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AHTpaLMKNUH-MHOYLMpaHaTa kapamoTokeuyHocT (AVIK) e nosHata ot 70-Te roguHn Ha XX Bek, HO NpoAbixasa Aa e
aKTyarnHa, OCHOBHO 3apajy LUMPOKOTO NPUMOXEHWNE HA aHTPALMKIMHUTE B OHKONOMMYHaTa npakTuka. Moxactoswem AVK
Cce pasrnexaa kaTo NPOABLITKATENEH N HeNPeKbCHAT NPOLEC, KOWTO 3anoysa OLLe C mbpaaTa 403a Ha MOIEKYITHO U Kie-
TBHYHO HWBA U €BOMNIOMPA B KapAMOMMONAaTUS U CbpAeYHa HeJoCTaTb4yHOCT. ChbBPEMEHHUTE M3CNeaBaHNsS Ca HacoueHM
3a OTKpUBaHe Ha MeToaM 3a paHHa AETeKUMS Ha aHTPaLMKNWH-CBbp3aHaTa MuokapaHa yBpesa. B gonbnHeHue, paspa-
BoTBaT ce cpeAcTBa 3a MbpBiYHa NpeBeHLms Ha AWK, kaTo ce Thpcu TaxHaTa echeKTUBHOCT, MACTOTO 1 BPEMETO Ha Nnpu-
noxenue. Llenta Ha HacTosLms 0630p fa ce NpeacTaBaT HanNYHUTE NPEBaHTUBHW Bb3MOXHOCTH, KaKTO U MEXaHWU3MUTe
Ha TAXHOTO fencTBue 1 MexaHuamute Ha AUK. Cnopen CbBpeMeHHWUTE Npenopbkv Ha MbpBIUYHA NPEBEHLMS noanexart
naLWeHTUTe C BUCOK N MHOTO BICOK PUCK M TS BKITKOYBA 0BLLW MEPKM 3@ MOHWKEHNE HA CbPAEYHO-ChA0BMS PUCK, HEBPO-
XOPMOHasHa Tepanus v ctatuhu. [NeprognyHata kapanonoriiHa OLeHKa € 3aAb/IKUTENHA YacT OT NpodunakTukaTa Ha
nporpecusTa Ha CbpaeyHaTa yBpefa. YCTaHOBsBaHe Ha Neka M1okapaHa yBpefa (BroLueH rnobaneH HaambXeH CTpeiH
1 0cBObOXOABAHE Ha TPOMOHMH) AaBa OCHOBAHME 3a KapAMONPOTEKTUBHA Hameca. Hskou BbNpocK B NpeBeHUMsATa Ha
AVK kaTo nonsata oT no-paHHa kapA1onpoTEKLMS, MACTOTO 1 eCheKTUBHOCTTA Ha cakybuTpun/BancapTaH U Ha MHX1ou-
TOPUTE Ha HATPUEBO-TMIOKO3HMS KoTpaHcnopTep 2 (SGLT2 uHxubutopu) ca obekT Ha Obaewm uscneasaHus. dusnye-
ckaTa aKTUBHOCT u3rnexaa obeLLaBall MeTog 3a HamansBaHe Ha CbpAeYHUTE YBpexXAaLLM ePeKTU Ha aHTPaLMKIUHUTE.
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Anthracycline-induced cardiotoxicity (AIC) has been known since the 1970s but remains relevant, mainly due to the
widespread use of anthracyclines in oncological practice. Currently, AIC is viewed as a prolonged and continuous process
that starts with the initial dose at molecular and cellular levels and advances, ultimately resulting in cardiomyopathy and
heart failure. Many contemporary studies aim to discover methods for early detection of anthracycline-related myocardial
injury. Additionally, ongoing research focuses on agents for primary prevention of AIC, examining their effectiveness,
place, and timing of administration. This review aims to present the available preventive options, interconnecting them
with their mechanisms of action and the mechanisms of AIC. According to current recommendations, primary prevention is
indicated for high- and very high-risk patients and includes general measures to lower cardiovascular risk, neurohormonal
therapy, and statins. Regular cardiology assessments are a crucial component of heart damage prevention. Evidence of
mild myocardial injury (deteriorated Global Longitudinal Strain and troponin release) justifies cardioprotective measures.
Some aspects remain unanswered, including whether early cardioprotection is required, as well as the role and efficacy of
sacubitril/valsartan and sodium-glucose cotransporter 2 inhibitors (SGLT2 inhibitors) for AIC prevention. Physical activity
is a promising method to reduce the cardiac damaging effects of anthracyclines.
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BbBEOQEHMUE

Makap n ga e nssectHa ot 70-Te roguHun Ha XX Bek
aHTpauUMKNUH-MHayumMpaHaTa kapauotokcnuyHoct (AUK)
npogb/kaBa Aa € akTyaneH npobnem. AHTpaumKknun-
HUTE (OOKCOPYOVLMH, enupyOuuuH, OayHOPYOULMH,
noapyouumH) ca WMPOKO npunaraHi MeavkameHTu 3a
rie4yeHrie Ha MHOXECTBO 3110Ka4eCTBEHN 3abonsBaHus —
CONMOHN TYMOPW U XeMaToNorm4yHn Heonnasmu [1].

AHTPAUMKNUH-MHOYUMpaHata KapgMOTOKCUYHOCT
MOXe [ia ce NPOosiBM OLLe cred NbpBaTta 4o3a C pUuTbM-
HW HapyLleHUsl, NepUKapauT, MMOKapAUT U OCTpa Cbp-
neyHa HepoctatbyHocT (CH), n ToraBa ce aedumHupa
KaTo ocTpa KapamoTokcudHocT [2]. XpoHudHata AUK
ce nposiaea kato CH nnun 6escumntomMmHa MuokapaHa
ancdpyHkums (kapamommonaTtus — KMIMT). Cnopeg Bpe-
MeTO Ha m3siBa xpoHudHata AWK ce geduHmpa kato
paHHa, ako ce yCTaHOBM Mpe3 MbpBaTta roguHa, umm
KbCHa Npu NosiBa rOAMHN NO-KbCHO. AHTPALMKITUH-UH-
AyuupaHata KapAMOTOKCMYHOCT € [0303aBucuMa U
HeliHaTa 4YecToTa HapacTBa EKCMOHEeHUMarnHo ¢ NoBu-
LEeHNe Ha KymynatmBHaTa fosa. [pu gosa Ha gokco-
pybuumH 400 mg/m? yectotaTa € 5% u goctura 48%
npv nauneHTute ¢ gosa 700 mg/m? [1]. OTbensi3Ba ce,
Yye HAMa OesonacHa [o03a, CblUecTBYBaT UHAMBMAYaN-
Ha YyBCTBUTEMHOCT U reHeTu4Ha npegucnosununs [1].

Knacuueckn AUK e onpepensina kato HeobpaTu-
Ma M TOBa CxBallaHe npousxoxga OT u3cneasBaHus
Ha Bb3pacCTHW NauMeHTU, NOAN0XKEHN Ha aHTpaLUKNn-
HOBa XxMMMoTepanusi B AeTcka Bb3pacT [3]. Tasu Tesa
e onpoeepraHa ot Cardinale n cbtp. (2015 r.), KOUTO
npunarat KapauMonpoTEKTMBHA Tepanusd C eHana-
npvn n/vnyM KapBeguron npv nauMeHTn CbC Cbpaed-
Ha AMcdyHKUMA [MOHWKeHne Ha nesokamepHaTta (J1K)
dpakumsa Ha nstnacksarve (®PN) c noseve ot 10% wnnu
0o ctorHocT nog 50%)] B xofa Ha neveHue ¢ aHTpauum-
KnNuHW. B pesynTaT Te oTkpmBaT BUCOK NPoLEHT (82%)
Ha obpatumocT (11% nbnHa n 72% 4YacTnyHa), KoAaTo
€ B npsika 3aBMCMMOCT OT MO-PaHHOTO 3arnoyBaHe Ha
Tepanua 3a CH [4]. Te3n gokasartencrsa nocTaBaT OC-
HOBaTa 3a peBu3MpaHe Ha Kracumdeckata knacuduka-
uns. Bb3HuMkBa KoHUenumsATa, Ye aHTpauuKNMH-UHAY-
uupaHata MMoKapgHa yBpeaa € NpoabIDKUTENEH U He-
NpeKbCHAaT NPoLEeC, KONTO CTapTUpa paHo Ha KNeTbYHO
HMBO M eBOMoMpa BbB (PYHKLMOHAMHN U CTPYKTYPHU
MUWOKapOHW HapyLLEeHWs 1 B KparHa cmeTka B CH [3, 5].
B noTBbpXXOEHWE ca paHHWUTE HapyLUeHUs B AMACTOM-
HaTa JIK dyHKuua (yobrmkaBaHe Ha BpemMeTo 3a M30-
BOMyMeTpUYHa penakcauus, noHmkaBaHe Ha E/An e’
nosuvwwasaHe Ha E/e’), kouTo morat fa npegLuecrtsar 1
Jopu fga npegckaxat HacTbneaHeTo Ha JIK cuctonHa
ancdpyHkums [6, 7].

CbBpemMeHHUTE u3cnenBaHWs ca HaCOYeHW KbM
HaMvpaHe Ha Mo-4yBCTBMTENHM METOAM, KOUTO Aa yna-
BAT paHHa MuOKapgHa yBpeda (BMCOKOYYBCTBUTEMEH

INTRODUCTION

Despite being documented since the 1970s, anth-
racycline-induced cardiotoxicity (AIC) remains a per-
sistent issue. Anthracyclines (doxorubicin, epirubicin,
daunorubicin, and idarubicin) are the primary therapy
for a wide range of malignancies, such as solid tumours
and haematological neoplasms [1].

Anthracycline-induced cardiotoxicity can occur
after the first dose with rhythm disturbances, pericar-
ditis, myocarditis, and acute heart failure (HF) and
is then defined as acute cardiotoxicity [2]. Chronic
AIC manifests as HF or asymptomatic myocardial
dysfunction (cardiomyopathy — CMP). When it de-
velops within the first year of chemotherapy, AIC is
classified as early, while it is considered late chronic
cardiotoxicity if identified years later. The occurrence
of AIC is dose-dependent, increasing exponentially
with cumulative dose. The incidence is 5% at a doxo-
rubicin dose of 400 mg/m?, reaching 48% at a dose
of 700 mg/m? [1]. It has been noted that there is no
safe dose, individual sensitivity, or genetic predispo-
sition [1].

Traditionally, AIC has been characterized as ir-
reversible, and this concept stemmed from research
conducted on adult patients who received anthracy-
cline chemotherapy during their infancy [3]. Cardinale
et al. (2015) challenged the assumption of irrevers-
ibility of AIC [4]. They implemented cardioprotective
therapy with enalapril and/or carvedilol in patients
with cardiac dysfunction (left ventricular (LV) ejection
fraction (EF) decrease > 10%, less than 50%) in the
course of the anthracycline treatment. As a result,
they detected a high reversibility rate of 82% (11%
complete and 72% partial), directly related to the ear-
lier initiation of HF treatment [4]. This evidence es-
tablished a foundation for re-evaluating the traditional
classification The hypothesis emerges that the devel-
opment of anthracycline-induced myocardial injury is
an ongoing, continuous process starting at the cellular
level and evolving to functional and structural myo-
cardial abnormalities and eventually to HF [3, 5]. This
theory is supported by early deviations in diastolic LV
function indices (isovolumic relaxation time (IVRT)
prolongation, decreased E/A and €', increased E/e’),
which may precede and predict systolic function dete-
rioration [6, 7].

Ongoing research is focused on finding more
sensitive methods to capture early myocardial injury
(high-sensitivity troponin) and early functional ab-
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TPOMOHMH) U PaHHU (PYHKUMOHAIHU HapylleHus (Ha-
AMbXeEH, LMPKyMdEepeHTeH 1 paguaneH cTperH) [8, 9].
Hay4yeH 1 KnuHU4eH nHTepec NpeacTaBnsaBaT OTKpMBa-
HEeTO Ha e(peKTMBHN NPEBaHTMBHN CPEACTBa U onpeae-
NsiHE Ha BPEMETO M KpUTEPUMTE 3a TAXHOTO MpunaraHe.
MbpBuyHaTa npeseHumst Ha CH, owe B ctaguii A, e oT
CbLLIECTBEHO 3HaYeHMe 3a NpoMsiHa xoga Ha 3abonsiBa-
HeTo [10, 11]. B ctagun A Ha CH ca noctaBeHu 1 nauu-
€HTUTE, NOANOXEHN Ha KapOUOTOKCUYHA OHKOMOrMyHa
Tepanus [10]. Pa3BnTMETO Ha Hay4yHWUTE BB3MOXHOCTU
AoBefe 00 HoBa epa B pas3bupaHeTo Ha natodunsmono-
rmsata Ha CH Be4ve 1 Ha BbTPEKNETHYHO HMBO [12]. ToBa
AaBa Bb3MOXHOCT 3a TepaneBTU4Ha Hameca npeaun Ha-
CTBbMBaHETO Ha ApYrY ManaganTUBHU NPOLECU — HEBPO-
XOPMOHareH n xemoguHamuyeH ctpec [12].

OT Tasu rmegHa TOYka MO3HABAHETO Ha MeXaHu-
3MUTE Ha MUOKapgHa yBpeda Ha cucTemMHarta npoTu-
BOTYMOpHa Tepanusi € B OCHoBaTa Ha paspaboTBaHe
Ha KapanonpoTekTMBHU cpeacTaa. Llenta Ha o63opa e
Aa ce NpeacTaBAT U3BECTHUTE KbM TO3U MOMEHT npe-
BaHTMBHW CpeaCcTBa B YCNOBUSTA HA aHTPALMKITMHOBA
Tepanusa M Hamecata UM B NaTtoPU3MNONOrMYHUTE Me-
xaHn3amm Ha AWK. Tean 3HaHMa Guxa nocrnyxunu 3a
aprymeHTMpaHaTa Hameca Ha Kapguorora 3a Hamarns-
BaHe Ha cbpaeyvHo-cbaoBaTa (CC) 3abonsemocT npu
NauMeHTN C OHKONMOrMYHU 3abonsBaHus.

MEXAHU3MU HA AHTPALIUMKNUH-
MHOYUUPAHA KAPAUOTOKCUYHOCT

OcHoBeH MexaHu3bM Ha MUOKapAHa yBpena B pe-
3ynTaT Ha aHTPaUUKIMHK € (POPMUPAHETO Ha CBODOAHM
pagvkanu u NOHWXEHNe Ha aHTUOKCUOAHTHUTE cucTe-
MU B kneTkata (dour. 1) [13]. KaTo kpaeH pesynTar e Ha-
CTbMBaHe Ha OKCUAATMBEH CTpecC, Nepokcugauus v na-
TOMNOrMYyHa NpPoMsHa B NIUNMAWN, NMPOTEUHM, HYKIIEMHOBHM
KMCENVHN 1 CUTHaNHW Monekynu. Tean npouecu BogdaT
[0 ANCHYHKUNS M AMCPErynaums Ha MUTOXOHAPWAIHO U
A0PEHO HMBO M B KpaHa CMeTKa O HacTblNBaHe Ha pas-
NUYHK opMK Ha KIeTbYHa CMBLPT — anonTosa, depor-
TO3a U Hekposa. BbB hopmupaHeTo Ha oKcuaaTUBHUSA
ctpec yyacteaT NADPH okcvpasa u mutoxoHgpuanHa
NADH pgexugporeHasa. /3BecTHO e, Ye aHrMOoTeH3MH I
aktmempa NADPH okcvpasaTta n npogykumusita Ha Kuc-
nopogHu pagukanu [14]. Ot gpyra cTpaHa, oKcugaTtume-
HWUAT CTPeC aKTMBMPa CUMMAaTUKyCcoBaTa HEPBHA CUCTe-
Ma, OCBOOOXOaBaHETO Ha aHMMOTEH3MH |l, angocTepoH,
€HOOTeNnH, BasonpecuH M BoOAM OO0 Aucperynauuvs B
npogykumsata Ha asoteH okuc (NO) [13]. MHxmbuums-
Ta Ha aHrMOTEH3MH KoHBepTMpawmsa eHsum (ACE) uma
nNpoTekTUBEH edpekT 3a pa3suTtne Ha ANK [13]. B ekcne-
pymMmeHTanHu ycrnosust ACE nHxnbutopute n aHrmoTeH-
3uH-peLenTopHuTe Grokepu (APB) noHwkaBaT HMBOTO
Ha OKCMOATUBHWUS CTPecC, NUnuaHaTa nepokcmaaums u
noBuLWaBaT aHTUOKCMAaHTHUTE cuctemu [15]. Opyr me-

normalities (longitudinal, circumferential, and radial
strain) [8, 9]. The scientific and clinical communities
are interested in discovering effective preventive
drugs and identifying optimal timing and adminis-
tration criteria. Early intervention, at stage A of HF,
is crucial in altering the disease’s course [10, 11].
Patients undergoing cardiotoxic oncologic therapy
have also been placed in stage A HF [10]. Scien-
tific advancements have led to an evolution in the
knowledge of HF pathophysiology, now extending to
the intracellular level [12]. This opens the possibility
of therapeutic intervention before the onset of other
maladaptive processes — neurohormonal and hemo-
dynamic stress [12].

From this perspective, knowledge of the mech-
anisms of myocardial injury from systemic antitumor
therapy is the basis for developing cardioprotective
agents. This review aims to present the currently
known preventive measures in the setting of anthracy-
cline therapy and their impact on the pathophysiologic
mechanisms of cardiotoxicity. This knowledge would
aid cardiologists’ interventions to reduce CV morbidity
in cancer patients.

MECHANISMS OF ANTHRACYCLINE-
INDUCED CARDIOTOXICITY

A primary mechanism in myocardial injury result-
ing from anthracycline is the formation of free radicals
and a decrease in antioxidant systems in the cell [13].
The result is the occurrence of oxidative stress, per-
oxidation, and pathological changes in lipids, proteins,
nucleic acids, and signalling molecules (Figure 1).
These processes lead to dysfunction and dysregula-
tion at mitochondrial and nuclear levels and ultimately
to the onset of various forms of cell death: apoptosis,
ferroptosis, and necrosis. NADPH oxidase and mito-
chondrial NADH dehydrogenase are involved in form-
ing oxidative stress. Angiotensin Il is known to acti-
vate NADPH oxidase and oxygen radical production
[14]. Conversely, oxidative stress activates the sym-
pathetic nervous system and stimulates the release of
angiotensin |l, aldosterone, endothelin, vasopressin,
and dysregulation in nitric oxide (NO) production [13].
Angiotensin-converting enzyme (ACE) inhibition has
a protective effect on the development of AIC [14]. In
experimental conditions, ACE inhibitors and angioten-
sin receptor blockers (ARBs) lower oxidative stress
and lipid peroxidation levels and increase antioxi-
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XaHM3bM 3a HacTbMNBaHe Ha OKCuAaTMBEH cTpec e dhop-
MUpaHeToO Ha AdokcopybuumnH-Fe?* komnnekcn. [okco-
pybuumnH HapyllaBa xomMeocTa3aTa Ha Xens3oTo, kaTto
noBMLUaBa HMBaTa My B KreTkata v B MUTOXOHOPUMUTE.
B Ta3n Bpb3Ka XenesHUAT xenaTtop OEeKCTpa3oKcaH
“UMa [oKa3aH KapamonpoTeKTUBEH eeKT B ycrnoBusaTa
aHTPaUMKIIMHOBO AeNcTBue. AHTPaUMKNNHUTE uUMmat U
yBpexgau, edekt Bbpxy AHK n PHK kakto ypes au-
PEKTHO CBbp3BaHe, Taka U NoCpeacTBOM MHXMbMUMATa
Ha Tornousomepasa 23 B kapavomuoumTtute [16]. MNpo-
TEKTUBHUAT ePeKT Ha AeKCTpa3oKcaH ce OAbIKM 1 Ha
cynpecusita Ha eH3vma Tornousomepasa 23 1 HeroBoTo
CBbp3BaHe C aHTPaLMKIMHM U Taka Ce Bb3npenaTcTear
OHK yBpenaTta n knetbyHaTa cMmbpT [17].

dant systems [15]. Another mechanism for oxidative
stress is the formation of doxorubicin-Fe?* complexes.
Doxorubicin disrupts iron homeostasis by increasing
intracellular and intramitochondrial iron levels. In this
regard, the iron chelator dexrazoxane has a proven
cardioprotective effect in the setting of anthracycline
treatment. Anthracyclines also have damaging effects
on DNA and RNA, both through direct binding and
through inhibition of topoisomerase 2 in cardiomy-
ocytes [16]. The protective effect of dexrazoxane is
also due to the inhibition of topoisomerase 23 and the
enzyme binding to anthracyclines; thus, DNA damage
and cell death are prevented [17].

Hapywewna
asrogarua

CbkpaweHusi: APHW — aHrmoteHsuH pe-
LienTop-Henpunu3nH nHxmnbutop, EK — en-
potenHu knetku, KML — kapguomuountwy,
PAAC WHX. — UHXMBUTOPU Ha pPEHUHa-aHru-
OTeH3uH-angocTopeHoBaTa cuctema, CrK
— CbPAEYHU MPOreHUTOPHU KneTku, dPén —
pubpobnactn, SGLT2i — nHxmbutopn Ha
HaTPUEBO-TIIOKO3eH Ko-TpaHcnopTep 2

dur. 1. TMaTodU3MoNorMyHn MexaHnsamm
Ha aHTpauWKIUH-UHAQyuMpaHata Kapawo-
TOKCUYHOCT M MEXaHW3MU Ha Kapauorpo-
TEKUMS. AHTPaUMKIMHUTE OKa3BaT CBOUTE
TOKCUYHW edeKTN BbPXY BCUYKW KIETbYHU
BMOBE B MUOKapAa: KapaMoMUOLUTH, Cbp-
[OEYHW TMPOTrEeHUTOPHU KIETKW, €HOOTENHW
kneTkm n ¢ubpobnactn. OCHOBHUTE Me-
XaHU3MU BKIHOYBAT OKCUAATUMBEH CTpec,
HapyLueHa aBTodparusi, AUCyHKUMS Ha MU-
TOXOHAPUWTE, KINeTbYHa anonTosa, aKkTuBK-

paHe Ha HEBPOXOPMOHANHW CUCTEMMU, Bb3-

naneHne n MmokapaHa (bl/l6p033. [MpeBaHTMBHUTE CpeacTBa NOBNMSABAT NATONOMMYHUTE NPOLIECU Ha TbKaHHO HUBO (c1=3,u,a,qua Cc BioRender.com)

Inflammation

dysfunction

activation

Oxydative
stress

Statins

Autophagy
dysregulation

Abbreviations: ARNI — angiotensin recep-
tor-neprilysin inhibitor; CMC — cardiomyo-
cytes; CPC — cardiac progenitor cells; EC
— endothelial cells; Fbl — fibroblasts; RAA-
Si — renin-angiotensin-aldosterone system
inhibitors; Fbl — fibroblasts; and SGLT2i —
sodium-glucose co-transporter 2 inhibitors

Apoptosis

Fig. 1. The pathophysiological mechanisms
of anthracycline-induced cardiotoxicity and
mechanisms of cardioprotection. Anthracy-
clines exert harmful effects on all cellular
types in the myocardium: cardiomyocytes,
cardiac progenitor cells, endothelial cells,
and fibroblasts. The main mechanisms in-
: clude oxidative stress, impaired autophagy,
oy mitochondrial dysfunction, cell apoptosis,
activation of neurohormonal systems, inflam-
mation, and myocardial fibrosis. Prophylactic
measures influence pathological processes
occurring at the tissue level. (Created with

Biorender.com).



24

C. Cnasyesa

3a ocHoBHO HapylieHue npu AUK ce cmsaTa MuTo-
XOHApWanHata OUCAYHKLUSA, YMWTO MOCMEACTBUS ca
KNeTbYeH eHeprneH AeduumT U MHOYKUMS Ha anonTo3a
n cdepontosa. Kapgnomunoumtute ca 6oratm Ha MUTO-
XOHAPUW, KOETO T NMpaBK YyBCTBUTENHM Ha aHTpauu-
KnuHoBa yBpeaa [16]. [Moko3HaTa yTunusauus e notu-
CHaTa 1 Haco4YeHa OCHOBHO KbM ynoTpeba Ha MacTHU
KMCENUHW. AHTPaUUKNUHUTE BOAST OO M34eprBaHe U1
HapyLllaBaHe Ha KneTbyHaTa aBTodarnsa — npouec, oT-
rOBOPEH 3a OYMCTBAHETO Ha KneTkaTa OT AUCHYHKLMNO-
HamnHW KNeTbYHU OpraHenu n 3a KnetTbyHata penapa-
ums [18]. HapyweHaTa aBTogarms OMNbIHUTESNHO YB-
pexaa yHKLNOHANHOCTTa Ha MUTOXOHAPUUTE U KNeT-
kata [17]. KapononpoTekTMBHUAT edekT Ha beTa-6no-
Kepa kapBeguson ot4acTu ce 00sICHsIBa C MOLLHUTE MY
aHTUOKCUOAHTHU CBOMNCTBA U CbC CNOCOOHOCTTa My Aa
nogobpsiBa MMTOXoHApManHata yHkums. Counte He
ca HabniogaBaHu npw ateHonon [17]. MNMpu3HaBaHeTo
Ha MUTOXOHOPUUTE KaToO OCHOBEH ,Urpay“ BbB Bb3HMK-
BaHeTO u nporpecusata Ha AUK gaBa Hacoku 3a Tbp-
CeHe Ha cpeacTBa 3a MUTOXOHApManHa npotekuus. B
Tasn Bpb3Ka, EKCNEPUMMEHTANHN JaHHW MOKaseaT, 4ye
dusmyeckata akTMBHOCT HamarnsiBa OKCUAATUBHUS
cTpec 1 nogobpsaea mutoxoHapuanHata pyHkums [17].
lMpouecuTe Ha oKkcmaaTMBEH CTPEC, MUTOXOHAPMAanHa
ANCcyHKUMS 1 aBTodarms, ce CBbp3BaT C HacTbNBaHe
Ha MpexXOeBpPEMEHHO KMNEeTbYHO ocTapsiBaHe. [pex-
AEBPEMEHHOTO CTapeeHe Ha KapauomuoumTuTe B Mo-
CrnefHUTE TOOUHM Ce pasrnexaa Kato MexaHu3bM 3a
AWK [18, 19]. MpexaeBpeMeHHOTO KNETHYHO CTapeeHe
MOXe [a ce pasrmnexzia Kato agantaumsi KbM aHTpauu-
KNMHOBAaTa TOKCMYHOCT, Thi KaTo B TOBa CbCTOSIHNE Ha
apecT, KneTkaTta cTaBa pe3ncTeHTHa Ha anonTosa. Cta-
peeLlunTe KNEeTKM MoraTt ga ce pa3BuSAT B CEKPETOpPEH
deHoTUM, KOMTO Mma CrnocobHOCTTa Aa mpou3Bexaa
NPOVHIaMaTopHN LUTOKMHU, XEMOKUHW, MaTPUKCHU
MeTanonpoTerHasy 1 eKcTpauenynapHu MaTpUKCHU
KOMMOHEHTMN 1 MO TO3WN HA4YUH A Bb3OEeNCTBaT Ha Mu-
KpoobOkpbxeHmeTo [19]. HaTpynBaHeTo Ha cTapeeLim
KNETKM B MMOKapAa 1 NpegusBuUKaHOTO OT TAX Bbana-
rnieHne ca OTroBOPHM 3a ManaganTUBHO CbpAeYHO pe-
mMogenupaHe. Te3n oTKpUTUS ce U3non3eaT 3a paspa-
©0TBaHe Ha NnekapcTBa — CEHOTPONHU MeaUKaMEHTH, C
uen npeBeHuns Ha AVK. CeHoTponHUTe MeankameHTu
ca B NpoLeC Ha u3crneadBaHe U ce pa3genst Ha CeHo-
NUTULN, KOUTO ENUMUHUPAT CTapeeLLmTe KINEeTKN, U ce-
HOMOpPMHN MeanKamMeHTH, MogynmpaLLm peHoTuna Ha
ctapeewmte knetkn [20]. BeblHOCT ceHoOMOpdHUTE
MeOMKaMeHTV MOTUCKaT MHAMPEKTHO CTapeeHeTo Ypes
aKkTMBauus Ha npoueca aBTodarvs. TakbB npumMep ca
mMeTdopmuH, konTo e AM®K (apgeHosnHMoHodocdar
aKkTVBMpaHa NPOTENHKNHA3a) akTUBaTop, U panamuumH
— mTOR nHxunéutop n AM®K aktusatop [18].

B npoueca Ha kapanomMuoumnTHa yBpeaa ce BbBMNu-
Yya 1 UMyHHaTa cMcTeMa C akTUBMpaHe Ha LIUTOTOKCUY-

The primary disorder in AIC is considered to be
mitochondrial failure, which leads to cellular energy
deprivation and the triggering of apoptosis and fer-
roptosis. Cardiomyocytes are susceptible to anthra-
cycline injury due to the abundant presence of mito-
chondria [167]. Glucose utilization is suppressed and
redirected toward fatty acids as an energy source.
Anthracyclines lead to depletion and disruption of
cellular autophagy, a process responsible for clear-
ing the cell of dysfunctional cell organelles and for
cellular repair [18]. Deteriorated autophagy further
impairs mitochondrial and cell functionality [17]. The
cardioprotective effect of the beta-blocker carvedilol
is partly explained by its potent antioxidant proper-
ties and ability to improve mitochondrial function.
The same has not been observed with atenolol [17].
Recognizing mitochondria as a major player in the
occurrence and progression of AIC provides clues
for the search for mitochondria-protecting agents.
Experimental data suggest that physical activity re-
duces oxidative stress and improves mitochondrial
function [17].

The processes of oxidative stress, mitochondri-
al dysfunction, and autophagy are associated with
premature cellular aging. In recent years, cardiomyo-
cyte premature senescence has been considered a
mechanism for AIC [18, 19]. Premature cellular se-
nescence can be considered an adaptive response
to anthracycline toxicity since it renders the cell re-
sistant to apoptosis. Senescent cells can turn into
a secretory phenotype, producing proinflammatory
cytokines, chemokines, matrix metalloproteinases,
and extracellular matrix components [19]. Senes-
cent cell accumulation in the myocardium and the
resulting inflammation causes maladaptive cardiac
remodelling. These findings are aiding in developing
senotropic medications that prevent AIC. Senotropic
agents are under investigation and they are divid-
ed into senolytics that eliminate senescent cells and
senomorphic drugs that modulate the senescent cell
phenotype [20]. In fact, senomorphic drugs inhibit
senescence indirectly through the activation of auto-
phagy. Examples are metformin, which is an AMPK
(AMP-activated protein kinase) activator, and rapa-
mycin, an mTOR (mammalian target of rapamycin)

inhibitor and AMPK activator [18].
The immune system is also involved in the process
of cardiomyocyte injury with activation of cytotoxic T
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HU T-NnuMdOoUUTN N 0OCBODOXKAaBaHe Ha MeaMaTopu Ha
Bb3nanuteneH otrosop: IL-1, IL-6, IL-7, TNF peuentop
2, cbooBo-eHOoTeneH pactexeH daktop (VEGF) n ma-
TPUKCHW MeTanonpoTtenHasu [5, 18].

AHTpaUMKNMHUTE OKa3BaT HebnaronpuaTHU edek-
TV BbpXYy APYrY KNeTbYyHU BMAOBE B Mwuokappa [5].
OnucaHu ca U3MeHeHVs1 B CbpaeYHUTE NPOreHUTOPHU
knetku (CI1K), BbTpecbpaedeH nyn ot MynTUNOTEHTHU
KNeTkn, yvyacTBally BbB Bb3CTAHOBSBAHETO Ha MWU-
okapga npu U3NONorMyHN 1 NaTONOrMYHN CbCTOSHUS.
MocneacTBuATa Ha aHTPaAUMKIIMHOBOTO AENCTBUE Bbp-
xy CIK skntouBat [HK yBpeaa, noTnuckaHe Ha OTroBoO-
pa UM KbM pacTexHu akTopu, CNOCOBGHOCTTa MM 3a
nponudepauns U Murpaumsi, OTKMYBaHE Ha NPoLEecK
Ha cTapeeHe 1 anonto3a. MyokapabT U3NOXEH Ha aH-
TPaUMKIMHN UMa HaMmarneHa crnocoOHOCT 3a Bb3CTaHO-
BABaHe [5]. AHTPaLMKINHOBOTO Bb3OEWUCTBME BOOU U
[0 TpaHcdopmaums Ha cbpaedHuTe dmbpobnacTtu B
Mnocpmnbpobnactn, KoMTo MmMaT nspaseHn npodndpo-
TUYHW CBOWCTBA. AHTpaUMKNMHUTE nopaxagaTt npoLec
Ha MUOKapAHO peModernvpaHe C NoBULUEHO OTnaraHe
Ha ekcTpauenynapeH MaTpukc 1 korareH Tun 1 ypes
akTuBaums Ha curHanum netuwa (TGF-B, cbeguHnTten-
HO-TbKaHeH pacTexeH cakTtop) [5]. EkcnepymeHTanHm
OaHHKU coyart 3a yBpeda U Ha MUKPOCBHA0BO HMBO B MU-
oKapAa CbC 3acsiraHe Ha eQHOAENHUTE 1 rMagKoMyc-
KyINHUTE KNETKW. AHTpPaUMKIMHUTE ca OTIOBOPHM 3a
HapyLleHve B eHpoTenHaTa yHKuus, nponndepaums
n B cekpeunsaTa Ha NO. HabntogaeaHu ca anontosa Ha
efHoOenHUTe KrneTkM U HamarneHue U Ha MUKPOCHhOO-
BaTa NNbTHOCT [5]. B pesynTat, MMokapabT cTpaga He
camo oT xunonepdysus, a n ot 3aryba Ha napakpuH-
HUTE CBOWCTBA Ha eHAoTena U HamaneHa cnocobHocT
3a penapauus. Tesm edekTn ce onocpeacTear oT pe-
aykumsa Ha VEGF, koinTo ce cekpeTtupa oT egHogenHUTe
KNeTKN n kapguommouuntute [23].

XVCTONOIMYHUTE WU YNTPACTPYKTYPHUTE MPOMEHU
B MMOKapAa Npuv XPOHUYHO HACTbMNWMa aHTpaLuKnu-
HOBa yBpea BKIOYBAT €4EM U YBENUYEH Opon MUTO-
XoHapun, 3aryba Ha Muodmnbpunu, Bakyonusaums Ha
uutonnasmara, 3agebenenve n pmubposa Ha eHookap-
a, HTepcTuumnanHa MmokapgHa oubposa [22, 23].

NMPEBEHLUA HA KAPOUOTOKCUYHUTE
E®EKTU HA AHTPALIUKITUHU

MpeBeHUmsiTa MOXe fa 6bae MbpBUYHA NpY Naum-
eHTn 6e3 CC 3abonsiBaHUSA 1 BTOPUYHA B CriyYyauTe Ha
CC 3abonsiBaHe unu cbpAeyvHa yBpeda Kato pesynrar
Ha MpPOTMBOTYMOpHa Tepanus. Cnopen npenopbkute
oT 2022 r. Ha EBponenckoTo KapanonornyHo Apyxe-
CTBO BCEKM MaLMeHT, Noanexall, Ha OHKOMornyHa Te-
panusi c KapaMoTOKCUYEH nNoTeHuman, Tpabsa aa 6bae
OLIEHEH 3a pucKa OT KapAMOTOKCUYHOCT (dpur. 2) [24]. B
crny4YauTe Ha MHOTO BUCOK 1 BUCOK PUCK Ce npenopbyBa

lymphocytes, and release of mediators of inflammato-
ry response: IL-1, IL-6, IL-7, TNF receptor 2, vascular
endothelial growth factor (VEGF) and matrix metallo-
proteinases [5, 18].

Anthracyclines have adverse effects on other cell
types in the myocardium [5]. Alterations are observed
in cardiac progenitor cells (CPC), an intracardiac pool
of multipotent cells involved in myocardial recovery in
physiological and pathological conditions. DNA dam-
age, decreased ability to proliferate and migrate, im-
paired growth factor responsiveness, senescence,
and apoptosis have been identified as consequences
of anthracycline-induced injury to the CPC. Myocardi-
um subjected to anthracyclines has a reduced ability
to recover [5]. Anthracycline exposure also leads to
the transformation of cardiac fibroblasts into myofi-
broblasts, which have pronounced profibrotic proper-
ties. Anthracyclines trigger the myocardial remodelling
process with increased extracellular matrix and type 1
collagen deposition by activating signalling pathways
(TGF-B, connective tissue growth factor) [5]. Experi-
mental evidence also points to damage at the micro-
vascular level in the myocardium with the involvement
of endothelial and smooth muscle cells. Anthracyclines
lead to impairment of endothelial function, proliferation,
and NO secretion. Apoptosis of endothelial cells and
microvascular density have been observed [5]. As a re-
sult, the myocardium suffers from hypoperfusion and
loss of paracrine properties of the endothelium, thereby
reducing myocardial repair capacity. These effects are
mediated by a reduction in VEGF, secreted by endo-
thelial cells and cardiomyocytes [21].

Histological and ultrastructural changes in the myo-
cardium in chronically occurring anthracycline injury in-
clude oedema and an increased number of mitochon-
dria, loss of myofibrils, vacuolization of the cytoplasm,
endocardial thickening and fibrosis, and interstitial
myocardial fibrosis [22, 23].

PREVENTION OF CARDIOTOXIC EFFECTS
OF ANTHRACYCLINES

Prevention may be primary in patients without
CV diseases and secondary in cases of known CV
disease or cardiac damage as a result of antitumor
therapy. According to the 2022 European Society
of Cardiology Guidelines, every patient undergoing
potentially cardiotoxic oncologic treatment should
be assessed for the risk of cardiotoxicity (Figure 2)
[24]. In cases of high or high risk, cardioprotective
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Abbreviations: ACEi — stands
for angiotensin-converting en-
zyme inhibitors; ARNI — angio-
tensin receptor-neprilysin inhibi-
tor; ARB — angiotensin receptor
blocker, BNP — B-type natriuretic
peptide; COT — a cardio-onco-
logic team, CTx — chemotherapy,
MRA — mineralcorticoid-receptor
antagonists, SGLT2i - sodi-
um-glucose co-transporter 2 in-
hibitors, and Tn — troponin

Fig. 2. Measures for primary
and secondary prevention of
AIC according to the 2022 ESC
guidelines on cardio-oncology
[24]. An essential point is the
evaluation and follow-up of the
patient before, during, and after
chemotherapy with anthracy-
clines. The goal is to choose the
right time to start drug preven-
tion according to the patient’s
risk or to diagnose overt or sub-
clinical cardiotoxicity. Initial risk
stratification is performed using
a proforma created by the Heart
Failure Association (HFA) of the
European Society of Cardiology
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KapoMonpoTEKTVBHA Tepanus olle Npeau 3anovBaHe
Ha aHTPaUMKIMHOBOTO fiedeHne. C MHOMo BMCOK PUCK
ca naumeHTtuTte ¢ nssectHn KMl unu CH. MauyueHtute
C BUCOK PUCK Cca Ha Bb3pacT Hag 80 rogmHu, nmat Tex-
KO KranHo 3acsiraHe, NPeXuBsiH MUOKapAeH MHMapKT,
npeallecTsalla MHTepBEHUMOHANHa unm onepaTneHa
KOpoHapHa peBackynapusauus, noHwkeHa nog 50%
JIK®W, npeoxogHo aHTpaumnKnMHOBO HaToBapBaHe nnm
nbyeTepanuna B obnactTa Ha ngaBa rpbaHa NofioBMHa U
mMeamacTuHyMm. KomGuHaumaTa oT Apyrn puckosu hak-
TOPW C yMEpPEHa TEXECT KaTo: U3xogHa rpaHnyHa JIKOU
oT 50% [o 54%, Bb3pacT ot 65 oo 79 roguHKn, xunep-
TOHUS, 3axapeH anabeT, xpoHnyHa ObbpeyHa yBpeaa,
TIOTIOHOMNYLLEHe, MHAEKC Ha TenecHa maca (MTM) >
30 kg/m?, n3xogHO MOBULLEHW CbpAEYHM Bromapkepu
(TPOMOHWH N HATPUN-YPETUYHM NENTUAN) MOraT Aa Kna-
cupunumpaT naumeHTa KaTto TakbB C BMCOK pucK [24].
Cnopepn pbkOBOAHWTE MpaBura ce npenopbyBa ONTU-
ManHo neyeHne Ha CC 3abonsaBaHus, n3bop Ha npo-
TMBOTYMOPHA Tepanusi C MO-HUCBbK KapoMOTOKCUYEH
noteHuman, koHTpon Ha CC puckosu cakTopu, npuna-
raHe Ha JeKCTpasoKcaH W nuno3omManHu opMynn Ha
aHTPaLMKNMHK, KaKTO U 3arnoyBaHe Ha HEBPOXOPMO-
HanHa Tepanus ¢ 6eta-6nokepn n ACE nHxubutopwu/
APB, v ctatnHn [24]. lNaymMeHTUTE C YMEpPEH MU HUCHK
pWCK nognexaT Ha NepmognyHa KapaMonormyHa oLeH-
Ka C orneg Ha CBOEBPEMEHHO AMArHOCTMLMpaHe Ha
Bb3HMKHaNa cbpaevHa yBpeaa. [NoHacTtosiem, cBbp-
3aHUTe ¢ npotuBoTymMopHata Tepanus, KM n CH ce
neduHupat cnopep exorpadckute nokasarenu JIKOU,
GLS, cbpaeyHnTe MapKkepu U HarnMYneTo Ha CUMMTOMM
Ha CH. PbkoBoacTBoTO Ha EBpOnenckoTo ApyxecTso
no kapgmooHkonornsa ot 2022 r. pasrpaHMyaBsa cUMM-
TOMaTM4yHa 1 Be3CMMNTOMHa CbpAeyHa AUCHYHKLMS,
CBbp3aHa C OHKONormyHa Tepanud. bescumnTomHaTa
KMI1 oT cBOs cTpaHa ce pasgensd Ha feka, ymepeHa u
TexXKa cteneH. Jleka cTteneH ce geduHmpa B criydyamTte
Ha 3anaseHa JIKOU = 50% u penaTtvBHO NOHWXEHME Ha
GLS c noBeye oT 15% OT M3XOAHUSA U/UNK NoKa4BaHe
Ha cbpaevyHuTe Guomapkepu. Texka cTeneH e Hanu-
ue, korato JIKOU e nog 40%. YmepeHa cteneH e on-
pegeneHa B crniydauTte Ha noHwxkeHue Ha JIKOW ¢ Hag
10% po cronHocTute ot 40 8o 49% wnu ¢ nog 10% Jo
CblUMTE HMBA MpU CblLueBpeMeHHa pedykums Ha GLS
¢ noseye oT 15% OT U3XO4HUA UK NOKavBaHe Ha Cbp-
AeyHute Gruomapkepu [24].

HeBpoxopmoHanHa 6nokaga

Bnokepu Ha peHUH-aHIMOTEH3UH-anpocTope-
HoBaTa cuctema. Han-uscnegBaHmAT MegvMkameHT 3a
npeseHuuns Ha AUK e eHananpun. Cardinale n cbTp.
(2006 r.) pokasBaT npesBaHTMBHaTa e(EKTUBHOCT Ha
eHananpun npuv BMCOKOOO30Ba Tepanus C aHTpauu-
KINVMHW KaTo ro npunarat npv nauueHTn ¢ HopmarsHa
JIK®U (n = 114) n noBULLEHN CTOMHOCTU Ha TPOMOHWUH

therapy is recommended before starting anthracy-
cline treatment. At very high risk are patients with
known CMP or HF. High-risk patients are older than
80 years, have known severe valvular disease, have
a history of myocardial infarction, prior interventional
or surgical coronary revascularisation, less than 50%
LVEF, prior anthracycline loading or mediastinal, or
left chest radiotherapy. The combination of other risk
factors of moderate severity, such as baseline LVEF
of 50% to 54%, age 65 to 79 years, hypertension,
diabetes mellitus, chronic kidney disease, smoking,
BMI > 30, baseline elevated troponin or natriuretic
peptides, may classify the patient as being at high
risk [24]. The guidelines recommend managing CV
disease optimally, selecting antitumor therapy with
lower cardiotoxic potential, controlling CV risk fac-
tors, administering dexrazoxane and liposomal for-
mulations of anthracyclines, and starting neurohor-
monal therapy with beta-blockers, ACE inhibitors/
ARBs, and statins [24]. Moderate- and low-risk pa-
tients should undergo periodic cardiological evalua-
tion for the timely diagnosis of cardiac damage. Cur-
rently, antitumor therapy-related CMP and HF are
defined by echo indices of LVEF, global longitudinal
strain (GLS), cardiac biomarkers, and the presence
of HF symptoms. The 2022 European Society of Car-
diology guidelines on cardio-oncology distinguish
between symptomatic and asymptomatic cardiac
dysfunction associated with cancer therapy. In turn,
asymptomatic CMP is classified as mild, moderate,
or severe. Asymptomatic CMP is graded as mild in
cases of preserved LVEF 250%, a decrease in GLS
of more than 15% from the b aseline, and/or a rise
in cardiac biomarkers. The severe grade is present
when LVEF is below 40%. Moderate grade is defined
in cases of LVEF reduction by more than 10% to val-
ues of 40% to 49% or by less than 10% to the same
levels with concomitant reduction of GLS by more
than 15% from the baseline or rise in cardiac bio-
markers [24].

Neurohormonal blockade

Renin-angiotensin-aldosterone system inhibi-
tors. The most studied drug for the prevention of AIC
is enalapril. Cardinale et al. (2006) demonstrated the
preventive efficacy of enalapril in high-dose anthracy-
cline therapy by administering it to patients with nor-
mal LVEF (N = 114) and elevated troponin levels [25].
After a year of cardioprotection, LVEF remained stable
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[25]. Cneqn 1 roguHa kapavonpoTekuuns JIKOW (62.4%
+ 3) e cbxpaHeHa B rpynarta ¢ eHananpun u e 3Hauu-
TenHo no-Hucka (48.3% = 9.3) B koHTponHarta rpyna. B
KOHTpoOmHaTa rpyna ca guarHoctuumpanm 30 CC cbbu-
Tmsa (CC cmbpT, 6enogpobeH otok, CH v aputmunm) n
npu 24 naumeHTn (43%) JIK cuctonHa gucdyHkums. B
rpynarta ¢ eHananpun e perunctpmpaHo camo 1 CC cb-
6uTtne n HuTOo eamH cnydan Ha KMI. Mscnegosatenu-
Te npegnonarart, Ye KapauonpoTeEKTUBHUTE edheKTN Ha
eHananpun ce gbmkaT Ha TbKkaHHaTa, a He Ha CUCTEM-
HaTa MHXMBMUMS Ha PEHWUH-aHIMOTEeH3WH-angocTepo-
HoBa cuctema (PAAC), nopagu paHHOTO My npunaraHe
npw nunca Ha XxemoanHamMmnu4Hu HapyweHus n CH [25].

MHOroUeHTpPOBOTO NPOCNEKTUBHO Npoy4BaHe ICOS-
ONE He ycnsiBa ga Jokaxe KaTeropyMyHo nonsata oT
paHHa NPEeBEHUUSI C eHananpu Npu NaunMeHTn ¢ HACHK
CC puck 1 npu HUCKa KymynaTuBHA [003a aHTpauUKIn-
HWM (cpegHa gos3a 3a gokcopyouumH 240 mg/m?2) [26].
WN3cnepgosatennTte cpaBHsBaT ABe cCTpaTernu: npuno-
)KEHWE Ha eHamnanpun CbC 3anoyBaHe Ha aHTpaLMKIv-
HOBOTO feyeHne (N = 136) cpeLly BKMOYBaHe Ha eHa-
nanpwvn efdBa cneq nokadysaHe Ha TPomnoHuH (n = 137)
[26]. NeBokamepHaTa U nepcuctnpa B rpaHNLMTE Ha
HopMmarTa 1 B ABeTe rpynu, 6e3 pasnuka mexay Tax. Pan-
HOTO npwnaraHe Ha eHananpun He BOAW A0 NPeBEHUMS
Ha KapouoMuuuTHa yBpeda, CbAerku No AvHamukata
Ha CTOMHOCTUTE Ha TPOMOHUH. CTOMHOCTUTE Ha TPOMo-
HWH Ce MoKa4BaT B CXOAEH NPOLEHT NauMeHTn B ABeTe
rpynu: 23% 3a rpynarta ¢ nbpBu4YHa npeseHunst n 26%
3a TPOMOHWH-TpUrepupaHarta rpyna. ToBa Habntoge-
HMe aBTopuTe OBSICHSBAT C HMCKaTa [o3a eHananpun
(5 mg npu 80% ot naumneHTuTe) [28]. Tpabea aa 6bae
oTtbensasaHa no-Huckata yectota (1.1%) Ha cbpaeyHa
AVNCKhYHKUMS B TOBA M3CNeaBaHe 3a pasnvka oT Apyru
npoy4BaHusi, B KOUTO YecToTaTta e oT 2.2% [o 65% [26].

Opyr ACE vHXxmMbutop pamunpun e u3crnegBaH B
paHOOMM3MPaHOTO Nnauebo-KOHTPONMpaHo NpoyyBaHe
(PMKT) SAFE npu 174 TpeTupaHu ¢ aHTpaUMKINHY na-
uneHTn, 6e3 CC KomMopObraHOCTU U C HopMariHa CUCTOI-
Ha JIK doyHkumsa [27]. Pamunpun e cpaBHeH ¢ 6u3onpo-
nor, ¢ kKoMOMHaumMsTa Ha ABaTa MegukaMeHTa U ¢ nna-
uebo, komTo ca npunaraHu 3a 1 roguHa. PesyntatuTe ca
B Mori3a Ha npeBaHT1BHaTa Tepanus. MNpoLeHTLT Ha na-
umeHTuTe ¢ BriowasaHe Ha 3D JIKOU ¢ = 10% e Han-Bu-
cok B nnauebo-rpynata (19%) v no-HUCBK B rpynuTe ¢
nbpBuYHa npesBeHuus: 11.5% 3a pamunpun, 11.4% 3a
Oousonponon n 6.8% 3a koMOWHauuATa Ha gBaTta Me-
avkameHTa (p = 0.01). BnowasaHe Ha GLS ¢ noseve
oT 10% OT M3XOOHUSI € PErMCTPUPaHO MpU Haw-ronsim
asn (35.7%) B nnauebo-rpynarta 1 B No-mMarsbK NPOLEHT
naumMeHTn ¢ KapauMonpoTeEKTUBHO nedeHue: 15.9% 3a
pamunpun, 13.6% 3a 6usonponon, 13.6% 3a kOMOGUHK-
paHaTa HeBpoxopMoHanHa briokaga (p = 0.03) [27]. He
Taka ybegutenHu ca nonsute 3a MbpBUYHA NPEBEHLMS
OT MPUSIOXKEHNETO Ha paMunpun B U3CMELBaHETO Ha

(62.4% + 3) in the enalapril group, while it decreased
significantly (48.3% + 9.3) in the control group. In
the control group, 30 CV events were recorded (CV
death, pulmonary edema, HF, and arrhythmias), and
24 patients (43%) had LV systolic dysfunction. In the
enalapril group, only one CV event was documented,
and no case of CMP was identified. Because of its
early administration in the absence of hemodynamic
disturbances and HF, researchers hypothesize that
enalapril acts by tissue inhibition rather than systemic
inhibition of the renin-angiotensin-aldosterone system
(RAAS) [25].

The multi-center ICOS-ONE research failed to
demonstrate the benefits of early prophylaxis with
enalapril in patients with low CV risk and a low cumu-
lative anthracycline dose (average doxorubicin dose:
240 mg/m?) [26]. The researchers compared two strat-
egies: providing enalapril at the start of anthracycline
treatment (n = 136) versus adding it after troponin in-
crease (n = 137) [26]. Left ventricular EF persisted
within normal limits in both groups, with no difference
between them. Early administration of enalapril did
not prevent cardiomyocyte injury, as determined by
the changes in troponin levels. A rise in troponin val-
ues was observed in a similar percentage of patients
in both groups: 23% for the primary prevention group
and 26% for the troponin-triggered group. The authors
attributed this observation to the low dose of enalapril
(5 mg in 80% of patients) [26]. However, the lower
frequency (1.1%) of cardiac dysfunction in this study,
as compared to 2.2% to 65% reported in previous in-
vestigations, should be noted [26].

Another ACE inhibitor, ramipril, was tested in a ran-
domized placebo-controlled trial (RCT) SAFE in 174
anthracycline-treated patients without CV comorbidi-
ties and with normal systolic LV function [27]. Ramipril
was compared against bisoprolol, a combination of the
two medicines, and a placebo over one year. The re-
sults supported preventive therapy. The percentage of
patients with worsening 3D LVEF = 10% was highest
in the placebo group (19%). It was lower in the primary
prevention groups: 11.5% for ramipril, 11.4% for bisop-
rolol, and 6.8% for the combined therapy (p = 0.01).
The placebo group had the largest proportion of GLS
deterioration (= 10% from the baseline) at 35.7%, fol-
lowed by ramipril, bisoprolol, and combination therapy
groups at 15.9%, 13.6%, and 13.6%, respectively (p =
0.03) [27]. Less convincing were the primary preven-
tion benefits of ramipril administration in the study by
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Stowik n cbTp. (2020 r.) npy 96 XeHn C KapUUHOM Ha
MreyHa xnesa [28]. UscnegosaTtennte He ycTaHoBABaT
pasnuka B JIKOU n B HMBaTa Ha TPOMOHWH Ha MbpBaTa
roguHa mexay rpynurte cbe 1 6e3 pamunpun. Pernctpu-
pa ce NporpecurBHO MoKa4yBaHe Ha CTOMHOCTUTE Ha NT-
proBNP B xoga Ha npocnegsBaHeTo, KaTto B KOHTPOrHa-
Ta rpyna AenbT Ha NaLMeHTUTe CbC 3aBULLEHN HMBA Ha
NT-proBNP e no-Bvcok B cpaBHeHWe C pamunpun-tTpe-
TupaHaTta rpyna (p = 0.01) [28].

KaHgoecaptaH e cbrnoctaBeH C METOMposion B
PIMKIM PRADA 3a nbpBuYHa NpoduniakTMka Ha aHTpa-
UMKnnH-mHayumpada KMIT [29]. MegukameHTuTe ca
nprvemMaHn camo Mo BpemMe Ha afloBaHTHaTa CUCTEMHA
Tepanusi. B kpas Ha To3u nepuog B nnauebo-rpynara
JIKOW, oueHeHa ype3 AMP, ce noHmxkaea ¢ 2.6% 1 cna-
ObT e NpodunakTupaH 4O M3BECTHA CTENEH OT KaHae-
capTaH (noHwxeHue Ha JIKOW B Ttasu rpyna ¢ 0.8%, p
= 0.026). He e ot4yeTeH GnaronpuaTeH edeKT Ha KaH-
JecapTaH BbpXxy Apyru nokasatenu — GLS, anactonHa
JIK dbyHkums, 6uomapkepute — BNP 1 TponoHuH. Me-
TONPOSON He MOBNMUABA CTEMNEHTa Ha MOHWMXEHME Ha
JIKOW, yctaHoBsiBa ce nogobpeHne B nokasatenst E/e’
3a guactonHa J1K dpyHkums [29].

B npoyuBaHeto Cardiac-CARE «kaHgecapTaH u
KapBeguron ca vacrneaBanu B nonynauusa (n = 57) c
BMCOK PUCK 3a KapAMOTOKCMYHOCT, OonpeaeneH oT npu-
rnioeHaTta BUMCOKOLO030Ba aHTpaLMKNMHOBA Tepanusi n
noBuLLIEHNE B HMBaTa Ha TponoHuH [30]. Bbnpekn Bu-
COKUSI PUCK MeOMKaMeHTO3HaTa MpPeBEHLMS He BOAM
[0 nonsu no OTHOLIEHME Ha MOHWxeHneTo Ha JIKOW.
CpenHaTta pasnuka B kpanHata JIKOU mexay rpynute
cbC 1 6e3 kapgmonpoTekums, oueHeHa ¢ AMP, e egsa
-0.37% (95% CI: -3.59, 2.85, P = 0.82). He e ycraHo-
BeHa 1 pasnuka B nokasatenute GLS, GCS (rnobaneH
umpkymdgepeHTeH ctpernH) u JIK maca. NpoyyBaHeTo
[OKnafBa HUCBK KbMmMnaWbHC (69%) KbM NpeBaHTUB-
HaTa Tepanud, ObJbKaly, ce Ha cTpaHu4Hu edbekTun. M3-
crefBaHeTo BCe Mak Hamupa NpPOTEKTUBEH edeKT Ha
KaHAecapTaH 1 KapBeawsorn Nno OTHOLLIEHWE Ha Nnepcu-
cTMpalla MuoKapAaHa yBpefa (MoBMLLUEHME HA TPOrMo-
HWH Ha 2-pusi Mecel), KOSITO € B MO-BUCOK NPOLIEHT B
KoHTpornHata rpyna [30].

BeTta-6nokepu. [1se mankv npoCnekTUBHU paHgo-
MU3MpPaHN NpoyyYBaHus, nNpoBedeHn ot Kaya u cbTp.
(2012 r.) n Cochera u cbTp. (2018 r.), NpegocTaBaT UH-
dopmaLmsa 3a epeKkTMBHOCTTa Ha HebMBoMnon 3a Nbp-
BMYHa NPEBEHUNS Ha MMOKapaHa yBpeaa npv CbOoTBET-
HO, HNCKO- N BUCOKOLO030BW aHTPaLUKIMHOBU PEXUMU
[31, 32]. NpocnegsaBaHeTo Ha nauuMeHTUTE N B ABETE
n3cnedBaHus e KpaTtko — 3a 6 meceua. Kaya u cbTp.
(2012 r.) HamupaT nonsa oT KapaMonpPoTeKUMATa C He-
OvBOMoOM, oTYMTankM 3anasBaHe Ha kparnHata JIKOU
B rpynata ¢ Hebusomnon (63.8 + 3.9%) u 3HaunTenHo
noHmxasaHe (57.5 + 5.6%) B nnauebo-rpynata, p =
0.01. B koHTponHarta rpyna Hueata Ha NT-pro-BNP ce

Stowik et al. (2020) of 96 women with breast cancer
[28]. The investigators found no difference in LVEF and
troponin levels in the first year between the ramipril and
no-ramipril groups. There was a progressive increase
in NT-proBNP levels during follow-up, with a higher
proportion of patients with elevated NT-proBNP levels
in the control group compared with the ramipril-treated
group (p = 0.01) [28].

Candesartan and metoprolol were evaluated in the
PRADA RCT for primary prevention of anthracycline-in-
duced CMP [29]. The medications were administered
during adjuvant systemic therapy. After this period, the
placebo group had a 2.6% decline in MRI-estimated
LVEF, which candesartan partially mitigated (a 0.8%
decrease in LVEF in this group, p = 0.026). Candesar-
tan did not influence other parameters, including GLS,
diastolic LV function, and biomarkers (BNP and tropo-
nin). Metoprolol had no effect on the degree of LVEF
decline; however, it improved the E/e’ index of diastolic
LV function [29].

In the Cardiac-CARE trial, candesartan and
carvedilol were evaluated in a population (n = 57)
at high risk for AIC owing to high-dose anthracycline
treatment applied and increased troponin levels [30].
Despite the high risk, the researchers were unable to
demonstrate the benefits of drug prevention in terms
of lowering LVEF. The mean difference in final LVEF
between groups measured by MRI was just -0.37%
(95% CI: -3.59, 2.85, P = 0.82). There was also no
difference in other parameters, such as GLS, GCS
(global circumferential strain), and LV mass. The re-
search documented low compliance (69%) with pre-
ventive therapy due to adverse effects. The study,
however, discovered that candesartan plus carvedilol
had a protective effect on persistent myocardial injury
(troponin elevation at month 2), which was prevalent
in the control group [30].

Beta-blockers. Two small prospective randomized
trials conducted by Kaya et al. (2012) and Cochera et
al. (2018) provide information on the effectiveness of
nebivolol for the primary prevention of cardiotoxicity in
low- and high-dose anthracycline regimens, respec-
tively [31, 32]. Patients in both studies were followed
up for 6 months. Kaya et al. (2012) demonstrated a
cardioprotective benefit with nebivolol, indicating pres-
ervation of final LVEF in the nebivolol group (63.8 +
3.9%) and a substantial decline (57.5 + 5.6%) in the
placebo group (p = 0.01). In the control group, NT-pro-
BNP levels increased significantly from 144 + 66 to 204
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nosuwlaBaT cUrHMmKaHTHO oT 144 + 66 oo 204 £ 73
pmol/l (p = 0.01), fokaTo B rpynara ¢ Hebusonon ocTa-
BaT HenpomeHeHn [31]. Cochera n cbTp. (2018 ) He
oTKkpuBaT pasnuka B JIKODU mexay rpynute cbe n 6e3
HebuBororn, Ho oTunTaT GrnaronpusTeH ePekT Ha Hebu-
BOMOM MO OTHOLUEHME Ha CbXpPaHeHWe Ha MacTofHa-
Ta JIK dyHkumna n gecdopmaumoHHute JIK nokasarenu
GLS (p =0.04) n GRS (p = 0.03) [32].

Marnko npoyyBaHe (n = 50) nokasBa NpeBaHTUBHUS
edeKT Ha KapBeguror, Kato 4OKMafBa 3ana3BaHe Ha
JIK®U (ot nsxogHa 70.5% po kpawviHa 69.7%, p = 0.3) B
Xo[a Ha BUCOKOA030Ba aHTpauuknMHoBa Tepanus [33].
3a cpaBHeHue, B rpynaTta 6e3 npunoxeHue Ha Kapse-
avrnon JIKOU ce noHwxkaBa 3Ha4ymMmo 3a 6 meceua oT
68.9% 0o 52.3% (p < 0.001). NacnegBaHeTo noka3ea
BrnowaBaHe 1 Ha gnactonHaTta JIK dyHkumns B xoda Ha
XUMMOTEPaNUSATa, KOETO € NPefoTBpaTeHo Mpu nauu-
eHTuTe, npuemanu kapsegunon [33]. B koHTpacT, B
YCNoBmsITa Ha HUCKOLO30Ba Tepanusi C aHTPaLUKINHN,
ronsmo PIIKI (n = 192) He Hamupa nonaa oT neyexHve
C KapBegunon 3a 3anasBaHe Ha JIKOW [34]. Uscnen-
BaHETO AoknagBa obaye NoHwXaBaHe Ha HMBaTa Ha
TponoHuH (p = 0.003) 1 HamaneHne Ha 4ecToTaTta Ha
anactonHa amcdyHkums (p = 0.039) [34].

MeTonponon e v3cnegBaH npu nNauveHTwn, NoOAsio-
)KEHW Ha BMCOKOAO30Ba Tepanusl C aHTpPauUMKIVHK, U e
CcpaBHeH ¢ eHananpun v nnauebo [35]. 3a nepuog Ha
npocneasisaHe 3 1 10 roguHK U3cnegoBaTennTe He OT-
KpuBaT CUrHUpMKaHTHa pasnvka Mexay TpuTe rpynm no
OTHOLLeHWe Ha exorpadckute napametpu 3a JIK dyHk-
umnsa. He ce yctaHoBsiBa M pa3nuka no OTHOLUEHWE Ha
nosisata Ha CH 1 Ha cybknuMHMYHa KapOMOTOKCUYHOCT
mexgy rpynute [35]. B ycnoBusiTa Ha BMCOKOO030Ba
aHTpauuknuH-6asmpaHa Tepanms 6u3onporion B KOM-
OMHaunsa ¢ NM3MHONPWIT Nokassa MpeBaHTUBEH edexT,
KaTo HamarnsiBa cTerneHTa Ha peaykums Ha JIKOU B kpasi
Ha NPOTMBOTYMOPHOTO fieyeHne. B koHTpornHara rpyna
JIKOW ce noHmxkasa ¢ 5.52 + 8,90%, gokaro B rpynara ¢
ousonponon ¢ 0.27 + 5.73% (p = 0.017) [36].

MeTaaHanua Ha Attar n cbTp. (2022 1.) € HacoyeH
KbM ecbekTa Ha BeTa-OnokepuTe 3a NbpBUYHA NPEBEH-
umsa Ha AVK v Bkntousa 17 paHOOMU3MPaHN KOHTPOMNK-
paHu npoy4BaHund ¢ oba nonynauusa ot 1291 nayunex-
™ [37, 42]. Hal-4ecTo n3cneaBaHuAT MegukameHT e
KapBegmnorn, NnpoyyeHn ca HebmBomnon, MeTonposnon 1
ousonponon. Cnopen mMeTaaHanusa, npunaraHeTo Ha
OeTa-6nokepn 3a KapAMOMpPOTEKLMS B XO4a Ha XUMMU-
oTepanvs C aHTpauuKNnMHW MOXe fa npodwunaktupa
peaykunsata Ha JIKOU (cpegHa pasnuka B KpanHaTta
JIK®GU mexgy rpynute cbc n 6e3 Tepanusa e 3.44%
(95% CI: 1.41-5.46, p = 0.001, 12 = 94.0%), anacrton-
HaTa gucdyHkumsa n JIK gunataums. OTHOCHO nokasa-
TENUTE YecToTa Ha MosiBa Ha aHTPaLMKINH-CBbP3aHN
KM, CH nnn cbpaevHa cMbPT He ce OTKpMBa nornaa
OT npeBaHTMBHaTa ynotpeba Ha Geta-6rnokepu [37].

+ 73 pmol/l (p = 0.01), while in the nebivolol group, they
remained unchanged [31]. Cochera et al. (2018) found
no difference in LVEF between the nebivolol and con-
trol groups. However, researchers reported a beneficial
effect of nebivolol in preserving diastolic LV function
and deformational LV indices: GLS (P = 0.04) and GRS
(P =0.03) [32].

The benefit of carvedilol for primary prevention
was revealed in small research (n = 50) that report-
ed LVEF preservation (from 70.5% to final 69.7%, p
= 0.3) after high-dose anthracycline treatment [33].
LVEF decreased substantially from 68.9% to 52.3%
in the group that did not receive carvedilol (p <0.001).
Conversely, in the context of low-dose anthracycline
therapy, a large RCT (n = 192) found no benefit from
carvedilol medication in maintaining LVEF. The study
did, however, show a decrease in troponin levels (p
= 0.003) and the incidence of diastolic dysfunction (p
= 0.039) [34].

Metoprolol was studied in patients undergoing
high-dose anthracycline therapy and was compared
to enalapril and placebo [35]. During the three- and
ten-year follow-up periods, the researchers ob-
served no statistically significant differences in LV
functional echo parameters among the three groups.
No significant difference between the groups was
detected regarding the occurrence of HF and sub-
clinical cardiotoxicity [35]. In the setting of high-dose
anthracycline-based therapy, bisoprolol in combina-
tion with lisinopril demonstrated beneficial effects
by slowing the rate of LVEF decline at the end of
anticancer treatment. The control group experienced
a decrease in LVEF of 5.52 + 8.90%, whereas the
bisoprolol group showed a decrease of 0.27 + 5.73%
(p =0.017) [36].

A meta-analysis by Attar et al. (2022) focused on
the effect of beta-blockers on the primary prevention
of AIC. It included 17 randomized controlled trials with
a total population of 1291 patients [37]. Carvedilol was
the most studied drug, with investigations also conduct-
ed on nebivolol, metoprolol, and bisoprolol. According
to the analysis, the prophylactic use of beta-blockers
could prevent LVEF reduction (the mean difference
of the final LVEF between the treatment and control
groups was 3.44% (95% CI: 1.41-5.46, p = 0.001, 12 =
94.0%), diastolic dysfunction, and LV dilatation during
anthracycline chemotherapy. The meta-analysis did
not find any benefit regarding the occurrence of an-
thracycline-related CMP, HF, or cardiac death [37].
Most studies had a short observational period of 4 to
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[MoBeyeTo Mpoy4YBaHMA MMaT KpaTbK MEepuod Ha npo-
cnegsBaHe oT 4 o 6 mMeceua, KOETO NpaBu HETOYEH
aHanusa Ha KnuHuyHuTe nposisu Ha AVK.

MuHepanKopTUKOUAHU PeLenTOPHU aHTaroHuc-
™ (MPA). [poTekTMBHUTE CBOWCTBA Ha CMMPOHOMNAKTOH
B A03a 25 mg ca 13nuTaHun Npn BUCOKOO030BU aHTpaLM-
KNMHOBK pexxumn npu 43-ma nauueHTn, cpaBHeHn ¢ 40
naumeHTn OT KoHTpomnHa rpyna [38]. N3cneposatenute
OTKpMBAT, Ye NpuraraHeTo Ha CMUPOHOMAKTOH BOAW OO0
cbxpaHsisaHe Ha JIKOW B xoga Ha xumuoTtepanus (13-
XoaHo oT 67.0% + 6.1% po 65.7% * 7.4% cnep xummnoTe-
panus, p = 0.094). B koHTponHaTta rpyna obaye e Hanu-
Le 3Ha4yMMo noHmxkeHne Ha JIKOU ot 67.7% + 6.3% no
53.6% £ 6.8% (p < 0.001). N3cnegsaHeTo Nokassa CUrHU-
dmkaHTHO BnoLlaesaHe 1 Ha anactonHara JIK dyHKums n
noka4BaHe Ha HMBaTa Ha TPOMOHWH B KOHTPOSHaTa rpyna
3a pasnuka oT rpynarta ¢ NpeBeHLUsi CbC CMMPOHONAKTOH.
[MpoyuyBaHeTO OoOKMaaBa nunca Ha 3Ha4YMMKM eneKkTponuT-
HW HapyLUeHus n gobpa NOHOCUMOCT KbM MeAMKaMeHTa
[38]. MpoTnBONONOXHO Ha pesynTaTuTe OT NPUIOXEHWE-
TO Ha CMMPOHOMNAKTOH, U3CNeaBaHe Ha ennepeHoH 3a 6
MeceLa He nokasea Mo3UTUBHU eDEKT BbPXY AMACTOS-
HaTta unun cuctornHa J1K pyHKuMa npu naumeHTn ¢ aHTpa-
LMKNnHOBa xmmmoTepanusa [39].

AHIMOTEH3UH peuenTop — HeNnpPUIIU3MH UHXU-
6utop (APHW). Cakybutpun/sBancaptaH e KoMOu-
HUPaH MeAMKaAMEHT OT MHXUOUTOP Ha HEenpUIN3uH
N aHrMoTEeH3WH-peLenTopeH Onokep. HenpunusuH e
BWA MaTpUKCHaA MeTanonpoTtenHasa, pasrpaxjaia
MHOXXECTBO MOJIEKYNIM OT KMETbYHOTO MUKPOOOKPH-
XEeHVe, B TOBa YUCMO HATPUN-ypeTUYHUTE nenTuaum,
OpaaVKUHWUH, aHrMoTeH3uH |l, aHrmotesuH |, eHpgoTe-
nvH, comarocTatuH, cybctaHums P, agpeHomenynuH
[40]. TvM KaTO HENPUM3UHBT yYacTBa B perynauudara
Ha pa3HOObpasHM eHOOKPUHHM CUCTEMU, Ce CMSTa, Ye
KapguonpoTekTusHuTe csonctea Ha APHW ca otBbg
0EeNCTBMETO Ha HaTpuypeTMyHuTe nentungm [40].

MpeaknuHMYHK gokasatencrtBa codatr, Ye APHU
NnoBNuMsiBa aHTPaLUKNVH-MHAYLMPAHUTE Mpouecyu Ha
oKcuaaTuBeH cTpec, MutoxoHapuanHa n AHK yBpeaa,
MMWOKapOHO Bb3naneHne n uma noteHuman ga notucHe
KapovomuumMTHaTa yBpeda W anonto3a v Aa nogodpu
KoHTpakTunuteta (dur. 1). Cakybutpun/sancapTtaH Ha-
MansiBa cteneHTta Ha pegykums Ha JIKOU, nogobpssa
nedopmaunoHHUTE nokasaTenu 3a CUCTONHa OyHK-
ums. XMCTonormyHUTe AokasaTerncTea nokaseart Hama-
rfieHne Ha OTOKa M Bakyonusauusta Ha Kapguommoum-
TUTE 1 CTeneHTa Ha MnokapaHa rnbposa, CBbp3aHu C
eKkcnosnuma Ha aHTpauuknuHm [40, 41].

B knuHMYHM npoyyBaHna epektmBHocTTa Ha APHN
€ nscregBaHa B YCNoBMSATA Ha MHAyUMpaHa OT NpoTu-
BOTyMOpHa xumuotepanusa CH. Martin-Garsia n cbTp.
(2020 r.) pokymeHTUpaT obpaTHO pemogenvpaHe Ha JIK
CbC CUrHUMKaHTHO noaobpeHne Ha JIKON ot naxogHu
ctonHoctn 35 + 8% po 47 £ 9% cnep neyverve ¢ APHU

6 months, resulting in an inaccurate analysis of AIC'’s
clinical manifestations.

Mineralocorticoid receptor antagonists (MRA).
The cardioprotective benefits of spironolactone in a
high-dosage anthracycline regimen were studied in 43
patients at a dose of 25 mg daily, compared to a con-
trol group of 40 [38]. The investigators found that spi-
ronolactone led to preservation of LVEF (initially from
67.0% £ 6.1% to 65.7% * 7.4% after chemotherapy,
p = 0.094). The decrease in LVEF in the control group
was significant, from 67.7% = 6.3% to 53.6% + 6.8%
(P < 0.001). The study additionally observed a signif-
icant worsening of LV diastolic function and troponin
rise in the control group as opposed to the spironolac-
tone prevention group. Good medication tolerance and
the absence of electrolyte disturbances were reported
in the study [38]. In contrast to the results of spirono-
lactone administration, a study with eplerenone for 6
months showed no positive effects on diastolic or sys-
tolic LV function in patients with anthracycline chemo-
therapy [44].

Angiotensin receptor-neprilysin inhibitor (ARNI).
Sacubitril/valsartan is a combination medication of a
neprilysin inhibitor and an angiotensin-receptor block-
er. Neprilysin is a matrix metalloproteinase that breaks
down multiple molecules from the cellular microenvi-
ronment [40]. Substrates of the proteolytic activity of
neprilysin are natriuretic peptides, bradykinin, angio-
tensin Il, angiotensin |, endothelin, somatostatin, sub-
stance P, and adrenomedullin. Because neprilysin is
involved in regulating various endocrine systems, its
cardioprotective properties are thought to be beyond
the action of natriuretic peptides [40].

Preclinical evidence suggests that ARNI has the
potential to suppress cardiomyocyte injury and apop-
tosis and improve contractility by affecting anthracy-
cline-induced processes of oxidative stress, mitochon-
drial and DNA damage, and inflammatory response
(Figure 1). Sucubitril/valsartan reduces the extent of
LVEF reduction and improves strain indices of systol-
ic function. Histological evidence shows a reduction in
cardiomyocyte oedema and vacuolisation and the de-
gree of myocardial fibrosis induced by anthracyclines
[40, 41].

In clinical settings, the efficacy of ARNI was in-
vestigated in the context of HF induced by antitumor
therapy. Martin-Garsia et al. (2020) documented re-
verse LV remodelling with a significant improvement
in LVEF from baseline values of 35 + 8% to 47 + 9%
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3a 3 meceua. OTYETEHO € U CUTHUPMKAHTHO MOHKEHNE
B HMBata Ha NT-pro-BNP [42]. Gregorietti n cbTp. (2020
r.) npunarat APHW 3a 20 meceua npv 28 naumeHTu C aH-
TpaumknuH-nHayumpada CH npu noHmwkeHa JIKOU [43].
MacnepoBatenute pgoknageat nogobpeHne B JIKOU
oT 26.7 + 5.4% Ha usxogHo HyBo Ao 32.3 + 5.5% npu
npocnenssaHe (p < 0.001). CpegHuTe M3X0OHM HMBA Ha
NT-proBNP cnagat ot 997.5 pg/ml (IQR 663.8-2380.8)
0o 416.5pg/ml (IQR 192.0-798.2), p<0.001. Bcuuku
naumMeHTn nony4vasaTt nogobpeHne BbB DyHKUMOHAn-
Hus knac no NYHA, ot nsxopeH I/IV NYHA knac go /11
NYHA knac. YcrtaHoBsiBa ce CUrHU(pMKaHTHO nogobpe-
HWe B OmacTtonHaTta (PyHKUMS, CTeneHTa Ha MuTparnHa
peryprutaumst U 6-MUHYTHUA TECT C XxoaeHe [43].

B npouec ca ase PIKIMTMAINSTREAM n PRADAII,
KOUTO TbpcAaT edbekTnBHocTTa HAa APHW 3a nbpBuyHa
npeseHuna Ha KMIT npu Tepanus ¢ aHTPaUUKIINHA 1
TpacTy3ymab 3a paHeH KapuUHOM Ha MIleYyHa >kresa
[44, 45].

MeTtaaHanus o6obLiaBa gaHHUTE 3a NPeBaHTUBHU-
T€ Bb3MOXHOCTU HA HEBPOXOPMOHANHOTO fNleYeHne ot
17 paHAOMM3NPaHU KMMHUYHU NPOYyYBaHMs Npu obLwo
1984 nauumeHTn, NOANOXEeHN Ha xumuoTepanus [46].
KapavonpoTekTuBHata Tepanus B Te3n u3cneaBaHus
BKkntouBa 6OeTa-6rnokepu (HebmBonon, ©usonponon,
kapseaunorn, metonponon), MPA (1 npoyyBaHe cbC
cnupoHonakTtoH), ACE nHxubutopu/APBE (eHananpwn,
NM3MHOMPUI, NEPUHAONPWA, KaHAecapTaH, TenMucap-
TaH). MeTaaHanM3bT OTKPMBA, Y€ HEBPOXOPMOHasHa-
Ta NpoTeKuuMs MoXe Aa npodunakTnpa NoOHWKEeHNETO
Ha JIKOWU, makap n pasnukata mexagy rpynute ¢ me-
ONKaMEHTO3Ha MPEeBEHLNS] U KOHTPOMNHUTE rpynn Aa e
Manka — 3.96% (95% ClI: 2.9% po 5.0%). YcraHoBeHO
€ CbLyo M NogobpeHne B NMMKOBUA HAOTbXKEH CTPEWnH
—0.76 (95 CI: —1.48 po —0.03, p = 0.02, 12 = 68%). Lo
ce oTHacsa o npeBeHuusaTa Ha CC cbbuTtusa, meTaaHa-
N3bT NOCOYBA TEHAEHLMS KbM MOHWXXEHUETO UM Cpes
nauMeHTUTe Ha HEBPOXOPMOHarHa npoTekumus, 6e3 ga
ce poctura curHndukaHTHocT (RR 0.80, 95%CI: 0.53-
1.20, 12 = 71%). XeTeporeHHOCTTa Ha NpoyyBaHVATa B
TO3W aHanus3 e oueHeHa KaTo BMUCOKa. B 3aknioveHune
ce nogyepTaBa HeobXogMMOCTTa OT MPOyYBaHUSA 06-
XBaHanu no-ronemu nonynauuu [46].

CtatnHum

KapononpoTeKkTMBHUTE CBOWCTBA Ha CTaTUHUTE ce
oTAaBaT Ha NMNenoTPOnHUTE UM edPEKTU, KOUTO Ca He3a-
BUCUMM OT NOHMKEHNETO B HMBaTa Ha xonecrtepon [47].
MnerioTponHuTe edekTn ca onocpeacTBaHM OT MHXMOW-
umaTa Ha MeMbpaHHOo-nokanmanpaHa Ras xomonoxHa
(Rho) GTP-asa, koato urpae pons B perynauusara Ha
MHOXECTBO BbTPEKMNETbYHN NPOLECH, KaTo Hampumep
akTMBHoCTTa Ha eHogoTenHata NO cuHTeTasa (eNOS).
Kato pesyntaT ce noenusiBaT eHAoTenHaTa gyHKUus,
CbOBOTO Bb3naneHne u TpombouuTHaTa arperauusi

after ARNI treatment for 3 months [42]. Gregorietti
et al. (2020) applied ARNI for 20 months in 28 pa-
tients with anthracycline-induced HF with reduced
LVEF [43]. There was an improvement in LVEF from
26.7 + 5.4% at baseline to 32.3 + 5.5% at follow-up
(p < 0.001). Mean baseline NT-proBNP levels de-
creased from 997.5 pg/ml (IQR 663.8-2380.8) to
416.5 pg/ml (IQR 192.0-798.2), p < 0.001. All pa-
tients achieved an improvement in NYHA function-
al class, from baseline NYHA class Ill/IV to NYHA
class I/ll. There was significant improvement in di-
astolic function, degree of mitral regurgitation and
6-minute walk test [43].

Two RCTs, MAINSTREAM and PRADAII, are
underway, looking at the effectiveness of ARNI for
primary prevention of CMP associated with anthra-
cyclines and trastuzumab therapy for early breast
cancer [44, 45].

A meta-analysis of 17 randomized clinical trials
involving 1984 chemotherapy patients summarizes
the preventive potential of neurohormonal treatments
[46]. Cardioprotective therapy in these trials included
beta-blockers (nebivolol, bisoprolol, carvedilol, and
metoprolol), MRA (1 trial with spironolactone), and
ACE inhibitors/ARBs (enalapril, lisinopril, perindopril,
candesartan, and telmisartan). The meta-analysis
found that neurohormonal protection may prevent the
reduction in LVEF. However, the difference between
the prevention and control groups was just 3.96%
(95% CI: 2.9% to 5.0%). There was also an improve-
ment in peak longitudinal strain of -0.76 (95 CI: -1.48
to -0.03, p = 0.02, 12 = 68%). Regarding the preven-
tion of CV events, meta-analysis suggests a trend to-
wards a reduction among patients with neurohormon-
al protection without reaching significance (RR 0.80,
95%CI: 0.53-1.20, 12 = 71%). The heterogeneity of the
studies in this analysis was estimated to be high. In
conclusion, the need for studies covering larger popu-
lations is emphasized [46].

Statins

The cardioprotective effects of statins can be at-
tributed to pleiotropic effects, which are separate and
distinct from their cholesterol-lowering properties
(Figure 1) [47]. Their pleiotropic effects are mediated
by the inhibition of membrane-localised Ras-homol-
ogous (Rho) GTPase, which plays a role in the regu-
lation of multiple intracellular processes, such as en-
dothelial NO synthetase (eNOS) activity and hence
endothelial function, vascular inflammation, and
platelet aggregation. Statins are also involved in reg-
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(dour. 1). CblLLEBPEMEHHO CTAaTUHUTE yyacTBaT B pery-
naumsta Ha NADPH okcupasata ype3 Rho-GTP-asara
Rac1, koaTo e u perynatop Ha Murpauusita, agxesusi-
Ta Ha eHOOTENHUTE KNEeTKN 1 Backynapusauuara. Ypes
uHxmouumata Ha Rho GTP-a3u crtatuHute nosnussaTt
n npouecu Ha OHK penapauus, akTMBHOCTTa Ha TOMo-
n3omepasa lI, knerbyHaTa NPEXMBAEMOCT U CMBPT,
KOMTO Te M3BbPLUBAT M Ha HMBO Kapauomuountun [47].
Han-obwo ctatuHuTe MMaT aHTUOKCUAAHTHU U NPOTU-
BOBBL3ManMTENHMU CBOWCTBA, MogobpsiBaT knerbyHata
npexunesemMocTt [47]. KapanonpoTeKTMBHUTE CBOMWCTBA
Ha cTaTuHMTE cpeLly yBpeda OT aHTPaUMKIMHK ca ge-
MOHCTPUPaHN B €KCMEePUMEHTarHN YCrnoBUS WU LOPW,
crnopep HSAKoW U3creaBaHus, Te NpeBb3xoxaar eekTu-
Te Ha kapBegunon. CTatuHuTe nmat noTeHumana ga no-
BMUAAT aHTpaUMKIVH-MHOYUMpaHaTa ocTpa U XpoHMYHA
MWOKapAHa yBpeda 4pes NoTUCKaHe Ha OKCUAATUBHUSA
CTPeC, MMoKapgHOTO BbananeHue n ¢pumbposa, OHK ye-
pefata, KaTto 3a nocnegHata ce nogveptaBa ehekTbT
UM BbpXy perynauusta Ha Tonousomepasa lIf. EgHo-
BPEMEHHO C TOBa, CTaTUHWUTE MoraT Aa NoTeHLmMpar aH-
TUTYMOPHUTE ePeKTU Ha aHTpaumknuHuTe [47].
KnuHnynute pokasatencrBa He ca €OHO3HAYHMW.
EnHo ronsmo PI1KI STOP-CA e npoegeHo npu 300
naumeHTn ¢ atopsactatmH 40 mg 3a 12 meceua [48].
B kpasi Ha Nnpoy4BaHeTO B rpynarta c atopBacTaTuH ge-
NbT Ha NaumeHTuTe ¢ noHmkeHue Ha JIKOU c noseve
oT 15% oT m3xogHata go crtorHocT < 55% e no-ma-
NbK B cpaBHeHWe ¢ nnauebo-rpynata, cboTBETHO 9%
(n =13/150) n 22% (n = 33/150), p = 0.002. PucksT
oT penykumsa Ha JIKOU e Tpy nbTM NO-BUCOK, ako He
€ npunoxeH atopeacTtatvH (odds ratio, 2.9; 95% CI:
1.4-6.4). CTeneHTa Ha npuabpxaHe KbM TepanusaTa e
Bucoka — 90%. He e yctaHoBeHa 3HayMma pasnuka B
nosisata Ha CH mexgy asete rpynn — 3% B rpynara
C atopBacTtatuH n 6% B nnauebo-rpynarta [48]. Opyro
PIIKI He Hamunpa nonsa oT NbpBUYHATa NPEBEHLNSA C
atopBacTtaTuH 40 mg [49]. MNpuabpXxaHeTo KbM Tepa-
nuaTa (npu 54.7% oT nauneHTUTE) B TOBa NpoyyBaHe
€ HuUcko. [loknagBaHu ca CXo4HW pesynTaTv 3a noka-
3atenute JIKOWU, ctpenn Ha JIK, JIK maca n B npoms-
HaTa Ha BroMapkepuTe MeXay CTaTuMH- U KOHTpOrHaTa
rpyna. MogrpynoBuaT aHanua obaye nokassa nomnsa ot
npunaraHeTo Ha aTopBacTaTuH 3a 3anassaHe Ha JIKOU
npu NauueHTn ¢ onNpeaeneHn XxapakTepuUcTUKn: Tesn ¢
BMCOKa [03a aHTpauuknuHKu > 250 mg/m?, ¢ obesuTer,
Bb3pPaCT Hag 52 roguHN 1 OT XXeHcku non [49].
lopecnomeHaTuTe n3cneaBaHus obxeaLiar
nonyrnaumm C HUCHK PUCK 3a pas3sutne Ha AKWK.
Thavendirathan u ctp. (2023 r.) npegnarat gaHHW, Ka-
caelwy nauyueHTtn (n = 112) ¢ Bucok puck ot AVIK, Tpe-
TMpaHu ¢ nnauebo unu atopsactatiH 40 mg 3a cpeg-
HO 72 gHun. M3BbpLueHa e oueHka Ype3 AMP Ha JIK cuc-
TONMHa yHKUMSA 1 06eMm, U CTPYKTypaTa Ha MMokapaa
(eoem u cpnbposa). o HUTO egunH OT NokasaTenuTe He

ulating NADPH oxidase via the Rho-GTPase Racf1,
which regulates endothelial cell migration, adhesion,
and vascularisation. Through the inhibition of Rho
GTPases, statins also affect DNA repair processes,
topoisomerase I activity, cell survival, and death,
which they also perform at the level of cardiomyo-
cytes [47]. Statins, in general, have antioxidant and
anti-inflammatory properties that promote cell sur-
vival [47]. The cardioprotective properties of statins
against anthracycline injury have been demonstrat-
ed in experimental settings. Some studies even sug-
gest that they are superior to the effects of carvedilol.
Statins can potentially affect anthracycline-induced
acute and chronic myocardial injury by suppressing
oxidative stress, myocardial inflammation and fibro-
sis, and DNA damage. For the latter, their effect is
attributed to the regulation of topoisomerase II3. At
the same time, statins may potentiate the antitumor
effects of anthracyclines [472].

In clinical settings of anthracycline-based therapy,
many studies have investigated statins for their cardi-
oprotective benefits in small and larger patient popula-
tions. A large RCT was conducted in 300 patients with
atorvastatin 40 mg daily for 12 months [48]. At the end
of the study, the proportion of patients with LVEF de-
crease > 15% to a value < 55% anthracycline-induced
CMP was lower in the atorvastatin group compared
with the placebo group, 9% (n = 13/150) and 22% (n
= 33/150), respectively, p = 0.002. The risk of LVEF
reduction was 3-fold higher if no cardioprotective treat-
ment with atorvastatin was administered (odds ratio,
2.9; 95% CI: 1.4-6.4). The adherence to therapy was
high, at 90%. There was no significant difference in
the occurrence of HF between the two groups, with
3% in the atorvastatin group and 6% in the placebo
group [48]. Another RCT found no benefit of primary
prevention with atorvastatin 40 mg [49]. Adherence to
therapy (in 54.7% of patients) was low. The study found
comparable results for LVEF, LV strain, LV mass, and
biomarker levels in the control and statin groups. How-
ever, the subgroup analysis revealed that atorvastatin
was beneficial in preserving LVEF in selected patients:
those on high anthracycline dose treatment > 250 mg/
m?2, obese, over the age of 52, and female [49].

The studies mentioned above include populations
at low risk of developing AIC. Thavendirathan et al.
(2023) offer data concerning patients (n = 112) at high
risk for AIC treated with a placebo or atorvastatin 40 mg
for a mean of 72 days. MRI assessment of LV systolic
function, volumes, and myocardial structure (oedema
and fibrosis) was performed. No significant difference
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C. Cnasyesa

€ HaMepeHa CblLeCTBEHa pa3nunka mexay rpynute. He
€ yCTaHOBEHa U pa3nuka B YecToTata Ha MHOyuupaHa-
Ta oT aHTpaumknuHu KMIT [50].

MeTtaaHanuabsT Ha D"Amario u cbTp. (2023 r.), 06-
xBaHan 5 PIKI npu 808 nauneHTn, obavye Hamupa, 4e
cTaTuHUTe pegyumpart pucka 3a passutme Ha AVK (RR
0.52, 95% CI: 0.33-0.83, p = 0.01; 12 = 0%). lMpeBeHr-
LumaTa CbC CTaTUHM BOAM [0 MO-BMCOKa KpanHa JIKOU
(cpenHa pasnuka 1.88, 95% C1 0.66-3.1, P <0.01; 12 =
57.3%) n no-cnabo noHmwxkeHne Ha JIKOU (cpegHa pas-
nuka 2.38, 95% CI: -0.03—+4.79, p = 0.05; 12 = 99%)
npu npocnegseaHe. He ce oTkpuBa 3Hayuma pasnuvka
B xocnutanusaummte 3a CH [51].

HeBpoxopmoHanHa 6nokaga n ctaTuHu

MeTaaHanua Ha Mir u cbTp. (2023) obegnHaBa n3-
crnefBaHus 3a KapOuoNpoTeKTUBHATa eDEKTUBHOCT Ha
HEBPOXOPMOHAaNHW MegukameHTn n ctatnHm [52]. Pe-
3ynTaTuTe MOCOYBAT, Y€ Han-BUCOKA e(PEeKTUBHOCT 3a
3anaseaHe Ha JIKOW cnpsimo KoHTponHaTta rpyna nva
CMMPOHONaKToH (cpegHa pasnuka (MD) = 12.80, 95%
Cl: 7.90-17.70), cnengaH ot eHananpun (MD = 7.62,
95% CI: 5.31-9.94), Hebusonon (MD = 7.30, 95% CI:
2.39-12.21), ctatH (MD = 6.72, 95% CI: 3.58-9.85),
6usonponon (MD = 5.72, 95% CI: 0.78-10.66), nepuH-
ponpun (MD = 5.27, 95% CI: 1.75-8.79) n kapsegunon
(MD = 2.54, 95% CI: 1.09-3.99) [58]. CnnpoHonakToH
€ CBbp3aH C Hal-3Ha4yMMa peaykums Ha TpornoHuH MD
= -0.01, 95% CI: -0.02--0.01). Enananpun Boan no
Han-3HauMMma pegykums Ha BNP (MD = -49.00, 95%
Cl: -68.89 0o -29.11), cneasaH o1 cnupoHonaktoH (MD
= -49.00, 95% CI: -68.89 go -29.11). B gonbnHeHue,
eHananpun e ceBbp3aH ¢ Han-HUCcHk puck ot CH (RR =
0.05, 95% CI: 0.00-0.75) [52].

MHXnbuTOpM Ha HaTPUEBO-TIHOKO3HUSA
KOTpaHcnopTtep 2

NHxnbutopute Ha HaTPUEBO-TIHOKO3HUST KOTPaHC-
noptep 2 ca C gokaszaHa e(eKTUBHOCT Npu rnedyeHne
Ha CH B uenus cnektbp Ha JIKOU [53]. MNonsute ca
N3MepPEHN He MPOCTO C MoKasaTenu 3a CbpAe4HO PeMOo-
genvpade, bruomapkepu unu NoBnMsiBaHe Ha CUMMTO-
MaTukara, a c nokasartenu kato cmbpT no CC npuynHa,
CMBPT MO BCSKa NpyUYnHa u pexocnutanuaaumm 3a CH.
ToBa gaBa naest 3a TbpCeHE Ha NonsuTe OT Te3n Me-
AVKaMEeHTV BbB Bpb3Ka C KapOuonpoTekunsi B Xo4a Ha
NPOTMBOTYMOPHA CUCTEMHa Tepanus [54]. Ha kneTbu-
HO U TbKaHHO HMBa, SGLT2 MHXMOMUTOPUTE HaManseat
OKCUAATMBHUSA CTpec, NpouHdnamaTtopHute n gpunbpo-
TWYHM npouecy B Muokapga (dwur. 1). Ha monekyrnHo
HMBo SGLT2 mHxmbutopute BOOAT A0 Npenporpamu-
paHe Ha yBpedeHUTEe KapouoMuuuTu. AKTMBMpaT ce
npouecun Ha aBTodarnst U OYMCTBaHe Ha KneTkata oT
AOBENUTE OO0 KNeTbYeH CTPeC YBPEeAeHW OpraHenv v
APYrv KOMMOHEHTU. To31 MexaHU3bM CTOM B OCHOBAaTa

was found between the groups on any of the parame-
ters. There was also no difference in the incidence of
anthracycline-induced CMP [50].

However, the meta-analysis by D’Amario et al.
(2023), comprising 5 RCTs in 808 patients, found
that statins reduced the risk of developing AIC (RR
0.52, 95% CI: 0.33-0.83, p = 0.01; 12 = 0%). Statin
treatment led to a higher final LVEF (mean differ-
ence 1.88, 95% CI: 0.66-3.1, p < 0.01; 12 = 57.3%)
and a smaller decrease in LVEF (mean difference
2.38, 95% CI: -0.03—+4.79, p = 0.05; 12 = 99%) at
follow-up. There was no significant difference in HF
hospitalizations [51].

Neurohormonal blockade and statins

A meta-analysis by Mir et al. (2023) combines
studies on the cardioprotective efficacy of neurohor-
monal agents and statins [52]. The results showed
that spironolactone had the highest efficacy in terms
of improvement in LVEF relative to the control group
(mean difference (MD) = 12.80, 95% CI: 7.90-17.70),
followed by enalapril (MD = 7.62, 95% CI: 5.31-9.94),
nebivolol (MD = 7.30, 95% CI: 2.39-12.21), statin (MD
=6.72, 95% CI: 3.58-9.85), bisoprolol (MD = 5.72, 95%
ClI: 0.78-10.66), perindopril (MD = 5.27, 95% CI: 1.75-
8.79), and carvedilol (MD = 2.54, 95% CI: 1.09-3.99)
[52]. Spironolactone was associated with the most
significant reduction in troponin (MD = -0.01, 95% CI:
-0.02--0.01). Enalapril resulted in the most significant
reduction in natriuretic peptides (MD = -49.00, 95%
Cl: -68.89--29.11), followed by spironolactone (MD =
-16.00, 95% CI: -23.9--8.10). In addition, enalapril was
associated with the lowest risk of HF (RR = 0.05, 95%
ClI: 0.00-0.75) [52].

Sodium glucose cotransporter 2 inhibitors

Sodium glucose cotransporter 2 inhibitors inhib-
itors have validated results in the treatment of HF
across the whole spectrum of LVEF [53]. Benefits were
determined not just by measurements of cardiac re-
modelling, biomarkers, or influence on symptoms, but
by metrics such as CV death, all-cause death, and HF
readmissions. This offers a perspective on the poten-
tial benefits of these medications in relation to cardio-
protection during systemic cancer therapy [54]. At the
cellular and myocardial levels, SGLT2 inhibitors reduce
oxidative stress and proinflammatory and fibrotic pro-
cesses (Figure 1). At the molecular level, SGLT2 in-
hibitors reprogram injured cardiomyocytes, activating
autophagic mechanisms and ridding the cells of accu-
mulated damaged organelles that have caused cellular
stress. This mechanism underlies the beneficial effects
of SGLT2 inhibitors in slowing the progression of cardi-
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Ha GnaronpusatHuTe edekTn Ha SGLT2 mHxmMbuTopu-
Te 3a 3abaBsiHe nporpecusaTa Ha cbpaedHa OUCHYHK-
umsa [54]. HapyweHa aBTObarMs n HaTpynBaHe Ha
ONCYHKUMOHAINHN MPOTEUHU, HYKIENHOBU KUCEMMHU
1 OpraHenu ca onMcaHun KaTto OTFOBOPHM 3a Pa3BUTMETO
Ha AWK [18]. EkcnepumeHTanHn u3cneaBaHnsa BbpXy
XMBOTHM Moka3BaT crnocobHocTTa Ha SGLT2 uHxmbu-
TopuTe Aa npodunaktupart Bb3HUkBaHeTo Ha AVK, aa
peagyumpaTt MuokapgHata dprbposa n mmoumbpunapHa
nesopranmnsaums [55, 56].

HannyHnTe KbM MOMEHTA KIMMHMYHM fOKa3aTerncTaa
3a nonsata ot SGLT2 nHxmbutopute 3a NpeBeHUUs Ha
AUK ce 6asunpaT Ha peTpPOCNEeKTUBHN aHanuam npu na-
uneHTn cbe 30T2, NoanoXeHn Ha NPOTUBOTYMOPHA Te-
panus. Gongora u cbTp. (2022 r.) n3nonaear AaHHu OT
1902 naumeHTn ¢ n3BecteH 30 T2 npean 3anoysaHe Ha
aHTpauuKnuHoBaTa Tepanusi. Y4YeHute odopMAT ABe
CbMNOCTaBUMK rpynun: rpyna Ha Tepanus cbc SGLT2 nH-
Xnbutopn no Bpeme Ha xummnotepanusa (n = 32) N KOH-
TponHa rpyna, 6e3 nanonasaHe Ha SGLT2 nHxubutopu
(n = 96) [57]. oknagBaHuTe pesyntaTtu ca Bre4vatns-
Baly B nomnsa Ha rpynara npuemana SGLT2 nHxmbu-
Topu. 3a nepwuog ot 1.5 rogMHn ca pernctpupanmn 19
(20%) CC cbbutna B KOHTpOnHaTa rpyna, ot kouto 13
cny4as Ha HoBoycTaHoBeHu KMIT v CH. B rpynara npwu-
emana SGLT2 nHxmbutopn e yctaHoBeHo camo 1 (3%)
CC cbbutne, p = 0.025 [57]. Hewo noBe4ye, oTyeTEHA
€ CUMrHUdMKaAHTHO MO-BMCOKA CMBbPTHOCT B rpynata 6e3
SGLT2 nHxmbutopu B cpaBHeHME C rpynaTta cbe SGLT2
nHxmoutopm (HR 4.7, 95% CI: 1.5-15.1, p = 0.005) [57].
Avula v cbTp. (2024 1.) NnpeacTaBaT 4aHHM 3a edbekTuTe
Ha SGLT2 nHxnbutopute B ycnosusTa nHgyumpaHa ot
xummotepanus KM [58]. Uscneposatenute nssnuyat
nHcpopmauua ot 6asa gaHHM oT Hag 56 000 naumeHTn
cbe 3[T2, KonTo NpoBexaar CUCTEMHA OHKOSOTMYHA
Tepanusi. YyeHnte obocobsiat nonynauusa (n = 1280)
C HeucxemmyHa HoBoycTaHoBeHa KMI1 n a pasgensaT
Ha aBe rpynu cnopeq npuema Ha SGLT2 nHxunbutopw.
MaumneHTuTe, npuemanu SGLT2 nHxmbutopu, umaT 3Ha-
YMMO MO-HUCBHK PUCK OT AekomneHcauuss Ha CH (OR
0.483, 95% CI: 0.36-0.65, p < 0.001), obwa cMbpTHOCT
(OR 0.296, 95% CI: 0.22-0.40, p < 0.001), npeacbpaHu
aputmunm (OR 0.397, 95% CI: 0.213-0.737, p = 0.003)
n octpa 6L6peyHa yBpeaa (OR 0.486, 95% CI: 0.382-
0.619, p < 0.001) B cpaBHeHue ¢ rpynata 6e3 SGLT2
nHxmnbutopw [58].

MeTcopmMuH

[MoTeHUmManHUTe cBOMCTBA Ha MeT(OPMUH Aa Ha-
Manu muokapgHaTa yBpeda B pesyntaT Ha aHTpauu-
KIMMHW ce CBbp3BaT C aHTMOKCMOAHTHATa akTMBHOCT
Ha MefuKameHTa, edpeKTUTe My 3a CbXpaHsiBaHe Ha
MUTOXOHAPWanHaTa PyHKUus, ctumynmpaHe Ha AM®K
CUTHanHoTO npedasaHe 1 aBTodarns, 1 NoTUCKaHe Ha
anonTo3ata (cur. 1) [59]. PeTpoCcneKkTBHO KOXOPTHO

ac dysfunction [54]. Impaired autophagy and the accu-
mulation of dysfunctional proteins, nucleic acids, and
organelles have been described as responsible for the
development of AIC [18]. Experimental animal studies
have demonstrated the ability of SGLT2 inhibitors to
prevent the occurrence of anthracycline-induced CMP
and reduce myocardial fibrosis and myofibrillar disor-
ganisation [55, 56].

The existing clinical evidence for the efficacy of
SGLT2 inhibitors in the prevention of AIC is based
on retrospective assessments of T2DM patients re-
ceiving anticancer treatment. Gongora et al. (2022)
used data from 1902 patients with known T2DM prior
to the initiation of anthracycline therapy [57]. The in-
vestigators established two comparable cohorts: one
that received SGLT2 inhibitor therapy concurrently
with chemotherapy (n = 32) and the other that served
as a control group (n = 96) [57]. The reported results
are impressive in favour of the group taking SGLT2
inhibitors. Over a period of 1.5 years, 19 (20%) CV
events, of which 13 were newly diagnosed CMP and
HF, were recorded in the control group. Only 1 (3%)
CV event in the SGLT2 inhibitor group was reported,
p = 0.025 [57]. Furthermore, the non-SGLT2 inhibi-
tor group had significantly higher mortality rates than
the SGLT2 inhibitor group (HR 4.7, 95% CI: 1.5-15.1,
p = 0.005) [57]. Avula et al. (2024) present data on
the effects of SGLT2 inhibitors in the setting of prov-
en CMP associated with systemic antitumor therapy
[58]. They extracted information from a database of
over 56,000 patients with T2DM and ongoing sys-
temic cancer therapy. The scientists separated a
population (n = 1280) with nonischaemic newly diag-
nosed CMP, which they divided into 2 groups accord-
ing to SGLT2 inhibitor intake. Patients taking SGLT2
inhibitors had a significantly lower risk of HF decom-
pensation (OR 0.483, 95% CI: 0.36-0.65, p < 0.001),
overall mortality (OR 0.296, 95% CI: 0.22-0.40, p <
0.001), atrial arrhythmias (OR 0.397, 95% CI: 0.213-
0.737, p =0.003), and acute kidney injury (OR 0.486,
95% CI: 0.382-0.619, p < 0.001) compared to the
non-SGLT2 inhibitors group [58].

Metformin

The potential properties of metformin to reduce
myocardial injury resulting from anthracyclines have
been linked to the antioxidant activity of the medica-
tion and its effects in preserving mitochondrial func-
tion, stimulating AMPK signalling and autophagy, and
suppressing apoptosis (Figure 1.) [59]. A retrospective
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npoyysaHe wu3cnegBa Bb3OeWCTBMETO Ha MeTdop-
MUH npu naumeHTn (n =350) cbec 30T2, nognoxeHu
Ha aHTpauMKINMHOBa Tepanus, pasfeneHyn B OBE Cb-
nocTaBMMu rpynu cnopeg npnema Ha metopmMuH [60].
MeThopMUH-TPETUPAHUTE NALMEHTU MMAT 3HAYUMO
no-Hucka vectota Ha CH B cpaBHeHue c Henpuema-
wute metopmuH Ha 1-BaTa roguHa [3.6% vs. 10.5%;
p = 0.022; HR 0.35 (95% CI: 0.14-0.90)] n Ha 5-TaTa
roguHa [8.1 vs. 15.7%; p = 0.026; HR 0.44 (95% CI:
0.21-0.93)]. UscnepsaHeTo nokasea, Ye MeTHOPMUH
MOXe Aa MMa KapAuonpoTEKTUBEH edekT npyu BUCOKO
PUCKOBM MauMeHTW, nognexawiyn Ha NpoTUBOTYMOPHO
neyexue ¢ aHtpaumknuum [60]. Opyro MPIIKI ce Ha-
CO4YBa KbM KapAMONpOTEKTUBHUTE edekTn Ha MeTdop-
MVH Npu nauneHTn 6e3 3[4T2, kOMTO ca Ha Tepanus ¢
aHTPaLMKNNHOBY pexnMun. N3cneaBaHeTo He JoKa3Ba
nonau OT MPUITOXXEHMETO Ha METCIOPMIUH B XO4a Ha Xu-
MuoTepanusi, CbAeNKN No AenbT Ha NaToflorMyHO Mo-
BMLLEHME HA TPOMOHUH M CTEMNEHTa Ha BroLaBaHe Ha
JIKOU n GLS [61].

dPusnyecka akTMBHOCT

EBponenckoTo apy>KecTBo MO Kapguonornsa npeno-
pbuBa (hmanyeckata aKTUBHOCT KaTo MbpBUYHA NPEBEH-
umns Ha AVIK ¢ ornen HamansiBaHe Ha CC puck [24]. Ha-
nvue ca obave gaHHKU, Ye (PM3NYECKOTO HaToBapBaHe
AeNCcTBa ONPEKTHO Ha HMBO MUOKAPA U UMa noteHuman
0a Hamanu BpegHuTe eekTn Ha aHTpaunKnMHUTE (dour.
1) [62]. EkcnepuMeHTanHn nscnegBaHus nokaseart, ve
dunsnyeckata akTMBHOCT B YCrOBUSITA HA aHTpaLUMKIuW-
HOBa €KCMno3muusa e CBbp3aHa CbC CTPYKTYPHO U (PyHK-
LMOHANHO CbXpaHsBaHe Ha KapAvOMUOLUTUTE, Hama-
nsBaHe Ha MHTepcTuumanHata gpumbposa, nogobpeHne
B eHAoOTeNHarta 1 cbaoBa oyHKLmMS [63].

MpoyyBaHe Ha Foulkes n cbTp. (2023 1) nscnegga
nonynauusa ot 104 xeHu, KOUTO NpoBexaaT Tepanus ¢
aHTPaLMKINHM 3a paHeH pak Ha repaata. [pu nonosu-
HaTa OT TAX € NpuroXxeHa nporpama ¢ PU3NYECKo Ha-
TOBapBaHe N BCUYKM Ca OLEHEHWN C KapAMOonyriMOHaneH
ctpec-tecT, AMP cTpec-Tect ¢ husmnyecko HaToBapea-
He 1 exokapauorpadousa B nokon [64]. MNMukosata O, KOH-
cymaums (VO,) ce noHwxasa Ha 4-Ts mecel 1 B iBeTe
rpynu — cbe 1 6e3 nporpama ¢ hr3nyecko HaToBapBa-
He, HO € 3Ha4MMO MO-BMCOKA B rpynata C TPEHNPOBbY-
Ha nporpama. Ha 12-ua meceu nukosarta VO, octasa
NOHWXKeHa Npu naumeHTuTe 6e3 Pran4eckn TPEHMPOBKM
(cpegHa pasnuka (MD) -1.5 (-2.7, =0.4) mL-kg™"-min™",
p = 0.007), gokato npu Te3n C TPEHUPOBbLYHA Nporpa-
ma nukosata VO, Ooopu ce nosullasa B CpaBHEHME C
naxogHata (MD 2.0 mL-kg™"'min™"; p < 0.001). ®yHk-
unoHanHuat AMP TecT npu naumeHTUTE C hmnsmyecka
aKTMBHOCT Ha 12-ns meceL, noka3sa 3Ha4MMo no-gobpu
nokasarenu — cbpgeyeH aebur, yaapeH obem n peseps
Ha neBokamepHa n gecHokamepHa ®U (p < 0.001). He
Ce OTKpMBa pasnvika Mexgy rpynute no oTHOLUEHUE Ha

cohort study examined the effect of metformin in 350
patients with T2DM undergoing anthracycline thera-
py, divided into two matched groups based on met-
formin intake [60]. Metformin-treated patients had a
significantly lower incidence of HF compared with
those not receiving metformin at year 1 (3.6% vs
10.5%; p = 0.022; HR 0.35 (95% CI: 0.14-0.90)) and
at year 5 (8.1 vs 15.7%; p = 0.026; HR 0.44 (95%
Cl: 0.21-0.93)). The study suggests that metformin
may have a cardioprotective effect in high-risk pa-
tients undergoing antitumor treatment with anthracy-
clines [60]. Metformin’s cardioprotective effects were
explored in a RCT in patients without T2DM treated
with anthracyclines. The study demonstrated no ben-
efit from metformin administration during chemother-
apy, as reported by the proportion of the pathologi-
cal increase in troponin and the degree of LVEF and
GLS worsening [61].

Physical activity

The European Society of Cardiology recommends
physical activity as the primary prevention of AIC to
reduce CV risk [24]. There is, however, evidence that
exercise can have a direct impact on the heart at a
myocardial level, potentially reducing the damaging
effects of anthracyclines (Fig. 1) [62]. Experimental
studies in the setting of anthracycline exposure have
shown that physical activity is associated with pre-
serving cardiomyocyte structure and function, reduc-
ing interstitial fibrosis, and improving endothelial and
vascular function [63].

Foulkes et al. (2023) examined a cohort of 104
women undergoing anthracycline therapy for ear-
ly-stage breast cancer [64]. Half of them were allocat-
ed to a physical activity program, and all were evaluat-
ed with a cardiopulmonary stress test, an MRI stress
test with physical exertion, and echocardiography at
rest. The peak oxygen consumption (VO,) declined
by the fourth month in both groups, with and without
an exercise program, but was comparatively higher
in the group that undertook the workout program. On
the twelfth month, in the non-exercising group, peak
VO, remained decreased (MD -1.5 (2.7, -0.4) mL-k-
g"'min', p = 0.007), whereas in the exercising partici-
pants, peak VO, even increased (MD 2.0 mL-kg™"-min",
p < 0.001) compared to the basal VO,. At month 12,
patients undergoing the exercise program had better
functional MRI test scores for cardiac output, stroke
volume, and left and right ventricular EF reserve (p <
0.001). No difference was found between the groups
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exorpadpcknTe CbpAaeyHn nokasaTenu B NoKoW, AoKnaa-
BaHa e egHaKBa YecToTa Ha CBbp3aHa C XMMmnoTepanu-
ara KMI. HabntogasaHo e no-cnabo 3Ha4nTenHo nosu-
LLEHMEe Ha TPOMOHUH B rpynata ¢ pmanyecka akTMBHOCT
B CpaBHeHWe C KOHTponHarta rpyna (25.5 (18.1, 32.9)
cpelly 46.2 (25.0, 67.5), p = 0.0024) [64].

MpunaraHeTo Ha TPEHNPOBBLYHA NporpamMa He € OCb-
LLIECTBUMO MPW BCUYKM NaLMeEHTH, Heobxoavma e npensa-
puTenHa npeueHka Ha CC puyckoBu chakTopy 1 3abonsiea-
HUS U PU3MYECKUTE Bb3MOXHOCTM Ha naumeHTuTe. Ame-
pvikaHcKaTa CbpaevHa acoumaums nyonmkyBa CTaHOBULLE,
Kacaello BbBeXaaHe Ha KapaMOOHKOMOrMyHa pexabunm-
Taumsi N anropmuTbM 3a OLeHKa Ha naumeHTuTe [62].

3AKNIOYEHUE U BBAELLU HACOKHU

[okasaTtencreata 40O TO3M MOMEHT 3a Bb3MOXHOCT-
uTe Ha NbpBUYHa NpeseHUMs Ha AUIK ca no-ybeguTenHu
3a MaUMEeHTN C BUCOK U MHOTO BUCOK puck. OcTaBa OTBO-
PEH BbMNPOCHT 3a MbpBMYHATA MEOUKaMEHTO3HA NPEBEH-
LSt MPU HACBK M YMEpeH puck. Kbm MomeHTa npenopb-
KUTE Ca 32 MOHMUTOPMpaHe Ha MauMeHTUTE Ype3 OLeHKa
Ha cbpaevHaTa yHKUUS U Ha OMHaMKKaTa B CbpaeqHu-
Te Gruomapkepu (TponoHuH n BNP) (dur. 2) [24]. Mpu-
naraHe Ha HEBPOXOPMOHarHa Tepanus ce npenopbyBa
B crydan Ha gedvHupaHa neka, 6escumntomHa AVIK,
T.e. npu BnowwasaHe Ha GLS ¢ Hag 15% oT uaxogHusa n
noBuLIaBaHe Ha TPOMOHWH, Oe3 Ja ce nNpekbcBa XMMU-
oTtepanusTa [24]. MNpn Te3n naumeHTn ce npenopbyBa 1
aepobHO husmyecko HaToBapeaHe. [locnegHnaT meTaa-
Hanv3 Jaea NpPeauMMCcTBa Ha CMPOHOITAKTOH, eHananpun
1 HebMBOMON KaTo KapAMOMpPOTEKTUBHM cpefcTBa [52].
HwnactonHata JIK gucyHKuma KkbM MOMEHTa He e 3ano-
)XE€Ha B NpenopbKUTE KaTto Tpurep 3a NpeBaHTUBHO Ne-
YeHre 1 e 0BeKT Ha JOMbIHUTENHM nacnegsanmd. Ovak-
BaT Ce pesynratute 3a npeBaHTVMBHAaTa e(PeKTUBHOCT Ha
APHW B ycnoBsusiTa Ha cucTeMHa NpOTUBOTYMOPHa Te-
panus. Nonam noteHuman umat n SGLT2 nHxmbutopute,
3apagm CrnocobHOCTTa UM Aa Bb3OencTBaT Ha KNeTbYHO
HMBO KaTo NPOMEHAT PEHOTUMNA Ha YBpPEeAeHNTe Kapamo-
MuoumTn [54]. OLe noBeve, Ye Te MMaT JoKa3aHn edek-
71 npyn CH ¢ gnactonHa gucdyHkums, 6e3 ga e Hanvue
notucHata ®U [53]. MNpobnembT 3a nonunparmasus He e
3a npeHebpersaHe, Nopaam HeobxoaMMocTTa OT Cbobpa-
35BaHE Ha Bb3MOXHUTE NEKapCTBEHW B3aMMOAENCTBUSA
N CTpaHW4HWUTE eddeKTU Ha KapaMonpoTeKTUBHATa Tepa-
nus. MNpeBeHUuATa ¢ unsmyecKka akTMBHOCT U3rnexaa Ha
NpbB Norfes NecHo ocbluecTBnMa 1 6e3BpedHa, 1 nMa
ronsiM noTeHuman. Ho npunaraHeTo N BChLLHOCT, N3UCKBA
npegBapuTenHa BHumatenHa CC oueHka [62]. 3a onpe-
[OernsiHe Ha MSICTOTO, BPEMETO, BMAA Y NPOABLIMKUTENHOC-
TTa Ha NbpBUYHaTa npeeeHUns Ha AVK ca Heobxoammum
OlLle uscnegBaHus.

He e deknapupaH KOHGIUKM Ha uHmMepecu

in terms of resting echo functional parameters, and a
similar proportion of patients developed chemothera-
py-induced CMP. There was significantly less troponin
increase in the physical activity group compared to the
control group (25.5 (18.1, 32.9) vs. 46.2 (25.0, 67.5), p
=0.0024) [64].

Exercise training programs are only feasible in
some patients; a preliminary assessment regarding CV
risk factors, diseases, and patients’ physical capabili-
ties is necessary. The American Heart Association has
published a position statement addressing the imple-
mentation of cardio-oncology rehabilitation and an al-
gorithm for patient assessment [62].

CONCLUSIONS AND FUTURE PROSPECTS

The evidence to date on the feasibility of prima-
ry prevention of AIC is more compelling for high- and
very-high-risk patients. The question of medication for
primary prevention in low- and moderate-risk patients
remains open. Current recommendations are to moni-
tor patients by assessing cardiac function and cardiac
biomarker dynamics (troponin and BNP) (Fig. 2) [24].
Implementation of neurohormonal therapy is recom-
mended without interrupting chemotherapy in cases of
defined mild, asymptomatic AIC, i.e., when GLS wors-
ens (by > 15% from the baseline) and troponin rises
[24]. Aerobic exercise is also recommended for these
patients. A recent meta-analysis gives advantages to
spironolactone, enalapril, and nebivolol as cardiopro-
tective agents [52]. It is yet to be determined whether
worsening diastolic function may trigger the implemen-
tation of preventive therapy. Results on the preventive
efficacy of ARNI in the setting of systemic antitumor
therapy are still pending. SGLT2 inhibitors also have
great potential because of their ability to alter the phe-
notype of injured cardiomyocytes [54]. Moreover, they
have proven effects in HF with diastolic dysfunction
without suppressed EF [53]. The problem of poly-
pharmacy is not to be ignored because of the need to
consider potential drug interactions and side effects of
cardioprotective therapy. Prevention with physical ac-
tivity seems easily feasible and harmless at first sight
and has good potential. However, its implementation
requires careful CV assessment beforehand [62]. Fur-
ther research is necessary to determine the indications,
type, timing, and duration of primary prevention of AIC.
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