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IMMOPIBHAJbHA XAPAKTEPUCTUKA KAPIIOBACKYJISAPHOI
TOKCUYHOCTI EIMIPYBILINHY TA TJOKCOPYBIILIMHY Y XBOPUX
HA PAK TPYIHOI1 3A7103U

XBopi Ha pak rpynHoi 3ano3u (Pr3), 3 omaay Ha KOMGiHOBaHe NPOTUNYXIUHHE NiKYBAaHHS, MalOTb BUCOKUI PU3MK Kap-
piotokcmuyHocti (KT). YcknapgHeHHs npu3BOAATb O BiATEpMiHYBAHHA YW 3YNMUHKM NPOTUNYXNUHHOT Tepanii. Lie
noripuwye BMXuUBaHHA xBopux 3 PI3. OgHMM 3 0OCHOBHWUX Npenaparis, AKi BXOAATb A0 OGiNbLWOCTi CXeM NPOTUNYXAUHHOT
Tepanii, € aHTpauukniHu. BuasnenHs o3Hak KT y xBopux Ha P3 Ha paHHix cTagiax, Konu we Hemae nopylweHb QyHKLiT
cepus Ta 03Hak ceplieBoi HepocTaTHOCTI (CH), € BaX/IMBUM OCKiNIbKM A03BONIUTL OTPUMATKM iM NPOTUPAKOBY Tepanito B
NnoBHOMY 06cs3i.
MeTa po60TH: BUBYNTM YACTOTY KapLiOTOKCMYHOCTI enipy6iLnHy Ta AoKCOpYOiLMHY B CKNai KOMNIEKCHOT NpoTUNyX-
nuHHOT Tepanii PI3, Ha ocHOBi MoHiTOpUHTY dpakuii Bukuay (PB) nisoro wnyHouka (JIW), nopyweHHs aiacToniyHoi
dyHkuii JILL, a Takox JocnignTn YacToTy 03Hak Ta cumntomis CH.
Marepian i meTogu. B nocnimxeHHs BKNOYEHO 44 xBopux Ha PI3, B Askux npoBeaeHo aHani3 auHamikv ®B J1LU o no-
YaTKy NPOTUNYXIMHHOTO NiKyBaHHA Ta B TepMiH 6 mic. Kputepiem KT BBaxanu 3HuxenHa ®B JIL > 10 % (BigcoTko-
BWX NYHKTIB) 260 HWxYe ii rpaHMyHOro 3HaveHHs (< 50 %). MauieHTok 6yno posnogineHo Ha 2 rpynu. B 1-wy rpyny
yBiiWnM nauieHTkn 3 PI3, aki oTpumyBanu enipy6iunH y cxemi noniximiotepaniii (n = 18), y 2-ry rpyny yBiiwnm
nauieHTku 3 PI3, aki oTpumyBanu fokcopy6iuuH y cknagi noniximiotepaniii (n = 26).
Pesynbratu. [lo noyatky nposefeHHs npotunyxauHHoi Tepanii ®B JIL gocToBipHO He Bifpi3HANach Mix rpynamu.
Mpu AMHAMiYHOMY CMOCTEpeXeHHi B TepMiH 6 Mic. Bifi NOYaTKy NpPOTUNYXIMHHOT Tepanii NpoTUNyxnuHHOI Tepanii
yactka xsopux i3 KT 3a gaHumu ®B JILU B 1-it rpyni cknana 11,1 %, nopisHsaHo 3 23,1 % y 2-i rpyni (p < 0,05).
KinbkicTb xBOpUX 3 03HaKkamu Ta cumntomMamu CH y 2-11 rpyni cknana 34,6 %, 6yna [OCTOBIPHO B0 NOPIBHAHO 3
Takowo y 1-i rpyni — 11,1 % (p < 0,05). 3a gaHumu KopensauiiiHoro aHanizy ®B JILL y 2-i rpyni mana 3BOpoTHY Kopens-
uito 3 go3oto gokcopy6iumHy (r=-0,67, p < 0,05), 3 YCC (r =-0,59, p < 0,05), a Takox 3 iHAeKcoM macu Tina (r = -0,55,
p < 0,05), o BKa3yBaso Ha HeraTMBHMIA BMIMB JOKCOPYOiLIMHY HA CepLEeBO-CYAMHHY CUCTEMY Y XBOpKX Ha PT3.
BucHoOBKU. Pe3ynbTati fOCNiAKEHHS CBig4YaTh Npo A0CTOBipHO Ginbuy yactoTy 3HuxeHHs OB JIW sk kputepio KT
npu BUKOPUCTAHHI JOKCOPYOiLMHY B CXeMax MpOTUNYXAUHHOT Tepanii, nopiBHAHO 3 enipy6iunHOM. MOWKOMKEHHS
MioKapay, K peakLis Ha xpoHidHy KT, i BignosigHe 3HMXeHHs cucTonivHoi dyHKUiT miokapay JIL nposeastoTees goc-
TOBipHO Ginblwoto yactoToto CH.
Knio4oBi cnoBa: pak rpyaHoi 3an103u; KapAioTOKCMUYHICTb; enipybiluH; foKcopybiluuH; cepLeBa HeAOCTaTHICTb.
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A COMPARATIVE STUDY OF CARDIOVASCULAR TOXICITY OF
EPIRUBICIN AND DOXORUBICIN IN PATIENTS WITH BREAST
CANCER

Patients with breast cancer (BC) are at high risk of cardiotoxicity (CT) due to combination of anticancer treatment.
Cardio-vascular (CV) complications lead to the delay or discontinuation of anticancer therapy, which significantly
worsens the prognosis. Anthracyclines (AC) are the main drugs included in most anticancer treatment regimens.
Detecting signs of CT at the early stages, when there is no cardiac dysfunction and signs of heart failure (HF), is
important to develop individualized monitoring and prevention strategies in BC patients.
The objective of the study was to investigate the incidence of CT of epirubicin and doxorubicin in the complex BC
therapy, based on monitoring of left ventricular ejection fraction (LV EF), diastolic function of the LV, and to inves-
tigate the incidence of signs and symptoms of HF.
Material and Methods. The study included 44 BC patients. We analyzed the dynamics of LV EF before the start of
antitumor treatment and within 6 months. A decrease in LVEF of > 10 % (percentage points) or below its threshold
value (< 50 %) was considered to be a CT criterion. Patients were divided into 2 groups. Group 1 included patients
with BC who received epirubicin (n = 18), group 2 included BC patients who received doxorubicin in the chemother-
apy regimen (n = 26).
Results. Before the start of chemotherapy, LV ejection fraction was normal and did not differ significantly between
the groups. During follow-up at 6 months after the start of treatment, in group 1 the proportion of patients with CT
according to LV EF was 11.1 %, compared with 23.1 % in group 2 (p < 0.05). The number of patients with signs
and symptoms of HF was 34.6 % in group 2, that was significantly higher compared with that in group 1 - 11.1 %
(p < 0.05). According to the correlation analysis, LV EF in group 2 had an inverse correlation with the dose of dox-
orubicin (r =-0.67, p < 0.05), with heart rate (r = -0.59, p < 0.05), and with body mass index (r = -0.55, p < 0.05),
indicating a negative effect of doxorubicin on the CV system in patients with BC.
Conclusions. The results of the study indicate a significantly higher incidence of LV EF reduction as a CT criterion
when using doxorubicin in the chemotherapy regimens compared with epirubicin. Myocardial damage as a result of
chronic cardiotoxicity is accompanied by a decrease in LV systolic function and a significantly higher incidence of HF.
Key words: breast cancer; cardiotoxicity; epirubicin; doxorubicin; heart failure.
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BCTYII INTRODUCTION

Pak rpynnoi 3amo3u (PI'3) Hapa3si € HaitnommpenimuM  Breast cancer (BC) is currently the most common
OHKOJIOTIYHMM 3aXBOPIOBAHHSM Yy BchboMy CBiTi. B Yk-  cancer worldwide. In Ukraine, more than 15 thou-
paiHi IOPOKY BUSBILIOTHL TOHAm 15 Tmc. HoBuX BU-  sand new cases of breast cancer are diagnosed
naakiB PI3 [1]. every year [1].

AHnTpanukiinu (All) € ocHOBOIO CTaHAAPTHOI XiMioTe- Anthracyclines (ACs) are the mainstay of stan-
panii (XT) y xBopux PI'3, ockinbku BoHu cyTTeBo mok-  dard chemotherapy in patients with BC, as they
palIyoTh BUKMBAHHS, ITOPIiBHSIHO 3i cxemMaMu, mo He  significantly improve survival compared to non-
mictate ALl. JIBa ALl, mokcopybinuH Ta emipyoiuuH, AC regimens. Two ACs, doxorubicin and epiru-
CKJIaJaloThb OCHOBY OiJIbIIIOCTI KOMOiHOBaHUX pexkuMiB  bicin, form the basis of most combination regi-
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XT y kniniyHux BunpodyBanHsx PI'3 Ta HalluacTile Bu-
KOPMUCTOBYIOTbCS B KJTiHIUHil mpakTuli [2].

B okpemux nmocaimkeHHsIXx OyJ0 mokazaHoO, 10 elli-
pyOilIMH B TepaleBTUYHO €KBiBaJICHTHUX A03aX MOPiB-
HSTHO 3 TOKCOPYOIIIMHOM Ma€ HIXKYMI TPOdiib TOKCUY-
HOCTi, BKJIIOYAIOUM KapAiajJbHy Ta reMaToJIOTiYHY TOK-
cnuHicTh [3, 4]. OgHak TepeBaXkHa OiUTBIIICTL TOCITI/I-
JKeHb Oyna MpoBeAeHa 3 JOKCOPYOiLIMHOM.

B ocHOBy docCIHiIXeHHS MOKJIaAeHO IOPiBHSIHHSI
KapaioBacKy/JasIpHOI TOKCMYHOCTI emipyOillMHy Ta MOK-
COpPYOILMHY B CKJ1a[i KOMILIEKCHOI MPOTUITYXJIMHHOI Te-
pamii (ITT1T) PI'3 B peanbHiit KAiHIYHIA MpaKTUILI.

META

BuBuuTH 4acTOTy KapaiOTOKCUYHOCTI emipyOiuuHy Ta
JTOKCOPYOILIMHY B CKJaAi KOMIUIEKCHOI MPOTUITYXJIMH-
Hoi Teparii PI'3, Ha OCHOBI MOHITOPUHTY (PpaKilii BUKH-
oy (®B) miBoro murynouka (JILL), mopymieHHs miac-
ToJiiuHo1 pyHKLii JIII, a TakoX AOCAiAUTU YaCTOTY O3-
Hak Ta cumnToMmiB CH.

MATEPIAJI Il METOIM

B ocHOBy nmocaigkeHHsI MOKJIaJIeHO aHalli3 JaHUX XBO-
pux Ha PI'3, a came ix KiiHiuHa XapakKTepuUCTUKA, B/,
JikyBaHHs PI'3, nuHamiyHe CIocTepekeHHSI 3 MOHITO-
punrom ExoKI 3 MmeTolo mpoBeaeHHS MOPiBHSUILHOTO
aHaJli3 3aCTOCYBaHHSI JOKCOPYOILIMHY Ta eIipyOill1HY.

B nmocnimxennsa BkioyeHo 44 xBopux Ha PI'3 TI-II1
CTafii, Pi3HOrO TiCTOJIOTIYHOTO THUMY, SKi MPOXOAWIU
JlikyBaHHST Ha 0a3i HalioHanbHOro iHCTUTYTY paky
MO3 Ykpaian (2017—2021 pp.) i orpumyBamm I1I1T B
Heoaa ' IoBaHTHOMY/al ' IOBAaHTHOMY peXuMaX y CKJamdi
KOMILIEKCHOTO MPOTUIMYXJMHHOTIO JIiIKyBaHHSI 3TiAHO 3
MpPOTOKOJAMM JIiKyBaHHS. BcraHoBineHHs niarHosy PI'3
Ta IIpU3HAYCHHS IUIAHY JIIKyBaHHS IIPOBOIMJIOCH
BiTIOBIZHO 1O CTAHAAPTIB MiarHOCTUMKM Ta JIiKyBaHHS
PTI'3. IMauieHTHM cKepoByBaauCs Ha OOCTEXKEHHS Ta
MOHITOPUHI (DYHKILiI CEepLEeBO-CYAUHHOI CUCTEMHU B
ueHTp kapaiooHkoJorii Y «HHI «IHcTutyT Kapmio-
JIOTii, KJTIHIYHOI Ta pereHepaTuBHOI MEAULIMHU iM. aKa.
M.O. Crpaxecka HAMH VYkpainu».

KputepissMu BUKIIIOYEHHST 3 OOCTiIKEHHS Oyau Ha-
IBHICTh cepiieBoi HemocTaTHOCTi (CH) Ta mucdyHKIii
JIII (®B < 50 %) Oymb-sikoi eriosiorii B aHaMHe3i,
iH(apKT Miokapma, iHCYJbT/TpaH3UTOpHA illlEeMiyHa
ataka, (iOpWIISILIisl/TPIMOTIHHS TIepeaCePIb.

VY nauieHTIiB OLiHIOBaJM HAasIBHICTb CEPLIEBO-CYAUH-
HUX (DaKTOpPiB pU3UKY (JiMigHUI Tpodiab, iHIEKC Macu
TiJla, TaJliHHS), Ta KOMOPOiaHOiI maTosorii (ileMiuyHa
XBOpo0Oa ceplsl, TrimepToHiYHa XBopoOa, LYKPOBUIA
JiabeT TolIO).

mens in clinical trials of BC and are most com-
monly used in clinical practice [2].

Some studies have shown that epirubicin at ther-
apeutically equivalent doses compared to doxoru-
bicin has a more favorable toxicity profile, includ-
ing cardiac and hematologic toxicity [3, 4].

However, the vast majority of studies were con-
ducted with doxorubicin.

The study was based on a comparison of the car-
diovascular toxicity of epirubicin and doxorubicin
as part of a complex cancer treatment in real clin-
ical practice.

OBJECTIVE

The aim of the study was to investigate the inci-
dence of CT of epirubicin and doxorubicin in the
complex BC therapy, based on monitoring of left
ventricular ejection fraction (LV EF), diastolic
function of the LV, and to investigate the incidence
of signs and symptoms of HE

MATERIAL AND METHODS

The study is based on the analysis of data from
patients with BC, namely their clinical character-
istics, type of BC treatment, dynamic observation
with echocardiography monitoring in order to
conduct a comparative analysis of the use of dox-
orubicin and epirubicin.

The study included 44 patients with BC of stage
I-III and different histologic types, who were
treated at the National Cancer Institute of the
Ministry of Health of Ukraine (2017—2021) and
received chemotheraphy in neoadjuvant/adjuvant
regimens as part of a comprehensive antitumor
treatment according to treatment protocols. The
diagnosis of BC and the prescription of a treat-
ment plan were made in accordance with the
guidelines. Patients were referred for examination
and monitoring of cardiac function to the Cardio-
Oncology Center of the State Institution «Natio-
nal Scientific Center «The M.D. Strazhesko Insti-
tute of Cardiology, Clinical and Regenerative Me-
dicine of the National Academy of Medical
Sciences of Ukraine».

Exclusion criteria for the study were the presence
and history of HF and LV dysfunction (LVEF <
50 %) of any etiology, myocardial infarction,
stroke/transient ischemic attack, atrial fibrilla-
tion/flutter.

Patients were assessed for CV risk factors (lipid
profile, body mass index, smoking) and comor-
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3araJibHO-KJIiHiYHE OOCTEXXEHHS CKJIagaJoCch 3 BUB-
YeHHS aHaMHe3y (cepleBO-CyIMHHI 3aXBOPIOBAaHHS,
npoTokon JikyBaHHS PI'3 — mo3u mpemapartiB Ta cxema
noniximioteparii (ITXT), cymapHo oTpuMaHa o3a Mpu
MPOBEJAEHHI IMPOMEHEBOI Teparii), (haKTOpiB PU3MKY,
OLIiHKM KJiHiyHoro ctaHy nauieHta, EKI, ExoKI.

Bcim xBopum OyJio mpoBeIeHO TpaHCTOpaKalbHY
ExoKI' Tta pommnepExoKI Ha amapati «TOSHIBA
APLIO 500» («Toshiba», fnoHist) y nBomipHomMy (B) pe-
KUMi, pexXumax IOCTiHHO-XBUIbOBOI, iMIYJbCHO-XBU-
JIbOBOI, KOJIbOPOBOI Ta TKAHWHHOI momnruieporpadii. Bu-
MipIOBaJIM KiHIIEBO-IiaCTOJIUHM Ta KiHLIEBO-CUCTOIIU-
Huil po3mipu JILI, TOBIMHY MiXKIIITYHOUKOBOI IIEPETO-
poaku, 3aaHbo1 cTiHky JIII, BU3Havyaiau KiHLEBO-aiac-
TOJIIYHU, KiHIIEBO-cUcTOMIYHMI 00’ emu JILL, @B JILI
3a goromoroio MoaudikoBaHoro merony CimrmcoHa [5].
Kpurepiem kapmiorokcnunocti (KT) auchynkuii JIT
BBaxxa 3HkeHHsT @B JIII Ha > 10 % (BiZCOTKOBUMX
MYHKTiB) a00 HuKue i rpaHnyHoro 3HadeHHs (< 50 %),
3TiHO 3 peKoMeHaawisiMu [6, 7].

IMamieHT” Oy/nM PO3MOMiJIEHI Ha TPYIM 3aJIEXXHO Bif
Buay AIl y cknani IIXT. I-ma rpyna — 3acTOCyBaHHS
enipyOillHYy, 2-Ta rpyra — JOKCOPYOIlIMHY.

CratucTuaHy 00pOoOKY pe3yIbTaTiB IMIPOBOAUIN 34 10-
MOMOTOI0 TaKeTy MporpaMHoro 3abesrnedyeHHs SPSS
19.0 (SPSS Inc., Chicago, Illinois, USA. Bci pe3ynsratu
HaBeneHo y BuTysmi (M £ m).

IMopiBHSIHHS BiAMiHHOCTEl MiX Tpynamu 3[0iliCHIOBa-
Ju 3a gomnomorolo t-kputepito Cr’rogeHTta. Kopensi-
wiiHuit ananiz IlipcoHa OyB BUKOHAHUWI 3 BUKOpPUC-
TaHHSIM IapaMeTPUYHMX Ta HEITapaMeTPUIHUX METOIiB
JIUIS BU3HAUEHHS acOlliaTUBHUX 3B SI3KiB MiX MOKa3HU -
KaMH.

BigMmiHHOCTI BBaXkajiu JOCTOBIpHUMU MPU 3HAYEHHSIX
KoediuieHTa noctoBipHOCTI (p) MeHIe 0,05.

PE3VIJIBTATU JOCIIJI2KEHHA

B nocaimxeHHs Oya0 BKIOYeHO 44 malieHTKU 3i BCTa-
HoBieHnM niarHo3oM PI'3 I-III cramii, pisHoTO TicTO-
JIOTiYHOTO TUMY, Ki oTpuMyBanu ALl — enipybinuH yu
JOKCOpyOiunH (emipyoiuud — 75—90 mr/m?, 1oKcopyoi-
muH — 50—60 mr/m?) y ecxemax I[TXT — AC, EC (mokcopy-
oinuH/enipydinma + mukinodochamin) FAC, FEC,
(moxcopy0iuuH/enipyoilnH, Hukiaodocdamin ta S-diy-
opypauui) y ckiaani komruiekcHoi ITITT 3rigHo 3 mpoTto-
KOJIaMU JIiIKyBaHHS.

Y Bcix xBopux OpoBeAeHO aHali3 JeMorpadiuHux,
KJIiHiKO-aHAMHECTUYHUX, aHTPOIIOMETPUYHMX HaHUX,
MOKAa3HUKIB TeMOIWHAMIKM, YaCTOTH CYITYTHIX 3aXBO-
pIOBaHb, a TakoX MpoBeAacHo aHaii3 ITITT. Xapakrepuc-
TUKa Tali€HTIB NpeAcTaBjieHa B Taou. 1.

(1) 438

bidities (coronary heart disease, hypertension, dia-
betes mellitus, etc.).

The general clinical examination consisted of
history (CVD, breast cancer treatment protocol —
drug doses and radiotherapy regimen, total radio-
therapy dose), risk factors, assessment of the pa-
tient’s clinical condition, ECG, echocardiography.

All patients underwent transthoracic echocar-
diography and Doppler echocardiography on a
TOSHIBA APLIO 500 (Toshiba, Japan) in two-
dimensional (2D) mode, in the modes of con-
stant-wave, pulsed-wave, color, and tissue Dop-
pler. LV end-diastolic and end-systolic dimen-
sions, interventricular septal thickness, LV posteri-
or wall were measured, LV end-diastolic and end-
systolic volumes, and LV EF were determined
using the modified Simpson method [5]. The cri-
terion for CT was a decrease in LV EF by > 10 %
(percentage points) or below its threshold value
(<50 %), according to the recommendations [6, 7].

Patients were divided into groups depending on
the type of AC in the chemotherapy regimen:
Group 1 — epirubicin, Group 2 — doxorubicin.

Statistical processing of the results was performed
using the SPSS 19.0 software package (SPSS Inc.,
Chicago, Illinois, USA. All results are presented as
(M=£m).

Differences between groups were compared
using Student’s t-test. Pearson’s correlation analy-
sis was performed using parametric and nonpara-
metric methods to determine the association
between the indicators.

Differences were considered significant when
the values of the reliability coefficient (p) were less
than 0.05.

RESULTS AND DISCUSSION
The study included 44 patients with a diagnosis of
stage I-III BC of various histologic types who
received AC — epirubicin or doxorubicin (epirubi-
cin — 75-90 mg/m?, doxorubicin — 50—60 mg/m?)
in the chemotherapy regimens AC, EC (doxoru-
bicin/epirubicin + cyclophosphamide) FAC, FEC,
(doxorubicin/epirubicin, cyclophosphamide and
5-fluorouracil) as part of a complex cancer treat-
ment according to treatment protocols.
Demographic, clinical, anamnestic, anthropo-
metric data, hemodynamic parameters, frequency
of comorbidities, and analysis of cancer treatment
were analyzed in all subject. Patient characteristics
are presented in Table 1.
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Taoauuysa 1

Xapakrepuctuka nauientis 3 PI3, BkntoueHux B pocnigxerHa (M x m)

Table 1

Characteristics of Study Participants at Baseline (M + m)

Moka3nuk / Variable

Benunuuna noka3uuka / Value
n=44

Anamue3 Ta gemorpadiyHi nokasHukm / History and Demography

Cepepit Bik, poku / Age, yrs

Yacrka mavientok > 65 pokis, % / Patients of age > 65 yrs, %

Maninxs, abe. (%) / Smoking, n (%)

IMT, kr/m2 / BMI, kg/m?

YacTka ocib 3 oxmpiHHsm, abe. (%) / Obesity, n (%)
Iucninigemis, abc. (%) / Dyslipidemia, n (%)

527+14
4(9,0)
2(4,5)

26,2+ 0,6
2 (4,5)
7(15,9)

Moka3uukn remoguHamikm / Baseline hemodynamics

CAT od., mm pT. cT. / SBP, mm Hg 129,2 = 4,1
JAT 0., mm pr. cT. / DBP, mm Hg 839+19
4CC, yn./x8 / HR, bts/min 85127
®B LW, % / LV EF, % 62,6 £0,9
Komop6igHicte/Comorbidity
IXC, abc. (%) / CAD, n (%) 3(6,8)
XCH, a6c. (%) / CHF, n (%) 0/0
L, a6e. (%) / DM, n (%) 0/0
Ar, a6c. (%) / AH, n (%) 15 (34,0)
dibpunsLia nepeacepab, abe. (%) / Atrial fibrillation, n (%) 0/0
MpotunyxnuuHe nikysaHHsa / Cancer treatment
AL B cxemi, abe. (%) / Anthracyclines, n (%) 44 (100)
TpacTtyaymab, abe. (%) / Trastuzumab, n (%) 14 (31,8)
MpomeHesa Tepanis, abe. (%) / Radiation therapy, n (%) 13(29,5)
Xipypriune nikyBatHs,, abc. (%) / Surgery, n (%) 16 (36,4)

IMamientoxk Oyno posmnoaineHo Ha 2 rpynu. Ho 1-i
rpynu yBidnum mauieHTkd 3 PI'3, sgxi oTrpumyBanu
enipy6ituH y cxemi IIXT (n = 18), 10 2-1 — mauieHTKHU
i3 PI'3, gaxi oTpuMmyBanu mokcopyoimH y ckaani [TXT
(n = 26). Bci manieHTKy oTpuMaiu Bin 4 mo 6 KypciB
ITXT 3rigHo 3i craHgapTaMK,/TIPOTOKOJIAMU JTIKyBaHHSI.

OCHOBHI KJIiHiKO-aHAMHECTUYHi Ta reMOJAUHaMiuHi
MOKA3HWKM TTAlliEHTIB MpeaCcTaBIeHi B Ta0d. 2.

INamienTKM 000X TPyM JOCTOBIPHO HE BiAPi3HSIUCH
3a BIKOM, KiJIbKIiCTIO XBOpMX cTapiie 65 poxiB, Jio-
kanizauiero PI'3. KymynadaTtuBHa no3a emipyOiluHY
ckiamana y cepenuboMy (300 + 10,4) mr/m?, gokco-
pybinmny — (254,0 £ 22,8) mr/m?. [TouatkoBa @B JILI
cknana (62,6 = 0,9) % Ta He Bigpi3HsIach B 000X Ipy-
ax XBOpHX.

AHaiz reMoaMHaMiYHUX TTOKAa3HUKIB, BUSIBUB, 110 Y
XBOpUX 1-i TpynmM CUCTONIUHMIA apTepiaibHUI TUCK
(CAT) OyB AOCTOBipHO BUIIMM (B CEepeIHbOMY Ha
15,9 %; p < 0,05), a miacToniuHuUIi apTepiabHUIA TUCK
(IAT) maB TeHIeHIIiI0 A0 30iJBIICHHS MMOPIiBHIHO 3
TakuM y 2-# Tpymi, 110 MOIJIO OyTH 3YMOBJIEHO Oislb-
111010 YaCTKOIO XBOPUX i3 cynmyTHhOI0 Al' B aHaMHe3i B
1-i1 rpymi, a Takox nigsuieHHsIM AT Ha (oHi 3aranb-
HOI TOKCMYHOCTI BHacigok TTXT.

Patients were divided into 2 groups. Group 1
included patients with BC who received epirubicin
(n=18), and group 2 included patients with BC who
received doxorubicin as part of the chemotherapy
regimen (n = 26). All patients received from 4 to 6
courses of chemotheraphy according to treatment
guidelines.

The main clinical, anamnestic and hemodynamic
parameters of patients are presented in Table 2.

Patients in both groups did not differ significantly
in age, number of patients over 65 years, or BC
localization. The cumulative dose of epirubicin was
on average 300+10.4 mg/m?, doxorubicin — 254.0 +
22.8 mg/m?. The initial LV EF was 62.6+0.9 % and
did not differ in both groups of patients.

The analysis of hemodynamic parameters revealed
that in patients of group 1, systolic blood pressure
(SBP) was significantly higher (on average by 15.9 %;
p < 0.05), and diastolic blood pressure (DBP) tend-
ed to increase compared to those in group 2, which
could be due to a greater proportion of patients with
concomitant hypertension in the history in group 1,
as well as an increase in blood pressure against the
background of general toxicity due to radiotherapy.
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Ta6auuya 2

XapaKkrepuctuka xeopux Ha PI3 3anexHo Big Tuny aHTpauukniHy

Table 2

BC patients’ characteristics depending on the type of anthracycline

Moka3nuk / Characteristic

1-wa rpyna (enipyGiumH), n = 18
Group 1 (epirubicin), n =18

2-ra rpyna (gokcopy0iuuH), n = 26
Group 2 (doxorubicin), n = 26

KinbkicTb xopux, n / Number of patients, n 55,3+ 34 51,7+39
MaujeHtn > 65 pokis, abc. (%) / Patients > 65 years, n (%) 2(11,1) 2(7,7)
Anamues PI'3 / BC history
MpaBobiuHa nokarnisauis, abe. (%) / Right'sided BC, n (%) 8 (44,4) 11 (42,3)
JliBo6iuHa nokaniavis PIr3, abe. (%) / Left'sided BC, n (%) 10 (55,5) 15 (57,7)
KymynstueHa gosa ALl mr/m2 / AC cumulative dose, mg/m2 300 = 10,4 254,0 £ 22,8
MpomeHesa Tepanis, abe. (%) / Radiation therapy, n (%) 5(27,8) 8 (30,8)
MokasHuku remoguHamikv / Hemodynamics
CAT o¢., mm pr. cT. / SBP, mm Hg 139,3+4,9 117,2 £ 4,2!
DAT 0., mm prt. cT. / DBP, mm Hg 88,1 £3,5 80,6 1,6
YCC, yn./xe / HR, bts/min 78,25+ 3,3 98,0 + 4,22
®B /LW (6 mic.), % / LV EF, (6 month), % 60,1 £ 1,6 53,6 £1,9'
Yacrka xgopux i3 B < 50 %, n / Patients with EF < 50 %, n 2(11,1) 6(23,1)
XCH, a6e. (%) / CHF, n (%) 3(16,7) 16 (61,5)"
AT, a6e. (%) / AH, n (%) 7(38,9) 8 (30,8)

Mpumitku. TPi3HMUS NOKa3HMKa [OCTOBIPHA MOpIBHAHO 3 Takum y 1-i rpyni (p < 0,05); 2piHuus NokasHWKa LOCTOBIPHA NOpPIBHSAHO 3 Takum y 1-i rpyni (p < 0,01)
Notes. 'Significant in compare with those in the Group 1 (p < 0.05); 2significant in compare with those in the Group 1 (p < 0.01)

Y nmamieHToK B 2-# TpyIIi ITOKa3HUK YaCTOTH CEPILIEBUX
ckopoueHb (HCC) 6yB 1OCTOBIpHO BUILIMM (B CepeIHb-
omy Ha 20,2 %; p < 0,01), mpu 1IbOMY ITOKa3HUKU SIK
CAT, tak i AT Oyau 10CTOBipHO HUKYUMM, MOPiBHSI-
HO 3 TaKuMU y 1-# rpymi, 110 MOIJIO OyTU 3yMOBJIEHO
OIJIBIIIOI0 YACTKOIO XBOPUX i3 aCUMITTOMHOIO CUCTOJIiU-
HOIO ITUC(YHKIIIEIO Ta MPOsIBAMU CEpLEBOI HEAOCTaT-
HocTi (CH).

AHani3 CcTpyKTypHO-(GYHKIIIOHAJHbHUX TMOKa3HUKIB
JIII y xBopux Ha PI'3 B mpoueci ITIIT npeacrasieHo B
Tabm. 3.

AHaJi3 CcTpYKTYpHO-(YHKI[IOHAJIbHUX MOKAa3HUKIB
cepug BusgBuB, mo K P ta KO mocToBipHO He Bimpis-
HSUIMChH Y TPyMHax XBOpUX. Y XBOpUX 2-1 IPYITHU MOKa3HUK
KCO 06ynu goctoBipHO OinbliMU (B CepeIHbOMY Ha
9,0 %; p < 0,05, BinnoBinHO), MOPiBHIHO 3 TAKUM B 1-ii
rpymi.

IMokaznuxu JII1, Topmmau MIII Gyu B Mexkax HOp-
MaJbHUX BEJUYMH Ta JOCTOBIPHO HE BiIPi3HSUIMCh MiX
IpyIlaMu XBOPHX.

ITpu ananizi moka3HuKiB giacToiyHol yHkuii JIIII
nokazHuku E/A ta IVRT, DT TakoxX DOCTOBIipHO He
BiIpI3HSIMCH MiX TpYIIaMU.

Bennuuna ®B JIII yepes 6 micsuis IIIIT 6yna moc-
TOBipHO MEHI1I0I0 B 2-ii rpy1i (B cepeaHbomy Ha 12,1 %;
p < 0,05) mopiBHSHO 3 TakoI0 y 1-1i rpymi.

Yactka xBopux 3i 3HkeHHsIM OB JIIL Ha 10 % nyHKT-
iB a60 < 50 % y 1-it Ta 2-i1 rpynax ckiagana 11,1 % Ta
23,1 % BignosigHo (puc. 1).
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In patients in group 2, the heart rate (HR)
was significantly higher (on average by 20.2 %;
p < 0.01), while both SBP and DBP were signifi-
cantly lower compared with those in group 1,
which could be due to a greater proportion of
patients with asymptomatic systolic dysfunction
and manifestations of HE

The analysis of structural and functional param-
eters of the LV in patients with BC in the process
of cancer treatment is presented in Table 3.

The analysis of structural and functional param-
eters of LV revealed that the EDD and EDV did
not differ significantly in the groups of patients. In
patients of group 2, the ESV was significantly
higher (on average by 9.0 %; p < 0.05, respective-
ly) compared with that in group 1.

Left atrium diameter, I'VS thickness were within
normal limits and did not differ significantly
between the groups of patients.

In the analysis of LV diastolic function, E/A and
IVRT, DT also did not differ significantly between
the groups.

The value of LVEF after 6 months of cancer
treatment was significantly lower in group 2 (on
average by 12.1 %; p < 0.05) compared with that in
group 1.

The proportion of patients with a decrease in
LVEF by 10 % points or < 50 % in groups 1 and 2
was 11.1 % and 23.1 %, respectively (Fig. 1).
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Ta6nuusa 3

Xapakrepucrtuka xsopux Ha PI3 3anexHo Big TMny aHTpauuKniny

Table 3

BC patients’ characteristics depending on the type of anthracycline

Moka3Huk / Characteristic

1-wa rpyna (enipyGiuuH), n =18
Group 1 (epirubicin), n=18

2-ra rpyna (nokcopy6iuuH), n = 26
Group 2 (doxorubicin), n = 26

KZP, mm / EDD, mm

KOO JILW, mn / LV EDV, mli
KCO JIL, mn / LV ESV, ml
MLUM, mm / IVS, mm

®B W, % / LV EF, %
E/A, ym. og. / E/A, units
DT, mc / DT, ms

IVRT, mc / IVRT, ms

JIN, mm/ LA, mm

48,3+0,8 475%0,6
106,6 £ 3,9 98,2 £ 5,7
38314 422 +1,8!
10,9+0,2 10,0+0,5
60,1 +1,6 53,6 1,9
0,98 £0,1 1,14 0,1
168,4 + 6,1 160,2 £ 4,2
78,140 84,1 £ 3,1
38,6 £0,7 37,4 0,6

Mpumitka. PisHMLA NoKasHWKa AOCTOBIPHA NOPiBHAHO 3 Takum y 1-i rpyni (p < 0,05)
Note. 1Significant in compare with those in Group 1 (p < 0.05)

KOP — kiHueBo-pjacToniynmii poamip / EDD — end-diastolic diameter

KOO JILW — kiHueBo-aiacToniyHmii 06’em / LV EDV — left ventricle end-diastolic volume
KCO JILL — kiHueBo-cucToniuHmin 06’em / LV ESV — left ventricle end-systolic volume
MLLM — mixwnyHoukosa nepetuHka / IVS — intraventricular septum

E/A — cnieBigHoweHHs E-wave/A-wave / E-wave/A-wave ratio

DT — yac ynosinbHeHHs / deceleration time

IVRT — yac i30BonomeTpryHOro poacnabneHHs / isovolumic relaxation time
JIN — nise nepeacepas / LA — left atrium

—_ —_ o N
o [$)] o [$)]

®B Jil, % / LV EF, %

o

enipybiuwH / epirubicin - nokcopy6iumH / doxorubicin
n=18 n=26

IIpn mpomy KiabKicThb XxBopux i3 mposBamu CH
(HaOpsIKM, 3aAWIlKa, Taxikapmisi) y 2-i rpyIi TaKox
OyJ1a 1OCTOBipHO BULIOIO (9 MalliEHTOK), MOPiBHSIHO
3 Takolo B 1-#i rpymi (2 mauieHTKu), To0TO, MPOsSIBU
CH BuHuKanm paHillle HaBiTh 32 YMOBU 30epesKeHOol
DB y xBopux Ha PI'3, 1110 iIMOBIipHO MOIJIO BKa3yBa-
1 Ha Oinbin Bupaxenuit KT edekt mnokcopyOiluHy
(puc. 2).

3a ganumu Kopensiiitnoro ananizy, ®B JIL y 2-it
TPyl Maja 3BOPOTHY KOpeJIslilo 3 103010 JTOKCO-
pybinuny (r = -0,67, p < 0,05), 3 HCC (r = -0,59,
p <0,05), a takox 3 IMT (r = -0,55, p < 0,05), o
BKa3yBaJlo Ha HeTaTMBHUI BIJIMB JOKCOPYOILIMHY Ha
cepleBO-CyOIMHHY cuctemy y xBopux Ha PI'3. 3a na-
HUMU psIAY JOCTiIKEeHb TOKCOPYOILIMH Ma€ OibIIMiA
KT BriiuB Ha Miokapp, Hix enipyOiluH [8, 9].

PucyHok 1. Yacrora sHmkenHsa ®B JIW Ha 10 % nyHKTiB 260
< 50 % y nauienTis 3 PI3

Figure 1. The frequency of LVEF reduction by 10 % points or
< 50 % in patients with BC

At the same time, the number of patients with HF
signs and symptoms (edema, dyspnea, tachycardia)
was also significantly higher (9 patients) in group 2
compared with that in group 1 (2 patients), that
showed that HF manifestations occurred earlier, even
with preserved LV EF in BC patients, which could
probably indicate a more pronounced cardiotoxic
effect of doxorubicin (Fig. 2).

According to the correlation analysis, LVEF in group
2 was inversely correlated with the dose of doxorubicin
(r=-0.67, p <0.05), with heart rate (r=-0.59, p < 0.05),
and with BMI (r = -0.55, p < 0.05), indicating a neg-
ative effect of doxorubicin on the CV system in BC
patients. According to a number of studies, doxoru-
bicin has a greater CT effect on the myocardium than
epirubicin [8, 9].
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enipy6iumH / epirubicin - nokcopybiuuH / doxorubicin
n=18 n=26

OBI'OBOPEHHAA

BinmoBigHO 10 ToTepeaHiX MOCTiIKeHb, Yy HalloOMYy
CIIOCTEPEXKEHHI eIMipyOilliH BUSBUBCSI MEHII Kap.io-
TOKCUYHUM, HiX JOKCOPYOiUMH. 3rigHO 3 MpeacTaBiie-
HUMHM JaHUMU OYJI0 BCTAHOBJIEHO, 1O AOKCOPYOillMH
MPU3BOAUB A0 JOCTOBIPHO OiIBIIOI YaCTOTU 3HUKEHHS
@B JIII < 50 %, BigmoBigHO y LMX MALiEHTIB JOCTOBIp-
HO yacrTilie 0yau o3Haku Ta cumnTomMmu CH.

KapmioTokcuuHicTh, TTOB’s13aHa 3 XiMioTepalTi€lo, 30K-
pema 3 AL, morpu 50 pokiB BUKOPUCTAHHS B KJIiHIYHil
MpaKTULi i CbOrOIHI Ma€ 3HAYHMI BIJIMB HA BUXKUBAH-
H$I, OCKIJIBKY BOHA € OCHOBHOIO IIPUYNHOIO CEPLIEBO-CY-
JIUHHOI CMepTi OHKOJIOTigHMX XBopux [10].

BurnpoOyBaHHSI XpOHiIYHOI TOKCMYHOCTI Ha TBapuHaX
MPOJEMOHCTPYBAIM, 1110 €MipyOillMH Ma€ MEHIITY CXUJIb-
HICTb 10 KapAioBaCKYJSIPHOT TOKCUYHOCTI, HiXX 3iCTaBHi
03U noKcopyoinuHay. TuMm He MeHI, y namieHTiB 3 PI'3
MOTPU CTPYKTYPHi BiAMiHHOCTI MixK TOKCOPYOILIMHOM Ta
emipyoinMHOM, OOMIBa TpernapaTu IeMOHCTPYIOTh Ofl-
HaKOBY KJIiHiuHY eekTuBHicTb [11]. OngHak AL, cxoxe,
BIUIMBAIOTh Ha Pi3HI CTPYKTYpHU Ceplsl, i KOXEH 3 HUX
BUKJIMKAE crielin(iuHi 3MiHU, SIKi MOXYTbh IMTOSICHUTHU OT-
pUMaHi pe3yJbTaTu.

MoaudikoBaHi aHajdOru AOKCOPYOILMHY, TaKi SK
enipyOillMH i JimocoMaabHUN JOKCOPYOILIMH, € BiIHOC-
HO MEHII KapIioOTOKCUYHUMM, HiX 3BUYAWHUI JTOKCO-
pyOiuvH. Enipy0iuuH acoLiloeTbCcsd 31 3HMXKEHHSIM
cniBBimHOMeHHd maHciB (BII) mig kninivnoro (BII =
0,39; 95 % AOl: 0,20—0,78) i cyOK/IiHIYHOTO 3HUXKEHHS
@B JILI (B = 0,30; 95 % Al: 0,16—0,57) [12]. ¥ me-
TaaHaIi3i enipyOillMH MaB HUXKYi MOKA3HUKU KJIiHiYHOL
KT (B = 0,39, Bix 0,2 mo 0,78; p = 0,008; 12 = 0,5 %)
ta cyokniniynoi KT (BII = 0,30, Bix 0,16 no 0,57;
p <0,001;12=1,7 %), HixX TOKCOPYOILIMH, 6€3 3HWXKEH-
Hs 1oTO NIPOTUMYXJIMHHOI e(beKTUBHOCTI [12].

Huchynkuisg miokapay JIII, noB’sg3aHa 3 JiKyBaHHSIM
paKy, B 3.5 pa3u migBUIIyE pU3MK JCTATbHUX HACTIIKIB

PuUcyHoOK 2. YacroTa cepueBoi HegocTaTHoCTi y nauienTie 3 PI3
Figure 2. Incidence of heart failure in patients with BC

DISCUSSION

In accordance with previous studies, in our obser-
vation, epirubicin was less cardiotoxic than dox-
orubicin. According to the presented data, it was
found that doxorubicin led to a significantly high-
er frequency of LVEF reduction < 50 %, respec-
tively, these patients had significantly more fre-
quent signs and symptoms of HE.

Cardiotoxicity associated with chemotherapy, in
particular with AC, despite 50 years of use in clin-
ical practice, still has a significant impact on sur-
vival, as it is the main cause of cardiovascular
death in cancer patients [10].

Chronic toxicity studies in animals have demon-
strated that epirubicin has a lower propensity for
cardiovascular toxicity than doxorubicin in com-
parable doses. Nevertheless, in patients with BC,
despite the structural differences between doxoru-
bicin and epirubicin, both drugs demonstrate the
same clinical efficacy [11]. However, ACs seem to
affect different structures of the heart, and each of
them causes specific changes that may explain the
results obtained.

Modified doxorubicin analogs, such as epiru-
bicin and liposomal doxorubicin, are relatively
less cardiotoxic than conventional doxorubicin.
Epirubicin is associated with a reduction in the
odds ratio for clinical 0.39 (95 % CI 0.20—0.78)
and subclinical reduction in LVEF (HR 0.30 (95 %
CI1 0.16—0.57) [12]. In a meta-analysis, epirubi-
cin had lower clinical CT (HR 0.39, 0.2 to 0.78;
p = 0.008; 12 = 0.5 %) and subclinical CT
(HR 0.30, 0.16 to 0.57; p < 0.001; 12 = 1.7 %)
rates than doxorubicin, without reducing its anti-
tumor efficacy [12].

Cancer treatment-related LV myocardial dys-
function increase the risk of death by 3.5 times
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MPOTSITOM MepIux 2 pokiB micis 3akiHueHHs TTITT [13].
I came ALl € mpenapatamu, HalOIbII YACTO acollifioBa-
aumnu 3 KT [14, 15].

3 wiei mo3uii, panHsa giarHoctuka KT € myxke Baxkim-
Bolo [16—18], i BixmoBinHO 10 peKoMeHaalliil 3 KapaioOH-
KoJiorii BUKopucTaHHs aBoBuMipHOi ExoKI' 3 BuMipio-
BanHsaM @B JIII € ocHOBHUM iHCTpyMEHTOM IS Jiar-
Hoctukn KT [7]. Ockinbku nipunuHeHHs [IIT ugepes
CepLIeBO-CYAMHHI YCKJIaJHEHHSI MOX€e BUKJIMKATU TPOr-
pecyBaHHS 200 peLIMAUB paKy, HEOOXiTHO PO3POOJISITU iH-
IUBiAyaTbHUIN TUTaH KapAioJOTiYHOTO MOHITOpUHTY [19].

Bpaxosytouu e, 1o ALl MaroTh pi3HMit TTpodiab Kap-
JIIOBACKY/ISIPHOI TOKCUYHOCTI, SIK MPOJAEMOHCTPOBAHO B
HalIOMY IOCiIXXEeHHi, BiAMOBIAHO MPU BUKOPUCTAHHI Y
nauienTiB 3 PI'3 mokcopyoinmny B cxemax I1I1T, ix HeoO-
XiITHO BiTHOCUTH J10 MaLi€HTiB Bucokoro pusuky KT [20].

OOmexxeHHsT pociigxeHHs. Lle omHOLIEHTpoBe Binm-
KpUTE AOCTIAXKEHHS 3 HEBEJIMKUM PO3MipoM BUOIpKHM i
HU3BKOIO CTAaTUCTUYHOIO TTOTYKHIiCTI0. OOMeXeHHIMMI
JOCTIIXEHHS OyaM BUKOPUCTAHHS TiIbKU METOIY
ExoKI' mnst Buznauenns @B JILI, a TakoxX BiICyTHICTB
JIOBTOTPUBAJIOIO CIIOCTEPEXKEHHSI.

BUCHOBKU

Pe3ynbratu mociigxXeHHs cBigyaThb MpPO AOCTOBIpHO
6inbiny yacroty 3HmxkeHHs ®B JIII Ha > 10 % Ta/a6o
< 50 %, ax kpurepito KT mpy BUKOpPUCTaHHI ITOKCO-
py6inuHy B cxemax I1T1T mopiBHSIHO 3 emipyOiLIMHOM.

ITomkomkeHHsT MioKapay, SIK peakilid Ha XPOHiIUYHY
KT, i BinnoBinHe 3HM>XEHHSI CUCTOMIIYHOI (byHKIIIT Mio-
Kapay JIL, nposiBiasiETbCsl JOCTOBIPHO OLIbIIOK YaCTO-
TOIO 03HaK Ta cumnTomiB CH.

HeoOxinHi momanbili JOCTiIXKEHHS, 11100 BCTAHOBUTH,
yy OyayTh 3MiHM TreMoauHaMmiyHux napametpiB JIIII
BIUIMBATH Ha BimmaneHuii mporHo3 xBopux 3 PI'3. Takox
3aJIUIIAETHCS BiIKPUTUM TIMTAHHS, SIKi TTpodilakKTUYHI
cTparerii MOXyTb 3MEHIIYBAaTU HeraTUBHUM BriiuB All,
30KpeMa J0KCOPYOillMHY, AJIs1 3MEHILIEHHS YaCTOTU CUC-
TOJIiYHOI mrucyHKIIIi Miokapaa JILI.

KoHdnikT iHTepecis
ABTOpPHU 3asIBJISIIOTh MPO BiICYTHICTb KOH(IIIKTY iHTe-
peciB.

CINMUCOK BUKOPUCTAHUX OXKEPEN

1. Cancer in Ukraine 2022—2023: Incidence, mortality, prevalence and
other relevant statistics. / Z. P. Fedorenko, L. O. Goulak, Y. L. Gorokh
et al. Bulletin of the National Cancer Registry of Ukraine, 2024. Vol. 25.
130 p.

2. ESMO Guidelines Committee. ESMO Clinical Practice Guideline for the
diagnosis, staging and treatment of patients with metastatic breast

during the first 2 years after the end of cancer
treatment [13]. ACs are the most commonly asso-
ciated drugs with CT effect [14, 15].

From this point of view, early diagnosis of CT is
very important [16—18], and in accordance with
the cardio-oncology recommendations, the use of
two-dimensional echocardiography with measure-
ment of LV EF is the main tool for the diagnosis of
CT [7]. Since discontinuation of cancer treatment
due to CV complications can cause progression or
recurrence of cancer, it is necessary to develop an
individualized cardiac monitoring plan [19].

Given that ACs have a different CV toxicity pro-
file, as demonstrated in our study, respectively, when
doxorubicin is used in patients with BC, they should
be considered as high-risk patients for CT [20].

Study limitations. This is a single-center open-
label study with a small sample size and low statis-
tical power. Limitations of the study were the use
of only the echocardiography method for meas-
urement of LV EF, as well as the lack of long-term
follow-up.

CONCLUSIONS

The results of the study indicate a significantly
higher incidence of a drop in LVEF by > 10 %
and/or < 50 % as a CT criterion when using dox-
orubicin in the chemotheraphy regimens com-
pared with epirubicin.

Myocardial damage as a response to chronic CT,
and the corresponding decrease in LV systolic
function, is manifested by a significantly higher
incidence of signs and symptoms of HE

Further studies are needed to determine whether
changes in LV hemodynamic parameters will
affect the long-term prognosis of patients with BC.
It remains an open question what preventive
strategies can reduce the negative impact of ACs,
in particular doxorubicin, to reduce the incidence
of LV systolic dysfunction.

Conflict of interest
The authors declare no conflict of interest.

REFERENCES

1. Fedorenko ZP, Goulak LO, Gorokh YL, Ryzhov AYu, Soumkina OV,
Koutsenko LB. Cancer in Ukraine 2022—2023: Incidence, mortal-
ity, prevalence and other relevant statistics. Bulletin of the
National Cancer Registry of Ukraine. Kyiv; 2024. Vol. 25. 130 p.

2. Gennari A, Andre F, Barrios CH, Cortes J, de Azambuja E,

DeMichele A, et al. ESMO Guidelines Committee. ESMO Clinical

443 &



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

cancer / A. Gennari, F. Andre, C. H. Barrios et al. Ann. Oncol. 2021.
Vol. 32, no. 12. P. 1475-1495. doi: 10.1016/j.annonc.2021.09.
019.

3. A comparative study of doxorubicin and epirubicin in patients with
metastatic breast cancer / G. N. Hortobagyi, H. Y. Yap, S. W. Kau
et al. Am. J. Clin. Oncol. 1989. Vol. 12, no. 1. P. 57-62. doi: 10.
1097/00000421-198902000-00014.

4. Singh Z., Kaur H. Toxicological aspects of antineoplastic drugs dox-
orubicin and epirubicin. J. Clin. Mol. Med. 2019. Vol. 2. doi: 10.
15761/JCMM.1000130.

5. The EACVI Echo Handbook / ed. by P. Lancellotti, B. Cosyns. Ox-
ford : ESC Publications, 2016. doi: 10.1093/med/9780198713623.
001.0001.

6. ESC Scientific Document Group. 2016 ESC position paper on can-
cer treatments and cardiovascular toxicity developed under the aus-
pices of the ESC Committee for Practice Guidelines: the Task Force
for Cancer Treatments and Cardiovascular Toxicity of the European
Society of Cardiology (ESC) / J. L. Zamorano, P. Lancellotti, D. Rod-
riguez Munoz et al. Eur. Heart J. 2016. Vol. 37. P. 2768-2801. doi:
10.1093/eurheartj/ehw211.

7. ESC Scientific Document Group. 2022 ESC Guidelines on cardio-
oncology developed in collaboration with the European Hematology
Association (EHA), the European Society for Therapeutic Radiology
and Oncology (ESTRO) and the International Cardio-Oncology
Society (IC-0S) / A. R. Lyon, T. Lopez-Fernandez, L. S. Couch et al.
Eur. Heart J. 2022. Vol. 43, no. 41. P. 4229-4361. doi: 10.1093/
eurheartj/ehac244.

8. Anthracycline-induced cardiotoxicity - are we about to clear this hur-
die? /W. C. M. Dempke, R. Zielinski, C. Winkler et al. Eur. J. Cancer.
2023. Vol. 185. P. 94-104. doi: 10.1016/].ejca.2023.02.019.

9. Cardiotoxicity of anthracyclines / E. Balough, A. Ariza, A. Asnani,
C. W. Hoeger. Cardiol. Clin. 2025. Vol. 43, no 1. P. 111-127.
doi: 10.1016/j.ccl.2024.08.002.

10. Chemotherapy-related cardiotoxicity and its symptoms in patients
with breast cancer: a scoping review / H. Kim, B. Hong, S. Kim et al.
Syst. Rev. 2024.Vol. 13, no. 1. P. 167. doi: 10.1186/s13643-024-
02588-z.

11. Comparisons of Cardiotoxicity and Efficacy of Anthracycline-Based
Therapies in Breast Cancer: A network meta-analysis of random-
ized clinical trials / Z. Mao, K. Shen, L. Zhu et al. Oncol. Res. Treat.
2019. Vol. 42, no. 7-8. P. 405-413. doi: 10.1159/000500204.

. Cardiotoxicity of anthracycline agents for the treatment of cancer:
systematic review and meta-analysis of randomised controlled tri-
als / L. A. Smith, V. R. Cornelius, C. J. Plummer et al. BMC
Cancer. 2010. Vol. 29, no. 10. P. 337. doi: 10.1186/1471-2407-
10-337.

13. Ewer M. S., Ewer S. M. Cardiotoxicity of anticancer treatments.
Nat. Rev. Cardiol. 2015. Vol. 12, no. 9. P. 547-558. doi: 10.1038/
nrcardio.2015.65.

. Cardiac toxicities of anticancer treatments: chemotherapy, target-
ed therapy and immunotherapy / A. Zarifa, A. Albittar, P. Y. Kim et

10

1.

12.

13.

14

Practice Guideline for the diagnosis, staging and treatment of
patients with metastatic breast cancer. Ann Oncol. 2021;32(12):
1475-1495. doi: 10.1016/j.annonc.2021.09.019.

. Hortobagyi GN, Yap HY, Kau SW, Fraschini G, Ewer MS, Chawla SP,

Benjamin RS. A comparative study of doxorubicin and epirubicin in
patients with metastatic breast cancer. Am J Clin Oncol. 1989;12(1):
57-62. doi: 10.1097/00000421-198902000-00014.

. Singh Z, Kaur H. Toxicological aspects of antineoplastic drugs

Doxorubicin and Epirubicin. J Clin Mol Med. 2019;2(1):1-5. doi: 10.
15761/JCMM.1000130.

. Lancellotti P, Cosyns B, editors. The EACVI echo handbook. Online

ed. Oxford: ESC Publications;
9780198713623.001.0001.

2016. doi: 10.1093/med/

. Zamorano JL, Llancellotti P, Rodriguez Munoz D, Aboyans V,

Asteggiano R, Galderisi M, et al. ESC Scientific Document Group.
2016 ESC position paper on cancer treatments and cardiovascular
toxicity developed under the auspices of the ESC Committee for
Practice Guidelines: the Task Force for Cancer Treatments and
Cardiovascular Toxicity of the European Society of Cardiology (ESC).
Eur Heart J. 2016;37:2768-2801. doi: 10.1093/ eurheartj/ehw211.

. Lyon AR, Lopez-Fernandez T, Couch LS, Asteggiano R, Aznar MC,

Bergler-Klein J, et al. ESC Scientific Document Group. 2022 ESC
Guidelines on cardio-oncology developed in collaboration with the
European Hematology Association (EHA), the European Society for
Therapeutic Radiology and Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS). Eur Heart J. 2022;43(41):4229-
4361. doi: 10.1093/eurheartj/ehac244.

. Dempke WCM, Zielinski R, Winkler C, Silberman S, Reuther S, Priebe

W. Anthracycline-induced cardiotoxicity — are we about to clear this
hurdle? Eur J Cancer. 2023;185:94-104. doi: 10.1016/j.ejca.2023.
02.019.

. Balough E, Ariza A, Asnani A, Hoeger CW. Cardiotoxicity of

Anthracyclines. Cardiol Clin. 2025;43(1):111-127. doi: 10.1016/].
ccl.2024.08.002.

. Kim H, Hong B, Kim S, Kang SM, Park J. Chemotherapy-related

cardiotoxicity and its symptoms in patients with breast cancer: a

scoping review. Syst Rev. 2024;13(1):167. doi: 10.1186/s13643-

024-02588-z.

Mao Z, Shen K, Zhu L, Xu M, Yu F, Xue D, et al. Comparisons of

cardiotoxicity and efficacy of anthracycline-based therapies in
breast cancer: A network meta-analysis of randomized clinical tri-

als. Oncol Res Treat. 2019;42(7-8):405-413. doi: 10.1159/

000500204.

Smith LA, Cornelius VR, Plummer CJ, et al. Cardiotoxicity of anthra-

cycline agents for the treatment of cancer: systematic review and
meta-analysis of randomised controlled trials. BMC Cancer.

2010;10:337. doi: 10.1186/1471-2407-10-337.

Ewer MS, Ewer SM. Cardiotoxicity of anticancer treatments. Nat
Rev Cardiol. 2015;12(9):547-58. doi: 10.1038/nrcardio.2015.65.

. Zarifa A, Albittar A, Kim PY, Hassan S, Palaskas N, lliescu C, et al.
Cardiac toxicities of anticancer treatments: chemotherapy, targeted

b 444



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

CLINICAL PRACTICE

al. Curr. Opin. Cardiol. 2019. Vol. 34, no. 4. P. 441-450. doi: 10.
1097/HCO.0000000000000641.

15. Risk score model for predicting cardiotoxicity in brest cancer: diag-
nostiv vaslue of high-sensitivity cardiac Troponin T / N. V. Dovga-
nych, S. M. Kozhukhov, 1. I. Smolanka, et al. Probl. Radiac. Med.
Radiobiol. 2023. Vol. 28. P. 454-467. doi: 10.33145/2304-8336-
2023-28-454-467.

16. Early detection of anthracycline-induced cardiotoxicity / W. Feng,
Q. Wang, Y. Tan et al. Clin. Chim. Acta. 2025. Vol. 565. P. 120000.
doi: 10.1016/j.cca.2024.120000. Epub 2024 Oct 12.

17. Early screening of cardiotoxicity of chemotherapy by echocardiog-
raphy and myocardial biomarkers / I. Bouhlel, 1. Chabchoub, E. Haj-
ri et al. Tunis Med. 2020. Vol. 98, no. 12. P. 1017-1023.

18. Early detection of anthracycline cardiotoxicity and improvement
with heart failure therapy / D. Cardinale, A. Colombo, G. Bacchiani
et al. Circulation. 2015. Vol. 131. P. 1981-1988. doi: 10.1161/
CIRCULATIONAHA.114.013777.

19. Trastuzumab interruption and treatment-induced cardiotoxicity in
early HER2-positive breast cancer /A. F. Yu, N. U. Yadav, B. Y. Lung
et al. Breast Cancer Res. Treat. 2015. Vol. 149, no. 2. P. 489-495.
doi: 10.1007/s10549-014-3253-7.

20. Management of cancer patients at high and very-high risk of car-
diotoxicity: Main questions and answers / D. Di Lisi, C. Cadeddu
Dessalvi, C. Zito et al. Curr. Probl. Cardiol. 2024. Vol. 49, no. 3. P.
102229. doi: 10.1016/j.cpcardiol.2023.102229.

IHOOPMALIA NPO ABTOPIB

lloBranny Harania BacuniBHa, KaHAMAAT MegUYHUX HayK,
HAYKOBMiA CniBpobGITHMK CniBPOGITHUK Bigdiny KniHiuHoi
capmakonorii Ta kapgiooHkonorii, 1Y «HauioHansHuit Ha-
yKoBUI LeHTp «IHCTUTYT Kaphionorii imeHi akagemika M.[.
Crpaxecka» HAMH Ykpainu», m. Kuis

ORCID ID: https://orcid.org/0000-0003-4674-4294
KoxxyxoB Cepriii MukonawoBuu, HayKoBUit KepiBHUK
BifAiNy KniHiuyHOi dhapmakonorii Ta kapaiooHkonorii, Y
«HauioHanbHMit HayKoBUMiA LeHTp «IHCTUTYT Kapgionorii
imeni akapemika M.[. Ctpaxecka» HAMH Ykpainuy, m. Kuis
ORCID ID: https://orcid.org/0000-0002-7973-7894
CmonaHKa IBaH IBaHOBMY, JOKTOP MeAUYHUX HayK, Npode-
cop, 3aBigyBay BifAiNY NyxauH rpynHoi 3ano3u Ta ii pekoH-
CTPYKTUBHOT Xipyprii, HauioHanbHKi iHcTUTYT paky MO3 Yk-
painu, m. Kuis

ORCID ID: https://orcid.org/0000-0003-4330-0436
Jluruppa Onbra PepopiBHa, KAaHAUAAT MELUYHUX HAYK, Ni-
Kap-OHKONOT, 3aBiflyBay BifAiny NyXauH rpygHoi 3ano3u 1a
ii peKoHCTpYKTUBHOT Xipyprii, HauioHanbHKUI iHCTUTYT paKky
MO3 Ykpainu, M. Knis

ba3uka Onbra €BreHiBHa, KaHAMAAT MEANYHUX HAyK, CTAp-
WK HayKoBUI cMiBpOGITHUK BigAiny KniHiyHOT dapmako-
norii Ta kapaiooHkonorii, 1Y «HauioHanbHuWit HayKoBMiA

therapy and immunotherapy. Curr Opin Cardiol. 2019;34(4):441-
450. doi: 10.1097/HC0.0000000000000641.

15. Dovganych NV, Kozhukhov SM, Smolanka Il, Lygyrda OF, Bazyka
OY, Lyalkin SA, Yarynkina OA. Risk score model for predicting car-
diotoxicity in brest cancer: diagnostiv vaslue of high-sensitivity car-
diac Troponin T. Probl Radiac Med Radiobiol. 2023;28:454-467.
doi: 10.33145/2304-8336-2023-28-454-467.

16. Feng W, Wang Q, Tan Y, Qiao J, Liu Q, Yang B, et al. Early detec-
tion of anthracycline-induced cardiotoxicity. Clin Chim Acta. 2025;
565:120000. doi: 10.1016/j.cca.2024.120000. Epub 2024 Oct 12.

17. Bouhlel 1, Chabchoub I, Hajri E, Ernez S, Gouider J. Early screen-
ing of cardiotoxicity of chemotherapy by echocardiography and
myocardial biomarkers. Tunis Med. 2020;98(12):1017-1023

18. Cardinale D, Colombo A, Bacchiani G, Tedeschi I, Meroni CA, Veglia
F, et al. Early detection of anthracycline cardiotoxicity and improve-
ment with heart failure therapy. Circulation. 2015;131:1981-1988.
doi: 10.1161/CIRCULATIONAHA.114.013777.

19. Yu AF, Yadav NU, Lung BY, Eaton AA, Thaler HT, Hudis CA, et al.
Trastuzumab interruption and treatment-induced cardiotoxicity in
early HER2-positive breast cancer. Breast Cancer Res Treat. 2015;
149(2):489-495. doi: 10.1007/s10549-014-3253-7.

20. Di Lisi D, Cadeddu Dessalvi C, Zito C, Zito C, Madaudo C,
Manganaro R, et al. Management of cancer patients at high and
very-high risk of cardiotoxicity: Main questions and answers. Curr
Probl Cardiol. 2024;49(3):102229. doi: 10.1016/j.cpcardiol.2023.
102229.

INFORMATION ABOUT AUTHORS

Nataliia V. Dovganych, PhD, Researcher of Clinical Pharma-
cology Department, State Institution «National Research
Center «The M.d. Strazhesko Institute of Cardiology» of the
National Academy of Medical Sciences of Ukraine»», Kyiv,
Ukraine

ORCID ID: https://orcid.org/0000-0003-4674-4294

Serhii M.Kozhukhov, PhD, Doctor of Medical Sciences,
Head of Clinical Pharmacology Department & Cardio-Onco-
logy Expert Center, State Institution «National Research
Center «The M.d. Strazhesko Institute of Cardiology» of the
National Academy of Medical Sciences of Ukraine», Kyiv,
Ukraine

ORCID ID: https://orcid.org/0000-0002-7973-7894

Ivan I. Smolanka, Doctor of Medical Sciences, Professor,
Head of Breast Cancer and reconstruction surgery Depart-
ment, National Cancer Institute of the Ministry of Health of
Ukraine, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0003-4330-0436

Olha F. Lygyrda, Doctor of Breast Cancer and reconstruc-
tion surgery Department, National Cancer Institute of the
Ministry of Health of Ukraine, Kyiv, Ukraine

Olga Ye. Bazyka, PhD, Senior Researcher of Clinical Phar-
macology Department, State Institution «National Re-

445 &



K/TIHIYHA

n PAKTM KA ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

ueHTp «IHCTUTYT Kapaionorii imeHi akagemika M.[. Ctpaxec-
ka» HAMH Ykpainu», m. Kuis

Jlanbkin Cepriii AHaTONIMOBMWY, [OKTOP MeAMYHWUX Hayk,
CTapluMii HayKoBMi1 cniBpobITHUK HAyKOBO-AOCNIAHOIO BiA-
Ainy ximietepanii conigHux nyxnuH, HauioHanbHWit iHCTUTYT
paky MO3 YkpaiHu, m. Kuis

search Center «The M.D. Strazhesko Institute of Cardio-
logy» of the National Academy of Medical Sciences of
Ukraine», Kyiv, Ukraine

Sergey A. Lyalkin, PhD, Doctor of Medical Sciences,
Senior Researcher of Department of chemotherapy of
solid tumors, National Cancer Institute of the Ministry of
Health of Ukraine, Kyiv, Ukraine

Cmamms nadiituina do pedaxuii 06.11.2024

Received: 06.11.2024

b 446



