITIKY
cHCTONYHOI MBHAKOCTL: B 1,9 pazy mo BiIHOIICHHIO
JI0 TIOKa3HMKa HOpMH Ta B 1,7 pa3y 1o BiJHOLIEHHIO JIO 110~
MEPETHHOTO CTPOKY CIoCTepekeHHs (Tadin. 3). 3HMKyBa-
JIFCh TaKOXK MiHIMalTbHA JIIaCTONIYHA Ta CEPEIHS IITBHIKO-
cTi, BigmoBixHO Ha 24 % i Ha 30 % 10 HOpMH. SIK HACTIIOK,
mynecanifauii iHaekc OyB 3MeHmIeHuid Ha 25 %, a cuc-
TOJIO-JIaCTOJIIYHE CITiBBiIHOIICHHS OyJI0 Ha PiBHI Momnepen-
HBOTO CTPOKY CIOCTepexeHHs . I[li 3MiHM  CBiTUMIn
npo nporpecyBanHsi cuctoiunol aucdynkiii JIUI y nrypis
i€l rpyIH, 10 BiANOBIIANIO 3aHU3bKOMY MOKa3HUKY (pak-
wii Bukuay [12]. TIporHo3 po3BHTKY ceprieBoi HemocTar-
HOCTI Y LIypiB L€l rpyny HECHPHSTIMBUA.

Ha 30-ty no0y micis nepeB’si3KM KOpOHapHOI aprepil
B Tpyni 3 BUKopHcTaHHAM TI' MakcMMaibHa CHCTOJIYHA
MIBUAKICT KPOBOTOKY Oyna Ha 20 % MeHme HopMw,
ajie JOCTOBIPHO OUIbIIE MOKAa3HMWKA KOHTPOJIBHOI I'PYITH
(ma 51 %) (tabm. 3). Bigmosinuo ingexc [ocminra GyB
Ha 19 % Ounpme xkoHTpOmo. Lli 3MiHM XapakTepHCTHK
KPOBOTOKY y BUCXITHOMY BiAIiJIi aOPTH CBiAYaTh MPO MO-
CTYIIOBE BiJHOBJICHHS CHCTOJIIUHOI (DyHKIIT, 110 CriBma-
Jiae 31 3poctaHHsM (paxiii BUKUIy B 1id rpymi [12].

Y rpyni 31 BBeaenHsM MCK makcumalibHa CHCTO-
JYHa MIBHMJKICTH Y BUCXIZHOMY Biaaini aoptu Ha 30-Ty
00y eKCIepUMEHTY 30UbIyBaiack Ha 17 % BiIIOBITHO
JI0 TIOTIEPETHROTO CTPOKY CrocTepekeHHs (Tadm. 3). [ia-
CTOJIIYHA Ta CepelHs MIBUAKOCTI, CHCTONO-A1acToNivHe
CHIBBITHOIICHHS HE BiPi3HINCH BiJ TOKa3HUKIB HOPMHU.
[ToxasHuk mysbcaniifHoro iHaekcy Bupic Ha 32 % B 10-
PIBHSHHI 3 TIOMEPEAHIM CTPOKOM CIIOCTCPEKEHHS,
npore Oys Ha 18 % HmX4IMM 3a HOpMY. BinHoBneHHs Ji-
HIMHUX MIBUAKOCTEH a0pTaIbHOTO KPOBOTOKY B il TPYIIi
KOPEJIIOE 31 BCTAHOBJICHHUM paHIIIC 30UTBIICHHAM ymap-
HOMY 00’emy [12] 1 TakoX MOXKE CBITYUTH IPO BiIHOB-
JICHHS] CKOPOTJIMBOI (yHKLIT Miokap/a.

VnpTpacoHorpadiuHi 10CiIKEHHsT KPOBOTOKY B aOpTi
3 BUKOpHCTaHHAM edekry Jlommiepa BkasyBano Ha Te,
10 TIO€JHAHE BUKOPHCTaHHS TEPANEBTUYHOI TiloTep-
Mii Ta BBerieHHs atoreHHnX MCK Haifkparie cripusiio Biji-
HOBJIeHHIO cucTonmivnoi ¢ynkmii JIII y mopiBHSIHHI
3 KOHTPOJILHOIO Ta IHIIUMH EKCHEPUMEHTAIbHIMHU

(Table 3). The minimum diastolic and average velocities
also decreased, respectively, by 24 % and 30 % vs the
norm. As a result, the pulsatility index was reduced by
25 %, and the systolic-diastolic ratio was at the level of
the previous observation period. Those changes indicated
the progression of LV systolic dysfunction in rats of this
group, which corresponded to too low ejection fraction
[12]. The prognosis for the development of heart failure
in rats of this group is unfavorable.

On day 30 after ligating the coronary artery in the
group undergoing TH, the maximum systolic blood flow
velocity was 20 % less than the norm, but significantly
more than the value of the control group (by 51 %) (Table
3). Accordingly, the Gosling index was 19 % higher than
the control. These changes in the characteristic of blood
flow in the ascending aorta indicate a gradual restoration
of systolic function, coinciding with an increase in the
ejection fraction in this group [12].

In the group with administering MSCs, the maximum
systolic velocity in the ascending aorta on day 30 of the
experiment increased by 17 % in accordance with the pre-
vious observation period (Table 3). The diastolic and
mean rates of the systolic-diastolic ratio did not differ
from the normal values. The indicator of the pulsatility
index increased by 32 % compared to the previous obser-
vation period, but it was 18 % below the norm. The resto-
ration of the linear velocities of aortic blood flow in this
group correlates with the previously established increase
in stroke volume [12] and may also indicate the restora-
tion of myocardial contractile function.

Ultrasonography of the aortic blood flow using Dop-
pler effect indicated that the combined use of therapeutic
hypothermia and administering allogeneic MSCs better
aided in restoring LV systolic function compared to the
control and other experimental groups (Table 3). The ab-
solute values of velocity and the indices calculated on
their basis did not differ statistically significantly from
the values of the norm.

Tadauns 3. KinbkicHi HOKa3HUKK KPOBOTOKY B a0pTi 1rypiB Ha 30-Ty 100y micis epeB’si3ku KOpoHapHOT aprepil

Table 3. Quantitative indicators of blood flow in the aorta of rats on day 7 after ligating the coronary artery

IToxa3nuk Hopma IM (xoHTpOIB) IM+TI IM + MCK IM+TI' + MCK
Parameter Normal range MI Control MI + TH MI + MSC MI + TH + MSC
Vs, m/c 2,43£0,15 1,27 £0,14! 1,92 £0,23'2 2,180,172 2,17+0,122
Vs, m/s
vd, wle 0,42 = 0,04 0,32 % 0,09" 0,38+ 0,07 0,43 + 0,05 0,40 + 0,042
Vd, m/s
Vim, w/e 0,92 + 0,05 0,64 +0,10! 0,82 +0,12* 0,99 + 0,122 0,84 +0,07%
Vm, m/s
RI 0,82 +0,01 0,76 + 0,05! 0,81 + 0,022 0,80 + 0,022 0,82 + 0,022
Pl 2,19+0,10 1,63 +0,29! 1,95+0,13"2 1,81 +0,15"2 2,44 + 0,202
ISD 5,95+ 0,48 4,96 + 0,94 5,41 +0,46> 5,21+ 0,43% 5,68 + 0,647
Mpumitkn:

1 — BiAMiHHOCTI cTaTUCTHYHO NOCTOBIpHI (p < 0,05) y MOpiBHSAHHI 3 IHTAKTHUMH TBapHHAMU;
2 — BIIMIHHOCTI CTaTHCTHYHO HOCTOBipHI (p < 0,05) y MOPIBHSHHI 3 KOHTPOJIEHOO TPYIOIO0.

Notes:

1 — differences are statistically significant (p < 0.05) in comparison with intact animals;
2 — differences are statistically significant (p < 0.05) in comparison with the control group.
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rpynamu (Tadin. 3). AOCOMIOTHI TTOKa3HUKU IBUIKOCTEH,
Ta pO3paxoBaHi HA X OCHOBI IHAEGKCH CTaTUCTUYHO 3HA-
YyIIie He BIIPI3HSINCH BiJ] TOKa3HUKIB HOPMH.

BUCHOBKH

1. JommureporpadiuHa omiHKa CHCTOMIYHOI Ta AiacTo-
JYHOI MIBUAKOCTEH KPOBOTOKY Y BHUCXITHOMY BiIILTI
AO0PTH IIYpiB 3 EKCIIEPUMEHTAIEHIM 1H(APKTOM MioKap/a
JI03BOJISIE OTTOCEPEIKOBAHO 3a(iKCyBaTH HAasBHICTH Ta CTY-
MiHb CHUCTOMIYHOI JUC(YHKIT JTIBOTO IMIIYHOYKA 1 3Mii-
CHIOBAaTH JIMHAMIYHHMN KOHTPOJIb 332 CKOPOTIMBOIO (DYHK-
1ifo Miokapaa Ha (oHi iHpapKTYy.

2. Po3Burok iH(ApKTYy Miokapaa y IIypiB Micis
TepeB’sI3KM JTiBOT KOPOHAPHOI apTepii (Tpyma KOHTPOIIO)
CYIPOBO/KY€ETHCSI BMCHIIICHHSIM BiTHOCHO HOPMH IOKa3-
HUKIB TEeMOIUHAMIKH B aOPTi MPOTITOM YCHOTO CTPOKY
crioctepexenHs, 10 30-i noou.

3. BronuB anorennnx MCK Ha mporec pemonento-
BaHHS Ceplis LIypIB Micisl NepeB’si3KU JIiBOI KOPOHAPHOT
apTepii TpPOSBIAETbCA Ha CTafdii PO3BUTKY 3alajeHHS
(7-ma noba eKCHmepWMEHTy) aHOMalbHO HHU3BKUMHU
(HMK4e KOHTPOIIO) TMOKA3HMKAMH KPOBOTOKY B aopTi
3 MOBHUM BIJHOBJICHHAM TeMoauHaMmiku Ha 30-Ty 100y
EKCIICPUMEHTY (CTaist pyOIFOBaHHS).

4. TloemHaHe 3aCTOCYBaHHS TEPAIeBTHYHOI Tirmorep-
Mii 31 BBeieHHsM anoreHHrnx MCK micis mepeB’si3ku Jii-
BOi KOPOHAPHOI apTepii CHpHsie MIATPUMAHHIO TTOKa3HHU-
KiB TEMOJMHAMIKH y BUCXIJHOMY BiITiJli aOpTH Ha PiBHI,
ONMM3BKOMY J0 HOPMH, SIK TiJT 9ac TOCTPOi a3l pO3BUTKY
iH(papKTy MioKap/a, Tak i Ha cTajii pyOIlOBaHHS.
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CONCLUSIONS

1. Dopplerographic assessment of systolic and dia-
stolic blood flow velocities in the ascending aorta of rats
with experimental myocardial infarction makes it possi-
ble to indirectly record the presence and the degree of
systolic dysfunction of the left ventricle and follow up the
contractile function of the myocardium associated with
ML

2. Development of myocardial infarction in rats after
ligating the left coronary artery (control group) is accom-
panied by a decrease, in relation to the norm, in hemody-
namic parameters in the aorta during the whole observa-
tion period, up to day 30.

3. The impact of allogeneic MSCs on the process of
remodeling the heart of rats after ligating the left coro-
nary artery was evident on day 7 (acute stage of myocar-
dial infarction) via abnormally low (below control) blood
flow in the aorta with complete hemodynamics restoring
on day 30 of the experiment (stage of scarring).

4. The combined use of therapeutic hypothermia with
administering allogeneic MSCs after ligating the left cor-
onary artery aid in maintaining hemodynamic parameters
in the ascending aorta at a level close to the normal range,
both during the acute phase of myocardial infarction and
at the stage of scarring.
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IlepcneKTHBY MOAANBININX AOCTiTKEHD

[epcriekTHBHUMU € TTOIAIBII O10XIMIYHI TOCIIKCHHS
CHpPOBATKH KPOBI LIypiB ITi/{ BIUTMBOM TEPANIEBTUYHOT T'iIT0-
tepMii Ta BBeneHHssM MCK na mozeni iH(apkTy Miokapnia
JUISL OL[IHKH JISCTPYKTHBHUX Ta BiIHOBJIIOBAJIBGHUX IIPOLIE-
ciB y Miokap/i. Bu3HaueHHsT akTHBHOCTI IIUTOII3Y Ta Kpea-
TUHIHKIHa3n MB-(pakitii 103BOMUTE MPOCTSKUTH JHHA-
MIKy PO3BHUTKY iH(papKTy MiOKap/a Ta JOMOMOXKE TOIAaTKOBO
oxapakTepr3yBaTé (yHKIF0 Miokapaa Ha (oHI Tepames-
TUYHHUX 3aXO0/IB.

KonduiikT inTepecis
ABTOpH 3asIBISIIOTH PO BIJCYTHICTH KOH(IIKTY iH-
TepeciB.

Indopmanis npo pinancyBaHHS
Pobora ¢inancyerbess Bumarkamu JlepskaBHOTO OF0-
JUKETy YKpaiHu.

Tlonsika

Bucnosmoemo monsky 'amni MwukomaiBai CBiTiHIH,
HayKOBOMY CITIBPOOITHHKY [HCTHTYTY KIIITHMHHOI Teparii,
M. KuiB, 3a 1oriomMory B oTpuMaHHI KyJIbTypH IUIaleHTap-
HUX ME3CHXIMAJIbHUX CTPOMABHUX KIIITHH IIyPiB.

Prospects for further research

A further biochemical study of rat blood serum after
therapeutic hypothermia and administering MSCs associ-
ated with myocardial infarction in order to assess destruc-
tive and restorative processes in the myocardium has
great potential. Determining the cytolysis activity and
creatinine kinase-MB fraction will make it possible to
trace the development of myocardial infarction over time
and additionally characterize the function of the myocar-
dium in the setting of therapeutic measures.
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PE3IOME

HesBakaroun Ha BHCOKY i1H(OPMATHBHICTH, CITlipajbHa KOMII IOTEpPHA
ToMorpadiss Ha IEH Yac € JOAaTKOBUM, HE OOOB’SI3KOBUM JOCIIIKCH-
HSM Ta HE BXOIWTH JI0 BITYM3HSHUX 1 3aKOPAOHHUX IPOTOKOIIB IEpeo-
nepariitHoro 00CTEIKCHHSL.
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Meta po6OTH — BH3HAYMTH JOLUIBHICTH CIIPAJBbHOI KOMIT FOTEPHOI TO-
Morpadii y KOMILICKCI IepeaonepariiHoro 00CTeKEeHHS Mali€HTIB i3 BeH-
TpaJbHUMHU TPHKAMHU.

Marepiaau Ta metonu. IIpoananizoBaHi pe3ynsTaTi 00CTeKESHHS 35 mari-
€HTIB, SKi JIIKyBaJHCh Ha 0a3i Xipypriunoro BiggineHas KomyHansHOTO He-
KOMEPIIIHHOTO IMiImprHeMcTBa XapKiBCbkoi oOmacHOi pamu «ObmacHa Kimi-
HiyHa JikapHs» npotsrom 2018-2019 pp. 3 npuBOAY BEHTPATBHUX TPIIK.
Yei XBopi orepoBaHi Micis 3iiicHEHHsT 000B’SI3KOBHUX Ta JIOJATKOBUX JI0-
CJIJDKEHb 3T1THO 3 YMHHMMH HAacTaHOBaMH. JIOMAaTKOBUM JOCIIJDKEHHSIM
y BCIX MAIli€HTIB Oyiia cripajibHa KOMIT 1oTepHa Tomorpadis. [Ipoanarmizo-
BaHO YaCTOTY BUSIBJICHHX HA KOMII IOTEpHIil ToMorpadil Ta miaTBepIKeHHX
NP ONEPATUBHOMY BTPYYaHHI CUMIITOMIB.

Pe3yabraTu Ta iX 00roBopeHHsi. bijblIicTh BHUSBJICHHX IIiJi 4aC TOMO-
rpaiYHOTO JOCITIKEHHS O3HAK, sSIKI CTOCYHOTBCS ITOEIHAHOI abmoMi-
HaJBHO{ TATONOTii, MTOBHICTIO MiATBEPIPKEHI MPHU JAMapOCKOIYHIA peBi-
311 yepeBHOI MOPOKHUHU Ta Manoro taza. OcoOnuBy IIHHICTH CHipanbHa
KOMIT'IOTepHa ToMorpadis Maja y MAIli€eHTiB i3 KIHIYHAM [1iaTrHO30M
XpOHIYHOTO ameHAunuTy. [1ig Yac OmiHKM BEHTPaJIbHOI TPHKI BIAIOCS
YiTKO BU3HAYUTH HE TUTBKU ii BMICT Ta PO3TallyBaHHS BiTHOCHO OLI01
JiHii XKMBOTA, aje W J0 omepamii BU3HAYUTH HIMPHUHY Ta JIOBXUHY TPH-
JKOBHX BOPIT Ta OOCST T'PHIKOBOTO MiIIKa 3 €BEHTEPOBAHMMH OpraHaMH.
Ha BiaMiHy Bif yiasrpacoHOrpadiqyHOTO NOCHIPKEHHS, KOMIT IOTEpHa TO-
Morpadis Ja€ MOXIUBICTh PETENbHO OLIHUTH PO3MIp T'PHUKOBUX BO-
piT Ta cTaH M’S130BO-aIlIOHEBPOTUYHOI'O IIAPY NEePEIHBOT YePEBHOT CTIHKH.
He MeHIII BayXJIMBOIO € AiarHOCTHKA MOE€IHAHOT aOA0MIHATBHOI TaTOJIOT I,
y TOMY YHCJIi OHKOJIOT1YHOI, SIka HE Ma€ KIIHIYHUX TIPOSBIB, alleé TaKOX
noTpedye XipyprigHoro JiKyBaHHS.
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BucnoBku. CnipangpHa KoMm’'ioTepHa ToMorpadiss B KOMIUICKCI Mepen-
OTIepaIifHOTO OOCTEeKCHHS TAIE€HTIB i3 BEHTPAaJbHUMH TPIDKaAMU JI03BO-
JIsie OTPUMATH KOPHCHY iH(POPMAIIiF0 CTOCOBHO aHATOMIYHUX 0COOIMBOCTEH
BEHTPAJIFHOI TPIKi Ta MOEIHAHOI a0IOMiHATIBHOI MMATOJOTIi, 0 MOTpedye
xipypriudoro mikyBaHHA. OTpumana iH(OpMAIls IO03BOJNSE CIUIAHYBaTH
ONTHMAaJbHUK BUJI TEPHIOIUIACTUKH BEHTPAIBHOI IPYKI Ta CHMYJIBTaHHY
orepailito. PekoMeHI0BaHO BIIPOBaKEHHSI CIHIpPaJbHOI KOMIT FOTEPHOI TO-
Morpadii B CTaHIApTHUIN TPOTOKOJ J0OIEPAIIHHOIO 00CTEKCHHS TAIlIEHTIB
13 BEHTPAJIBHUMH IPHIKAMH.

ABSTRACT

In spite of a high informative value, spiral computed tomography is cur-
rently an additional optional examination and it is not included in domes-
tic and foreign preoperative examination protocols.

Purpose — assessing the feasibility of spiral computed tomography in the
complex of presurgery examination of patients with ventral hernias.
Materials and methods. The paper deals with analyzing the diagnostic
findings of 35 patients with ventral hernias treated at Surgery Department
of Municipal Non-Commercial Enterprise of Kharkiv Regional Council
“Regional Clinical Hospital” during 2018-2019 period. All patients were
operated on after compulsory and additional examinations according to the
existing guidelines. Spiral computed tomography was an additional exami-
nation for all patients. The frequency of symptoms detected by means of
computed tomography and confirmed during surgery was analyzed.
Results. Most of the signs revealed during tomography and associated
with the combined abdominal pathology, were completely confirmed by
laparoscopic exploration of the abdominal cavity and pelvis. Spiral com-
puted tomography was of particular value in patients clinically diagnosed
with chronic appendicitis. When assessing the ventral hernia, it was pos-
sible not only to clearly determine its content and location towards the ab-
dominal line, but also, before surgery, to calculate the width and length of
the hernia gate and the volume of the organs in hernia sac. Unlike ultraso-
nography, computed tomography makes it possible to thoroughly evaluate
the dimensions of the hernia gate and the state of the muscular aponeu-
rotic layer of the anterior abdominal wall. Not least important is diagnos-
ing the combined abdominal pathology, including the oncological one,
which has no clinical manifestations but still has to be exposed to surgery.
Conclusions. In the complex of preoperative examination of patients with
ventral hernias, spiral computed tomography provides useful information
on the anatomical features of ventral hernia and the combined abdominal
pathology that requires surgical intervention. These data aid in planning a
favorable type of hernioplasty of ventral hernia and simultaneous surgery.
Spiral computed tomography is recommended to be added to the standard
protocol of presurgery examination of patients with ventral hernias.
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3B’s130Kk po00TH 3 HAYKOBMMH NIPOrpaMaMH, IJIaHAMH
i TeMamu

PobGota BHKOHaHA B paMKax IIAHOBOT HAyKOBO-JOCIIi/I-
HOi poOoTH XapKiBCHKOTO HAIlIOHAIIEHOTO MEIUYHOTO YHi-
BepcuteTy «Po3poOka XipypriyHHX TEXHOJOTIH JiarHOC-
THKH 1 JIIKYBaHHsI 3aXBOPIOBAHb Ta TPABM OPraHiB TPaBHOT
CUCTEMH 3 BUKOPUCTAHHSM TiOpHIHHX (BiIKPUTHX Ta MiHi-
IHBa3WBHUX) OIlleparii» (HOMep IepiKaBHOI peecTparlil:
01190002909, npuknagaa, Tepmin BukoHaHHS: 01.2018—
12.2022 pp., KepiBHHK — JOKTOp MEIUYHUX HayK, Ipode-
cop boiixo B. B.).

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
planned research project of Kharkiv National Medical
University “Development of surgical technologies for di-
agnosis and treatment of the GI tract diseases and dam-
ages via hybrid (open and miniinvasive) surgeries” (state
registration No: 01190002909, applied, period for perfor-
mance: 01.2018-12.2022, led by Doctor of Medical Sci-
ence, Professor Boiko V.V.).
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BCTYII

VY crpykTypi abmoMiHaIBLHUX XIpYpridHHX 3aXBOPIO-
BaHb OJTHE 3 TIPOBIIHUX MICIb 3aiIMArOTh BEHTPATbHI TPHXKI.
[NamieHTH 3 BEHTPAIPHUMHU TPIDKAMH JIy)KE PI3HSITHCS
32 0COOJIMBOCTSMH OCHOBHOI TArToyorii (MeXaHi3M BHHUK-
HEHHSI, JIOKATI3alis, BeIMIMHA TPIKOBUX BOPIT Ta TPIKO-
BOT'O MIIITKA, CTaH MICIIEBUX TKAHWH Ta HAsIBHICTh MICIIEBHX
1 CHCTEMHHX YCKJIQIHEHbB), AKi BIUIMBAIOTH Ha Oe3moce-
PEmHI Ta BiAgaIeH] pe3yabTaTy XipypriyHoro JiKyBaHHS [1].
Jnst 1iaHyBaHHSL ONTUMAJIBHOTO METOJy T'e€pHIOIUIACTHKU
HEeoOXiZlHa MakCHMalbHO 00’€KTHBHA IiepesonepariiiHa
OLIIHKA aHATOMIT TPUXKI, [0 HE 3aBKIW MOXKJIMBE 32 JIOII0-
MOT0I0 (PiI3UKAITBEHOTO JOCIIPKEHHSI.

B ocTanHI poK# B KOMIUICKCI TIEPEIoTepariiHoro oocre-
YKEHHSI 32CTOCOBYETBCSI METOJ CITIPAILHOI KOMIT FOTEPHOI TO-
Morpadii (CKT). CKT mo3Bosisie OMIHUTH aHATOMIYHY JIOKa-
JI3aI1iF0 TPYIKi, BMICT TPIYKOBOTO MIIIIKA, PO3MIp TPHIKOBOTO
nedexry, o0csAT eBEeHTEpOBAHMX OPraHIiB Ta 0araro iHIIMX
TTOKa3HUKIB, SKI HEOOXITHO BPaxOByBaTH I Yac TepHIO-
IUTACTUKH [3, 4].

[I1e omgaMM [y’Ke BaXXJTMBUM aCHEKTOM JIKyBaHHS Marli-
€HTIB 13 BEHTPAILHUMH TPIKAMH € HASBHICTb CYMYTHbOT
HaToJIoril, 30KpeMa 3aXBOPIOBaHb, 110 MOTPEOYIOTh Xipyp-
rigHoro JiikyBaHHsl. CUMyJIbTaHHE JIIKyBaHHsI KOMOPOiIHOT
xipypriunoi narosorii HaOyBae Bce OLIBIIOrO PO3MOBCIO-
JDKEHHSI, 0COOJIMBO ITICIIsl BIIPOBA/KEHHSI HOBUX €HJIOBIIE0-
CKOIMYHUX TexHOuorii [5, 6]. Taki omeparii HE0oOXiTHO
TUTAHYBATH, JJIs 9OTO TTOTPIOHE peTerbHe TIepeonepaiine
nocmimkeHHs. [{imkoM 0OTrpyHTOBaHMM METOIOM JOCITi-
JDKEHHSI [UTs OLIHKH CTaHy BHYTPILIHBOYCPEBHUX Ta M03a-
YepeBHUX OpraHiB i opraHiB Mainoro Ttaza € CKT. Ane, He-
3Ba)kKarouM Ha BHUCOKY iH(popmaTtuBHicTh, CKT Ha meii gac
€ JIOMATKOBMM HEOOOB’S3KOBMM HOCIIIKEHHSAIM 1 HE BXO-
JIMTh JIO BITYM3HSHHUX Ta 3aKOPJIOHHUX IIPOTOKOJIB IEpe-
OIepariiHoro 00CTEKEHHSI.

Meta po6oTH — BU3HAUYUTH JOLIIBHICT CIipajbHOL
KOMIT'10TepHOI ToMorpadii y KOMIUIEKC] mepeonepartii-
HOTO 00CTEXEHHS Nalli€HTIB 13 BEHTPAJIIbHUMH I'PHIKaAMH.

MATEPIAJIM TA METOAU JOCJIKEHHS

JocmipkeHHsT BUKOHAHO Ha 0a3i XipypriqHOro Bimi-
aeHHs KoMyHaJbHOTO HEKOMEpPLIHHOro IiIIpHEMCTBA
XapkiBcpKoi obmacHoi pamu «O0macHa KITiHIYHA JTIKApHID»
mpotsirom 2018-2019 pp. [IpoananizoBaHO pe3yIbTaTH Tie-
penonepamniifHoro o6cTe)KeHHs 35 MaIfieHTiB, ki OyIu roc-
TTaTi30BaHi sl INIAHOBOTO XiPYpPrivHOrO JIiKyBaHHS BEH-
TPAJIbHUX TPUK.

Cepenniii Bik marienris ckiagas 52,4 + 14,3 (Bix 28
1o 83 p.), cepen xBopux 21 (60 %) xinka Ta 14 4ooBi-
KiB (40 %). Y 16 (46 %) nawieHTiB 1iarHOCTOBAHO ITyII-
KoBy rpmxy, y 19 (54 %) — mnicnsonepauiiiny. Kpim
1[OT0, IIaTHOCTOBAHO CYITYyTHIO MATOJIOTIIO, 10 MOTpedy-
Bajia Xipypri4HOTO JIKyBaHHS: XPOHIYHUN aNCHIUIUT —
2 (6 %), TpmKy CTpPaBOXiTHOTO OTBOPY Jiadparmu
(rcon) — 5 (14 %), xopuanokam’ssHy xBopody (PKKX) —
15 (43 %), noOposKicHI 3axXBOPIOBaHHS Marku Ta/abo
npunaTtkiB Matku — 6 (14 %). ¥ 29 (83 %) Ttakox BHAB-
neHo oxupinHs 2-3 cr. (inaexc macu tina (IMT) Ginbine
25 xr/m?).

VY 28 (24 %) narieHTiB, KpiM IUTACTHKH BEHTPaJIb-
HOT IpUXKi, 3MIHICHCHO CUMYIIBTAaHHY OTEPAIIi0 3 IPUBOLY
KOMOPOITHOT 1aTOJIOT1: JTanapoCKONiYHy aneHIeKTOMIIO,

INTRODUCTION

Ventral hernias tend to prevail in the structure of ab-
dominal surgical diseases. Patients with ventral hernias
differ greatly in terms of underlying pathology features
(formation mechanism, location, dimensions of the hernia
gate and the hernia sac, local tissue state and local and
systemic complications) affecting the immediate and
long-term outcomes of surgery [1]. In order to plan a fa-
vourable method of hernioplasty, the highly objective
preoperative assessment of the hernia anatomy is essen-
tial, that is not always available via physical examination.

In recent years, spiral computed tomography (SCT)
has been applied in the complex of presurgery examina-
tion. SCT makes it possible to assess the anatomical loca-
tion of the hernia, the hernia sac content, the dimensions
of the hernia defect, the volume of organs in the hernia
sac and many other parameters that should be considered
during hernioplasty [3, 4].

Another key element of treating patients with ventral
hernias is occuring comorbidity, especially diseases that
require surgical intervention. Simultaneous treatment of
concomitant surgical pathology is becoming more com-
mon, particularly after introducing new endovideoscopic
technologies [5, 6]. The surgeries like those should be
planned along with thorough presurgery examination.
Quite reasonable diagnostic technique to assess the state
of intra-abdominal and extra-abdominal organs as well as
pelvic organs is SCT. However, despite being highly in-
formative, CT is currently an additional optional study
and it is not included in domestic and foreign presurgery
examination protocols.

Purpose — assessing the feasibility of spiral computed
tomography in the complex of presurgery examination of
patients with ventral hernias.

MATERIALS AND METHODS OF RESEARCH

The study was performed at the premises of Surgery
Department of Municipal Non-Commercial Enterprise of
Kharkiv Regional Council “Regional Clinical Hospital”
during 2018-2019 period. The diagnostic presurgery find-
ings of 35 patients with ventral hernias hospitalized for
the planned surgery were analyzed.

The average age of patients was 52.4 £+ 14.3 (from 28
to 83), including 21 (60 %) women and 14 men (40 %).
Sixteen (46 %) patients were diagnosed with umbilical
hernia, 19 (54 %) with postoperative hernia. In addition, a
concomitant pathology requiring surgical treatment was
diagnosed: chronic appendicitis — 2 (6 %), esophageal hi-
atal hernia (EHH) — 5 (14 %), cholelithiasis — 15 (43 %),
benign diseases of the uterus and/or uterine appendages —
6 (14 %). Twenty-nine (83 %) patients had also obesity of
stage 2—-3 (body mass index (BMI) more than 25 kg/m2).

In 28 (24 %) patients, in addition to ventral hernio-
plasty, simultaneous surgery for comorbid pathology was
performed: laparoscopic appendectomy, laparoscopic
cholecystectomy (LCE), posterior cruroraphia with Nis-
sen fundoplication.
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namapockomiyny xonerucrekromito (JIXE), 3amHio kpy-
popadiro 3 pyrmormikamiero Hiccena.

VYci XBopi orepoBaHi B IUIAHOBOMY TOPSIKY MICIIS
3I1HCHEHHS] KOMIUIEKCY 00O0B’SI3KOBHX Ta JOJaTKOBHX 3a-
TAIEHOKITIHIYHUX, Ta0OpaTOPHUX Ta iHCTPYMEHTAIbHUX
JOCIIIJUKEHb 3TJJHO 3 YMHHUMH HacTaHoBaMH. JlomaTko-
BUM JIOCIIDKEHHAM Y Beix marienTiB O6yma CKT, mo mpo-
BoMIIachk Ha amapari Toshiba Aquilon y cripansHOMY pe-
JKUMI 3 MyJIBTUIIAHAPHOIO PEKOHCTPYKILETO.

[TpoananizoBano yactoty BusiBieanx Ha CKT Tta min-
TBEP/DKEHUX [PU ONEPaTUBHOMY BTPYYaHHI (JI1arapocko-
Mi4HIM Bizyaizamii) CHMIITOMIB.

OTtpumaHi 1ani 00poOIIeHO 13 3aCTOCYBaHHSIM 4acTOT-
HOTO aHaJli3y 3 BUKOPUCTAHHSM CTaHJAPTHOIO IIaKeTa
nporpam Microsoft Office (2016).

PE3YJIBTATH TA iX OBTOBOPEHHSA
ITix gac anamizy pesynsrariB CKT Oymm Kidbka O3HAK,
SIKi MaJIF 3HAYEHHS TP OTIePaTHBHOMY BTpydaHHi (Tal. 1).

All patients underwent a planned surgery after a set of
compulsory and additional general clinical, laboratory
and instrumental studies in accordance with existing
guidelines. An additional examination for all patients was
SCT, performed by means of Toshiba Aquilon device in a
spiral mode with multiplanar reconstruction.

The frequency of symptoms detected by SCT and
confirmed during surgery (laparoscopic imaging) was an-
alyzed.

The obtained data were processed by means of the fre-
quency analysis using Microsoft Office standard software
package (2016).

RESULTS AND DISCUSSION
When analyzing SCT findings, there were several
signs, important for surgery (Table 1).

Taonauus 1. Cniscrasnenns KT-o3Hak 3 pe3yasraTaMu JIaapOCKOMIYHOI Bizyastizarii

Table 1. Comparison of CT signs with laparoscopic imaging findings

JliarHo3 / 03HaKa CKT Jlamapockorist
Diagnosis / sign SCT Laparoscopy
Benrpanbha rpuxka:
— BMICT TPHIKi;
— CraiikoBHi I
V:n;al ﬁemia:pouec Y TPHKOBOMY MIIIIKY 35/35 25735
. 11/35! 12/35
— hernia content;
— adhesions in the hernia sac
QSHaKI/I XPOHIYHOTO ACH/HIIHTY 2/35 2/35
Signs of chronic appendicitis
Osnaky JKKX Ta XpOHIYHOTO XOJIEIUCTUTY 15/35 15/35
Signs of cholelithiasis and chronic cholecystitis
Osnaku ['COJ]
Signs of esophageal hiatal hernia 25 >/
O3Haky JOOPOSKICHUX 3aXBOPIOBaHb MaTKH Ta / a0o ii mpuIaTkis 6/35 6/35
Signs of benign diseases of the uterus and / or uterine appendages
CraiikoBHH Ipolec y YepeBHii opoxHHUHI Ta / abo ManoMy Tasi 14/35 17/35
Adhesion process in the abdominal cavity and / or pelvis

TIpumiTku: | — BUSBICHO 03HAKY y N XBOPHX / BUABJIECHO O3HAKY i1 yac Jarnapockorii y n xBopux; XKX — sxoBuHOKaM’siHa XBOpoOa;

I'COJI — rpuska cTpaBoXingHOro 0TBOPY AiadparMu.

Notes: 1 — detected sign in n patients / detected sign during laparoscopy in n patients.

Binbmricte BUSBICHUX Tif 9ac TOMOTrpadigHOTO T0-
CIIIJDKEHHSI O3HAaK, SKI CTOCYIOTHCSI TO€IHAaHOI abnoMi-
HAJBHOI MATOJNOTii, MOBHICTIO MiATBEpKEHI MPH Jara-
pOCKOIiYHIi peBi3ii YepeBHOI NMOPOXKHHWHU Ta MaJloro
taza. Bunstkom € I'COJl, mo miaTBepKeHo Juiie
y IBOX 13 IT’SITH MAIII€HTIB, y SAKHUX II€ 3aXBOPIOBAHHS Mi-
TBEP/PKEHO 3a KIIIHIKO-aHAMHECTHYHHMH Ta IHCTPYMEH-
TaIbHUMH (PEHTTEHOKOHTPACTHE Ta €HIIOCKOIYHE J0-
CIIIJDKCHHS) JaHUMHU. Y OHOTO 3 12 mamieHTiB mia dac
CKT He BHABICHO CHANKOBOrO MpPOILECY B TPHIKO-
BOMY MIIIKy, SKHH BHSBICHO TiJ dYac OMEpaTHBHOTO
BTpy4aHHs. Kpim nporo, y Tppox i3 17 namieHTiB He Bja-
nocst ineHTrikyBaTH CIIalKOBUIL ITpolleC Y YepeBHiii mo-
poxHHMHI 200 B MajoMy Ta3i. Y IHUX BHMAAKAX i 9ac
OIEPaTHBHOTO BTPYYaHHs BUSIBICHO IUIOIIMHHI CIANKH
B MajioMy Ta3i (2 BHIIaIKW) Ta B MpaBiii Me30TracTpaiib-
Hilt minsHM (1 BUITagoK).

Oco0nuBy 1iHHicTh gogatkoBe CKT gociimKkeHHs Maio
y TAIEHTIB 13 KIHIYHAM JiarHO30M XPOHIYHOTO AareH-

Most of the signs revealed during tomography and as-
sociated with the combined abdominal pathology, were
completely confirmed by laparoscopic exploration of the
abdominal cavity and pelvis. The exception is esophageal
hiatal hernia, which was confirmed in only two out of five
patients, who had this disease confirmed by means of
clinical history and instrumental (X-ray and endoscopic
examination) data. In one out of 12 patients, SCT did not
show adhesions in the hernia sac, which had been de-
tected during surgery. In addition, in three out of 17 pa-
tients, they failed to identify adhesions in the abdomen or
pelvis. In these cases, during surgery, planar adhesions
were detected in the pelvis (2 cases) and in the right me-
sogastric region (1 case).

Additional SCT study was of particular value in pa-
tients who were clinically diagnosed with chronic appen-
dicitis, that made it possible to objectify the diagnosis
based on detecting uneven thickening of the appendix
wall, its deformities (Fig. 1).
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When assessing the ventral hernia, it was possible not
only to clearly determine its content and location towards
the abdominal line, but also, before surgery, to count the

JILIUTY, SIKC JO3BOJIMIIO 00 €KTHBI3yBaTH JiarHO3 Ha MiJ-
CTaBi BWSBIICHHS HEPIBHOMIPHOTO TMOTOBIICHHS CTiHKU
areHINKCca, HassBHOCTI Horo jedopmariit (puc. 1).

Puc. 1. CKT-03HaKku XpOHIYHOTO alleHANUIIUTY
Fig. 1. Spiral CT-signs of chronic appendicitis

[ix yac ominku BeHTpajbHOI rpwxi Baanocs uitko  width and length of the hernia gate and the volume of the
BH3HAUUTH HE TUIbKM ii BMICT Ta po3TailyBaHHs Bif- hernia sac with organs (Fig. 2).

HOcHO 01101 JIiHIT ’KKBOTA, aje ¥ 0 onepanii BU3HAYUTH Information on the dimensions of the hernia sac al-
LMIMPHUHY Ta JIOBXHHY I'PIKOBHX BOpIT Ta obcsr rpmwko- lowed to choose an adequate size of a mesh endoprosthe-
BOTO MIIIIKa 3 EBEHTEPOBAHUMH OpraHamH (puc. 2). sis at the preoperative stage while the volume of the

1 2

Puc 2. 1) [Ticasionepaniiina BeHTpanbHa rprka. YiTko BisyanizoBaHO IPHIKOBI BOPOTa;
2) cariTambHHI 3pi3 i3 Bi3yai3ali€ro BEIUKOI MiCIs0nepaiiHoi TprKi
Fig. 2. 1) post-surgery ventral hernia. Hernial orifice is clearly visible;
2) sagittal section with imaging of a large post-surgery hernia

OpwuriHaibHI JOCIHIIKEHHS 74 Original research
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BimomocTi npo po3Mipy rprKOBOTO MIIIKa JI03BOJISUTH
Ha JloonepauiifHoMy erari oOpaTd ONTHMajbHHH pPO3MIp
CITYaCTOro CHAOIPOTE3a, a 00CAT TPUIKOBOTO MIIIKA — OITi-
HWTH MOXJIMBHH BIUIMB BIIPAaBJICHHSI €BEHTEPOBAaHUX Opra-
HIB Ha MOJAJBIIY peadinitamito. J[ogaTkoBe 3aKpUTTS armo-
HEBPOTUYHOTO AC(EKTY 3MIHCHIOBAJHM, SKIIO OOCSAT EBEHT-
€pOBaHMX OpraHiB He nepeBuIyBaB 20 % o0csry uepeBHOT
TIOPOXXHMHN (B aHIVIOMOBHIM mitepatypi Domenloss —
BTpata JIoMeHy). Lleil ToKa3HUK € BaXKJIMBUM 3 TOYKH 30PY
MPOTHO3YBAaHHS MOMJIMBUX CHCTEMHHX PO3JIAIIB IICIIS
BIpPABIICHHST OpraHiB y 4YepeBHy IMOpPOXHUHY [7].
OI1liHKa TOBIIWHK YEPEBHOI CTIHKM Ta CTaHy M’S3iB € KO-
PHCHOIO U1l TUaHyBaHHs BUAY ruactuk [3]. Kpim mporo,
y MAIi€HTIB 3 a0IOMIHATIEHIM THIIOM OXKHPIHHS IIepeIone-
pariiiHa 1UISTHKA 32 KIIIHIYHUMH O3HaKaMH IPHXi MOXe OyTH
3HAa4HO yTpy/IHEHa, 1 B nux Bumaakax CKT moxe GytH oco-
OJIMBO IIIHHOIO.

Crmixg 3a3HAYUTH, IO YIBETPA3BYKOBE HOCIHIKECHHS,
SKe HaiJacTillle 3aCTOCOBYETHCSA TIPH IEpemomepartiii-
HOMY OOCTE)KEHHI MAIli€HTIB, Y CYMHIBHHX BHITQJKaxX
mpu rprkax € HeHagiitauM. [8]. Ha BimMmiHy Bix mporo,
CKT nae MOXKITMBICTh OTPUMATH MakcuMalibHy iH(opma-
IIF0 Ta IIPOrHO3 1100 MacIITaly HEOOXiTHOTO OIePATUB-
HOTO BTpy4aHHs [9].

S. Halligan ta cmiBasrt. (2018) y3aranbHUIN MOXIIH-
BOCTI  KOMII'IOTEPHO-TOMOTPa(iyHOTO  JIOCIIIKEHHS
pu 00CTEXEHHI XBOPHX 13 BEHTPAIBHUMH Iprokamu [4].
Cepen HalOUTBII BaXKIIMBUX MTOKA3HUKIB BOHU TaKOX BH-
3HAUAIOTh PO3TALIYBaHHS Ta PO3MIPH I'PHIXKi, BTpaTy 10-
MEHY, OILIIHKY M s3iB MepeIHBOI YePEBHOI CTIHKH, HasIB-
HICTh CIaifoK, TEPEHECEHI paHille aJOoIUIaCTHUKH,
OIIIHKY Ta30BHX Ta BHYTPIIIHHOUYEPEBHUX OpraHiB [4].

Menma indopmaruBaicts CKT BusSIBHIACH 7151 00 €KTH-
Bizarii ['CO/], uo morpedye AOMATKOBUX TiarHOCTHYHHX
kputepiiB. Y xBopux 3 ['COJ] Ta npu HasBHOCTI KIiHIY-
HUX O3HAK ractpoe3odareaabHOro peduiroKCy KOPHUCHUM
BBQ)KAIOTh BU3HAYEHHS TUIOLII CTPABOXITHOTO OTBOPY Aia-
¢parmu. Ase 1edl NOKa3HUK Y HAIIOMY JIOCHI/PKEHHI
He oniHoBascs [10].

3a laHUMM JITEpaTypy, KOPHCHOIO € HE TUIBKU TIepesi-
orepartiifHa, ane i micmsonepariiinra CKT, ska nomiteHa
y BHIIaAKax PO3BUTKY YCKJIAJHEHb IPU IUIACTHIN TPIK
Ta MOYKe Ha/IaTH iH(OPMAIIIFO PO HASBHICTH TA XapaKTep TIic-
JSIoTIeparifanX yckmaaaess [ 11]. Mu BBakaemo, 110 micsio-
nepartiiiie JOCITIDKEHHS € JOCHTh KOPHUCHUM HE TUIBKH
3 TOYKHU 30Dy MArHOCTHKH YCKJIAIHCHb, ajic ¥ IS OI[HKH
aJICKBaTHOCTI 3[IIHCHEHOIO OMEPATHBHOIO BTPYYAHHSI, [P0 11¢
3raJlytoTh TaKOXK HILI aBTopH [4].

BUCHOBKH

CripanpHa KOMIT'IOTepHa ToMorpadis B KOMILIEKCi
MepeonepariiiHoro OOCTe)KEHHSI TAIli€HTIB i3 BEH-
TPaJbHUMHU TPYKaAMHU JI03BOJISIE OTPUMATH KOPHCHY iH-
(hopMarIrito CTOCOBHO aHaTOMIUYHHUX OCOOJIIMBOCTEH BEH-
TpaNbHOI TPIKI Ta TOEAHAHOT a0AOMIHATBHOI TTATOJIOTI,
IO BHMarae XipyprigHoro inikyBaHHSA. OTpumaHa iH-
(dopmalis 103BOJISE CIUTAHYBaTH ONTUMAIbHUH BUX Tep-
HIOIJIACTUKU BEHTPAJIBHOI TPHIKI Ta CUMYJIBTaHHY OIle-
pauito. PexoMeHIOBaHO BHPOBAKEHHS CHIpajbHOT
KoMI'toTepHOi ToMmorpadii B CTaHJapTHUH MPOTOKOI
JIOOTIepalifHOr0 OOCTE)KEHHsI MAIi€HTIB 13 BEHTpalb-
HUMH FPHKAMH.

hernia sac aided in assessing a potential impact of reposi-
tion of organs in hernia sac on further rehabilitation. Ad-
ditional closure of the aponeurotic defect was performed
if the volume of the hernia sac with organs did not exceed
20 % of the abdominal cavity volume (Domain loss). This
parameter is important in terms of predicting possible
systemic disorders after reposition of the organs into the
abdominal cavity [7]. Evaluating the abdominal wall
thickness and muscle condition is useful for planning the
plastic repair type [3]. Besides, in patients with abdomi-
nal obesity, preoperative clinical assessment of hernia can
be significantly complicated, and in these cases, SCT can
be chiefly valuable.

It is worth pointing out that ultrasound, which is
mainly used in preoperative examination of patients, is
not reliable in doubtful cases of hernias [8]. On the con-
trary, SCT makes it possible to obtain most information
and a forecast of the surgery scale [9].

S. Halligan et al. (2018) summarized the possibilities
of computed tomography performed for patients with
ventral hernias [4]. Among the most essential ones, they
also determined the location and dimensions of the her-
nia, domain loss, assessment of the anterior abdominal
wall muscles, adhesions, previous alloplasty, assessment
of pelvic and intra-abdominal organs [4].

SCT had less informative value in cases of objectifi-
cation of esophageal hiatal hernia requiring additional di-
agnostic criteria. In patients with esophageal hiatal her-
nia, and, in case there are clinical signs of gastroesophageal
reflux, it is useful to measure the area of the esophageal
orifice of the diaphragm. However, this parameter was
not evaluated in our study [10].

According to the literature, it is useful to carry out
both preoperative and postoperative SCT, which is rea-
sonable in cases of hernioplasty complications and can
provide information on the presence and nature of post-
operative complications [11]. We believe that postopera-
tive research is quite essential not only from the perspec-
tive of diagnosing complications, but also in terms of
assessing the adequacy of surgery, that is also mentioned
by other authors [4].

CONCLUSIONS

In the complex of preoperative examination of pa-
tients with ventral hernias, spiral computed tomography
provides useful information on the anatomical features of
ventral hernia and the combined abdominal pathology
that requires surgical intervention. These data aid in plan-
ning a favorable type of hernioplasty of ventral hernia
and simultaneous surgery. Spiral computed tomography is
recommended to be added to the standard protocol of pre-
surgery examination of patients with ventral hernias.
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IlepcneKkTHBY MOAANBIINX AOCTiIKEHD

VYpaxoBytoun Bucoky iHpopmarusnicte CKT st me-
penonepaniiHoro OOCTEKEHHSI XBOPHX 13 BEHTpPaJb-
HUMHU TPHKaMH, MEPCIIEKTHBHOIO € CTaHAapTH3alis 1o-
CII[UKEHHS 3 BH3HAYCHHAM OOOB’SI3KOBUX KPHUTEPIiB
OIIHKH Ta TOKa3aHb A0 obOcrekeHHS. JlominbHa mepe-
OITiHKa TIPOTOKOITY TEpeNONepaIiiifHoro iHCTpyMEHTAb-
HOTO OOCTexeHHs 3 ypaxyBaHHsIM MoxumBocteir CKT
JUTSL OLIHKK OCOOJMBOCTEH TPYKi Ta MOEIHAHOT aboMi-
HaJIbHO{ MaToJIorii.

KonduikT inTepecis

ABTOpH PYKOIIHCY CBIJIOMO 3aCBIAYYIOTH BIJICYTHICTh
(akTHYHOrO ab0 MOTEHLIHHOTO KOH(IIIKTY 1HTEpeciB
1010 pe3yJIbTaTiB 1i€i poOoTH 3 (hapMaleBTUIHIMHU KOM-
MaHisIMH, BHPOOHMKaMH OIOMETUYHHUX TPHCTPOIB, iH-
[IMMH OPTaHi3allisIMH, YXi MPOAYKTH, MOCIYTH, (iHaH-
coBa MIATPHUMKA MOXYTh OyTH TIOB’s3aHi 3 TPEIMETOM
Ha/IaHUX MaTepiamiB abo sIKi CIOHCOPYBaJX IPOBEACHI
JOCIIKEHHS.

Indopmanist npo pinancyBaHHS.
®dinancyBaHHs BuaTkamu JlepKaBHOTO OOMIKETY
VYkpainu.

Prospects for further research

In view of a high informative value of SCT for preop-
erative examination of patients with ventral hernias, the
standardization of the study along with assessing compul-
sory evaluation criteria and indications for examinations
has great potential. It is advisable to reassess the preoper-
ative instrumental examination protocol, taking into ac-
count SCT capabilities in evaluating the features of the
hernia and combined abdominal pathology.
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PE3IOME

AKTyaabHicTh. JleiioMioMa MaTku 1 €HJIOMETPIO3 € TMOIIUPESHUMH TiHe-
KOJIOTIYHHUMH 3aXBOPIOBAHHSAMH JKIHOK PETpOAYyKTHBHOTO BiKy. Lle cTBO-
proe morpedy po3poOIeHHs ONTUMAJIBHOTO MPOTOKOIY OOCTE)KEHHS XBO-
pHUX Ui pealizariii iHAWBiqyaTbHOTO MiAXOAY B JiKyBaHHI. [liarHOoCcTHKa
3MilIaHux (OpM MaTONOTIYHUX CTaHIB MIOMETpIisl BUKJIMKAE MEBHI TPYya-
Homi. Metomuka enacrorpadii 1a€ 3MOTy OIIHWATH HITBHICTh MiOMETpis,
10 MOJKE MaTH 3Ha4eHHs Juisl qudepeHIianii Aiarnosy jgeiomMiomMu i aje-
HOMi03y TP 3MiIIaHUX (popMax.

Meta po0OTH — BHSBUTH MOXJIMBOCTI TPaHCBAariHaJbHOTO YIBTPa3BY-
KOBOTO [IOCIIKEHHS i3 3aCTOCYBaHHSM KOMIIPECIHHOI COHOEIacTorpa-
¢bii 3 BU3HaueHHsM KoediuieHTa nedopmarnii B audepeHIiiniii giarnoc-
THUII Pi3HUX MATOJOTIYHUX CTaHIB MiOMETPIs.

Marepianm Ta metoan. [IpoBeneHo anani3 exacrorpadiqHux JaHUX MaTKU
155 >xiHOK, OTpPUMAaHHX i3 3aCTOCYBaHHSAM KOMIIPECIHHOI COHOEIacTorpa-
¢ii anaparom HITACHI AVIUS. XBopux po3nofinuin Ha 4 rpymnu: mopis-
HSHHS, JKIHKH 3 JIEHOMIOMOIO MaTKH, 3 aJI€HOMIO30M MAarTKH, 3 ITO€IHAHUMH
JICHOMIOMOIO ¥ aJleHOMio30M. Pe3ynbrati TpaHcaOmOMiHAIBLHOTO / TpaHC-
BariHabHOTO Y3/l MiATBEpIKYBAIHCS TMATOTICTONOTIYHUM JIOCIIHKSHHSM.
3a CTaHIAPTHO OAJTPHOO IIKAJIOK JKOPCTKOCTI BU3HAYAIH KOC(DIIliEHT Jie-

(hopmartii.
Pesyabratn Ta ix o06roBopenHsi. 3a CoHoellacTOrpaMaMH BH3HA4YeHI
emactorpadivHi XapaKTepUCTHKH — KOeQillieHTH nedopmariii, xapax-

TepHI JyIs JIeoMioMH i afeHomiosy. MakcuMalibHI 3HaueHHs KoedimieHTa
nedopmarttii oTpuMani npu neifomiomi (y mexax Bix 2,0 mo 6,0 ox. Bu-
mipy). IIpu HasBHOCTI qudy3HOro ado BOTHHUILEBOIO aJeHOMiO3y Koedi-
mieHT nedopmartii OyB y Mexax Bix 0,5 mo 1,5 ox. BuMiproBaHHS, M0 CBi-
YUTH NPO BHCOKY €JIACTHYHICTH MIOMETPIsl IPOTH HE3MIHEHOTO MiOMETPIsL.
Y I rpyni (mopiBHsSHHS) KoedimieHT medopmamii KOTHMBaBCS B MeXax
Bix 1,0 mo 1,7 ox. BumiproBanHs. Biq3Ha4aeThCs BHCOKA €IACTUYHICTH MiO-
METpis TP aJACHOMiIO31 IPOTH HE3MIHEHOTO MiOMETpisl; HU3bKa eIacTHd-
HICTh 200 BHCOKA IUIBHICT MIOMETPIsI IIPH JICHOMiOMi.
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BucnoBku. IIpu nposexenni Y3J1 i3 3acTocyBaHHSIM KOMITPECIHHOI co-
Hoenacrorpadii y marieHToK i3 JeHoMiOMOI0 il aJeHOMiO30M 1 He3MiHe-
HUM MIOMETpieM OTpuUMaHi KoedimieHTH medopmarii, SKi JAIOTh 3MOTY
BU3HAYUTH CTYIiHb €JIACTUYHOCTI MIOMETpisl Ta MOro 3MiHM TP BiAIO-
BifHIH maromnorii. Enacrorpadis gae 3Mory iieHTH(IKyBaTH 9iTKi BiIMITHI
O3HaKu JieiiomioMn i ajneHoMiosy. 30ir MK 1arHOCTHUKOIO aJIeHOMiO3y
Ha OCHOBI etactorpadii Ta ricTosoril € ICTOTHUM, ajie He ONTUMAIbHUM.
He3minenuii MioMeTpiil Ma€ MeBHy €aCTHYHICTD, SIKYy MOYKHA TIPUPIBHITH
JI0 YHMCJIOBOT'O 3HAYEHHs, a came KoedilieHTa nedopmarii, 1 el moxas-
HUK 3MIHIOETHCS B pa3i HasBHOCTI JielloMioMH 200 aJeHOMi03y, 110 CTBO-
PIOE MOXKJIMBICTD AN(EPEHIIIOBATH 11i TTATOJIOTIYHI CTAHU MIOMETPisl.

ABSTRACT

Background. Uterine leiomyoma and endometriosis are common gyneco-
logical diseases of women in childbearing potential. This fact necessitates
developing an optimal protocol for examination of patients in order to im-
plement an individual approach to treatment. Diagnosis of mixed forms of
pathological myometrium conditions causes some difficulties. Elastogra-
phy technique makes it possible to assess the density of the myometrium,
which may be essential for differentiating the diagnosis of leiomyoma and
adenomyosis in mixed forms.

Purpose — to ascertain the potential of transvaginal ultrasound along with
compression sonoelastography to determine the deformation coefficient in
differential diagnosis of various pathological myometrium conditions.
Materials and methods. The paper presents the analysis of elastographic
findings of the uterus in 155 women obtained via compression sonoelas-
tography performed by means of HITACHI AVIUS device. Patients were
divided into 4 groups: control, women with uterine leiomyoma, uterine
adenomyosis, with combined leiomyoma and adenomyosis. The transab-
dominal/transvaginal ultrasound findings were confirmed by histopatho-
logical examination. The standard point scale was used to determine the
deformation coefficient.

Results. Elastographic characteristics were assessed in accordance with
sonoelastography findings, i. e. deformation coefficients common in leio-
myoma and adenomyosis. The maximum values of the deformation coef-
ficient were obtained in leiomyoma (in an amount of 2 to 6.0 units). In
case of diffuse or focal adenomyosis, the deformation coefficient was in
an amount of 0.5 to 1.5 units indicating high myometrial elasticity vs the
unchanged myometrium. For its part, in Group I (control), the deforma-
tion coefficient ranged from 1 to 1.7 units. High myometrial elasticity in
adenomyosis vs the unchanged myometrium as well low elasticity or high
density of the myometrium in leiomyoma were observed.

Conclusions. The deformation coefficients in patients with leiomyoma
and adenomyosis and unchanged myometrium were obtained via ultra-
sound with compression sonoelastography and they made it possible to
determine the degree of elasticity of the myometrium and its changes in
the relevant pathology. Elastography is capable of identifying clear dis-
tinctive features of leiomyoma and adenomyosis. The coincidence of the
diagnosis of adenomyosis based on elastography and histology is signifi-
cant, but not optimal. The unchanged myometrium has a certain elastic-
ity, which can be equated to a numerical value, i. e. the deformation co-
efficient, and this param changes in case of leiomyoma or adenomyosis,
which makes it possible to differentiate these pathological conditions of
the myometrium.
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3B’s130Kk pPo0OTH 3 HAYKOBHMMM IporpaMamMu, IJja-
HAMH Ta TeMaMH

PoboTa BHKOHaHAa y MeXax IIJIAaHOBOI HAayKOBO-
nociigHol po6otn XapKiBChKOi MEIUYIHOI akaaemii Iic-
JSLTUTIOMHOT OCBITH «MOXITUBOCTI BUKOPUCTAHHSI COHO-
enacrorpadii npu audysHid naronorii Miomerpis» (Ho-
Mep aepxkaBHoi peectpamii: 01190002240, mpuknanHa,
TepMiH BukoHaHHs: 2019-2023 pp., KepiBHUK — Tpode-
cop kadeapu mpomeHeBoi giarHoctrku Cadonosa [. M.).

BCTYII

HatinommpeHinioro 100pOosSKiCHO MyXJIMHOK PETPO-
JOYKTHBHOI CHCTEMH JKIHKH, sika Tpamsierscst y 20-50 %
BUIIQJIKIB 1 Ma€ TEHIEHIIO JO0 OMOJIOKEHHS, € JIEHOMI-
oma MaTtku [1]. HeraTwBHUI BIUIMB JCHOMIOMH MAaTKH
Ha PEMPONYKTHBHY CHCTEMYy JKIHKH MOXE IPH3BECTH
o Oe3IuTiIAsl Ta HEBHHOIIYBAaHHS BariTHOCTI, a TaKOX
YCKJIaJIHEHb iJ] 4ac MOJIOTIB 1 B MICJISANONIOTOBOMY Iepi-
ofii. 3a3HadeHa pobemMa 3 KOKHUM JTHEM CTa€ BCE OIbII
AKTyaJIbHOIO SIK Yepe3 Ii3HE IUIaHyBaHHS BariTHOCTI, TaK
1 BHACIII/IOK OMOJIOJUKEHHSI KOHTHHTEHTY TaIlieHToK [2].
JlocuTh BelmMKa YacToTa IIi€l MaTojorii poOUTh Haraib-
HUM PO3POOJCHHS ONTHMAIBHOTO IPOTOKOIY 0O0CTe-
JKEHHsI XBOPHX JUIsl peajtizaiii 1HI1BIIyalbHOTO TiJIX0my
B JTIKyBaHHI.

Enmomerpios € MOMHPEHUM TiHEKOJOTIYHHM 3aXBO-
proBaHH:M, sike Bpaxae Bz 10 10 15 % xiHOK pernpoayk-
THUBHOTO BIKy Ta BIUITMBA€E HA SKICTh JKUTTS W OB’ sI3aHE
i3 PI3HAMU CTYTIEHAME 0€3IUTiAA. Y CTPYKTYpi THEKOIO-
TiYHOT 3aXBOPIOBAHOCTI CHIOMETPIO3 3aiiMae TPETE MicIie
TiCTIs 3anaIbHAX 3aXBOPIOBaHb 1 MioMu MaTkH. Lle 3axBo-
proBaHHS giarHocTyeTbest y 21-40 % >xiHoK 13 Oe3mutia-
1M, y 70-90 % € IpUYMHOI0 XPOHIYHOTO Ta30BOTO OOJIIO.
3a TakuX yMOB T€HITaIbHUI €HIOMETPio3 CTAaHOBUTH 92—
94 %, excrpareHiTanbHI — 6—8 % [3]. OMHAK Y ACIKIX
MAI[IEHTOK B1I3HAYAETHCS OC3CHUMITTOMHHUIA Mepedir eH I0-
METpio3y, KNI MO)Ke BUSBUTHCS BHUITQJAKOBO B pasi Jiama-
pockorii [4]. Bimomi meBHI TPymHOIII Mif 9ac HiarHOC-
THKH €H/IOMETPi03y, 0COOIMBO HOTO MOYATKOBUX (MaJnX)
(hopm, SIKi TOTaHO BHSIBIISIOTHCS HA CydacHOMY eTarli [5].

[Ile OuTBIN TpPYIHOINI BHHHWKAIOTH MPH MiarHOCTHII
3Milanux (GopmM naroJorivHuX craHiB Miomerpis. Tak, ne-
oMiOMa MaTK{ B MOETHAHHI 3 aIEHOMIO30M TPAIlISIETHCS
npakTiHgHo y 85 % Bumanki [6]. OmHAK HE TUTBKHU 3 M
OB’ sI3aHa yBara JIo JI0CJi/PKeHb MO€THAHOT MaToJIorii Mio-
MeTpis, a ¥ 3 OCOONMBOCTAMH KIIHIYHOTO Tmepeoiry,
JUTSL SIKOTO XapaKTePHi PsICHI KPOBOTEU1, OS3ILTI IS, aHEMIs,
011, CUMIITOMH THCKY Ha CyCiJIHI OpraHu. Yce e 3Ha4HO
3HIKY€E (pi3ndHe 370pOB’S JKIHKM # moriprye ii mcuxoe-
MOIIHHHN CTaH, IO TAKOXK MOJKE BIUTMBATH Ha PEIIPOIYK-
THBHY (yHkmito. KiinHiuHi cumnTomMu Oe3rnocepenHbo
OB’ s13aHi 3 MOP(OIOTIYHIMH OCOOIUBOCTSAMU TillEPIIPO-
nideparuBHUX TporeciB Miomerpis. Tomy mMopdomnoriune
JOCITIKEHHST Ma€ BaYKJIMBE 3HAYECHHS B JIIarHOCTHIII JIeHo-
MIOMH MaTKd ¥ aJieHOMiO3y, a TaKOK y PO3yMiHHI B3ae-
MOBIDIHBY IHX MIPOIIECIB.

Bubip ajexBaTHOT TaKTHUKH JIKyBaHHS XBOPHX 3aje-
JKUTD BiJI CBOEYACHOTO BCTAHOBJICHHS JiarHO3y 1 MPaBHUIIb-
HOTO OITiHIOBaHHSI TIOIIMPEHOCTI MaTOJIOTIYHOTO MPOIIECY.
3a3BUuail JeiioMioMa MaTKH HE € KIIHIYHO ab0 pajioo-
TIYHOIO JIIarHOCTUYHOIO TpoOieMoro. 3arajibHOBHU3HA-
HUM METOJIOM YCTAHOBJICHHS J[IarHO3y JIEHOMIOMH MaTKH

Connection with scientific programs, plans and topics

The paper has been carried out within the scope of the
research project of Kharkiv Medical Academy of Post-
graduate Education “Applicability of sonoelastography in
diffuse pathology of the myometrium” (state registration
No: 01190002240, applied, period for performance:
2019-2023, led by Head of Diagnostic Radiology Depart-
ment, Professor Safonova I. M.).

INTRODUCTION

The prevailing benign tumor of the female reproduc-
tive system occurring in 20-50 % cases and tending to
affect the young population is uterine leiomyoma [1]. A
negative impact of uterine leiomyoma on the female re-
productive system can result in infertility and miscar-
riage, as well as complications during childbirth and post-
partum period. The issue is becoming increasingly
relevant due to late pregnancy planning as well as rejuve-
nation of the patient population [2]. Quite a high fre-
quency of this pathology necessitates developing an opti-
mal protocol for examination of patients in order to
implement an individual approach to treatment.

Endometriosis is a common gynecological disorder
affecting from 10 % to 15 % of women of childbearing
age and influencing the quality of life being associated
with varying degrees of infertility. In gynecological mor-
bidity structure, endometriosis ranks third after inflam-
matory diseases and uterine fibroids. This disease is diag-
nosed in 21-40 % of women with infertility, in 70-90 %
it is the cause of chronic pelvic pain. Under such condi-
tions, genital endometriosis is 92-94 %, extragenital one
is 6-8 % [3]. However, some patients have asymptomatic
endometriosis, which can be accidentally detected via
laparoscopy [4]. There are certain difficulties when diag-
nosing endometriosis, especially its initial (small) forms,
which are poorly detected these days [5].

Diagnosing mixed forms of pathological myometrial
conditions is even more challenging. Thus, uterine leio-
myoma combined with adenomyosis occurs almost in
85 % of cases [6]. However, this is not only related to
studying combined pathology of the myometrium, but
also to the features of the clinical course, which is charac-
terized by heavy bleeding, infertility, anemia, pain, symp-
toms of pressure on neighboring organs. All these factors
substantially impair physical health as well as psy-
choemotional state of a woman affecting the reproductive
function. Clinical symptoms are directly related to the
morphological features of hyperproliferative processes of
the myometrium. Therefore, the morphological examina-
tion is an essential in diagnosing uterine leiomyoma and
adenomyosis, along with understanding the interaction of
these processes.

Therapeutic decision depends on the timely diagnosis
and proper assessment of pathological process spread.
Usually, uterine leiomyoma is not a clinical or radiologi-
cal diagnostic problem. A common method of diagnosing
uterine leiomyoma is ultrasound examination of the pel-
vic organs (US). However, there are difficulties concern-
ing prescribing adequate treatment in case of combined
forms with adenomyosis, as well as in cases of cystic de-
generation of leiomyoma, which can lead to clinical and
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€ ynerpasBykoBe pociipkeHas (Y3Jl) opraniB wma-
soro Ta3a. OfgHAK TPYAHOIL BUHUKAIOTH IPU PO3B’sI3aHHI
NHUTAHHA OO0 NPH3HAYCHHS aJIeKBAaTHOIO JIKyBaHHS
B pa3i noeHaHux (Gopm 3 aJJICHOMI030M, a TAKOXK y BHIIa/I-
Kax KICTO3HOI JereHepariii JeHoMiOMH, 110 MOXE IMpH-
3BECTH JI0 KIIHIYHUX 1 pEHTT€HOJIOT1YHUX T1arHOCTHYHIX
muwteM. Jlnst nudepeHitiarii JIeoMioMH 3 BOTHHIICBHM
aJICHOMiO30M a00 YTOYHEHHS CTPYKTYpHU MiOMAaTO3HOTO
By3JIa MOXXJIMBHM € 3aCTOCYBAaHHS MarHiTHO-pEe30HaHC-
HOi ToMorpadii ado cripaibHOT KOMIT I0TepHOI TOMOrpa-
bii [7]. Ane mis audepeHIiaabHOl AIarHOCTUKH 111 Me-
TOIM HE 3aBXKIM JOCTYIIHI Ta BUMArarTh IEBHOIO 4acy
Ha MPOBEJICHHS JOCIIKSHHS, HE KaKy4YH BXKE PO Marte-
pilajbHUN KOMIIOHEHT MUTaHHS, 0 BayKJIMBO JUI KpaiH
3 OOMEKEHHMH EKOHOMIYHUMH PECypPCaMH.

Meronuka enacrorpadii — MOpPIBHSIHO HOBa Bi3yalli-
3yBaJIbHA TEXHOJIOTIS, sIKa A€ 3MOTY SKICHO Ta KUTBKICHO
OmiHUTH (Pi3MYHI BIACTHBOCTI TKAaHWH, 30KpeMa IIiIb-
HicTb. MeToaMka BUKOPHCTOBYETHCSI B Cy4acHil exorpa-
bii sx momarkoBUE AUQEpEeHIIHHUNA METOJ| AJIs BHSIB-
JICHHSI TIATOJIOT1YHMX 3MiH y TKaHUHaX. OCHOBHI ITepeBaru
YABTPA3BYKOBOT'O JIOCITIKEHHSI 13 3aCTOCYBaHHSIM METOLY
coHoenactorpadii MOJATAIOTh Y MOXKIMBOCTI OI[IHUTH
IIUTBHICTE MIOMETPIsI, 0 MOYKEe MATH 3HAYCHHS I JH-
(epenmianii giarnosy, ToOTO y BU3HAUCHHI ITPOIIECY, IKUH
nepeBakae, a came JeHoMioMn abo aJeHOMIO03y TP 3Mi-
manux ¢opmax. Lle Moxke HagaTH JONOMOTY y BU3HA-
YeHHI Ta BHOOpI IJIaHy JIIKyBaHHS, MIPUCKOPUTHU TIPOLEC
JKyBaHHS 3 TMPOTHO3YBaHHAM Horo mepebiry abo crabi-
Ji3arii mporecy.

Meta po6oTH — BUSIBUTH MOXKJIMBOCTI TPaHCBAriHaNb-
HOTO YIBTPa3BYKOBOTO JOCIIKCHHS i3 3aCTOCYBaHHSIM
KOMIIpECiifHOT coHoenacTorpadii 3 BUZHAYCHHIM KOoe]ii-
eHra jedopmanii B AudepeHIiiHii qiarHOCTHII Pi3ZHUX
MaTOJIOTIYHHUX CTaHIB MiOMETPisl.

MATEPIAJIA TA METOAU AOCJIIKEHHS

B ocHOBY 11i€1 poOOTH MOKIAJACHO aHalli3 elacTorpa-
(ivHUX nmaHWX MaTKH 155 JKiHOK, OTPUMaHWX BHACII-
JIOK TPaHCBariHaJILHOTO JOCIIKEHHS 13 3aCTOCYBaHHSIM
KOMITpeCiiiHO1 ~ coHoenactorpadii, sIKi MPOBOIUIUCH
Ha 0a3i miarHoctuyroro Kabinety Y3J «/liarHocT» y 1me-
pion i3 BepecHst 2017 p. no rpynus 2020 p. Cepenniii Bik
JIOCITIDKYBaHUX TAIiEHTOK ckiaB 44 + 3,6 p. Ycim XBo-
PUM TIPOBOAMIN KOMIUIEKCHY YIBTPa3ByKOBY [iarHOC-
TUKy 3 BuKopuctanHaM amapara HITACHI AVIUS
(Hitachi Medical Corporation) 3 MiaATPUMYBaJIbHOIO
(dyHKIier0 coHoemacTorpagii. Croyarky BCIM TaIli€HT-
KaM BHKOHYBaJIM TPaHCBariHaJbHE YJIbTPa3ByKOBE J0CIIi-
moxerHst (TBY3/]) 3 BUKOpUCTaHHSIM €HJOKABITATHHOTO
nmarguka 3 9actororo 8—4 MHz. ITocnioBHO TpoBOAMIH
JOCTI/KEHHST IMHHAKY M Tijla MaTKd, S€YHUKIB 1 MarKo-
BUX TpyO, OIIHIOBAIM CTaH Tijla Marku, i (hopMmy, KOH-
TypH, BUMIPIOBAIA PO3MIpH MaTKH. [ yTOUHEHHS TIpH-
pomu omHiel 3 (GopM BHUSABJICHOTO IATOJOTIYHOTO
mporecy MioMeTpiss BCIM  Malli€eHTKaM  MPOBOIMIHN
KOMTIpeCiiiHy coHoenacTorpadiro Ha TOMY X YIBTpa3By-
KOBOMY amapari 3 BHUKOPUCTAHHSM €HJ/IOKaBiTAIbHOTO
IaT4yuKa 3 yactororo 8—4 MHz.

Hamani pesymsratu TpaHcaOmoMiHaIBHOTO / TpaHC-
BariHaspHOrO0 Y3JI miATBep/KYBaMCS NaTOriCTOJIOT Y-
HUM JIOCITKCHHSM.

radiological diagnostic dilemmas. Magnetic resonance
imaging or spiral computed tomography may be used to
differentiate leiomyoma from focal adenomyosis or to
specify myoma structure [7]. Still, for differential diagno-
sis, these methods are not always available and they do
take some time to be performed, saying nothing of the
cost-related aspect, which is important for countries with
limited economic resources.

Elastography technique is a relatively new visualizing
technology capable of qualitative and quantitative assess-
ing the physical properties of tissues, especially, density.
The technique is used in modern ultrasound as an addi-
tional differential method to detect pathological changes
in tissues. The main advantages of ultrasound using sono-
elastography are the ability to assess the density of the
myometrium, which may be essential for differentiating
the diagnosis, i. e. in determining the predominant pro-
cess, namely leiomyoma or adenomyosis, in mixed forms.
It can be useful for choice and planning of treatment, en-
hancing the treatment process with predicting its course
and process stabilizing.

Purpose — to ascertain the potential of transvaginal
ultrasound along with compression sonoelastography to
determine the deformation coefficient in differential diag-
nosis of various pathological myometrium conditions.

MATERIALS AND METHODS OF RESEARCH

The paper presents the analysis of elastographic find-
ings of the uterus obtained via transvaginal examination
of 155 women along with compression sonoelastography
performed at the premises of “Diagnost” ultrasound unit
from September 2017 to December 2020. The average
age of patients involved in the study was 44 + 3.6. All
patients underwent a comprehensive ultrasound diagnosis
by means of HITACHI AVIUS (Hitachi Medical Corpora-
tion) with sonoelastography function. Initially, all patients
had transvaginal ultrasound made using an endocavitary
sensor with 84 MHz of frequency. The uterine cervix
and body, ovaries and fallopian tubes were sequentially
examined along with assessing the position of the uterine
body, its shape, boundaries, and measuring the uterus di-
mensions. To specify the nature of one of the detected
forms of the pathological process of the myometrium, all
patients underwent compression sonoelastography by
means of the same ultrasound device using an endocavi-
tary sensor with 8—4 MHz of frequency.

Transabdominal/transvaginal —ultrasound findings
were further confirmed by histopathological examina-
tion.

Group 1 (control) was represented by 30 women with-
out pathological myometrial changes (Fig. 1). Group 2
involved 68 women with single or multiple uterine
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1 rpyny (nopiBHsHHS) ckianu 30 KiHOK i3 BiacCyT-
HICTIO MATOJNIOTIYHHX 3MiH MiomeTpist (puc. 1). o cxmany
2 Tpyn® [AOCHIDKEHHS yBIMmUM 65 XIHOK, y SKHX
nipu TBY3/] Oyna BusiBiieHa oMHUYHA 200 MHOXKUHHA JIe-
omioma matku (puc. 2). Y xopux 3 rpymu (20 XiHOK)
nipu poseaeHH] TBY3]] Oynu BusSBICHI 03HAKN BHYTPIII-
HBOTO aJIcHOMiO3y Marku (puc. 3). 4 rpyma ckiananacs
3 40 XiHOK, KpUTEPieM BKIIFOYCHHS 10 Hel Oyia HasiBHICTh
03HAaK TOEIHAHOTO YPaXEHHS MIOMETpis 3 JeHOMiOMOIO
i aneHomiosom, BusisneHe TBY3]] i3 3acTtocyBaHHSIM CcO-
Hoemacrorpadii (puc. 4).

Enacrorpamu ormiHIOBaNIM 32 KOMIT FOTEPH30BaHOIO KO-
JIPHOIO IIKAJIO, JIe CTYMHiHb Je(OpPMOBAaHOCTI (3KOPCT-
KOCTI) BiJIIOBiIa€ MEBHOMY KOIBOPY: M’SIKI TKAaHHHU —

BG:31 DR:65 F.Rej5 N.Rej:3
T:8-3MHz 9.0MHz Low BL..26%

leiomyoma detected by transvaginal ultrasound (Fig. 2).
The patients of Group 3 (30 women) had signs of internal
uterine adenomyosis revealed while transvaginal ultra-
sound (Fig. 3). Group 4 was made up by 40 women, the
criterion for inclusion to which was the sign of a combined
lesion of the myometrium with leiomyoma and adenomy-
osis, detected by transvaginal ultrasound applying sono-
elastography (Fig. 4).

Elastograms were evaluated by means of a computer-
ized color scale, where the degree of deformation (stiff-
ness) corresponded to a certain color: soft tissues — red and
green, stiff ones — blue. In accordance with this, the defor-
mation coefficient was determined according to the stan-
dard stiffness scale.

D09-JAN-20 12:31:20

P:100% [MiRKy ISERES
' 1 [ 1

Gynecology

BG:31 DR:65
T:9-3MHz 9.0MHz

Puc. 1. 3acrocyBaHHs KoMIIpeciitHOT coHoenmacTorpadii mpu He3MiHEHOMY MioMeTpii (mamieHTka A., 42 p.)

Fig. 1. Compression sonoelastography in unchanged myometrium (a 42-year-old patient A.)

YEepPBOHMH 1 3eJIEHUH KOJIp, XKOPCTKI — CUHIA. Y Bixmno-
BIJJTHOCTI JI0 IIbOTO 3a CTaHJApTHOIO OAJIBHOIO MIKAJOI0
JKOPCTKOCTI BU3HAYAIHN KOeilieHT nedopmarii.

Ha npyromy erarti J0CHIDKEHHSI Pe3yJIBTaTh TIOPIBHIO-
BaJIM 3 MICIISIONEPALTIHIM TiCTOJIOTTYHIM MarepiajioM, OTpH-
MaHUM YHACJIJOK XipypriyHOTO JIKYBaHHS, BHKOHAHO-
TO B PI3HOMY 00CsI31, 3JIEXKHO BiJI POLIECY HOBOYTBOPEHHSI.

KinpkicHi 3HaueHHs KoedimienTa nedopmanii BU3Ha-
Yanucs aBTOMAaTHYHO HA TULSHII TOCHTIDKSHHS: CepeaHe
3nadeHHs (Emean), miniManbHe 3HaueHHs (Emin), mak-
cumainbHe 3HadeHHs (Emax). [l ananisy BUKOpHUCTOBY-
Baau Emin, Emax u SD, micas goro Bu3Hagaiau Emean.

CraTtiucTHYHHMN aHalli3 TPOBOIMIIM 32 JONIOMOTOIO CTa-
THUCTUYHOTO Nporpamuoro 3abesnedenHss MedCalc. Cra-
TUCTHYHY OOpOOKY IOaHWX IPOBOIMIN BapiamiiHO-CTa-
TUCTUYHHM METOJIOM i3 BHKOPHCTAHHSIM KOPEJSIHHOrO
anamizy ta xputepito CrbromeHTa. Pi3HMIIO MiX Bapia-
HiHHIMHA psIaMu BBaXkanu Biporigaoro mpu p < 0,05.

At stage 2 of the examination, the obtained findings
were compared to postsurgery histologic material, re-
ceived via surgical treatment performed in different
amounts, depending on the tumor process.

Quantitative values of the deformation coefficient
were counted automatically on the study area: mean value
(Emean), minimum value (Emin), maximum value
(Emax). Emin, Emax and SD were used for analysis fol-
lowed by Emean assessment.

Statistical analysis was performed using MedCalc sta-
tistical software. Statistical data processing was carried
out by the variational-statistical technique using correla-
tion analysis and Student’s criterion. The difference be-
tween the variation series was considered to be probable
when p < 0.05.
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Puc. 2. Jleitomioma matkn y nanienku K., 45 p.

Hpumitkn: Crpasa 300pakeHHs B B-pexuMi. 31iBa — 3 BUKOPUCTaHHAM KoMHpeciitHoi conoenactorpadii. [loznauku A ta
B nipecTaBiastoTh AOCHIIKYBaHI TUISHKY, SIKi BHKOPUCTOBYFOTHCS TSl pO3paxyHKy KoedirienTa aedopmartii. [Toznauka B —
KOHTpOJIbHA 30Ha. [To3HauHa A — seifomioma, Iie ypaskeHHs IIepeBayKHO CHHBOT'O Koibopy. OTpHMaHU OKa3HUK KoedilieHTa
nedopmarii — 1,72
Fig. 2. Uterine leiomyoma in a 45-year-old patient K.

Notes: The image on the right in B-mode. The image on the left using compression sonoelastography. Marks A and B represent the
areas of interest used to calculate the deformation coefficient. Mark B — control zone. Mark A — leiomyoma, this lesion is mostly
blue. The obtained indicator (deformation coefficient) is 1.72

str. Ratic

Puc. 3. Kommnpeciiina conoenacrorpadiyna kapTuHa ajgeHoMio3y nauieHTku I1., 40 p. YpaxkeHHs NepeBaKHO 3aJHbOT CTIHKH
3 KapTyBaHHSIM CHHBOT'O KOJIbOPY, 3HaYeHHs KoedirienTa neopmarii — 1,74
Fig. 3. Compression sonoelastographic presentation of adenomyosis in a 40-year old patient P. Affecting the posterior wall mainly,
with mapping in blue, the deformation coefficient is 1.74

OpuriHaIbHi JOCITiPKSHHSI 83 Original research



VYKpalHCbKHUH pagioNoTivyHuiA Ta OHKONMOTiYHMH xypHair. 2021. T. 29.
Ukrainian journal of radiology and oncology. 2021;29(1):78—88

Ne 1. C. 78-88 ISSN 2708-7166 (Print)

ISSN 2708-7174 (Online)

HITACHI  DIAGNOST

__ Str. Ratio
Str.Ratio

BG:37
T:9-3MHz

DR:65 F.Rej5
90MHz Low

Gynecology

09-OCT-20 12:26:01

P100% [EE NEE
1 ' 1 . 1

0.01% B/A
BG:37 DR:65

V53W T:9-3MHz 9.0MHz

Puc. 4. Komneciiina conoenacrorpadis moeananoi popmu ajgeHomiosy Ta neiomiomu namientku T., 48 p. KapryBanns cuabo-
3eJICHUM KOJIbOPOM, 3HaUeHHA KoedimienTta nedopmarii — 0,05, 110 cBiquuTh Ipo M’ sIKOeTacTHUHY OyIOBY MiOMETpist

Fig. 4. Compression sonoelastography of the combined form of adenomyosis and leiomyoma of a 48-year-old patient T. Mapping
in blue-green, the deformation coefficient — 0.05 indicating a soft-elastic structure of the myometrium

PE3YJIBTATH TA iX OBGTOBOPEHHS

Ha mincraBi oTrpumaHux npu conoernactorpadii pe-
3yJbTaTiB OyiM BH3Ha4eHI enacrorpadiyHi xapakrepuc-
THKH — KoedimienTn nedopmarlii, XapakTepHi A Jeio-
MiOMH ¥ aJICHOMI03Yy.

VY rpymi nopiBasaAEA (I) KoedimienT medopmarnii OyB
OTPUMaHUIl TpU TOPIBHIHHI €JIACTHYHOCTI HepeIHbOT
Ta 3aJJHBOT CTIHKM MaTKH (IIpH BIJICYTHOCTI MAaTOIOTTYHUX
BUAMMUX 3MIH M7 9ac CiPOMIKAJIBHOTO TOCIIKCHHS).
V pa3si mHasBHOCTI neomiomu (II rpyma) xoedimient ae-
(opmarmii OyB oTpuMaHWA y Tporeci MOPiBHAHHS eiac-
TUYHOCTI (PiOpOMATO3HUX BY3IIB OO0 HE3MIHEHOTO Mio-
merpis. Ilpm anenomiosi (III rpyma), koedimient
nedopmalttii OyB OTpUMaHHU{ NPU HOPIBHSHHI aeHOMI03-
HOT BOIHUILEBOT IUISTHKY [TPOTH HE3MIHHOTO MiOMETpIisl.

Otpumani pesynsrata KoedilieHTiB aedopmariii Ha-
nmaui B Tabmm 1.

MaxkcumManbHi  3HaueHHs KoedimieHTa nedopma-
uii Oynu orpumani npu Jjediomiomi (y mewxax Big 2,0
1o 6,0 ox. Bumipy). I1pu HasBHOCTI Audy3HOro abo BOT-
HUILEBOrO ajacHoMiosy koedimieHt medopmariii OyB
y Mexax Big 0,5 mo 1,5 of. BUMiproBaHHS, IO CBITYUTH
PO BHUCOKY E€JACTHYHICTH MIOMETpis TPOTH He3MiHe-
HOro Miometpis. Y I rpymi (mopiBHSAHHS) KOS]Ii€HT Je-
(opmarii konmBaBes B Mexkax Bin 1,0 mo 1,9 ox. Bumipro-
BaHHSI.

[TpoanamnizyBaBiiy HaBEACHI JaHI MOXXHA JIATH BHUC-
HOBKY, III0 MiOMa ¥ a/JiecHOMi03 MaroTh Pi3HI eracTorpa-
¢biyni xapakrepucTuku (koedimieHT medopmarii) i pizHe
KOJIbOPOBE KapTyBaHHs. 3arajoM JiedoMioMa KapTyeTbest
31e0UIBIIOrO CHHIM KOJILOPOM, a aJeHOMiO3 — MO3aidyHO
CHHBO-3EJICHUM KOJIbOPOM.

RESULTS AND DISCUSSION

Elastographic characteristics were assessed in accor-
dance with sonoelastography findings, i. e. deformation
coefficients common in leiomyoma and adenomyosis. In
control group (I), the deformation coefficient was ob-
tained by comparing the elasticity of the anterior wall of
the uterus to the posterior one (if there were no pathologi-
cal visible changes during the gray scale study). In case
there was a leiomyoma (Group II), the deformation coef-
ficient was obtained by comparing the elasticity of fibro-
matous nodes vs the unchanged myometrium. In adeno-
myosis (Group III), the deformation coefficient was
obtained by comparing the adenomyotic focal area vs the
permanent myometrium.

The deformation coefficient findings are presented in
Table 1.

The maximum values of the deformation coefficient
were obtained in leiomyoma (in an amount of 2 to 6.0
units). In there was diffuse or focal adenomyosis, the de-
formation coefficient was in an amount of 0.5 to 1.5 units
indicating high myometrial elasticity vs the unchanged
myometrium. For its part, in Group I (control), the defor-
mation coefficient ranged from 1 to 1.9 units.

Having analyzed the findings, it follows that myoma
and adenomyosis have different elastographic character-
istics (deformation coefficient) and different color map-
ping. In general, leiomyoma is mapped mostly in blue,
and adenomyosis is mapped in a mosaic blue-green color.

These findings suggest high elasticity of the myome-
trium in adenomyosis in comparison with unchanged
myometrium. Similarly, taking into account the above

data, low elasticity or high density of the myometrium in
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Taoauus 1. Enacrorpadidai XxapakTepUCTUKY JIEHOMIOMH MaTKH W aI€HOMiIO3Y
3a nannmu TBY3]] i3 3acTocyBaHHsIM coHOenacTorpadii

Table 1. Elastographic characteristics of uterine leiomyoma and adenomyosis according
to transvaginal ultrasound using sonoelastography

) C— 3miriana q)opMa
KoedimieHTa ANCHOMIO3Y
i Hesminenuit miometpiit | Jleiiomioma AneHOMI03 i JIeHOMiOME
Alchopman Unchanged myometrium | Leiomyoma Adenomyosis Combination of P
Deformation .
. adenomyosis and
coefficient parameter :
leiomyoma
Emean 1,0 2,4 0,7 0,9 <0,001
Emin 1,0 2,0 0,5 0,5 <0,001
Emax 1,9 6,0 1,5 3,5 <0,001

3a MMM JaHUMHU MOXKHA CYJJUTH IIPO BHCOKY €JIaCTHY-
HICTb MiOMETpIsl P aJICHOMi031 B TIOPIBHSIHHI 3 HE3MiHE-
HUM MioMeTpieM. Tak camo, 3 OISy Ha HaBEICHI JaHi,
MOYKHA TOBOPHTHU PO HU3BKY €IACTHYHICTH a00 BHCOKY
IIUTBHICTH MIOMETPisl B pa3i HAIBHOCTI JIEHOMIOMH TTPOTH
iHTakTHOrO Miometpist. ITomiOHI coHoemacTorpadiuni xa-
PaKTepUCTHKK JIeHOMIOMH M aJeHOMIO3y OTpHMallid
B. Stoelinga et al., 3riHO 3 IKUMU B IIJIOMY TKaHHHH Mi-
oMU OyJHM TEMHIIIMMH, @ TKAHWHH aJICHOMI03Y — SICKpaBi-
MMM, HDK NPWIEDIMH MiOMeTpid, BOJHOYAC TKaHMHU
a/ICHOMIO3y Ta JISHOMIOMH PO3PI3HSIINCS 32 TEKCTYPOIO —
JKOPCTKICTB (hiOpoM Oyiia BUIIOIO, HIXK ageHOMI03y [8].

Hame nocmimpkeHHS 1MOKa3ajo, IO COHOENACTOrpa-
(i — 9yTNIMBUN 1HCTPYMEHT, SKHN JOTIOBHIOE TpaIH-
uittne TBY3/l y B-pexxumi npu nudepenmiiHiit giaraoc-
THUI PI3HUX MATOJIOTIYHUX CTaHIB MioMeTpid. OTpuMaHHiA
3a JIOTIOMOTOI0 KOMIIpeciitHoi enactorpadii koedilieHT
Jedopmailii MpoIeMOHCTPYBaB BiIMIHHY €(EKTUBHICTh
mig yac audepeHiiarii maTogoriyHux CTaHIB MIOMETPIs.
OTke, 3aCTOCOBHA B KJIHIYHIM TMpPaKTHIN eacTorpa-
¢is MoXke 3a0e3NeYnTH JIOAATKOBY IarHOCTUYHY TOU-
HICTB Y ITOBCSIKJICHHIH poOoTi.

[Tpw nigo3pi Ha ypaXKeHHsI MiOMETpis Jlikapi 3a3BUYai
MPOBOASTE JNWIATAINO 1 BHIIKPiOAHHS I BCTAHOB-
JICHHA TOYHOTO aiarHo3y [9]. Xowa mmromoris, Oiormcis
W pe3ympraTH AWiaTaiii i BUIIKpiOaHHA € yHiBepcaib-
HUMHU 30JI0THMH CTaHAApPTAaMH JUIS BCTAHOBJCHHS TOY-
HOTO JiarHO3y, Il MPOIEeIypH € IHBa3UBHUMH H 1HOMII
CHPUYHMHSIOTH CEPHO3HI YCKITaJHEHHS Y MAIliEHTOK 31 CTe-
HO30M IMiXBU abo mmiiku Marku [10]. 3Ha4HaA KiNbKiCTh
MAli€HTOK HE MPOXOAMUTH JKOJHMX NATOJIOTIYHMX TECTIB.
ToMy miciisi MEIMYHOTO OIVIsLY HEPIJIKO MPHU3HAYAIOTH Ma-
Joe(eKTUBHE JIIKyBaHHS, TIPH SIKOMY HE BPaXOBYIOThCS 1H-
JIUBITyabHI OCOOJHMBOCTI TAIlIEHTOK, IO IPH3BOIUTH
JI0 HepaliOHaJbHUX BUTPAT MEAMYHHX pecypciB. Baxnmso
3a3HAYMTH, IO M Yac TUQEepeHIiamnii MioMrd i aJeHOMi-
03y pe3yibTaTH ernactorpadii MOBHICTIO BiIIIOBiTaIM pe-
3ylbTaTaM MarHiTHO-pe3oHaHCHOi ToMorpadii [11]. Tomy
coHoenmactorpadist sk Oe3MeYHHi, TOCTYMHHAN 1 MEHII
BapTICHUIA METON Bi3yasizamii € HagifHUM IiarHOCTHY-
HUM IHCTPYMEHTOM KIIHIYHHUX TiHEKOJOTIYHHX IIPO-
61eM Ta crmoco00M YHUKHEHHS HETIOTPiIOHUX MPOIETyp.

BUCHOBKHA

[Ipu mnpoBeACHHI YABTPA3BYKOBOTO JIOCIIKCHHS
i3 3aCTOCYBaHHSIM KOMIpeciiiHoi conoenacrorpadii y ma-
IIEHTOK i3 TAKMMU TMATOJIOTIYHUMH CTaHAMHU MIOMETPis,

case of leiomyoma vs the intact myometrium should be
noted. Similar sonoelastographic characteristics of leio-
myoma and adenomyosis were obtained by B. Stoelinga
et al. According to them, in general, myoma tissues were
darker while adenomyosis tissues were brighter than the
adjacent myometrium, at the same time adenomyosis and
leiomyoma tissues differed in terms of structure: fibroma
stiffness was higher than the one of adenomyosis [8].

According to our study, sonoelastography is a sensi-
tive tool complementing the traditional transvaginal ultra-
sound in B-mode in the differential diagnosis of various
pathological conditions of the myometrium. The defor-
mation coefficient obtained via compression elastography
presented excellent efficiency when differentiating patho-
logical conditions of the myometrium. Therefore, elastog-
raphy applicable in clinical practice can provide addi-
tional diagnostic accuracy in everyday work.

When myometrial lesions are suspected, physicians
usually perform dilatation and scraping to make an accu-
rate diagnosis [9]. Although cytology, biopsy, dilatation
and scraping outcomes are universal gold standards for
accurate diagnosis, these procedures are invasive and
sometimes they cause serious complications in patients
with vaginal or cervical stenosis [10]. A lot of patients do
not have any pathological test made. Consequently, a
medical check-up is followed by prescribing ineffective
treatment, which is not focused on individual characteris-
tics of patients, resulting in irrational misuse of medical
resources. It should be emphasized that when differentiat-
ing myoma and adenomyosis, the elastography findings
fully matched magnetic resonance imaging findings [11].
Therefore, sonoelastography, as a safe, affordable, and
less expensive method of imaging is a reliable tool to di-
agnose clinical gynecological disorders and avoid unnec-
essary procedures.

CONCLUSIONS

The deformation coefficients in patients with leiomy-
oma and adenomyosis and unchanged myometrium were
obtained via ultrasound with compression sonoelastography
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SIK JiefioMioMa i aJIeHOMiO3, a TAaKOXK y MAIIEHTOK i3 He-
3MiHEHUM MioMmeTpieM Oyiau oTpuMaHi KoedilieHTH je-
(opmartii, sKi JaI0Th 3MOT'Y BU3HAYUTH CTYIIIHb €JacTHY-
HOCTi MiOMETpisl Ta 3MiHH OCTaHHBOTO TIPU BiATIOBIIHIN
TIATOJIOT 1.

Emacrorpadis mae 3mory ineHTH(IKyBaTH YiTKi Bia-
MITHI O3HaKW JielomioMu # ajmeHomiosy. 30ir Mix mia-
THOCTHKOIO a/IeHOMi03y Ha OCHOBI enactorpadii Ta ricro-
JIOTIi € ICTOTHHMM, aji€ HE ONITUMAaJIbLHHM.

MoskHa 3 yTIeBHEHICTIO TOBOPUTH PO T€, IO HE3Mi-
HEeHUIl MIOMETpiil Mae MEeBHY €JIaCTHUYHICTh, SIKY MOXKHA
NPUPIBHSTH JI0 YMCIIOBOTO 3HAYEHHS, a came KoedilieHTa
nedopmaltii, 1 el MOKa3HUK 3MIHIOETHCS B pa3i HasB-
HOCTI JIelOMiOMH 200 aJIeHOMI03y, 1110 CTBOPIOE MOXKIIH-
BicTh IU(EPEHIIIIOBATY 111 MTATOJIOTIYHI CTAHU MIOMETPIsl.

Otxe, BHUKOpHCTaHHS enactorpadii Ha J0aaToK
JI0 3BUYAHHOIO YJIBTPa3ByKOBOTO JIOCIIDKCHHS MOXE J10-
MMOMOTTH B AW(EpEHIIHIN MIarHOCTHIIl MAaTOJIOTIYHUX
CTaHiB MIOMETDis, 10 MOXe OyTH KOPHCHUM IIPH KOHCEP-
BaTMBHOMY JIIKYBaHHI Ta II€peIoNepanifHOMy IUIaHy-
BaHHI.
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thology.

Elastography is capable of identifying clear distinc-
tive features of leiomyoma and adenomyosis. The coinci-
dence of the diagnosis of adenomyosis based on elastog-
raphy and histology is significant, but not optimal.

The unchanged myometrium has a certain elasticity,
which can be equated to a numerical value, i. e. the defor-
mation coefficient, and this param changes in case of
leiomyoma or adenomyosis, which makes it possible to
differentiate these pathological conditions of the myome-
trium.

Thus, elastography in addition to standard ultrasound
can aid in the differential diagnosis of pathological condi-
tions of the myometrium, which may be useful in conser-
vative treatment and presurgery planning.
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IlepcnekTHBY NOAANBIIUX JOCTIKEHb

Po3pobuti mpOTHOCTHYHI TOKAa3HWUKH KoedimieHTa
nedopmatlii Ipu yIbBTPa3ByKOBiH TIarHOCTHIII i3 3aCTOCY-
BaHHSIM coHoenacTtorpadii ams OIiHIOBaHHS €(EeKTHB-
HOCTI MPOBENEHHS JIIKyBaJbHUX 3aXOJiB 1 JUHAMIYHOTO
CIIOCTEPEIKEHHSL.

KonduikT inTepecis
ABTOpH 3asBISIIOTH PO BIJCYTHICTH KOH(IIIKTY iH-
TepeciB.

Indopmanis npo pinancyBanus
dinancyBaHHS BHIaTKamMn Jlep>KaBHOTO OIODKETY
VYkpainu.

Prospects for further research

To develop prognostic indicators of the deformation
coefficient in ultrasound diagnosis using sonoelastogra-
phy to assess the effectiveness of therapeutic measures
and case follow-up.
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PE3IOME

AkTyanabHicTh. Cepesl OHKOJOTIYHHUX XBOPHX, SKI OTPHUMYIOTH MPO-
MeHeBy Teparito, Bix 5 no 15 % oci0 MoxyTh Maru 1OOIYHI peak-
il Ta YCKJIaHEHHs] B HOPMaJbHUX TKAHUHAX Ta OpraHax, 10 0OMEKYIOTh
JIKyBaHHS Y TOBHOMY, IIEpBUHHO 3aIIaHOBaHOMY pexnMi. Po3poOka npo-
THOCTUYHUX OlOMapkKepiB i METOJIB, IO JO3BOJSIOTH MepeI0auynuT HOp-
MaJlbHy TOKCHYHICTh TKaHWH Yy pajianiiHii OHKOJIOTII, TOTpedye 3HaUHUX
BHTpPAT 1 pecypciB, M0 3YMOBIIOE€ HEOOXITHICTH MEPIOTUYHOTO aHANTI3y
f MepeoliHKK MOTOYHOTO CTaHy Ta IMOTCHIIMHUX HAIPSAMKIB HONAJIBIIHX
JTOCTIKeHb y il Tamys3i.

Meta po6oTH — OIS IPUCBSYCHO METOMOJOTIYHMM MiAX0naM i po3poo-
KaM y Tany3i QyHKI[IOHAIBHUX J1a00paTOPHHUX TECTIiB HA OCHOBI KIIITHHHOT
BHYKHBAHOCTI €X VIVO JUTs MPEAUKILT 1HAUBIyaabHOT KIIIHIYHOT pagiodyT-
JIMBOCTI.

Marepiaim Ta Metomu. byino mpoaHai30BaHO 1 CHCTEMAaTH30BaHO JaH1
MOBHOTEKCTOBUX IyOJiKalid y 3aKOpIOHHHMX (AaHIVIOMOBHHX) HAyKOBHX
BuaHHAX 3a nepiox 1990-2020 pp., BigiOpaHUX NUISIXOM IMOIIYKY B iH-
¢dopmauiiiniii 6a3i PubMed i 3a nepexpecHMMHU MOCUIIAHHAMH 32 TEMaTH-
KOFO «(yHKITIOHAJIbHI KIITHHHI TECTH Ha PAIiOYyTIUBICTD JJIS MPEIUKITIT
NPOMEHEBUX peaKwiil 1 yCKIaJHeHb Y HOPMAIIBHUX TKaHWHAX Micis Mpo-
MEHEBOI Tepartii».

Pe3yabTaTu Ta iX 00roBopenHs. Y Teopii ogikyBajocs, 0 HaHKpammum
IHAMBITyadTbHUM TIPEIUKTOPOM paialliifHOl TOKCHYHOCTI Ma€ BHCTY-
MaTH KJIOHOT€HHAa BW)KMBAHICTh ONMPOMIHEHHUX KIITHH SIK 1HTETpalbHUN
MOKa3HUK YPaKCHHS KJIITHH 1 3HWKEHHS iX pereHepauiiiHoro MoTeH-
miany. XapakrepHo, 1o (idpodaacTH, SIK TeCT-CHCTeMa Ui TaKHX JI0-
CJIIJDKEHb, HE MOKAa3aJyd ICTOTHUX MepeBar Haj JiMGOUUTaAMH aHi 010
BUSBJICHHS MIDKIHIUBIAyaJIbHUX Bapiamid KIITHHHOT PaIiovyTIHBOCTI,
aHl IMIOM0 MPEIUKINT KITIHIYHOI MPOMEHEBOI TOKCUYHOCTI, MPUYOMY Ha-
BiTh y BWIIQJIKy IPOMEHEBHX peakliil Imkipu. BusBmiocs, mo BuMi-
PIOBaHHsS KJIOHOTEHHOI BI)KMBAHOCTI KIINTHH NOTpeOye 3abararo wacy,
€ TEXHIYHO HAATO CKJIQJHHM, a pe3ylbTaTH ICTOTHO HENeBHIi, HeIo-
CTaTHRO YYTIHBI Ta crenudivyHi i MarTh 3aHU3BKY BiITBOPIOBAHICTH,
o0 pOOWTH HOr0 HENPHUAATHUM [UIS CKPUHIHTY Ha aHOMAlbHY iHIUBI-
IyaJbHY paaiodymIuBicTh. [IpoTe mel THm AOCTiTKEHbP MOXKHA 3aCTO-
COByBaTH st pagiobionoriunoi exkcrieptusn post factum B okpemwux Bu-
najkax II0SBU HEOUIKYBAaHMX EKCTPEMaJbHUX IPOMEHEBHUX pEaKIiid.
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Ominka pamiamiiHO-IHAYKOBAHOTO arlonTo3y B JTIMQOIUTAaX BUIAETHCS
ORI TIEPCTIEKTUBHUM METOJIOM, aJie BCE IIIe BUMArae sik po3poOku (GyH-
JMAMEHTAIBHOTO MIATPYHTA, TaK 1 JOAATKOBUX BaNiJAIlifHUX IOCIIIKCHB,
o0 BU3HAYUTH ONTHUMANBHI TPYIH MAIi€HTIB, CXeMH IIPOMEHEBOI Tepa-
nii Ta BUOM NMPOMEHEBHX YCKIAIHEHb UL HOTO BIIEBHEHOTO BUKOPHC-
TaHHS B KJIIHIYHIA MpakTHIll. 3MiHA PEeryIsil KOHTPOJIbHUX TOYOK (pajio-
TeHHA 3aTPUMKa) KITITHHHOTO IHKIY €X VIVO MOXXe MaTH SIK TO3HWTHBHY,
TaK ¥ iHBepTOBaHY acoLiHOBaHICTh YM BIACYTHICTh KOpeEJsUii 3 KiiHiY-
HUMH IPOMEHEBUMH PEaKIlisMH, 110 MOKK BUKJIIOYAE IIel rmapameTp 3 Te-
PEeJiKy MPUKITATHUX PaTi00i10IOTIYHAX TECTIB.

BucHoBku. Ha croromni B mpakTwili KIIHIYHOT pamiobionorii Big-
CYTHI TIOBHICTIO BaJIiJIOBaHI Ta CTaHAApTH30BaHi (yHKIIOHAIBHI TECTH
Ha OCHOBI BM)KMBAHOCTI KJIITHH JIFOJMHU TICJS OIPOMIHEHHSI €X ViVO,
SKi O YMOXKIJIMBIIFOBAIN JIOCTATHRO TOYHY NPEIUKLIIO IPOMCHEBHX peak-
il Ta yCKIQAHEHb Y HOPMAJIbHAX TKAHMHAX MMAIli€HTIB. Y IIIOMY TECTH
€X VIVO, IO TPYHTYIOTHCSI Ha OIHIN TiAbKA OHIET (OPMH KIITHHHOI
3aru0eni B OJHOMY THII KIITHH, NPEACTAaBISIOTHCS HEIOCTATHHO Ha-
JMIMHUMM 4epe3 Te, 10 Pi3HI HUISIXW 3aru0elni KIITHH, WMOBIPHO, Bii-
rparoTh PI3HY pPOJIb 1 MPOSIBISIIOTH Pi3HY (OPMY 3aJeXKHOCTI «J03a —
epexT» y KIHIEBIH BIANOBIAI TKAHMHM YW OpraHa Ha ONPOMIHEHHSI.
Taki TecTn MarOTh CTaTH CKJIQJAOBHMHU MYJIBTHUIIAPAMETPHYHUX IMPEIAHK-
THUBHHUX IUIAT(HOPM.

ABSTRACT

Background. Among cancer patients receiving radiotherapy about
5-15 % may have adverse reactions in normal tissues and organs that
limit their treatment in a full, originally scheduled regimen. The develop-
ment of biomarkers and assays for radiation oncology allowing the predic-
tion of patients’ normal tissue toxicity requires a lot of resourses, threfore
its current status amd potential directions for future research have to be
periodically analyzed and re-evaluated.

Purpose — this review summarizes the methodological approaches and de-
velopments in the area of functional laboratory assays based on ex vivo
cell survival for the prediction of the individual clinical radiosensitivity.
Materials and methods. Data for the analysis and systematization were
obtained from the full-text articles published in peer review international
scientific journals (in English) in 1990-2020, which were selected by the
extensive search in PubMed information database and cross references on
the topic “Functional cellular tests for intrinsic radiosensitivity to predict
adverse radiation effects and radiotherapy complications”.

Results. In theory, it might be expected that clonogenic cell survival after
ex vivo irradiation can surve as the best individual predictor of radiation
toxicity, as it is an integral indicator of cell damage and decline of their re-
generative potential. Tendentially, fibroblasts, as a test system for such stud-
ies, did not show significant advantages over lymphocytes either in detect-
ing inter-individual variations in the intrinsic cellular radiosensitivity or in
predicting clinical radiation toxicity, even for that in skin. It was found that
clonogenic cell survival assay, being very time consuming and technically
demanding, also suffers from the lack of sensitivity and specificity, essential
uncertainty and low reproducibility of the results, and thus is not suitable for
the sceening for the abnormal intrinsic radiosensitivity. However, this type
of assays is applicable for the radiobiological expertise post factum in indi-
vidual cases with unexpected, extreme radiation lesions. Radiation-induced
lymphocyte apoptosis assay seems to be more promising however still re-
quires further fundamental research for better understanding of its back-
ground and more validation studies in order to assess the optimum patient
groups, radiotherapy regimens and adverse effects for its confident use in
clinical practice. Changes in the regulation of cell cycle check-points (radia-
tion-induced delay) ex vivo can have either positive or inverted association,
or no correlation with clinical radiation responses in tissues, thus so far can-
not be included in the toolbox of applied radiobiological tests.
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Conclusions. To date, in the practice of clinical radiobiology, there are no
fully validated and standardized functional tests based on the cell survival
after ex vivo irradiation, which would allow a sufficiently accurate predic-
tion of adverse radiation effects in normal tissues of radiotherapy patients.
In general, ex vivo tests based on the evaluation of only one form of cell
death in one cell type are not fully reliable as a “stand alone” assay, be-
cause different pathways of cell death probably play different roles and
show different dose response within the overal reaction of the irradiated
tissue or critical organ. Such tests should become a part of the multipara-
metric predictive platforms.
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3B’s130K po6OTH 3 HAYKOBHUMH NMPOrpaMaMu, NJaHaAMH
i TeMamu

Le#t omsag € pe3yabTaToM aHATIITUYHOI POOOTH, BHU-
KOHAaHOT B Meax HayKoBO-10CIiaHOI poboTn JlepxaBHOT
ycTaHOBU «IHCTUTYT MEAMYHOI paaioyiorii Ta OHKOJIOTIT
imeni C. I1. I'purop’eBa HamionansHOT akajemii Mmennd-
HUX HayK Ykpainm» «Busnauenns ¢axropiB  mpo-
THO3y Ta IHAMBIMyasi3ailis KOMIUICKCHOTO JIIKYBaHHS
TMi3HIX TPOMEHEBUX YIIKOKCHbY» (HOMEp Aep>KaBHOI pe-
ecrpanii: 0118U001712, mudp temu: HAMH 03.19,
npuKiIagHa, TepMid BukoHanHs: 2019-2021 pp., kepis-
HUK — JIOKTOp MEIUYHHUX HaykK, nmpodecop Kpacuocens-
cekuii M. B.).

BCTYII

AmHai3 cyyacHUX TPEHJIB y LapuHi pajiodionorii no-
Ka3aB AaKTyalbHICTh Ta ICTOTHY NpPaKTHYHY 3HAIY-
IIICTh TAKOTO HAIPSMKY, SIK HOIIYK IPEIUKTOPIB ISt T1e-
pendadeHHs iHAMBITyaIbHOT peakilii HOpMajJbHUX TKAHUH
1 KpUTUYHUX OPTaHIB MMAIli€HTIB HA TEPANleBTUYHE pajia-
uiiine onpominenHs [1-11]. YV HamoMy HelroJaBHbOMY
onsAll OyJlo PO3IISTHYTO TOTOYHI YSBIEHHS IIOAO PO
i micis 6ioMapKepiB KIIHIYHOT paioqyTIIUBOCTI B pajia-
LIHIA OHKOJIOTIT Ta BUCBITIEHO CTaH IMUTAHHS 11010 MO-
JEKyISIPHO-TEHETUYHUX TTOKAa3HUKIB, IPUAATHAX IS Tie-
pendaveHHs pamianiiHoi TokcnaHOCTI [12]. 3’sicyBanocs,
1110 TIPOTSITOM OCTaHHIX 25 POKiB 3HaYHA YaCTHHA HAYKO-
BUX pecypciB Oyrna BHTpadyeHa Ha CIPOOW 3HAWTH Taki
NpPeUKTOpH 'y (OpMi OIHOHYKJIEOTHIHOTO IOJIMOp-
(hisMy B «iHTYiTHBHO» OOpaHUX TeHax, aje el Mmiaxif
BUSBUBCS XUOHMUM [ 13—15]. HaiirepcrieKTHBHIMIO CcTpa-
TETI€I0 B Tajty3i MPHUKJIAHOT MOJIEKYJISIpHOT patiobioorii
CTaJIO TIOETHAHHS TPAHCKPUIITOMIKH Ta TEHOMIKH 3 €MITi-
PUYHHMM BHSBJICHHSM T'eHIB (TeHETHYHMX BapiaHTiB i pe-
rymsatopaux nociigosaocreit JIHK), yust ekcnpecis miii-
CHO TIOB’s13aHa 3 MPOSBaMH KIIIHIYHOI PaJlioqyTIUBOCTI.

AJIBTEpPHATHUBOIO MOJIEKYJISIPHO-TEHETHYHUM TIPE/INK-
TOpaM € BUKOPUCTAHHS KIITHHHUX (YHKIIOHAJTHBHUX TEC-
TIB 13 paialiiiHIM OITPOMIHEHHSM KJIITHH XBOPHUX €X VIVO
[16—18]. Taka ctparteris mo30aBiisie HCOOXITHOCTI BU3HA-
YaTH BIUIMB KOHKPETHHUX T€HETHYHHX (PAKTOPIB UM OIli-
HIOBATH TIlMOTETHYHWHA PH3HK BiX iX HasBHOCTI [3, 20].
[ieonoriyHUM MIATPYHTSIM LBOTO HANPSIMY JOCIIKEHb
BHCTYIIAE TIMOTe3a MPO Oe3MmocepeHio 3aiTHICTh pajia-
LiHO-1H/TyKOBaHUX KJIIITUHHUX €(DEKTIB Y PO3BUTKY TOK-
CHYHOI peakmii y TKaHMHAX, 3BIIKM I1HTYITUBHO

Connection with scientific programs, plans and topics

The review is the result of analytical activities per-
formed within the scientific research project of State Or-
ganization “Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical
Sciences of Ukraine” which is “Determination of the fac-
tors of prognosis and individualization of complex treat-
ment of late radiation damages” (state registration No:
01180001712, research project code: NAMS (Ukraine)
03.19, applied, period for performance: 2019-2021, led
by Doctor of Medical Science, Professor Krasnosels-
kyi M. V).

INTRODUCTION

The analysis of current trends in radiobiology has
shown the relevance and essential practical significance
of the search for biomarkers suitable for the prediction of
patients’ individual response of normal tissues and critical
organs to therapeutic radiation [1-11]. Our recent review
has been addressing the overall role and place of bio-
markers of clinical radiosensitivity in modern radiation
oncology and highlighting the current state of the avail-
ability of molecular genetic indicators suitable for pre-
dicting radiation toxicity [12]. It turned out that over the
past 25 years, a significant portion of scientific resources
had been spent on attempts to find such predictors among
various single nucleotide polymorphisms in “intuitively”
selected genes, but this approach appeared to be unsuc-
cessful [13—15]. A more promising strategy in applied
molecular radiobiology is a combination of transcrip-
tomics and genomics, that as the first step includes an em-
pirical detection of genes (genetic variants and regulatory
sequences of DNA), the expression of which is indeed as-
sociated with clinical radiosensitivity.

An alternative to molecular genetic predictors is the
use of cellular-based functional tests with irradiation of
patients’ cells ex vivo [16—19]. Such strategy eliminates
the need to determine the influence of specific genetic
factors or to assess the hypothetical risk of their presence
[3, 20]. The ideological basis for this area of research is
the hypothesis about direct involvement of radiation-in-
duced cellular effects in the development of toxic reac-
tions in tissues, where correlation between individual
means of such biomarkers and the degree of radiation
complications in the patient are intuitively expected.
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OYIKYETBCSI KOPEJALIS MK IHAWBIAYyaJbHUMH 3Ha4YeH-
HAMH Takux OioMapkepiB 1 CTymeHEeM MpPOMEHEBUX
yCKJIaHeHb y namnienTa. [1o cyTi, ie IpuIyneHHs € aHa-
JIOTOM TIOIIYKY T€HETHYHHX JETepMiHAHT KIIHIYHOI pa-
JTIOYYTIAMBOCTI y KaHAWIATHUX T'eHAX padiamiiHoi Biamo-
Bili, aje y BUMNAIKy KIITHHHUX TECTIB OIPOMIHCHHS
X ViVO 103BOJISIE BUSBUTH HE KOHCTUTYI[IOHANBHI, & yHK-
LIOHAJIBFHI 0COOIMBOCTI, SIKI HE TMPOSBISAIOTHCSA Y 3BHYA-
HHUX yMOBax 0e3 JI01aTKOBOTO HABAaHTAXKEHHSI.

Sk Mapkepw pamianiiHOi BIAMOBiIMI HA KIITHH-
HOMY PpiBHI pO3MISAAINCS NEPBUHHI IMOUIKOMKCHHS
JHK Ta ix pemaparis, pi3HOMaHITHI 0i0XiMigHI BHYTpIII-
HBOKJIITUHHI TPOAYKTH, IUTOT€HETHYHI ITOUIKOPKEHHS
(abepartii XxpoMOCOM, XpOMAaTUIHI PO3PUBH, MIKPOSApa),
aKTHBAIlis KOHTPOJBHUX TOYOK KIITHHHOTO LUKIY, aro-
1TO3, KJIITHHHA BHKMBAHICTh 1 3aTHICTH JI0 KOJIOHIEYTBO-
pernsa. OdikyBajocs, M0 iX BHMIPIOBaHHSA B KJIITHHAX
MAI[IEHTIB YMOXJIMBHUTH TIepel0adeHHsT peakiii 3 00Ky
HOpPMAJIBHUX TKaHWH € JIO MPUHHATTS KIIHIYHOTO pi-
LIEHHS TPO TIOYaTOK TEPAEeBTUYHOIO OINPOMIHEHHS
1, BIAIITOBXYIOYNCH BiJl IOTO, JaCTh 3MOTY 1HIUBIIyali-
3yBaTH MpOMEHeBe JiikyBaHHs [3, 9, 16, 20-31]. Meroro
[FOTO AHATITUYHOTO OIVISITY € CHCTEMAaTH3allisl Ta MOPiB-
HSHHS METOJIOJIOTIYHUX MIIXOIIB Ta pPO3poOOK y ramysi
(yHKIIOHATIBHUX JIA0OPAaTOPHUX TECTIB JUIS TPETUKIIT
IHAMBiTyadpbHOT KIIHIYHOI pagiogyTiuBocTi. IloTouna
YacTHHA OISy NPUCBSYCHA KIITHHHIA BHXKMBAHOCTI €X
ViVO Ta 1l 3B 3Ky 3 PO3BUTKOM pEaKIliii i yCKIaJHCHb
B HOpMaJIbHUX TKaHWHAX ITiCJIs TIPOMEHEBOI Tepartii.

MeTa po6OTH — OIVISA] IPUCBSIEHO METOOIOTIHHUM
miaxonaM i po3poOkaM y ranmysi (yHKIioOHaIBHHX J1a00-
paTOpHUX TECTiB Ha OCHOBI KJIITHHHOI BMJKHBAHOCTI €X
VIVO JUtsl IpEeKIIi 1HIUBIyalbHOI KIIIHIYHOT pajioqyT-
JIMBOCTI.

MATEPIAJIA TA METOAU JOCJIAKEHHS

Y po6OTi BUKOHAHO aHAJII3 JaHUX 13 MOBHOTEKCTOBUX
BepCiii aHTIIOMOBHUX cTaTel (B OKPEeMHX BUIIAJKaX — CTa-
Telt (hpaHITy3pKOI0 MOBOIO), BiIiIOpaHUX 3a pe3yabTaTaMu
iHpopmaniitHoro nomryky B 6a3i PubMed 3a xomOGinari-
sSMU KJIF090BUX cimiB radiosensitivity (takox cellular
radiosensitivity, chromosomal radiosensitivity, in vitro
radiosensitivity) Ta clinical radiation toxicity, adverse
normal tissue effects, late radiotherapy effects, a Taxox
3a MEepeXpecHHMH MMOCWIIAHHAMH Y 3HAHJICHHUX IyOiika-
uisix. Imubunaa nomryky cranoBmwia 30 pokiB, TOOTO
31990 o 2020 poKy BKIJIFOYHO.

HomarkoBo Oymno ompamboBaHo iH(popMario 3 web-
CTOPIHOK Mi>KHapoaHuX rporpam i npoektie EURATOM,
MELODI/CONCERT, RadGenomics, Gene-PARE,
GENEPI, RAPPER, REQUITE ta iHmmx caifTiB y Me-
pexi InTepHer, Ha siki Oy/nM OTpHUMaHi NOCWIJIAHHS 3 IO-
mykoBoi cuctemu Google 3a BUIIIEHABEACHUM MTEPETIKOM
KITFOYOBUX CIIIB.

[Tpu onuci pe3ysbTariB aHai3y BUKOPUCTOBYBAJIH 110~
HATIHY 0a3y 1 TEpMiHOCHCTEMY, 1110 OYJI0 AE€TaIbHO PO3-
DISTHYTO Ha morepearpomy etami 1iei H/IP i mpencras-
JICHO B HaIIoMy rorepenubomy orisiai [12]. 3okpema, 1e
BKJIIOUAE TEPMIHHM «OiOMapKep», «IPETUKTUBHI Map-
Kepm», «PaliodqyTIIUBICTEY, «KITITHHHA PaTiOUyTIHBICTEY,
«KIIHIYHA PaIi0YyTIUBICTHY.

Basically, this assumption is analogous to the search for
genetic determinants of clinical radiosensitivity in candi-
date genes of the radiation response, but in case of cellu-
lar tests the ex vivo irradiation reveals not constitutional
but functional features, which do not occur under normal
conditions without additional load. The list of biomarkers
of the radiation response at the cellular level includes pri-
mary DNA damage and its repair, activation of cell cycle
checkpoints, various biochemical intracellular products,
cytogenetic damage (chromosome aberrations, chromatid
breaks, micronuclei), apoptosis, cell viability and colony
forming ability (clonogenic potential). It was expected
that their measurements ex vivo would make it possible
to predict the response of normal tissues before making a
clinical decision to start a radiotherapy (RT) course, and,
based on this, would allow individualization of RT [3, 9,
16, 20-31]. The aim of the current analytical review is to
systematize and compare methodological approaches and
developments in this area. The first part of the review is
devoted to ex vivo tests for cell survival.

Purpose — this review summarizes the methodological
approaches and developments in the area of functional
laboratory assays based on ex vivo cell survival for the
prediction of the individual clinical radiosensitivity.

MATERIALS AND METHODS OF RESEARCH

For this review, the data were collected in full-text
versions of scientific articles in peer reviewed journals,
published in English (in few cases — in French), and se-
lected by the information search in the PubMed database
by keyword combinations “radiosensitivity” (as well,
“cellular radiosensitivity”, “chromosomal radiosensitiv-
ity”, “in vitro radiosensitivity”’) and “clinical radiation
toxicity”, “adverse normal tissue effects”, “late radiother-
apy effects”, as well as by cross-references in the publica-
tions found. The depth of the search was 30 years, i. e.
from 1990 to 2020 inclusively.

Additionally, information from the following web-
pages of international programs and projects was pro-
cessed: EURATOM, MELODI/CONCERT, RadGenom-
ics, Gene-PARE, GENEPI, RAPPER, REQUITE, and
other sites in the Internet that have been revealed by the
Google search engine for the above set of keywords.

The current review inherited the conceptual frame-
work and terminology, which were discussed in detail in
our previous article [12]. In particular, this includes the

CEINNT

terms “biomarker”, “predictive markers”, “radiosensitiv-
ity”, “cellular radiosensitivity” and “clinical radiosensi-

tivity”.
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PE3YJIBTATH TA iX OBTOBOPEHHSA

Pagiauiiino-inaykoBaHi KIiTHHHI epekTH y TecTax
eX Vivo: 3arajibHa kiacudikanis

B iepapxiuniif cTpyKkTypi paaio0ioforiuHuX e(eKTiB
KJITHHHOTO PiBHS € YOTHPH I'PYIH SIBUILL, 110 CTAJIN IpeJi-
METOM HayKOBO-TTPAaKTHYHOTO ONpAIIOBAaHHS SIK MOTEH-
iiHI GioMapKepH pagioTyTIUBOCTI:

— nepBuHHI omkomkenas JJHK Ta ix penaparris;

— IIMTOTCHETHYHI MOIIKOKESHHS;

— inTepdaszHa 3arudenb KIiTHH;

— 3arajbHa BWKMBAHICTH 1 KIIOHOTEHHA aKTHBHICTh
KJITHH.

3B’A30K MK HEepIIAM 1 APYyTUM piBHEM, Tak CaMo
SK MDK JPYTHM 1 TpeTiM, 3a0e3MeqyroTh YHCICHH] 010Xi-
MiYHI 3MiHH, IO 3/1€01JIBIIOr0 YOCOOIIOIOTh BHYTpIlI-
HbO- 1 MDKKIITHHHUM CHTHAIHT, SK-OT MAaIluHEPist
KOHTPOJIBHUX TOYOK KiiTHHHOTO 1ukiy, TGF-B Ta immi
Mmejiaropu OailicTeHaepHuX B3aemonii. B ocranni 20 po-
KiB TIeperiK BiJOMHX MOJEKYISPHUX IOCTPadiallifHIX
MPOIIECIB, 3aMiTHUX Y peami3amil KIITHHHOI paXiodyTiin-
BOCTI, CTPIMKO PO3IIMPIOBABCS, aJie J]alieko He BCi MOKa3-
HUKHM BHSABWINCS NPHIATHUMU [UIsl BUKOPUCTAHHS Ha
npaxtuni. [IpuauHN 1BOTO MONSAragy B HaATO KOPOTKOMY
yaci 1X ICHyBaHHS, TEXHIYHIM CKJIAIHOCTI IX KiIBbKICHOTO
BUMIPIOBaHHS YU HE3aI0BUTBHIN Yy TIIMBOCTI Ta crienuiv-
HOCTI JUTA KTiHIYHUX Iiieid. CriBBiTHOIICHHS Pi3HUX TH-
TiB MapKepiB Ta €BOJIOLIIO YCIIXIB 1 HEBJa4 IPH IX aKTHB-
Hiif po3po0Ii 3 METOI CTBOPEHHA KIIIHIYHO 3Hady-
IIUX TECTIB IHIIOTO HABEJCHO B ONBIIOBUX podorax [1, 2,
17-20].

3a KOYKHHMM KJIaCOM €(EeKTiB CTOITh ICTOPIS TX peTeiib-
HOTO BHBYCHHS B €KCIIEPHUMEHTax iN VItro Ha KyJibTypax
KJTiTHH Ta iN ViVO Ha MmyTaHTHUX TBapuHax. CrpoGu
BIIPOBAKEHHS iX SIK MOKA3HUKIB VIS MPUKIAIHUX K-
HIYHO 3HAYYIIMX TECTIB PO3IOYAIMCS PA30M i3 HAKOIH-
YEeHHSIM JIOCTaTHBOTO 00CATY BEpH(DIKOBAaHUX JaHHX
MOA0 KUTbKICHUX 3aKOHOMIPHOCTEH y TepPMiHAX «J103a —
gac — e()eKT» 1 TOHKUX MOJICKYJIIPHUX MEXaHI3MiB X po3-
BUTKY. KOpOTKHMH Ta €MKHIi iICTOpHYHHMI €KCKypC 3 Ipo-
OnmeMH KITITHHHHX MEXaHi3MiB paliodyTIMBOCTI MO)KHA
3HAWTH B omisifi [32].

Buxomsun 3 BiTOMHX MEXaHI3MIB pajiaiiHol Bimo-
BiJli, HAHBAXKJIMBINIY POJb y peanizaiii pagioqyTIHBOCTI
Bimirpae cucrema pemnapamii JHK. HesBaxaroun nHa Ti
CIIICJIOHOBAHICTD, JOCSITHYTY 32 MIJIbSIPJl POKIB €BOIIOIIIT
eyKapioT, Ae(eKT Oymb-sAKOTo 3 11 eJIEeMEHTIB MPU3BOANUTH
IO 3pOCTaHHs ypasIMBOCTI KIITHH 3a il 10Hi3yr0401 pa-
mianii [4, 33-39].

[TinrpyHTAM U1 TPUKIAIHAX JOCHIIIKEHb CTallN YKC-
JICHHI €KCIICPUMEHTH 13 BUKOPHCTaHHSAM KIITHH (200 BU-
POIIEHMX 13 HUX KJIITUHHUX JIiHIH), OTPUMaHUX y Talli€H-
TiB, SIKI MaJIM CIAJKOBi, TCHETUYHO 3yMOBIICHI CHHAPOMH,
y TepIry 4epry — MyTarlii ciMeicTBa aTakcii-Teleanriek-
tazii (AT) i3 heHOTUIIYHNMH NTPOSIBAMH aHOMAaJIbHO BHCO-
Koi KiIiHigHOI panxiodytiauBocTi [40]. Sk mpaBmio, B ycix
eKCIIepUMEHTAIbHUX MOJEIISIX 1 32 BCiMa THIIAMHU KIIITHH-
HUX e(DeKTiB, UM TO KJIIOHOT€HHA BIKMBAHICTh, YU TO Di-
BEHb palialiifHO-1HIYKOBAHUX XPOMOCOMHHUX IIOIIKO-
JOKEHbB, KITITHHA TaKUX XBOPHUX MOKA3yBaJH YiTKI BiIMiH-
HOCTI BiJl KJIITHH, 110 TIOXOIMJIX 3 HEMYTaHTHHUX 0¢i0 [32,
39-52]. ¥ Garatbox AOCHTIKEHHSIX, CIPSIMOBAaHUX HA I10-
OIyK  KOperiAalii MDK  KIITHHHOK 1 KJIHIYHOIO

RESULTS AND DISCUSSION

Radiation-induced cellular effects in ex vivo tests:
General classification

In the hierarchical structure of radiobiological effects
of the cellular level there are four groups of phenomena
that have become the subject of scientific and practical
evaluation as potential biomarkers of radiosensitivity:

— Primary DNA damage and their repair;

— Interphase cell death;

— Cytogenetic damage;

— Clonogenic activity/colony forming ability of cells.

The links between the first and the second / third
groups, as well as between the second / third and the
fourth groups, are maintained through numerous bio-
chemical changes, mostly embodying intra- and intercel-
lular signaling, such as cell cycle checkpoint machinery,
TGF-B and other mediators of bystander interactions. In
the last 20 years, the list of known molecular post-radia-
tion processes involved in the implementation of cellular
radiosensitivity has expanded rapidly, but not all indica-
tors have proved suitable for practical use. The reasons
for this were too short terms of existence of these effects,
a technical complexity of their quantitative measurement
or insufficient sensitivity and specificity for clinical pur-
poses. The interrelationships between different types of
biomarkers and the evolution of successes and failures
during their development in trying to create clinically ap-
plicable tests are presented in reviews [1, 2, 17-20].

Behind each class of effects, we can find a history of
their intensive studying in vitro through experiments on
cell cultures and in vivo on mutant animals. Attempts to
introduce them as end-points for applied, clinically mean-
ingful tests began with the accumulation of a sufficient
amount of verified data on quantitative patterns in terms
of “dose — time — effect” and on subtle molecular mecha-
nisms of their occurrence. A brief and comprehensive his-
torical overview of the problem of cellular mechanisms
of radiosensitivity can be found in the paper [32].

Considering all known mechanisms of the radiation
response, it can be concluded that the DNA repair system
is playing the most important role in the implementation
of radiosensitivity. Despite its multi-layer organization
achieved over a billion years of eukaryotes’ evolution, the
defect of any of its elements increases the vulnerability of
cells to ionizing radiation [4, 33—39].

The basis for applied research in this area was formed
by numerous experiments using cells or cell lines ob-
tained from patients with hereditary, genetically deter-
mined syndromes, primarily mutations of the ataxia-tel-
angiectasia (AT) family, with phenotypic manifestations
of abnormally high clinical radiosensitivity [40]. As a
rule, in all experimental models and for all types of cellu-
lar end-points, whether it was clonogenic survival or the
yield of radiation-induced chromosomal damage, the
cells of such patients showed clear differences from cells
derived from non-mutant individuals [32, 39-52]. In
many studies aimed at the search for possible correlation
between cellular and clinical radiosensitivity in RT pa-
tients, the authors included cells from AT patients or het-
erozygous carriers of this mutation as a positive control.

However, patients with AT or other similar syndromes
comprise a negligible proportion of all persons receiving
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pamiouyTIMBICTIO y TAIEHTIB MPOMEHEBOI Teparii, aB-
TOPHW BKJIFOYAIH KIITHHHA XBOpHX Ha AT 4u reTepo3uror-
HUX HOCIIB Ii€i MyTaIii SK TO3UTHBHUI KOHTPOITb.

[Ipore xBopi Ha AT Ta iHuI MoAiOHI cHHIpPOMH CTa-
HOBIISITH MI3E€PHY YAacTKy BCIX JIFONCH, SKi OTPUMYIOTh
MIPOMEHEBY Tepartiro, i miarHocTrka AT 1 moxiOHuX craj-
KOBHUX XBOpPOO MOJICKYJSIPHO-TCHETHYHUMH METOJ[aMU
BXE JaBHO HE € MpoOJeMoro. 3HAYHO OUIBIINI iHTEepec
1 Habarato CKJIAIHIIINI BUKIHK IS KIIHIYHOI pagaiobio-
JIOTIT CTAHOBJIATH CaMe MAIllEHTH 0e3 BIIOMHX T€HCTHY-
Hux nedexriB cucremu penapamii JJHK, Tak 3BaHi nepe-
CIYHI OBEp-PEaKTOPH.

KaiTunHi TecT-cucremu

3 MpakTHYHUX MipKyBaHb TPHUKIAIHI JTOCIIIKESHHS
KJITUHHUX OlOMapkepiB pagiodyTIMBOCTI OyiM 30cepen-
JKeH1 TIepeBAKHO HA JIBOX THIIAX KIITHH — JiMQoImTax
KpoBi Ta ¢idpobmacTax MIKipH, OCKUTEKA caMme iX MOXKHa
OTPUMYBATH BiJ] TAIlIEHTA B IOCTATHHOMY OOCSI31 1S iHIIIi-
aIfii KIITHHHOT KyJABTYPH 1 KiIIBKICHOTO BUMIPIOBaHHST THX
4y {HIMX napameTpiB. PidpobracTy € MpUBaOIUBIM TECT-
00’€KTOM 3 OISy Ha iX NPsIMYy 3aiSHICTH Y PO3BUTKY
MPOMEHEBUX PEAKIlii IIKIpH, 0 yCyBae MpodIeMy MOXK-
JMBOT MIKTKAHHHHOI T€TePOreHHOCTI IOA0 PO3BUTKY pa-
JianiitHo1 TokcnaHOCTI. HatomicTh J1iM(OIUTH MArOTh Oe3-
CYMHIBHY TIiepeBary B acIleKTi MEHIIOI 1HBa3WBHOCTI
TPOLIEYPU OTPHUMAaHHS, IPOCTILINX YMOB KYJIETHBYBaHHS
1 IPUPOJTHOT CHHXPOHI30BAHOCTI BCi€i BUXIIHOT MOMYIISILii
y cragii G, KIITHHHOTO LUKy, IO 3HAYHO TOJETHIye iH-
TEpIpeTallito MOKa3HUKIB pajaialliiHol BiAMoBimi. Y jiTe-
patypi MO)KHA 3HAWTH TIPUKJIATU BUMIPIOBaHHS BCIX TIO-
Ka3HMKIB KJITMHHOI pPajiouyTIMBOCTI, IO Oy/b-KOJIU
MPOMOHYBAJIKCS, — (POPMyBaHHS KOJIOHIH, KIITHHHOI BH-
JKUBAHOCTI, alloNTO3Y, KOHTPOJIBHUX TOYOK KIITHHHOTO IH-
Ky, abepauiii xpomocom, Mmikposiaep, Y-H2AX ¢oky-
CiB Ta iHIIMX MapkepiB MomrkomkeHHs 1 pemapamii JJHK
came Ha (hibpobracTax MKipH i TiM(POIUTAX KPOBI y XBO-
PHX i3 IPOMEHEBUMH PEAKIIISIMH.

IlikaBM acCIeKTOM € TMOPIBHsUIbHA 1H(OPMATHBHICTH
(ibpobmacTiB 1 MMQOIHUTIB K KITITHHHOI TECT-CHCTEMH
JUISl BU3HAYEHHS Pa/liovyTIIMBOCTI cepell MAIliEHTIB i3 paH-
HIMHU YU M3HIMHA TPOMEHEBUMH yCKIIQTHEHHIMH. Pe3yib-
TaTH TaKol OLIHKHM 3HAYHOO MipOIO 3aJIeKaTh Bifl pamiodio-
JIOTTYHOTO MOKa3HWKa, 1110 BUMIpIOBaBCs. B aHamiTnaHuX
ommsigax [53, 54], M0 OXOIUTIOBAIMA paHHI TOBITOMIICHHS
3 JIAaHOI TeMaTHKH, 3a3Ha4aocs, 0 Ha TOH Yac KOPEJILito
KJIITUHHOI paJiodyTiMBOCTI 3 PAaHHIMU MPOMEHEBUMH pe-
aKIiIMU TIKIpA 9¥ CITU30BHX OOOJOHOK OYyJIO BHUSIBICHO
B OIHIN poboTi Ha miMdormTax Ta ofaHil — Ha (Hidpodmac-
Tax; B OJMHUYHOMY MOBIJIOMJICHHI Pa/io4yTJIUBICTh JIIM-
¢douuTiB KOpearoBajiia 3 PO3BHUTKOM IMi3HIX YCKJIaTHEHb,
HATOMICTh Maike B YCiX OCIHIUKCHHSX 3Ha4yIa KOpes-
1ist un xo4a O ii TpeH 1 BU3HAYAIIUCS MIXK Paliovy TJIMBICTIO
($hi0po6aacTiB 1 MI3HIMH YCKJIAAHEHHSIMH, ajie HpPEInK-
THBHA CIIPOMOXKHICTB IIMX TECTIB y BCIX LIUX BHIAKaX BH-
SIBUJIACSI HU3BKOIO.

Cepen BiIOMUX TOCIIIKEHD 13 BUKOPUCTAHHSIM ITUTO-
TEHETHYHOTO TecTy Ha (pibpobdracTax TEHACHINS MO BH-
1rof iHAYKIii XpOMOCOMHHX MOIIKOMKEHB €X VIVO y XBO-
puX 13 pO3BUHEHHUMHU IPOMEHEBHMH peakiisMu Oyria
BCTaHOBJICHA B poboTax [55-58], a B IHIIUX MMOBITOMIICH-
Hs1X OyJI0 3a3HAYEHO BIICYTHICTH OY/Ib-KOi KOPEIISLii MiX

RT worldwide, and the diagnosis of AT or similar inher-
ited diseases by molecular genetic methods has long been
no problem. Patients without known genetic defects in the
DNA repair system are of much greater interest and a
much more complex challenge to clinical radiobiology.

Cellular test systems

For practical reasons, nearly all applied studies of cel-
lular biomarkers of radiosensitivity had been focused
mainly on two cell types — peripheral blood lymphocytes
(PBL) or skin fibroblasts, because they can be obtained
from the patient in sufficient quantities to initiate cell cul-
ture and to quantify certain end-points. Apparently, fibro-
blasts are rather attractive object due to their direct in-
volvement in the development of radiation damage in
skin that eliminates the problem of possible inter-tissue
heterogeneity in the development of radiation toxicity. In-
stead, PBL have a clear advantage in terms of low inva-
siveness of their obraining, easier culturing and natural
synchronization of the entire original population in the G,
stage of the cell cycle that greatly facilitates the interpre-
tation of radiation effects. In the literature one can find
the examples of measurements of all cellular radiosensi-
tivity indicators ever proposed — colony formation, cell
survival, apoptosis, cell cycle checkpoints, chromosome
aberrations, micronuclei, y-H2AX foci and other markers
of DNA repair — in skin fibroblasts and PBL of patients
with radiation toxic reactions.

An interesting aspect is the comparative informative-
ness of fibroblasts and PBL as cellular test systems for
determining radiosensitivity in patients with early or late
radiation complications. The results of such an assess-
ment largely depend on the radiobiological indicator be-
ing measured. Analytical reviews [53, 54] covering early
reports on this topic noted that at that time the correlation
of cellular radiosensitivity with early radiation reactions
in skin or mucosal tissues was found in one work on lym-
phocytes and one on fibroblasts; in a single report, lym-
phocyte radiosensitivity correlated with the development
of late complications, whereas in almost all studies a sig-
nificant correlation or at least its trend was determined
between fibroblast radiosensitivity and late complica-
tions, but the predictive power of these tests in all these
cases was low.

Among the known studies using a cytogenetic test on
fibroblasts, the tendency to higher induction of chromo-
somal damage ex vivo in patients with adverse radiation
reactions was observed in four studies [55-58], and three
other reports noted the absence of any correlation be-
tween the degree of radiation complications and the fre-
quency of micronuclei [59-61], and it was also absent in
the analysis of residual double-stranded DNA breaks
[62]. However, on lymphocytes, the association of cyto-
genetic and clinical radiosensitivity was found in a larger
number of works that will be discussed in more detail in
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CTyIEHEM IPOMEHEBUX YCKIIQJHEHb 1 YacTOTOI MiKpo-
anep [59-61]. Tak camo ii He Oyyo BUSIBICHO TIPH aHAII31
3aJMIIKOBUX JBOHUTKOBUX po3puBiB JJHK [62]. ITpore
Ha JIM(pOIHUTAX ACOUIHOBAHICTh ITUTOTCHETHYHOI 1 KITi-
HIYHOI pa/iiouyTIINBOCTI Oyia 3HaiifeHa y OibIIiil Kinb-
KocTi poOiT, o Oyae AeTaibHIlIe PO3MISTHYTO y HAIIii
HACTYIHIA ODIAIOBIH CTaTTi mboro mukiy. Kpim Toro,
JMQpOUTH (YU JCHKOIUTH) KPOBI BOYEBUIb Kpalle Iij-
XOJSITh JIsi €X VIVO BUMIpIOBaHb pajialliitHo-iHyKoBa-
Horo aronto3y [17-19]. TIpote 3a TecTOM Ha KIIOHOT€HHY
BI)KMBAHICTh KOPCILAIIS MK KITITHHHOK PamioqyTiIH-
BICTIO 1 MPOMEHEBUMH PEAKIIIMU JTOCHThH YaCTO TPOSBIIA-
macs Ha ¢ibpobmacrax [17, 18, 53, 54] i 3HayHO pinme
criocTepiraiacs B eKCIIepHMEHTax Ha Jimdormrax [63,
64]. IToxaznuku penapanii JJHK, mo 6a3yrorscst Ha BUMi-
proBanHi y-H2AX doxyciB, gacrime nposBisum iHpopma-
TUBHICTB SIK TIPEJJUKTOPHU KIIHIYHOT paliovyTIIMBOCTI B PO-
Oorax Ha miMdouuTax, ajge BH3HAYCHHS HYyKJIEOIIaT-
aiary pATM i3 1i€r0 METOO CIpaloBaio came Ha (hidpo-
Omactax [57].

KpiMm nBOX BHIIE3a3HAUCHWX THINB KIITHH, TECTH
Ha PaJiovyTIMBICTE €X VIVO y XBOPUX 3 NMPOMCHCBHMH
YCKJIaJHEHHSIMU BUKOHYBAJIX Ha KepaTHHoUUTax [60, 65]
1 mimgpoOmacToinaux minigx [47, 56, 66—70]. B 00ox Bu-
nmajgkax ycli aBTOpM BiAMIYanuM Taki HENONIKH TeCT-
CHCTEMH, SIK IOTpeda B JOBrOTPUBAJIOMY KyJIbTHUBYBaHHI
i BHCOKa MDXKIHJMBIyaJlbHa TE€TEPOreHHICTh BHUMIpIOBa-
HUX Pafio0i0NIoTIYHUX MOKa3HUKIB.

IcHye XinbKa TPUKIANIB BHUMIPIOBaHHSA pamiarliii-
HUX OlOMapKepiB y PIi3HUX THIAX KIITHH y MEXax Of-
Hi€i poOoTH. Y IpyHoOBHX JOCIIKEHHSIX 13 €X ViVO omnpo-
MIHEHHSIM KJITHH 37I0POBHX JIOHOPIB Ta OHKOJIOT1YHHX
XBOpUX OYyJ0 BCTAHOBJICGHO TOH MapajoKCalbHUH (aKT,
110 32 TECTOM Ha KJIOHOTCHHY BM)KHUBAHICTH pajliovyTiIv-
BICTh JIIMGOIHTIB 1 (HiOPOOIACTIB HE KOPEIIOE MIX CO-
6oto Ha iHamBigyampHOMY piBHI [41, 71-73]. Ili3Hime
el genomen Oyrmo MiATBEPIHKEHO UIA IHIIAX MapKe-
piB pamianiiHOI BIAMOBIl Y KITITHHAX 3I0POBHX JIOHOPIB,
HarpuKiIag s adepartiif xpomocoM [74], a Takox y po-
0oTax i3 MOUIYKy MOTEHLINHMUX IPEAUKTOPIB MpPOMEHe-
BUX PEaKIii.

VY nocnijpkeHHi Ha 27 XBOPUX OLHKA KIOHOT€HHOT
BM)KMBAHOCTI KJIITHH MOKa3aja BiJCYTHICTb 1HMBI/lyallb-
HUX 30iTiB paxiogyTinBocTi TiMQoruTiB i hidpobdmacTiB
3a mMapaMeTpaMy KPUBHUX BIDKHBaHOCTI [75]. Y wmamiid
3a 00csATOM BHOIPIT — 6 XBOPUX Ha PaK i 5 3MOPOBHUX JTOHO-
piB — He Oylo 3HAHICHO KOpEIAIii MK IUTOTCHETHY-
HOIO Paliovy IUBICTIO Y JTiMdormTax i ¢pidbpodmacrax [59].
Tak camo cepen cemu map Jimdoodractoiqaux i (hidpo-
OJIaCTHUX KIITUHHUX JIIHIN BiJ OAHUX 1 TUX caMHX Malli-
€HTIB 13 PO3BUHEHUMH MPOMEHEBUMHU PEAKI[ISIMU TLIBKU
B OTHOMY BUITaJKy OOWIBI iHAWBIAyaJIbHI JiHII TOKa3aIn
BUCOKY PaJiouyTIMBICTh 32 MIKpOSIEPHUM TecToM [56].
VY rpym XBOpHMX Ha paK TPYIHOI 3aJ03U 1O 1 Mmicis
NPOMEHEBOI ~ Tepamii BHMIproBalId €X VIVO  pajio-
YyTAMBICTH (iOpoOnacTiB 1 JIMQOIUTIB METOIOM «KO-
MeT»; KOpeJsillisi Pe3y/IbTaTiB MK IBOMa THIaMHU KITHH
y 25 ocib Oyna Ha piBHI r = 0,65, 1110 aBTOPH BBaXKaJH
«TapHOI0 KOPEJSIILIEI0», XOoua I 3HAYCHHS BOUCBH/Ib
HE JIOCATAE PIBHS, IO € JOCTAaTHIM ISl BIIEBHEHOTO 3a-
CTOCYBaHHS Ha TpakTHIi [76].

our next review article. In addition, blood lymphocytes
(or leukocytes) are clearly better suited for ex vivo mea-
surements of radiation-induced apoptosis [17-19]. On the
other hand, in the clonogenic survival tests, the correla-
tion of cellular sensitivity with radiation responses was
quite common in fibroblasts [17, 18, 53, 54], and was
much less common in experiments on PBL [63, 64]. DNA
repair kinetics, based on the measurement of y-H2AX
foci, was more informative as predictors of clinical radio-
sensitivity in studies using PBL, but the pATM protein
nucleoshuttling test worked specifically on fibroblasts
[57].

In addition to the above two cell types, ex vivo radio-
sensitivity tests in patients with radiation adverse effects
were performed on keratinocytes [60, 65] or lymphoblas-
toid cell lines [47, 56, 66—70]. In both cases, the need for
long-term culturing and high inter-individual heterogene-
ity of the measured radiobiological parameters were
noted as a disadvantage of the test system.

There are several examples of measuring radiation
biomarkers in different cell types within the same study.
In group studies with ex vivo irradiation of cells from
healthy donors and cancer patients, a surprising finding
was made that the clonogenic survival of lymphocytes
and fibroblasts does not correlate in the same individual
[41, 71-73]. This phenomenon was later confirmed for
other markers of radiation response in healthy donor cells,
such as chromosome aberrations [74], as well as in stud-
ies of potential predictors of radiation adverse effects.

In the study on 27 patients, the assessment of clono-
genic cell survival showed the absence of individual
matches of radiosensitivity of PBL and fibroblasts for cell
survival curve parameters [75]. In a small sample of 6
cancer patients and 5 healthy donors, no correlation was
found between cytogenetic radiosensitivity in lympho-
cytes and fibroblasts [59]. Similarly, among seven pairs
of lymphoblastoid and fibroblast cell lines from the same
patients with adverse radiation response, there was only
one individual, who’s both cell lines showed high radio-
sensitivity by micronuclei assay [56].

In the group of breast cancer patients the radiosensi-
tivity of fibroblasts and lymphocytes was measured ex
vivo by “comet” assay before and after RT; the correla-
tion of results between two cell types among 25 individu-
als was r = 0.65 that the authors considered as a “good
correlation”, although this value is insufficient for any
confident application in practice [76].

In two independent studies the authors evaluated ex
vivo radiosensitivity simultaneously in fibroblasts and ke-
ratinocytes in representative groups of 35-40 patients
[65, 77]. When cells were irradiated at sufficiently high
doses — from 2 to 4 Gy — there was a significant correla-
tion between individual yields of radiobiological mark-
ers — micronuclei [65] or 53BP1foci [77] in different cell
types, that pointed at the significant genetic determination
of post-radiation processing of cell genome damage. In
the report [77] endothelial cells and basal epidermal cells
from the same biopsies were also examined in parallel to
fibroblasts and keratinocytes, and the frequency of 53BP1
foci was significantly correlated at the individual level
between all four skin cell types. Later, this British
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Y IBOX HE3aJICKHUX JTOCIIKCHHSIX OLIHIOBAIU PaJIio-
YyTIUBICT €X VIVO oqHOYacHO y (ibpobmacrax i keparu-
HOIIUTAaX HA PEMPe3CHTATHBHUX BHOIpPKaxX IAIi€HTIB —
35-40 oci6 [65, 77]. Ilpm onpomiHeHHI KIITHH
y IOCTaTHBO BUCOKHX J03ax — Bif 2 10 4 I'p — mposBis-
Jacst 3HAUYIIA KOPEJISIIIis MiXK 1HIUBITyaTbHIMHA PiBHSIMA
paniobionoriuHIX MapkepiB — Mikposizep [65] 1 pokyciB
53BP1 [77] y pi3HUX THIAX KIITHWH, [0 BKa3ye Ha ic-
TOTHY TE€HETHYHY JCTCPMIHOBAHICTh ITOCTPAialliifHOTO
MIPOLIECHHTY MOIIKO/PKEHb KIIITHHHOTO reHoma. [1pu ibomy
B poborti [77] Ha nomarok 10 GidbpoOIacTiB i KepaTHHOIN-
TIB TMAapaielbHO JOCIIKYBAM EHIOTENabHI KIITHHH
i Oa3aJyipHI emigepMaibHi KIIITHHU 3 THX CaMUX O1OMTATiB,
1 gactora (oxycis 53BP1 icroTHO KopemoBana Ha 1HIUBI-
QyalbHOMY pIBHI MDK yciMa YOTHpMa THIIAMH KJIITHH
mikipu. [TizHimre 1151 OpuTaHChKA OCHTITHUIIBKA TPyTIa PO3-
LIMpWIIa CIEKTP TECT-CUCTEM, JO[ABIIM JIO0 3a3HAYCHHX
KIIITHH MIKipy mie i giMbonuTa Kposi [78].

VY oMy BUNAAKY CTAaTUCTUYHHH 3B’SI30K MIXK KJIIHIY-
HUMH [IPOMEHEBUMH PEAKIIIsIMH y TAII€HTIB Ta 1HIyKOBa-
HUM €X Vivo piBHem 7-H2AX ¢okyciB Bu3Ha4aBCs
MpHU BUMIPIOBaHHI MOKa3HHUKA came y jiMdormrax i Oy
BIJICYTHIM TIpH BUKOpHCTaHHI (piOpobracTiB, KepaTHHO-
LUTIB, CHAOTETIAEHUX X SIiIePMATbHUX KIITHH.

Otxe, y niomy (GiOpobIacTd Yu iHIIN THIHA KIIITHH
IIKipU HE TIOKa3aJIk ICTOTHHUX TiepeBar Haj JiMdoruTaMu
KpOBI SIK TE€CT-CHCTeMa JUIsI OLIHKU PalioYyTIUBOCTI Ta
Baijanii MpeANKTOPHUX MapKepiB MPOMEHEBOI TOKCHY-
HOCTi B HOpMaJIbHUX TKaHWHAX, Y TOMY YHCII — PeaKii
mKipu. Bubip ¢ibpobnacTiB st TAKUX TOCIIIKEHb 00-
I'PYHTOBAHO iX I'iCTOJIOTIYHOIO a/IeKBaTHICTIO, a JIIM(OIH-
TiB — MEHIIOI TPAaBMAaTHYHICTIO TPOLEAYPH OTPHUMAaH-
Hi Ta OUIBIIOI 3PYYHICTIO BOJHOYAC y TEXHIYHOMY
(;mabopatopHoMy) 1 KITIiHIUHOMY acmekrax. JJuckycii momo
BHOOPY Kpamioi KIITHHHOI TeCT-CUCTEMH TOYaThCA 3 paH-
HBOT'O €TaIy PO3BHUTKY eX ViV TectiB [17, 53, 76], a He-
SICHICTh Y CHIBBIITHOIICHHI PaJiouyTJIUBOCTI KIITHH
KpoBi Ta mKipu ((pakTUIHO — BIACYTHICTh IHIAMBITyadbHOT
301KHOCTI) MMOCHITIOE 3arabHy HEIIEBHICTh HE TUTBKU Me-
TOJIOJIOTI, a ¥ camoi i1eo1orii pa1io0i0IOTIYHUX PEAUK-
TOpIB.

KiaiTuaHa KJIOHOT€HHA BHKHMBaHICTh, 31aTHICTh
10 KOJIOHI€EyTBOPEHHS

3riHO 3 KIIACHYHOI0 TapaJuTMOI0 KIITHHHOI pajiio-
Giostorii KiHIEBUI e(eKT — 3arajibHa KIOHOTCHHA BH)KHU-
BaHICTh Ta YTBOPEHHS KIITHHHUX KOJIOHIN — € JTOOyTKOM
edexTiB apyroro piBHA (iHTephazHOI Ta MITOTUYHOI 3a-
ruleni), KOKCH 13 SIKUX, Yy CBOIO YEPry, € pe3yIbTaToM
npouecunry ymkomkenb JJHK. 3a nmepeciunoro orikoro,
OCKIIBKM MEXaHI3M pO3BUTKY IPOMCHEBUX peaKIliit
y Oy/ib-SIKUX HOPMAJIbHUX TKaHMHAX y nauieHTiB micis [1T
000B’SI3KOBO BKITIOYAE YPaKEHHS KJIITHH 1 BACHAKESHHS pe-
TeHEPAIITHOTO KIITHHHOTO MYITy, TO HAHKpAaIIuM iHIHBI-
JyaJIbHAM TIPEAUKTOPOM pajialiiiHol TOKCHMYHOCTI Mae
BHUCTYNaTH KIOHOTGHHA BIDKMBAHICTh KIITHH SK IHTe-
TpaJbHUH TTOKa3HHUK, 0 00’ €IHY€E B cO0i MOXKITHBI Bapia-
i1 BCIX MPOMDKHUX €(EKTIB 1 MpoIecis.

JlocipKeHHs. B LIbOMY HAIpsIMKY MPOBOIMIINCS 3 MO-
MEHTY PO3pOOKH e(PEeKTHBHUX 1 BIITBOPIOBAHMX METOJIB
KyJIBTHBYBaHH KIIiTHH. [lepion HallBUIIOT aKTHBHOCTI Hay-
KOBOTO MOIIYKy B [JaHOMY HAIpPSAMKY  OXOIUIIOE

research group expanded the range of test systems by
adding PBL to these skin cells [78].

In this case, the statistically significant linkage be-
tween clinical radiation responses in patients and ex vivo
induced levels of y-H2AX foci was determined on lym-
phocytes and was absent on fibroblasts, keratinocytes, en-
dothelial or epidermal cells.

Thus, in general, fibroblasts or other skin cell types
have not shown significant advantages over PBL as a test
system for assessing radiosensitivity and validation of pre-
dictor markers of radiation toxicity in normal tissues, in-
cluding skin reactions. The choice of fibroblasts for such
studies is justified by their histological adequacy, whereas
PBL have less traumatic procedure of their sampling and
better suitability in both technical (bench-method) and
clinical aspects. Discussions regarding the best choice
among cellular systems have beem going since the early
stage of in the development of ex vivo tests [17, 53, 76].
The ambiguity in the relative radiosensitivity of blood and
skin cells (in fact, the lack of individual conformity) brings
a lot of uncertainty not just to the methodology, but also to
the ideology of radiobiological predictors.

Cellular clonogenic survival, colony forming ability

According to the classical paradigm of cellular radio-
biology, the final effect — an overall clonogenic survival
and cell colony formation — is the product of the interme-
diate-level effects (interphase and mitotic death), each of
which, in turn, is the result of DNA damage processing.
By ordinary logic, since the mechanism of development
of radiation reactions in any normal tissues in patients af-
ter RT necessarily includes cell damage and depletion of
the regenerative cell pool, the best individual predictor of
radiation toxicity should be clonogenic cell survival as an
integral indicator, which include all possible variations of
all intermediate effects and processes.

Research in this direction has been conducted since
the development of effective and reproducible methods of
cell culture. The period of the highest activity of scientific
research in this direction covers two decades from the
mid-1980s to the mid-2000s. The most commonly used
technical methods for quantifying the number of cells in
culture are colorimetric test using
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nBaa-usTupivus 3 cepeaunu 1980 o cepeanan 2000 pokis.
Haify)xuBaHIIIMMI TEXHIYHUMH CII0OCOOAMH  KUJIBKiCHOI
OIIIHKY YHCEIFHOCTI KIITHH y KYJIBTYpi € KOJOPUMETPUY-
HUI TECT 3a JonoMorow 3-(4,5-mumeTmiria3on-2-i)-2,5-
mudenin-rerpazomiym 6pomimy (MTT) [79, 80] i cemek-
TUBHE 3a-0apBIICHHS 3arHONMX KIITHH TPUIIAHOBHM CHHIM
[81]. KiioHOTeHHY BW)KHMBAHICTh OLIHIOIOTH KIACHYHUM
crocoboM, a came — IUISIXOM MiApaxyHKy KOJOHIH y Kyib-
Typi, BUPOILEHIN TPOTATOM IEBHOTO 4acy (3a3Buvail 14
Ji0) micis 11 inHimiargi [82].

V uncIeHHNX eKCIiepruMenTax in Vitro Gymn BCTaHOB-
JIeHI 0COOIHMBOCTI MOCTpamiallifHOT KIIOHOTEHHOT BHIKH-
BAHOCTI KJIITHH Pi3HOTO MOXO/KEHHS 1 JIOBEACHO 3B 30K
KUIBKICHUX TapaMeTpiB KpPHUBHX BWXXKHUBAHOCTI 3 pi3-
HUMH MOJICKYJSIPHUMH MEXaHi3MaMH, MEPEeBaXKHO — pi3-
HUMH KOMIOHCeHTaMu cuctemu penapamii JJHK, 3amis-
HUMH B peamizamii audepeHmiiHoi pagioqyTInBOCTI
[39-41, 43, 45, 47, 51, 83-90]. [Ipu upomy 3’sicyBasiocs,
1110 Ha PE3yJIBTaTH TAKUX OLIHOK ICTOTHO BIUIMBAIOTh TEX-
HIYHI YMOBH €KCTIIEPHUMEHTY — CKJIaJ] KYJIbTypaJIbHOTO Ce-
PEIOBHINA, IPUCYTHICTh JKUBIIIBHUX KIITHH, MiATOTOBKA
ONPOMIHEHMX KJITHH JI0 3aCisIHHSI KyJBbTYPH, METOIUKA
MiApaxyHKy KOJIOHIH TOIIO.

Jis  KUTBKICHOTO BHPaK€HHSI KJIOHOT€HHOI AaKTHB-
HOCTI B JIOCJI/DKCHHSX Ha KJIITHHAX XBOPHUX 13 MPOMCHE-
BUMH  YIIKO/DKCHHSMH  HaifyacTimie  BHUKOPHUCTOBY-
BaJIM TaKi iHIeKcH, Ak D (1032 ONpOMiHEHHSI, PU KOTPiK
3aTUIIAIOTHCS JKUBUME TpUOIH3HO 37 % KITITHH), Do,ov
D,,, Dy Dy, (m031 OIPOMIHEHHSI, TP SKHUX 3aJIHIla-
FOTBCS JKMBUMHU, BimmoBiaHo, 1 %, 10 %, 50 % 1 90 % ki1i-
tuH) Ta SF ((hpakiist KIiTHH, [0 BHKHUIIH IICIS OMPOMi-
HCHHSI B NEBHIN 1103i; awen. survival fraction). s SF
HalJacTile BUKOPUCTOBYBaIH 103y 2 I'p, ToOTO iHAEKC
nmo3HavaBcs sk SF2. 3po3ymino, mo s o04nciIeHHs iH-
JICKCIB 1HAKTUBYIOUOT TO3H — D, uu DO’01 — eKCITOHEHI[IiHA
3aJeKHICTh  «103a — e(dexT» KIITHHHOI BH)KUBaA-
HOCTI Ma€ MICTUTH MIOHAWMEHIe TPHU EKCIePUMEH-
TaJbHI TOYKH, 10 3HAYHO I1JIBUIIYE 00CIT poOOTH i Bap-
TICTh TecTy. Y IbOMY acrlekTi MiAxija, Mo 0a3yeTbes
Ha Bm3HaueHHI SF, Mae 3HaYHy E€KOHOMIYHY IIepeBary.
[Ipote copmyBanacst ymka 100 HEJTOCTATHBOI iHPOP-
MaTHUBHOCTI TECTIB, IO IPYHTYIOThCS Ha 11031 2 Ip ex
VIVO, OCKiJIGKH BOHA € HEJOCTATHBO BUCOKOIO JIJIS BHSIB-
JICHHS BIJIMIHHOCTEH 3a BIDKUBAHICTIO MK PaiOqyTIIH-
BUMH 1 paaioOpe3uCTeHTHUMHU KiitTuHamu [87]. V mitepa-
Typi 3ycTpidatoTecs myOmikamii, y skux SF Bru3Hauamm
3a IHOMX pamianiiieux m03, Hampukian, 2,4 [p [61],
3,5Tpabo 6 I'p [87].

Ha migrpyHTi pe3ynbTariB KiTBKOX HE3aJICKHHUX ITi-
JIOTHUX JOCII/PKEHb Ha JIOBIOTPUBAJINX KYJIBTypax OIpo-
MiHEeHUX JiM(POUUTIB (4acTo — JiM(OOIACTOIIHNX JIHIN)
g (piOpobiacTiB, BUPOMICHHX 13 OiOMCIH MKipH TMaIli€H-
TiB, €X ViVO TeCT Ha KJIIOHOTCHHY aKTHUBHICTh T10YaJl BBa-
KaTH 9¥ HE HAWITOKA30BILIMM METOIOM IHIMBIIyaabHOI
TIPEIUKII] TPOMEHEBHX PEaKIliid, Halal0und HOMY CTaTyCy
3oj0TOrO cranaapty [17, 21, 22, 47, 49, 54, 58, 63, 64,
75,91-94].

[OT0OBHMM METOIMYHUM HEIOIIKOM TakKuX HJOCII-
JUKEHB OyJia HeBEJIMKA KUTBKICTh 0OCTEKEHHX 0Ci0 Ta Bif-
CYTHICTh BHYTPIIIHbOCKCIIEPUMEHTAILHOTO  KOHTPOJIIO
SKOCTI, y TIEpITy Yepry — Y BUNNIAAI CHCTEMaTHIHOI Tepe-
BIPKM BIJIITBOPIOBAHOCTI pe3ysbTaTiB. AJDKe IapalelibHO

3-(4,5-dimethylthiazol-2-yl)  -2,5-diphenyl-tetrazolium
bromide (MTT) [79, 80] and selective staining of dead
cells with Trypan Blue [81]. Clonogenic survival is as-
sessed in a classic way, namely by counting colonies in a
culture grown for a certain period of time (usually 14
days) after its initiation [82].

Numerous in vitro experiments led to identification of
the specific features of post-radiation clonogenic survival
of cells of different origins and proved the relationship of
quantitative parameters of survival curves with different
molecular mechanisms, majorly different components of
the DNA repair system involved in the implementation of
differential radiosensitivity [39—41, 43, 45, 47, 51, 83—
90]. It turned out that the results of such evaluations are
significantly influenced by the technical conditions of the
experiment — the composition of the culture medium, the
presence of nutrient cells, preparation of irradiated cells
for culture, the method of counting colonies and more.

The parameters, which were the most often used to
quantify clonogenic activity in studies on cells of patients
with radiation adverse effects, included the radiation dose
at which approximately 37 % of cells remain alive (D),
or radiation doses at which 1 %, 10 %, 50 % and 90 % of
cells remain alive (respectively, D, D, D 5 D,,) and
survival fraction (SF) of cells after irradiation at a certain
dose. For SF, the dose of 2 Gy was most often used, thus
the index was denoted as SF2. Obviously, to calculate the
inactivation dose parameter — D, or D, — the exponential
dependence of the “dose — effect” of cell survival must
contain at least three experimental points that signifi-
cantly increases the workload and cost of the assay. In
this aspect, the approach based on the SF assessment has
a significant economic advantage. However, it has been
suggested that tests based on a dose of 2 Gy ex vivo are
insufficiently informative, as it is not high enough to de-
tect differences in survival between radiosensitive and ra-
dioresistant cells [87]. There are publications in the litera-
ture in which SF was determined at other radiation doses,
for example, 2.4 Gy [61], 3.5 Gy or 6 Gy [87].

The results of several independent pilot studies on
long-term cultures of irradiated lymphocytes (often lym-
phoblastoid lines) or fibroblasts grown from patients’ skin
biopsies led to the conclusion that the ex vivo test for clo-
nogenic activity can be considered perhaps the most in-
dicative method of individual predicting of radiation side
effects, close to the “gold standard” status [17, 21, 22, 47,
49, 54, 58, 63, 64, 75, 91-94].

The main methodological weakness of such studies
was the small number of surveyed persons and the lack of
internal experimental quality control, that should be done
primarily as the systematic verification of the reproduc-
ibility of results. After all, in a number of parallel research
the expected direct correlation between the reduced col-
ony forming ability and clinical radiation toxicity was not
found, or such linkage was masked by essential interindi-
vidual heterogeneity of estimates of radiosensitivity [62,
66, 76, 95-98]. Sometimes the researchers observed even
a paradoxically increased clonogenic activity and higher
values of SF and D, in people with post-radiation com-
plications compared to control patients [61, 99], as well
as the lack of increased cellular radiosensitivity in pa-
tients with adverse radiation reactions on the background
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B IHIIUX poOOTax He OyJIO0 3HAMIEHO OYIKyBaHOI MPSMOT
KOpEJSIIii MiX 3HIDKEHOIO 3[aTHICTIO KIIITHH 10 KOJIOHi€-
YTBOpEHHS 1 KIIHIYHOIO IPOMEHEBOI TOKCHUYHICTIO,
a00 Takuil 3B’S30K TODIMHABCS ICTOTHOK MIKiHIMBIITY-
AJIBHOIO TeTEPOTeHHICTIO OIIIHOK PalioqyTIANBOCTI [62, 66,
76, 95-98]. Inkonu HaBITH MalU Micle MapaJIOKCaTHHO
IiIBUILICHA KJIIOHOTEHHA aKTHUBHICTh 1 BHILI 3HAUYCHHS
SF 1a D came B 0Ci0 i3 IOCTIPOMCHEBUMH YCKIIaAHEH-
HSIMH, TIOPIBHSAHO 3 KOHTPOJBHUMH TallieHTamu [61, 99],
a TaKOX BIJICYTHICTH IiABHINCHOT KIITHHHOI paIiouyTiIn-
BOCTI y XBOPHX 13 PO3BHHEHHMH NPOMEHEBUMHU PEaKIIi-
ssMH Ha (OHI CIIaIKOBOTO CHHApPOMY 3 AedekToMm pemapa-
tuBHUX cucteM [100]. ¥V po0GoTi 3 OLIHKOIO paiovyTiIn-
BOCTI IHJIUBIIyalbHUX JiM]oOIacTOiIHUX JiHIi MeTo-
JIOM TPaHHUYHOTO PO3BEACHHS KPUBI KIITHHHOI BIDKHBA-
HOCTI TUIBKH y 2 3 19 XBOpHX 3 PO3BHHEHUMH TIPOMEHE-
BUMHU pPEAKIisIMA 3HAUYyIle BIAXWUIMCS BiJl CIIEKTpa
KpHUBHX, MOOYJOBAaHUX HA KIITHHAX BiJl XBOpHX 03 mpo-
MeHeBHX peakiiii [70].

JlonarkoBUM YMHHMKOM Bapiailiii y pesynbrarax Ta
BHCHOBKAX y Wil cdepi JOCTiHKeHb OyaM BiAMIHHOCTI
eKCIIepUMEHTAILHOT METO/0JIOoTi, 3acTocoBaHOi pi3-
HUMH TpyIaMHl BYCHHUX. 30KpeMa, 4acTHHA POOIT BKIIIO-
Jaya OMPOMIHCHHS €X VIVO 3 BHCOKOIO IOTY/KHICTIO 103U
(high dose rate, HDR), uacTuHa — 3 HU3bKOIO ITOTYXKHICTIO
no3u (low dose rate, LDR), yactura — 00MIBa PEIKUMH,
MPUYOMY PE3YIbTaTH KIacH]ikamii OJHUX 1 THX caMuX
IHIMBIAIB 32 palioYyTIIMBICTIO 3a3BUYail OyaM Pi3HUMH
y Bapiantax pocmingy HDR ta LDR. Po3maitrs mero-
JVK TaKO)K BKJIIOYAIO BIIMIHHOCTI 32 TaKUMH €JIE€MEH-
TaMH, SIK MOMEHTAJIbHUH a00 3aTpUMaHUi CTapT KIITHH-
HOI KyIbTYpH TIiCJsS OIPOMIHEHHS, HAasIBHICTH a0o
BIJICYyTHICTh TO3UTHBHOTO KOHTPOJIO KIITHH XBOPHX
Ha AT, a TakoX NMPUCYTHICTh YW BIJICYTHICTb B €KCIIEPH-
MEHTI BHYTPIIIHBOTO JIA0OPATOPHOTO KOHTPOJIO 3 BUCO-
KHUM CTYTICHEM BiITBOPIOBAHOCTI 1HAWBITyalTbHIX JaHUX,
3a SIKMM MOYKHa OyJ10 O IPOBOIUTH HOPMAITi3alliio pe3yiib-
TaTiB BUMIPIOBaHHSI.

MeTomu4Hi TTOMHJIKH 1 TPYIHOII B JIOCIHIKEHHSIX,
CIPSIMOBAaHUX Ha TIOIIYK 3B’SI3KYy MDK ITPOMEHEBHMHU
YCKJTAJHCHHSIMHU 1 KIITHHHOIO PaiOvyTIMBICTIO €X VIVO
3a TECTOM KOJIOHIEYTBOPEHH:, Oy ITpoaHalli30BaHi B po-
6oti [101]. Kputnunum akTopoM BHSBHIOCS HU3BKE
CHIBBITHOIICHHSI M- Ta BHYTPINIHBOIH/AWBIIYaJbHOO
BapiaOeNpHICTIO 3HAYEHB TTOKA3HUKA, TOOTO PO3MOMUTEION
3[aTHOCTI Ta BIATBOPIOBAHOCTI TECTy. Y ILbOMY acIeKTi
JIy’Ke TIOKa30BUM € JOCIIKEHHS KOJIOHIEYTBOPIOBAILHOT
3ATHOCTi JOBTOTEPMIHOBUX KYJBTYP OMPOMIHEHUX JiM-
¢ouuris [102]: kpuBi «103a — €PEKT» KIITHHHOI BHYKHBA-
HOCTI, 30y/I0BaHi HUISIXOM OJHOKPAaTHOTO BUMIipPIOBAHHS
Ha nmiMdonuTax 31 moHopa, chopMyBaTH CHEKTp, SKHA
(aKTUYHO CHIBMAB 31 CIIEKTPOM AHAJIOTIYHHX KPUBHX,
OTPUMaHUX TIPH 28 MOCIITOBHUX CKCIICPUMEHTAX Ha JIIM-
(oruTax OHOrO i TOTO X AOHOPA, TAK CaMO OJIM3bKUMHU
B 1HJMBITyalIbHIH 1 TPYNIOBIH CepisX BUSBHUINCS 3HAUYCHHS
IHJIEKCIB Do’l, DO’5 1 Do,g' [Ti3Hime et BUCHOBOK OyITo mij-
TBEp/KEHO Ha BUOIipwi, posmmpeniit 1o 201 ocobu [103].
3HU3UTH BHYTPINIHBOIHAMBIAYalbHY (MiXKEKCIIEPUMEH-
TaJbHY, MDXKCEPiifHY) TeTepOreHHICTh Pe3yIIbTaTiB MOXKHA
[UITXOM HOpMati3amii JaHuX 3a JOMOMOTIOK BHYTPIII-
HBOJIA00OPATOPHOTrO CTAHIAPTY KIITHHHOI pamaiouyTiin-
BOCTI, sIK 1¢ Oymo 3poOJIeHO B EKCTCHCUBHOMY

of hereditary syndrome with a defect of DNA repair
[100]. In a recent work the assessment of radiosensitivity
of individual lymphoblastoid lines by the limiting dilu-
tion assay showed that only in 2 out of 19 patients with
adverse radiation reactions, cell survival curves deviated
significantly from the spectrum of curves constructed on
cells from patients without radiation reactions [70].

An additional factor contributing to variations of the
results and conclusions in this area of research was the
differences in the experimental methodology used by dif-
ferent groups of scientists. In particular, part of studies
included ex vivo irradiation using high dose rates (HDR),
part — low dose rates (LDR), some — both modes, and the
results of the classification of the same individuals by ra-
diosensitivity usually were different in HDR and LDR se-
ries of the same experiment. The heterogeneity of tech-
niques also included differences in such specific details of
the experimental design, as immediate or delayed start of
cell culture after irradiation, the presence or absence of
positive control — cells of AT patients, as well as the pres-
ence or absence the internal control with a high degree of
reproducibility of individual data, which would make
possible a normalization of the measurement data.

Methodological errors and difficulties in studies
aimed at the search for a link between radiation side ef-
fects and ex vivo cellular radiosensitivity measured by
colony forming assay have been analyzed thoroughly in
[101]. The critical factor appeared to be the low ratio of
inter- to intra-individual variability of the values of the
end-point, i. e. the resolution ability and reproducibility
of the test. In this aspect, very indicative data were col-
lected in the study of the colony-forming ability of long-
term cultures of irradiated lymphocytes [102]: dose-effect
curves of cell survival, constructed by a single measure-
ment on the lymphocytes of 31 donors, formed a spec-
trum that actually overlapped with the spectrum of simi-
lar curves obtained in 28 consecutive experiments on
lymphocytes of the same donor; and the values of the pa-
rameters D, |, D, and D, were equally close in individ-
ual- and group-study series. This conclusion was later
confirmed in a cohort expanded to 201 individuals [103].
Apparently, intra-individual (inter-experimental, inter-se-
rial) heterogeneity of results can be reduced by normaliz-
ing the data using an intra-laboratory standard of cellular
radiosensitivity, as it was done in the extensive study of
the colony-forming ability of irradiated lymphocytes in
healthy individuals [104].

Fibroblasts typically showed a slightly lower level of
intra- and inter-individual variability in clonogenic sur-
vival than that in PBL [73], but the divergence of data in
replicates was still very large? And that combined with
insufficient accuracy and low reproducibility of individ-
ual meaning of the endpoint deprived the ex vivo clono-
genic survival of fibroblasts of the status of “gold stan-
dard” among predictive tests for radiosensitivity [18, 22].

Thus, due to questionable informativeness, high de-
mands for labor intensity and time consumption, the ex
vivo tests for clonogenic survival or colony-forming abil-
ity have not found truly wide application in clinical prac-
tice. This stimulated the search for other, more informa-
tive indicators, and the development of easier and faster
methods of measuring radiation response at cellular level.
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JIOCITIJPKEHHI 371aTHOCTI 10 KOJIOHIEYTBOPEHHS ONPOMiHe-
HUX JTiM(OIHUTIB 370poBHX 0ci6 [104].

®ibpobracTy 3a3BHYail JEMOHCTPYBAIX JACHIO HIDK-
YU pIBEHB CIIBBIJHOIICHHS BHYTPIIIHBO- Ta MDKIHANBI-
JyaJdbHOI BapiabeTbHOCTI MO0 KIOHOTCHHOI BIDKHBA-
HoOCTi, HiX miMmporuru [73], ame po3KHI pPe3ylIbTaTiB
y HOBTOPHOCTSIX OyB BCE K TaKU JIy)K€ BEIMKUM, 1110 Y I10-
€IHAHHI 3 HE3aJOBUILHOIO TOYHICTIO 1 3aHU3HKOIO BIITBO-
PIOBaHICTIO IHAMBITyaThbHHUX ITOKa3HUKIB T030aBUIIO KITO-
HOTCHHY BI)KHBaHICTh (iOpobmacTiB €X Vivo cratycy
30JI0TOr0 CTaHIAPTy Cepel NMPEAUKTUBHUX TECTiB HA pa-
IiogyTIuBICTE [18, 22].

OTKe, BHACIIJIOK CYMHIBHOI 1H()OPMAaTHBHOCTI, BHCO-
KOI TPALCeMKOCTI Ta 3HAYHUX BHUTPAT 4acy TECTH €X VIVO
Ha KJIOHOTGHHY BW)KHBAHICTh YH 3[aTHICTH JI0 KOJIOHIEYT-
BOPEHHSI ONPOMIHEHUX KIITHH Y IIJIOMYy HE 3HaHIIUM pe-
AIBHOTO 3aCTOCYBaHHA y KIiHIYHIN mpaktumi. 1le ctumy-
JIFOBAJIO TIOIIYK IHIMX, 1H()OPMATHUBHIIINX ITOKa3HUKIB
Ta PO3POOKY MPOCTIIIHX 1 OUTBII MIBUIKAX METOMIB IX BU-
MiproBaHHS. TOMy B OCTaHHE JECATHUPIYUS HAYKOBO-TIPAK-
THYHI TIPOEKTH LBOTO HAIPSAMKY OYyJIO 30Cepe/KEHO
Ha aJITEPHATUBHUX MapaMeTpax pajiiovayTIIUBOCTI.

Anonro3

Po3BUTOK NMpOMEHEBUX ypa)KeHb Y TKaHMHAX iCTOTHO
3QJICKHUTh BiJI 1HTEHCHUBHOCTI CITyCTOIIEHHS TOIMYJISIIiT
KIIITHH BHACTIIOK 1X 3arubemi. OmHiero 3 GopM KIITHHHOI
CMEpTi € aronTo3 — NPOrpaMoBaHa KIITHHHA 3aruoes,
sIKa BiJIITpa€e BaXKJIMBY POJIb: 3HUIICHHS «3alBUX» KIITHH
y TKaHWHI Ta pSATyBaHHS TKaHWHH BiJ] HeOakaHOI TPOJIi-
(bepariii MyTaHTHHUX, IIOTEHLIIHO 3JI0SKICHUX KIJIOHIB. Jlo-
303QJIEKHE 3POCTAHHS YaCTOTH AallONTOTHYHHUX KITHH
€ nobpe BimommM Hacmigkom nomkomkenHas JIHK iomi-
3YIOUOI0 pajialli€ero, 30kpeMa y jgiMdormrax i gimpoodac-
TOIMHUX JIHIAX. Y IUX THUMAX KIITHH MEXaHi3M aronTo3y
BUBYEHO JIOCHUTH JIETAIbHO, BKIIIOUAIOYH SIK [IPOLIEC TTOPY-
IIEHHsT LUTICHOCTI 1 Oap’epHOCTI MOBEPXHEBOI KIITHH-
HOT MeMOpaHH, Tak 1 BHYTPIIIHbOKIITUHHY MAaITUHEPIIO:
CEHCHHT (pO3Mi3HAHHI) CHTHAJIB, PETYIATOpHI Kac-
kajau ta eexropHi monekyiu [105, 106].

KinpkicHIi BHXiJ amonrTo3y MiAJIsArae OINHIN pPi3-
HUMH METOJIaMU, 110 0a3yI0ThCsl HA peecTpallil Xxapakrep-
HuX KiituHHEX 3MiH [107, 108]. Lled mepenmik BKIO-
yaec MopdosoriyHe  pO3MI3HAHHS Y  IUTOJOTTYHUX
npenaparax CBITJIOBOIO YH €JIEKTPOHHOI MiKPOCKOIMI€IO,
anainiz ¢parmenroBanoi JTHK mutsixom enekrpodopesy,
MIPOTOYHOIO ITUTOMETPIEI0 ab0 «TYHETBHUMY» METOIOM
(terminal transferase nick-end labeling, TUNEL assay),
BUSIBJICHHSI aKTMBOBAHHMX Kaclla3 Ta IHIIMX BHYTPIIHBO-
KIITHHHAX O10OXIMIYHMX MapKepiB BECTEPH-OJIOTHHIOM
a00 IMYHOTICTOXIMIYHUM YH IMYHO(EPMEHTHUM aHali-
30M, BU3HAYEHHS JICTIOJISIpU3alLlii MiTOXOH/piaJIbHOT MeMO-
paHu QIIFOOPECIIEHTHOIO MIKPOCKOIIEI0 YU TMPOTOYHOIO
uToMeTpiero. OTHUM 13 HalyXKUBaHIIINX METOIIB BHMi-
proBaHHS anonTo3y B JiMdoruurax i jimdobnacrax craia
JeTeKiis ekcrosuiii Gocharnamicepuny i Gocharuani-
€TaHOJIaMiHy Ha TOBEPXHi KIITHHHOT MeMOpaHH i3 (Iryo-
POXpPOMHHMM MideHHsIM (MeTon Annexin V) 3 0HOYaCHOIO
OIIIHKOIO TPOHHWKHOCTI MeMOpaHW Juisi OapBHHUKIB,
mo 3B’ si3ytotbes 3 JJHK (Hampuximam, mpormimiid foxn).
Takwuii criocid, 0coOIMBO y BapiaHTi MPOTOYHOI LIUTOMET-
pii, € nayke TPOTYKTUBHUM, OCKUIbKH BMOXIIUBIIOE

Therefore, in the last decade, scientific and practical proj-
ects in this area have focused on alternative parameters of
radiosensitivity.

Apoptosis

The development of radiation lesions in tissues de-
pends essentially on the intensity of devastation of the
cell population due to cell death. One particular form of
cell death, apoptosis, is a programmed cell death that
plays an important role: an elimination of “unnecessary”
cells in the tissue and rescuing the tissue from unwanted
proliferation of mutant, potentially malignant clones. The
dose-dependent increase in the frequency of apoptotic
cells is a well-known consequence of DNA damage by
ionizing radiation, particularly in PBL and lymphoblas-
toid lines. In these cell types, the mechanism of apoptosis
has been studied in considerable details, including the
process of disrupting the integrity and barrier of the sur-
face cell membrane and intracellular machinery: signal
sensing, regulatory cascades and effector molecules [105,
106].

The quantitative yield of apoptosis can be measured
by various methods based on the registration of these spe-
cific cellular changes [107, 108]. The list of methods in-
cludes morphological recognition of apoptotic cells in
cytological preparations by light or electron microscopy,
analysis of fragmented DNA by electrophoresis, flow cy-
tometry or “tunnel” method (terminal transferase nick-
end labeling, TUNEL assay), detection of activated cas-
pases and other intracellular biochemical markers by
Western blotting, or immunohistochemical techniques, or
enzyme-linked immunosorbent assay (ELISA), determi-
nation of mitochondrial membrane depolarization by flu-
orescence microscopy or flow cytometry. One of the most
commonly used methods for measuring apoptosis in PBL
and lymphoblasts has been the detection of phosphatidyl-
serine and phosphatidylethanolamine exposure on the cell
membrane surface with fluorochromic labeling (Annexin
V method) and the simultaneous evaluation of membrane
permeability for stains, which specifically bind to DNA
(e. g., propidium iodide). This method, especially in the
version using flow cytometry, is very productive, because
it allows quantitative measurement of the apoptotic
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KUTBKICHE BUMIPIOBAHHS allONTOTHYHOT (ppakiii (mpruaomy
OKpPEMO PaHHBOTO i Mi3HBOTO ATIONTO3Y Ta HEKPO3Y) Y IEB-
Hill CyOImomyJIsiiii KIIITHH, iIeHTU(IKOBaHIHN 3a crierudiv-
HUMH TTOBEPXHEBUMH MapKepaMHu.

CrpoOu  3acToCyBaTH OIIHKY pamialliifHO-iHIyKOBa-
Horo anonTo3y JiMponuTis (radiation-induced lymphocyte
apoptosis, RILA) y Tectax eX ViVO s IpeauKIii mpome-
HEBOI TOKCHYHOCTI OyJIll JOCHTH YHCICHHUMH 33 OCTaHHI
20 poxis. ITicist po3podku meromy [109, 110] meprmi x pe-
3yJlbTaTH Ha TAlli€eHTaX IMOKa3aJd HOro MepcreKTHBHICTh
[111, 112], a 3aBAsKM 3HAYHIA KOHIIEHTpAIii HAyKOBHUX pe-
CypciB Ha IIboMy HarpssMKy metomoioris RILA-tecty mo-
CTyIIOBO HaOyBaJia Bce OUIBIIOI BU3HAYEHOCTI.

V¥ cydacHomy BapiaHTi TecT RILA BUKOHYIOTH Ha JTiM-
¢orrax CD4+ abo CD8+ 3 onpomineHHsIM €X VIVO B /1031
4-8 I'p; xopessiiist 31 IMOBIPHICTIO PO3BHUTKY IpPOMEHE-
BHX PEaKIIiid € 3BOPOTHOIO, TOOTO YMM HIKYUM € PiBEHBb
RILA, tuMm BUIIOIO € KIIiHIYHA pamiodyTiuBicTh. llei
edexT 30epiraBcs mpu po3IIUPEHHI BUOIPOK 0OCTEIKECHIX
TIAIIIEHTIB 1 MATBEPUKYBABCA y HE3aJCKHHUX Jlaboparo-
pisSiX Ha rpymax XBOPHX i3 PI3HUMH JIOKAJI3AIlisIMA ITyX-
JIMH: Haifyacriie — npy paky rpyaHoi 3amosu [113-119],
ajye TaKoX MpH paxy mmiku matku [120], myximHax ro-
goBu Tta mwmi [121, 122], paky npocraru [123, 124]
Ta y 3MilIaHUX BUOIpKaxX XBOPUX Ha paK IPyJHOI 3aJI03H,
npoctaty 4yu JiereHiB [125—128]. THBepToBaHMii 3B’ 30K
mporiecis, mo perymoroTs RILA, i3 po3BHTKOM pOMEHe-
BUX YIIKOJUKEHb 3HAWIIIOB TIPsIME MiATBEPIUKEHHSI HA MO-
JIEKyJSIPHOMY PiBHI: Y XBOPHX Ha pak MPOCTaTH B JiM(po-
LUTaX, ONPOMIHEHHX €X VIVO, pajiaiiifHo-iHIyKoBaHi
3MIHM eKCIpecii TeHiB anoNTOTHYHOI BiIIOBII Oyiin 3Ha-
YHO BUPA3HINIUMHU caMe B 0cCi0 0e3 MposBiB MpOMEHe-
BOT TOKCHYHOCTI, aHDK y TAIi€HTIB i3 TSHKKAMH Ti3HIMA
MIPOMEHEBUMH yCKIIaJHEHHAMH [129].

Ha crorogni BijioMO BiciM 3aBEepIICHHX MPOCIEKTUB-
HUX MYIBTHIEHTPOBHX IOCITI/DKCHb 13 Balijamii TecTy
RILA miomo npeaukiiii po3BUTKY MpoMeHeBoro (Gidpo3y
y XBOpHUX Ha paK TPYIHOI 3aJI03H; IX MeTa-aHali3 MO1aHO
B omwini [130]. Cepen BHCHOBKIB Oyino 30KpeMa ITOKa-
3aHO, W0 BUKOPUCTaHHS CyOmomyssmii JimMQonuTiB
CD8+ nmae mpoMy TECTy BHILY YyTIHMBICTH 1 crierudid-
HICTb, OPIiBHSHO 3 NiMporuramu CD4+.

Ha minrpynri nmx pesysbrariB komnanis NovaGray
(Monpellier, France) 3anmpornonyBana Ha pUHKY MEIUYHIX
MOCIIyr KOMEpIiiHUE TecT Ha OcHOBI €X Vivo RILA
JUTSL TIPEAMKITIT TPOMEHEBHX PEaKIii y XBOPUX Ha PaK Ipya-
HOI 3am03W, SKi MiATSATaroTh MPOMEHEBOMY JIIKYBaHHIO
(http://www.nova-gray.com/en/home). Kommanisi 3asBsie,
o iX Tect Bianosinae BuMoram Jlupextusu Pagu €Bporu
100 MEAMYHUX MPUIAIiB / CrIoco6iB st in Vitro miarsoc-
Tk (Directive 98/79/EC of the European Parliament and
of the Council of 27 October 1998 on in vitro diagnostic
medical devices; https://eur-lex.europa.eu/eli/dir/1998/79/
0j). Huni xoMmasis po3po0iisie aHaIOTi9HI TECTH ISl XBO-
PHIX Ha paK MpOCTATH 1 paK JIETeHIB.

BoxgHouac HU3Ka HE3AJIEKHUX JOCHITHULBKUX TPy
3BITyBaJIa IIPO BIJICYTHICTH KOpENSIii MK pe3yibTa-
tamu Ttecty RILA 1 npoMeHeBUMH peakiisMH, 30KpeMa
y XBOpUX Ha pak rpyxaHoi 3amo3u [131-134]. B ogHOMY
3 IOCIIKEHb KIITHHHA PaliouyTIIMBICTh HE Oyna iH(op-
MaTUBHOIO IS Tiepe0oadeH s mi3HiX (idpo3is, ane BUA-
BUJIACS NMIPUAATHOIO ISl IPEAMKIIT TOCTPOTO JIEPMATHTY,

fraction (and separately — early or late apoptosis or necro-
sis) in a certain subpopulation of cells identified by spe-
cific surface markers.

During the last 20 years there were numerous attempts
to assess radiation-induced lymphocyte apoptosis (RILA) in
ex vivo tests to predict radiation toxicity. After the develop-
ment of the method [109, 110], the first results in patients
showed its sufficient prospects [111, 112]. Due to the con-
siderable concentration of scientific resources in this area,
the RILA methodology gradually became more defined.

The modern versions of RILA assay are performed on
CD4" or CD8" lymphocytes irradiated ex vivo to doses
4-8 Gy; the correlation with the probability of the devel-
opment of radiation adverse effects is inverse, i. e., the
lower the level of RILA, the higher the clinical radiosensi-
tivity. This effect was maintained in the expanded cohorts
of studied patients and was confirmed in independent lab-
oratories in groups of patients with different localizations
of tumors: most often — for breast cancer [113—119], but
also for cervical cancer [120], head and neck tumors [121,
122], prostate cancer [123, 124], and in mixed groups of
breast, prostate or lung cancer patients [125—-128]. The in-
verse relationship between the processes that regulate
RILA and the development of clinical radiation damage
has been confirmed at the molecular level: In prostate can-
cer patients, the lymphocytes irradiated ex vivo showed
modulations on the expression of apoptotic response
genes, and these changes were significantly more pro-
nounced in individuals without radiation toxicity than in
patients with severe late radiation complications [129].

To date, eight prospective multicenter studies on the
validation of the RILA assay for the prediction of the oc-
currence of radiation fibrosis in patients with breast can-
cer have been completed; their meta-analysis is presented
in the review [130] Among the conclusions, in particular
it was stated that the use of a subpopulation of CD8-
lymphocytes gives this test a higher sensitivity and speci-
ficity compared to CD4"-lymphocytes.

Based on these results, biomedical company Nova-
Gray (Monpellier, France) has proposed a commercial
test based on ex vivo RILA for the medical services mar-
ket to predict radiation reactions in patients with breast
cancer undergoing RT (http://www.nova-gray.com/en/
home). The company declares that their test meets the re-
quirements of the Council of Europe Directive on medi-
cal devices for in vitro diagnostic (Directive 98/79/EC of
the European Parliament and of the Council of 27 Octo-
ber 1998 on in vitro diagnostic medical devices; https://
eur-lex.europa.eu/eli/dir/1998/79/0j). The company is
currently developing similar tests for patients with pros-
tate cancer and lung cancer.

At the same time, a number of independent research
groups have reported no correlation between RILA assay
results and radiation responses, particularly in breast can-
cer patients [131-134]. In one study, cellular radiosensitiv-
ity was not suitable for the prediction of late fibrosis, but
was found to predict acute dermatitis, albeit in an unusual
way: cells were irradiated at a dose of 2 Gy, and apoptosis
levels were directly correlated with clinical effects [135].
However, this issue has very heterogeneous opinions com-
ing from different research groups, as previously no differ-
ences was reported between head and neck cancer patients
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Xo4ya W y «HE3BHYaWHHWI» CHoci0: KIITHHU ONpPOMIHIO-
BayM B 1031 2 ['p, 1 piBeHB amonTo3y MaB MPsIMy KOPEIALII0
3 xriHiYHUMH edektamu [135]. [Ipore 3 11bOro NUTaHHA ic-
HYIOTh PO30IKHOCTI B pe3ybTarax pi3HHUX IpYIl, OCKLIBKH
e paHilie MOBINOMIISUIOCS HPO BIACYTHICTH BiIMIHHOC-
Tl Mi>K XBOPUMH Ha IyXJIMHU TOJIOBH Ta IIHUI 3 TOCTPUMH
MPOMEHEBUMH PEAKIIISIME Pi3HOTO CTYTICHS 3a eX VIVO piB-
HeMm RILA mpu #ioro MophosoridHiii OmiHII TiCs OmpoMi-
HeHHs B 7103ax 2 14 I'p [136]. B inwmiii pobdoti mapamerp SF2
JUISL €X VIVO BIDKMBAHOCTI JIIM()OIUTIB, OIIHIOBAHOI METO-
JIoM 3a0apBJIeHHS TPUIAHOBUM CHHIM depe3 24 Tof Ticist
OIPOMIHEHHSI, IO SBHO YOCOOIIOBAJIO paHHIA amomnTos,
HE MPOSIBUB aCOLIIHOBAHOCTI 31 CTYNIEHEM T'OCTPHX ITPOMEHe-
BUX PEaKIiii, Xoua Ha TOYIll 9acy 4 TOJ MiciIs ONPOMiHEHHS
criocTepiranacst TCHICHIIIS 10 3HWKSHHS CEPeIHBOI KIIITHH-
HOI BIDKMBAHOCTI (TIiIBUILICHHSI Pa{iOYyTIIMBOCTI) 31 3pOC-
TaHHSIM TIpoMeHeBoi TokcuuHOCTi [137]. He momaroth sicHo-
CTi 3 [BOTO MHUTAHHS U PE3yJbTaTH JOCIIDKEHHS IN ViVO:
Y XBOPHX Ha pak I'py/HOI 3aJI03H i/l 4ac TIPOMEHEBOI Tepa-
mii criocTepiraid MO3WTHBHY KODEIIAIII0 PIBHS arloNTO3y
B JIIM(OIUTAX 31 CTYNCHEM PaHHBOI TOKCHYIHOCTI y HOP-
MaJIbHUX TKaHuHax [138].

Ex vivo Tecr Ha amomro3 OyB HeiH(MOpMATHBHUM
JUTS TIPEAMKITT IPOMEHEBHX YCKIAIHEHb Y po00TaX, Y KX
BUKOPHCTOBYBaJH JIiM(OOIacTOiHI JIiHIT, BUPOIIEH] 3 KIli-
THH OHKOXBOPHX 13 PI3HOIO KIIHIYHOIO PamiOIyTIHBICTIO
[69, 139, 140]. XapakTepHO, IO B IUX JOCIIHKEHHIX OYII0
HapajesbHO MPOBEJCHO TECT Ha JIIMQONIHUTaX KPOBi y Bapi-
anti TUNEL assay [139] ta Annexin V [69, 140], akuit Tax
caMo He J]aB MOKJIMBOCTI YiTKO 1ICHTH(]IKyBaTH PamioqyT-
JIMBUX 0CI0.

Takox ex Vivo piBerb RILA He moKa3aB 3B’s13Ky 3 po3-
BUTKOM TSDKKHX ITPOMEHEBHX YIIKOIKCHb, 1[0 BUHUKIA
BHACIIIJIOK paJlioTepaneBTHYHOI aBapii — MIOMUIIKOBOTO T1e-
PeonpoMiHEHHSI XBOPUX Ha pak mpocTaTh y mmmram Emi-
Hab, Opaniis [141]. V mux ymMoBax aBTOPH MPHITY CKAJIH,
1[0 MEPEBUIICHHS /103U OYIJI0 HAJITO BEJTUKHM, 1 BUKJIHKAHI
HUM ypayKeHHS BUXOIMIIH 32 MEXKi HMOBIPHOTO «pob0d0TO
JiarmazoHy» Ipale3faTHOCTI  OyAb-SKUX Oi0JIOTIYHUX
MPEAUKTOPIB MPOMEHEBOI TOKCHYHOCTI, Y TOMY YHCII KJTi-
TUHHAX MapKepiB iHANBIAyaTbHOI PaJioOqyTIHBOCTI.

Crix 3a3HauynTH, 110 MexaHi3mu 3B’s13ky RILA i3 mpo-
MEHEBUMH PEAKIISIMU Ta YCKJIAQJHEHHSMHU TTOKH 1[0 OCTa-
TOYHO HE BHU3HAUCHI, 1 PE3yIbTaTd TECTIB 3aJIMINa-
I0TBCSI 0€3 YITKOro HayKoBOro oOrpyHTyBaHHS. Curyamist
YCKIJIQ/IHFOETHCSI THM, 10 PaJiodyTIUBICTh 32 IIUM IMOKa3-
HHUKOM TIPH ONPOMIHEHHI KJITHH Yy PI3HUX 032X MOXKE BH-
Ka3yBaTH SK MPsMY, TaK i 3BOPOTHY KOPEIIIO 3 KIIHIY-
HuMH edexramu. J[o TOTo K 1eif TecT He miATBepAUBCs in
VIVO i He CTIpaIlfoBaB y ITBOBIN KPUTHUHIH TPyIT — y XBO-
PHX 13 TIOMIJIKOBHM TepeoripoMiHeHHsM. [linkom iMOBipHO,
IO pajiariiHO-IHyKOBaHUIA aronTo3 y JiM(OIUTaX Mae
(hizionoriuHe BiJHOIICHHS TIIBKU J0 TIEBHUX THITIB TKAaHHMH-
HUX PEeaKIiil 1 MOKPUBAE TUTHKU TEBHHUH Miara3oH KIiHIY-
HoI pajiodymmBocTi [17]. OTxe, HONPY aKTHBHI HAMAaraHHs
BrpoBaguT RILA-TecT y mpakTuKy pajaiamiifHoT OHKOIIOT],
y TOMY YHCIIi Ha KOMEPIHHIN OCHOBI, HOTO CIiJ CIIpHIi-
MaTH 3 00EpPEKHICTIO 1 HE BBAKATH «30JI0TUM CTaHAAPTOM,
OCKIJTBKH CTamisl BaJigallifHUX IOCIIOKEHb HA CBITO-
BOMY DiBHI B HOTO BHITQJIKy IIIe HE 3aKiHUWIacs, 1 Oarato
BKIIMBUX METOJMYHMX ACIEKTIB ILOTO TECTY BCE IMIE I10-
TpeOyIOTh YIOCKOHAJICHHS.

with varying degrees of acute radiation reactions regarding
their ex vivo level of RILA in its morphological evaluation
after irradiation to doses of 2 and 4 Gy [134]. In another
study the SF2 parameter for ex vivo survival of lympho-
cytes, assessed by trypan blue staining 24 h after irradiation
that clearly represented early apoptosis, did not show an as-
sociation with the degree of acute radiation reactions, al-
though at the time point 4 h post-irradiation, there was a
tendency to decreased cell survival (increased radiosensi-
tivity) with increasing radiation toxicity [137]. The results
of the in vivo study also do not clarify this issue: In breast
cancer patients during RT the researchers found a positive
correlation of the apoptosis level with the severity of early
adverse effects in normal tissues [138].

The ex vivo apoptosis assay was uninformative for the
prediction of radiation responses in studies using lympho-
blastoid lines grown from cells of cancer patients, who had
different clinical radiosensitivity [69, 139, 140]. Interest-
ingly, in these studies also TUNEL assay [139] and An-
nexin V assay [69, 140] were performed on PBL, but again
did not allow a clear identification of the radiosensitive in-
dividuals.

Also, the ex vivo level of RILA has not demonstrated
an association with the development of severe radiation
damage resulting from a RT accident — mistaken overexpo-
sure of prostate cancer patients at Epinal Hospital, France
[141]. In such conditions, the authors assumed that the ex-
cessive overdose was too high, and the damage they caused
went beyond the probable “operational range” of perfor-
mance of any biological predictors of radiation toxicity, in-
cluding cellular markers of individual radiosensitivity.

It should be noted that the mechanisms of RILA’s asso-
ciation with radiation reactions and complications have not
yet been definitively determined, and the results of this as-
say still remain without a clear scientific basis. The situa-
tion is complicated by the fact that the radiosensitivity as-
sessed by this end-point may show a direct or inverse
correlation with clinical effects when cells are ex vivo irra-
diated to different doses. In addition, this assay did not
work in the largest target critical group — in patients with
proven excessive overexposure. Therefore, despite active
efforts to implement the RILA test in the practice of radia-
tion oncology, including that on a commercial basis, it
should be taken with caution and not considered as a “gold
standard”, as the validation stage for this assay is still not
completed yet, and many important methodological as-
pects of this test still need to be improved.
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KoHTpoJILHI TOYKH KJIITHHHOTO HUKJLY

OnmHUM 13 €JIeMEeHTIB y IyCKOBOMY MEXaHi3Mi Ipo-
rpamMH arornTo3y € 3MiHH B POOOTI KOHTPOJBHUX TOYOK
KITUHHOTO NWKNY. PamiamiifiHo-iHTyKOBaHAa 3yNHHKA KJIi-
THHHOTO UKy Ha Mexi G /S abo G,/M 3abesmeuye K-
THHI 9ac U1 BigHOBIeHHs nomkomkenoi JIHK nepen Bxo-
JoM y HactynHy asy muximy. Skmo momkomkens JJHK
3a0araro i IX HEMOXJIMBO MOBHOIIIHHO BiHOBUTH, Y KJIi-
THHI BKJIIOYAETHCSl IPOrpama anonrtosy. BuMiproBaHHs 3a-
TPUMKH KJIITHHHOTO LIUKITy MOYKHA 3/IIIICHIOBATH 3a JIOTO-
MOT'OI0 TIPOTOYHOI HUTOMETpii abo HUTOMETpil Ha Tpe-
maparax 3 KylbTypH MIiTOTEHCTUMYIBOBAHHUX JIIM(OIUTIB
KpOBi 3a CIHIBBITHOIICHHSM (pakiiii KmTHH y (dazax
S ta G, Ha MEBHMX TOYKAX Yacy TICIIs OMPOMIHEHHS. Y JTi-
Teparypi iCHYIOTh TTOBIIOMJICHHS TIPO CIIPOOH 3aCTOCYBaTH
1Iel MOKa3HUK Y JTIM(OIUTaX KPOBI OHKOXBOPHX SIK OiomMap-
Kep KJIHIYHOI BIJIOBIAI MyXJIMHU Ha pajiorepartiio [142]
1 CIPUHHATIMBOCTI (CXWJIBHOCTI) N0 ITyXJIMHHUX 3aXBO-
proBanb [143—145]. 3HauyuIicTh MBOTO TECTY YIS 1HIHUBI-
JyaJbHOTO MPOTHO3YBAHHS B pafialliiiHii oHKoorii Oyna
00MEKEHOI0 Yepe3 3HAuHy TeTePOTeHHICTh AaHUX Ta ic-
TOTHE TICPEKPUTTA PE3yJbTaTiB BUMIPIOBAaHb MK TOPiB-
HIOBaHMMH TpynaMmu namieHTiB [ 142]. HaroMicTs meit BuR
JIOCITI/PKEHb BUSIBUBCSI LIIJIKOM 1H(OPMATHBHUM IIPEIHK-
TOPOM y rajy3i OHKOEIIiIeMioJIorii, 30KpeMa Jyisl 1JeHTH-
¢ikauii JIOACEKUX CyONOMyIIAIIN 13 MiJBUIICHUMHU PH3HU-
KOM PO3BHUTKY PaKOBHX 3aXBOPIOBaHb [ 143—-145].

[ToBimoOMIIEHHS PO OLIHKY 3aTPUMKH KJIITHHHOTO ITHK-
Ty €X VIVO sIK TIOKa3HMKa iHMBIyaIBHOI PaIioTy TIIHBOCTI
3 METOIO BCTAHOBJICHHS 11 3B’5I3Ky 3 IPOMEHEBUMH YCKIIA-
HEHHSIMH € HeYUCIIeHHUMH. Tak, 3a CITiBBIIHOIICHHSM CTH-
MynboBanux T-mimgporwtie y ¢azax S i G, KIiTHHHOTO
LUKy HE OyJI0 BHSBICHO BIIMIHHOCTEH MDK XBOPHUMHU
Ha paK IPyAHOI 3aJI031 3 YCKJIAIHEHHSIMHU y JIETSHSX TTiCIIst
MPOMEHEBOT Tepartii Ta BiIMOBIJHUIMH KOHTPOJILHUMH Talli-
eHTamMu Oe3 yckiamHeHb [146]. B iHmii poOoTi aHamizy-
Bam 3arpuMKy G,/M miciis onmpominenns in Vitro y mosax
215 I'p y Hu3mi miM(oOIacToinHIX KIITHHHUX JIHIN 1 0B-
TOTPUBAIMX KYJIBTypax JIM(QOIMTIB, cepexn sIkux Oynu Ti,
IO TIPE/ACTABIUIM KIIITHHH OHKOXBOPHX 13 IiJIBUIIICHOIO
KIIHIYHOO paaiouyTuBicTo [147]. V nboMy HOCIIKEHHI
KJIITHHH TIEPECiYHIX OHKOXBOPHUX 1 KIIITHHHU 3/I0POBUX JIO-
HOpIB HE BIJPI3HSUIMCS 332 BUMIPIOBAHUM ITOKA3HUKOM,
a B KyJIbTypax JIM(OITIB KITIHIYHO PaJiOIyTIUBUX XBO-
PHX CTIOCTEpITaM iCTOTHO 3HIKEHY YacTKy KiituH y G,/M
nicys onpominenns. Ha ymky asropis, anaiis G,/M moxe
CTaT! B HAarofi I NPEAMKIi paliodyTIMBOCTI, aje He TO-
TaJIbHO CEepeJl YCiX MallieHTiB MPOMEHEBOI Tepartii, a sK J10-
JIATKOBUW TECT, NMPUJIATHUH U1 Bepudikaiii meBHOI mia-
IPyNH pafiovyTIHBUX OCI0.

VY uemonaBuiii poboti [122] HaBeneHo jaaHi mopis-
HSIHHSA TPYTI XBOPUX Ha MepKeiBChbKY KapLIMHOMY 32 PO3-
TTOJIUTOM KJIITHH 3a (a3aMy IUKITY Y KyTGTHBOBAHHUX Mi-
TOT€HCTUMYJIbOBAHUX JTIM(POIUTAX, OMPOMIHEHUX EX VIVO
y no3ax 2 i 10 I'p. Huxunit piBens RILA y mamienTis 3 iH-
TCHCUBHUMH NPOSBAMH IPOMEHEBOT TOKCHYHOCTI BU3HA-
YaBcsi BOJHOYAC 13 TIEBHUM IIJIBHIICHHSIM 3aTPUMKH
G,/M y iXHiX KIIITMHaX, HOPiBHAHO 3 KOHTPOJILHUMH XBO~
puMHu 0e3 3HaYHUX MMPOMEHEBUX YCKIaaHeHb. [Ipuyomy
IF0 TeHICHIIIO 710 301bIIeHOi (hpaKiil KIiTHH, 3aTpuMa-
aux y ¢asi G,/M, y XBOpHX i3 BHIIOI KITiHITHOIO

Cell cycle checkpoints

One of the important elements in the mechanism trig-
gering the apoptosis program is changes in the control
points of the cell cycle. Radiation-induced cell cycle ar-
rest at the G,/S or G,/M boundary provides the cell with
time to repair damaged DNA before entering the next
phase of the cycle. If there is too much DNA damage
which cannot be fully repaired, the cell activates an apop-
tosis program. Measurements of cell cycle delay can be
performed by flow cytometry or cytometry on prepara-
tions from culture of mitogen-stimulated PBL by the ratio
of cell fractions in phases S and G2 at certain time points
after irradiation. There have been reports in the literature
of attempts to use this indicator in PBL of cancer patients
as a biomarker of the tumor clinical response to RT [142]
or susceptibility to cancers [143—145]. The significance
of this test for individual prognosis in radiation oncology
was limited due to the large heterogeneity of the data and
the essential overlap of measurement results between the
compared groups of patients [142]. Instead, this type of
research has proved to be a very informative predictor in
the area of cancer epidemiology, in particular for the
identification of human subpopulations with an increased
risk of cancer [143-145].

There have been few reports on the linking ex vivo
cell cycle delay as an indicator of individual radiosensi-
tivity to RT complications. Thus, the ratio of stimulated T
lymphocytes in the S and G, phases of the cell cycle
showed no differences between patients with breast can-
cer with complications in lungs after RT and the corre-
sponding control patients without complications [146].
Another study analyzed G,/M delay after in vitro irradia-
tion to 2 and 5 Gy in a number of lymphoblastoid cell
lines and long-term lymphocyte cultures, including those
representing cells of cancer patients with increased clini-
cal radiosensitivity [147]. In this study, cells from ‘usual’
cancer patients and healthy donors did not differ in the
measured value, while irradiated PBL cultures of clini-
cally radiosensitive patients contained a significantly re-
duced proportion of cells in G /M. In authors’ opinion,
G,/M assay may be useful for the prediction of radiosen-
sitivity, but not totally among all RT patients, but as a
supplementary test suitable for a specific subgroup of ra-
diosensitive individuals.

Thus, today there is a gross uncertainty regarding the
relationship between the ex vivo induced cell cycle delay
in G,/M and clinical radiation response in patients, as
positive association, no correlation and inverted depen-
dence have been reported. The authors [147] emphasized
that other factors may have contributed to the G,/M delay
variations, such as the G,/S delay, which obviously dis-
torts the assessment of cellular radiosensitivity by this
method. Considering this, an approach based on the anal-
ysis of cycle delay in the G, phase could be quite useful
addition in such a research. G, arrest is one of the leading
causes of radiation-induced death of mitotically inactive
resting cells, in particular after irradiation to doses above
4 Gy. An indicative marker of this process is the expres-
sion of cyclin-dependent kinase CDKN1A/p21. In vitro
studies have shown an association between p21 produc-
tion and post-radiation clonogenic cell survival [148].
Also, in a study on twins a significant effect of hereditary
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paIiovyTIMBICTIO CIIOCTEPIrajn HaBITh MIPU aHaJi3i HEo-
MIPOMiHEHUX 3pPa3KiB.

OTxe, ChOTONHI iCHY€E aOCOITIOTHA HEBU3HAYCHICTh Xa-
pakTepy 3B’A3Ky MDK TakMM pajaioOiONOriYHUM Iapa-
METPOM, SIK 1HIyKOBaHa eX VIVO pajiariiiiHa 3aTpruMKa KiTi-
THHHOTO KTy G,/M, i KIIHIYHMMA IPOMEHEBUMH peaK-
LISIMH, OCKLIBKH CIOBILIATIOCS PO BIJICYTHICTH KOpPEJIsii,
MO3UTHBHY ACOI[IHOBAHICTh Ta IHBEPTOBAHY 3aJICXKHICTh.

Astopu [147] nHaronomryBanm, MmO OO Bapiamiid 3a-
TpumMku G,/M BOYEBHIL MOIIIH POOUTH BHECOK iHII (ak-
TOPM, HANPUKIaj, 3aTpuMKa Ha Touli G,/S, 110 BUKpHUBIIsE
OIIIHKY KJIITHHHOI PaiodqyTIIMBOCTI y 1ei cnocid. 3 oy
Ha IIe, JOCUTh KOPHCHHUM JIOJATKOM y TaKUX JOCII/PKEeH-
HsX OyB Ou aHauis sarpuMku Ky y ¢asi G,. Leit edexr
€ OJHI€I0 3 NPOBITHMX NPUYUH paiialliifHO-1HIyKOBaHOT
3aru0esti MITOTHYHO HEAKTUBHUX KIIITHH CIIOKOIO, 30KpeMa
TIpY ONIPOMiHEHHI B J1o3ax noHax 4 ['p. [TokazoBum Mapke-
POM IIBOTO TIPOIIECY € eKCIpecis MUKIIH3aJIeKHOI KiHa3H
CDKNI1A/p21. ¥V npocnimkeHHsx in Vitro 6yno 1oBeaeHo
HasIBHICTH 3B’s13Ky MIK NMpOAyKyBaHHAM p21 i moctpaia-
[MIAHOI0 KJIOHOTEHHOIO BW)KMBaHICTIO KimiTHH [148].
Jlo Toro %, y TociipKeHHI Ha ONTM3HIOKax Oyiio BCTAaHOBJICHO
3HAYHUI BIUIMB CIAJKOBOTO (hakropa B MOCTpaiariiiHii
ekcrpecii CDKN1A/p21 [149], oo miaxpeciroe MOTeHITIHHY
MPUIATHICTh I[HOTO TOKa3HUKA IS iHIUBIdyaTi30BaHOI
MPEAUKLIT paiouyTIMBOCTI. Y poOoTi Ha IMQOLHUTaX KPOBI
XBOPHX Ha PakK IPYIHOI 3271031 OyJI0 BCTAHOBJICHO, IO TI0-
crpamiamiitHa excrpecis rera CDKN1A/p21 Oyma B cepen-
HbOMY ICTOTHO 3HIKeHa y 11 KIIIHIYHO pajiiouyTIIMBHX Ta-
IieHTIB MOpiBHIHO 3 11 XBoprMHU 0€3 IPOMEHEBUX peak-
wiid [150].

[TepekpuBaHHs 1HTEpBaliB IHAWBITYaJbHUX 3HAYCHb
y TIOpiBHIOBAaHHMX Tpymax Oyll0o HEBENWKHM, 1 3a KpHTe-
pieM paaianiiiHO-1HyKOBaHOTO 3pOCTaHHs eKCIIpecii reHa
CDKN1A/p21 B 7 pa3iB sk TpaHUYHOTO 3HAYEHHS Ipa-
BUJIbHA iMCHTH(DIKAIiS MTiABUIIEHOI KITIHIYHOI paioqyTian-
BocTi crpamoBaia y 10 3 11 Takux marieHTiB y npomy J1o-
cmipkenHi. JletanpHuil aHaii3 i€l poOOTH OYyII0 TIOmaHO
y TIOTIEpeTHROMY OTVISIII Cepell iHMMX CTaTed Mpo BUKO-
PHCTaHHS TPAHCKPHUIITOMHUX Mapkepis [12].

Bceynepeu BHCOKOMMOBIpHIH TepPCHEKTHBHOCTI Ta KIi-
HiUHIM miHHOCTI TWKIiH3anexkHOI KiHasm CDKNIA/p21
K MapKepa pajiouyTIHBOCTI, y JOCSDKHIH Jiteparypi
HE 3HAWCHO MOBIIOMIICHb MPO MOPIBHSUIBHI BaIifaIliiHi
JOCTI/DKEHHS 3 TPSMHIM BHMIPIOBAHHSAM CaMe IMPOIYKTY
O3HAYCHOTO TeHA MICNIs ONPOMIHEHHS €X ViVO y KIIiTHHAX
XBOPHX 13 PI3HUM CTYIIEHEM TIPOMEHEBOI TOKCHYHOCTI.

BUCHOBKH

TakuMm YMHOM, IPOBE/ICHUI aHai3 JIITepaTypH 3a Mu-
TaHHSM KJIITHHHUX TECTiB €X VIVO It peanKii KiHid-
HOI TIPOMEHEBOT TOKCHYHOCTI MOKa3aB, 1110, He3BaXKAI0UN
Ha KOMILJICKCHICTh 1 0araTOKOMIIOHCHTHICTh MATOTCHE3Y
NPOMEHEBUX YCKJIaJHEHb, ICHYIOTh Baromi J0Ka3d HasB-
HOCTI KOpersLii Ha 1HIUBIIyalbHOMY PiBHI MIX KiITbKic-
HUMH [TapaMeTpaMy KIOHOTCHHOI BM)KMBAHOCTI M 3J1aT-
HOCTI /10 KOJIOHIEYTBOPEHHSA ab0 amoNTOTHYHOI 3aruOeri
HOPM&JIBPHUX KJIITHH 1 BUHUKHEHHSAM YCKJIAJHEHb
BiZl mpoMeHeBoi Teparii. Haifuacrime takuii 38’5130k cro-
cTepiragy B poOOTax 3 OIIHKOIO KIOHOTCHHOI BHKHBA-
HocTi (iOpoOnacTiB Ta amonTo3y B JIMQOIUTAX, MpHU-
YoMy B 000X BHIaJKaX — CTOCOBHO ITi3HIX NMPOMEHEBHX

factors in the post-radiation expression of CDKN1A/p21
was observed [149]. In the lymphocytes of breast cancer
patients, it was found that post-radiation expression of the
CDKNI1A/p21 gene was on average significantly reduced
in 11 clinically radiosensitive patients compared to 11 pa-
tients without radiation reactions [150]. The overlap of
the intervals of individual values in the compared groups
was small, and by the cut-off value of 7-fold radiation-in-
duced increase in CDKNI1A/p21 gene expression, the
correct identification of increased clinical radiosensitivity
was made for 10 out of 11 such patients in this study. A
detailed analysis of this work was presented in the previ-
ous part of our review together with other publications on
the use of transcriptome markers [12]. Despite a highly
probable applicability of cyclin-dependent kinase CD-
KN1A/p21 as a radiosensitivity marker for clinical pur-
poses, no comparative validating studies have been re-
ported in the available literature with direct measurement
of the product of this particular gene after ex vivo irradia-
tion in cells of patients with different grades of radiation
toxicity.

CONCLUSIONS

Thus, the analysis of the literature on ex vivo cell-
based assays to predict clinical radiation toxicity showed
that despite the complexity and multicomponent patho-
genesis of radiation-induced complications, there is a ten-
dency for a probable individual correlation between quan-
titative parameters of clonogenic survival / colony
forming ability or apoptotic death of normal cells and RT-
caused complications. Most often, such a relationship
was observed in studies assessing clonogenic survival of
fibroblasts and apoptosis in lymphocytes, and in both
cases — in regard to the late radiation damage. However,
the accuracy and reproducibility of such tests cannot be
considered adequate for daily clinical practice. Both
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yCKIIamHCeHb. [IpoTe TOYHICTH 1 BIATBOPIOBAHICTH Ta-
KX TECTiB NOKH L0 HE MO)KHA BHM3HATH aJEKBAaTHOIO
JUTSL TOICHHOT KITIHIYHOI MPAaKTUKHU. SIK U1 MITOTHYHOL,
TaK i 4715 iHTepdasHoi 3arubeni KIiTHH €X VIVO XxapakTepHa
3HAYHa TETEPOTEHHICTh PE3yNIbTaTiB BUMIpPIOBaHb, a TEp-
LW BUJ TECTIB 10 TOTO K XapaKTePU3y€EThCsI IOBIOKO TPH-
BJIICTIO 1 BUCOKUMH TEXHIYHUMU TPYN03aTPATAMH.

JlocikeH s, 0 TPYHTYIOTHCS Ha OIHII TITBKH OJ1-
Hi€l GopMu KIITHHHOI 3aru0eni B OXHOMY THII KIITHH,
HE € JOCTaTHhO HAMIMHUMH, WMOBIPHO, BHACIIIOK TOTO,
0 Pi3HI NUIAXH 3arubern KITHH POOsaTh SAKICHO Pi3HUN
BHECOK (i 3 PI3HOIO 3aJICKHICTIO BiIl pamialiitHOl T03M)
y KiHIIEBY BiANOBIb TKAHWHH YU OpPraHa Ha ONMPOMIHEHHSI.
IcHye oOrpyHTOBaHA JAyMKa, IO TECTH Ha KIITHHHY 3aTrH-
0ellb 4M KIIOHOTCHHY BIDKHMBAHICTH MOXYTh IHOKPHBATH
TUIBKY NIEBHI KaTeropii MposiBiB 1 TIJIbKK TIEBHUH JTiana3oH
CTYNEHIB KIIHIYHOI pafiodyTiuBOCTi. BodeBuap, icHye
HEOOXIHICTh TMONANBIINUX JTOCTIKEHB, CIPIMOBAHUX
Ha PO3KPHUTTS MEXaHI3MIB, 110 BH3HAYAIOTh JIHCHY pOIIb
3MiH KJITHHHOTO UKJY, allONTO3Y 1 3aTHOCTI IO KOJOHI-
€YTBOPCHHS KIIITHH Yy MAIIEHTIB 13 HAIMIPHIMH IIPOMECHE-
BUMHM DPEaKIlisIMH, a TaKOX Ha 3’sICyBaHHs POJIi YNHHUKIB
BiKY, CTaTi, JIOKaJi3aIii MyXJuH i 0COOIMBOCTEH MPOTH-
MYXJIMHHOTO JIIKYBaHHS JUTS KPAIOTo 1 TOYHIMIOro OKpec-
JICHHS] yMOB BIIEBHEHOTO 3aCTOCYBaHHS TAKUX TECTIB.

Brecok reHeTHYHHX (DaKTOPIB € OYEBUAHUM 3 OOKY Ma-
mmHepii penapanii po3pusiB JJHK: cuanpomu 3i craiko-
BUMH JIe()eKTaMH IIi€T CHCTEMHU € CUCTEMaTHYHO PajiiodyT-
JINBUMU SIK 32 KJIITHHHAMH T€CTaMH, Tak 1 3a KJIIHIYHUMHA
HACJIIKaMH TepaneBTUYHOro onpomineHHs. I[Ipore 3Bo-
POTHA Te3a € XUOHOK, OCKUTBKU JaJeKO HE BCI BUIAIKH
T ABUIIEHOI KITIHIYHOI PaiodyTIMBOCTI OB’ sI3aHi 3 IOpPY-
menasamu penapanii JJHK. Tomy B cydacHiif KiIiHIYHIH pa-
J0010JI0TIT 3aJMIITAETHCST AKTyaIbHUM TONIYK Tpare3ar-
HUX TECTIB JUIA MPEIUKINi MiJABUIIEHOI pajioqyTIHBOCTI
caMme «IIPOMIXKHOTO PiBHSD — KaTeropii, o MiCTUTBCS MiXK
BIZICYTHICTIO TIPOMEHEBUX peakiiil y 80 % marieHTiB Ta ix
eKCTpeMaIbHUM PO3BHTKOM y 1,5-2 %, Aki € HociaMu
ATM i nmomiOHUX MyTAIlii.
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mitotic and interphase cell death ex vivo is characterized
by significant heterogeneity of measurement results, and
the former assay type also suffers from long duration and
high labor intensity required for the test.

Studies based on the evaluation of only one form of
cell death in one cell type are not reliable enough, proba-
bly due to the fact that different pathways of cell death
make different contributions (and with different depen-
dence on radiation dose) to the final tissue or organ re-
sponse to irradiation. There is a reasonable opinion that
cell death- or clonogenic survival-based assays are able to
cover not all, but only certain types of adverse effects and
only a certain range of degrees of clinical radiosensitivity.
Obviously, there is a need for further research to reveal
the mechanisms, which determine the true role of cell cy-
cle changes, apoptosis and colony forming ability in pa-
tients with excessive radiation response in normal tissues;
as well, the role of age, sex, tumor location and details of
antitumor treatment must be elucidated for better, more
accurate delineation of the conditions for the confident
use of such assays.

The contribution of genetic factors is evident from the
side of the DNA repair machinery: syndromes with he-
reditary defects of this system are systematically radio-
sensitive both by cellular tests and by the clinical conse-
quences of therapeutic irradiation. However, the opposite
thesis is incorrect, because not all cases of increased clini-
cal radiosensitivity are associated with disorders of DNA
repair. Therefore, in modern clinical radiobiology it re-
mains relevant to find workable functional tests to predict
the increased radiosensitivity of the “intermediate level”
— a category fallen in between the absence of radiation
reactions (as in 80 % of patients) and their extreme devel-
opment in those 1.5-2 %, who are carriers of ATM or
similar mutations.
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IMepcrieKTHBH MOAAJIBIINX JOCTITKEHb

VY Haitbnmk4iid mepcrekTuBi €X VIVO TecTH Ha KIIi-
TUHHY BW)KHBaHICTh, HMOBIpHO, OyIyTh BUKOPHUCTOBYBa-
TUCS Y MEKaX MYJIBTUIAPAMETPUYHOTO ITiXOAY, JC BH-
CTYyHaTUMYTh sIK HE TPOBIMHUA, a JOJATKOBHH,
JOTIOMDKHHUN JTUCKPUMIHAHT y Kiacudikamii iHAUBIIY-
aNBHOI  pamiouyTnUBOCTI. MOXIHBO, Taki JIOCIHi-
JUKEHHST OyJyTh BKIIFOYAaTH SIK OCHOBHHI METOJ| OI[IHKY
BINMOBIAI Ha Nif0 pamiamii Ha piBHI CHCTEM pemapartii
JHK, XpoMOocCOMHOTO amapaTy 4Yd BHpPOOJICHHS TIEB-
HUX OIOXIMIYHHMX MPOAYKTIB. AHaNi3 [BOTO MUTAHHSI
CTaHE TEMOIO HAIIOT0 HACTYITHOI'O aHAIITHYHOTO OIVISITY.

KonduaikT inTepecis
ABTOpH 3asIBISIIOTH PO BIJCYTHICTH KOH(IIIKTY iH-
TepeciB.

Indopmanis npo ¢pinaHcyBaHHSs
Pobora ¢inancyerbess Bumarkamu JlepskaBHOTO OF0-
JUKETy YKpaiHu.

Prospects for further research

In the near future, ex vivo cell survival assays proba-
bly will be used within a multiparametric approach,
where they will act not as leading but as additional, sec-
ondary discriminants in the classification of individual
radiosensitivity. It is possible that such studies will in-
clude, as a primary method, the assessment of the re-
sponse to radiation in the form of DNA repair, chromo-
somal damage or the production of certain biochemical
markers. The analysis of this question is the topic of our
next analytical review.
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PE3IOME

AxTtyanbHicTs. OnHi€I0 3 HaHOUIBII SIBHUX BIJIOBiNEH Ha XipypriuHui
CTpEC € aKTUBallisi CUMIIATHYHOT HEPBOBOT CUCTEMH, 1[0 BeJE JIO Pi3KOro
30UIBIICHHS IUPKYJIIOIOYHX aJJPCHATIHY 1 HOpaJpeHaATiHY, SIKI MOXYTb I10-
TEHIIHHO IPUCKOPUTH MOUIMPEHHS ITyXJIUHHOTO TPOIIECY B OHKOJIOTIYHUX
XBOpUX. Y 3B’SI3Ky 3 MM aKTYaJIbHUM € OIVISIJL PE3yNbTaTiB poOiT, crips-
MOBAaHUX HA BU3HAYCHHS MPOTUIYXJIWHHOI Hii -aapeHoOIoKaTopiB Ta ix
3aCTOCYBaHHS y TIepionepanifHOMy JTiKyBaHHI OHKOJIOTI9YHUX XBOPHX.
MeTta po0OTH — TPOBECTH aHANi3 Ta y3arajJbHEHHS NAaHWX IIOIO0 OH-
KOTCHHUX €(EKTIB KaTeXOoJaMiHiB Ta BUCBITIMTH OCBiJ 3aCTOCYBaHHSI
[-GroxaTopiB mpu NepionepiHHOMY JTIKyBaHHI OHKOJIOTTYHUX XBOPHX.
Marepiaqu Ta MeToAH. 3 METOI0 MOUIYKY AAHUX I ONISAAY BHUKO-
PHUCTOBYBaJIM E€JICKTPOHHI pecypcu HarioHanbHOi 0i0mi0TeKH YKpaiHu
iM. B. 1. Bepnazcekoro, Cochrane library i 6a3 nanux Pubmed, Scopus. I1po-
AHAIII30BaHO PE3YJIBTaTH JIOCIIPKEHb, BAKOHAHHX JI0 cepriHst 2020 poky.
Pe3yabraTu Ta ix o6ropopenns. HaBeneHo KopoTki BiIOMOCTI PO Mexa-
HI3MH, 32 JONIOMOTI'0I0 SIKMX HaUIHIIKOBE 3BUILHEHHS KaTE€X0JIAMiHIB MOXKE
MOJICTIIYBaTH MeTacTa3yBaHHsS. [IpoBeleHO aHaNi3 KIHIYHHX BUIIPOOY-
BaHb, MPUCBSIUCHUX IOCITIHKCHHIO e(eKTiB ImepionepaliifHoro 3acTtocy-
BaHHS MIPOTPAHOIONY Ta Horo koMOiHamii 3 iHridiTopamu L1OI'-2 B oHKO-
JIOTIYHUX XBOPHX.

BucnoBku. KopoTkocTpokoBa mepiomepariifHa Teparis pOIpaHoio-
JIOM Ta WOT0 KOMOiHAIi€l0 3 aHTH3aMaJIbHUMHU TpernaparaMu MoXKe Haja-
BaTH aHTHUMETACTaTUuHI €(DEeKTH Ta HiBEIIOBATH IMyHOCYIIPECHBHI e()eKTH
xipypriutoro crpecy. Ilopanpiie 3’sicyBaHHs KIIHIYHOI 3HAYYIIOCTI Te-
pionepaniifHOTo JIIKyBaHHSI HPOIPAHOJIOIOM Y OHKOJOTIYHUX MAlli€HTIB
BUMarae IMpoBeIeHHS! 3—5-pIYHUX JOCIIKEHb CTOCOBHO OLIHKH TpUBa-
7101 Oe3peuIMBHOT BUKUBAHOCTI OHKOJIOTTYHUX XBOPHUX.
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ABSTRACT

Background. One of the most common responses to surgical stress is the
activation of the sympathetic nervous system, leading to a dramatic in-
crease in circulating adrenaline and norepinephrine, which can potentially
accelerate the spread of the tumor process in cancer patients. In this re-
gard, it is relevant to review the results of studies devoted to the determi-
nation of the antitumor effect of B-blockers and their use in the periopera-
tive treatment of cancer patients.

Purpose — to analyze and summarize data on the oncogenic effects of
catecholamines and to highlight the experience of using B-blockers in the
perioperative treatment of cancer patients.

Materials and methods. We used the electronic resources of Vernadsky
National Library of Ukraine, Cochrane library and databases (Pubmed,
Scopus). We analysed the results of studies conducted before August
2020.

Results. A summary of the mechanisms by which excessive release of cat-
echolamines may facilitate metastasis is provided. The analysis of clinical
trials devoted to the study of the effects of perioperative use of proprano-
lol and its combination with COX-2 inhibitors in cancer patients is con-
ducted.

Conclusions. Short-term perioperative therapy with propranolol and its
combination with anti-inflammatory drugs may have antimetastatic effects
and neutralize the immunosuppressive effects of surgical stress. Further
elucidation of the clinical significance of perioperative propranolol treat-
ment in cancer patients requires a 3—5-year study to assess the long-term
relapse-free survival of cancer patients.
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3B’s130K POOOTH 3 HAYKOBUMH MPOTrPpaMaMu, IJIAHAMUA
i Temamu

PoGoTa BuKOHaHA B paMKax IUIAHOBOI HAYKOBO-TOCIi/I-
Hoi poOoTH Jlep:kaBHOT yCTaHOBHU «IHCTUTYT MEIUYHOI pa-
miosorii Ta oukonorii im. C. I1. I'purop’eBa HamionansHoi
akaneMii MeIUYHUX HayK YKpaiHm» «OOrpyHTyBaHHS BH-
00py pe3eKIliifHoro ado aONAIIHOTO JTIKYBaHHS METACTa-
3iB KOJIOPEKTAJBHOTO paKy B IEYiHKY 3 YpaxyBaHHIM
MPETUKTOPIB CUCTEMHOTO 3arajeHHs» (HOMEp JepiKaB-
Hoi peectpanii: 01200103301, mmdp remn: HAMH.02.21,
MpUKJIaaHa, TepMiH BukoHaHHs: 2021-2023 pp., kepis-
HUKH — 3aBigyBad JabopaTopii pamiamiiHOl IMyHOIOTIi,
kauauaatr menuuanx Hayk Copouvas [1. I1.; 3aBimyBau ka0i-
HETy IHTEPBEHIIIHOI OHKOJOTIi, KAaHIUIAT MEIWYHUX
Hayk bamaka C. M.).

BCTYII

Xipypriune BTpy4aHHsI Ha ChOTOHI 3aJUIIAE€THCS OJl-
HUM 13 OCHOBHUX MECTOIIB JIIKYBaHHS 3JIOSKICHHX ITyX-
nmuH. BomHOowac mepiomeparlifiHumii mepion i BUIANCHHS
MEPBUHHOI MyXJIMHHA BUKJIUKAIOTh (i3100T1UHI IPOIIECH,
SIKI MOXYTh TIOTCHIIIHHO MPHUCKOPUTU MPOTIPECYBaHHS
BXE ICHYIOUMX MiKpOMETAcTa3iB Ta CIPHUSATH IHIIifo-
BaHHIO HOBUX MeractasiB [1, 2]. Ilepionepamiitamii me-
pion 3aiiMae BITHOCHO HCBEIUKHI MpPOMiXKOK yacy. Lle
gac, HeOOXiMHUH U MIATOTOBKH XBOPOTO TO OIeparlii
(npeonepatuBHa (aza), BUKOHAHHS omeparii (iHTpaome-
paruBHa ¢asza) 1 omyxaHHs abo crabimizamii craHy

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
planned research project of State Organization “Grigoriev
Institute for Medical Radiology and Oncology of the Na-
tional Academy of Medical Sciences of Ukraine” which
is “Grounding of the choice of resection or ablation treat-
ment of colorectal cancer metastases in the liver, taking
into account the systemic inflammation predictors” (state
registration No: 0120U103301, research project code:
NAMS (Ukraine) 02.21, applied, period for performance:
2021-2023, led by Head of Radiation Immunology Labo-
ratory, Candidate of Medical Science Sorochan P. P;
Head of Interventional Oncology Unit, Candidate of
Medical Science Balaka S. M.).

INTRODUCTION

Surgical intervention remains one of the main treat-
ment for cancer patients nowadays. At the same time, the
perioperative period and removal of the primary tumour
induce physiological processes that can potentially accel-
erate the progression of already existing micrometastases
and facilitate the initiation of new metastases [1, 2]. The
perioperative period takes a relatively short period of
time. It is required to prepare the patient for surgery (pre-
operative phase), perform surgery (intraoperative phase),
and recovery or stabilization of the patient’s condition af-
ter surgery (postoperative phase). The preoperative and
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XBOpOro micist onepaiii (micisioneparuBHa (asa). [Ipe-
orepaTMBHA Ta MicisioneparnBHa (a3u MOXYThb TPUBATH
JIeKiIbKa JIHIB a00 THKHIB. He3Baxkatoun Ha KOPOTKY TpH-
BAJICTh TIEpiONeparlifHoro mepiomy, BiH Bimirpae ic-
TOTHY pOJIb y BH3HA4YEHHI JIOBIOCTPOKOBHX PE3YJbTATIB
MPOTHITYXJIMHHOTO JIiKyBaHHS [3]. YV 3B 3Ky 3 UM TIpo-
BOJMTHCS MOLTYK CTpaTeTii MepionepuiiHoro JiKyBaHHS,
CHPSIMOBAaHMX Ha OOMEXKEHHs ITOIIMPEHHS MYyXJIMHHOTO
po1Lecy.

MeTta po00TH — MPOBECTH aHAI3 Ta y3araJibHCHHSI
JAaHKUX I10JI0 OHKOTCHHUX C()EKTIB KaTeXoJjaMiHiB Ta BH-
CBITJIUTH JOCBIJ 3aCTOCYBaHHS [-ONOKaTopiB mpH mepi-
OTICPIIfHOMY JIIKyBaHHI OHKOJIOTIYHUX XBOPHX.

MATEPIAJIN TA METOAU AOCJIIKEHHST

Jist momryKy JaHMX JITEpaTypH BHKOPHCTOBYBAIU
eNeKTpoHHI pecypcu HarionanpHol 0i0mioTekn YKpainu
im. B. 1. Bepuancekoro, Cochrane library i 6a3 maHmx
Pubmed, Scopus. IIpoaHanizoBaHO pe3ynbTaTd JOCIi-
JUKEeHB, BUKOHAHUX 10 ceprHs 2020 poky.

OpnHi€elo 3 HaHOUTBI SBHUX BiNMOBiNel Ha Xipyprid-
HHUH CTpEC € aKTHBAIlisl CHMIIAaTHYHOI HEPBOBOI CHCTEMH,
110 BeJIe 10 Pi3KOr0 30UIBIICHHS IUPKYITIOIOUNX aJpeHa-
JiHY 1 HOpaApeHaNiHy, SIKi JII0Th Ha IyXJIWHHI KIITHHU
i MyXJMHHE MIKPOOTOYEHHS 3a JOIIOMOTOI0 aKTHBAIlil
anpeHopenenTopis. Karexonaminu 38’ A3y10Thee 3 -, O -,
0, B, B,- 1 B,-peuentopamu. JlokminiuHi Ta KiiHi4Hi
JOCITiKEHHS MTOKA3aJIH 3a]Ty4EHHS, TOJIOBHUM YUHOM, [3 -
i B,-aipeneprivHIX PEENTOPIB 10 MPOTPECYBAHHS PaKy.

Besnocepenniii BB KaTeXoMaMiHIB Ha 3JIOSKICHI
KJIITHHY TOJNATAaE B aKTUBALil aJpeHEepridYHuX pPEeenTo-
piB MeMOpaH MyXJIMHHUX KJIITHH 1 MiJBUIICHHI piBHS
TAM®, 1m0 NPU3BOAUTE JO aKTUBAIll OararboxX TpaHC-
KPHITIIHHUX NISIXIB, BKJIIOYAIOYH 1 Ti, SIKI CIIPHSIOTH Me-
TACTaTMYHUM TporiecaM. L{i CUrHanbHI NIISIXH CTHMYJTIO-
JOTh 3alajieHHs, aHrioreHe3, ITOCHIIOIOTh 3JaTHICTh
MyXJIMHHUX KITHH 10 1HBa3ii 1 301MBIIYIOTH eIiTeli-
anpHO-Me3eHXiManpHUN Tepexin. Lli edexrn peamizy-
I0ThCSl LIISIXOM 301IBIICHHS CeKpemii MyXJIMHHUMH KIi-
THHaMH PpI3HUX NPOMETACTaTHYHUX OUIKIB, TaKUX
sk iHTepneiikin-6 (1J1-6), IJI-8, dbakTop pocty eHaoTENiI0
cymun  (VEGF), wmarpukcHa wmetanomnpoTeiHaza 9
(MMP9), a Takox ekcrpecii pi3HUX pelenTopiB (Harpu-
KJIaJ1, perenTopa emiaepMaibHoro pakTopa pocTy) [4-6].
Li mporecn BIDIMBAIOTH Ha MPOTPECII0 3TOSKICHUX IyX-
muH. Tak, Ha MOJETSIX y TBAPHH ITTOKA3aHO, IO CEKPEris
npo3ananeHux urokinis 1JI-6 Ta 1JI-8 cnpusie meracra-
3yBaHHIO CAPKOM 1 KapI[MHOM IIJISIXOM MOCHJICHHS Mirpa-
il i pyXJIMBOCTI MyXJIMHHUX KIITHH [7]. AKTHBaio aH-
rioreHHUX (hakTopiB 3a Ail HOpPaIPEHATIHY CIOCTEpirain
B MXJIMHAX S€YHUKIB Y TBapHH, JIHISX KIITHH (apuHTe-
AIBHOT KapIMHOMH JIFOMUHM 1 JIHHISX KITITHH MHOXHH-
HOT Miesomu [8].

AxTuBaris (-agpeHepriyHOrO MUIAXY Tepemadi CHur-
HaJly TaKoX CTPYKTYPHO 3MIHIOE BUXIJHI MyXJIMHHI KJIi-
THHHA. AKTHBauisg P-aJpeHopenenTopiB  MPU3BOANUTH
JI0 3017bIICHHS YaCTKHM 1HBAJOMOIS-IOJIOHUX ITyXJIUH-
HUX KJITHH 1 KUTbKOCTI 1HBa0IOi#l Ha KIiTHHY [9], crie-
iaJIi30BaHUX aKTUH-0AaraTHXx CTPYKTYp, IO CIPHSIOTh
iHBa3ii yepe3 06a3ambHy MeMOpaHy i HaBKOJHIIHIO CTPO-
My [10].

postoperative phases can last several days or weeks. De-
spite the short duration of the perioperative period, it
plays a significant role in determining the long-term re-
sults of antitumor treatment [3]. In this regard, the search
for perioperative treatment strategies aimed at limiting
the spread of the tumor process is conducted.

Purpose — to analyze and summarize data on the on-
cogenic effects of catecholamines and to highlight the ex-
perience of using B-blockers in the perioperative treat-
ment of cancer patients.

MATERIALS AND METHODS OF RESEARCH

We used the electronic resources of Vernadsky Na-
tional Library of Ukraine, Cochrane library and databases
(Pubmed, Scopus). We analysed the results of studies
conducted before August 2020.

One of the most common responses to surgical stress
is the activation of the sympathetic nervous system, lead-
ing to a dramatic increase in circulating adrenaline and
norepinephrine, that act on tumour cells and microenvi-
ronment through the activation of adrenergic receptors.
Catecholamines bind to o,-, 0,-, o-, B,-, B,- and B,-
receptors. Preclinical and clinical studies have shown the
involvement of B - and PB,-adrenergic receptors in cancer
progression mainly.

The direct effect of catecholamines on malignant cells
includes the activation of adrenergic receptors on the tu-
mour cells membranes and the growth of the cAMP level,
which leads to the overexpression of the transcriptional
pathways, which contribute to metastatic processes.
These signaling pathways stimulate inflammation, angio-
genesis, tumor cells invasion, and increase the epithelial-
mesenchymal transition. It leads to the secretion of vari-
ous prometastatic proteins by tumour cells, such as IL-6,
IL-8, vascular endothelial growth factor (VEGF), matrix
metalloproteinase 9 (MMP9), as well as the expression of
various receptors (for example, the epidermal growth fac-
tor receptor) [4—6], which has an impact on the progres-
sion of malignant tumours. In animal models, the secre-
tion of pro-inflammatory cytokines IL-6 and IL-8
promotes metastasis of sarcomas and carcinomas by in-
creasing the migration and mobility of tumour cells. [7].
Also the activation of angiogenic factors under the action
of norepinephrine in ovarian tumors in animals, human
pharyngeal carcinoma cell lines, and multiple myeloma
cell lines was observed. [8].

The p-adrenergic signaling pathway activation
changes the structure of the primary tumour cells and in-
creases the proportion of invadopodia-like tumour cells
and the number of invadopodia per cell [9], which is spe-
cialized actin-rich structure that promote invasion through
the basement membrane and the surrounding stroma [10].

It was found that the activation of B-adrenergic signal-
ing pathways promotes the remodeling of the tumour-as-
sociated lymphatic and blood vascular network in an in-
flammation-dependent manner. [11, 12]. In addition, the
sympathetic nervous system also regulates lymph flow
through the innervation of lymphangions, the structural
contractile elements that surround the lymphatic vessels
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YcraHOBIICHO, IO aKTHBALsl [-aJpeHepridyHuX CHr-
HaJbHUX NUISAXIB CIIPHUSIE PEMOACIIOBAHHIO aCOIIHOBaHOT
3 My XJIMHOIO JIIM(paTHIHOI Ta KPOBOHOCHOT CyAMHHOT Me-
peXi 3aJeKHUM BiJ 3amajcHHs crmocobom [11, 12].
Kpim TOrO, cuMmarndHa HEpBOBA CHCTEMa TAKOX PETy-
mroe TiMQOTIK Yepe3 iHHEepBaIlifo JiM(paHTiOHIB, CTPYK-
TYPHUX CKOPOYYBAJIBHHUX €JIEMEHTIB, sIKI OTOYYIOTH JIM-
(daTnyHl CyIMHH 1 pEryaroloTh MIBHAKICTH CTPYyMY
nimparuaroi piguau [ 13-15]. Byno mokazaHo, 110 miaBu-
LIEH] PiBHI [MPKYJIIOI0YMX KaTEXOJIaMiHIB IPHUCKOPIOIOTH
TiMQOTIK yepe3 miMpaTHIHI CYIUHH, SKi JPEHYIOTh Iep-
BUHHY IyXJIUHY, THM CaMHUM CIIPHSIOUN ITOIIHMPEHHIO
MyXJIMHHAX KITHH in Vivo [12].

KarexonamiHn CHPHSAIOTE CTBOPEHHIO CIPUSTIUBHX
YMOB JUISl 3pOCT@HHSI 1 METACTa3yBaHHS IyXJIMHHUX KIIi-
THH, BIUIMBAIOYM TAKOK Ha IMYHHY CUCTeMYy. [-aJpeHo-
peuentopu mpucyTHi Ha T-xenmepHux, T-cympecopHmX
nimponutax, B-nmimdormrax, NK-kriTHHAX, MOHOIIH-TaX /
Makpodarax i JeHApUTHUX KiitnHax [16]. Crumymsmis
B-ampeHepriyHuX penenTopiB 3a3BUYail iHriOye Bimmosimi
nimMponunTiB, PYHKIIOHATEHY aKTUBHICTh ACHAPHTHHX KJIi-
THH 1 IpurHivye muroTokcnynicts NK-kmitun [17]. Aktu-
Ballia  B,-a/peHOpENEeNTOPiB  MOpYIIye  iHJYKOBaHy
iHTEep(EPOHOM-Y EKCIPECiF0 MOJEKYNI TOJIOBHOTO KOMII-
nekcy rictocymicHocti II kmacy. Ileit edexT HiBemoBaBcs
HpONpPaHoNoNOM, ajle He aHTaroHicTaMu [ -aapeHo-
peuenropiB [18]. Guereschi M.G. et al. [19] mokazanm,
10 aKTHBAlis [3,-aIPEHOPENENTOPiB MPU3BOIUTE 10 TTOCH-
JICHHSI CYNPECOPHOI aKTUBHOCTI PEryisiTopHUX T-KimiTHH
(Tper). KarexonaMiHM BUKJIMKAIOTh TaKOK aKTHBAIIO Cy-
MIPECOPHUX KIITHH MI€JIOITHOTO MOXOKeHHs [20].

InridyBanHs nepeaadi aapeHepriuHoro curHay

Hani nokminiuaux [11, 12] i peTpoCTIeKTHBHIX TOCITi-
JUKeHb [21, 22] 103BONSIIOTE IPUITYCTUTH, 1110 BTPYYaHHS,
CIPSIMOBaHI Ha MOJYJISILIII0O CUMITATUYHOI HEPBOBOI CHC-
TeMH, € ePEKTHBHOIO JOMTOMIXKHOIO CTPATETIEI0 IS 3HU-
JKEHHsI PU3HKY peluauBy myxyuHH. [lepionepariiine iH-
riOyBaHHSI CHMIIATUYHOI Iepesadl CUrHajdy Moxe OyTh
JMOCATHYTO 3aCTOCYBaHHSAM aHTAroHICTIB [-axpeHo-
penenropiB (B-010katopiB). Y MOKIIHIYHHUX JIOCIIHKEH-
HSIX MOKa3aHO MPHUTHIUCHHsI -0JI0KATOPOM MPOIPAHOIIO-
oM mpomidepanii TyXTUHHAX KIITHH Ta IHAYKLIO X
arroritosy [23], iHriOyBaHHs iHBa3ii MyXJIUHHUX KIITHH
[9], anriorenesy [24], mimdanriorenesy [12] i emitemi-
aNbHO-Me3eHXiIMaJgpHOTO Tmepexony [25]. IIpompano-
JIOJ TaKkoX MPUTHIYYE CHHTE3 TPOMOOKCAaHy i 3MEHINye
arperaifiro TpOMOOIIUTIB, IO MOXE CIPHITH 3armodi-
TaHHIO METACTaTUIHOI KOJIOHI3amil [26].

TakuM YMHOM, TIPOIIPAHOIION MOYKE 3aCTOCOBYBATHCS
nepiornepaniiftHo Juis iHri0yBaHHs 1HAYKOBaHOT Xipypriu-
HUM IUIIXOM aKTHBALil CHMIIATUIHOI HEPBOBOI CHCTEMHU
1 3HIDKEHHS! pU3UKY penuauBy paxy. Lleit miaxix Oys
YCITIITHO 3aCTOCOBAHUH y MOCHI/DKEHHSIX iN VIVO B eKc-
MIePUMEHTATBHUX TBAPHH, Y SKUX KOPOTKA i KIiHIYHO
3HaUyIIUX /103 NPOINPAHOJONY 3MEHIIyBaja CTYIiHb
npodridepaii MyXJIMHHAX KIITHH, JiM(POTOKY 1 MeTacra-
THYHOI KoJToHi3amii [12, 27].

[IpoBeneHO TakoX HU3KY KIIHIYHUX BUNPOOYBaHb,
NPUCBSYCHUX JIOCHIJDKEHHIO e(eKTiB mepioneparii-
HOTO 3aCTOCYBAaHHS IPONPAHOJONY B OHKOJOTIYHHX
XBOPHX.

and regulates the flow rate of lymphatic fluid. [13-15].
Increased levels of circulating catecholamines accelerate
lymphatic flow through the lymphatic vessels that drain
the primary tumour, thereby promoting tumour cell pro-
liferation in vivo [12].

Catecholamines create favorable conditions for the
growth and metastasis of tumour cells, also affecting the
immune system. B-adrenergic receptors are present on T-
helper and T-suppressor lymphocytes, B lymphocytes,
NK cells, monocytes/ macrophages, and dendritic cells
[16]. B-adrenergic receptors stimulation usually inhibits
lymphocyte responses, functional activity of dendritic
cells, and suppresses cytotoxicity of NK cells [17]. B,
adrenoreceptor activation disrupts interferon-y-induced
expression of class II major histocompatibility complex
molecules. The effect was neutralized by propranolol, but
not by B -adrenergic receptor antagonists [18]. Guereschi
et al. [19] demonstrated that ,-adrenoreceptor activation
leads to an increase in the suppressor activity of regula-
tory T cells (T reg). Catecholamines also cause activation
of myeloid-derived suppressor cells [20].

Inhibition of adrenergic transduction

Preclinical [11, 12] and retrospective data [21, 22]
suggest that modulation of the sympathetic nervous sys-
tem is an effective adjunctive strategy to reduce the risk
of tumour recurrence. Perioperative inhibition of sympa-
thetic signaling can be achieved with B-adrenergic recep-
tor antagonists (B-blockers). Preclinical studies with pro-
pranolol have shown inhibition of tumour cell
proliferation, induction of apoptosis [23], inhibition of
tumour cell invasion [9], angiogenesis [24], lymphangio-
genesis [12], and epithelial-mesenchial transition [25].
Propranolol also inhibits thromboxane synthesis and re-
duces platelet aggregation, which may help prevent meta-
static colonization [26].

Thus, propranolol can be used during the periopera-
tive period to inhibit surgically induced activation of the
sympathetic nervous system and reduce the risk of cancer
recurrence. This approach has been successfully applied
within in vivo animal studies — a short exposure to clini-
cally significant doses of propranolol reduced the degree
of tumour cell proliferation, lymph flow and metastatic
colonization. [12, 27].

A number of clinical trials have also been conducted
to investigate the effects of propranolol use in cancer pa-
tients during the perioperative period.
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Pak rpynsoi 3a;103n

Y peTpocCHneKTHBHOMY AOCHIKEHHI, IO BKIOYAIO
1029 xBopux Ha pak rpyaHoi 3ano3u (PI'3), ananizysanu
3B’S30K MIDXK TMepionepalfiitHoro Onokamow [-aapeHo-
perenTopiB i MeTacTa3yBaHHAM IyXJIHHHA. Y TAIi€HTOK
3 II cragiero Tpuui HeratmBHOro PI'3 Bim3Hauanwm 3HH-
JKCHHSI 4aCTOTH METacTa3yBaHHS B MO30K IIPH 3acTOCY-
BaHHI [-Omokaropis [28].

Y paHIOMi30BaHOMY KOHTPOJILOBAHOMY JOCIIIKEHHI
11 da3u omiHIOBaIM EKCITPECI0 I'eHIB MPOMETACTATHIYHUX
1 Tmpo3ananbHUX (akTopiB. 60 XBOpUX i3 PaHHBOI CTa-
niero PI'3 Oynm panmoMizoBaHi Ul OTPUMAHHS IIpOTIpa-
HOJIONY 3 eckanaiero 103u (80—160 mr/momHs) abo mia-
1160 MPOTATOM CEeMH IHIB 0 ONEPAaTHBHOTO BTPYYAHHS.
[IponpaHos0 BUKIMKAB 3HIDKEHHS €KcIpecii Me3eHXi-
MaJIbHUX TCHIB 1 HE BIUIMBAB HAa CKCIIPECIO CIiTelianb-
HHUX TeHIB. Y MAaII€HTIB 13 KIIHIYHAMHA JOKAa3aMHU BiIIIO-
Bimi Ha mpenapar (3HMKEGHHS YaCTOTH CEpICBHUX
CKOPOYEHb 1 KPOB’STHOTO THUCKY) CIIOCTEpIrajocs IijBu-
meHHs  iHQimeTpanii myxmman CD68+-Makpodaramu
1 CD8 +-T-mimpormramu [29].

VY neskux poboTax IpM TepionepauiiHiil Teparmii
MIPOMPAHOIION 3aCTOCOBYBAM B KOMOiHamii 3 iHTi0iTOpOoM
nukiookcurenasu-2 (LIOI-2). TlepexymoBH 1 Takoro
migxoay OynM OTpHMaHi B €KCHEPUMEHTABHHUX JIOCIi-
JokeHHAX. Ha Mozensx y TBapyH, y sIKMX II€pBUHHA OPTO-
TOIIYHA METAacTaTW4Ha MyXJIMHA Oyjia BUAAJIEHA, OIHO-
YJacHe 3acTocyBaHHs [-Oyokaropa Ta iHribitopa LIOT'-2
MPUBOIWIIO JIO 3HAYHOTO  30UIBIIEHHS  TPUBAIOCTI
JKUTTSl TBApHH, y TOM Yac SIK 3aCTOCYBAHHS JIMIIE OHOTO
npernapary He BIUIMBAIO Ha TpuBAicTh JKUTTA [30]
1 He 3armobirano micasonepaniifHii cynpecii akTHBHOCTI
NK-kiitir [27]. ABTOpH TOSCHIOIOTH HECPEKTHBHICTH
KO)KHOTO OKpPEMOTo OJioKaTopa TUM (hakToM, 110 piBHI Ka-
TEXOJaMIHIB 1 MPOCTamIaHAMHIB OJHOYACHO IiBHIIY-
I0ThCS TPOTSATOM II€pioNepamiiHoro Iepiony, YUHIYN
HaJMIpHY /10 Ha IMyHHI Ta MyXJIMHHI KJIITHHH.

KombinoBane 3actocyBanHs [-6okaropa i L{OI'-2 in-
ribitopa aHai3yBaJld B PaHIOMi30BaHOMY ILIAI[COOKOH-
TPOJILOBAHOMY BHUIIPOOYBaHHI, SIKE BKIIOYAIO 38 XBOPHX
i3 parHporo cragiero PI'3. IlamieHTKH OTpUMyBaIl mpo-
MPAHOJION 1 eToJOoNaK mpoTsaroM 11 nHIB mepiomepariii-
HOTO JTIKyBaHHs. JIiKyBaHHS TIOYMHATH 32 5 THIB JIO Xi-
pypriuHoro BTpydYaHHs. Bia3Hauamnocs 3HWKCHHA
eMiTeNalbHO-ME3CHXIMaIbHOTO TIePEXOyY, aKTHUBHOCTI
MPOMETACTaTUYHUX/TIPO3aNaIbHUX — TPAaHCKPHIIIIHUX
daxTopiB (GATA-1, GATA-2, reHa paHHBLOI BiAMOBiai
EGR3, ¢akrtopa curHaipHOI TpaHCHyKIii Ta akTHBa-
uii Tpanckpunuii STAT-3), 3HHKEHHS KUTBKOCTI ITyXJIU-
HOIH(IMBTPYIOUNX MOHOIMTIB 1 301IBIICHHS MTyXJIHHO-
iHbimpTpyrounx B-xmituH. JIiKyBaHHS TaKOX 3HAYHO
3MEHIIIYBaJIO JIOOTepaliiiHe ITiIBUIIEHHS PIBHIB CHPO-
BaTkoBOTO [JI-6 i C-peakTUBHOTO OiJIKa, HIBEIIOBAJIO TIe-
piomepariiiine 3HIKeHHS mnponykyBaHHs [JI-12 Ta
iHTepdepony-p, micisonepaniiiny MoOimizalio «Kia-
cnyanx» CD16-MOHOIMTIB 1 MiABHIIYBANIO E€KCIPECiI0
CDl11a na nupkymotounx NK-kmituaax [31].

SIK B1IOMO, ITPOTNPAHOIION MOXKE BIIMBAaTH HA IMYHO-
CyIIpecifo, TMOB’A3aHy 3 TIJIBUIIEHHM CTPEC-CHTHAIOM.
Zhou L. et al. [32] moBizoMuIK PO BILTUB MPOIPAHOIONTY
Ha IMyHHHI CTaTyc KiHOK, SIKi IEpeHEeCIN XipypridyHe Ji-
kyBanHsa PI'3. XKimku (n = 101) Oymu pammomizoBaHi

Breast cancer

In a retrospective study of 1029 patients with breast
cancer (BC), the relationship between perioperative
B-adrenergic blockade and tumour metastasis was ana-
lyzed. In patients with stage II triple negative breast can-
cer there was a decrease in the frequency of metastasis to
the brain with the use of B-blockers [28].

A phase II randomized controlled trial (RCT) anal-
ysed the expression levels of prometastatic and proin-
flammatory genes. Sixty patients with early-stage BC
were randomized to receive escalated dose propranolol
(80—160 mg / daily) or placebo for seven days prior to
surgery. Propranolol caused a decrease in the expression
of mesenchymal genes and did not affect the expression
of epithelial genes. In patients with clinical evidence of
response to the drug (decreased heart rate and blood pres-
sure), an increase in tumour infiltration with CD68+-mac-
rophages and CD8+-T lymphocytes was observed [29].

In a number of studies, propranolol was used in com-
bination with an inhibitor of cyclooxygenase-2 (COX-2)
during perioperative therapy. The prerequisites for this
approach were obtained in experimental studies. In ani-
mal models in which the primary orthotopic metastatic
tumor was removed, the simultaneous use of a 3-blocker
and a COX-2 blocker led to a significant increase in the
lifespan of animals, while the use of only one drug did not
affect lifespan [30] and did not prevented postoperative
suppression of NK cell activity [27]. The authors ex-
plained the ineffectiveness of each individual blocker by
the fact that catecholamines and prostaglandins increase
simultaneously during the perioperative period, having an
excessive effect on immune and tumor cells.

The combination of B-blocker and COX-2 inhibitor
was analyzed in a randomized, placebo-controlled trial,
which included 38 patients with early stage BC. Patients
received propranolol and etodolac for 11 days of periop-
erative treatment. Treatment was started 5 days before
surgery. The data showed a depression of the epithelial-
mesenchymal transition, the decreased activity of promet-
astatic / proinflammatory transcription factors (GATA-1,
GATA-2, early response gene EGR3, signal transducer
and activator of transcription STAT-3), a decrease of tu-
mor-infiltrating monocytes and an increase in tumor-infil-
trating B-cells. The treatment significantly reduced the
preoperative increase in interleukin-6 and C-reactive pro-
tein levels in serum, neutralized the perioperative de-
crease in interleukin-12 and interferon-f production, and
caused postoperative mobilization of “classic” monocytes
CD16-, raise of CDl1la expression on circulating NK
cells. [31]

Propranolol may affect immunosuppression associ-
ated with an increased stress signal. Zhou et al. [32] re-
ported on the effect of propranolol on the immune status
of women who underwent surgical treatment of BC.
Women (n = 101) were randomized to receive proprano-
lol, parecoxib, propranolol and parecoxib and a control
group. Blood samples were taken before the operation
and at regular intervals (within seven days) after the op-
eration. In the control group, an increased number of im-
munosuppressive T-reg was noted. In the groups of pro-
pranolol and propranolol + parexcoxib, no increase in T
reg was observed. In ex vivo experiments, the authors
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Ha TPYIHU, [0 OTPUMYBAIM IPOIPAHOJION, MaPEKOKCHO,
MIPOMPAHOIION Ta MAPEKOKCHO 1 KOHTPOIBHY rpymy. Kpos
BiOMpanm 10 omeparii Ta 4epe3 IMeBHI MPOMDKKH Yacy
(mpoTdroM ceMu [IHIB) micis orepaimii. Y KOHTPOJIb-
Hill TPy BiA3HAYECHO MiABUINEHY KUIBKICTh IMyHOCYTIpe-
cuanx T .V TAITIEHTIB, SKi OTPUMYBAIH IIPOIPAHO-
JIOJI Ta MPOIPAHOJIOIN + TMapeKOKCHO, He criocTepiragocs
301IBIIICHHS Tper. B ekcriepumeHnTax €X Vivo aBToOpH MmoKa-
3yIOTh, IO aIPCHANIH IHIYKye Mpoieparito T . Tomi
SIK TIPOTIPOHAJION 3ar00irae oMy e(heKTy.

Pak sieuHuKiB

VY miIOTHOMY paHIOMI30BaHOMY KOHTPOJIBOBAHOMY
nocmimpkenni (PKJ]) xBopi Ha pak s€4YHUKIB OTPUMYBaJIU
TIPOTIIPAHOIION MPOTITOM 5 THIB 3 MOYATKY JIIKyBaHHS 3a
2 JHI 10 ONEepaTHBHOTO BTpydYaHHs. BinszHadeHe icToTHE
3HmkeHHs1 piBHA CA-125 y nauieHTok, siKi OTpUMyBaJIn
MPOTpaHaNoll, B MOPIBHAHHI 3 rpymoro 1ranedo. Edexr
30epiraBcst Binm 1 mo 3 TwkHIB michs omeparii [33].
VY PK/I, Buxonanomy Thaker P. et al. [34], xBopi Ha pak
SIEYHUKIB TIOYMHATN TIPHHMAaTH TIPOTIPAHaIoN 3a TPH IHi
Jo orepanii (40 Mr Biui Ha IEHB) 1 POIOBXKYBAIH JIIKY-
BaHHS 110 3aKiHYCHHS XiMiorepariil. ABTOpH BiI3HAYAIOTh
3HIDKEHHS PIBHS CHAOTENIANBHOTO (aKTopa POCTY CYIHH
(VEGF), 1JI-6, MOHOIIUTapHOTO XEMOATPAaKTaHTHOTO MpO-
teiny-1 1 UI-8. ¥ PK]I, Bukonanomy Ramondetta L.M.
et al. [35], y XBopuxX Ha pak S€YHHUKIB, IKUM IIPOBOIIIIH
abo omepamnito, ado HEOaJ IOBAHTHY XIMIOTEpaIilo,
HU3bKI 71031 mponpanoiony (10-20 mr nBiui Ha JieHb),
TIPUHOM SKHUX TIOYHMHANH 3a 2 THI A0 JiKyBaHHS, CIPUSIIA
TIOJIMIICHHIO SIKOCTI XKHTTS, 3HW)KCHHIO TPUBOTH Ta Jie-
npecii.

Y  PpeTpoCHEeKTHBHOMY MYIBTHIIEHTPOBOMY JOCITi-
JUKCHHI aHaJli3yBaBCsl BIUIMB IepionepaniiHoro 3acTocy-
BaHHs1 -0JI0KaTOpiB HAa BUXKUBAHICTh XBOPUX HA eIiTelli-
ANBHUH pak S€YHUKIB BHCOKOTO CTYTICHS 3JO0SKICHOCTI,
SIKUM TIPOBOJIMJIM TIEPBMHHY IUTOPEAYKTHBHY OIepa-
uito [36]. Y nocnijkenns Oyno 3aimydeHo 185 marieHToxk,
i3 axux 70 orpumyBanu B-O6mokatopu. IlamieHTKH OTpH-
MYBaJIM METONpOJIoN y a03i 2,5-7,5 Mr BHYTpILIHBO-
BEHHO JI0 1 IMiJ1 yac aHecTe3il KoXHi 6 To1, MOTIM iX mepe-
BOJIMIIM Ha TIEPOPATTBHIN pexuM npuiiomy 12,5 abo 25 mr
npenapary JBa pasd Ha JIeHb IiJI Yac rocmitajizaii.
[licist BUOUCKH 3 JIKapHI MAaIliEHTKH JIOTPUMYBAIHCS
FOTO peXuMy e 7 mHiB. Memiana iHTepBary 0e3 mpo-
rpecyBaHHsl (progression-free interval) y xBopux, ski
OTPUMYyBAJIM METOMPOJIOJ, CKiafana 18,2 mic. mpotu
15,8 mic. y mami€eHToK, AKi He OTPUMYBaJIH Ipenapar. Me-
JiaHa 3araJbHOI BIDKMBAHOCTI JOpiBHIOBana 44,2 wic.
npotu 39,2 Mic.

Konopexranbunii pak

HemronaBuo Bukonano PKJI, y sikomy oriHioBanucs
edexTi KOMOIHOBAHOTO 3aCTOCYBaHHS [J-OoKaTopa Ta iH-
riditopa L{OI'-2 y xBopux Ha KoJlopeKTanbHUH pak [37].
KoM0iHOBaHMIA PEXKUM MTPOIPAHOIIONY Ta €TOI0IaKy (200
m1aneb0) 3aCTOCOBYBAJIM IPOTATOM 5 HHIB 1O orepa-
uii Ta 2 TrokHI micnst onepauii. [Tpornpanoon nmounHanm
nmaBatd B 7031 20 Mr [Bidl Ha JCHb, 30UTBIIYIOUN 03y
mo 80 Mr mBivi Ha JeHB omepamii Ta 3HIKYIOYH 03y
o 20 mr y mepion, mo 3aiumuBcs. ETomonak mamieHTu
orpuMmyBasid y 1031 400 Mr aBidi Ha JCHB MPOTITOM

showed that adrenaline induced T-reg proliferation, while
propronalol prevents this effect.

Ovarian cancer

In a pilot randomized controlled trial (RCT), patients
with ovarian cancer received propranolol for 5 days, start-
ing 2 days before surgery. There was a significant de-
crease in the level of CA-125 in patients treated with pro-
pranolol compared with the placebo group. The effect
persisted for 1 to 3 weeks after surgery [33]. In an RCT
by Thaker et al [34], ovarian cancer patients started tak-
ing propranolol three days before surgery (40 mg twice
daily) and continued treatment until the end of chemo-
therapy. The authors noted a decreased level of vascular
endothelial growth factor (VEGF), IL-6, monocytic che-
moattractant protein-1, and IL-8. In an RCT by Ramon-
detta et al [35] in ovarian cancer patients with surgical or
neoadjuvant chemotherapy treatment, low doses of pro-
pranolol (10-20 mg twice daily), which were started 2
days before treatment, resulted in an improved quality of
life, reduced anxiety and depression.

A retrospective, multicenter study analyzed the effect
of perioperative use of fB-blockers on the survival of pa-
tients with high-grade epithelial ovarian carcinoma who
underwent primary cytoreductive surgery [36]. The study
involved 185 patients, 70 women received B-blockers
metoprolol at a dose of 2.5-7.5 mg intravenously before
and during anesthesia every 6 hours, then they were
switched to oral administration of 12.5 or 25 mg twice a
day during hospitalization. After discharge from the hos-
pital, the patients followed this regimen for another 7
days. The median progression-free interval in patients re-
ceiving metoprolol was 18.2 months versus 15.8 months
in patients not receiving the drug. The median overall sur-
vival was 44.2 months versus 39.2 months.

Colorectal cancer

Recently performed RCT, which evaluated the effects
of combined use of B-blocker and COX-2 inhibitor in pa-
tients with colorectal cancer [37]. A combination regimen
of propranolol and etodolac (or placebo) was applied for
5 days before surgery and 2 weeks after surgery. The ini-
tial dose of propranolol was 20 mg twice daily, increasing
to 80 mg twice daily on the surgery day and decreasing to
20 mg for the remainder of the period. Also patients re-
ceived etodolac at a dose of 400 mg twice a day during
the entire treatment period. Drugs were well tolerated.
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yCcboro mepiony JikyBaHHs. [100iuHi edektu, moB’s3aHi
3 MIPUHOMOM TIperiapariB, He Bi3HAYAINCS. ABTOPH CIIO-
CTepITaly 3HIKCHHS CIiTeTiaTbHO-MEe3eHXIMAIBHOTO T1e-
pexo/y, SMEHIIIEHHSI aKTHBHOCTI IIPOMETacTaTHYHUX/TIPO-
3aMajbHUAX  TPAHCKPUMIIHHUX  (PaAKTOPIB, 3HUIKCHHS
KIJBKOCTI MyXJIMHOIHUIBTpYIounXx MoHOmMTiB 1 CD19-
mimpounTiB (B-knituH). BonHouac Bimmivanocs 30171b-
meHHs iHdinerpamii myxmuan CDS6-nimdoruramu (NK-
KIITHHAMH), sKi OepyTh ydacTh Y TPOTHITYXJIHHHIN
IMYHHIH BiAMOBII.

[Tonepenne monBiifHE ciine TUIAIEOOKOHTPOIHOBAHE
KIIIHIYHE JOCIIIKeHHS OyJI0 IMPOBEICHO Y XBOPHUX Ha HE-
METAaCTaTUYHUI  KOJOpeKTaibHUI pak. [lepiomepa-
[iifHy Teparmiro MPOIpPaHOIOIOM 1 €TOTOIAKOM IPOBOIMIN
npotsiroM 20 nHiB. JIikyBaHHS [TOYHHAIM 32 5 THIB 70 OTIe-
pauii. PenmanB 3axBoproBaHHS crioctepiraBcs y 4 ma-
II€HTIB, AKi oTpuMyBanu wranedo (21 %) iy 1 xBoporo,
SAKAH onlepKyBaB nepionepauiiine yikyBaHus (8 %). Io-
O1uHi edexTn Oyau CIIBCTaBHUMH B 00CTEKYBaHHX Ipy-
nax xBopux [38]. 3arraHoBaHe MPOBEACHHS MOABIHHOTO
CIIIOTO  TUTAeOOKOHTPOIFOBAHOTO KJIIHIYHOTO JIOCII-
qokeHHs 11 ¢asu, sike Brarouarume 200 XBOpUX Ha Mmep-
BUHHUH pak ToBcTOi Ta mpsimoi kumku (NCT03919461).
[TepioneparniifHy Teparito MPOMPAHOIONIOM Ta €TOXOJA-
KoM OynyTh Takoxk mpoBoauTH mpotsrom 20 muis. [lep-
BUHHI pe3yNbTaTH BKIIOYaTUMYTh 3-pidHy Oe3peluInBHY
BIKMBAHICTh 1 5-piuHy 3arajbHy BH)KHBaHICTh, a Ta-
KOXK O10JI0T1YHI MapKepy B 3pa3kax KpoBi Ta y BUAAJICHIH
MyXJIMHHIN TKaHUHI. BTOpHHHI pe3yasraTn OyayTh BKIIO-
YaTy MOKAa3HHUKH OE3IeKH, ICTPecii, TPUBOTH, ITUCTPECY
1 BTOMH.

Pax sereniB

OIiHKY BIUIUBY MEPIiONCPAIiITHOr0 3acTOCYBaHHSI
[-OmokaropiB Ha peNMAMBYBAHHs 1 3arajbHy BW)XHBA-
HICTh TpoBoIMIK B mociimkerHi Cata ILP. et al. [39], sxe
BKJII04aJI0 435 XBOpuX Ha HeAPIOHOKIITHHHUE pak Jjere-
HiB. [lamieaTn Oynu pO3aiieH] HA TPU TPYIH: SIKi HE OTPH-
MyBanu [-ONMoKaToph; sIKi OTPUMYBAId HECEICKTHUBHI
[-Onokatopu (TIPOIIPAHONON, KapBEIIION, JabeTanomn
abo HaIOION), Ta Taki, IO OTPUMYBAIM CEJICKTHBHI
[B-6mokaTopu (METOIPOIION, aTeHONON abo OicompoIto).
XBopi npuitmanu npenaparu mnpotsirom 30 aHIB 10 one-
partii, BpaHIli y IeHb orepariii Ta npotsarom 30 THIB micist
OTIepaTUBHOTO BTpy4aHHsI. OTHO(PAKTOPHUH aHAaIi3 TTOKa-
3aB, 110 BUKOPUCTAHHS SIK CEJIEKTHMBHUX, TaK 1 HECeleK-
TUBHHX [-0J0KaTopiB OyJI0 TIOB’si3aHE 31 3HWKECHHSIM 0€3-
permauBHOi BrkuBaHocTi (p = 0,014) 1 3arampHOI
BrkuBanocti (p = 0,009). OxHax 1i pe3yasratd He OyiIu
MiATBEPHKEH] TTpU OaratohakTOPHOMY aHai3i.

TenneHIis 10 301TBIICHHS OC3pPEIINBHOI Ta 3araib-
HOI BH)KMBAHOCTI CIIOCTEpIrajiics y XBOPHUX Ha pak Jere-
HIiB, SKi OTpUMYBaJIM iH €KIlii B-O10KaTopa JaHII0NOTy
B IepiomnepariifHomy mepioni. J{o3a maxmionony rimpo-
XJIOpHIy ckianana 2,5 MKI/Kr/XB. XBOpi OTpUMYyBalld
mpemapar ynpoIOBXK 4Yacy Bij iHAYKyBaHHs aHecTe3ii
mo 11 3aBepmieHHsA. Bimmomenns pusukiB (BP) (hazard
ratio (HR) 6e3peninBHOT BUIKMBAHOCTI TPYIH XBOPHUX,
SIKI OTPUMYBAJIM JIAHJIOJNION, Y TIOPiBHSHHI 3 KOHTPOJIb-
HOIO rpymoto nopisaoBano 0,41 (95 % I, 0,13-1,34),
BP s 3aransHOi BkuBaHocTi ckiranano 0,25 (95 % I,
0,03-2,26) [40].

The authors observed a decrease in the epithelial-mesen-
chymal transition, a decrease in the activity of prometa-
static/proinflammatory transcription factors, a decrease in
the number of tumor-infiltrating monocytes and CD19+-
B cells. At the same time, there was an increase in tumor
infiltration by CD56 + NK cells involved in the antitumor
immune response.

Preliminary double-blind, placebo-controlled clinical
study was conducted in patients with non-metastatic
colorectal cancer. Perioperative therapy with propranolol
and etodolac was carried out for 20 days. Treatment was
started 5 days before surgery. Recurrence of the disease
was observed in 4 patients receiving placebo (21 %) and
in 1 patient receiving perioperative treatment (8 %). Side
effects were comparable in both study groups [38]. A
double-blind, placebo-controlled phase II clinical trial is
planned to include 200 patients with primary colorectal
cancer (NCT03919461). Perioperative therapy with pro-
pranolol and etodolac will be performed for 20 days. Pri-
mary outcomes will include 3-year recurrence-free sur-
vival and 5-year overall survival, as well as biological
markers in blood samples and in the excised tumor tissue.
Secondary outcomes will include safety indicators and in-
dicators of depression, anxiety, distress and fatigue.

Lung cancer

The study Cata et al. [39] evaluated the effect of peri-
operative use of B-blockers on recurrence and overall sur-
vival in 435 patients with non-small cell lung cancer. Pa-
tients were divided into three groups: those who did not
receive B-blockers; those who received non-selective
B-blockers (propranolol, carvedilol, labetalol or nadolol)
and those who received selective B-blockers (metoprolol,
atenolol or bisoprolol). Patients took the drugs for 30
days before surgery, in the morning on the day of surgery
and for 30 days after surgery. Univariate analysis showed
that the use of both selective and non-selective f-blockers
was associated with a decrease in relapse-free survival (P
=0,014) and overall survival (P = 0,009). However, these
results were not confirmed by multivariate analysis.

A trend towards an increase in relapse-free survival
and overall survival was observed in patients with lung
cancer who received injections of the B-blocker landiolol
during the perioperative period [40]. The dose of landiol
hydrochloride was 2.5 pg/kg/min. Patients received the
drug from induction of anesthesia to its completion. The
hazard ratio (HR) of relapse-free survival in the group of
patients receiving landiol compared to the control group
was 0.41 (95 % CI, 0.13—1.34), the HR for overall sur-
vival was 0.25 (95 % CI, 0.03-2.26).
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Pak miguuiyHKkoBoi 321034

3aruiaHOBaHO MPOBE/ICHHS MOJBIIHOIO CIINOro Iuia-
11e00KOHTPOJIBOBAHOTO KiTiHIYHOTO fociimkenns I dhaszm,
ske BKiItoyaTnme 210 XBOpHX Ha pak MiJIUTYHKOBOI 3a-
no3u (NCT03838029). Ilepionepariiiine 35-ncHHE JiKY-
BaHHs [-OnokaTopom Ta inriditopom L1OI'-2 Oyne posro-
4aro 3a 5 AHIB 10 omepauii. XBopi orpumarote 400 mMr
€TOJI0JIaKy MepOpaIbHO JIBiYi Ha JICHb IPOTSATOM YChOTO
mepiony. [Ipomponanon mamieHTH OymyTh NpHAMATH
B 11031 20 MT TIepopaibHO Bidi Ha [EHB MPOTATOM 5 Tpe-
OTIepaTHUBHUX JHIB, y 7031 80 Mr mepopaibHO IBidi
Ha JICHb OTIepallii Ta BpaHIli HACTYIHOTO IHS, y 1031 40 MT
TepopaIbHO ABidi HA JEHb B HACTYIHI 6,5 AHIB Ta B 1031
20 Mr nepopajbHO JIBivi Ha JeHb B ocTanHi 22 jaHi. [lep-
BUHHI pe3ysibTaTu Oy/lyTh BKIIIOUATH OJHOPIYHY Oe3peru-
JMBHY BWJ)KUBAHICTh 1 5-piyHy 3arajbHy BI)KHUBAHICTB,
a TakoX O10JIOT1YHI MapKepH B 3pa3kax KpOBi Ta y BUja-
JIeHIN MyXJMHHIA TKaHuHI. BTOpuHHI pe3ynasratu OynyTh
BKJIIOYATH MTOKAa3HUKH OE3IeKH, Jenpecii, TPUBOTH, JUC-
Tpecy 1 BTOMH.

TakuM 4MHOM, € IIICTaBU BBAXKATH, 1II0 KOPOTKOCTPO-
KOBa TepiomnepariiifHa Teparis HIpoIpaHoIoIoM Ta HOro
KOMOIHAIII€I0 3 aHTU3AMAFHIMH TIperapaTaMy MOXKe Ha-
JaBaTH aHTUMETACTATH4YHI €(EeKTH i HiBETIOBATH IMYHO-
CYIIPeCHBHI €(EKTH XipypTidHOTO CTPECY, IO CTIPHSATHME
3HIDKCHHIO YaCTOTH PEIMIUBIB 1 B pe3yibrari — 3011b-
HICHHIO BUKMBAHOCTI OHKOJIOTIYHUX XBopuX. [IporpaHo-
JIOJI TAKOX 3HMKYE PIBEHb CTPECY 1 TPUBOI'Y Yy MAII€HTIB,
sIKI OWIKYIOTh Ha omepauito. Cnpusiimsi eexTr Ta exo-
HOMi4Ha e(DEeKTHBHICTh ONMCAHOIO TepionepaniiHoro Ji-
KyBaHHS pOOUTH HEOOXITHUM PO3MIMPEHHS JOCIIIKEHb
y wii ramysi. [loganmbie 3°sicyBaHHS KIJIIHIYHOI 3HaUy-
IOCTI TepionepaIiifHoro JTiKyBaHHS MPOIPAHOIOIOM
B OHKOJIOTIYHUX TAIli€HTIB BUMarae MpoBEACHHS 3—5-pid-
HUX JIOCIIKEHb, TIPUCBSIUCHHUX OINHIII TpHBajoi Oe3pe-
IUAWBHOI BIDKUBAHOCT] OHKOJIOTIYHUX XBOPHX.

PE3YJIBTATH TA iX OBIOBOPEHHSI

HaBenieHO KOpOTKI BiZIOMOCTI IIPO MEXaHi3MH, 3a J0-
MOMOI'OI0 SIKMX HAJJIMIIKOBE 3BUILHEHHS KaTexojaMi-
HIB MOXE IOJIeTIIyBaTH MeTracTtasyBaHHs. [IpoBeneHo
aHaJi3 KIIHIYHUX BUNPOOYBaHb, NPUCBIYEHUX HOCII-
JUKCHHIO e()eKTiB IepiomnepaniiHoro 3acToCyBaHHsS Ipo-
MIpaHoNIONy Ta Woro komOiHarmii 3 iHriditopamu [[OI'-2
B OHKOJIOTIYHHX XBOPHX.

BHUCHOBKHU

KopoTtkocTpokoBa mepiomepariiifna Teparisi mpormpa-
HOJIOJIOM Ta MOTr0 KOMOIHAITIE0 3 aHTU3aNaJIbHUMH TIpe-
naparamu MOXe Ha/IaBaTH AQHTUMETACTaTUYHI
e(eKTH Ta HIBEJIOBATH IMyHOCYNpPECHBHI eekTH Xipyp-
riudHoro crpecy. [loganbiie 3’sicyBaHHs KIIIHIYHOI 3HAUY-
LIOCTI TIepionepaniiiHoro JKyBaHHS IPOIPAHOIONIOM
y OHKOJIOTIYHUX IAI[IEHTIB BUMArae MpoBeeHHs 3—5-piu-
HUX JOCIIDKEHb CTOCOBHO OLIIHKH TPHUBAJIOl Oe3peru-
JIMBHOI BUJKUBAHOCTI OHKOJIOTTYHHUX XBOPHX.

Pancreatic cancer

It is planned to conduct a double-blind, placebo-con-
trolled Phase II clinical trial, which will include 210 pa-
tients with pancreatic cancer. Perioperative 35-day ther-
apy with -blocker and COX-2 inhibitor will be started 5
days before surgery (NCT03838029). Patients will re-
ceive 400 mg of etodolac orally twice daily for the entire
period. Propranolol group will receive 20 mg orally twice
a day for 5 preoperative days, 80 mg orally twice a day on
the day of surgery and the following morning, 40 mg
orally twice a day for following 6.5 days and 20 mg orally
twice a day for next 22 days. Primary outcomes will in-
clude 1-year disease-free survival and 5-year overall sur-
vival, as well as biological markers in blood samples and
in the excised tumour tissue. Secondary outcomes will
include safety indicators and indicators of depression,
anxiety, distress and fatigue.

Thus, there is reason to believe that short-term periop-
erative therapy with propranolol and its combination with
anti-inflammatory drugs may have antimetastatic effects
and neutralize the immunosuppressive effects of surgical
stress, which will help reduce the frequency of relapses
and, ultimately, increase the survival rate of cancer pa-
tients. Propranolol also reduces stress and anxiety in pa-
tients awaiting surgery. The beneficial effects and cost-
effectiveness of the described perioperative treatment
necessitates increased research in this area. Further eluci-
dation of the clinical significance of perioperative pro-
pranolol treatment in cancer patients requires a 3—5-year
study to assess the long-term relapse-free survival of can-
cer patients.

RESULTS AND DISCUSSION

A summary of the mechanisms by which excessive re-
lease of catecholamines may facilitate metastasis is pro-
vided. The analysis of clinical trials devoted to the study
of the effects of perioperative use of propranolol and its
combination with COX-2 inhibitors in cancer patients is
conducted.

CONCLUSIONS

Short-term perioperative therapy with propranolol and
its combination with anti-inflammatory drugs may have
antimetastatic effects and neutralize the immunosuppres-
sive effects of surgical stress. Further elucidation of the
clinical significance of perioperative propranolol treat-
ment in cancer patients requires a 3—5-year study to as-
sess the long-term relapse-free survival of cancer patients.
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IlepcnekTHBY MOAANBIINX A0CTITKEHD

Pesynbrari 3actocyBaHHs [-OnokaropiB Ta ix komoi-
Hanii 3 iHridiTopaMn IMKIOOKCHTeHa3U-2 TIpH nepionepa-
LiIfHOMY JIIKYBaHHI OHKOJIOTIYHHX XBOPHX MOXKYTh CITyTY-
BaTH MIiITPYHTSAM JUIs IPOBEICHHS OJAIBIINX KIITHIYHHX
BUTIPOOYyBaHb IMX IPEMapariB 3 METOI PO3POOKH CTaH-
JAPTIB TIEpiONepamiifHoro JTIKyBaHHS Ta OI[IHKH JOBTO-
CTPOKOBOI €()EKTHBHOCTI MPOTHITYXJIMHHOTO JTiIKYBaHHSI.

Konduikr inTepecis

ABTOpH 3asIBISIFOTH MPO BIJCYTHICTH KOH(IIIKTY iH-
TepeciB Ta BIacHOI (PiHAHCOBOI 3aI[iKABICHOCTI TPH ITij-
TOTOBII IaHOT CTaTTI.

Indopmanis npo pinancyBanns
®dinaHcyBaHHs BHIaTKaMu Jlep>kaBHOTO OIO/DKETYy
VYkpainu.

Prospects for further research

The results of the use of B-blockers and their combi-
nation with cyclooxygenase-2 inhibitors in the periopera-
tive treatment of cancer patients can serve as a basis for
further clinical trials of these drugs to develop standards
for perioperative treatment and evaluate the long-term ef-
fectiveness of anticancer treatment.
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Kro4osi ciioBa: PE3IOME

IHTepBEHIIHA OHKOJIOTIS, pajiodac-
TOTHA aONAIis, paK TPyAHOI 3ay03W,
MeTacTa3 paKky B KICTKOBY CUCTEMY.

Jos uuTyBaHHA:

banaka C. M., I'peuixin I. B., OnpxoB-
cekuit JI. B., Bepemeit 1. A. Tlepmmit
JIOCBIJT 3aCTOCYBaHHSI Paji04acTOTHO]
abusiii Meractasy paky rpyJHOI 3aJ103H
y XpeOerp 13 TMOmaibIIo BepTedpo-
IUTACTUKOIO. VKpaincvkuil padionoeiu-
Hutl ma oHxonociuyHuu scypran. 2021.
T. XXIX. Ne 1. C. 133-140. DOL
https://doi.org/10.46879/ukroj.1.2021.
133-140

AKTyanbHicTh. Pak TpyaHOI 321030 € HAWOUTBII MOMIMPEHOI0 (HOPMOIO
370SKICHUX HOBOYTBOPEHBb Cepel JKIHOYOrO HaceleHHs. BiamosigHo
no craructuku BOO3, y cBiTi mOpIiYHO AiarHOCTYIOTH jJ0 100 BUTaAKiB
1poro 3axsoproBanus Ha 100 000 sxinok BikoM Bix 13 10 90 pokis. Ypa-
JKEHHsI KICTKOBOI CHCTeMH 3ycTpidaerbest y 13,6 % XBOpuX Ha el Tl
3JI0SIKICHUX HOBOYTBOPEHb, @ COJITApHE ypa)KeHHsS KICTKOBOTO arapary —
y 41 % i3 HuX.

MeTta po60oTH — 03HAOMIICHHS] MEANYHOI CIUTBHOTH 3 JIKYBaHHSIM MeTa-
CTa3iB y KICTKOBY CHCTEMY METOJIOM paio4acTOTHOI aOJIsii.

Marepiaan ta metomau. KiiHiuamid Bunaaok namieHtka b., 64 poku, sika
OTpUMYyBaJIa JiKyBaHHS Yy BiIIiIEHHI OHKONOTigHOI Xipyprii Y «lHcTH-
TyT Menu4HOi pamiornorii Ta oHkomnorii im. C. I1. I'purop’eBa Harmionans-
HO1 akageMii MeIMYHUX HAyK YKpaiHI».

PesyabTatH Ta iX 00roBopeHHs. BukoHaHO pamiodacTOTHy aOMAIMiro
yTBOpeHHs XpeO1s L2 i3 momanbino BepTeOpoIuIacTUKO0 YPaXkeHol i-
JITHKH XPEOIIsL.
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BucHoBku. PagiogacTtoTHa a0nsis € MiHIMATbHO TPaBMATHYHHUM 1 BOJ-
HOYAC BUCOKOC(EKTUBHUM METOJOM JIKYBAHHS IOOJMHOKHUX METacTa-
3iB paKy. BukopucTaHHS TiIpOTUCEKINI Ta JOKAIBbHOI TepMOMETpii 10-
3BOJISIE YHUKHYTH YPaXKEHHSI )KUTTEBO BAXKIIUBHX aHATOMIYHHUX CTPYKTYD,
a TIOEJTHAHHS 3 BEPTEOPOIUIACTHKOIO TO3BOJISE JIKYBaTH KICTKOBI MeTa-
cTa3u 0e3 PU3HKY MaTOJIOTIYHOTO MEPEIOMY.

ABSTRACT

Background. Breast cancer is the prevailing malignancy form among the
female population. According to the WHO statistics, up to 100 cases of
this disease are diagnosed annually per 100 thousand women aged 13 to
90 years. The skeletal system lesions occur in 13.6 % of patients affected
by this type of malignancy, while solitary lesions of the skeletal system —
in 41 % of those ones.

Purpose — introducing the treatment of skeletal system metastasis by
means of radiofrequency ablation to the medical community.

Materials and methods. The paper deals with the case history of a
64-year-old patient B., who underwent treatment at Cancer Surgery De-
partment of State Organization “Grigoriev Institute for Medical Radiology
and Oncology of the NAMS of Ukraine”.

Results. Performing radiofrequency (RF) ablation of the L2 vertebra mass
followed by vertebroplasty of the affected vertebral area.

Conclusions. RF ablation is a minimally traumatic and at the same time
highly effective method of treating single cancer metastases. Hydrodissec-
tion and local thermometry make it possible to avoid damaging the vital
anatomical structures, and in combination with vertebroplasty they aid in
treating bone metastases without the risk of pathological fracture.
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3B’s130K po6OTH 3 HAYKOBUMH MPOrpaMaMu, IIaHAMH
i TeMamMu

PoGora BHKOHaHAa B paMKax IUIAHOBOI HAyKOBO-
nociigHol podoru JlepxaBHoi ycTaHoBU «IHCTUTYT Me-
Jqu4Hoi pasionorii Ta onkostorii iM. C. I1. I'purop’esa Ha-
LIOHAJBHOT akaJeMii MeIUYHUX HayK Ykpaiu» «Po3po-
OUTH TporpamMy KOMIUIEKCHOTO JIIKYBaHHS ~XBOPHX
Ha BTOPUHHO-HAOPSKOBUII pak IPyAHOI 3a]03U 3 ypaxy-
BaHHSAM pOJIi 3amajbHOTO 1 HAOPSIKOBOTO KOMIIOHCHTIB

Connection with scientific programs, plans and topics
The study has been carried out within the scope of the
planned research project of State Organization “Grigoriev
Institute for Medical Radiology and Oncology of the Na-
tional Academy of Medical Sciences of Ukraine” which
is “To develop a complex treatment program for patients
with secondary edematous breast cancer with research of
the mechanisms of pathogenesis of inflammatory and
edematous components of aggressiveness of tumor
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arpeCHBHOCTI MyXJIMHHOTO MPOIEeCy» (HOMEp JepiKaB-
Hoi peectparrii: 0118U003210, mmdp Temu: HAMH 04.18,
MpUKJIaIHa, KePIBHUK — JOKTOp MEIUYHUX HayK, mpode-
cop Kpacnocenbcbkuii M. B.).

BCTYII

Pak rpyaHO1 3271031 € HaAHOUIBII MOITUPEHO (POPMOFO
3JIOSIKICHUX HOBOYTBOPEHB CEpell KIHOUOTO HACEJICHHSI.
Binmosigao mo craructuku BOO3, y cBiTi mopivHO [ia-
rHOCTYIOTh 110 100 BUMAAKIB I[HOrO 3aXBOPIOBAHHS
Ha 100 THC. *xiHOK BikoM Bif 13 1m0 90 pokiB. YpakeHHs
KICTKOBOI cucTeMH 3ycTpidaerbess y 13,6 % XBopHx
Ha Iell THI 3JI0SKICHUX HOBOYTBOpeHb [1], a comitapHe
ypakeHHs KicTKoBoro amapary —y 41 % 3 nux [2].

Po3BUTOK Hayku Ta MEOMYHOI TEXHOJOTIi BiIKPHUBAE
HOB1 MOXKJIMBOCTI OOPOTHOU 3 OJIrOMETaCTATHYHOI XBO-
po6oto [3]. [TosiBa Takoro METOAY JOKAJIBHOI JAECTPYK-
1ii TKAHUH, K paJiod4acTOTHA adIIAIIis, Hala€ 3MOTY Talli-
€HTKaM 13 COJIITADHUMHU METacTa3aMu paky TPYIHOI
3QJI031 Y KICTKOBY CHCTEMY OTPHMYBaTH MiHIMaJIbHO 1H-
BasWBHE JIIKyBaHHS [4-6].

Meta po6oTH — 03HAOMIICHHSI METUYHOI CIIUTBHOTH
3 JIIKYBaHHSM METacTa3iB y KICTKOBY CHCTEMY METO-
JIOM Paiod9acTOTHOT a0l

MATEPIAJIU TA METOAU JOCJIJKEHHS

IMamienTka b., 64 poxm, 3 2014 poky XBopie
Ha pax rpynHoi 3an03u TINOMO. [Ncronorigno Bepudiko-
BaHa IHBa3WBHA YaCTOYKOBA KapIIMHOMA COJIIIHO-CKipO3-
Hoi OynoBu (EP+++, ITP+++, HER/2new HeratmBHa (+),
Ki 67 — 20 %). XBopa oTpuMasa KOMIUIEKCHE JIIKyBaHHSL:
BUKOHaHA KBaJPaHTEKTOMIsl, AUCTaHIIIHA TPOMEHEeBa Te-
partist Ha AUISTHKY OIeparlii Ta TOpMOHAITbHA TeparTist.

Uepes 6 pokiB Ticias TMOYaTKy 3aXBOPIOBAHHS
NPU KOHTPOJIbHIM KOMII'IOTepHINA ToMorpadii BUSBICHO
MOOMMHOKHN MeTacTa3 pakKy B 3aJHI YacTHHI Tina
xpedus L2 posmipamu 1,3 x 1,3 oM, skuil npuisraB
1o foramen vertebrale (puc. 1).

Metomuka pamioyacToTHoi admasmii. PamiodacrorHa
aOJisillisi € MaJIOIHBAa3MBHUM METOJIOM JIOKAJIbHOI JIeCTPYK-
il myxomH. [lig yasTpa3ByKOBUM HaBECHHSAM a00 HaBe-
JICHHSIM KOMII'T0TepHOT ToMorpadii TpaHCKYTaHHO y ITyX-
JIMHY BBOAWTBCS TONYACTHH eekTpon. [lpuHium il
TPYHTYETBCS Ha BIUIMBI CTPYMEHIB BHCOKOI 9acTOTH, SIKi
CTIPUYMHSIOTH KOJIMBAHHS 10HIB Y TKaHUHI, 1X (QPUKIIHHAI
HArpiB JI0 TEMIIEPATypH KOAryJsiii OIKa Ta HEKpPO3 IMyX-
JIMHHOTO yTBOPeHH:. [licis abmsmii enexTpon BUaaIse€Thes
13 OJHOMOMEHTHOIO KOaryJisii€lo MyHKIIHHOTO KaHay [7].

MeTtonuka BepTedpomiacTuku. Beprebpormractika
(ueMeHTOIUIaCTHKA) € MAaJOiHBa3MBHOIO IIPOLEIYPOIO
crabimizamii NaroJOTiYHUX KOMIIPECIHUX TeperoMiB
XpeOIIiB, y TOMY YHCII THX, IO BUHUKIIN BHACTIIOK TyX-
JUHHOTO mpouecy. [1i KOHTpoIeM KOMIT FOTEpHOI TOMO-
rpadii abo peHTreHOCKOmii B 3pyHHOBaHYy AUISHKY Tija
XpeOIst YepesmKipHO TPAHCHETUKYTIPHO UYH TpaHC-
KOCTOBEpPTEOpaAIbHO BCTAHOBIIIOETHCSI KICTKOBA TOJIKA.
Yepes rofiky y MarojorivuHy IiISIHKY BBOTUTBCS MEIUY-
HUH IIeMeHT (MOTIMETHIMETaKPHJIAT), 10 BUKIMKAE KOH-
COJITaIlif0 TiNa XpeOls Ta COpUYHHSE CTaOLTI3aII0 T1e-
penomy [8].

process” (state registration No: 0118U003210, research
project code: NAMS (Ukraine) 04.18, applied, led by
Doctor of Medical Science, Professor Krasnosel-
skyi M. V.).

INTRODUCTION

Breast cancer is the prevailing malignancy form
among the female population. According to the WHO sta-
tistics, up to 100 cases of this disease are diagnosed annu-
ally per 100 thousand women aged 13 to 90 years. The
skeletal system lesions occur in 13.6 % of patients af-
fected by this type of malignancy [1], while solitary le-
sions of the skeletal system — in 41 % of those ones [2].

The development of science and technology opens up
new possibilities to treat oligometastatic disease [3]. Such
method of local tissue destruction as radiofrequency abla-
tion allows patients with solitary metastases of breast
cancer to the skeletal system to receive minimally inva-
sive treatment [4][5][6].

Purpose — introducing the treatment of skeletal sys-
tem metastasis by means of radiofrequency ablation to
the medical community.

MATERIALS AND METHODS OF RESEARCH

A 64-year-old female patient B. presented with breast
cancer TINOMO diagnosed in 2014. Invasive lobular car-
cinoma of solid-scirrhous structure (ER +++, PR +++,
HER/2new negative (+), Ki 67 — 20 %) were histologi-
cally verified. The patient underwent comprehensive
treatment: quadrantectomy, external-beam radiotherapy
of the region exposed to surgery and hormone therapy.

Six years after the onset of the disease, control com-
puted tomography revealed a single cancer metastasis in
the posterior part of the L2 vertebra body, 1.3x1.3 cm in
size, which was adjacent to the foramen vertebrale

(fig. 1).

Method of radiofrequency ablation. Radiofre-
quency ablation is a minimally invasive method of local
destruction of tumors. Under ultrasound or computed to-
mography, a needle electrode is transcutaneously inserted
into the tumor. The operating principle is based on the in-
fluence of RF currents triggering oscillation of ions in the
tissue, frictional heating of those to protein coagulation
temperature and tumour necrosis. After ablation, the elec-
trode is removed with simultaneous coagulation of the
puncture channel [7].

Methods of vertebroplasty. Vertebroplasty (cemen-
toplasty) is a minimally invasive procedure for stabilizing
pathological compression fractures of the vertebrae, in-
cluding those caused by tumor process. Under computed
tomography or X-ray control, a bone needle is inserted
percutaneously via transpedicular or transcostovertebral
bone access into the destroyed area of the vertebral body.
Medical cement (polymethyl methacrylate) is introduced
through a needle into the pathological area causing con-
solidation of the vertebral body and fracture stabilization

(8].
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Puc. 1. Meracras paky rpyaHoi 3am03u y Tii xpeoms L2

Fig. 1. Breast cancer metastasizing in the L2 body

PE3YJIBTATH TA iX OBIOBOPEHHS

XBopiit mpoBeneHa paioyacTOTHA a0IAIis MeTacTa-
THYHOTO BOTHHIA B L2 i3 BHKOpHCTaHHSIM amapara
CoolTip Series E B ymoBax criinanbHOi anectesii. [1i Ha-
BEJICHHSIM KOMIT I0TepHOT ToMorpadii B Tisto L2 TpaHcre-
TUKYISIPHO CTIpaBa i 37iBa Oyau BBEIEHI KiCTKOBI TOJKH
11G, BuKoHaHO OioTICif0 MeTacTasy (TiCTOJOTIUHUH BHC-
HOBOK: O3HAaKH OCTeoMiesno]iOpo3y 3 po3poCTaHHIM Me-
TAcTa3iB 3JIOSKICHOI eIMiTeNIOIIHOKIITUHHOT yXJIMHH,
MopGoJoris sIKOT MOYKE BiJMOBIIAaTH MeTacTa3aM KapIlH-
HOMH MOJIOYHOI 3ai03u). TakoX TpaHCHEIUKYISIPHO
B eHiIypajbHUIl TpocTip 3miBa Oyna BBeIeHa KiCT-
koBa rosika 15G, depes siky BCTAaHOBIEHO TETUIOBUH JaT-
gmk i romka Chiba 22G mis rigpoaucekii emirypanbHOro
mpocTopy 5 % pO3YMHOM TIIOKO3M 3 METOI0 Mpo(inak-
TUKU TIEPTEPMIYHOT TPAaBMH CIIMHHOTO MO3KY (pHC. 2).
B yMoBax JIOKaJlbHOI TepMOMETpil BHKOHAHA pajiodyac-
TOTHA a0JAIisA B PSKUMI CTaHAAPTHOI aOIAIil MPOTATOM
14 XBUMH, TiCISA 9OTO B ypakeHy HimsHKy L2 BBeneHo
3 M1 MeinaHOTO IIeMeHTy Mendec.

INarienTKa Mata 3MOTry MiAHIMATHCS 3 JIKKA Ta BIJIBHO
TepecyBaTuCs BKe depe3 Kilbka TOIWH MICIHs pajaiodac-
ToTHOI ab6namii. HacTymHoro mHS micns BTpy4YaHHS
XBOpy OyJIO BUIIMCAHO B 3aJ10BiIbHOMY cTaHi. [Ipu KoHT-
POJBHIM MarHiTHO-pe30HaHCHIM ToMorpadii uepes Mi-
CSIb TICHA a0mAmii TaHUX IIOA0 PEIUIUBY abo0 TPOIO-
BXKCHHSI 3aXBOPIOBAHHS HE BUSBICHO (puc. 3).

3riiHO 3 TPOBE/ICHUM IIONIYKOM 3a JDKEpeTaMu JiiTe-
parypu B YKpaiHi METOAMKA MMOETHAHHS Palio4acTOTHOL
abysmii Ta MomanmeIIol BEPTEOPOIIIACTUKM IS JIKY-
BaHHS METacTa3y paKy B XpeOellb 3aCTOCOBaHa BIIEpIIIE.

RESULTS AND DISCUSSION

Under spinal anesthesia the patient underwent radio-
frequency ablation of the metastatic focus in L2 by means
of CoolTip Series E device. Directing CT into the L2
body transpedicularly on the right and left, a metastasis
biopsy (histological conclusion: osteomyelofibrosis signs
with the growth of malignant epithelioid cell tumor me-
tastases, the morphology of which can be the same as
breast carcinoma metastases) was carried out. In addition,
a 15G bone needle was inserted transpedicularly into the
epidural space on the left, through which a heat sensor
and a Chiba 22G needle were installed to hydrodissect the
epidural space with 5 % glucose solution to prevent hy-
perthermic spinal cord injury (fig. 2). Under local ther-
mometry, radiofrequency ablation was performed in the
standard ablation mode for 14 minutes followed by in-
jecting 3 ml of Mendec medical cement wasinto the af-
fected area L2.

The patient was able to get out of bed and move freely
in a few hours after RF ablation. The patient was dis-
charged the day after the intervention in satisfactory con-
dition. Control magnetic resonance imaging 1 month after
ablation did not detect recurrence or continuation of the
disease (fig. 3).

The search via literature sources showed that in
Ukraine the method of radiofrequency ablation followed
by vertebroplasty to treat vertebral cancer metastasis was
applied for the first time. Given the achieved effect (me-
tastasis destruction, no thermal trauma of the spinal cord,
no pathological fracture of the vertebral body) in our case
history and the positive outcomes published by foreign
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Puc. 2. YcTaHOBIIEHI TOJIKA JUIS T1POJUCEKIIT CTHHHOTO MO3KY 1 TeMIIepaTypHHUil JaTYNK: y METacTa3 yBeCHI eNeKTPOIH
JUTA pafioyacToTHOI abmaii: 1, 2, 4 — enexTpoan; 3 — roika AJs TiAPOIUCEKii, TeMIepaTypHUil JaTunK

Fig. 2. A needle for hydrodissection of the spinal cord and a temperature sensor are installed: electrodes for radiofrequency
ablation are introduced into metastasis: 1, 2, 4 — electrodes; 3 — needle for hydrodissection, temperature sensor

e '

Puc. 3. MP-kaptuna xpebus L2 gepe3 MicsIb micis paaiodacTOTHOT a0msmii

Fig. 3. MR-image of the L2 vertebra a month later after radiofrequency ablation
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VYpaxoByloun AOCATHYTHH e(ekT (3HMIIEHHS MeTacrasy,
BIJICYTHICTD TEPMiYHOi TPAaBMH CIIMHHOTO MO3KY, BIICYT-
HICTH MMATOJIOTIYHOTO MEPEeIoMy Tijia XpeOIist) y IpeIcTaB-
JICHOMY HaMH KJITHIYHOMY BHIIAJIKy Ta MO3UTHBHI pe3yJIb-
TaTd, Mo Oynmy ONMPUITIOAHEHI 3aKOPIOHHUMH aBTOPAMH,
y TOJAJbIIOMY IUIAHYEThCS MPOJAOBKUTH BHUKOPUCTAHHS
KoMOIHaIiT paiiouacToTHOT absIil Ta BepTeOpOIIacTUKI
y KJIHIYHIN MPaKTUI Ta peKOMEHIyBaTH ii Uil HaJaHHS
JIOIIOMOTM XBOPUM HAa pPaK TPyIHOI 3aji03 i3 coiitap-
HUMH MeTacTa3zaMH y XpeOellb i3 pU3UKOM aToJIOT T YHOTO
TIepesoMmy.

BUCHOBKU

PaniouacToTHa abusIist € MiHIMAIBHO TPAaBMAaTUYHUM
1 BOZIHOYAC BUCOKOC(EKTUBHUM METO/IOM JIIKYyBaHHS MO~
OJIMHOKUX METAcTa3iB paky. BUKOpUCTaHHS TiIpOAUCEK-
mii Ta JIOKaJIhbHOI TePMOMETPIi JO3BOJISE YHUKHYTH ypa-
JKeHHSI JKUTTEBO BAXKJIMBUX aHATOMIYHHX CTPYKTYP,
a TMOEJHAHHS 3 BEPTCOPOIIACTUKOIO JTO3BOJISIE JIIKYBATH
KICTKOBI MeTacTa3u 0e3 PU3HWKY MaTOJOTIYHOTO Teperno-

My [9].
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authors, it is further planned to continue using radiofre-
quency ablation and vertebroplasty in clinical practice as
well as to recommend administering it to patients with
breast cancer with solitary metastases to the vertebrae
with pathological fracture risk.

CONCLUSIONS

RF ablation is a minimally traumatic and at the same
time highly effective method of treating single cancer me-
tastases. Hydrodissection and local thermometry make it
possible to avoid damaging the vital anatomical struc-
tures, and in combination with vertebroplasty they aid in
treating bone metastases without the risk of pathological
fracture [9].
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IlepcnekTUBY MOAANBIIUX JOCTITKEHb

[IponowxuTH Habip MALIEHTOK i3 OJNiroMeTacTaThy-
HHUM paKkoM I'PYTHOT 3aJI03H Y KICTKOBY CHCTEMY JIJIsI OIITH-
Mi3aIlii mporpaM paio4acTOTHOI aOMsIii B KOMITIEKC-
HOMY JIKYBaHHI paKy AaHO{i JOKai3aii.

KonduikT inTepecin
ABTOpH 3asBIAIOTH MPO BIICYTHICTH KOHQIIKTY iH-
Tepecis.

Indopmanist npo pinancyBaHHSA
PoGora ¢inancyerbes Bunarkamu JlepxaBHoro Oro-
JoKeTy YKpaiHu.

IMonsixa

Hupexropy [epkaBHoi ycTaHOBU <«IHCTUTYT Meauy-
Hoi paxiornorii Ta onkodyorii im. C. I1. I'purop’ea Harrio-
HaJIGHOI akanemii MeIWYHHMX HayK YKpaiHm» mpode-
copy M. B. KpacHocenschkoMy, CITiBpOOITHUKAM MEIUKO-
JIarHOCTUYHOTO IEeHTpY «EkcmepT» Ha 9o 3 AUPEKTO-
powm IO. C. [Tenan.

Prospects for further research

To continue enrolling patients with oligometastatic
breast cancer metastasizing into the skeletal system to op-
timize radiofrequency ablation programs in comprehen-
sive treatment of cancer of this localization.
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PE3IOME

AxTtyanbHicTh. CydacHUA MCHEDKMEHT JIIKYBaHHS HOJOHETaTUBHIX METa-
cTa3iB mudepeHmiioBaHoro paky murornomionoi 3amosu (JIPI3) mae cBoi
0COOIMBOCTI. 32 OCTaHHI POKH B YKpaiHi 3apeecTpoBaHi Ta TOYal BUKOPHC-
TOBYBAaTUCh Y JIiKyBaHHI pedpakrepaux ¢opm JIPII3 inriditopn THpo3nH-
KiHa3u (copadeniO, cyHiTuni0). [IpoTe nuIIe B MOOAMHOKHX JIOCHIHKESHHSIX
BUBYAIIMCH IUTOJIOTIYHI aCHEKTH Yy NPOTHO3YBaHHI pajioi0f0pe3nCTeHT-
HOCTI MANUIIPHOTO PaKy IIUTOMOIIOHOT 3a103H, PO3POOIISBCS PATiOHYKITiJI-
HUH MOHITOPUHI Ta JIarHOCTHYHWH aJITOPUTM JUISl BUSIBJICHHSI PELM/IMBIB
i MeTacrasiB y XBOpHX 3 HooHerarnBaumu opmamu JIPIL(3.

VY To e yac, HayKOBO-KJIIHIYHI aCIIeKTH JIIKYBaHHS pa/liod0I0PE3UCTEHT-
HOTO H(EePeHIIIHOBAHOTO paKy IMIMTOMOAIOHOT 3aJI03U B YKPATHCHKil OH-
KOJIOTii Ta Paionorii MpaKTHIHO HE TOCIIIKYIOTCS.

TakuM 9UHOM, CTaH MPOOJIEMH JIIKyBaHHS Ta IMICIATEPAIEBTHYHOTO MOHI-
TOPHUHTY TAaIi€HTIB i3 HomoHeraruBHUMHU Gopmamu JPII[3, Ha manmii gac
3QIMIIAETBCS HENOCTaTHHO BUBYCHUM Ta MOTPEOye IMOMANBIIOI HAyKOBO-
KITIIHIYHOI pO3pOOKH.

Meta po6oTH — po3poOHTH cI0Ci0 JIKyBaHHS HOJOHETaTHBHUX METacTa-
31B A epeHIiHOBAaHOTO paKy IUTONOAI0HOT 3aJ103H.

Marepiaan i metoau. IIponikoBaHo 38 XBOpHX i3 HOJOHETaTUBHUMH Me-
tacrazamu JIPII[3, i3 stkux y 10 e(eKTHBHICTH JIKYBaHHS OLIHIOBAJIACH
3 moriomororo ciHTHrpadii Beworo tima (CBT) 3 “Te-MIBI, y 10 — 3 #™Tec-
DMCA. V¥ 10 xBopux Oe3nocepeHi pe3y/ibrary JIiKyBaHHS HTi0ITopaMu TH-
PO3MHKiHA3W omiHIoBaauCh 3a gormomororo ITET 3 'BF-®JII. 8 marieHTiB
CKJIAJIH TPYIY, V SIKiff BIIMIYaiI0Ch ypaXKeHHs KICTOK 1 JIIKYBaHHS 3IHCHIO-
BaJIOCH 32 JIOTIOMOTOI0 PAIiOHYKJIITHOI Ta JUCTAHIIIHOT IPOMEHEBOI Tepartii.
CepenHili BiK MarmieHTiB KoMuBaBcs Bix 43 no 76 pokis, meniana — 57,8 + 3.9.
I3 Hux *)iHOK — 24, YomnoBikiB — 14. [TaToricTonoriqyHo maniispHuil pak miar-
HOCcTOBaHO y 31, domikymsapauit — y 5, maniusipHo-domikyspanii — y 2. Jlo-
CIIDKEHHSI TIPOBOMJIMCH 13 BHKOPHUCTaHHSM TaKMX TEXHIYHHMX 3acO0iB —
JIBOXJICTEKTOPHOI ramma-kamepu Qipmu «Mediso» (YropumHa) Ta ogHO(O-
TOHHOTO emiciiiHoro komm torepHoro Tomorpada (ODPEKT) «E. CAM 180»
¢dipmu «Siemens» (OPH). I[IET/KT npoBoxunmcst Ha KOMOIHOBaHOMY TOMO-
rpadi «Biograph-64-TruePoint-Siemens» (HimequnHa), 3riHO 3 pekoMeH1a-
1istMH €BPOIICHCHKOT acoIiallil SIIEPHUX MEIUKIB.
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Pe3ynbratn Ta ix oOroBopenHs. [lo modarky Ttepamii 10 XBOpuM
3 JIPII3 6yna mposemena CBT 3 *“Tc-MIBI Ta moBTOpHE JOCTIKEHHS
Yyepes TPU MICHIIl 3 METOIO OIIHKU €(eKTUBHOCTI JTIKYBaHHS.

[Ticnst mpoBeneHHS MiarHOCTHYHOTO OOCTE)KEHHS TMallieHTaM Oyna MpH-
3HAUCHA TapreTHa Teparis npenaparom HekcaBap 3riHO 3 HPOTOKOJIOM
JIKyBaHHS. YHACIHiJIOK JKyBaHHS Oyia JOCATHYTa perpecisi BOTHHMINA
B stereHsix y Mexxax 70 %. [Topanbumii MOHITOPHHT e(heKTHBHOCTI IPOTH-
MyXJIMHHOTO JIIKyBaHHs MPoBoanBCs 3a gonomororo CBT 3 *"Tc-MIBI.

10 marieHTiB, SKUM JI0 JIiIKyBaHHs OyJio ITpOBEJCHE MEPBUHHE JiarHoc-
TUYHE JociipkenHs 3a gonomororo ITET/KT — BF-®T, takox Oynu
MPOJIIKOBaHI 3a JIOIIOMOTOIO TapreTHoi Tepamii npenaparom Hekcasap.
HiarHoctruHe ckanyBaHHs 3 'SF-OJI" micist mpoBeaeHol Teparii BUSBHIO
3HIKEHHS (PYHKITIOHAIFHOI aKTHBHOCTI BOTHHINA B TUISHII IITUI, OJHAK
3MEHIIECHHS PO3Mipy BOTHHUINA HE CIIOCTEPIranoch.

BucunoBku. JlikyBanus omoneratnBaux MetactasiB JIPIL3 3a momomo-
TOI0 iHTIOITOPIB THPO3WHKIHA3M CYMPOBOMKYBAJIOCh 3MEHIICHHSIM Killb-
KOCTI METAaCTaTHYHUX BOTHHMII Ta 3HIKEHHSAM DPIBHS iX (YHKI[IOHATBHOI
AKTHBHOCTI.

[TpoBeneHi MOCHIHKEHHS i ATBEPIHIN MOXJIIMBICTh BUKOPUCTAHHS METO-
vk 3 Heromaumu POIT (*Tc-MIBI, *Tc-DMCA) asist oniHK# e)eKTHB-
HOCTI JIIKyBaHHS HojjoHeraTuBHUX MeTactasis JIPIII3.

MET/KT 3 BF-OJII' € BUCOKOIH(HOPMATUBHOIO METOIUKOIO0 JUIS OLIHKU
BIUIMBY 1HTIOITOPIB THPO3WHKIHA3M Ha (YHKIIOHAJIbHY aKTUBHICTH Me-
TACTaTMYHUX BOTHHMII 3a JIAHUMH METaOOJIIYHOTO CKAaHyBaHHS TPH JIKy-
BaHHI HojoHeraTuBHUX Metactasis JIPIII3.

[Ipu BiACYTHOCTI TIO3UTHUBHOI ITUHAMIKH Ticis 3—4 KypciB MOKa3aHO 3a-
CTOCYBaHHS QUCTaHIliitHOT mpomeneBoi Tepamii 3 COJ 30-50 I'p, sixa mo-
3BOJISIE 3MEHIITUTH 00’ €M METAaCTaTUYHUX OCEPENKiB Ta 3HU3HUTHU IX MeTa-
00MiYHY aKTHBHICTb.

ComianbHe Ta €KOHOMIYHE 3HAYEHHs OJCPYKAHWUX BHACIIJIOK BUKOHAHHS
JOCIIJDKEHHSI PE3yNbTaTiB JI03BOJISIE TOKPAIUTH ITOKa3HUKU 3arajb-
HOi Ta Oe3peluIMBHOI BHIKMBAHOCTI Y Ipale3/1aTHOi YaCTUHHM XBOPHX
Ha JIPII3, 3MeHImMTH BapTiCTh CHOCTEPEIKEHHS 3a MallieHTaMu 3 Homo-
HeraruBHuMH popmamu JPIII3.

ABSTRACT

Background. Current management of treating iodine-negative metastases
of differentiated thyroid cancer has its features.

In recent years, tyrosine kinase inhibitors (sorafenib, sunitinib) have been
registered and indicated to treat refractory forms of differentiated thyroid
cancer in Ukraine. However, there were only few studies dealing with cy-
tologic aspects of predicting radioiodine resistance of papillary thyroid
cancer, development of radionuclide monitoring and diagnostic algorithm
to detect relapses and metastases in patients with iodine-negative forms of
differentiated thyroid cancer.

At the same time, scientific and clinical aspects of treatment of radioio-
dine-resistant differentiated thyroid cancer in Ukrainian oncology and ra-
diology are barely studied.

Thus, the status of treatment and post-therapeutic monitoring of patients
with iodine-negative forms of differentiated thyroid cancer, still remains
insufficiently studied and requires further scientific and clinical develop-
ment.

Purpose — develop a technique of treatment of iodine-negative metastases
of differentiated thyroid cancer.

BesnepepBHa MequuHa OCBiTa
Ta OpraHizalis OXOpOHH 310pOB’sI

142 Continuing medical education

and health care organization



VkpaiHChbKu# pagionorianuii Ta onkojorigamid xypHai. 2021. T. 29. Ne 1. C. 141-155 ISSN 2708-7166 (Print)
Ukrainian journal of radiology and oncology. 2021;29(1):141-155 ISSN 2708-7174 (Online)

Materials and methods. Thirty-eight patients with iodine-negative me-
tastases of differentiated thyroid cancer were provided with treatment,
where in 10 patients the efficiency of treatment was assessed by means
of whole body scintigraphy with *™Tc-MIBI, in 10 patients — with *™Tc-
DMCA. In 10 patients the short-term results of treatment with tyrosine ki-
nase inhibitors were evaluated by PET with "*F-FDG. Eight patients repre-
sented a group where the bones were affected and treatment was provided
by means of radionuclide or external-beam radiotherapy. The average age
of patients varied from 43 to 76, the median was 57.8 + 3.9; out of those:
24 women, 14 men. Pathohistologically, papillary cancer was diagnosed
in 31, follicular — in 5, papillary-follicular — in 2. The studies were per-
formed by means of the two-detector gamma camera manufactured by
Mediso (Hungary) and the single-photon emission computed tomography
(SPECT) E. CAM 180, Siemens (Germany). PET/CT were performed on
the Biograph-64-TruePoint-Siemens combined tomograph (Germany), ac-
cording to the guidelines of the European Association of Nuclear Physi-
cians.

Results. Prior to initiating therapy, 10 patients with differentiated thyroid
cancer underwent whole body scintigraphy with **Tc-MIBI and re-exam-
ination in three months in order to assess treatment success.

After diagnostic examination, the patient was prescribed targeted therapy
with Nexavar according to the treatment protocol. Regression of the focus
in the lungs was achieved within 70 %. Further monitoring of antitumor
treatment success was performed by means of whole body scintigraphy
with *"Tc-MIBI.

Ten patients, who had PET/CT with ¥F-FDG made before treatment, also
underwent targeted therapy by means of Nexavar. Diagnostic scanning
with ¥F-FDG after therapy revealed decreased functional activity of the
lesion in the neck, however no decrease in the dimensions of the lesion
was observed.

Conclusions. Treatment of iodine-negative metastases of differentiated
thyroid cancer by means of tyrosine kinase inhibitors was accompanied by
a decreasing number of metastatic foci and reducing level of their func-
tional activity.

The studies have confirmed the possibility of applying techniques with
non-iodine RP (**"Tc-MIBI, *"Tc-DMCA) to assess the effectiveness of
treatment of iodine-negative metastases of differentiated thyroid cancer .
PET/CT with ®F-FDG is a highly informative technique for assessing the
effect of tyrosine kinase inhibitors on the functional activity of metastatic
foci according to metabolic scans in treatment of iodine-negative metasta-
ses of differentiated thyroid cancer.

If there are no positive changes after 34 courses, external-beam radio-
therapy with total radiation dose of 30-50 Gy is indicated, which is ca-
pable of reducing the volume of metastatic foci as well as their metabolic
activity.

The social and economic significance of the obtained findings have made
it possible to improve the overall and recurrence-free survival rates in the
working population of patients with differentiated thyroid cancer and re-
duce the cost of following-up patients with iodine-negative forms of dif-
ferentiated thyroid cancer.

Pyxomnuc Haxiimos OTpuMaHO micis pereH3yBaHHs IIpuitnaTo 1o Apyky
Manuscript was received Received after review Accepted for printing
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3B’s130K pOOOTH 3 HAYKOBMMH MPOrpamMaMu, MJiaHaMu
i Temamu

PoboTa BUKOHaHa B paMKax IUIAaHOBOT HayKOBO-JIO-
CIiTHOI POOOTH HAyKOBO-AOCHITHOTO BiIMIICHHS Saep-
HOI MemunmHN HarioHanpHOTO iHCTUTYTY paky MiHic-
TEpCTBa OXOPOHHU 310pOB’ st «PO3poOUTH METO I JIIKyBaHHS
TAIIEHTIB 13 METACTaTHYHHUM, MPOTPECYIOUnNM Tu(epeH-
IOBAHUM PAKOM IIMTOBUIHOI 3a703U, pedpakTepHUM
0 pajioliofoTeparnii» (HOMEp JCpiKaBHOI peecTpartii
01110000376, kepiBHHK — JOKTOp MEIUYHUX HayK,
npodecop Conogsinankosa O. 1.).

BCTYII

CyyacHuil MEHEDKMEHT JIIKyBaHHS HOIOHETaTHB-
HUX METAacTa3iB AU(EPEHINIHOBAHOTO PAKy MIUTOMOAIOHOT
3ano3u (JIPILI3) mae cBoi ocobmmBocTi. [To-mepe, 1ie cy-
MpecrBHA TOPMOHAIbHA TEPATTisi THPOKCHHOM ITiJl KOHTPO-
nem piBast TTI" < 0,1 mU/L [1]. [To-apyre, npu HeoOXin-
HOCTI — TIPOMEHEBE JIKyBaHHS OKPEMOTO JIOKyCa.
[Ipu mporpecyBaHHI TPU3HAYAETHCS TAPIeTHA TEpaIris
nepmroi JtiHil. KoHTponb 3a eeKTHBHICTIO JIiKyBaHHS
3OIACHIOETECS 3a JOIOMOIO JIarHOCTHYHOTO OCIHI-
JOKEHHS 3 OCPKaHHAM 300paKEHHS KOXKHI 4—6 MICSIIIB.

3a ocTaHHI pOKH B YKpaiHi 3apeecTpoBaHi Ta movyaiu
BHKOPHCTOBYBATUCH y JIKyBaHHI pedpakTepHuX (Gopm
JPII3 inriditopum Tupo3uHKiHA3U (copadeHid, CyHITH-
Hi0). [IpoTe yuIiie B MOOMUHOKUX TOCIIIKCHHSX BHBYA-
JIMCH IIUTOJIOTIYHI aCTIeKTH y MPOTHO3YBaHHI paaioiono-
PE3UCTEHTHOCTI MANUIPHOTO paKy MIATOMOAIOHOT 3a10-
31 [2], po3po0usiBCs pagioHyKITiJTHAH MOHITOPHHT Ta Jia-
THOCTHYHUH aJITOPUTM JJIsl BUSIBIICHHSI PELUIWBIB 1 MeTa-
CTa3iB y XBOpUX 3 HomoHeraruBHUMH popmamu [IPII3 [3—6].
VY Toii sk yac HayKOBO-KJIIHIYHI aCTICKTH JIIKYBaHHS PaJIio-
HOIOPE3UCTEHTHOTO AN(EpeHIiioBaHOTO PaKy IIUTOIIO-
IiOHOT 3203 B YKpAlHCBKIM OHKOIOTIT Ta pamionorii
MPAKTUYIHO HE JOCIIHKYIOThCS.

Cnig Big3HAUMTH, IO BiggajeHi MeTacTasd JiarHoc-
Tyrotecst y 10-15 % xBopux Ha JIPIII3. [TonoBuna meTa-
CTa3iB BU3HAYAETHCS TIPU TICPBUHHOMY OOCTEKCHHI,
1HIII — TIPH CTIOCTepekeHHi 3 Meaianoo 3—4 poku; 15 %
BIIIaJICHUX METacTa3iB MiarHOCTYIOThCS OiIbII HIXK
3a 10 poKiB micyisi IEPBUHHOTO JIIKYBaHHS, 110 CBIIYHUTH
PO HEOOX1THICTh CIIOCTEPEKEHHS ITUX XBOPUX MPOTATOM
yCboro KUTTA [7]. 3a3BHUail BigmaneHi MeTACTa3l BUHH-
KalOTh Y JIETCHSAX Ta KICTKaX, 3HAYHO PiAIIe, TPUOIHU3HO
y 3 % XBOpHX, — y TOJIOBHOMY MO3KY, TTediHIi, mKipi [8].
Maibke BCi XBOpi 3 BiJaJCHHUMH MeTacTa3aMU MaroTh
BHCOKHIT piBeHb TUpeortoOyniny (TT'), ane 3 wacom y 1/3
MaIfieHTiB popMyeTbes HomopesnctenTHa Gopma JIPII3.

PanioiionoTeparrist € BaXIUBIM 1 Ti€BUM KOMITOHCH-
TOM JIIKYBaHHSI, aJic BOHA MOXXE CTaBaTH Hee()CKTUBHOIO
y 3B’SI3Ky 3 PO3BUTKOM PE3UCTEHTHOCTI J0 JIKyBaHHS pa-
Ti0aKTUBHUM HomoM. Pamiofiomope3ncTeHTHICTh ocepe-
kiB JIPII[3 Tiero 4m iHIIOK MIpOK BUHHKAE MEPBUHHO
abo y mpomeci JikyBaHHS ¥ 5—15 % xBopux [9]. Po3Bu-
TOK PaJlioMOMOPE3UCTEHTHOCTI CYTTEBO IIOTIipPIIyE IIPO-
THO3, 3HWKYIOUM 3aranbHy 10-piyHy BIKHUBaHICTh
10 10 %. BkuBaHicTh XBOPHX Ha PagioHoqOPE3UCTEHT-
mui JIPII[3 i3 BimjgaJieHMMH MeTacTa3aMM Ckiauae 2,5—
3,5 poxy [10].

Mono mikyBanHs HomoneratuBHUX dopm APIL3, mo-
CII/DKYIOThCS MOXKITUBOCTI XiMioTepartii. Y JiTeparypHIX

Connection with scientific programs, plans and topics

The study has been carried out within the scope of the
planned research project of Nuclear Medicine Research
Unit of National Cancer Institute of Ministry of Health of
Ukraine “Develop a technique for treating patients with
metastatic, progressive differentiated thyroid cancer re-
fractory to radioiodine therapy” (state registration No
0111U000376).

INTRODUCTION

Current management of treating iodine-negative me-
tastases of differentiated thyroid cancer has its features.
First, it is suppressive hormone therapy with thyroxine
along with TSH levels < 0.1 mU/L control [1]. Secondly,
where applicable, it is radiotherapy of a single locus. For
progressive scenarios, frontline targeted therapy is pre-
scribed. The treatment success is monitored by means of
diagnostic study with obtaining images every 4—-6 months.

In recent years, tyrosine kinase inhibitors (sorafenib,
sunitinib) have been registered and indicated to treat re-
fractory forms of differentiated thyroid cancer in Ukraine.
However, there were only few studies dealing with cyto-
logic aspects of predicting radioiodine resistance of papil-
lary thyroid cancer [2], development of radionuclide
monitoring and diagnostic algorithm to detect relapses
and metastases in patients with iodine-negative forms of
differentiated thyroid cancer [3—6]. At the same time, sci-
entific and clinical aspects of treatment of radioiodine-re-
sistant differentiated thyroid cancer in Ukrainian oncol-
ogy and radiology are barely studied.

It is worth pointing out that distant metastases are di-
agnosed in 10-15 % of patients with differentiated thy-
roid cancer. Half of metastases are detected on initial ex-
amination, others — while monitoring with a median of
3—4 years; 15 % of distant metastases are diagnosed more
than 10 years after initial treatment necessitating follow-
up of these patients throughout life [7]. Distant metasta-
ses tend to affect the lungs and bones, less frequently, ap-
prox 3 % of patients — the brain, the liver, the skin [8].
Almost all patients with distant metastases have a high
level of thyroglobulin (TG), but over time, 1/3 of patients
develop an iodine-resistant form of differentiated thyroid
cancer.

Radioiodine therapy is an essential and effective com-
ponent of treatment, but it may become ineffective due to
the development of resistance to radioactive iodine treat-
ment. Radioiodine resistance of differentiated thyroid
cancer lesions occurs, in a varying degree, initially or
during treatment in 5—15 % of patients [9]. The develop-
ment of radioiodine resistance significantly worsens the
prognosis, reducing the overall 10-year survival to 10 %.
Survival of patients with radioiodine-resistant differenti-
ated thyroid cancer with distant metastases is 2.5-3.5
years [10].

Regarding the treatment of iodine-negative forms of
differentiated thyroid cancer, the capabilities of chemo-
therapy are being studied. The literature provides the out-
comes of administering doxorubicin-cisplatin combina-
tion, however, its high toxicity is noted as well [11]. The
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JUKepeliax HaBEJCHI Pe3yJIbTaTH BUKOPUCTAHHS KOMOiHA-
il JTOKCOPYOIlMH — IMCIUIATHH, OJHAK BiIMIYa€ThCs ii
BUCOKa TokcuuHicTh [11]. TIpuBeneHi nepuri pesyasrati
KJIHIYHAX JIOCHI/PKEHb 3 3aCTOCYBaHHS MOJICKYJISPHO-
TApreTHUX MpPEnapariB, JesKi 3 HUX YK€ BUKOPHUCTOBY-
IOTBCS y CXeMax JIiKyBaHHS pedpakrepHux dopm JIPII3
[12—-14].

[HHOBAMIfHUM METOIOM € 3aCTOCYBaHHsS HOBOI Tap-
TeTHOI MOHOTEpAIii MPOTHITYXIMHHUM IpenaparoM Hek-
caBap® (copadernib), iHriGiTOpoM MpOTETHKIHA3 METacTa-
3iB JIPII[3, siki 3a pesynasraramu ckanyBaHHs 3 '3'I-Nal
€ HeUYTIIMBUMHU JI0 pajioliofoTeparnii.

3rifHo 3 pe3ysbTaraMu 0araToOICHTPOBUX KITIHIYHHUX
Jociipkerb, HexcaBap® CyTTEBO 3HUIKYE PU3HK IIPOrpe-
CyBaHHS 3aXBOPIOBaHHS, 10 cKianae 41 % B MOpiBHAHHI
3 miane6o. MefiaHa BM)KMBAHOCTI 0e3 MpoOrpecyBaHHS
(BBII) mopieatoe 10,8 mic. y rpymi copadenioy (Hek-
caBap®) y mopiBHsHHI 3 5,8 mic. y rpymi rane6o. Makcu-
MallbHe 3MEHIIIEHHS [ITIbOBOT JUISTHKH YPaXKeHHsI J0CcsTa-
erecsi y 73 % B rpymi copadeniOy B mopiBHsIHHI 3 27 %
npu ane6o. KoHTposbs HaJ| 3aXBOPIOBAHHIM yCTaHOB-
JIIOETBCS Y 54 % maIlieHTiB 3a paxyHOK cTaOiIi3aril mpo-
necy Ha (oHi HopMmaJti3aiii NOKa3HUKIB THPEOTIIOOYITiHY.

Crij TakoXK 3a3HAYMTH, 110 HA OCHOBI JaHUX JOKa30-
Boi Mequuuan (piBens 1-A) npenapar Hekcasap® (copa-
(heHi0) BKIIOUCHHMI 110 CXEMHU JIIKYBaHHS METacTaTH4-
Horo, nporpecyrodoro JIPII3, pedpakreproro no miky-
BaHHs PalioOaKTUBHUM HomoM y 2014 pori y BiamoBia-
HOCTI 10 AMEpUKaHCHKUX peKoMeHnamii HamionampHOT
3aranbHOI oHKonoriaHol Mepeki (NCCN®).

TakuM 9MHOM, CTaH TPOOIEeMH JIIKyBaHHS Ta IiCIATe-
pareBTHYHOTO MOHITOPUHTY MAILI€HTIB 13 HOJOHETaTHB-
Humu dopmamu JIPII3, Ha maHuii yac 3amuIIaeThCs He-
JIOCTaTHHO BHUBUCHHUM Ta MOTpeOye TMOAaIbIIoi HayKOBO-
KJIIHIYHOT pO3pO0KH.

Meta po6oTn — po3poduTH croci0 JiKyBaHHS 1010~
HEeraTUBHHUX METacTa3iB Ju(epeHIiioBaHOro paky IUTO-
1o/1i0HOT 3aJ1031.

MATEPIAJIN TA METOAU JOCJIIPKEHHST

Hamu Gyno npomikoBano 38 XBopuX i3 HOmOHETaTuB-
Humu Metactazamu JIPII3, 3 sxkux y 10 edexTuBHICTH
JKyBaHHS OIIiHIOBaJach 3a JOMOMOTOI0 CHUHTHTpadii
Bcboro Tima (CBT) 3 #Tc-MIBI, y 10 — 3 “*Tc-DMCA.
YV 10 xBopux Oe3mocepenHi pe3ynbTaT JiKyBaHHS 1HT10i-
TOPaMH THUPO3MHKIHA3HM OIIHIOBAJIHNCh 3a JOIOMOTOIO
ITET 3 "8F-®/IT. 8 mamieHTiB CKIAIU TPYILY, y SKid BiqMi-
4aJoCch YpaKEHHs KICTOK 1 JIIKyBaHHS 31HCHIOBAJIOCH
3a JIOMOMOTO0 PATIOHYKIIITHOT Ta JUCTAHIIHHOT MpoMe-
HeBol Teparii. CepenHii Bik MalieHTIB KoymuBaBcs Bif 43
o 76 pokiB, memiana — 57,8 + 3,9. I3 Hux xiHOK — 24,
4onoBikiB — 14. [TaToricTonoriyHo manuIsipHUi pax miar-
HOCTOBaHO y 31, domikymsapauil — y 5, maniusipao-Qori-
KYJSIpHUH — y 2.

JlikyBaHHS Ta CIIOCTEPE)KCHHS TMAIIEHTIB TPOBOAH-
JIOCBh 32 TaKOIO CXEMOIO.

initial findings of clinical trials on prescribing molecular
target drugs are presented; some of them are being al-
ready used in treatment schemes for differentiated thyroid
cancer refractory forms [12, 13, 14].

An innovative method is targeted monotherapy of dif-
ferentiated thyroid cancer metastases, which according to
scanning with "*'I-Nal are not sensitive to radioiodine
therapy, with an antitumor drug, protein kinase inhibitor
Nexavar® (sorafenib).

According to the findings of multicenter clinical tri-
als, Nexavar® significantly reduces the risk of disease
progression, which is 41 % compared to placebo. The me-
dian progression-free survival is 10.8 months in the
sorafenib group (Nexavar®) compared to 5.8 months in
the placebo group. The maximum reduction in the target
lesion was achieved in 73 % in the sorafenib group com-
pared to 27 % in placebo. The disease is monitored in
54 % of patients via stabilizing the process in the setting
of thyroglobulin level improvement.

It should be emphasized that based on evidence based
medicine data (1-A level), Nexavar® (sorafenib) was in-
cluded in the treatment regimen of metastatic, progressive
differentiated thyroid cancer, refractory to radioactive io-
dine treatment, in 2014 in accordance with the US Na-
tional Comprehensive Cancer Network (NCCN®).

Thus, the treatment and post-therapeutic follow-up of
patients with iodine-negative forms of differentiated thy-
roid cancer is currently insufficiently studied and it re-
quires further scientific and clinical development.

Purpose — to develop a treatment technique for io-
dine-negative metastases of differentiated thyroid cancer.

MATERIALS AND METHODS

Thirty-eight patients with iodine-negative metastases
of differentiated thyroid cancer were provided with treat-
ment, where in 10 patients the efficiency of treatment was
assessed by means of whole body scintigraphy with ***Tc-
MIBYI, in 10 patients — with *"Tc-DMCA. In 10 patients
the short-term outcomes of treatment with tyrosine kinase
inhibitors were evaluated by PET with ®F-FDG. Eight
patients represented a group where the bones were af-
fected and treatment was provided by means of radionu-
clide or external-beam radiotherapy. The average age of
patients varied from 43 to 76, the median was 57.8 + 3.9;
out of those: 24 women, 14 men. Pathohistologically,
papillary cancer was diagnosed in 31, follicular — in 5,
papillary-follicular — in 2.

Treatment and follow-up of patients was provided in
accordance with the scheme below.
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OcHoBHa rpyma — 38 XxBopux i3 itofgoHeraTuBHuMM Metactazamu JIPII3, y AkuxX 3a faHMMU CHMHTUIPAQiYHOrO
MOHITOpPMHIY a00 CKaHyBaHH: Ha 3a/IMIIKOBIN NTiKyBa/IbHil 1031 BificyTHe HakomdeHH: *'I-Nal

Treatment group: 38 patients with iodine-negative metastases of differentiated thyroid cancer, without **'I-Nal
accumulation according to scintigraphic monitoring and scanning on residual therapeutic dose

i i

g

EdexTuBHICTD TiKyBaHHA
OILIiHIOBA/IaCh 3a JOIIOMOTOI0
CBT 3 *™Tc-MIBI (n = 10)

Treatment success was assessed

EcdexTnBHICTD TiKyBaHHA
OIIiHIOBAJIaCh 3a TOIIOMOIOI0
CBT 3 *™Tc-DMCA (n = 10)

Treatment success was assessed

by means of whole body by means of whole body
scintigraphy with **Tc-MIBI scintigraphy with *"Tc-DMCA
(n=10) (n=10)

EdextuBHnicTb nikyBaHHA
OIIiHIOBAJIaCh 3a TOIIOMOI OO
IIET 3 ¥F-®O[T'(n = 10)
Treatment success was assessed
by means of PET with ¥F-FDG
(n=10)

(n=8)

Ha ocHoBi opiBHAIBbHOI O11iHKYM e(heKTUBHOCTI Teparii B ycix XxBopux 6y/1a copMoBaHa rpyna, y siKiii, Ipy HassBHOCTI
Ypa)keHHS KiCTOK, NiKyBaHHA 3[iJICHIOBA/IOChH 3a JJOIIOMOIOX PaJlioHYK/IiJHOI Ta JUCTaHLIIHOI IPOMEHEBOI Tepail

Based on a comparative assessment of treatment success in all patients, they formed a group where along with bone
lesions, treatment was carried out by means of radionuclide and external-beam radiotherapy (n=8)

Metomuka InikyBaHHSA copadeHiooM. 3acTocyBaHHS
npemapary Hekcasap® (copadeniOy) sx mepopaibHOi Tap-
retHoi MoHOTeparii y mamieHTiB i3 JIPII3, pedpaxrep-
HuM 110 RIA-Tepamii, mpoBogutses B 1031 800 Mr Ha 100y
(2 Tab. mo 200 mr gBa pa3u Ha 100y), IO CHPHUSE TOCST-
HEHHIO [TO3UTUBHOTO Pe3yJIbTaTy JIIKyBaHHs 3 Tiepea0ady-
BaHMUM Ta KEPOBAHUM IpodiseM nodiyHux sBuml. Mexa-
Hi3M aii npenapary HekcaBap® 0asyerbcst Ha TOMY,
0 BiH € 1HTri0ITOPOM HM3KM (PEPMEHTIB i3 IPyIH KiHAa3,
10 3HIKYE Mporidepanio MyXIMHHUX KIITHH iN Vitro.
JoseneHo, 1o copadeniod iHridye 4rciaeHHl BHYTPILIHBO-
kiitrHHI KiHa3u (c-CRAF, BRAF ta myroBany BRAF)
ta kiHasm kimitmHHOI moBepxHi (KIT, FLT-3, RET,
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-f).

OCHOBHUMH KPHUTEPiSIMH OIIIHKH €(PEKTHBHOCTI Tpe-
napaty OyiaH pe3ynbTaTé CHUHTUTPa(igHUX TOCIIIHKESHb
3 "Heomaumu POIT Ta nuHaMika MOKa3HHUKIB OHKOMAap-
Kepa — THPEOTIO0YITiHY.

OuiHIOBaHHS €()EKTUBHOCTI JIKyBaHHS copadeHioom
B TIeplriil rpyrmi npoBoauiock 3 " Te-MIBI B iHankartop-
Hill no3i 450-500 MBbk. Ilpenapar BBOIMBCS BHYTpIIII-
HBOBEHHO. Jl0CITi/PKEeHHS! IPOBOJMIINCS HA raMMa-Kamepi
3 BUKOPHCTAHHSIM HH3bKOCHEPIeTUYHOTO I1apajeiabHOro
KOJTIMaropa BHCOKOTO PO3MIIUJICHHS IIPH HaJAIITyBaHHI
Ha Qotomik 140 keB i mmpuHOIO BiKHA AUCKPUMIiHAIT
10 %. 3anuc 1iarHOCTHYHOTO 300paXCHHS 3MIHCHIOBABCS
yepe3 40—60 XB Tichs BHYTPIIIHEOBEHHOTO BBEICHHS
450-500 MBk 3 **Tc-MIBI 3 TakiMH TapaMeTpamu:

— po3mip marpuri 128 x 128;

— IIBHUJKICTH IPOCYBAHHSI CTOJIA, 3aJIS)KHO BiJl MAcH Tina
naiieHTa craHoBuia Bijt 6 10 10 cM Ha XBUIIMHY;

— BKJIIOUEHA (DYHKIIisl pO3Ii3HABaHHS KOHTYPY TiJa.

[Ipu HeoOXimHOCTI 3miMiCHIOBANAcs IUIAHApHA IIPH-
uineHa crmHTHrpadis 3 *"Te-MIBI 3 posmipom Marpwii
128 x 128 i nHabopom He meHie 250 000 iMIysbCiB Ha Kap.

VY npyriii Tpymi MOpiBHSHHS €(DEKTUBHICTD JIIKYBaHHS
copadeHiOOM OITiHIOBAIACH 3a IOTIOMOTOI0 CITMHTHUTPagid-
HOTO 300pakeHHs, oepkaHoro 3 *"Tc- DMCA B iHanka-
TopHiit 1031 450-500 MBk.

Sorafenib treatment. Sorafenib (Nexavar®) as a per-
oral targeted monotherapy in patients with differentiated
thyroid cancer, which is refractory to RIA-therapy, is ad-
ministered at a dose of 800 mg per day (2 pills, 200 mg
each twice per day) contributing to positive response to
treatment with predictable and manageable profile of ad-
verse effects.

Nexavar® mechanism is based on being an inhibitor of
a number of enzymes from the kinase group reducing tu-
mor cell proliferation in vitro. Sorafenib has been proved
to inhibit numerous intracellular kinases (c-CRAF, BRAF
and mutated BRAF) and cell surface kinases (KIT, FLT-3,
RET, VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-B).

The essential criteria for evaluating the drug effective-
ness were the findings of scintigraphic studies with non-
iodine RP (radiopharmaceutical) and changes in tumor
marker measures — thyroglobulin.

Sorafenib efficiency in Group 1 was assessed with
PmTe-MIBI at an indicator dose of 450-500 MBq. The
drug was administered intravenously. The studies were
performed on a gamma camera applying a low-energy
high-resolution parallel collimator being set to 40 keV
photo peak and 10 % discrimination window width. The
diagnostic image was recorded 40—60 min after intrave-
nous administration of 450-500 MBq with **Tc-MIBI
following the parameters:

— 128 x 128 matrix dimension;

— the speed of the table, depending on the patient’s
body weight was from 6 to 10 cm per minute;

— enabled body contour recognition function.

When applicable, planar localized scintigraphy was
performed with **Tc-MIBI, 128 x 128 matrix dimension
and a set of at least 250000 pulses per frame.

In Group 2, sorafenib treatment success was assessed
by means of scintigraphic image obtained with **Tc-
DMCA at an indicator dose of 450-500 MBgq.

The obtained data were processed by means of Syngo
software (Siemens Healthcare). Computer processing in-
cluded standard image contrast operations, forming
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OTpumaHni JgaHi  OOpOOJSUTUCH 32  JIOIIOMOTOFO
KOMIT'IOTepHOTO  3abe3medeHHs  «Syngo»  (¢ipma
«Siemens Healthcare»). Komm’torepra oOpobOka BKiIiO-
Yajia CTaHJApTHI Omepallii KOHTPacTyBaHHs 300pa)KCHb,
MOOYJIOBY «30H IHTEPECy», KPUBHX «AaKTHUBHICTH — Hacy,
BU3HAUCHHS KOS(IIiEHTIB BiTHOCHOTO HaKormaeHHs POIT
«ocepenok / Qony». [loOynoBa KpUBHX «aKTHBHICTH —
4acy JI03BOJISUIA BUSIBUTH ONTUMAIIBHI IHTEPBAIH JUIS Cy-
Marii KaapiB, a TMPOBEACHHS CTATHYHOI CHUHTHTpadii
B JICKUIBKOX mpoekiisx ado ODEKT — migBummru To4-
HICTB TOMOTpagiqHOI AIarHOCTHKH.

Koedimient BigHOCcHOTO HakomuueHHs POII B mera-
CTaTUYHUX OCEPE/IKAaX BH3HAYABCS 32 (POPMYIIOLO:

N, 100
N

F

ne P — xoedinient BimHOCHOTO HakommdeHHs POIL
y METacTaTHYHHUX OcepeKax, %o;

N, — KiJIbKIiCTb IMITyJIbCiB Ha OJIMH IiKCEJIb Y «30Hi iH-
Tepecy», HOOyI0BaHOT Ha OCEPEKy METacTasy;

N, — KiJIbKiCTb iMITyJIbCiB Ha OJIMH MIiKCENb y «30Hi iH-
Tepecy», MoOyJoBaHOI Ha CHMETPHYHIM AUISHII HOp-
MaJIbHOI TKAaHUHHU.

VYei  pamioHYKIiAHI  TOCHIIKCHHS BHKOHYBAJlaCh
Ha JBOXJIETEKTOpHiH ramma-kamepi ¢ipmu «Mediso»
(Yropumuna) Ta 0THO(OTOHHOMY emiciitHomy
koM torepaomy Tomorpadi (OPEKT) «E. CAM 180»
¢dipmu «Siemens» (OPH).

VY Tpertiii rpymi TOPiBHAHHS €(EKTHBHOCTI JIIKyBaHHS
copadenibom mpoBoamiock 3a jgomomororo [TET/KT-
00CTEKEHHSI.

[Tepen  MOCHIPKEHHSM  MPOBOIUTHCS  KOHTPOJIb
pIBHS IVIFOKO3W KPOBI Ta JIMILE ITICJsl BCTAHOBJICHHS JIO-
MYCTMMUX 3Ha4eHb < 11 Mmounb/n a6o < 200 mr/mu, no-
cmimpkennss IET 3 BF-OJI' momio OyTH BHKOHAHHM.
SIkmo piBeHh IIIOKO3W B IDIa3Mi KPOBI CTaHOBHTH
> 11 MMOJB/, TOCTIKCHHS Ma€e OyTH MepeHeceHe. AHa-
JIi3 KpOBI Ha TIFOKO3Y MOBUHEH BUKOHYBATUCS 32 JIOTIOMO-
TOI0 KaJIIOpOBAHOTO 1 3aTBEPPKEHOTO METOAY, OCKUIBKH
BUKOPUCTOBYETHCSI SIK TIOTPaBKa NMPU BH3HAYCHHI PiBHS
HakonuueHHst POIL. Jns KIHIYHUX TOCIIIDKEHb PEKO-
MEH/IOBaHI BEpXHI TOKAa3HUKH pIBHSA TJIIOKO3W Bim 7
110 8,3 MMOJIB/JI.

JozyBannst POII 37ilicHIOETBCSI CTAaHIAPTHUM METO-
JIOM, BUXOISYH 3 MacW Tijla marieHTa. BBeneHHs npena-
pary MpoBOIMIIOCH BHYTPIIIHBOBEHHO 3 TIOJJAJIBIIUM HPO-
MUBaHHAM Mictist il exiii 10 Mt ¢i3i0J0ri9HOTO PO3UHHY.

Iix ygac in’exuii "*F-OJI" i momanpmiol ¢asu morm-
HauHsa P®I] mamieHT mMOBUHEH CUIITH a00 JIEXKATH CIIO-
KiliHO, 100 MiHiMizyBaT HakornuueHHs 'SF-OT
y M’s3ax. 3 Meroro MiHiMizamii HakormaeHHs SF-OJII
B Oypiif )KMpOBiil TKAaHWHI MMAIli€HT Ma€ BeCh yac mepedy-
BaTH B TEIJIOMY MPUMIILICHHI.

Cepen mposikoBaHUX He OYyJI0 XBOPHX i3 IIYKPOBUM
nmiaberom (I1J]), siki mOTpeOyrOTH 0COOIUBOTO POTOKOTY
JOCIIIKEHHS.

3nauenns akrusHocti F-OJII" BU3HAUAIOTHECS 33 TH-
TIOM CKaHyBaHHS Ta PO3PAaXOBYIOTHCS 3TiHO 3 MACOIO Tia.
Tax, y pasi 2D ckanyBanus — 5 MBk/kr mMacu Tina, y BU-
nanaky 3D ckanyBanns — 2,5 MBk/kr macu Tina. Y cepen-
HhOMY Tpu Ba3i 75-80 Kr i BBemeHiil aKTUBHOCTI

LEINT3

“regions of interest”, “activity-time” curves, assessing the
coefficients of relative accumulation of RP “lesion/back-
ground”. Forming “activity-time” made it possible to re-
veal optimal intervals for summation of frames, while
static scintigraphy in several projections or SPECT was
capable of increasing accuracy of topographic diagnosis.
The coefficient of relative accumulation of RP in met-
astatic lesions was calculated according to the formula:

N, 100
N

F

where P — coefficient of relative accumulation of RP
in metastatic lesions, %;

N, — the number of impulses per pixel in “region of
interest”, formed on the metastatic lesion;

N, — the number of impulses per pixel in “region of
interest”, formed on the symmetric region of the healthy
tissue.

All radionuclide studies were performed by means of
the two-detector gamma camera manufactured by Mediso
(Hungary) and the single-photon emission computed to-
mography (SPECT) E. CAM 180, Siemens (Germany).

In treatment Group 3, sorafenib therapy success was
assessed by means of PET/CT.

Blood glucose levels were monitored prior to the
study, and only after acceptable values <11 mmol/L or
<200 mg/dL, PET with ®F-FDG could be performed. If
plasma glucose level is > 11 mmol/l, the study should be
postponed. Blood glucose testing should be carried out by
means of calibrated and approved method, since it is used
as an adjustment in assessing the level of RP accumula-
tion. Upper glucose levels from 7 to 8.3 mmol/L are rec-
ommended for clinical trials.

RP dosing is carried out by the standard method de-
pending on the patient’s weight. The drug was adminis-
tered intravenously, followed by rinsing the injection site
with 10 ml of saline.

During '8F-FDG injecting and further RP absorption
phase, a patient should sit or lie still to minimize '*F-FDG
accumulation in the muscles. In order to minimize '*F-
FDG accumulation in the “brown adipose tissue”, a pa-
tient should be in a warm room.

Among those patients who underwent treatment, there
were no patients with diabetes mellitus (DM) who needed
a special examination protocol.

The values of '®F-FDG activity are assessed by scan-
ning pattern and calculated according to body weight.
Thus, when 2D scanning — 5 MBq/g of body weight, 3D
scanning — 2.5 MBg/kg of body weight. On average, hav-
ing the weight of 75-80 kg along with 180 MBq of ad-
ministered activity, the effective radiation PET dose will
be approx 6—11 mSv. The part of '8F-FDG is about 3—4
mSyv, the rest is CT-related.

The recommended interval between *F-FDG admin-
istration and the onset of scanning is 60 minutes. Changes
in the time interval have to be clearly recorded, since it
does influence the measurement of RP accumulation val-
ues.

The standardized accumulation value of F-FDG
(SUV) was used as a supplement to the visual assessment
and was calculated by the formula:
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180 MBbk, edexrnBHa no3a onpominenus npu I[IET-
IOCIDKEHH] ckiage Ommspko 6-11 wm3B. Cxiamosa
Bix "8F-®JII" mopisHioe Grmu3bko 3—4 M3B, perira BigHO-
cutbes a0 KT.

PexomeHioBaHMI IHTEpBaJl MK YacoM BBEICHHS
BF-®JII" Ta mOYaTKOM CKaHyBaHHs CKianae 60 XBUIHH.
3MiHM YaCOBOTO IHTEpBally MOBHHHI YiTKO (DiKCyBaTHC,
OCKIJIBKH BiJ] IHOTO 3aJICKUTh BUMIPIOBaHHS 3HAYCHb Ha-
konnueHHs1 POIL.

Crangapru3oBaHe 3HaueHHs HakonuueHHs '‘SF-OIT
(SUV) BUKOPHCTOBYBaJOCh SIK JOAATOK 0 Bi3yaabHOI
OIIIHKH 1 pO3PaxOByBaIOCh 32 (HOPMYIIOF0:

Act_. (kBg/ml)

voi

SUV =

Act (MBq)/BW(kg)

administered
ne Act, ,— aKTHBHICTb, BUMipsiHa B 00’ €Mi iHTEpECYy,

Act .. . — BBEIEHA AKTHBHICTb 13 IIONPABKOIO
Ha ¢izmunnit posnan *F-OT, BW — Maca Tina.

[Tpu Buxonauni [TIET/KT BpaxoByBanocs, 110 Mix 1o-
MepeiHiM JIarHOCTUYHUM OOCTEKEHHSIM YU KypCOM JIi-
KyBaHHS Ma€ OyTH TICBHHUH iHTEpBaJ — He MeHIe 21 JTHs.

CraructiyHa 00poOKa OTPHIMAaHUX JaHWX BHUKOHYBA-
Jach 3a JIONOMOTOI0 TaKeTiB mporpaM «Axum v 5.0y,
«Statistica v 5.0».

PE3YJIBTATH TA iX OBI'OBOPEHHS
Mo nouarky Teparii 10 xBopum i3 P13 Oyna npose-
nera CBT 3 *"Tc-MIBI i mOBTOpHE IOCIIGKEHHS
Yyepe3 TPH MICsLIi 3 METOIO OLIIHKH e()eKTUBHOCTI JIIKyBaHHSI.
Hasogumo kiiniunuii npuknag CBT 3 #"Tc-MIBI
y mamienta 3 JPII3 ta iiogopedpakrepHicTiO 3a pe-
3yJAbTaTaMH OCTAHHIX TOCTIIKYBJIbHUX CKaHYBaHb.

(puc. 1).

Act . (kBg/ml)
SUV=

Act (MBq)/BW(kg)

administered
where Act ,— activity measured in the volume of in-
terest,

Act . oq— administered activity adjusted to physi-
cal destruction of *F-FDG, BW — body weight.

When performing PET/CT, it was taken into account
that there should be a certain interval of at least 21 days
between the previous diagnostic examination or the
course of treatment.

The obtained data were statistically processed by
means of Axum v 5.0, Statistica v 5.0 software packages.

RESULTS AND DISCUSSION

Prior to initiating therapy, 10 patients with differenti-
ated thyroid cancer underwent whole body scintigraphy
with *"Tc-MIBI and re-examination in three months in
order to assess treatment success.

The figure below represents a clinical example of
whole body scintigraphy with *™Tc-MIBI in a patient with
differentiated thyroid cancer and iodine refractoriness

Puc. 1. CBT 3 *"Tc-MIBI, nokansnuii peruaus JPII3 Ta MHOXHUHHE ypasKeHHsI JiereHb (HOI0HEeraTMBHI BOTHHUILA)

Fig. 1. Whole body scintigraphy with *Tc-MIBI, local relapse of differentiated thyroid cancer and multiple lung lesions
(iodine-negative foci)
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Ha cuunTnrpadivHoMy miaHapHoMy 300pakeHHI
3 P"Tc-MIBI B nepenniii Ta 3aaHi# IPOEKIiSX Bizyanizy-
I0ThCS. MHOKMHHI BOTHHIIA YPaXKEHHS JIETEHb IIPU TIep-
BUHHOMY Jn(epeHIIIOBAHOMY HOOHETaTHBHOMY paKy
[IUTOIIOAIOHOT 3aJ103H.

[Ticns mpoBeaeHHS qiarHOCTHYHOTO 0OCTEKESHHS Tali-
€HTy OyJa IMpU3HAYeHA TapreTHa Teparris mpenaparom He-
KcaBap 3TiIHO 3 TPOTOKOJIOM JiKyBaHHS. byma mocsr-
HyTa perpecis BOTHUINA B JIETeHIX y Mexax 70 % (puc. 2).
[Mopanbmnii MOHITOPUHT €(EKTUBHOCTI MPOTUIYXJIHH-
HOTO JIIKyBaHHsS MpoBoauBCs 3a gomomororo CBT
3 #"Te-MIBI.

based on the findings of recent post-treatment scans
(Fig. 1).

Multiple foci of pulmonary involvement in primary
differentiated iodine-negative thyroid cancer are visible
on the scintigraphic planar image with *"Tc-MIBI in an-
terior and posterior projections.

After diagnostic examination, the patient was pre-
scribed targeted therapy with Nexavar according to the
treatment protocol. Regression of the focus in the lungs
was achieved within 70 % (Fig. 2). Further monitoring of
antitumor treatment success was performed by means of
whole body scintigraphy with *™Tc-MIBI.

20 cm

Puc. 2. CBT 3 *"Tc-MIBI, nokansauii peruaus J[PII3 Ta MHOXHHHE ypasKeHHsI JiereHb (HOIOHEeraTMBHI BOTHHUIIA)
TTicIIst TapreTHOI Teparii

Fig. 2. Whole body scintigraphy with *™Tc-MIBI, local relapse of differentiated thyroid cancer and multiple lung lesions
(iodine-negative foci) after targeted therapy

SIk BUJIHO 3 pHC. 2, TiCiIs TapreTHOl Teparii Ha CIUH-
TurpadivHOMy 300pa)K€HHI BiMIYa€ThCS 3MEHIICHHS
(yHKII0HATIBHOT AKTMBHOCTI METaCTaTUYHMX BOTHHIIL.

10 marmieHTiB, SKAM OO JiKyBaHHS OylIO TpOBEICHE
nocmipkerns [TIET/KT 3 8F-®/II, takox Gyiu mpotiko-
BaHi 3a JOIMOMOIOI0 TapreTHol Teparii Ipenaparom
Hekcapap®.

Sk imrocTpariito HABOIUMO KJIIHIYHI BUITAJKU MPOBE-
neunst [IET/KT 3 BF-®OJII" y nauienTiB i3 flomoHeratus-
Humu BorHumamu JIPII[3 i3 MeToro MiarHOCTHKH Ta
MOCTIIIKyBaJIbHOTO MOHITOPUHTY.

Xopuit A. maminapauii pak 113, 4 xypeu PUT, Bin-
cytHicth HakommueHHst "*'I-Nal Ha MOCTIIKYBaJbHOMY
ckani micis 3 xkypey. 3a qanumu Y3J1 ra KT oOcresxxenns —
Mi03pa Ha MOXKIIMBI BOTHHUIIA B JUISHIIL IIWT Ta JICTCHB.
Xsopomy npusHauera [TET/KT 3 BF-®/I (puc. 3, 4).

As Figure 2 shows, there is decreasing functional ac-
tivity of metastatic foci after targeted therapy on the scin-
tigraphic image.

Ten patients, who had PET/CT with ¥F-FDG made
before treatment, also underwent targeted therapy by
means of Nexavar.

As an example here are case reports of PET/CT with
8F-FDG in patients with iodine-negative foci of differen-
tiated thyroid cancer aimed at diagnosing and post-treat-
ment monitoring.

A patient A., papillary thyroid cancer, 4 courses of ra-
dioactive iodine therapy, no "'I-Nal accumulation on
post-treatment scan after course 3. According to ultra-
sound and CT: suspected possible foci in the neck and
lungs. The patient was prescribed PET/CT with ®*F-FDG
(Fig. 3, 4).
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Puc. 3. ITET/KT 3 "®F-®/I" Bisyanizyerscs oruumie rinepdikcarii 18F-OT y HakIFOUHYHI AUISHII cripaBa
Fig. 3. PET/CT with ¥F-FDG. Visible focus of 18F-FDG hyperfixation in the supraclavicular region on the right

Puc. 4. TIET/KT 3 ¥F-®/IT". Bisyauisyerbcst BOTHHIIE B JUSIHI [IAT
Fig. 4. PET/CT with "F-FDG. Visible focus in the neck region
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3a manumu [IET/KT 3 SF-®I" y maHoro mariieHTta
MiATBEPIHKCHA HASBHICTh BorHMIIa Tinepdikcamii PDIT
y IUISHINL IIH1, Y TOH JKe 9ac He BUSBIICHO O3HAK MPOJIOH-
ranii mporecy B JiereHsx. BiporiaHo, Borauia, 3Hai1eH1
3a maammu KT, BignoBigaroTe GpiOpO3HUM 3MiHAM TiCIs
MEPEHECEHHX 3aNallbHUX MPOIIECIB.

[Ticns mpoBeseHHS A1arHOCTHYHOTO OOCTE)KEHHS IIa-
[ieHTy Oyima MpU3HAa4deHa TapreTHa Tepallis MperapaToM
HekcaBap® 3riiHo 3 IPOTOKOIOM JIiKYBaHHS.

Jiarnoctnune ckanyBauus 3 '*F-OJII" BUABUIIO 3HHU-
KEHHs1 (DYHKIIOHAJIbHOI aKTUBHOCTI BOTHHINA B JUISHII
mmi (SUV — Big 6,9 1o 4,2). 3MeHIIeHHsS po3Mipy BoOr-
HUIIA HE CIIOCTEepiranoch (puc. 5 ).

According to PET/CT with ®F-FDG, this patient was
confirmed to have foci of RP hyperfixation in the neck, at
the same time no signs of prolongation of the process in
the lungs. Probably, the detected foci correspond to fi-
brotic changes after prior inflammatory processes accord-
ing to CT.

After diagnostic examination, the patient was pre-
scribed targeted therapy with Nexavar according to the
treatment protocol.

Diagnostic scanning with *F-FDG revealed decreas-
ing functional activity of the focus in the neck (SUV —
from 6.9 to 4.2). No reduced dimensions of the lesion
were observed (Fig. 5).

Puc. 5. TIET/KT 3 ¥F-®/I". Boruuiue rinepdikcanii 18F-O/II" y HaakroundHiH UISHII cripasa,
MeTabomiyHe 300pakeHHs MiCIs MPOBEICHHS TAPTETHOT Tepartii
Fig. 5. PET/CT with '8F-FDG. A focus of 18F-FDG hyperfixation in the supraclavicular region on the right,
metabolic image after targeted therapy

VY marienta b. 3 domikymsiproro gopmoro P13 Ha moct-
JiKyBanbHOMY CKaHi mmicis 5 kypcy PUT Binmiuanachk Bin-
cytHicTh HakormudeHHs '*'I-Nal. Tlpu upomy 3a naHuMu
KT Ta Bucokmmu 3HaueHHsMH TI" moxkHa Oyino mependa-
YUTH MOXJIABICTh METACTa3yBaHHI. XBOPOMY Oylia peKo-
mennosana [IET/KT 3 ®F-O/T (puc. 6).

Ha KT-300pakeHHI BiIMi4a€ThCS YiTKE BOTHHIIE B JTi-
Bill JIETEHI, sIKC CIIBIAJNAE MPH HAKIaJaHHI MeTabomid-
Horo IIET-ckany. IHmni npiOHiI BOTHHMINA BiAIOBITAIOTH
(hiOpO3HUM Ta KaJIbLUHATHUM yTBOPEHHSIM.

TakuM YMHOM, Ha €TaIli OJIepXKAHHS CTPYKTYPHOTO 30-
OpakeHHs1 Bke Oyna ozjepkaHa iH(opmaiis mpo HasB-
HICTh METACTaTHYHOTO BOTHUINA B JICTCHI, siKa Oya mij-
TBEpJUKEHa 3a JoroMoroto 3D-Tpancdopmarii (puc. 7).

A patient B. with follicular differentiated thyroid
cancer showed no "*'I-Nal accumulation on post-treat-
ment scan after course 5 of radioactive iodine therapy.
At the same time, according to CT and high TG values,
the probability of metastasis could be predicted. The
patient was recommended PET/CT with "“F-FDG
(Fig. 6).

The CT image shows a clear focus in the left lung
coinciding when a metabolic PET scan overlaps. Other
small foci correspond to fibrous and calcified forma-
tions.

Thus, at the stage of obtaining a structural image,
there were already available data on a metastatic lesion in
the lung confirmed by 3D transformation (Fig. 7).
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Puc. 6. TIET/KT 3 "F-®/II". Bisyanizyerbcsi BOTHHIIE B JiBiii jiereHi
Fig. 6. PET CT with '8F-FDG. Visible focus in the left lung

Puc. 7. Tpancdopmaris 300pakeHHS — METaCTaTUYHE BOTHUIIE B JIETEHI

Fig. 7. Image transformation — metastatic focus in the lungs

Hacrynuum erariom Oyia TapretHa Teparis ionoHera-
TUBHOTO METACTaTUYHOrO BOTHMINA B Jerei. Jlus
OIIIHKK PEe3ylNbTaTUBHOCTI JIIKyBaHHS Oyja MpoBeJeHa
IET/KT 3 “F-®/I. 3a nanumMu MeTabOIIYHOro CKaHy-
BaHHS, JOCTOBIPHMX 3MiH SK IIOAO PO3MIpiB BOTHHINA,
TaK 1 CTyNeHs Horo (pyHKIIOHAJIFHOI aKTUBHOCTI HE BH-
SIBJICHO.

VY 8 martieHTiB TiCHSA MPOBEACHHS TapreTHOI Teparii
3aJIMIIATINCS BOTHUIIA, SIKI TPOJOBKYBAIN HAKOIMIYBaTH
netioganit POII npu miarHOcTHYHOMY cKaHyBaHHI. LM
XBOpUM Oyiia pEKOMEHJOBaHA [UCTaHIIHHA TpoMe-
HEBa Teparis, i Jac Kol MaIi€eHTH OJep)KaIN CyMapHy

The following step was targeted therapy of iodine-
negative metastatic foci in the lung. To assess treatment
success, PET/CT with '8F-FDG was performed. Accord-
ing to the metabolic scan, no significant changes in terms
of the dimensions of the focus as well as its functional
activity were detected.

Eight patients after targeted therapy showed foci fur-
ther accumulating non-iodine RP on the diagnostic scan.
These patients were recommended external-beam radio-
therapy, during which patients received a total focal dose
of 30 Gy, 3 Gy for 10 fractions. The treatment effect was
evident during the 4-5 fraction of irradiation.
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Boruuinesy 103y 30 I'p, mo 3 I'p 3a 10 dpakuiii. Edekr
JIKyBaHHS TPOSBHUBCSA i Yac MPOBEAeHHA 4—5 Qpaxiii
OTIPOMIHCHHS.

Yepes 3 Micsii micist AUCTaHIIHHOI MPOMEHEBOT Te-
pamii Ha octeocrHTHTPadii 3 HEHoaHUM pamiodapmmpe-
naparoM " Tc-MIBI Biamidanoch 3HauHe 3HUKEHHS TPO-
LIEHTa HaKOIIMYEHHs Ipenapary. Y 5 XBOpUX BiJCOTOK
3MeHIeHHs HakonnueHHs POII cknas 6inbire 45 %. Pa-
30M 3 UM, Yy 6 XBOpPHX OONBOBHIA CHHIPOM OyB BiICyT-
HIM, Y 2 — TIOMiIpHO 3HW)KEHHM.

TakuM 4MHOM, MPOBEACHHS JTOCII/DKEHb 3 OfIep)KaH-
HSM METa0OMYHIX 300paKCHb y TAIlIEHTIB 3 HOMOHEra-
tuBHOK0O (opmoro JIPII3 mo Ta micis MpOBEACHHS Tap-
TeTHOI Ta IUCTaHIIHHOT IPOMEHEBOI Tepartii J03BOJIHIIO0
OIIHUTH ii eEKTHBHICTH, K 32 PO3MipaMH METaCTaTH4-
HOTO BOTHHINA, TaK 1 piBHEM Horo (yHKIiOHAJIBHOT ak-
TUBHOCTI.

BUCHOBKHU

1. JlikyBauHst HomoHeratuBHuX MetactasiB J[PII[3
3a JIOTIOMOTOXO 1HTi0ITOPIB THPO3HHKIHA3H CYIIPOBOIKY-
BaJIOCh 3MCHIICHHSIM KUTBKOCTI METAaCTaTHYHUX BOT-
HUIIl Ta 3HWKCHHSAM PIBHA 1X (YHKIIOHAIBHOI aKTHUB-
HOCTI.

2. IIpoBezeHi TOCITIPKEHHS TiATBEPIAMIN MOKIIUBICTD
BUKOPHMCTAaHHs METOAMK i3 Heroauumu POIT (" Tc-MIBI,
9mTc-DMCA) [u1st OLiHKM €(pEKTHBHOCTI JIIKYBaHHs H0J10-
HeraTMBHHUX MeTactasis JIPIII3.

3. IET/KT 3 "8F-®I € BUCOKOIHPOPMATHBHOIO Me-
TOIUKOIO JUIS OIIHKY BIUTUBY 1HT10ITOPIB THPO3WHKIHAZH
Ha (YHKIIOHATIbHY aKTUBHICTh METACTATUYHUX BOTHHII
3a JJaHMMH MeTa0OJIYHOTrOo CKaHyBaHHS NP JIIKyBaHHI
rWomoHeratuBHUX MeTactasis JIPII3.

4. Ilpm BiICYTHOCTI MO3UTHBHOI AWHAMIKU IiCHs 3—
4 KXypciB MOKa3aHO 3aCTOCYBaHHS JMCTaHLIHHOI mpome-
HeBoi Teparii 3 COJL 30-50 I'p, sika 103BOJIsIE€ 3MEHIITUTH
00’eM METAaCTaTHYHUX OCEPE/IKIB Ta 3HU3UTH 1X MeTabo-
JIYHY aKTUBHICTb.
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Three months after external-beam radiotherapy, os-
teoscintigraphy with non-iodine radiopharmaceutical
mTe-MIBI showed a significant reduction in the percent-
age of drug accumulation. In 5 patients, the reduction per-
centage of RP accumulation was more than 45 %. At the
same time, in 6 patients the pain syndrome was absent, in
2 patients — moderately reduced.

Therefore, studies with metabolic images in patients
with iodine-negative form of differentiated thyroid cancer
before and after targeted therapy and external-beam ra-
diotherapy have made it possible to assess its effective-
ness in terms of the dimensions of the metastatic focus as
well as the level of its functional activity.

CONCLUSIONS

1. Treatment of iodine-negative metastases of differ-
entiated thyroid cancer by means of tyrosine kinase in-
hibitors was accompanied by a decreasing number of
metastatic foci and reducing level of their functional ac-
tivity.

2. The studies have confirmed the possibility of apply-
ing techniques with non-iodine RP (*Tc-MIBI, *™Tec-
DMCA) to assess the effectiveness of treatment of iodine-
negative metastases of differentiated thyroid cancer .

3. PET/CT with '®F-FDG is a highly informative tech-
nique for assessing the effect of tyrosine kinase inhibitors
on the functional activity of metastatic foci according to
metabolic scans in treatment of iodine-negative metasta-
ses of differentiated thyroid cancer.

4. If there are no positive changes after 3—4 courses,
external-beam radiotherapy with total radiation dose of
30-50 Gy is indicated, which is capable of reducing the
volume of metastatic foci as well as their metabolic activ-

1ty.
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IlepcneKkTHBY MOAANBIINX AOCTiIKEHD

[Tnanyerbest po3poOUTH METOJ JIIKYBaHHS MaI[iEHTIB
3 MeTacTaTMYHMM, IIporpecyrounM audepeHuiiona-
HHUM pakoM MIMTOMNOIOHOT 33103, pepaKkTepHUM JI0 Ji-
KyBaHHS pa/lloaKTUBHUM HOJIOM, 3 BUKOPHCTAHHSIM MOX-
JUBOCTEH SK TapreTHOI, TaK i MPOMEHEBOI Tepartii.
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Prospects for further research

Developing a treatment technique for patients with
metastatic, progressive differentiated thyroid cancer
which is refractory to treatment with radioactive iodine,
using the possibilities of both targeted and radiation ther-

apy.
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