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ITPOI'HO3YBAHHA PU3NKY KAPAIOTOKCUYHOCTI Y XBOPUX
HA PAK I'PYIHOI 3AJI03U

XBopi Ha PI3 oTpumytoTb KOMOGIHOBaHe NPOTUNYXAUHHE NiKYBaHHA (XipypriuHe NikyBaHHA, XiMieTepanito, TapreTHy
Ta NPOMeHeBY Tepanit), TOMY € NauieHTaMu NOTEHLiNHO BUCOKOTO pU3MKy KapgioBackynapHoi TokcuyHocti (KT).
Crpatndikauis pu3nKy cepueBo-CyAUHHUX YCKNAZHEHb O MOYaTKy Ta B NMpoueci NPOTUNYXAUHHOIO NiKyBaHHA €
BAXJ/IMBUM MUTAHHAM.
Meta po6oTu: po3pobneHHs wWwkanu pusnky po3sutky KT 3 ypaxyBaHHAM KapAioNoriyHoro, OHKONOTiYHOro Ta
iHAMBiZYyaNnbHOrO PU3MKIB.
Marepian i meToaun. B focnigxeHHs BKIOYEHO 52 XBOPUX Ha paK rpynHOi 3an03u, B AKUX NMPOBEAEHO peTpocnek-
TUBHUI aHani3 aHamHe3y, GaKTOPiB PU3NKY, exoKapaiorpatiyHMX NOKA3HMKIB O NMOYATKY NiKyBaHHA Ta yepe3 12
MicauiB. Ha ocHoBi aHanisy paHux Gyna po3pobneHa i 3anponoHoBaHa wkana pusuky KT. MauieHtn 6ynu pos-
noAineHi Ha rpynu 3a cymoto 6anis: 1-wa rpyna — 3 HU3bKUM pu3nkom po3BuTky KT — cyma 6anis < 4 6anu; 2-ra
rpyna — nomipHuin pusuk — 5-7 6anie; 3-Ta rpyna — BUCOKUIA pu3nk > 8 6anis. 3rigHo 3 po3pobneHolo WKanow
XBOPi Ha paK rpynHoi 3an03u, ki MaloTb B CymMi > 8 6anis, € nauieHTamu Bucokoro pusuky KT ycknagHeHs. HaiiBa-
romiwnmu daktopamu pusuky KT 6ynn npomeHesa Tepanis Ta NiKyBaHHA aHTPaLMKIiHAMK, @ TAKOX CYNyTHi cepLe-
BO-CYAMHHi 3aXBOPIOBAHHS.
Pe3synbratn. Ha 0CHOBi BUBYEHHSA AaHMX PETPOCNEKTUBHOrO aHanizy ®P KapaioTOKCMYHOCTI, 3icTaBNeHHs iX 3 aa-
HU Mu ExoKl B gMHaMiyHOMy cnocTepexeHHi po3po6ieHo WKany puU3nNKy PO3BUTKY KapAiOTOKCMYHOCTI 3 MeTolo
ctpatudikauii xsopux Ha PI3. 3rigHo 3 po3pobieHoto Wwkanoto xBopi Ha PI3, siki MaloTb B cymi > 8 6aniB € nauyieHTa-
Mu BUCoKoro pusnky KT ycknagHeHs.
BMUCHOBKM. BUKOpPUCTaHHSA 3anponoHOBAHOT WKaNM pU3nKy 3 ypaxyBaHHAM i o6uncneHHsm daktopie pusnky KT ak
[0 NoyaTKy, Tak i B npoueci NpoTUNYXAMHHOT Tepanii € Ba)/IMBUM, OCKiNIbKW [LO3BONSIE NPOrHO3yBaT PU3MUK PO3-
BuTky KT — BUAINATM XBOpPMUX BMCOKOrO PU3MKY, BiAMOBIAHO pO3po6AATH iHAMBiAYaNbHWI NNaH MOHITOPUHTY
(hyHKLIT cepus 3 METOK BYACHOTO NPU3HAYEHHSA M KapLiONpOTEKTUBHOT Tepanii.
KnioyoBi cnoBa: pak rpynHoi 3ai103u, KApAiOTOKCUYHICTb, CEpLeBa HEAOCTATHICTb, WKana pU3nKy, NPOrHO3yBaHHS.
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CARDIOTOXICITY RISK PREDICTION IN BREAST CANCER
PATIENTS

Breast cancer patients receive combined antitumor treatment (surgery, chemotherapy, targeted drugs and radia-
tion), so they are considered to be the patients with potentially high risk of cardiotoxicity (CT). Risk stratification
of cardiovascular complications before the beginning and during the cancer treatment is an important issue.
Objective: to develop a CT risk model score taking into account cardiological, oncological and individual risks.
Material and methods. The study included 52 breast cancer patients with retrospective analysis of their medical
history, risk factors, and echocardiographic parameters before the onset and in 12 months follow up. Based on the
analysis of the data, a CT risk model score was developed and recommended. The patients were divided into groups
according to the score: Group 1 — low risk of CT development — score < 4 points, Group 2 — moderate risk — 5-7
points, Group 3 — high risk > 8 points. According to the scale, BC patients with a total of > 8 points are considered
to be at high risk for CT complications. Radiation therapy and anthracyclines, as well as associated cardiovascular
diseases were the most important risk factors of CT.

Results. Based on the study of retrospective analysis of risk factors, data of heart function monitoring during follow-up,
the risk model score of cardiotoxicity has been developed for the BC patients’ stratification. According to the proposed
score risk model, BC patients with a total score of > 8 points considered to have high risk of cardiotoxic complications.
Conclusions. Using of the proposed risk model score with calculation of CT risk factors both before the beginning
and during cancer therapy is important, because it allows predicting the risk of CT development — to identify high-
risk patients, accordingly, to develop an individualized plan for cardiac function monitoring and to start timely car-

dioprotective therapy.

Key words: breast cancer, cardiotoxicity, heart failure, risk scale, prognosis.
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BCTYII

Pak rpynHoi 3ano3u (PI'3) 3aiiMae mpoBigHe Mmiclie ce-
pel 37105IKiCHUX HOBOYTBOPEHbD Y XKiHOK $IK Y CBITi, TaK i
B YKpaiHi, Ta € IpYrol0 HAUIMOUIMPEHIIION MTPUINHOIO
cMepTHOCTI Bin paky. Illopiuno B Ykpaini Ha PI'3 xBo-
piloTh MoHaA 15 TUC. XiHOK, 3 TeHACHLI€I0 30ibIICHHS
KibKOCTI nanieHToK y Biwi 30—45 pokis [1].

KapnioBackynsipna TokcuuHicts (KT) € npyroio npu-
YHOIO 3aXBOPIOBAHOCTI Ta CMEpPTHOCTI xBopux Ha PI'3
0e3nmocepeHbO MiCIsI CaMOTO OHKOJIOTIYHOTO 3aXBOPIO-
BaHH4 [2, 3].

JlaHi KJTiHIYHUX OOCJiIXKEHb CBiZYaTh PO MpsSIMY Kap-
JiOTOKCUYHY [Iil0 XiMioTepaleBTUUHMX MperapaTiB, sKa
MiICUTIOETBCS MPU 1X KOMOiHAIlil 3 MPOMEHEBOIO Te-
pamnieto (I1T); kpiMm Toro, ix HeCOpUATIAUBUIA BILJIUB 3/1a-
TE€H MPUCKOPIOBATU PO3BUTOK CEPILIEBO-CYIMHHMX 3aX-
BopioBaHb (CC3), 0cobaMBO Yy XBOPUX 3 KapIiOBacKy-
JapHUMU dakTopamu pusuky (PP) [4, 5].

B« Sergii M. Kozhukhov, e-mail: s.kozhukhov@i.ua

INTRODUCTION

Breast cancer (BC) is the most common life-
threatening cancer among female population both
in the world and in Ukraine, and the second most
common cause of cancer mortality. Annually in
our country more than 15 thousand women get
BC, with a tendency to increase the number of
patients in the 30—45-year-old group [1].

Cardiovascular toxicity (CT) is the second cause
of morbidity and mortality in BC patients after
cancer itself [2, 3].

Evidence from clinical studies suggests a direct
cardiotoxic effect of chemotherapy drugs, which
increases when combined with radiotherapy (RT);
in addition, their adverse effects may accelerate
the development of cardiovascular diseases
(CVD), especially in patients with CV risk factors
(RF) [4, 5].
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Haiitvactimmumu nipossBamu KT mpoTUnyxJaIMHHOL Te-
pamii y xBopux Ha PI3 € cucroniuHa auchyHKIIisS
Miokappaa i cepuesa HemocTtaTHicTe (CH), apTtepianbHa
rinepteH3is (Al), ilemist Miokapaa, apuTMii Ta TpoMOO-
eMmbOoutii [4, 5] (Taba. 1).

CH ta qucdyHKuisg Miokapaa JiiBoro nutyHouka (JIIIT) —
HaMOLIbII YaCTi YCKJIaJHEHHS MIPOTUITYXJIMHHOI Teparii,
KJIiHiYHI MPOSIBU SIKMX MOXYTb BUHUMKHYTHU $SIK IIijl 4ac
JIIKyBaHHSI, TaK i yepe3 AeKiJibKa pokiB [2, 3]. HaiGinbmr
BuBYeHa nobiyHa KT aig anTpauukiiHiB (Aw). Ha cbo-
rOAHi, 3aCTOCYBaHHSI All 3a/IMIIAETHCSI CTaHIAPTOM Y
cxemax mnodgiximiorepanii (ITXT) PI'3. 3anexHo Bifg
cTadii 3aXBOPIOBaHHSI, iMYHOTiCTOXiMiYHOTO CTaTyCy
nyxiauau, OP 11i cxeMr MOXYTbh JOIIOBHIOBAaTHUCH 3aCTO-
CYBaHHSIM iHIIWX TIPOTUITYXJIMHHUX areHTiB (TaKCaHiB,
TapreTHHUX npemnaparis), a Takox I1T [6, 7].

Mexanizmu KT nii A1l moB’s13y10Th 3 TilTOTE3010 OKCH-
JATUBHOTO CTPECY, YTBOPSHHSIM BiJIbHUX PaIUKaIiB i ITe-
PEKMCHUM OKCHUCJEHHSM JdiMidiB, LI0 YIIKOIXYIOTb
KJIITUHHY MeMOpaHy KapaiomiouuTis [4, 8, 9]. 3a naHu-
MU HM3KHU JochimkeHb nokazaHo, 1o KT, 3ymoBneHa
All, € HE3BOPOTHOIO, 3pOCTAE 3i 30UIbLIEHHSIM KyMYJIsI-
TUBHOI J03u Al [4, 9].

binbuiicts manieHTox i3 PI'3 Ha paHHiX cTamisix B paM-
Kax KOMILTEKCHOTO JIiKyBaHHS 3a paAuKaJbHOIO ITporpa-
MOIO OTPUMYIOTh He Oibiie 300 Mr/M* JOKCOPYOILUHY
[6]. BctaHOBIEHO, 1110 IPY BUKOPMCTAHHI JOKCOPYOiL-
HY B KyMYJISTUBHMX f03ax 240—450 mr/m* y 1-3 % xBo-
PHUX CITOCTEPIraloThCs MOPYIIEHHS CUCTOMIYHOIT (DYHKILiT
JIII 3 BuHukHeHHsM CH Ta iHIIMX KJiHIYHUX MPOSIBiB
KT, puszuk BunukHeHHs: KT yckiiagHeHb BiluyTHO 3pOC-

Ta6nuusa 1

Systolic myocardial dysfunction and heart fail-
ure (HF), arterial hypertension (AH), myocardial
ischemia, arrhythmias and thrombosis are the
most frequent manifestations of cardiotoxicity of
BC therapy [4, 5] (Table 1).

HF and left ventricular (LV) myocardial dysfunc-
tion are the main complications of antitumor ther-
apy, the clinical manifestations of which can occur
both during treatment and several years after it [2,
3]. Cardiotoxic side effect of anthracyclines (AC)
have been the most studied. Today, the use of AC
remains the standard in chemotherapy regimens for
BC. Depending on the disease stage, immunohisto-
chemical status of the tumor, RFs these regimens
can be supplemented by the use of other antitumor
agents (taxanes, targeted drugs) and RT [6,7].

The mechanisms of CT action of AC are associated
with the hypothesis of oxidative stress, the formation
of free radicals and lipid peroxidation, which con-
tributes to cell membrane damage of cardiomyocytes
[4, 8, 9]. According to research data, AC-induced CT
is shown to be irreversible, and its incidence rises with
increasing of AC cumulative dose [4, 9].

Most patients with early-stage BC receive no more
than 300 mg/m? of doxorubicin as a part of compre-
hensive treatment according to the recommenda-
tions [6]. It has been established that when using dox-
orubicin in cumulative doses of 240—450 mg/m?, LV
systolic dysfunction with HF and other clinical man-
ifestations of CT is observed in 1—3 % of cases; the
risk of CT complications significantly increases when

CepueBo-CyAUHHI YCKNAJHEHHSA, acoLiioBaHi 3 BUKOPUCTAHHAM NPOTUNYXJIMHHMX NpenapariB y xBopux Ha PI3

Table 1

Cardiovascular complications associated with the use of antitumor drugs in BC patients

KapgioBackynapHe ycknagHeHHs [poTunyximHHuMiA 3aci6
Cardiovascular complication Antitumor drug

CeplieBa HefOCTaTHICTb
Heart failure

[JokcopybiumH, enipybiuuH, TpacTy3ymab, neptyaymad, 6esaumaymad, umknododamis, AOLETAKCEN, NakniTakcen
Doxorubicin, epirubicin, trastuzumab, pertuzumab, bevacizumab, cyclophosphamide, docetaxel, paclitaxel

lwemiyHa xBopoba cepus
Coronary artery disease

5-dnyopoypaumn umknodocdamin, kaneumTabid, LmcnnatiH, kapbonnatiH, 6eBaunaymad, naknitakcen, foLUeTakcen
5-fluorouracil, cyclophosphamide, capecitabine, cisplatin, carboplatin, bevacizumab, paclitaxel, docetaxel

ApTepianbHa rinepreHsis
Arterial hypertension

Beaunaymab, nokcopybiLyH, naknitakcen, aoueTakcen
Bevacizumab, doxorubicin, paclitaxel, docetaxel

Mepukapout [JokcopybiumH, umknodocdamia, NpomeHeBa Tepanis

Pericarditis Doxorubicin, cyclophosphamide, radiation therapy

Tpom603u TamokcudeH, 6epalymaymad

Thrombosis Tamoxifen, bevacizumab

ApuTmii Maknitakcen, pouetakcen, kaneuntabid, fokcopybiuuH, enipybiumH, umknodocdamia, 5-dnyopoypaumn,
LmcniaThH, remumtabin

Arrhythmias Paclitaxel, docetaxel, capecitabine, doxorubicin, epirubicin, cyclophosphamide, 5-fluorouracil, cisplatin,

gemcitabine
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Ta€ MPU BUKOPUCTAHHI TOKCOPYOIIIMHY B KYMYJISITUBHII
no3i > 450 mr/m? [4, 10, 11]. OgHak 3a HasIBHOCTI
nexinbkox MP, Takux gk crath, BiK, I1T, IIBUIKiCcTH BBe-
JIeHHS All, CyIyTHSI IMaTOJIOTis — illeMiyHa XBopoba cep-
g (IXC), uykposuii giadet (LI/1), Al, yactora ypaxeH-
HsI MiOKapy MOXe CYTTEBO 30iblIYyBaTUCh HABITh MPU
no3ax, MeHmux Hixx 300 mr/m* [11, 12].

BukopuctanHs TapreTHUX mpernapaTiB — iHTiOITOpiB
HER2-curnansHoro nisaxy (human epidermal growth
factor receptor 2): TpacTy3yma0y (IT'ymMaHi30BaHOI'O MO-
HOKJIOHAJTLHOTO aHTUTIJIA), TpacTy3yMaly eMTa3nHy Ta
nepTy3ymMady € e(eKTUBHUM Yy JIiKyBaHHi TAlli€HTIB 3
HER2+ nosutusuum PI'3 [6, 13].

YacTtoTa BUHUKHEHHSI TpacTydymaod-acouiiioBaHoi KT
Bapio€ B pisHUX AocimkeHHsIX: nucdyHkis JIL ckimagae
Bin 7 mo 34 %, CH — Bix 1 1o 4 %, npore HalOLILIINIIA
BincoToK po3BUTKY KT BuUsBIEHMI NMpU BUKOPUCTAHHI
TpacTy3ymMaOy ITic/s1 TToINepeHbOro JikyBaHHs Al [14]. ¥V
peanbHil KITiHIUHIA npakTtuili pu3uk po3Butky CH Haba-
raTo OUTBIINI, OCKIIBKY B KJIiHIUHI JOCTIIZKEHHS BKJIIOYA-
JIX TIepeBazkKHO >KiHOK MOJIOIOTO BiKY 3 HU3bKOIO KiJIbKICTIO
®P Ta BUKITIOYAJIN MAIIEHTOK CTAPIIIOTO BiKy 200 3 ceplie-
Bo-cyauHHUMU DP. [Mpeaukropamu pusuky po3Butky KT
i Jac JiKyBaHHSI TpacTy3yMaOOM € TIoTepenHiii abo Te-
nepilHii npuitom A, Al, BiK > 65 pokiB, iHIEKC Macu
tina > 30 kr/m?, monepenHi auceyukuis JII ta I1T [4, 10].

HoseneHo, mo aikyBanHs gucdynakii JIL, cripran-
HEeHOI MpoTUNyXJIMHHUMU Tipernapatamu 3 KT giero (Al
TpacTy3yma0), Ha paHHIX eTanax Ma€ MO3UTUBHI pe3yJib-
TaTu i MPU3BOAUTHL A0 BimHOBAeHHs ¢yHKuii JIII [9,
15—17]. B Toi1 ke uac, nikyBanHs1 KT, niarHocToBaHOi1 y
Mi3HI TepMiHU, € MaiiKe HeeeKTUBHUM [12, 16].

PosButok a6o mporpecyBaHHsa IXC — € 1e ogHUM
nposieoM KT y xBopux Ha PI'3. IIIBuake nporpecyBaHHS
IXC y mamienriB 3 PI'3 Moxxe BUHMKATH BHACTIIOK il
All Ta aJIKiTyBaJIbHUX CIOJYK — LIMKI0(hochaminy, a Ta-
KOX 5-diyopoypauuiy i kamniueTtadiny [4].

IIT € Baxk1MBOIO CKJIaA0BOIO KOMILIEKCHOTO JIIKyBaH-
Hs xBopux Ha PI'3, mipore i HeraTUBHMIA BIUIMB Ha cep-
1IEBO-CYIMHHY CUCTeMY MOX€e BUHUKATU BiITEpMiHOBa-
HO, yepe3 Micslii abo poKH IMicsl 3aKiHYEHHS JTiKyBaHHS
[18, 19]. YVoockoHaneHHs o0JiagHaHHS i TOUHICTh BU3HA-
YEeHHSI 30HM OIIPOMiHEHHS 3HAYHO 3HM3WIM YacTOTY
no6iyHMX edeKTiB, OAHAK MUTAHHS BiggaJleHUX HACTiI-
KiB 3aJIMIIAETHCS aKTYaIbHUM, i €KCIIEPTH CXOISIThCS Ha
aymii, mo kopuctb IIT y 3MeHIleHHi KMOBIpHOCTI pe-
muanBy PI'3 mozke mepeBUIYBaTH PU3UK MOXKIIMBUX
YCKJIaTHEHb.

Cnig 3a3HauuTv, 1o IIT, ocobnmBo B KOMOiHaLlii 3
IIXT, o MicTUuTh All, CYTTEBO 30iJIbIIYE YACTOTY YCK-
nmagHeHb, 30kpema CH. Kpim Toro, noBemeHo HeraTuB-

using doxorubicin in cumulative dose > 450 mg/m?
[4, 10, 11]. However, in the presence of several RFs,
such as gender, age, RT, rate of AC administration,
comorbidities — coronary artery disease (CAD),
diabetes mellitus (DM), AH, the incidence of
myocardial damage can significantly increase even
at doses less than 300 mg/m? [11, 12].

The use of targeted drugs — inhibitors of HER2-
signaling pathway (human epidermal growth fac-
tor receptor 2): trastuzumab (humanized mono-
clonal antibody), trastuzumab emtazine and per-
tuzumab are effective in treatment of patients with
HER2+ positive BC [6, 13].

The incidence of trastuzumab-associated CT
varies in different studies, namely incidence of
LV dysfunction ranges from 7 to 34%, HF — from
1 to 4 %, but the highest percentage of trastuzum-
ab CT is found after previous AC treatment [14].
In real clinical practice, the risk of HF is much
higher, since clinical trials included mostly young
women with low number of RFs, and excluded
patients of older age or with CV RFs. CT risk pre-
dictors during trastuzumab treatment are previ-
ous or current AC use, AH, age > 65 years, body
mass index > 30 kg/m?, LV dysfunction and RT
[4, 10].

Treatment of LV dysfunction caused by anti-
cancer drugs with CT action (AC, trastuzumab)
has been proved to have positive results in early
stages and leads to LV function recovery [9,
15—17]. At the same time, treatment of the late-
diagnosed CT can be already ineffective [12, 16].

Development or progression of CAD is another
manifestation of CT in BC patients. Rapid progres-
sion of CAD in patients with BC can occur due to the
action of AC and alkylating agents — cyclophospha-
mide, as well as 5-fluorouracil and capetabine [4].

RT is an important component of complex treat-
ment of BC patients, but its negative effect on CV
system can be delayed for months or years after
anti-tumor treatment termination [18, 19].
Equipment upgrade and accuracy of irradiation
area detection have significantly reduced the fre-
quency of side effects, but the issue of long-term
effects remains relevant, and experts agree that the
benefit of RT in reducing the likelihood of recur-
rence of BC can exceed the risk of possible com-
plications.

It should be noted that RT, especially in combi-
nation with chemotherapy containing AC, signifi-
cantly increases the incidence of complications,
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Huit BriuB I1T Ha kinamaHHMiA amapat cepls, a TaKoX
KopoHapHi cyauHu 3 po3Butkom IXC [18, 20]. ¥V
npociaimkeHHi 4456 xinok 3 PI'3, Bouillon 3i criBaBT. [21]
BUSIBUJIM 3HAYHO MiABUILIEHUN BigmaJeHUl pU3UK
cMmepTtHocTi Bin CC3 cepen Maui€eHTOK, sIKi OTpUMYBaJIu
topakanbHy 1T nipu 1iBoO6iYHOMY ypakeHHi rpyaHO1 3a-
JI031 TIOopiBHSHO 3 TpaBoOivHNM. OcHOBHUMHU DP KT,
acouiiioBanoi 3 I1T, € 3aranbpHa g103a onpomMiHeHHs > 30
Ip abo > 2 Ip/neHb, ONIPOMiHEHHS CepeNOCTIHHS Ta 30-
HU cepl, JIIKyBaHHS All, cepueBo-cynunaHi P [4, 11].

Otxe, xBopi Ha PI'3 € matrieHTaMu mMoTeHIiTHO BUCO-
KOTro pU3UKY CepLIEBO-CYAMHHUX YCKJIATHEHb, OCKiIb-
KM BOHM OTPUMYIOTh KOMOiIHOBaHE HPOTUITYXJIMHHE
JIIKyBaHHS 31 BCTAHOBJICHUM KapHiOTOKCUYHUM BILI-
BoM (XT, Tapretna tepamis, I1T) [22]. BigmosigHo, He-
00xigHO mpoBoauTH cTpaTudikalito pusuky KT, 3 ypa-
XYBaHHSIM CKJIQIOBUX 3aIJTAHOBAHOTO UM MPOBEAEHOTO
paHille JiKyBaHHS, a TaKOX cepreBo-cynnHHuX OP
[23].

Panng inentudikaris namienTis 3 pusnkom KT € ocHo-
BOIO TTEPCOHI()IKOBAHOTO MiIXOAY 3 METOIO IMTPOMITaKTUKHI
MaiOyTHIX YCKJIaIHEHb MPOTUITYXJIMHHOIO JIiKyBaHHS,
3aCTOCOBYIOUH SIK METMKaMEHTO3Hi (KapaioNpOTeKTUBHI ),
TaK i HEeMeIMKaMEHTO3Hi (BMOip Tperapary, 4acTOTU Ta
TPUBAJIOCTI BBEIEHHST) cTpaTerii. BaxmBo 3a3HaYUTH, 11O
crpatudikatiro pusuky KT ciig mpoBoauTu sIK 10 moyart-
Ky, TaK i B MpoLeci MPOBeAEHHS ITPOTUITYXJIMHHOI Teparlii.

3a maHUMMU JiTepaTypu po3po0JieHO AEKibKa MOJe-
JIell TIPOTHO3YBaHHS PU3UKIB PO3BUTKY AUCOYHKILII
JII, noB’sg3aHoi 3 MPOTUNYXJAUHHUM JiKyBaHHIM [24,
25]. Hampuknan, ouminka pusuky KT, 3a manumu
Hermann 3i criiBaBT. [26], BpaxoBye HasiBHi y Nali€eHTa
®P Ta BuUA OpOTUNYXJIMHHUX TpemnapatiB. Lyon Tta
criBaBT. [27] 3ampoItoHyBaju OLIiHKY KoxHoro MP (ce-
penHiii, BUCOKUI pU3NK) MpPU JiKyBaHHI AIl, aHTH-
HER?2 inri6itopamu, inrioitopamu VEGF Ta in. Ongnak
171 Takoi oiHKu @P iX KalbKyJIsIisl Ta BUKOPUCTaH-
HS B PYTUHHIM KJiHIYHIMA MpakTULi NOTPeOyIOTb Bif
Jlikapst 6a30BUX 3HaHb SIK 3 OHKOJIOTII, TaK i 3 Kapaio-
JIOTii.

IIle omHa mKkajga crpaTudikallii pU3UKy PO3BUTKY
Kapaiomionatii Ta CH npoTsiroM 3 pokiB, po3po0JieHa
Ha ocHOBI aHami3y 0a3u jannx SEER-Medicare (CILIA),
3aIlporoHoOBaHa JJs maiieHToK 3 PI3, aki mpuiimanmu
TpacTty3ymao [28]. IIpoTe naHa BUOipKa XBOpUX He Bpa-
XOByBaJla pU3UK y xBopux Ha PI'3 3 iHmwMM imy-
HOTICTOXIMIYHUM CTaTyCOM, OCKiJIbKM BiICOTOK XBOPHUX
Ha PI'3 HER2+ migTumy, B Tepariii SIKoro BUKOPHUCTOBY-
I0Th TpacTy3yMa0, ckianae 6113bko 20 % BUMAIKiB.

IcHylOUi IIKaJIM OLiHKM PU3UKY CEPLIEBO-CYIUHHUX
YCKJIaJIJHEHb MalOTh MT€BHI OOMEXXEeHHS: HEeOJHOPIAHICTh

particularly HE In addition, the negative effect of
RT on the valve system of the heart, as well as
coronary vessels with the development of CAD has
been proved [18, 20]. In a study of 4456 women
with BC, Bouillon et al. [21] found a significantly
increased long-term risk of CVD mortality among
patients who received thoracic RT for left-sided
versus right-sided BC. The main RFs of CT asso-
ciated with RT were total radiation dose > 30 Gy
or > 2 Gy/day, mediastinal and cardiac area irradi-
ation, treatment with AC, CV RFs [4, 11].

Thus, BC patients have a potentially high-risk of
CV complications, because they receive combined
antitumor treatment with proven cardiotoxic
effects (chemotherapy, targeted therapy, RT) [22].
Accordingly, CT risk stratification is necessary,
taking into account the components of the
planned theraphy and/or history treatment, as well
as CV RFs correction [23].

Early identification of patients at risk of CT is the
basis of a personalized approach in order to prevent
future complications of antitumor treatment, using
both pharmacological (cardioprotective) and non-
drug (drug choice, frequency and duration of
administration) strategies. It is important to note
that CT risk stratification should be performed
both before and during antitumor therapy.

According to the literature, several model scores
have been developed to predict the risks of LV dys-
function associated with antitumor treatment [24,
25]. For example, estimation of CT risk according
to Hermann et al. takes into account RFs associat-
ed with a patient and a type of antitumor drugs
[26]. Lyon et al. proposed an assessment of each
RF (moderate, high risk) during treatment with
AC, anti-HER?2 inhibitors, VEGF inhibitors, etc.
[27]. However, for such estimation of RFs, their
calculation and use in routine clinical practice
requires the physician to have basic knowledge of
both oncology and cardiology.

One more stratification risk model score of car-
diomyopathy and HF occurence within 3 years has
been developed on the basis of the analysis of
SEER-Medicare database (USA) offered in BC
patients with trastuzumab use [28]. However,
analyses of this group of patients could not evalu-
ated the risk in BC patients with other hormone
status, since the percentage of patients of HER2+
subtype is about 20 % of cases.

Existing scores of CV complications risk assess-
ment have certain limitations: heterogeneity of the
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BUOIpKM, HEBEIMKA YMCESIbHICTb XBopux. 2ZKoaHa i3 3ar-
POTIOHOBAaHMX IIKaJ He Oyjia repeBipeHa MPOCTIEKTUB-
HO, TOMY B KOXXHOMY KOHKPETHOMY BUIIAAKY MOTPiOeH
IHAVUBIAYATbHUI TOXiA O OLIIHKW PU3UKY CEPLIEBO-CY-
JUHHMX YCKaaaHeHb [9, 25]. Hailtuacrilie, 3rigHo 3 1u-
MU 1IKaJaMu, HasgBHiCTh y nauieHta CC3, Hampukan,
CH uu IXC, A1y cxemi JTiKyBaHHS, BiK ctapiie 80 pokiB
BBaXaloThcs (pakTopaMu Bucokoro pusuky KT [15, 18,
27, 28]. IlpoTe iX BUKOPUCTAHHS B peajbHill MpaKTUILIi
HE 3HANIIUIO MXPOKOTO 3aCTOCYBAHHS.

3 MeTol0 cTpaThdiKallil malieHTiB HeoOXigHa po3po0-
Ka wmkKaimu pusuky po3Butky KT 3 ypaxyBaHHSIM
KapJioJOTIYHOTO0, OHKOJIOTIYHOTO W iHAMBiZyaJIbHOTO
PU3HKIiB, sKa OyJia 0 MPOCTOI0 Y BUKOPUCTAHHI, TOCTYII-
Ha Ta 3po3yMijia JiKapsM-0HKOJoraM, KapJioJioram i Te-
pamneBTaM.

Ikana pu3uKy — epeKTUBHUI iIHCTPYMEHT AJIsI IIPOTHO-
3yBaHHSI CEpLECBO-CYIMHHUX YCKJIaaHEHb, IO I03BOJIUTH
JIiIKapsIM BUSIBJISITU MALIEHTIB, SIKUM HEOOXiTHUIA peTesib-
HUI MOHITOPUHT CEPLIEBO-CYAMHHOI CUCTEMU, TA BUSHAUM -
TU MiAXOAY 100 3aro0iraHHs Ta JiKyBaHHSI KapaioBacKy-
JIIPHUX YCKJIaIHEeHb J0, Mill Yyac Ta IMic/sl JJiKyBaHHS paKy.

META

MeTta pob0TH — pO3pO0JIEHHS Ta BIPOBAIXKEHHS IIKAJIU
pusuky KT, 3 MeToro mporHo3yBaHHS Ta NPOiTaKTUKHU
CCY B mpolieci iHIUBiAyalli30BAHOTO BEICHHS XBOPHX
Ha PI'3.

IlepcoHaizallisi OLIHKNA PU3WKY CEPLIEBO-CYIUHHUX
YCKJIaJAHEeHb MPOTUITYXJMHHOI Tepallil MoXe HagaBaTu
noTeHLiHi mepeBarn ansg xsBopux Ha PI'3. Crpa-
TU(iKalliss pU3UKyY Oyae CIPUSITH BUSIBICHHIO Ha paHHIX
eTariax Iali€HTiB, sIKi MalOTh BUCOKWI PU3UK PO3BUTKY
KT 3 MeTo10 po3pobiieHHsI iHAWBIAYaJli30BAHOTO TLIAHY
MOHITOPUHTY (DYHKIIii ceplls Ta, 3a MMOTPeOr — MpU3Ha-
YeHHS KapJionmpOTEKTUBHOI Tepartii.

MATEPIAJI Il METOIN
B ocHoBy gociimxkenHst nmokiageHo BuBdyeHHs ®P KT Ha
OCHOBI PETPOCMHEKTUBHOIO aHaMi3y KIiHIYHUX JaHUX, iH-
CTPYMEHTAJIbHUX METOMIB IOC/iIKeHb, 30KpeMa eXxoKap-
niorpadii (ExoKI'), Ta mpoBeaeHO iX NOPiBHSUIbHUIA aHa-
Jii3. Biniopano HaiiBaromiii @P, ki BK1roYeHO B 3aIpo-
MOHOBaHY LKAy pu3nKy po3BUTKy KT y xBopux Ha PI'3.
V nocnimkeHHs1 BKIoyeHo 52 xBopux Ha PI'3 TI-III
cTajlii, Pi3HOTO TiCTOJIOTIYHOrO THMILY, SIKi MPOXOAWIU
JIiKyBaHHS Ha 0a3i HamionansHoro iHcTHTYTY paky MO3
Ykpainu (2017—2020 pp.) i OTpUMyBaJIM TPOTUMTYXJIMHHI
npernapaTd B Heoa IOBAHTHOMY/a/l IOBAHTHOMY DEXKM-
Max y CKjIali KOMILIEKCHOTO ITPOTUITYXJIMHHOIO JIKY-
BaHHSI 3TiIHO 3 IPOTOKOJAaMU JIiKyBaHHSI. BcTaHOBIEHHS

patients, small number of patients. None of the
proposed scales has been prospectively tested, that
is why an individual approach to an assessment of
risk of CV complications is necessary in each spe-
cific case [9, 25]. Mostly, according to these scales,
the presence of CVD, such as HF or CAD, AC in
the treatment regimens, and age over 80 years are
considered to be high RFs of CT [15, 18, 27, 28].
However, their use in real practice has not found
wide application.

In order to stratify cancer patients, it is necessary
to develop a CT risk model score based on cardio-
logical, oncological and individual risks, that
would be easy to use, accessible and understand-
able for oncologists, cardiologists and general
practitioners.

The risk model score is an effective tool for pre-
dicting CV complications, which will allow physi-
cians to identify patients who need careful moni-
toring of the CV system, and consider approaches
to preventing and treating of CV complications
before, during and after cancer treatment.

OBJECTIVE

The purpose of this work is to create and imple-
ment a CV risk model score, in order to predict
and prevent CV complications for the individual-
ized management of BC patients.

Personalization of risk assessment of CV compli-
cations of cancer therapy may have potential ben-
efits for BC patients. Risk stratification will facili-
tate early identification of patients at high risk of
CVD to develop an individualized plan to monitor
cardiac function and prescribe cardioprotective
therapy if necessary.

MATERIALS AND METHODS
The research was based on the study of RFs of CT
based on retrospective analysis of clinical data, in-
strumental methods, in particular transthoracic echo-
cardiography (TTE) at baseline and in 1 year follow-
up. The most significant RFs were selected and
included into the proposed risk model score of CT.
The study included 52 patients with BC stage
II-1II of different histological types, treated at
the National Cancer Institute (2017-2020),
who received antitumor drugs in neo-
adjuvant/adjuvant regimens as part of cancer
therapy. Verification of BC diagnosis and assign-
ment of a treatment plan was performed accord-
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niarHo3y PI'3 Ta mpu3HauyeHHS TU1aHy JiKyBaHHS TTPOBOIM-
JIOCh 3TiIHO 3i CTaHAAapTaMu AiarHOCTUKMU i JikyBaHHs PI'3.
ITauieHTiB cKEepoBYBaiy Ha OOCTEXXEHHSI Ta MOHITOPUHT 110
neHTpy KapaioonkoJorii 1Y «HHII «IncTtutyt Kapmiosorii
iMm. akaa. M.JI. Ctpaxkecka» HAMH VYkpainu».

KputepisiMu BUKITIOUEHHST 3 TOCTIIKEHHsI OYJIM HAsIBHICTh
CH Ta mucdynkuii JIII (ppaxis Bukumy (PB) < 50 %) Oynb-
SIKOI eTioJorii B aHaMHe3i, iH(papKT MioKapaa, iHCYJIBT/TpaH-
3UTOpHA illleMiyHa araka, (iOpwIslisl/TpinoTiHHS Tepe-
ceplb B aHaMHe3i. Y BuIaaKy aHamHesy PI'3 TepmiH Bij nome-
PEIHBOTO JIKyBaHHS CKJIalaB He MEHIIIe 2 POKIiB.

VY natieHTiB OLIHIOBaIM HasIBHICTh ceplLieBO-cyaAMHHNX OP
(JtimimHUi mpodiak, iHAEKC Macu Tija, MaJliHHS), Ta KOMOpP-
6inHoi matogorii (IXC, rineproHiyHa xsopo6a, LI1 To1o).

3araJbHOKJIiHIiYHEe 00CTEXXEeHHSI CKJIanaIoCh i3 BUBUCHHS
anamHe3sy (CC3, nmornepenHe JiKyBaHHS 3 TIPUBOJY OHKO-
JIOTIYHOTO 3aXBOPIOBAaHHS — J0O3W IIpernapaTiB Ta cxemMa
[IXT, IIT), ®P, ouinku KiiHiYHOrO cTany namienra, EKI,
ExoKT.

Bcim xBopum Oyiio npoBeaeHo TpaHcTopakaibHy ExoKI
ta pomriep-ExoKI™ Ha amapati «TOSHIBA APLIO 500»
(«Toshiba», fInoHis1) y aBoMipHoMy (B) pexumi, pexumax
MOCTIAHO-XBUJIbOBOI, iIMITyJIbCHO-XBUJbOBOI, KOJbOPOBOI
Ta TKaHUHHOI gomnruieporpadii. BumiproBanu KiHleBO-
JiacTOMIYHMIA Ta KiHLIEBO-CUCTOiuHUM po3mipu JILI, ToB-
IIMHY MiXIIJTYHOUYKOBOI TMEPEropoaku, 3adHbOl CTiHKU
JIIII, BM3Ha4YanM KiHLEBO-IiaCTOJIYHMI, KiHIIEBO-CHUC-
toiivHuit 06’emu JIII, ®B JIII 3a gomomororo Mo-
nugikoBaHoro Metony CimricoHa [29]. Kputepiem kap-
IIOTOKCUYHOI ArucGYHKIIII ceplisl BBaXKanu 3HMKeHHS DB
JIII > 10 % abo Huk4e ii rpaHrndHOro 3Ha4eHH (< 50 %),
3rigfHo 3 peKoMmeHaalisimu [4, 30].

Ha ocHoBi aHanizy gaHux Oyja po3poOjeHa Ta 3ampo-
noHoBaHa 1mkana pusuky KT y xBopux Ha PI'3, gka Bpa-
XOBYE PM3UK, MOB’SI3aHUN 3 MPOTUIIYXJIMHHUMM IIpeIa-
paTaMu y cXeMi JIiKyBaHHs, a caMe AIl, TpacTy3ymMad — 2
Oanu, uukjgodocdamia, goleTakcesa, neprysymad, oena-
nu3ymad — 1 Oay, a TaKOX PU3MK, IMOB’SI3aHMI 3 Malli-
€HTOM — HasIBHICTb (B aHAMHe31 UM Ha MOMEHT XiMioTe-
pamii) kapniomiomnarii abo CH, IXC, AT, LI/l — 1 6an 3a
KOXHY HO30JIOTil0; BUKOPUCTAaHHS All B aHAMHe31 4K Ha
MOMEHT TEIEepillHbOIo JIiIKyBaHHS KOXEH ITyHKT — 2 0a-
qu, I1T B aHamMHe3i a00 Ha MOMEHT TeIlepillHbOIO JIiKY-
BaHHS KOXeH MyHKT — 2 Oanu. Ilauientn Oyam po3smno-
NJIEHI Ha TPYNHU 3a CyMOIo 0afiB: 1-11a rpyna — HU3bKUI
puszuk po3Butky KT (cyma 6aniB < 4), 2-ra rpyma —
noMipHUit pu3uk (5—7 6amiB), 3-Td TpyIa — BUCOKHI pU-
3uK (> 8 GariB).

CraTuCTUYHY OOpOOKY pe3yJbTaTiB MPOBOAUIM 3a JOIO-
MOroio IporpaMHoro 3abe3mneueHHs Excel XP (Microsoft
Office, USA) i cratuctmyHoi TiporpamMm Statistica for

ing to current BC diagnosis and treatment
protocols. Patients were referred for examina-
tion and monitoring to the Cardio-Oncology
Center of the M.D. Strazhesko Institute of
Cardiology.

The presence of HF and LV dysfunction (EF
< 50 %) of any etiology, history of MI,
stroke/transient ischemic attack, history of atri-
al flutter/fibrillation, less than 2 years from the
previous BC treatment were the exclusion crite-
ria.

The patients were assessed for the presence of
CV FRs (lipid profile, body mass index, smok-
ing), and comorbidity (CAD, DM, etc).

Clinical examination included medical history
(CVD, type of BC, previous cancer treatment —
doses of drugs and chemotherapy regimen, RT),
RF assessment of the patient’s clinical status,
ECG, TTE.

All patients underwent TTE performed on
«TOSHIBA APLIO 500» («Toshiba», Japan) in
two-dimensional (B) mode, modes of con-
stant-wave, pulse-wave, color and tissue
Doppler. LV end-diastolic and end-systolic
dimensions, thickness of interventricular sep-
tum, posterior wall of LV, LV end-diastolic,
end-systolic volumes, EF using modified
Simpson method were measured [29]. LV EF de-
crease > 10% or below its normal value (< 50 %)
was considered to be the criterion of cardiotoxic
cardiac dysfunction, according to the recom-
mendations [4, 30].

Based on data analysis, a CT risk model score
in BC patients was proposed and calculated; it
took into account the risk associated with antitu-
mor drugs in the treatment regimen, namely, AC,
trastuzumab — 2 points, cyclophosphamide, doc-
etaxel, pertuzumab, bevacizumab — 1 point, as
well as the risk associated with the patient — the
presence (in the history or at the time of cancer
treatment) of cardiomyopathy or HE, CAD, AH,
DM — 1 point for each disease; previous or pres-
ent use of AC each item — 2 points, previuos RT
or at the time of current treatment — each item —
2 points. Patients were divided into groups
according to the score: Group 1 — low risk of CT
(sum of points < 4), Group 2 — moderate risk
(5—7 points), Group 3 — high risk (> 8 points).

Statistical analysis was performed using the
Excel XP (Microsoft Office, USA) and
Statistica for Windows 6.0 software (Statsoft,
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Windows 6.0 Statsoft, USA. Bci pe3ynsrati HaBeneHO Y
Bunsai (M = m). ITopiBHSIHHS BiIMiHHOCTEI MiX rpyra-
MU 3AiACHIOBAIN 3a JOIOMOTOI0 f-KpuTtepiro CT’rofeHTa.
Kopensauitinuit ananis [lipcona 0yB BUKOHaHMIA 3 BUKO-
PUCTaHHSIM ITapaMETPUYHMUX i HeElapaMeTpUIHUX Me-
TOAIB 11 BU3HAYEHHS acOLIiaTUBHUX 3B’SI3KiB MiX IO-
Ka3HMKaMu. BigMiHHOCTI BBaxKaJli JIOCTOBIpHUMMU IIpU
3HaUeHHSX KoedilieHTa gocToBipHOCTi (p) MeHiie 0,05.

PE3VYJIBTATU TA OBI'OBOPEHHS
VY Bcix XBOpUX MOpOBEAEHO aHaJjli3 AemMorpadiuHux,
KJIiHiKO-aHAMHECTUYHUX, aHTPOIIOMETPUYHMX HaHUX,
MOKAa3HUKIB TeMOJWHAMIKM, YaCTOTH CYITYTHIX 3aXBO-
pIOBaHb, a TAKOX MPOBEIEHO aHasi3 MPOTUITYXTMHHOTO
JiKyBaHHd. Pe3ynbraTtn mpeacTaBieHo B Ta0OJ. 2.

binburicts xBopux orpumyBaiu [IXT 3 BukopucraH-
HsAM Al (emipyOilivH, mokcopyOinuH) y cxemax ITXT —
FAC, AC, FEC, EC (mokcopy0iuuH/emipy0iluH + InK-
nodochamin Ta/ado S-dayopypaumia), a TakKoxX B
KoMOiHallil 3 iHIIMMU TperapaTaMu (TaKcaHU, TPacTy-
3ymab, maatuHoBMicHiI npemnapatu). IIT Oyna 3acTtoco-
BaHa y 25 xBopuX, cepel HUX — y 48 % 3 J1iBOGIYHOIO JIO-
Kamizauieio PI'3, cepenHs mo3a ormpoMiHEHHS CKJamgaja
47,7 £0,9) Ip.

PeTpocniekTUBHMIT aHali3 MOKA3HWKIB Y XBOPUX Ha
PI'3 nmpoBoauBcCs 3rifiHO 3 pO3MOAJIOM Ha TPYIHU 34 pU-
3ukoM po3BuTKy KT gepe3 1 pik jikyBaHHs (Tabdm. 3).

Ta6auuysa 2

USA). All results are presented as (M = m).
Comparison of differences between groups was
performed by using the Student’s ¢-Test.
Pearson’s correlation analysis was performed
using parametric and nonparametric methods to
determine associative relationships between the
indices. Differences were considered significant
when p values were < 0.05.

RESULTS AND DISCUSSION

Analysis of demographic, clinical, anthropometric
data, hemodynamic parameters, and comor-
bidiries along with the analysis of antitumor treat-
ment was performed in all patients. The results are
presented in Table 2.

Most patients received chemotherapy with AC
(epirubicin, doxorubicin) in regimens - FAC, AC,
FEC, EC (doxorubicin/epirubicin + cyclophos-
phamide and/or 5-fluorouracil), as well as in com-
bination with other drugs (taxanes, trastuzumab,
platinum-containing drugs). RT was used in 25
patients, among them — 48 % of patients had left-
sided BC localization; the mean dose of radiation
was (47.7 £ 0.9) Gy.

Retrospective analysis was performed among
groups of BC patients according to the risk of CT
development after 1 year follow-up (FU) Table 3.

XapakrepucTtuka nauientis i3 PI3, BknioyeHux B pocnipkenHa (M £ m)

Table 2

Characteristic of the BC patients included in the study (M + m)

Moka3nuk / Variables BenuunHa nokasHuka / values (n = 52)

AHamHe3 Ta gemorpadivHi nokasHuku / Demography

CepepHilt Bik, poku / Age, yrs 485+15
YacTka nauientok > 65 pokis, % / Age > 65 yrs, % 12
Naninns, abc. (%) / Smoking, n (%) 1(2)
IMT, kr/m? // BMI, kg/m? 26,2+ 0,6
YacTka ocib 3 oxupiHHsM, abe. (%) / Obesity, n (%) 4(8)
Jucninipemis, abe. (%) / Dyslipidemia, n (%) 12 (23)

Mokasuuku remoguHamiky / Baseline measurement

CAT o¢., mm pt. cT. / SBP, mm Hg 129,2 = 4,1
JAT 0., mm pr. cT. / DBP, mm Hg. 839+19
YCC, yr/xs // HR, bts/min 85,127
®B /LW, % / LV EF, % 62,5+0,5
KomopGigxicts / Comorbidities

IXC, abe. (%) / CAD, n (%) 5(10)
LA, a6e. (%) / DM, n (%) 1(2)
AT, a6e. (%) / AH, n (%) 14 (27)

MpotunyxnunHe nikysaHHg / Cancer treatment

Au B cxemi, a6c. (%) / Anthracyclines, n (%) 44 (85)
Tpacty3ymab, abc. (%) / Trastuzumab, n (%) 24 (46)
lMpomeHesa Tepanid, abe. (%) / Radiation therapy, n (%) 25 (48)
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3a TaHMMU MPOBEACHOIO aHaJli3y OyJI0 BUSBJIEHO, 110
BiK y Tpynax XBOpPHUX JIOCTOBIpHO HE BiApi3HSBCS, IPOTE
MaB TeHIEHIIiIO 10 30iIbIIIeHHS B 3-11 TPyIIi.

Amnarni3 nokanizauii PI'3 BusiBUB HaiiOiIbIIY KiJTbKiCTh
Mali€HTOK 3 JTiIBOOIYHUM pO3TAITyBaHHSIM MyXJIMHU Y 3-
it rpymi (67 %).

BukopuctanHs Al y cxeMax JiKyBaHHsI OyJIO BULLIUM Y
2-it Ta 3-ii rpynax (y 88 % Ta 100 % mnauieHTOK
BiZMOBiAHO), MOPIiBHSIHO 3 1-10 rpymoro (60 %).

IlepeBaxkHa OibLIICTh NALIEHTOK 2-1 Ta 3-1 ITPyIl OTpU-
Manu [1T y cxemi KoMmrutekcHoro jtikyBaHHs (47 % ta 86 %,
BIIMOBINHO), 3 AKUX 12 % xBopux 2-1 Tpynu 1a 67 % XBOpUX
3-i rpynuy Mayiu JIiBOOIiYHE po3TalllyBaHHS MyXJIMHU.

Haii6inp1r yacTuMu CynyTHiIMU 3aXBOPIOBAHHSIMU Oy-
mu AL, gka peectpyBaiacst y 23 % nauieHToK 2-1 rpynu
ta 47 % xBopux 3-1 rpymnu, a Takox aHamues IXC —y
20 % xBopux 3-i rpynu. LI BigmiueHo siuiiie y omHiel
XBOpoi B 1-i rpymi.

Hoseneno, mo AI' € nmpenukropom po3Butky CH y
JiTHIX XiHOK 3 PI'3, gki orpumyBanu Tepamiio Al [2].
Hagasnicts IXC € HectipusitiuuM @P po3BUTKY ceplie-
BO-CYIWHHUX YCKJIAMHEHb ITPOTUIYXJIMHHOTO JiKyBaH-
Hsa. HIBunke mporpecyBanus IXC y nmamieHTiB 3 PI'3 Mmo-
»Ke BUHMKATH SIK BHACTIIOK Aii All, IUKJIodochaMiay Ta
5-dayopoypauuiy, a Takox I1T.

AHaJi3 CKOpOT/IMBOI (DYHKIII ceplisd A0 MOYaTKy Mpo-
BeIEeHHS IPOTUITYXJIMHHOI Tepaltii mokasas, 1o @B JI1I
JIIOCTOBIpHO HE BiApi3HsIach MixX rpyrnamu (tadm. 3).

Ta6nuusa 3

The analysis revealed that the patients of all
Groups did not differ in age significantly, but it
tended to increase in Group 3.

The analysis of BC localization showed the
largest number of patients with left-sided tumor
location in Group 3 (67 %).

The use of AC in the chemotherapy regimens was
higher in Groups 2 and 3 (88 and 100 % of patients,
respectively) in compare to Group 1 (60 %).

The vast majority of patients in Groups 2 and 3 re-
ceived RT as a part of cancer treatment (47 and 86 %
respectively), 12 % of those patients in Group 2 and
67 % of patients in Group 3 had left-sided BC.

AH that was registered in 23 % of the patients in
Group 2 and 47% of Group 3 patients, as well as
history of CAD — in 20 % of Group 3 patients were
the most frequent comorbidities. DM was regis-
tered only in one patient of Group 1.

AH has been proved to be a predictor of CT in
BC elderly women who received AC therapy [2].
The presence of CAD is an unfavorable RF of CV
complications occurrence during cancer treat-
ment. Rapid progression of CAD in BC patients
can develop both due to the effect of AC,
cyclophosphamide and 5-fluorouracil, and RT.

Analysis of cardiac contractile function before
cancer treatment showed that LV EF did not dif-
fer significantly between the Groups at baseline

XapakTtepuctuka xsopux Ha PI'3 3anexHo Big cryneHs pusuky KT

Table 3

BC patients’ characteristics according to the cardiotoxicity risk score

1 rpyna / 1 Group

2 rpyna / 2 Group 3 rpyna / 3 Group

MokasHuk / Characteristic

Pu3uk / Risk score

Hu3bkuii (0—4 Ganis)
low (0—4 points)

nomipHuii (5—7 Ganie) Bucokwii (? > Ganig)
moderate (5—7 points)  high (> 8 points)

KinbkicTb xopux / Number of patients, n 17 15
Bik, pokw / Age, yrs 469+ 26 453 £33 52,8 +24
JlisoGiuHa nokanisauis Pr3, abe. (%) / Left-sided BC, n (%) 11 (55) 8 (47) 10 (67)
Auy cxemi, abc. (%) / Anthracyclines, (n/%) 12 (60) 15 (88) 15 (100)
Tpacty3ymab, abc. (%) / Trastuzumab, n (%) 3(15) 11 (65) 9 (60)
MNT, abc. (%) / Radiation therapy, n (%) 4 (20) 8 (47) 13 (86)
AT, a6c. (%) / AH, n (%) 3(15) 4(23) 7 (47)
IXC, abe. (%) / CAD, n (%) 1(5) 0 3(20)
LA, a6e. (%) / DM, n (%) 1(5) 0 0

®B JILL no nikysaHHsi, % / LV EF baseline, % 63,0+ 0,9 62,9+0,7 61,0+0,9
®B JIW 1 pik nicna nikyatHsi, % / LV EF in 1 year FU, % 61,3+0,8* 58,3%0,7°* 47,3 £2,0”
A ®BJIW, % /A LVEF, % 2006 * 50+08* 145+2,0
Yacrka xBopux i3 B < 50 %, abc. (%) / Patients with EF<50%, n (%) 1(5) 4 (24) 11 (73)
IMT, kr/m2 // BMI, kg/m? 25,8 +0,8 271 +11 26,2+ 1,2

IMpuMiTky. *pisHNLIA NOKa3HMKA AOCTOBIPHA NOPIBHSHO 3 TakuM Y 3-i rpyni, p < 0,01; °pi3HMLSA NOKa3HMKA LOCTOBIPHA MOPIBHSHO 3 TakUM [0 JikyBaHHg, p < 0,05; “pisHuus

MoKasHK1Ka JOCTOBIPHA NMOPIBHSHO 3 TakUM A0 NikyBaHHs, p < 0,01.

Notes. *significant in compare with those in Group 3 (p < 0,01); “significant in compare with baseline (p < 0,05); “significant in compare with those in 1 yr FU (p < 0,01).
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ITpyn nuHaMiyHOMY CITOCTEpEXXEHHI B TepMiH 1 piK Bia
MOYaTKy MPOTUITYXJIMHHOTO JiKyBaHHs ®B JIII y xBo-
pux 1-1 rpynu Oyja B MexXax HOPMaJlbHUX BEJIMYUH i
JIOCTOBIpHO He Bifpi3Hsutach, y xBopux 2-i rpynu @B
ckimanana (58,3 + 0,7) %, Ta Gyna TOCTOBIpHO MEHIIIOK0
MOPIBHSIHO 3 TaKOIO IO IPOBEACHHS MPOTUIYXJIMHHOTO
aikyBauHs (p < 0,05). Kpim Toro, y 24 % xBopux 2-i rpy-
1 0yJ1o BusiBiieHo 3HKeHHs @B < 50 % Tta o3naku CH.

Yepes 1 pik y xBopux 3-i rpynu ®B JIII cknagana
(47,3 £ 2,0) %, Ta Gy;a JOCTOBIPHO MEHIIIOIO MOPIiBHSIHO
3 BUXimHUM ii 3HaueHHsIM (p < 0,01), Ta MOPiBHSHO 3 Ta-
Koro y 1-11 Ta 2-ii rpynax uepe3 1 pik (p < 0,01 Tap <0,01
BinnosinHo). [Tpu bomy y 73 % xBopux 3-i rpynu BUsIB-
JeHo 3HmkeHHsT OB < 50 % ta o3naku CH. Benmuununa
sHmxeHHs1 @B JILL (A ®B JILI) y 3-i1 rpyrni ckiaagana
(14,5 £ 2,0) % Ta OGyna 1OCTOBIPHO OLIBIIOIO TOPIBHIHO
3 Takol B 1-i1 ta 2-it rpymax (p < 0,01 ta p < 0,01
BiAmoBinHO), 1o cBimuuTh npo KT BmiauB mpoTUmyx-
JIMHHUX TIpeTapaTiB, 30KpeMa y Tpymi nmaimieHTiB i3 PI'3
BUCOKOI'O PU3UKY.

3rimfHO 3 JaHWMMM MPOBEACHOTO KOPENSIiHHOTO aHa-
i3y, BemuunHa A @B JI1 B mpo1ieci MpOTUITYXJIMHHOTO
JIIKyBaHHS, Oy7a JOCTOBIpHO ITOB’s13aHAa i3 CyMOIO OaJliB
3a mkanow KT (r= 0,61, p <0,05), 1110 CBiTYUTH PO Te,
110 XBOPi i3 cyMoro 6ajtiB > 8 € mailieHTaMu BUCOKOTO
po3Burtky KT, a came — mucdynxuii JILL/CH.

3a JaHWMUM HAIIOTO AOCIIIKEHHS OYJI0 BCTAaHOBIICHO,
1o xBopi Ha PI'3, 3a HagBHOCTI cymu MpenapaT-acolliiio-
BaHMX Ta MallieHT-acoliitoBanux ®P > 6aiiB, 3rigHoO i3
3aMponoHoBaHo00 IKanow pusuky KT, € mauieHTamu
BHCOKOTO PU3UKY CEPLIEBO-CYIMHHUX YCKJIAAHEHb.

3rigHo 3 pesynbratamMu, JikKyBaHHsS Au ta IIT Oymu
Halioinpm Baromumu PP, 1110 BrutmBaiv Ha 3arajibHy Cy-
my 6aniB KT ta cripustnu auchynkuii JIII.

IlepsunHa crpatudikauis puzuky KT y xBopux Ha
PI'3 (micns BcTaHOBEGHHS AiarHO3y) Ta MOTo MOBTOpPHA
OLIIHKA IPOTITOM MPOTHUITYXJIMHHOTO JIIKyBaHHSI € BaK-
JINBUMU, 3 OIVISIAY HAa BU3HAYEHHS TEPMiHiB MOHITOPUH-
ry yHKIIIi ceplis i BYUaCHOIro IpU3HAYEHHST Kapaiompo-
TeKTUBHOTO (0eTa-0710KaTopHU, iHri0ITOPU aHTIOTEH3UH-
nepeTBoploBaibHOrO (epMeHTa) JikyBaHHSA. OlLiHIO-
BaHHSI CTPYKTYPHO-(YHKIIOHAJbHUX TMOKA3HUKIB cep-
ust ta @B JILL € HeoOXinHUMU 10 TTOYATKY Ta B MPOLEC]
MPOTUNYXJIMHHOTO JiKyBaHHA [4, 5, 30].

3rimHo 3 OTpMMaHUMU JAHUMU, 32 HASIBHOCTI Y XBOPHX
> 8 6aJiB KapaionpOTEKTUBHY Teparlito JOLJIbLHO MTPU3-
HavyaTH HaBiTh I1py 3HMKeHHI @B JIII < 10 %, He yekalo-
yn HacTaHHs Kputepito KT — samkenns @B JIL > 10 %
ta cumnromiB CH (puc. 1).

ITanientam Bucokoro pusuky KT, HaBiTb 3a ymMOBH
He3HauHoro 3HrokeHHs ®PB, nokazaHuil OUIBII YacTUil

(Table 3). In 1 year FU after the start of antitumor
treatment, LV EF in the 1 Group patients was
within normal values and did not differ signifi-
cantly; in the 2 Group patients — LV EF was sig-
nificantly lower — (58.3 £ 0.7) % compared with
baseline values (p < 0.05). In addition, 24 % of
Group 2 patients had decreased EF < 50 % and
signs of HE.

In the Group 3 patients LV EF (47,3 £ 2,0%)
was significantly lower in 1 year FU (p < 0,01)
comparetively to baseline, and compared with that
in Groups 1 and 2 in FU (p < 0,01 and p < 0,01
respectively). At the same time, 73% patients of
Group 3 showed a decrease in EF < 50 % and signs
of HE. Additionally, the value of LV EF reduction
(A LV EF) (14.5 £ 2.0) % was significantly greater
in Group 3 compared to that in Groups 1 and 2
(p <0.01 and p < 0.01 respectively), indicating CT
effect of anticancer drugs, in particular in high-
risk BC patients.

Regarding to correlation analysis the A LV EF
value during cancer treatment was significantly
associated with the CT score (r = 0.61, p < 0.05),
indicating that the patient with a score (> 8) has
a high risk of CT, namely of the LV dysfunc-
tion/HE

The data of our study showed that BC patients
with a sum of drug-associated and patient-associ-
ated RF > 8 points according to the proposed CT
model risk score were the patients at high risk of
CV complications.

According to the results, AC and RT were the
most significant RFs that impacted the total CT
score and LV dysfunction occurrence.

In BC patients primary CT risk stratification
(before the BC disgnosis establishing) and its
reassessment during cancer treatment is impor-
tant considering the terms of cardiac function
monitoring and prescription of cardioprotective
therapy (beta-blockers, angiotensin-converting
enzyme inhibitors ). Assessment of structural
and functional parameters of heart and LV EF is
necessary before and during antitumor treatment
[4, 5, 30].

According to the obtained data, it is reasonable to
administer cardioprotective therapy even if patients
have > 8 points with a decrease in LV EF <10%, with-
out waiting for the onset of CT criterion — a decrease
in LV EF > 10 % and HF symptoms (Fig. 1).

In BC patients at high CT risk, even with a slight
EF drop, cardiac function should be monitored
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OHKONOriYyHMM nauieHT

Ctpatudikauia pusMKy KapAioTOKCUYHOCTI

1-4 6aniB 5-7 6aniB > 8 6aniB
HU3bKuit pU3NK CepepHin pUu3uK BUCOKUI pU3UK
MOHITOPUHI PYHKLiT MOHITOPUHI QYHKLiT MOHITOPUHI GYHKLiT

cepus 3rigHo cepus 3rigHo cepus nepep KOXXHUM
peKomeHaauin peKomeHaauin uuknom MNXT
3HumxeHHa OB JIl > 10% 3HmxeHHa OB JIl > 10% 3HuxeHHa OB JIl < 10%

\ KappionpotektuBHa Tepanis (iAl® ta/4un Bb) /

PUCYHOK 1. Anroputm BegeHHa xsopux PI3 B npoueci npotunyxiMHHOro ikyBaHHA BignoBigHo Ao pu3uky KT

Cancer patient

Cardiotoxicity risk stratification
1-4 points 5-7 points > 8 points
Low risk Moderate risk High risk
Heart function moni- Heart function moni- Heart function moni-
toring according to toring according to toring before each
clinical practice clinical practice chemotherapy cycle
LV EF decrease > 10% LV EF decrease > 10% 3HuxeHHa PB JIl < 10%

\ Cardioprotective therapy (ACEi and/or BB) /

Figure 1. Algorithm of BC patients’ management according to CT risk during cancer treatment

MOHITOpUHT QyHKii cepus (a came ®B JII) — mepen  more frequently (namely LV EF) — before each
KOXXHUM LIMKJIOM XiMioTeparlrii, i mpu3HadeHHS OeTa-  cycle of chemotherapy, and prescribed beta-block-
010KaTOpiB Ta/abo iHTriOITOPIB aHTIOTeH3UHIIEPETBOPIO-  ers and/or angiotensin-converting enzyme inhi-
BaJIbHOTO (DepMEHTA 3 METOIO 3aI100iraHHs MmojaabioMy  bitors, in order to prevent further LV EF decrease
sHmkeHH10 @B JII ta BuHMKHeHHIO 03HaK CH. and HF onset.

BUCHOBKU CONCLUSIONS

ITpornosyBanHs pusuky KTy xBopux Ha PI'3 € BaxkmuBoto  Prediction of CT risk in BC patients is an important
CKJIAOBOIO e(PeKTUBHOCTI ITPOTUITYXJIMHHOTO JIiKyBaHHsSI i~ component of cancer therapy efficacy and survival.
BrkuBaHHs. Crpatudikanis pnsuky KT y xsopux Ha PI3  Stratification of CT risk in BC patients and its assess-
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Ta HOro OIliHKa MPOTITOM JiKyBaHHS € HEOOXiTHUMU 3
BU3HAYEHHSIM TEPMiHiB MOHITOPUHIY (DYHKIIiI cepLs Ta
PO3POOKM MPEBEHTUBHUX YU JIIKyBaJIbHUX CTPATETiii.

Ha ocHOBi BUBYE€HHS JaHUX PETPOCIIEKTUBHOIO
aHatizy ®P KapaioTOKCMYHOCTI, 3iCTaBIeHHS iX 3 JaHU -
mu ExoKI' B nuHamMiuHOMY criocTepeskeHHi po3po0JieHO
IIKaJly PU3UKY PO3BUTKY KapAiOTOKCUUYHOCTI 3 METOIO
crparudikauii xsopux Ha PI'3. 3rigHo 3 po3pobieHoro
1mKanorw xBopi Ha PI'3, gki MaioTh B cymi > 8 OaiiB €
nauieHTamMu Bucokoro pusuky KT yckiianHeHb.

BukopucraHHs 3alpOIIOHOBAHOI IIKaJAW PU3MKY i3
BpaxyBaHHSIM Ta obuucieHHsIM PP KT, gk 1o moyaTky
MPOTUMYXJIMHHOI Teparlii, TaK i B TpoLEeCci TPOTUITYXJIMH-
HOI Teparlii, € BaxKJIMBUM, OCKIJIBKU T03BOJISIE TIPOTHO3Y-
BaTH pu3nK po3BUTKY KT — imeHTH(iKyBaTh XBOPUX BU-
COKOTrO PU3MKY, BIiIMOBIZHO PO3pPOOISATH iHAUBIZYyalb-
HU TJTaH MOHITOPUHTY (hYHKIIii CepIls 3 METOI0 BYACHO-
ro MpU3HAYEHHS iM KapaioNpOTeKTUBHOI Teparii.
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ment during treatment is necessary with determina-
tion of terms of heart function monitoring and devel-
opment of preventive or therapeutic strategies.

Based on the study of retrospective analysis of
RFs, data of heart function monitoring during FU,
the risk model score of cardiotoxicity has been
developed for the BC patients’ stratification.
According to the proposed score risk model, BC
patients with a total score of > 8 points considered
to have high risk of CT complications.

The use of the proposed risk score, based on the
calculation of FRs of CT both before the start and
during of antitumor therapy is important, because
it is easy to use, allows to predict the risk of CT
development — to identify high-risk patients,
respectively, to develop an individual plan for heart
function monitoring in order to prescribe timely
cardioprotective therapy.
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