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ITKAJIA PUBUKY KAPIIOTOKCUYHOCTI Y XBOPUX
HA PAK T'PYJIHOI 3AJIO3U: JIATHOCTUYHE 3HAYEHHSA
BUCOKOYYTINBOI'O CEPHEBOI'O TPOIIOHIHY T

CepueBo-CyAMHHi 3aXBOPIOBAHHA € APYrolo NPUYMHOIO CMEPTHOCTI CEpef XBOPKX Ha pak rpyaHoi 3ano3wu (Pr3). MporHo-
3yBaHHA KapaioBackynapHoi TokcuuHocTi (KT) € BaNMBOIO CKNAf0BOIO YCMILWHOTO NiKYBaHHA Ta BUXKWUBAHHSA XBOPHUX.
MeTa po6oTu: po3pobka wkanu pusmnky KT, 3 BUKOpUCTaHHAM (DaKTOPiB pU3NKY Ta NpUMPOCTy TponoHiHy T B AuHamiui
CNOCTEePEXKEHHS, 3 METOI0 NPOrHO3yBaHHA Ta paHHbOro BuasneHHs KT B npoueci nepcoHithikoBaHOTrO MEHEAXMEHTY
XBOpUX Ha PI3.
Marepian i metoau. B focnigxeHHs BKIOYeHO 76 xBopux Ha PI3, B AKMX NpoBEAEHO NPOCNEKTUBHMI aHaNi3 KNiHiKO-
aHaMHecTMYHux faHux, OP, exokapaiorpadiyHux NOKA3HUKIB A0 MoYaTKy NiKyBaHHA Ta yepe3 6 MicALiB, a TaKOX
npupict piBHs TponoHiHy. Cepen Bcix ®P 6yno BuaineHo Hanearomiwi ®P KT: npomeHeBa Tepanis, nikyBaHHA aHTpa-
uMkniHamu Ta iHwumu KT npenaparamu, cynyTHi cepLeBo-CyANHHI 3aXxBOploBaHHA. Ha OCHOBI OTpUMaHMX pe3ynbraTiB
byna po3pobneHa i 3anponoHoBaHa kombiHoBaHa Wwkana pusuky KT. MauieHTn 6ynu po3nofineHi Ha rpynu 3a cymoto
6anis: rpyna 1 — 3 HM3bkuM pusnkom po3BuTky KT, cyma 6anie < 5; rpyna 2 — nomipHuii pusuk, 6-7 6anis; rpyna 3 —
BUCOKMIiA pu3unK, > 8 Ganis.
Pe3ynbtatu. Y ninoTHOMY NpoCNeKTUBHOMY [OCNifXXEHH] npoBeAeHo aHani3 ®P KapAioTOKCMYHOCTI, 3icTaBNeHHS i 3
AaHumMun exokappiorpadii Ta cTyneHem nigBULLEHHS PiBHA TPOMOHiHY B AWHAMIYHOMY CMOCTEpPeXeHHi po3pobieHo
wkany pusmnky po3sutky KT 3 meTolo cTpatudikauii xeopux Ha PI3. 3rigHo 3 po3pobneHoto wkanoto xsopi Ha PI3, aki
MalTb B cyMi > 8 6aniB € nauieHTamu Bucokoro pusuky KT ycknagHeHs.
BUCHOBKMW. BKOpMCTaHHsA 3anponoHOBAHOT WKaNW pU3MKY 3 ypaxyBaHHAM i obuncneHHam dakTtopis pusnky KT, 30k-
pemMa BUCOKOYYTIMBOrO TPOMOHiHY B MPOLECi NPOTUNYXIIMHHOIO iKYBAHHA L0O3BOJIAE NPOrHO3YBATU PU3UK PO3BUTKY
KT Ha paHHix eTanax — A0 NoyvaTKy KNiHiYHMX nposBie. BignosigHo ui xBopi Ha PI3 matoTb BuCOKMin pusuk KT, i 3ac-
TOCYBaHHA B HUX iHAMBiAYaNbHOrO NAAHYy MOHITOPUHTY QYHKLIT cepus pa3oM 3 NpuU3HaYeHHAM iM KapAionpoTekTuB-
HOT Tepanii MoXe 3ano6irTn cepLeBo-CyaANHHUM YCKNALHEHHSM.
KniouoBi cnoBa: pak rpyaHoi 3a103u, KApAiOTOKCUYHICTb, TPOMOHIH, hyHKLiA cepus, cepueBa HeAOCTATHICTb, MPOTHO-
3YBaHHS, WKaNa pu3nky.
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RISK SCORE MODEL FOR PREDICTING CARDIOTOXICITY
IN BREAST CANCER: DIAGNOSTIC VALUE OF HIGH-SENSITIVITY
CARDIAC TROPONIN T

Cardiovascular diseases are the second leading cause of death among breast cancer (BC) patients. Prediction of car-
diovascular toxicity (CT) is an important part of the successful treatment and survival of patients.
Objective: to develop a risk score model for cardiovascular toxicity (CT) predicting, based on cardiovascular risk fac-
tors (RFs), RFs associated with cancer therapy, and troponin levels.
Material and methods. The study included 76 BC patients with a prospective analysis of their clinical and treatment
data, RFs, echocardiographic indicators before the start of treatment and after 6 months, and an increase in troponin
level. Among all RFs, the most significant RFs of CT were: radiation therapy, treatment with anthracyclines, and car-
diovascular diseases. Based on the obtained results, a combined CT risk score was developed and proposed.
According to the sum of points, patients were divided into groups: group 1 — with a low risk of CT development, the
sum of points < 5; group 2 — moderate risk, 67 points; group 3 — high risk, > 8 points.
Results. In a pilot prospective study, an analysis of the RFs of CT was provided, compared to echocardiography data
and the degree of troponin increase in dynamic observation; the risk score model for the CT prediction was devel-
oped for BC patients stratification. According to the developed score, BC patients with a total of > 8 points are con-
sidered to have a high risk of CT complications.
Conclusions. The use of the proposed risk model score with calculation of the RFs of CT along with high-sensitivity
troponin increase during cancer treatment allows predicting the risk of CT developing at the early stages — before
the onset of clinical manifestations. Accordingly, these BC patients have a high risk of CT, and the use of personal-
ized cardiac monitoring together with cardioprotective therapy can prevent cardiovascular complications.
Key words: breast cancer, cardiotoxicity, troponin, cardiac function, heart failure, prediction, risk score.
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BCTYII

KapnioBackynsipHa TokcuuHicTb (KT) € yacTum yckiana-
HeHHsIM npotunyxjauHHoi Tepamii (ITIIT), sgke moxe
OPU3BOJUTHU 0 BiITepMiHYBaHHSI YU IPUIITMHEHHSI JIiKY-
BaHHS paKy, i BiIMTOBiTHO HETAaTUBHO BIUIMBATU Ha MPOT-
Ho3 3axBopioBaHHs. KT € npyroiwo NpuynHoOK 3aXBOPIO-
BAHOCTI Ta CMEPTHOCTI XBOPUX Ha pakK IpyaHOI 3aj103U
(PI'3) Oe3mocepenHbo MiCHsI caMOTO OHKOJIOTiYHOTO
3axBoproBaHH [1, 2].

XBopi Ha PI'3 MaloTh BUCOKUIA pU3UK CEPLIEBO-CYIUH-
Hux yckiaaaHeHb (CCY), 3 omisiay Ha Te, 110 BOHU OTpU-
mytoTb KoMOiHoBaHy IIIIT 3 moreHuiliHo Bucokum KT
BIUIMBOM (aHTpauMKIiHu (ALl), TapreTHa Tepartis, Tpo-
meHesa Tepamis (ITT)) [3].

B« Serhii M. Kozhukhov, e-mail: sergii.kozhukhov@gmail.com

INRODUCTION

Cardiovascular toxicity (CT) is a frequent compli-
cation of cancer therapy, which can lead to delay
or discontinuation of cancer treatment and,
accordingly, negatively affect the prognosis of the
disease. CT is the second cause of morbidity and
mortality in patients with breast cancer (BC)
directly after the cancer itself [1, 2].

BC patients have a high risk of cardiovascular
(CV) complications due to receiving the combina-
tion of cancer therapies with potentially car-
diotoxic effects (anthracyclines, targeted therapy,
radiation therapy (RT) [3].

455 &



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Bun. 28.

CyyacHi HaykoBi maHi cBimuath mpo mnpsamuii KT
BIUIMB XiMiOoTepaleBTUYHMX MpenapaTiB Ta ix KoMOi-
Halliil, a TaKOX Mpo IXHIO 3AaTHICTh IPUCKOPIOBATU PO3-
BUTOK ceplieBO-CyIMHHUX 3axBopioBaHb (CC3), ocob-
JIUBO Yy TAIli€EHTIB 3 KapAioBacCKyJIpHUMHU (haKTopaMu
pusuky (®P) [4, 5].

Haii6inbm yucnennumu KT nposisamu ITIT y xBopux
Ha PI'3 € cucromiyna aucgyHKIliS MioKapaa JiBOTO
nutyHouka (JII) ta cepuesa HemoctaTHicTh (CH), ap-
TepiasibHa rinepteHsis (Al), imremis Miokapaa, apuTMii
Ta TpoMOoeMOoTii [4, 5].

CH Ta nucoynkuis miokapaa JILL € nafiyacTiimmmu yc-
knagHeHHs MU TTITT, npruyomy KiTiHIUHI TTPOSIBU 1X MOXYTh
BUHUKATU SIK TIif Yac JIKyBaHHSI, HA MPOTS3i POKY ITiCJIst
3aKiHYEeHHS JTIKyBaHHS, Tak i 9epe3 5—10 poxkiB [1, 2].

ITonpu te, o Ha ¢oni 3actocyBanHs Au KT nposiBu
MOXyTh csiraT 40 %, Ha ChOTOMTHI ALl 3aJIMIIIAETHCSI CTaH-
naptoM y cxemax mnoniximioreparii (ITXT) PI'3. 3anex-
HO Bim iMyHoricToxiMiuHoro cratycy nyxjinHu, ®P, pe-
LIMAMBY 3aXBOPIOBAHHS, 1i CXeMM MOXYTb TOIIOBHIOBA-
TUCh 3aCTOCYBAHHSM IHIIWX MPOTHITYXJIMHHUX arcHTiB
(TakcaHiB, TapreTHHX IpemnapartiB) [6, 7]. Bukopucran-
HS TapreTHHX TipemapatiB — iHribiTopiB HER2-cur-
HaJIbHOTO NUISIXY (TpacTy3yMad, TpacTy3ymad eMTa3uH
Ta nepTy3yMad) € eeKTUBHUM Y JiKyBaHHI MalLli€HTIB 3
HER2+ nosutusuum PI3 |6, §].

YacTora BUHUKHEHHS TpacTy3dymab-acouiiioBaHoi KT
Bapilo€ B Pi3HUX JOCTIIKEHHSX: TaK TMCOYHKILS Mio-
kapaa JIII cknanmae Bin 7 % no 34 %, CH — Bin 1 % no
4%, npote HalbOinpmMi BimcoTok po3Butky KT croc-
TepiraeTbcsl MpU BUKOPUCTAHHI TpacTy3yMaly Mmiciisl mo-
nepenHboro JikyBaHHS Al [9]. B peanbHiil KiIiHIYHiA
npakTuuli pusuk po3BuTtkKy CH Habarato OiIbIIMIA,
OCKiJIbKM B KJIiHIYHi JOCTiIXXeHHs BKJIOYalu MepeBax-
HO XiHOK MOJIOJOIO BiKy 3 HM3bKOIO KinbKicTio ®P, Ta
BUKJIIOUAIM TALIIEHTOK 3 cepleBo-cyiuHHUMU OP.
ITpenukropamu pusnky po3Butky KT mig yac JlikyBaHHS
TpacTy3yMaboM € TolepenHiii abo TenepilHiid npuiiom
A, AT, Bik > 65 pokiB, iHaeKc Macu Tina > 30 Kkr/m?, mo-
nepeansa aucdynkiis JII Ta I1T [4, 10].

Ha croroaHi moBefaeHO, IO JIiKyBaHHS OUCGHYHKIIL
miokapaa JIII, cnpuuuHenoi IIXT 3 KT giero (A,
TpacTy3yMa0), Ha paHHIX eTarax Ma€ IMTO3UTUBHI pe3yiib-
tatu, To0TOo (pyHkuisg JILI BimHOBMIOETHCS, i Taka KT €
obopoTtHolto [11—14]. Ha mpotusary, nikyBanHs KT, sika
JiarHOCTOBaHAa B Mi3HiI TEpMiHU, € Majloe(DEKTUBHUM,
OCKiJIbKM YaCTUHA KapJioOMiOLMTIiB O€3[MOBOPOTHO BTpa-
yeHa, IO IMATBEPIKYETbCSI (PIOPOTUYHUMU 3MiHAMU
npu Bizyanizallii Miokapaa [13, 15].

IIT € Baxk1MBOIO CKJIaJ0BOIO KOMILIEKCHOTO JIiIKyBaH-
Hs xBopux Ha PI'3, mipore i HeraTUBHMIA BIUIMB Ha cep-

Current scientific data indicates the direct CT
effect of antineoplastic drugs and their combina-
tions, as well as their ability to accelerate the devel-
opment of cardiovascular diseases (CVD), espe-
cially in patients with CV risk factors (RF) [4, 5].

It has been noticed that left ventricle (LV) sys-
tolic dysfunction, heart failure (HF), arterial
hypertension (AH), myocardial ischemia, rhythm
disorders, and thromboembolism are the main CT
complications in BC patients [4,5].

HF and LV myocardial dysfunction are the most
frequent CT complications, and their clinical
manifestations can occur both during treatment,
within the first year after the end of treatment, and
after 5—10 years [1, 2].

Despite the fact that CT manifestations due to the
anthracyclines (ACs) use can reach up to 40%, ACs
remain to be the standard in the chemotherapy sche-
mes in BC. Depending on the immunohistochemi-
cal status of the tumor, RFs, and disease recurrence,
these regimens can be combined with other antitu-
mor agents (taxanes, targeted drugs) [6, 7]. The use
of targeted drugs — inhibitors of the HER?2 signal-
ing pathway (trastuzumab, trastuzumab emtazine,
and pertuzumab) is effective in the treatment of
HER2neu-positive BC [6, §].

The incidence of trastuzumab-associated CT
varies in different studies: for example, LV
myocardial dysfunction ranges from 7 % to 34 %,
HF — from 1 to 4%, but the highest percentage of
CT development is observed when trastuzumab is
used after prior treatment with ACs [9]. In real clin-
ical practice, the risk of developing HF is much
higher, since clinical studies mainly included young
women with a low number of RFs, and excluded
older patients or patients with CV RFs. Predictors
of the risk of developing CT during trastuzumab
treatment are previous or current use of ACs, hyper-
tension, age >65 years, body mass index >30 kg/m?,
previous LV dysfunction and RT [4, 10].

To date, it has been proven that the treatment of
LV myocardial dysfunction caused by cancer agents
with CT effect (AC, trastuzumab) in the early
stages has positive results, and LV function can
restored, so such CT is reversible [11—14]. In con-
trast, treatment of CT, diagnosed at a late stage, can
be ineffective, as part of the cardiomyocytes is irre-
versibly lost, which is confirmed by fibrotic changes
in the myocardium imaging [13, 15].

RT is an important component of the complex
treatment of BC patients, however, its negative
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LIEBO-CYJAMHHY CUCTEMY MOXe BUHMKATH BiITepMiHOBa-
HO, HaBiTb Yepe3 JAeKilbKa pokiB [16]. Ciim 3a3HaunTH,
o I1T, ocobauBo B koMOiHaii 3 I1XT, sika micTuTh AL,
CYTTEBO 30iJIBIIYE YACTOTY yCKJagHeHb, 30Kkpema CH.
Kpim Toro, noBeneHo HeratuBHUil BruB I1T Ha kia-
NaHHUK amapaTr ceplg, IepuKap/, a TaKOX KOPOHapHi
aprepii, i3 pO3BUTKOM UM IIPOTPECYBaHHSIM illIeMiuHOI
xBopobu cepug (IXC) [16, 17].

Panne BusBneHHs mailieHTiB 3 pusukoM KT € ocHo-
BOIO MEPCOHI(PiKOBAHOTO IMiAX0My 3 METOIO MPOdiTaKTH-
Ku MaiioyTHix yekmagHeHb [1I1T, 3acTocoBytoun sk ap-
MaKOJIOTiuHi (KapAioNmpoTeKTUBHI), TaKk i HedapMaKo-
JIOTiyHi (BUOip mpemnapary, 4031, YaCTOTU Ta TPUBAJIOCTi
BBEICHHSI) cTparerii. BaxauBo 3a3HayuMTH, 110 CTpa-
tndikanito pu3uky KT ciig mpoBoguT IK 10 MOYaTKYy,
TaK i B mpoueci npoBeneHHs I1I1T, a B okpemux matii-
€HTIB — Tepea KOXXHUM KypcoM TTXT.

Otxe, 115 KJTiHIYHOT IpaKTUKX HeoOXigHa yHi(iKoBa-
Ha Ta poctynHa 1kana pusuky KT sk iHCTpyMeHT AJist
npornodyBaHHs CCY mig yac nmposenerHsa I1I1T, a ta-
KOX TOITYK HOBUX Ta PaHHIX MapKepiB, sIKi O MOTJIU 10-
JaTty iHpopMaTUBHOCTI 11010 BUHUKHeHHST KT.

META

Merta pobotu — po3podka 1mkanu pusuky KT, 3 Buko-
pUCTaHHSIM (PAKTOPiB PU3UKY Ta IPUPOCTY TPOITOHIHY T
B JIMHaMIlli CIIOCTEPEXKEHHSI, 3 METOK MPOTHO3YBaHHSI
Ta panHboro BugBieHHs KT B nporieci mepcoHidikoBa-
HOTO MEHEIXMEHTY XBopux Ha PI'3.

MATEPIAJI Il METOIUM
B mpocnekTrBHE MiJIOTHE MOCIIIKEHHS BKJIIOYEHO 76
xBopux Ha PI'3 I-III cTaaii, pi3HOTO riCTOJIOTiYHOIO TH-
ny, ki mpoxoauau JikyBaHHs1 Ha 6a3i JJHIT «Hamuio-
HajibHUI iHcTUTYT paky MO3 Ykpainw» (2016—2023
pp.) i oTpUMyBaad MPOTUMNYXJMHHI MpernapaTu B HEO-
aJ’I0oBaHTHOMY/a/J'IOBAHTHOMY peXuMax Yy cKJami
komruiekcHoi IIIIT 3rinHO 3 MpOTOKOJaMU JIiKyBaHHS.
3a cramigsmu PI'3 xBopi posmominsimcs BiglmoBiZHO 10
knacudikauii TNM miciist KOMITJIEKCHOTO OOCTEXKEeHHS
3rigHO 3i cTaHAapTaMy AiarHOCTUKM i JiKyBaHHSI OHKO-
JIoriyHux xBopux. ITallieHTH cKepoByBalaucCsl Ha 00OCTe-
KEeHHs B LHeHTp KapaiooHkouorii 1Y «HHII «IHcTuTyT
KapJaioJorii, KJIiHIYHOI Ta pereHepaTMBHOI MEAUIIMHU
im. akag. M.JI. Ctpaxkecka HAMH Ykpainu».
KputepissMu BUKIIIOYEHHST 3 OOCTiIKEHHS Oyau Ha-
saBHicTb CH Ta mucdynkuii JILI (OB < 50 %) 6ynb-sikoi
eTioJiorii B aHaMHe3i, (piOpUIIsALLisSI Y1 TPIMOTIHHS TIepe/i-
cepap, iHhapKT MioKapja, iHCYJIbT, MOMEPETHE JiKyBaH-
Hs PI'3 B TepMiH MeHILe 2 pOKiB.

impact on the CV system can occur over time,
even after several years [16]. It should be noted
that RT, especially in combination with AC, signif-
icantly increases the frequency of complications,
in particular HE In addition, RT has been proven
to have a negative effect on the heart valves, peri-
cardium, and coronary arteries, with the develop-
ment or progression of CAD [16, 17].

Early detection of patients at risk of CT is the
basis of a personalized approach to preventing
future complications, using both pharmacological
(cardioprotective) and non-pharmacological
(drug selection, dose, frequency, and duration of
treatment) strategies. It is important to note that
CT risk stratification should be performed both
before and during cancer treatment, and in indi-
vidual patients — before every course of therapy.

Therefore, in clinical practice, a unified and
simple CT risk score is needed as a tool for predict-
ing CVD during cancer treatment, as well as the
search for new and early markers that could add
information about the CT occurrence.

OBJECTIVE

The objective of the study was to develop and im-
plement a CT risk score model, using risk factors
and troponin T increase in the dynamic of obser-
vation, for predicting and early detection of CT in
personalized management of patients with BC.

MATERIAL AND METHODS

The prospective pilot study included 76 patients
with BC of stage I-III of various histological
types, who were managed at the National Cancer
Institute of the Ministry of Public Health of
Ukraine (2016—2021) and received chemotherapy
in neoadjuvant/adjuvant regimens as part of a
complex cancer treatment according to the proto-
cols. Patients were distributed by the BC stages
according to the TNM classification after a com-
prehensive examination in accordance with the
standards of cancer diagnosis and treatment. Pa-
tients were referred for examination to the Cardio-
Oncology Center of the «NSC» The M. D. Stra-
zhesko Institute of Cardiology Clinical and Rege-
nerative Medicine» NAMS of Ukraine».

The history and presence of HF and LV dysfunc-
tion (EF < 50 %) of any etiology, atrial fibrillation
or flutter, myocardial infarction, stroke, previous
treatment of BC for less than 2 years were the
exclusion criteria from the study.
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V mnaiieHTiB OLIHIOBAJIM HasSBHICTb CEPILIEBO-CYIWH-
Hux ®OP (mucmimimemis, oXupiHHS, IajliHHSI), Ta Cy-
nyTHi 3axBopioBaHHs (IXC, ATl LI/ To11o).

3araJibHOKJIiHiYHe 00CTeKEeHHSI BKJII0UaJIo 00’ €EKTUBHE
IociimkeHHs, BUBYeHHsT aHamHe3y (CC3, momepemHe
JIIKyBaHHSI 3 TIPUBOLY OHKOJIOTIYHOTO 3aXBOPIOBAHHS —
[IXT, IIT), Busnauennsg ®P, omiHKy KJIiHIYHOTO CTaHy
nanienTa, EKT, ExoKI.

Bcim xBopuM 110 TToyaTKy Ta B TepMiH 6 MicsiiB ITITT
OyJIO MpOBelleHO TpaHCTOpaKajbHY exoKapaiorpadiio
(ExoKI') Tta mommnepExoKI" wa amapati «TOSHIBA
APLIO 500» («Toshiba», flmoHis) y nBoMipHomy (B) pe-
KMMi, peXuMax MOCTiHHO-XBUIbOBOI, iMITYJIbCHO-XBU-
JIbOBOi, KOJIbOPOBOI Ta TKaAHMHHOI Aomruieporpadii.
®paxkuito Bukuay (PB) JII BuzHayaau 3a 1OIOMOTOIO
monudikoBaHoro Meronay CimmcoHa. Kputepiem KT
MUCOYHKILT cepls 3rifHo 3 pekoMmeHaalisiMu €TK BBa-
Kay: sHkeHHd @B JIL > 10 % a6o 1o 1i piBasa < 50 %,
nosiy o3Hak CH [4, 18, 19].

Ho nposenenns IIT mauieHTiB oLiHIOBaIM 3a IIIKa-
Jo1o0 6azoBoro pu3uky KT: Hu3bkuit pusuk (Biacytai @P
abo oguH moMipHuii @P), momipHuii pU3nUK (IOMipHi
®DP, cyma 6aniB 2—4), Bucokmii pusuk (momipHi PP, cy-
Ma 0atiB > 5 a6o onguH Bucokuii MP, nyxxe BUCOKMIT pu-
3UK — OAUH ayxe Bucokuit ®P) [20, 21].

Takox, y xBopux Ha PI'3 KijIbKiCHUM TE€CTOM BU3HA4YaIU
piBeHb BMCOKOUYTIMBOTO TpomoHiHy (BuTH) T B cupo-
BaTLi KpoBi 10 moyartky, B mepion B 6 wmicaui IIIT 3
OLIiHKOIO H0ro MpUpocCTy (Y BiICOTKAaX) MOPIiBHSIHO 3 OTO
0a30BUM 3HAYEHHSIM.

Ha ocHoBi aHani3y naHux OyJa po3po0JieHa Ta 3arpo-
noHoBaHa KoMbOiHoBaHa mKana pu3uky KT y xBopux Ha
PI'3 (Tabm. 1), dKa BpaxoBye pU3UK, ITOB’SI3aHUI 3 TIPOTU-
nyxJIMHHUMU Tipenapatamu Ta ITT y cxemi nikyBaHHS, py-
3K, TIOB’SI3aHMH 3 MALIIEHTOM, CTYITiHb ITiIBUIIICHHS KOH-

Patients were assessed for the presence of CV
RFs (dyslipidemia, obesity, smoking) and comor-
bidity (CHD, hypertension, diabetes mellitus
(DM), etc.).

The clinical examination consisted of medical
history (CVD, BC treatment protocol — cancer
treatment, RT), RFs, assessment of the patient’s
clinical condition, ECG, echocardiography.

All patients had undergone transthoracic
echocardiography (TTE) imaging (Toshiba Aplio
500, Japan) in two-dimensional (B) mode, con-
tinuous-wave, pulse-wave, color, and tissue
doppler modes before and within 6 months of
cancer treatment period. LVEF was calculated
using the modified Simpson method. LVEF de-
crease > 10 % (percentage points) or below its low
limit value (< 50 %) was considered as a CT crite-
rion for cardiac dysfunction according to recom-
mendations [4, 18, 19].

Before the start of cancer treatment, patients
were assessed according to the basic CT risk score:
low risk (no RF or 1 moderate RF), moderate risk
(moderate RF, sum of points 2—4), high risk
(moderate RE, sum of points > 5 or 1 high RF),
very high risk — 1 very high RF) [20, 21].

HsTnT assay in blood serum by means of a quan-
titative test was performed in BC patients before
the start and in 6 months period of cancer treat-
ment with calculating the difference (in %) com-
pare to baseline level.

Based on data analysis, a combined CT risk
model score was created and proposed for use in
BC patients (Table 1), with the assessment of the
risk associated with anticancer drugs and RT,
patient-associated risk, and the degree of hsTnT

Ta6nuusa 1
Komb6iHoBaHa wkana pusuky KTy xBopux Ha PI'3
Table 1
Combined risk score of CT in BC patients
dakrop pusuky / Risk factor ban / Point
[Jokcopybiumt, Enipy6iumH, |napy6iunH, Tpactyaymab, Meptyayma6 / Doxorubicin, Epirubicin, Idarubicin, Trastuzumab, Pertuzumab 2
Linknodocdamin, Louetakcen, Maknitakcen, beauymaymab / Cyclophosphamide, Docetaxel, Paclitaxel, Bevacizumab 1

AT, U, IXC, CH, avcdyHkuis JILL / AH, DM, CAD, HF, LV dysfunction

132 KOXHWA NYHKT
1 per each item

Au, T B aHamHesi / History of AC, RT 2

NineuieHHs pieHs TH Big 6a3oBoro 3HaueHHs / Tn increase from the baseline:

Ha / by 0-50 %
Ha / by 51-100 %
Ha / by > 100 %

N — o

Mpumitka. Cyma 6anis < 5 — HU3bkuiA puank po3suTky KT, 6—7 Ganis — nomipHuii pusuk, > 8 6anie — Bucokwii pusuk KT.
Note. The sum of points < 5 — low risk of development of CT, 6—7 points — moderate risk, > 8 points — high risk of CT.
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neHrpaii TH: HU3bKMIT piBeHb miaBuieHHs (0—50 %),
noMipHuii piBeHb migBuieHHs (51—100 %), Bucokuii
piBeHs ninBumeHasa (> 100 %).

Ha ocHoBi cymu BuIlieBKa3aHUX 0aJliB MalliEHTH OYyIr
pO3MoIiJeHi Ha rpyIu: rpymna | — HU3bKUI pU3UK PO3-
BUTKYy KT (cyma 6aniB < 5), rpymna 2 — moMipHUii pu3uK
(6—7 6aiiB), rpyna 3— BUCOKUIA pU3UK (> 8 OatiB).

OwiHka 3a IIKajJolo NpoBoAujach B mepiom 3—6
micauis ITITT.

CratucTUyHy OOpOOKY pe3yJibTaTiB MPOBOAWIU 3a
JOTIOMOTOI0 TIporpaMHoro 3abesnedeHHsT Excel XP
(Microsoft Office, USA) i cTtatMcTU4HOi IporpaMu
SPSS 13.0 (IBM, USA). Bci pe3yabTaTi HaBeIeHO y
Buriasaai (M = m). TlopiBHSIHHS BiAMiHHOCTEH MixX
rpynamMu 3IiCHIOBAJIM 3a JOIMOMOTOIO f-KpUTepito
Cr’rogenta. Kopensguifinuit ananis Ilipcona 0yB Bu-
KOHAHWI 3 BUKOPMCTAHHSIM ITapaMeTPUYHMX 1 Hella-
paMeTPUIHMX METO/IIB JJIsI BU3HAUYSHHSI aCOLliaTUBHUX
3B’S13KiB MiX MOKa3HUKAMU.

BigmiHHOCTI BBaXkajiu JOCTOBIpHMMHU MpU 3HAUYEH-
HsIX KoedilieHTa goctoBipHOCTi (p) meHue 0,05.

PE3VYJIBTATU TA OBI'OBOPEHHS

B ocHOBY mpocCneKTUBHOIO JOCIiIKEHHS MOKJIaaeHO
aHaniz gemorpadiuHux, KIiHiKO-aHAMHECTUYHUX,
aHTpornoMeTpnuHuX maHux, ®P, KomMmopOigHUX CTaHIiB
Ta MPOTUIYXJIMHHOTO JIiKYBaHHS, iHCTPYMEHTAJIbHUX
METOZIB AocimkeHb, 30KkpemMa ExoKI, Ta Bu3HaueHHsa
BMicTy BUTHT, mpoBeneHHS iX MOPiBHSUTLHOTO aHaIi3Y.
Cepen Bcix ®P y xBopux Ha PI'3 BimiOpaHo HaiiBa-
roMillli 3 HUX, SIKi BKJIFOYEHO B 3aIIPOIIOHOBAHY LKAy
pusuky po3Butky KT. Pesynbratu mpeacraBieHO B
Tab1. 2.

3rigHo 3 pe3yabTaTaMu OLliHIOBaHHSI XBopux Ha PI'3
3a IIKayioio 6azoBoro pu3uky [18, 20] HU3LKUI pU3UK
Maiu 64 nauieHTku, 3 skux Al ak @P BusiBieno y 20
XBOPUX, TTOMipHUM PU3UK — 7 MAlLliEHTOK, BUCOKUIA
PU3UK — 5 Malli€eHTOK.

3rimHo 3 peKOMeHIallisIMK Ta TIPOTOKOIaMM JIiIKyBaH-
HI B iepiii 6 Mics1iB JikyBaHHs XBopi Ha PI'3 orpuma-
10Tb 4—16 KypciB [TXT i/a6o yacTrHY KypciB TapreTHOI
Tepamii, Ta 3a mokazaHHsamu I1T. Tomy ueit nepion ais
moHitopuHry KT € ayxe KpUTUUYHUM i HOTpeOye me-
periisiny Ta auHamiyHoi ouiHky ®P, ki 1oB’s13aHi SK 3
JIIKyBaHHSIM paKy Ta cepueBo-cyanHHuX PP, tak i 3
panHiMu o3Hakamu KT, a came 3pyiieHsb piBHs TH, 1110
Mozke TiepeayBati 3HmkeHHio ®B JI1I.

Y nepiog 3—6 MicsLiB MPOBOAMIACHL AUHAMiYyHa
OlliHKa pu3uKy XBopux Ha PI'3 3a 3ampormoHoBaHOIO
KOMOiHOBaHOIO 11Kajow. B i TepMiHM TIepeBakHa
6inbiIicTh xBopux (79 %) orpumana I[IXT 3 BuKopuc-

increase (A hsTnT): low level of increase (0—50 %),
moderate level of increase (51—100 %), high level of
increase (> 100 %).

Based on the sum of the above points, the patients
were divided into groups: group 1 — low risk of CT
development (sum of points < 5), group 2 — moder-
ate risk (6—7 points), group 3 — high risk (> 8
points).

The patients’ risk assessment by the score was per-
formed in 3—6 months of cancer therapy.

Statistical data analysis was provided by using the
Excel XP software (Microsoft Office, USA) and the
statistical program Statistica for Windows 6.0
Statsoft, USA. All results are presented as (M + m).
Differences between groups were compared using
Student’s #-test. Pearson’s correlation analysis was
performed using parametric and non-parametric
methods to determine associative relationships
between indicators.

Differences were significant at values of the relia-
bility coefficient (p) less than 0.05.

RESULTS AND DISCUSSION

The prospective study is based on the analysis of
demographic, clinical and anthropometric data,
history, RFs, comorbidities, antitumor treatment,
visualization (TTE), and hsTnT assay with their
data comparison. The most significant RFs were
selected and included in the proposed model CT
risk score for BC patients. The results are presented
in Table. 2.

According to the International Society of Cardio-
Oncology and the HF Association (ICOS and HFA)
basic risk evaluation [18, 20]: 64 BC patients had a
low risk, 20 patients of them had AH as RE moder-
ate risk — 7 patients, high risk — 5 patients.

In the first 6 months of treatment, BC patients
will receive 4-16 courses of chemotherapy and/or
part of the courses of targeted therapy, and RT
according to the recommendations and treatment
protocols. Therefore, this period for CT monitoring
is crucial and requires dynamic re-assessment of
RFs, which are associated with both cancer treat-
ment and CV RFs, as well as with early signs of CT,
namely Tn rise, which may precede a decrease in
LVEE

In the period of 3—6 months, a dynamic assess-
ment of the CT risk in BC patients was provided with
the proposed combined risk score. In these terms,
the vast majority of patients (79%) have received
chemotherapy with AC (epirubicin, doxorubicin) in
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Taoauuya 2

XapaktepucTuka nauienTis i3 PI3, BknoueHux B gocnigxenHa (M + m)

Table 2

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

MokasHuk / Variable

BenuuuHa nokasnuka / Value (n = 76)

Axamue3 Ta gemorpadiuHi nokasHukm / History and Demography

Cepeppiit Bik, poku / Age, yrs 48,6+1,3
YacTka naLiieHTok cTaplue 65 pokis, (abc./ %) / Patients of age > 65 yrs, n ( %) 5(7)
Maniks, (abc. / %) / Smoking, n (%) 2(3)
IMT, kr/m? / BMI, kg/m? 27,8+0,8
YacTka ocib 3 oxupiHHsM, (a6c. / %) / Obesity, n (%) 12 (16)
[Dvcninigemis, (abe. / %) / Dyslipidemia, n (%) 21 (27)
Moka3Huukn remoguHamikn / Hemodynamic measurement

CAT od., mm pT. cT. / SBP, mm Hg 128,2+3,8
AT od., mm pr. cT. / DBP, mm Hg 82,9+1,8
YCC, yn/x8 / HR, bts/min 84,125
®B LW, % / LV EF, % 61,6+0,5
KomopGignicts / Comorbidities

IXC, (abc. / %) / CAD, n (%) 3(4)
L, (a6e. / %) / DM, n (%) 2(3)
Al (abc. / %) / AH, n (%) 23 (30)
MpotunyxnuHHe nikyBavHs / Cancer treatment

Au B cxemi, (a6c. / %) / Anthracyclines, n (%) 60 (79)
Tpacty3ymab, (abc. / %) / Trastuzumab, n (%) 30 (39)
Mpomexesa Tepanisi, (abc. / %) / Radiation therapy, n (%) 25 (32)

TaHHSIM A1l (emipyOoiumH, AOKCOPYOIlIMH) y CcXemax
IIXT — FAC, AC, FEC, EC (moxcopybiunH/enipy0i-
ouH + nukinodocdamia, S-dayopypamuir), B KoMOiHa-
ii 3 iHIIMMU TIperapataMu (TaKCaHU, TpacTy3ymao,
TUTaTMHOBMICHI TipeniapaTt) Ta I1T.

IIpocriekTUBHUMI aHaji3 MOKA3HUKIB Yy XBOpPUX Ha
PI'3 mpoBoaMBCS 3rigHO 3 pO3MOMIIOM Ha TPYITN 32 PU-
3ukoM po3BUTKY KT B mepuri 6 MicsdliB JIiIKyBaHHS
(taba. 3).

3a JaHUMU TIPOBEICHOTO aHaJli3y OyJIO BUSIBICHO, 1110
BiK TAIliEHTOK Yy Tpymi 3 OyB JOCTOBIpHO BUWIIUM
MOPiBHSIHO 3 TakuM y rpyti 2 (p <0,01).

Haii6inpmr yacTUMU CYNyTHIMM 3aXBOPIOBAHHSIMU
oymu AT ska peectpyBaiacs y 24 % nauieHTOK rpymnul,
y 26 % manieHTOK rpymnu 2 Ta 36 % XBOpUX I'PyIH 3, a
takoxX IXC B anamHe3iy 11 % xBopux rpynu3, a LIJ1 —
Yy OJIHi€1 XBOpOi B IpyIi 1 Ta B 0Hi€l XBOpoi y rpymi 3.

BukopuctaHHsi Al B cxemax JiiKyBaHHSI OyJi0 Oijlb-
muM y tpymax 2 ta 3 (y 63 % T1a 100 % mnauieHTOK
BiITOBiAHO), MOpiBHSAHO 3 Tpymomw 1 (52 %).

Haityacrime I1T oTpumanu B cxeMi JiKyBaHHS TIalli-
entku rpynu 3 (72 %, BinmoBigHO). AHAII3 JOKami3amii
PI'3 BusiBMB HaMOINIBITY KiIBKICTD TMALIIEHTOK 3 JIIBOOiY-
HUM pO3TalllyBaHHAM ITyXJINHU B rpymi 3 (54 %).

AHaJi3 MoKa3HUKIB CKOPOTIMBOI (PYyHKIii cepLs 10
nouatky rposeneHHs 11T mokazas, mo @B JIL moc-
TOBIpHO HE Bimpi3HsIach MixX rpymamu (puc. 1).

regimes — FAC, AC, FEC, EC (doxorubicin/epiru-
bicin+cyclophosphamide, 5-fluorouracil), in com-
bination with other drugs (taxanes, trastuzumab,
platinum-containing drugs) and RT.

Prospective analysis of indicators was provided
according to the division into groups of CT risk
development in the first 6 months of BC treatment
(Table 3).

Data analysis revealed that the age in group 3
was significantly higher compared to that in group 2
(» <0.01).

The most frequent comorbidities were AH, regis-
tered in 24 % of patients in group 1, in 26 % of
patients in group 2, and in 36 % of patients in group
3, as well as a history of CAD in 11 % of patients in
group 3, and DM in 1 patient in group 1, and in 1
patient in the group3.

The use of AC in the treatment regimens was
higher in groups 2 and 3 (in 63 % and 100 % of
patients, respectively), compared to group 1 (52 %).

Patients of the group 3 (72 %) mostly received PT
in the treatment scheme. The analysis of the BC
localization indicated the largest number of
patients with a left-sided location of the tumor in
group 3 (54 %).

Before the start of cancer treatment LV EF did not
differ significantly between groups (Fig. 1).
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Ta6bnuusa 3
XapaKkrepuctuka xsopux Ha PI3 3anexHo Big ctyneHs pusuky KT
Table 3
Characteristics of BC patients depending on CT risk
I'pyna / Group 1 Fpyna / Group 2 Fpyna / Group 3
Nokaszuuk / Value Puank / CT risk
HU3bKui / low nomipHuii / moderate Bucokwuii / high
(0-5 6anie/points)  (6—7 6anis/points) (> 8 Ganis/points)
KinbkicTb xopux, n / Patients number, n 29 19 28
Bik, poku / Age, years 47,7+22 425+24 51,8 £2,5
AT, (abc. / %) / AH, n (%) 7 (24) 5 (26) 10 (36)
IXC, (a6c. / %) / CAD, n (%) 0 0 3(11)
LiA, (a6e. / %) / DM, n (%) 1(4) 0 1(4)
Au B cxemi, (abc. / %) / AC, n (%) 15 (52) 12 (63) 28 (100)
TpacTtyaymab, (abc. / %) / Targeted-therapy, n (%) 8 (28) 8 (42) 9(32)
T, (a6c. / %) / RT, n (%) 7 (24) 6(32) 21 (72)
NigoGiuna nokanisavis Pr3, (a6c./ %) / Left-sided BC, n (%) 11(38) 5 (26) 15 (54)
®B JILW po NMT, (%) / LVEF baseline, (%) 61,8 £0,7 64,3+0,8 61,1 0,8
®B JILW 6 mic., (%) / LVEF in 6 months, (%) 59,8 + 0,5 59,5+ 1,112 51,0 +2,0
A OB LU, (%) / A LVEF, (%) 24+0,7 49+1,0 10,2+ 1,9
K-cTb xBopux i3 PB < 50 %, (abc. / %) / Patients with LVEF<50%, n (%) 0(0) 0(0) 8 (28)
K-cTb xBopux i3 ATH > 100 %, (abc. /%) / Patients with ATn >100%, n (%) 3(10) 7(36) 16 (57)

MpumiTku. TPisHNLSA NOKa3HIKA JOCTOBIPHA NOPIBHAHO 3 TakuM y rpyni 3 (p < 0,01); 2pi3HnLA NOKA3HMKA JOCTOBIPHA NOPIBHAHO 3 TakuM 0 nposeaeHHs MMT (p < 0,05);

3pisHuLA NoKasHMKa [0CTOBIPHA NOPIBHAHO 3 TakuM 0 nposeaeHHs MMT (p < 0,01).

Notes. 'Significant in comparison with those in Group 3 (p < 0.01); 2significant in comparison with baseline (p < 0,05); 3significant in comparison with baseline (p < 0.01).
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* N0PIBHAHO 33 . /vs. group 3 (p < 0.01)
% NopiBHAHO 3 MO / vs. MO (p < 0.05)
%% 0piBHAHO 3 MO / vs. MO (p < 0.01)

Yac (mic) / Time (month)

[Mpu nuHaAMiYHOMY CITOCTEPEKEHHI B TEPMiH 6 MiCsIIIiB
Bim mouatky I1I1T @B JII y xBopux rpymu 1 Oyia B Me-
»Kax HOpMaJIbHUX BEJIMYMH Ta IOCTOBIpPHO HE Bipi3HSI-
Jlach; y xBopux rpynu 2 ®B cknanana (59,5 £ 1,1) % Tta
OyJ1a JOCTOBIPHO MEHIIO0 MOPiBHAHO 3 Takoo a0 TTT1T
(p <0,05), npore 3HmkeHHss OB menme 50 % He BUSB-

JIEHO. found.

PucyHoK 1. lunamika 3min ®B Jilll y
AOCNiAXYBAHUX rpynax

Figure 1. Dynamics of LVEF changes in the
studied groups

At 6 months follow-up, LV EF in patients of
group 1 was within normal limits and did not dif-
fer significantly, in patients of group 2 EF was
(59.5 £ 1.1) %, and was significantly lower com-
pared to that before cancer therapy (p < 0.05),
however, no decrease in LVEF less than 50 % was
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Y xBopux rpyru 3 @B JIL cknagana B cepeTHbOMY
(51,0 £ 2,0) % i O6yna OCTOBIpHO MEHIIOIO B TEPMiH
6 micauiB Big moyatky IIIT (p < 0,01), Ta TOPiBHIHO
3 Takoro B rpymax 1i2 (p < 0,01 Ta p < 0,01 Bigmosia-
Ho). [Ipu bomy, y 28 % XBOpUX Ipynu 3 BUSIBJICHO
sHkeHHsT @B < 50 % ta o3naku CH. Takox, y rpymi 3
penmunHa 3HmkeHHsT @B JIL (A ®B JIL) cknamama
(10,2 + 1,9) % i 6yna 10CTOBIpHO OLIBIIOIO TTOPIBHIHO
3 Takolo B rpynax 1 ta2 (p < 0,011 p < 0,01 Bigmosin-
HO), WO cBiguuTh NMpo KT BMIMB NPOTUITYXIMHHUX
npenapari, 30Kpema B IpyIli XBOPUX BUCOKOT'O PU3UKY.

Ha chorongHi 3araJibHONPUNHATO, 110 Y XBOPUX B
npoueci IITT nigBuitieHHs piBHSA ceplieBoro TH Bulle
BepxHboi Mexxi HopMu (BMH) € o3Hakoro 6ioxiMiuHOL
KT, sixa Moxe cynpoBOJIXYBaTUCh SIK MOPYILIEHHSIMU
ckopotiauBoi pyHKIIil cepus Ta CH, Tak i 6yt acumrIi-
ToMHol10 [18, 22]. OgHak, He3BaxarouM Ha Te, 1o TH
OyB ouiHeHMI sIK HanmiitHuii mapkep KT y mexinbkox
KJIIHIYHUX JOCIIKEHHSX, ITABUIIEHHIO MOro KOHIIE-
HTpalii B Mexax Beanunau BMH panitie He mpuains-
JIocs yBaru.

Ha ocHoBI aHaii3y BJIaCHNX JaHMX aBTOpaMHU BIIEpIIIC
OyJ10 BUCYHYTO TIPUITYLLIEHHSI, 1110 MiABUILIEHHS KOHLIE-
Hrpauii B4THT HaBiTh B Mexxax pedepentHoi BMH, mo-
»Ke OyTu MapkepoM paHHbo1 6ioxiMiuHo1 KT. bazyrounch
Ha pe3yJIbraTtax IpoBeACHOIO MPOCIIEKTUBHOTO aHaJIi3y
®P KT, sicraBinenns ix 3 ganumu B4 THT Ta ExoKI' B mu-
HaMiYHOMY CITOCTEPEXKEeHHI po3po0JIeHO Ta 3aIpOIOHO-
BaHO METOAMKY BU3HAYeHHS paHHbO1 OioxiMiuHOi KT, B
OCHOBY SIKOI ITOKJIAACHO BU3HAYECHHS CTYICHS IIiIBH-
weHHs TH. [Toain xBopux Ha TEPTUJIL 3aJI€XKHO Bil PiBHSI
nmigBuieHHs BYTHT (0—50—100 %) mokaszas, 1110 XBOpi
Ha PI'3, axi Matote miguiteHHs BYTHT Ginbine 100 %,
MaloTh 03HaKM paHHbOI OioxiMiuHOI KT i € mauieHTamMmu
Bucokoro pu3uky KT yckmamHens [23].

3rigHo 3 JaHMMU aHaJi3y IMHAMi4HOIO MiABUIIEHHS
piBHs BYTHT B mepion 3—6 micsiiB y rpyii 3 BusiBiie-
HO HaMOiNbIIY KiJIbKicTh XBopuX i3 ATH > 100 %.

Takox, 3a JaHMMHU MOPOBEACHOTO KOPEJSLiiiHOro
aHaJji3y BCTaHOBJIEHO, 1110 ATH OyB JOCTOBipHO MOB’sI-
3aHuit 3 BukopuctaHHsaMm Au (r = 0,31; p < 0,05), ta
IIT (r=0,33; p <0,05) y cxemi IIIIT. Kpim Toro, ATH
0yB mocrtoBipHO moB’s3anuuii i3 A@B JIII B mpormeci
npoTUNyxJuHHOro JikyBaHH: (r = 0,35; p < 0,05), mo
CBiIUUTB, TIPO T€ 1110 XBOPi 3 TPUPOCTOM piBHS TH mo-
Han 100 % mig yac ITIIT € XBoprMU BUCOKOI'O PO3BUT-
ky KT, a came po3BUTKYy MalOyTHHOI AMCPYHKILIL
JILI/CH.

Otxe, 3a JaHMMU HAIIOIO AOCTiIXKEeHHs OyJIO BCTa-
HOBJIEHO, 1110 xBopi Ha PI'3, 3a HasgBHOCTI cymu OP > 8
OasiB, 3rigHO i3 3alpOIIOHOBAHOIN KOMOIHOBAaHOIO

In patients of group 3, LV EF averaged (51.0 £2.0) %,
and was significantly lower at 6 months of cancer
treatment (p < 0.01), and compared with that in
groups 1 and 2 (p < 0.01 and p < 0.01, respectively).
At the same time, 28 % of patients in group 3 showed
a decrease in LVEF < 50 % and signs of HE. Also, in
group 3, LVEF drop (A LVEF) was (10.2 £ 1.9) %
that was significantly higher than in groups 1 and 2
(p < 0.01 and p < 0.01, respectively), indicating the
CT effect of anticancer drugs, in particular in the
group of high-risk patients.

Today, it is generally accepted that an increase in
cardiac troponin (Tn) level above the upper limit of
normal (ULN) is a sign of biochemical CT, which
can be accompanied with cardiac dysfunction and
HE, or be asymptomatic in patients during cancer
treatment [18, 22]. However, although Tn has been
evaluated as a reliable marker of CT in several clini-
cal studies, its elevation within the ULN has not pre-
viously received attention.

Based on the analysis of their own data, the
authors for the first time suggested that an increase
in high-sensitivity (hs) TnT, even within the ULN,
can be a marker of early biochemical CT. Based on
the results of the prospective analysis of RF CT, their
comparison with the data of hsTnT and echocardio-
graphy in dynamic observation, a method of deter-
mining of early biochemical CT based on the deter-
mination of the degree of Tn increase was developed
and proposed. The division of patients into tertiles,
depending on the level of increase in hsTnT
(0—50—100 %), showed that BC patients with an
increase in hsTnT of more than 100 %, had signs of
early biochemical CT, and a high risk of CT compli-
cations [23].

According to the analysis of the dynamic increase
in hsTnT over the period of 3—6 months, the largest
number of patients with ATn > 100 % was found in
group 3.

Also, according to the data of the conducted cor-
relation analysis, ATn was reliably associated with
the use of AC (r=0.31, p <0.05) and RT (r=0.33,
p < 0.05) during cancer therapy. In addition, ATn
was associated with ALVEF during antitumor
treatment (r = 0.35, p < 0.05), indicating that
patients with an hsTnT increase more than 100%
from baseline are the high-risk patients for CT,
namely for future occurrence of LV dysfunc-
tion/HFE.

Thus, according to our study, it was established
that BC patients with the sum of RFs > 8 points cal-
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mkanorw puszuky KT, € malieHTaMmyd BHCOKOTO PU3UKY
CCV.

Pusuk po3putky KT € nuHaMiuHUM NOKa3HUKOM i MO-
ke 3MiHoBaTUCh B 1polieci I1T1T, Tomy i fioro oiliHka €
HEOOXiMHOIO B TIEBHI TEPMiHM JIIKyBaHHS Ta ITiC/s MOro
3aBepineHHs. Buxomsuu 3 mporo, oinky @P KT mix gac
IIIIT HeoOXigHO MPOBOAUTHU B AUHAMIYHOMY CIIOCTEpE-
JKEeHHi, Ha ocHOBi 1mkanu pu3uky KT 3 ypaxyBaHHSIM
KapIioJIOriYHOTO, OHKOJIOTIYHOro Ta iHAMBiAyaJlbHOTO
PM3MKiB, a TAKOX MiABUILEHHS piBHS TH.

IlepsunHa crpartudikauis puzuky KT y xBopux Ha
PI'3 (micnst BcTaHOBIEHHS HiarHO3y) € PeKOMEHIOBa-
Hoto. Ilpu 1boMy ¥fOro mAMHaMmivyHa OILliHKa B IIPOLIECi
IIIIT 3 BUKOpUCTaHHSIM OiOMapKepiB € BaxKJIMBOIO 3 Or-
JIsiAy Ha BM3HAuyeHHsI paHHix o3Hak KT Ta BuacHoro
npusHadyeHHs KapaionporektnuBHoro (BB, IAII®D) miky-
BaHHs. IlauieHtam Bucokoro pusuky KT 3a ymoBu
migBuieHHs piBHs TH 6ibiie 100 % moxe 6yt 3ampo-
MOHOBaHUI OiJbII YacTUA MOHITOPUHI GioMapkepiB i
dynkuii cepug (OB JILL) — nepea koxxHuM nukiom XT,
i mpuzHaueHHs bb ta/a6o IATI®, 3 MmeToM0 3amo6iraHHs
nonanbiroMy 3HkeHHI0 @B JIIII ta mosBi o3Hak CH.

3rigHo 3 OTPMMaHUMU JAHUMHU 32 HASIBHOCTi Y XBOPUX
> 8 0aJtiB KapaioMpOTEKTUBHY Teparlito JOLIILHO TTPU3HA-
yatu HaBiTh npu 3HKeHHI @B JIII < 10 %, He yekaoumn
HactaHHs kpuTepito KT — 3nwkenns ®B JIT > 10 % uu
sHkeHHd < 50 %.

3a JaHUMU JIiTepaTypy po3po0IeHO AeKilbKa Moeei
MPOTHO3YBaHHS PU3MKIB PO3BUTKY TUCOYHKIIii MioKap-
pa JIII, mo mom’si3ana i3 TITIT [24]. Hanpuknan,
ominka pu3uky KT 3a manumn Hermann 3i crriBasT. [25]
BpaxoBy€ HasiBHi y nauieHra ®P Ta Bua npoTUIyXJIMH-
HUX MperapariB.

Lyon A. ta cniBaBT. [20] 3ampoIoHyBalM OILIiHKY
KoxHoro PP (cepenHiii, BUCOKMUII pU3NK) TIPU JIiKY-
BaHHi Au, anTMHER2 inriditropamu, iHridiropamu
VEGTF r1a iH.

Ha xanb, icHytoui mkanau ouiHku pusuky CCY maoThb
neBHi OOMEXXEHHSI, TaKi SIK TeCTyBaHHSI Ha HEBEJIUKIii
KiJIbKOCTi XBOPMX, HEOMTHOPIiAHICTh BUOIPOK, TpPOMIi3I-
KicTh. KomHa i3 3ampornoHOBaHMX IIKaja He Oyna Iie-
peBipeHa MPOCIEKTUBHO, TOMY B KOXKHOMY KOHKPETHO-
My BUIIAAKY € HEOOXimHUM iHAWUBIAyaJbHMU MiOXig g0
ouinku pusuky CCY [11, 25]. HaftuacTime 3rigHo 3 Li1-
MU IIKaJaMM HasBHICTh y mainieHta CC3, Hampukiian
CH uu IXC, Au B cxemi JliKyBaHHS, BiK cTapiie 80 pokiB
BBaxaroTb hakTopaMu Brcokoro pusuky KT [12, 16, 26,
27], Ta 3a3BMyYail iX BUKOPHUCTaHHS B pealibHiil TpaKTULIi
HE 3HAMIIUIO IKMPOKOTo 3aCTOCYBaHHS.

VY 2022 p. BugaHi pekoMeHaalii €BporeiicbKoro ToBa-
puctBa KapmioJioriB (ETK) 3 kapaiooHKOOTII, B IKMX

culated with the combined CT risk score belong to
patients at high risk of CVD.

The risk of CT is a dynamic continuous variable
and can change during cancer treatment, so its
assessment is necessary at certain periods of treat-
ment and after its completion. So, the assessment
of CT REFs during cancer therapy need to be pro-
vided in dynamic observation, based on the CT risk
score that includes cardiological, oncological and
individual risks, as well as an increase in Tn level.

Primary risk stratification of CT in BC patients is
recommended. At the same time, its dynamic re-
assessment during cancer treatment using bio-
markers is important in view of the identification
of early signs of CT and timely administration of
cardioprotective (BB, ACEI) treatment. Patients
at high risk of CT with a Tn level of more than
100 % may be offered more frequent monitoring of
biomarkers and cardiac function (LV EF) — before
each cycle of CT, and the presciption of BB and/or
ACEI to prevent further LV EF reduction and HF
occurrence.

According to the data, in BC patients with > 8
points, cardioprotective therapy should be pre-
scribed even with a decrease in LV EF < 10 %,
without waiting for CT criteria — a decrease in LV
EF > 10 % or a decrease in < 50 %.

According to the literature, several risk models
have been created to predict LV myocardial dys-
function associated with cancer treatment [24]. For
example, the CT risk assessment according to
Hermann et al. [25] takes into account the patient’s
existing RFs and the type of anticancer drugs.

Lyon A. and co-authors [20] proposed an assess-
ment of each RF (medium, high risk) in the treat-
ment with AC, anti-HER2 inhibitors, VEGF
inhibitors, etc.

Unfortunately, the existing CVD risk assessment
scales have certain limitations, such as testing on a
small number of patients, heterogeneity of samples,
and cumbersomeness. None of the proposed scales
has been tested prospectively, and therefore an indi-
vidual approach to CVD risk assessment is neces-
sary in each case [11, 25]. Predominately, according
to these scales, the presence of CVD, such as HF or
CHD, ACs in the treatment regimen, and age over
80 years are considered to be the high-risk factors
for CT [12, 16, 26, 27], however, their use in real
practice has not been widely performed.

In 2022, the European Society of Cardiology
guidelines on cardio-oncology were published,
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MpeacTaBieHo mKaau crpatudikaiii pusuky KT Mix-
HapOJAHOTO KapAiOOHKOJOTIYHOIO TOBApUCTBA Ta ACOLIi-
anii 3 CH, axi Bktogarots @P KT, a ixHs KUIBKICTb BU3-
Haya€ HU3bKUI, MOMIpHUI Y1 BUCOKUI PU3UK PO3BUT-
ky KT [18]. BigMiHHiCTIO IIMX IIKaJ € Te, 1110 BOHU OK-
peMo po3po0IIeHi 1151 pPi3HUX IPYII IpernapariB, HAMPUK-
Jan ajst Al, TapreTHUX IIperiapariB, iHIiOiTOpiB TUPO-
3MHKiHAa3, iHTi0ITOPiB KOHTPOJBHUX TOUOK TolIo. Bin-
noBigHO, 11s1 oiHKY PP 3a MMM IIKajaMKU Ta BUKO-
pUCTaHHS 1X Y KJIiHIYHIM MpaKTUlli Jikap MTOBUHEH MaTH
0a30Bi 3HAHHSI SIK 3 OHKOJIOT1, TaK i 3 KapAioJorii.
OTt:ke, 3arporoHoBaHa KoMOiHoBaHa mKana pusuky KT
HaJaCTh MOXJIMBICTh AMHAMIYHOTO Ta PAHHLOTO OLIiHIO-
BaHHs1 pu3uKy KT g panHboi giarHoctuku KT Ta Buac-
HOI'0 MPU3HAYEHHS KapAioNpOTEKTUBHOTO JIiKyBaHHSI.

BUCHOBKU

Owinka @P Ta mporuno3yBanHs pu3nky KT y xBopux Ha
PI'3 € BaxumBoio ckiamoBoio edektuBHOocTi TIIT i,
BigmoBigHo, BrxkuBaHHS. Crpatudikauis pusuky KT y
xBopux Ha PI'3 Ta iforo guHaMiuyHa OIliHKa MPOTSITOM
JIIKyBaHHSI € HEOOXiZIHMMU [IJIsI ONTUMAJbHOTO BUOOpPY
YaCTOTU MOHITOPUHIY (PYHKIIil ceplsl i po3poOKU Mpe-
BEHTUBHUX YU JIIKYBaJIbHUX CTpaTeTiii.

B mijjoTHOMY MpOCIEKTMBHOMY JOCIiIKEHHI MPOBe-
neno aHaziiz ®P KT, migsuimenHs pisus BuTHT i 3icTaB-
JeHHs ix 3 gaHuMu ExoKI' B nuHamiuHOMy crnocrtepe-
JKeHHi Ta po3pobsieHo mkany pusuky KT. 3rigHo 3 pos-
pobsieHo1o 1Kajo xBopi Ha PI'3, ki MaioTh B cymi > 8
OaniB € nmauieHTaMu BUcokoro pu3uky KT yckinagHeHb.
Ile Mmoxxe OyTM KOPUCHUM iHCTPYMEHTOM JIJISI IPUIAHSIT-
TS pillleHb 1IOJ0 iHAMBINYyaJIbHOIO IUIAHY MOHITOPUHTY
cepls, Ta po3risany dhapMakoTepareBTUIHUX BapiaHTIB
npodinaktuku CCY.
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which presented baseline CV risk stratification pro-
formas of the ICOS and HFA, and include differ-
ent RFs, and their type and number determine the
low, moderate, or high risk of developing CT [18].
The difference between these scales is that they are
separately developed for different groups of drugs,
for example, for ACs, targeted drugs, tyrosine
kinase inhibitors, checkpoint inhibitors, etc.
Accordingly, to assess RFs using these scales in
clinical practice needs physicians to have basic
knowledge of both oncology and cardiology.

Thus, the proposed combined CT risk score will
enable dynamic and early assessment of CT risk
for early diagnosis and timely prescription of car-
dioprotective treatment.

CONCLUSIONS

Evaluation of RFs and prediction of CT risk in
patients with BC is an important component of the
cancer therapy efficacy and, accordingly, survival.
CT risk stratification and its re-assessment during
BC treatment is necessary for the optimal selection
of cardiac monitoring and the development of pre-
ventive or therapeutic strategies.

In a pilot prospective study, the risk factors of
CT, and the increase in hsTnT were analyzed and
compared with TTE data in dynamic follow-up.
CT risk model score was developed. BC patients
with a total score of > 8 points are at high risk of
CT complications. This type of CT risk combined
model score can be a useful tool for making deci-
sions about an individualized cardiac monitoring
plan and considering pharmacotherapeutic
options for the prevention of CVD.
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