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Pestome.
HOCT NPy MaLMeHTV Ha Unu Ccrief, NPOTMBOTYMOPHA Tepanist U C Bb3MOXHOCTUTE Ha KapAMOMarHUTHO-pe30HaHCHaTa
Tomorpacpus (KMPT) npu guarHoCTULMpaHeTo 1 NpOCReAsBaHETO Ha Tean nauneHT. Pasrneganu ca geduHuumnte
W KnacucukaLmsTa Ha KapaMOTOKCMYHOCTTA, CBbP3aHa C MPOTMBOTYMOPHO NEYEHWEe, MeXaH3MUTe Ha YBpexaaHe
Ha CbpLETO W CbAOBETE MPW HAKOW OT OCHOBHWTE rPyny NPOTMBOTYMOPHU MeaukameHT u noteHuuanHute KMPT
Haxoaku. OuepTaHu ca OCHOBHUTE KIMHWUYHM CUTYaLMK, CBbP3aHH C NPOsiBA HA KAPAMOTOKCUYHOCT, npu kouto KMPT
¥IMa W ce 04akBa a MMa BOAELLa Pons..
Knroyosu dymu: KapAMOTOKCUYHOCT, MPOTUBOTYMOPHO NeYeHIe, kapauoMarHuTHo-pe3oHaHCHa Tomorpadust
Adpec A-p Papocnag Metkos, am. Otaenenve no obpasHa auarHoctuka, YMBATT “Cocusimer”, 6yn. “T. M. Oumutpos” Ne 16,
3a KOpPecnoHOeHYusI: 1797 Codbusi, e-mail: petkovrd@gmail.com
Abstract. The purpose of this review article is to inform practicing cardiologists about the manifestations of cardiotoxicity in
patients on or after antitumor therapy and about the potential of cardiac magnetic resonance imaging (CMR) in
the diagnosis and follow-up of these patients. The definitions and classification of cardiotoxicity associated with
antitumor treatment, the mechanisms of cardiac and vascular damage of some of the important groups of antitumor
drugs, and the potential CMR findings are reviewed. The main clinical situations related to manifestations of
cardiotoxicity in which CMR has or is expected to have a leading role are outlined.
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BbBEOQEHME INTRODUCTION
Mpe3 nocnegHuTe ABE AECETUNETUA CTaHaXMe CBU- Over the past two decades, we have witnessed
aetenu Ha 3abenexvteneH Hanpeabk B MeAULIMHCKaTa remarkable advances in medical oncology. The
OHKornorud. HaBnm3aHeTo B pyTUHHATA KNMHWYHA Npak- introduction into routine clinical practice of new
TMKa Ha HOBM IPynu nekapcTBa KaTto WHXMbuTopute groups of drugs such as immune checkpoint inhib-
Ha MMyHHa KoHTposnHa Toyka (MKTW), npoteasoMHute itors (ICls), proteasome inhibitors, 2" and 3™ gen-

UHXUOWTOPK, 2-pa 1 3-Ta reHepaumsi TMPO3UHKUHA3HN eration tyrosine kinase inhibitors, endothelial growth
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WHXMBUTOPW, UHXMBUTOPUTE Ha E€HOOTENHWUS PacTeXeH
daktop 1 HER2 npuuenHute Tepanun posegoxa Ao
3HaUUTENHO NoJobpsiBaHe Ha NPEXMBAEMOCTTA Ha Navm-
€HTUTE CbC COMMAHM W XematonornyHn Heornasuwm. OT
Opyra cTpaHa, 3Ha4uTenHa 4YacT OT Te3n HOBM Tepanuu
nokassaT KapOMOTOKCUYHOCT KaKTO B XO4a Ha KIMUHWYHU
N3NUTBaHNS, Taka U B exedHeBHaTa npaktuka. Toea, Ha
doHa Ha HapacTBaLlaTa YecToTa Ha CbpAeYHO-CbAOBUTE
N OHKOMOrnyHUTE 3abonsiBaHMsS M 3aedHO C U3BECTHaTa
KapOMOTOKCUYHOCT Ha 4YacT OT Beve YTBbPAEHUTE aHTU-
HEeoOMMacTMYHN MEeOUKaMEHTN (Hamp. aHTPaUMKIMHWTE,
MUWKPOTYOYINHUTE UHXMOUTOPWU, HSKOM aHTUMETabonmTw),
BOOM [0 HapacTBalla 4YecToTa Ha CbpOeqHO-CbAOBUTE
YCMOXHEHUsI B XO4a Ha OHKOIOMMYHOTO NleveHune. Hannue
€ 0CTpa HyXxaa OT paHHa OMarHoOCTUKa U Nie4YeHne Ha Tean
noTeHumanHo datanHu yCroXXHEHNs, KakTto 1 oT 6anax-
CupaH noaxon KbM NpeBeHumaTa UM — nogxomd, KOUTo Aa
MaKCMMU3Mpa OHKOMNOMMYHUTE NOM3N OT NEYEHNETO U Cb-
LLIeBPEMEHHO @ MUHMMU3MPa KapauororniHus pyuck. Ha
CpaBHUTENHO HOBAaTa MHTEpAMCUMNIIMHApHa obnacT B Me-
OuuMHaTa — KapOuoOHKomorMsiTa — ce naga 3afjayara ga
Ce MOOEpPHM3NPAT CbLUECTBYBALLMTE 1 Aa Ce Banuaupar
HOBM anropuTMM 3a NPOCreasaBaHe Ha NauneHTUTe, KoMTo
nony4yaBsaTt NoTEHLMANHO KapaANOTOKCMYHO feYeHne, Kato
Ce OT4uTaT U NpPosIBUTE Ha KapAMOTOKCUYHOCT, CBbP3aHun
C HOBUTE TepaneBTUYHU CTpaTeErnn B OHKOMOrMsATa.
O0pasHnTe MeToan, 3aedHO CbC CbpAevHuUTe Guro-
MapKepu, ca B OCHOBaTa Ha AUarHoCTUKaTa Ha TOKCMYHaTa
yBpea Ha CbPLIETO B X04a Ha OHKOMOTMYHOTO NEYEHME.
2D n 3D exokapaunorpadunte BbNpekn HECbMHEHUTE CU
npeavMCcTBa MMaT U CbLLECTBEHWN OrpaHUYeHsl, 0COBEHO
npu naeHTUULMpaHe 1 xapakrepmavpaHe Ha TbKaHHUTe
npomMeHn B Mrokapga. [Npensua eHOoTeNnoTOKCUYHOCTTa
Ha pen NPOTUBOTYMOPHU MEOUKAMEHTU U Bb3MOXHOCT-
Ta OT pasBuTME Ha BenogpobHa XMNepTOHUS B Xo4a UIn
creq MpYIKMYBaHe Ha OHKOMOTMYHO NEYEHUE € BaXHO
Oa ce crieay yHKUUsiTa Ha AECHUTE CbPOEYHU KYXMHM,
KOETO € TPyOHO Camo C MomoLLTa Ha exokapavorpadgms.
KapanomarintHopesoHaHcHata Tomorpadust (KMPT) ¢
HENHUST MyNTUNapaMeTPUYEH TbKaHEH KOHTPACT U C [O-
Ka3aHW Bb3MOXHOCTM 3a OLEeHKa Ha ASCHOTO Cbpue e
LIeHHO JOMbITHEHUE KbM apceHana Ha cneLyanmcTuTe no
obpasHa guarHoCcTuka npuy MbpBOHAYanHa oueHKa v npu
npocrneasiBaHe Ha CBbp3aHaTa C OHKOMOMMYHO JiedeHune
KapOMOTOKCUYHOCT 1 B pe Cnyyvam Moxe Aa € antepHaTtu-
Ba Ha exokapauorpadmsita. Helo noseye, Bb3MOXHOCT-
Ta 3a ouUeHKa Ha MUKPOCTPYKTYPHUTE MPOMEHN B MMO-
Kapga ¢ nomoLluta Ha T.Hap. “HoBu” KMPT texHukm (T1,
T2 n T1p kapTUpaHe) 1 Ha OUCKPETHUTE NMPOMEHN B MUO-
KapOHUSA KOHTPaKTUNUTET C nomoLyta Ha cTpenH-KMPT
TexHukuTe (kato “feature tracking”) obelasa ga oborartu
HaleTo pa3bupaHe 3a HauymHa, Mo KOWTO aHTUHeonnac-
TUYHOTO JleYeHMe yBpeXOda Muokapaa M, KOCBEHO, 3a
MUoKapgHata cumanonorus. HactoawmaT o63op e pas-
rnega OCHOBHUTE TPyny NMPOTMBOTYMOPHM NEKapCTBEHU

factor inhibitors and HER2-targeted therapies have
led to a significant improvement in the survival of
patients with solid and diffuse neoplasmmas. On
the other hand, a significant proportion of these new
therapies exhibit cardiotoxicity both in the course
of clinical trials and in daily practice. This, against
the background of the increasing frequency of car-
diovascular and oncological diseases and together
with the known cardiotoxicity of some of the already
established antineoplastic drugs (for example, anth-
racyclines, tubulin inhibitors, some antimetabolites),
leads to an increasing frequency of cardiovascular
complications in the course of oncological treatment.
There is an urgent need for early diagnosis and
treatment of these potentially fatal complications, as
well as a balanced approach to their prevention — an
approach that maximizes the oncological benefits
of treatment while minimizing cardiac risk. The rel-
atively new interdisciplinary field in medicine — car-
dio-oncology - is tasked with modernizing existing
and validating new algorithms for the follow-up of
patients receiving potentially cardiotoxic treatment,
taking into account cardiotoxicity events associated
with new therapeutic strategies in oncology.
Imaging methods, together with cardiac biomark-
ers, are the basis of the diagnosis of toxic damage to
the heart in the course of oncological treatment. 2D
and 3D echocardiography, despite its undoubted ad-
vantages, also have significant limitations, especially
when identifying and characterizing tissue changes
in the myocardium. Given the endothelial toxicity of
a number of antitumor drugs and the possibility of
developing pulmonary hypertension during or after
oncological treatment, it is important to monitor the
function of the right heart, which is difficult with echo-
cardiography only. Cardiac magnetic resonance im-
aging (CMR) with its multiparametric tissue contrast
and proven capabilities in the assessment of the
right heart is a valuable addition to the imaging spe-
cialist's arsenal in the initial evaluation and follow-up
of cardiotoxicity, related to antineoplastic therapies
and in a number of cases may be alternative to echo-
cardiography. Moreover, the possibility of assessing
microstructural changes in the myocardium using so-
called "new" CMR techniques (T1, T2 and T1p map-
ping) and discrete changes in myocardial contrac-
tility using strain-CMR techniques (such as "feature
tracking”) promises to enrich our understanding of
how antineoplastic treatment damages the myocar-
dium and eventually of the myocardial physiology. The
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CpPeAcTBa U TEXHUSI MEXaHMU3bM Ha OeNCcTBMe, BKI1. Kap-
OVOTOKCMYHOCT, U Le Ce onuTa Aa odvepTae obnactute,
B kouto KMPT Hocu nnmn 6u morbn Aa aoHece “nobaseHa
CTONHOCT” B KapAMOOHKONormsaTa.

JE®OUHULMUA U KITACUDPUKALIUA

CbrnacHo crtaHoBuwEeTo Ha EBponericko gpyxect-
Bo no kapguororna (ESC) ot 2016 r. kato CbpaeyHa
ANCAYHKUNS, CBbp3aHa C NMPOTUBOTYMOPHO fevyeHue
(COCII), ce onpenens peaykums Ha pakuusita Ha mU3-
TnackeaHe (PU) nog 50% vnm peaykumsa Ha PU cHag 10%,
CpaBHEHO C MbpBOHaYanHoTo uacnegsade [1, 2]. Peanua
Npoy4YBaHus Nnokasaxa, Ye NpomsiHaTa Ha rmobanHms foH-
riTyamHaneH ctpenH (IT1C) nma no-gobpa nporHocTuyHa
CTOMHOCT KaTO MapKep Ha IeBoKamepHa AMCHYHKLMA
cpaBHeHO ¢ O npu nauMeHTn cbC M 6e3 OHKOMOrMYHa
natonorus [3, 4]. Tpabsa aa ce ma NpeaBua CbLUO Taka,
ye KapOUOTOKCUYHOCTTA MPU HAKOU NPOTUBOTYMOPHM fe-
KapcTBa Moxe da ce nposisu 6e3 pegykumsa Ha . Han-
pumep npu 38% OT nauMeHTUTe C KapaMOTOKCUYHOCT B
xofa Ha nedeHune ¢ KT ®U moxe ga 6bae 3anaseHa 3a
Obnbr nepuog, ot Bpeme [5]. Taka ITIC cbLuo e BKIoYeH
B AedmHunumsta aa CLCII, kato ESC onpenens peayk-
umsa ot 15% cnpsiMo MbpBOHAYaNHOTO M3cregBaHe Kato
WHOMKaTVBHA 3a KapauoTokcudHocT. Criegga da ce oT-
Oenexu, Ye CbLLECTBYBA U3BECTHA pasnvka B KpUTepum-
Te 3a KapOMOTOKCUYHOCT B pasfuMYHUTE PbKOBOACTBA U
no3vLMN 1 B KPUTEPUUTE, U3MON3BaHM B PasfinyHK Npo-
yyBaHus. OnuT 3a XapMOHWU3UpPaHe Ha KpuTepumTte wu
AedbvHULMMTE € HamnpaBeHa B aKTyalHUTe MPenopbKu
OTHOCHO KapAMoOoHKororus, nybnmkysaHu ot ESC B cb-
TPyAHUYECTBO ¢ EBponeickarta acoumaums no xemarorno-
st (EHA), EBponenckoTo Opy»KecTBO Mo TepaneBTUYHa
paguonorusi n oHkonorns (ESTRO) n MexgyHapogHoTo
Apy»xecTBo no kapamooHkonorus (IC-OS) [6]. Kputepunte
Ha HSKOW FPyMK 1 OpraHmM3aLum ca nocodeHu B Taon. 1.

Hanocnenbk ce noctaesi BbNpoca OOKOMKO LLUMPOKO
n3rnonseaHarta knacudukaumaTta Ha COCIJT kato tmn |
(“mnokapgHa yBpega”) n tvn Il (“MrokapaHa oncdyHK-
ums”) uma cmucwn [7, 8]. MpeanoxeHa ot Ewer npes
2005 r. Tasu knacudukaums Lenu ga pasrpaHuym goope
no3Hartara KbM MOMEHTa, npeBep3nbunHa 1 Jo3a-3aBu-
CcMMa KapOMOTOKCUYHOCT, CBbp3aHa C aHTPauMKIIMHOBO
neveHve (“MuokapgHa yBpeda”’) OT CPaBHWUTEINHO HOBO-
yCTaHOBEHATa KbM OH3M MOMEHT KapOMOTOKCMYHOCT,
cBbp3aHa ¢ HER-2 TapreTtHute Tepanuu, Ha MbpBO MSC-
To ¢ trastuzumab [9]. 3a nocneaHata MbpBOHAYanHo ce
cMATa, Ye e No-psaKa, He 3aBMCU OT Jo3aTta U € peBep3au-
OunHa, kaTo crneq npekparsaBaHe Ha JIEYEHNETO CUCTOI-
HaTa (PyHKUMS Ce Bb3CTaHOBSIBA [0 M3XOLHOTO CbCTOS-
Hue (“mMrnokapaHa ancdyHkums”). HatpynaHute Bnocnen-
CTBME AaHHM obaye nokaseart, Ye Makap M C HECbMHEHO
pasnuyeH MexaHu3bM, nNpeaunssrkaHaTta ot trastuzumab
KapOMOTOKCUYHOCT He € psiaka, HUTO € peBep3nbunHa
BbB BCuYkM cnydam [10, 11, 12]. C paswmpsiBaHETO Ha

aim of this review is to revisit the main groups of antitu-
mor drugs and their mechanism of action, including car-
diotoxicity, and tol try to outline the areas in which CMR
brings or could bring "added value" to cardio-oncology.

DEFINITION AND CLASSIFICATION

According to the position statement on behalf
of the European Society of Cardiology (ESC) from
2016, a reduction in the ejection fraction (EF) be-
low 50% or a reduction of the EF of more than 10%
compared to the baseline examination is defined as
cancer therapy-related cardiac dysfunction (CTRCD)
[1, 2]. A number of studies have shown that change
in global longitudinal strain (GLS) has a better prog-
nostic value as a marker of left ventricular dysfunc-
tion compared to EF in patients both with and without
oncological pathology [3, 4]. It should also be kept in
mind that cardiotoxicity with some anticancer drugs
can occur without a reduction in EF. For example, in
38% of patients with cardiotoxicity during ICI treat-
ment, EF can be preserved for a long period of time
[5]. Thus, GLS is also included in the definition of
CTRCD, with the ESC defining a reduction of 15%
from the baseline as indicative of cardiotoxicity. Of
note, there is some variation in the criteria for cardio-
toxicity in different guidelines and positions and in the
criteria used in different studies. An attempt to har-
monize criteria and definitions has been made in the
current guidelines on cardio-oncology, published by
the European Society of Cardiology in collaboration
with the European Hematology Association (EHA),
the European Society of Therapeutic Radiology and
Oncology (ESTRO) and the International Society of
Cardio-oncology (IC-OS) [6]. The criteria of some
groups and organizations are listed in Table 1.

Recently, it has been questioned whether the
widely used classification of CTRCD as type | (“myo-
cardial injury”) and type Il (“myocardial dysfunction”)
makes sense [7, 8]. Proposed by Ewer in 2005,
this classification aims to distinguish the now well-
known, irreversible and dose-dependent cardiotox-
icity associated with anthracycline treatment (“myo-
cardial injury”) from the relatively newly identified
cardiotoxicity associated with HER-2 targeted ther-
apies, primarily with trastuzumab [9]. The latter was
initially thought to be rarer, dose-independent and
reversible, with systolic function returning to base-
line after discontinuation of treatment ("myocardial
dysfunction"). However, subsequently accumulated
data indicate that, although induced by a undoubt-
edly different mechanism, trastuzumab-induced car-
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cnexkTbpa OT NPOTUBOTYMOPHU MEAVKAMEHTUN B apceHana
Ha MegMUMHCKaTa OHKOSOrs BCE MO-4ecTo Ce Habrto-
pasat COCIJT ¢ pasnuyHa KnNnHMKa 1 mexaHusbm. KaTto
npumep morat ga ce nocovat MIKTW nHgyumpaH asToumy-
HEH MUOKapAUT UIn CbA0Ba ANCHYHKLYMS, MPean3BuKkaHa
OT MHXMOWTOPW Ha peLenTopuTe 3a CbA0BUSI EHAOTENEH
pactexeH ¢aktop (VEGF), 1 Ha cBbp3aHaTta ¢ TsX TUpO-
aunHknHasza (VEGF-peuentophu n VEGF-Tpo3vHkuHasHu
NHXMBuTopmn). HeCbMHeHO e, Ye B Grnsko ObaelLe e ce
Harnoxu Obnboka peBususi Ha KnacudmkaumsTa. Beblu-
HOCT MbPBUTE CTBINKM B Ta3M NOCOKA BeYe ca HanpaBeHu.
Hanpume, EBNOpenckoTo Apy>KeCTBO MO KapAavonorusi
pasmexaga KT nhgyumpaHnsa aBToMyHEH MUOKapAUT
KaTo OTAernHa KaTeropusi KapaMoTOKCUYHOCT B aKTyarHu-
TE CW Npenopbku [6].

diotoxicity is neither rare nor reversible in all cases [10,
11, 12]. With the expansion of the spectrum of anti-tu-
mor drugs in the arsenal of medical oncology, CTRCD
with a different clinic and mechanism will be observed.
These include ICl-induced autoimmune myocarditis or
vascular dysfunction caused by inhibitors of vascular
endothelial growth factor (VEGF) tyrosine kinase inhib-
itors, to name a few. There is no doubt that a deep
revision of the classification will be necessary in the
near future. In fact, the first steps in this direction have
already been taken. For example, the European So-
ciety of Cardiology considers ICl-induced autoimmune
myocarditis as a separate category of cardiotoxicity in
its current guidelines [6].

Tabnuua 1. Paznuku B n3nonsBaHUTe KPUTEPUM 3a KapAUOTOKCUYHOCT [1]

Table 1. Differences in cardiotoxicity criteria among various groups and institutions [1]

ESC EACVI/ASE ESMO/CREC | ASCO CTCAE FDA
MpaHunyHa
CTOMHOCT Ha
U <50% <53% < 55% < 55% < 50%
EF
2-pa cteneH: ®N B nokow 40- > 20% Hama-
50%; neHve, ako
2 5% po nog 10-19% HamarneHue cnpsimo n3xogHara
o N o
> 10% cripsimo | > 10% cripsimo 55% cbe n3xogHara C.TOI/IHOCT § CTOMHOCT €
naxonHaTa axonHaTa CUMMTOMM U 3-ta cteneH:®W B nokow 20- HOpMarnHa,
CTOVIﬂOCT CTOVIﬂOCT 2 10% po 39%; > 10% nHawa-
nop 55% 6e3 > 20% HamarneHue cnpsmMo u3- rneHve, ako
AbconioTHa =
CYMMTOMM xogHaTta CTOMHOCT n3xopHata
peayKuma 4-ta cteneH: ®U CTOMHOCT €
Ha ®U o
B nokon < 20% noa HopmMarta
EF absolute > 5O o,
i 2 5% to Grade 2: EF at rest 40-50%; > 20% .
reduction below decrease if
o 10-19% decrease compared to o
o 55% with . baseline is
> 10% > 10% from symptoms baseline value normal
compared to ; ymp o 3rd grade: EF at rest 20-39%; o
. baseline and 2 10% o . >10%
baseline value > 20% decrease from baseline .
to below ) decrease if
. 4th degree: EF at rest )
55% without < 20% baseline below
symptoms ° normal
Hamanenue Hamanenune Hamanenune
> 15% cnpsimo | > 15% cnpsimo > 15% cnpsi-
naxogHara nsxopgHata MO 13xogHa-
e CTOMHOCT CTOMHOCT Ta CTOMHOCT
GLS Reduction Reduction >Re1<éL;;:tlon
> 15% > 15% ;
compared
compared to compared to .
. . to baseline
baseline value baseline value value

CokpaweHusi: // Abbreviations: ASCO — American Society of Clinical Oncology; ASE — American Society of Echocardiography;
CREC - Cardiac Review and Evaluation Committee; CTCAE — Common Terminology Criteria for Adverse Events (US Departments of Health
and Human Services); EACVI — European Association of Cardiovascular Imaging; ESC — EuropeanSociety of Cardiology; ESMO — European

Society of Medical Oncology; FDA — US Food and Drug Administratio
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OLUEHKA HA PUCKA
OT KAPANOTOKCUYHOCT

Pen daktopn BAMaAT Ha BepoATHOCTTa 3a Mos-
Ba Ha COCI [1] (tabn. 2). OT cTpaHa Ha nauMeHTa u
C Hamn-ronsiMa TEXEeCT ca Ha MbpPBO MSCTO Bb3pacTTa U
CbMbTCTBALLUTE CbPAEYHO-CHOOBU PUCKOBU (hakTopy 1
3abonaBaHns (3acegHan HauvH Ha XXMBOT, XMMNEPTOHMS,
WHCYNHOBa PE3VNCTEHTHOCT, OWUCIUMUAEMUS, 3aTiTbC-
TsIBaHe, THOTIOHOMYLLEHe, AnabeT, KopoHapHa unu nepu-
depHa apTepuranHa 6onect, cbpagyHa He4OCTaTbYHOCT).
MaumeHtnTe ¢ noHwkeHa (50-54%) ®U npeam Hayanoto
Ha INeYeHneTo, KakTo 1 Te3n C aHaMHes3a 3a NpenxogHo
NPOTUBOTYMOPHO Jie4YeHMe ChLUO Ca C MOBULLEH puUck [13,
14]. ®akTopuTe, CBbP3aHN C TepanusaTa, UMaT OTHOCUTEN-
HO Mo-Marka TEeXeCT, KaTo Npu MauMeHT Ha MoHoTepa-
NS PUCKBT € Hal-HUCBK. PUCKBT OT KapaMOTOKCUYHOCT
ce MoBuLLABa Mpw JiedeHrne ¢ KoMbuHaumst OT npenapa-
T, 0COBEHO NPV €AHOBPEMEHHO MpunaraHe, KakTo 1 npu
KOMOVHMpaHa mbye-xummoTepanusi. Hsikom Megukamen-
1, VEGF peuentopHuTe 1 TMPO3MHKNHA3HN MHXMOUTOPMU,
Ca CBbP3aHU C MO-BMCOK PUCK OT KapOMOTOKCUYHOCT, B
CpaBHEHWE C ApYrn.

ASSESSMENT OF THE RISK OF
CARDIOTOXICITY

A number of factors influence the probability of
the occurrence of CTRCD [1] (Table 2). On the patient
side, age and concomitant cardiovascular risk factors
and diseases (sedentary lifestyle, hypertension, insulin
resistance, dyslipidemia, obesity, smoking, diabetes,
coronary or peripheral artery disease, heart failure) are
most important. Patients with a reduced (50-54%) EF
before the initialization of the therapy, as well as those
with a history of prior antitumor treatment, are also at
increased risk [13, 14]. Factors related to therapy have
relatively less weight, with monotherapy patients being
exposed to the lowest risk. The risk of cardiotoxicity
increases with treatment with a combination of drugs,
especially with simultaneous administration, as well as
with combined radiation-chemotherapy. Certain medica-
tions, for example VEGF-related tyrosine kinase inhib-
itors, are associated with a higher risk of cardiotoxicity
per se, compared to others.

Ta6bnuua 2. PuckoBu chaktopu 3a NnosiBa Ha KAPANOTOKCUYHOCT B X04a Ha NPOTMBOTYMOPHO JeyeHue [1]
Table 2. Risk factors for the occurrence of cardiotoxicity during antitumor treatment [1]

®akTopu, CBbP3aHU C TepanusTa
Therapy-related factors

®dakTopu, CBLP3aHU C NauMeHTa
Patient-related factors

Hucbk puck

IMNO30MHM HOPMYIIN
Trastuzumab 6e3 aHTpauukIHU

Hucka gosa aHTpaumknuHm (doxorubicin < 200 mg/m?, epirubicin < 300 mg/m?),

Bb3pbeT >18 1 <50 rogunHn

Low risk

liposomal formulations
Trastuzumab without anthracyclines

Low dose anthracyclines (doxorubicin < 200 mg/m?, epirubicin < 300 mg/m?),

Age >18 and <50 years

CpepneH puck

CpenHa fo3a aHTpauMKIMHU

(doxorubicin 200-400 mg/m?, epirubicin 300-600 mg/m?)
Trastuzumab cnep aHTpaUMKIVHK

VEGF TUpPO3MHKNUHA3HU MHXMBUTOPU

BTopo u TpeTo nokoneHne Ber-Abl TMPO3UHKMHA3HN MHXUBKUTOPU
[MpoTea3oMHu MHXMGUTOPU

KomBrHaums ot HXnbUTopm Ha MMyHHaTa KOHTPOMHA To4Ka

Bbapact 50-64 roguHu
1-2 cbpAeYHO-CHAOBY PUCKOBU hakTopa (XUNEepPTOHUS,
AN3NUNMOEMUs, 3aTbCTABAHE, TIOTIOHOMYLLIEHE U T.H.)

Medium risk

Medium dose anthracyclines

(doxorubicin 200-400 mg/m?, epirubicin 300-600 mg/m?)
Trastuzumab after anthracyclines

VEGEF tyrosine kinase inhibitors

Second and third generation Bcr-Abl tyrosine kinase inhibitors
Proteasome inhibitors

Combination of immune checkpoint inhibitors

Age 50-64 years
1-2 cardiovascular risk factors (hypertension, dyslipidemia,
obesity, smoking, etc.)

Bucok puck
EnHoBpemeHHo npunaraHe Ha Trastuzumab v aHTpaumKnuHn

obnbyBaHe

Bucoka posa aHTpauvknunm (doxorubicin > 400 mg/m?, epirubicin > 600 mg/m?)
CpefHa 403a aHTPaLMKIIMHK, KOMBMHUPaHU ¢ 06MbYBaHe Ha NeBUS XeMUTOPaKC
[MoBULLEH TPOMOHWH Crieq NevyeHne ¢ aHTpauuknuHn, npean HER2 tapretHa Tepanus
Bucokopososa (= 30 Gy) paguoTtepanus npu BKMOYBaHE Ha CbPLIETO B NMOMNETO Ha

VEGF TMPO3WHKMHA3HN MHXMOWUTOPW crieq NpeaxodHo fedYeHre ¢ aHTpaumKimHn

Bb3pacT 265 roguHm

> 2 CbpAEYHO-CHA0BY PUCKOBU hakTopa, Anadet
V3BecTHa cbpaeyvHo-cbaoBa bonecT (kopoHapHa bonecr,
nepudepHa aptepuanHa 6onecT, kapguoMmonaTtusi, Texka
KnanHa 6onecrt, cbpagyHa HeJOCTaTbYHOCT)

Penyuunpana unu gonHorpannyHa ®Y npeamn Ha4anoTto Ha
neYyeHneTo

MpenxogHo neyeHve 3a KapUUMHOM

High risk
Concomitant administration of Trastuzumab and anthracyclines

Medium dose anthracyclines combined with radiation to left hemithorax

VEGF tyrosine kinase inhibitors after prior anthracycline treatment

High dose of anthracyclines (doxorubicin >400 mg/m?, epirubicin >600 mg/m?)

Elevated troponin after anthracycline treatment, before HER2-targeted therapy
High-dose (=30 Gy) radiotherapy when involving the heart in the field of irradiation

Age 265 years

>2 cardiovascular risk factors Diabetes

Known cardiovascular disease (coronary artery disease,
peripheral artery disease, cardiomyopathy, severe valvular
disease, heart failure)

Reduced or subthreshold EF before initiation of treatment
Prior treatment for carcinoma
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MPOTUBOTYMOPHU MEAUKAMEHTM,
BEPOSITHU MEXAHU3MMU
HA KAPOUOTOKCUYHOCT, KMPT HAXOAKMU

AHTpaUUKNUHN

AHTpaumknmHmTe  (doxorubicin, daunorubicin, epi-
rubicin, idarubicin n gp) ca cmsiTaHu 3a egHW OT Ham-
ebeKTMBHUTE MPOTMBOTYMOPHU CPELCTBa U M3nonaeart
Kato MeOUKaMEHTW OT MbpBa JMHWUA MPU MHOXECTBO
COMMAOHU N XeMaToNorMyHM Heonnasmn. AHTPaUVKITMHUTE
WHTepkanupat mexgy 6asute Ha [OHK, kato no To3m
HaunH nHXxubupat Tonousomepasa |IB, npegoreparssart
penurupaHeTo Ha [BOMHaTa cnvpana W BoOAT A0
anonTo3a; aHTPaxnMHOHOBaTa KOMMOHEHTA Ha MorieKyrnaTa
UM B MPUCBCTBMETO Ha PEOYKTUBHM EH3VMU reHepupa
cBOOOAHN paguvKkanv, KOUTO AOMbIHWTENHO YyBpexaar
OHK[15, 16].

Bbnpekn 4ye KaponMOTOKCUYHOCTTA, CBbp3aHa C aH-
TpauuknMHuTe, € Han-gobpe npoy4veHa, AeTannH1Te M
MexaHu3MKn BCe OLLe He ca [oKpan nssacHeHu. Cmarta
Ce, Ye OCHOBHa poris 3a yBpexaaHe Ha KapanoMuoLu-
TUTE Urpae oKCUAaTUBHUSA CTPEC; UHXMOMPAHETO Ha TO-
nomsomepasa |3, HapywaBaHeTo Ha meTabonMama Ha
XKEensi30TO M NOTUCKaHETO Ha ekcnpecusata Ha GATA4
CbLWO mmart npuHoc [16, 17]. Hanocnegbk BHUMaHWe
ce 00pblia WU Ha YBpPEXOaAHETO Ha APYrn KIeTbYHU
KOMMOHEHTM Ha CbPLETO B XO[a Ha aHTpaLMKIMHOBaTa
Tepanus - Ha MbpPBO MSACTO Ha nonynauusaTa Kapamo-
MUOLIMTHWN MPEKypcopu, HO CbLLO 1 Ha mbpobpobna-
CTUTE U eHOOTENHUTE KIETKU.

Hawn-yecto HabntogaeaHata copma Ha CLCIIT npu
neyeHve C aHTpauMKIMHW e paHHaTa (OO0 egHa rogunHa
Crief, Ha4yanoTo Ha TepanusTa) UM KbcHata (nosede ot
eHa roguHa crieg Havanoto Ha TepanusTta), [03a-3a-
BMCMMaA XPOHMYHA KapOWOTOKCUMYHOCT [17] C KMHKUKa Ha
nporpecvipalla, pe3vMcTeHTHa Ha NevyeHne aunaratueHa
kapanomuonatuns. OceeH peagyumpaHata ® n Hamane-
HusA cTtpenH [16, 18] KMPT gemoHcTpupa nporpecvpalua
penykuust Ha MMokapaHata maca [16, 19, 20], KoaTo YecTo
npeqLecTsa yBpexX4aHeTo Ha cucTonHata yHKUMS U e
HE3aBMCMMO acouuvpaHa C BOLWaBaHe Ha CbpaevHarTa
HeOoCTaTbYHOCT M cbpaedHa cmbpT [20]. PasBuBawara
ce B xoda Ha 3abonsiBaHETO MmokapaHa ¢unbposa ce ge-
MOHCTpMpa ¢ AUdY3HO KbCHO ycuneaHe B Munokapaa [20],
a HaTUBHOTO W NOCTKOHTPACTHOTO T1 KapTupaHe nokassat
nporoHrMpaHe Ha T1 penakcauusaTa n yBenuyaBaHe Ha
ekcTpavenynapHus obem [16, 21]. No-psiako ce Habnoaa-
Ba OCTpa KapaAMOTOKCUYHOCT C pedyKums Ha MUOKapaHWs
KOHTPAKTUITUTET, KOATO HacTbMNBa B MbpPBUTE ABE CEAMU-
LM OT Jle4eHUeTo, NOHSKora JopW cred egyHUYHa [o3a.
MexaHn3MbT Ha MWOKapaHa yBpeaa npu Tesn nauneHTu
OCTaBa HesICEH, HO € Bb3MOXHO a Hanogobsisa CTpec-UH-
OyuunpaHara kapgromuonatus. [pu yact oT Tean naumeH-
™ KMPT gemocTtpurpa nogoOHM CErMEHTHM CMYLLIEHMS B
kmHeTukaTta. MuokapaHaTa yBpega npy Tasn copma Ha
KapANOTOKCUYHOCT OBMKHOBEHO € peBep3ndunHa.

ANTITUMOR DRUGS, SUSPECTED
MECHANISMS OF CARDIOTOXICITY,
MRI FINDINGS

Anthracyclines

Anthracyclines (doxorubicin, daunorubicin, epi-
rubicin, idarubicin, etc.) are considered one of the
most effective antitumor drugs and are used as first-
line drugs in many solid and diffuse neoplasias. An-
thracyclines intercalate between DNA bases, there-
by inhibiting topoisomerase IIB, preventing religa-
tion of the double helix, and leading to apoptosis;
the anthraquinone component of their molecule in
the presence of reductive enzymes generates free
radicals that further damage DNA [15, 16].

Although anthracycline-related cardiotoxicity is
the best studied, its detailed mechanisms are still
not fully understood. Oxidative stress is thought to
play a major role in cardiomyocyte damage; inhibi-
tion of topoisomerase IIB, disruption of iron metab-
olism, and suppression of GATA4 expression also
contribute [16, 17]. Recently, attention has also
been paid to the damage to other cellular compo-
nents of the heart during anthracycline therapy - pri-
marily to the cardiomyocyte precursor population,
but also to fibroblasts and endothelial cells.

The most frequently observed form of CTRCD in
treatment with anthracyclines is early (up to one year
after the start of therapy) or late (more than one year
after the start of therapy), dose-dependent chronic
cardiotoxicity [17] with a progressive, resistant to
treatment dilated cardiomyopathy. In addition to re-
duced EF and reduced strain [16, 18], CMR demon-
strates a progressive reduction in myocardial mass
[16, 19, 20] that often precedes impairment of sys-
tolic function and is independently associated with
worsening of heart failure and cardiac death [20].
Myocardial fibrosis that develops during the course
of the disease is demonstrated by diffuse late en-
hancement in the myocardium [20], and native and
post contrast T1 mapping show prolongation of T1
relaxation and an increase in extracellular volume
[16, 21]. Rarely, acute cardiotoxicity with a reduction
in myocardial contractility is observed, which occurs
in the first two weeks of treatment, sometimes even
after a single dose. The mechanism of myocardial
injury in these patients remains unclear but possibly
resembles stress-induced cardiomyopathy. In some
of these patients, CMR demonstrated similar seg-
mental disturbances in kinetics. Myocardial damage
in this form of cardiotoxicity is usually reversible.
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HER2 TapreTHu Tepanumn

HER2 peuentopbT 1 cBbp3aHaTa C HEro TUPO3UHKK-
Ha3a aKTUBMPAT MHOXECTBO CUIHarHW BEPUrn B KrneTka-
Ta; UHTEPECHO, HO KbM MOMEHTa NUraHg 3a peuenTtopa
He e ngeHTudmumpaH. lNMoBeyeTo OT Te3n BEPU NOTUC-
KaT anonTo3ara, Taka Yye GroKMpaHeTo UM uma npoanorn-
TOTMYEH ecbekT. bnoknpaHeTo MOXe fga CTaHe Ha HUBO
peLenTopeH OOMENH UNN Ha HUBO eH3WM; 3a Grnokupa-
HETO Ha peLenTopa ce M3Mon3sBaT MOHOKINOHANHW aH-
Tutena (trastuzumab, pertuzumab), a 3a MHXMOUpPaHETO
Ha TUPO3MHKMHA3HaTa aKTMBHOCT — Marku MOSEKynu
(Hanp. lapatinib) [15]. CBpbxekcnpecus Ha HER2 ce Hab-
nofasa npy MHOXECTBO HEOMMasun; TapreTMpaHeTo My
Ce 13rons3Ba B HeOa[BaHTEH/aflOBaHTEH MriaH U KaTo
neyveHve oT MbpBa UNY nocnefgalla NUHKS, Hanp. npu
HER2-no3nTrBEH pak Ha rbpaara, Npu pak Ha cTtomaxa,
npu 6enogpobeH ageHoKapLMHOM, NMPU HAKOW TMHEKOIO-
MMYHU KapLMHOMMN.

KapaunotokcnyHoctta Ha HER2 TapretHuTte Tepa-
nMKn, Ha MbPBO MSACTO Ha trastuzumab, cblo e gobpe
onucaHa. Yectorata Ha COCI1 npu ToBa neveHve B
KOMOWHaumsi ¢ aHTpaumknuHn Bapupa ot 4,0 oo 18,6%
3a noHwkeHa nesokamepHa ®U n ot 0,4 go 4,1% 3a
TeXKa CbpAeyHa HeOoCTaTbyHOCT. KapamOTOKCUYHOCT-
Ta MpWY CaMOCTOATENHO reyeHune ¢ trastuzumab e 3Ha-
YATENHO MO-Marika, KaTto 4ecTorara Ha noHwkeHa ®U
Ha nsBaTa Kamepa W TexKa CbpAeyHa HeaoCTaTbYHOCT
ca cbotBeTHO 3,2 1 0,5%. CmsaTa ce, Ye KapaMOoTOKCHY-
HocTTa Ha HER2 TapretHute Tepanum ce OAbimku He Ha
OVIPEKTHO YNTPaCTPYKTYPHO YBpeXOaHe Ha KapauoMuo-
LUMTUTE, a Ha U3KIMHYBAHETO Ha LMTOMPOTEKTUBHUTE Kac-
Kagwn, kouTo ce aktusmpat oT HER2 peuenTtopa [22]. Toea
npaBuv KapaUOMUOUMTUTE YS3BMMM KbM TOKCMYHOCTTA
Ha Opyrv MeguKameHTU (Hamp. aHTPauUMKIIMHKU) UK KbM
YBENNYEHO TEH3MOHHO 0DOpemeHsiBaHe. Taau xunortesa e
B Cb3By4Me C HabngeHnaTa OTHOCHO YecTtoTata Ha C[I-
CIMNJ1 npy camocTosATENHO U NPY KOMOWHUPAHO JeYeHMe,
KaKTO 1 C HabnogeHusiTa 3a No-BUcokaTa YecToTa Ha Kap-
OVOTOKCMYHOCT Ha Te3n MeauKaMeHTU Mpu NaumeHTu ¢
npeaLecTeally Cbpae4yHO-Cba0BM 3abonsBanmsa [13, 14].

Criopeq, mbpBOHaYanHnTe HabnAEHNS KIMHUYHUTE
NPOSIBI Ha KApANOTOKCUYHOCT Npu fnedeHue ctrastuzumab,
pertuzumab vnu lapatinib — oT acumnToMHa peaykumns Ha
®U Ha naBaTa kamepa 00 TexKa CbpaeyHa HedocTaTby-
HOCT — ce NosiIBABAT paHo 1 Ca PEBEP3NOUITHI, KaTO OT3BY-
YyaBar creg, npekbeBaHe Ha nevenHneTto [14, 16, 23]. Hapeq
¢ peaykumata Ha O/, KMPT npu Te3un naumeHTn nokasea
HamarneH NOHIMTYOUHAaNEH N LMPKYNSpeH CTperH. Jordan
N CbTp. OTOENS3BAT PemdyKUMst Ha LIMPKYNSIPHUST CTPENH,
oueHeH ¢ KMPT, 3 meceua crieq Ha4anoto npoTUBOTY-
MopHaTa Tepanus [24]. IHTepecHO B TSIXHOTO NpOChek-
TUBHO npoyyBaHe (101 nauneHTn) e CUNHOTO acouunpa-
He Ha pedyKumsTa Ha CTpelriHa C HamarnsBaHe Ha npeg-
HaTOBapBaHETO (MOHWXEH KpaeH AnactorneH obem), cpas-
HEHO C U3XOAHWTE CTOMHOCTU. ABTOPUTE UHTEprpeTupar
TOBa MO-CKOPO KaTo CneacTBME Ha HaMareH BbTPeCha0B

HER2 Targeted Therapies

HER2 receptor and the tyrosine kinase, bound
to it activate multiple signaling chains in the cell;
interestingly, at present no ligand for the receptor
has been identified. Most of these chains suppress
apoptosis, so blocking them has a pro-apoptotic ef-
fect. Blocking can occur at the receptor domain level
or at the enzyme level; monoclonal antibodies (tras-
tuzumab, pertuzumab) are used to block the recep-
tor, and small molecules (e.g., lapatinib) to inhibit
tyrosine kinase activity [15]. HER2 overexpression
is observed in multiple neoplasms and its targeting
is adjuvant/neoadjuvant, first-line or subsequent
therapy in HER2-positive breast cancer, in gastric
cancer, in lung adenocarcinoma, to name a few.

The cardiotoxicity of HER2-targeted therapies,
primarily trastuzumab, is also well reported. The in-
cidence of CTRCD with this treatment ranges from
4.0 to 18.6% for reduced left ventricular EF and from
0.4 to 4.1% for severe heart failure, when used in
combination with anthracyclines. Cardiotoxicity with
trastuzumab alone is significantly less frequent, with
rates of decreased left ventricular systolic function
and severe heart failure of 3.2 and 0.5%, respective-
ly. It is believed that the cardiotoxicity of HER2-tar-
geted therapies is not due to direct ultrastructural
damage to cardiomyocytes, but to the exclusion of
the cytoprotective cascades that are activated by the
HER2-receptor [22]. This makes cardiomyocytes vul-
nerable to the toxicity of other drugs (eg, anthracy-
clines) or to increased tension loading. This hypoth-
esis is consistent with the observations regarding the
incidence of CTRCD with HER2-targeted therapies
as monotherapy and in combination with other drugs,
as well as with the observations regarding the higher
incidence of cardiotoxicity of these drugs in patients
with preexisting cardiovascular disease [13, 14].

According to initial observations, clinical mani-
festations of cardiotoxicity with treatment with trastu-
zumab, pertuzumab, or lapatinib — from asymptomat-
ic reduction in left ventricular EF to severe heart fail-
ure — occur early and are reversible, resolving after
discontinuation of treatment [14, 16, 23]. Along with
the reduction in EF, MRI in these patients showed re-
duced longitudinal and circumferential strain. Jordan
et al noted a reduction in circular strain assessed
by CMR three months after initiation of antitumor
therapy [24]. Of note, their prospective study (101
patients) shows a strong association of strain reduc-
tion with preload reduction (reduced end-diastolic
volume) compared to baseline values. The authors
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o6em (oexvapartaumst), 6e3 obave ga M3KMHOYBAT €OHO-
3HAYHO AMAaCTOrHa AMCYHKUMSA C HamMareH KbMnnanbHC
Ha CTeHaTa Ha nsiBata kamepa, 1 NpenopbYBaT NPOMEHU-
Te B CTperiHa 1 NnpoMeHuTe B 0bemnTte Ha kKamepuTte fa ce
pasrnexagar 3aeaHo.

Mo-HoBUM AaHHM obaye NOCTaBAT Nnog, BbMNPOC paHHa-
Ta nposiea U PeBep3nOUINHOCTTA Ha KapOWOTOKCUYHUTE
edektn Ha HER2 TapretHute Tepanuun. Pen npoyyBaHus
[10, 25, 26] ycTaHOBABAT 3HAYUTENHO NO-BMCOKA YecToTa
Ha XPOHWYHA CbpAeYHa HeOOCTaTbYHOCT MPU NaUMEHTH,
nekyBaHu c trastuzumab, BKIHOYMTENHO KaTo MOHOTEpa-
nusi. OcobeHO MHTEepEeCcHU ca JaHHWTe, NyOrnMKyBaHW OT
Chavez-MacGregor u cbTp. [25]. TAXHOTO Npoy4BaHe 06-
XBalla naumeHTn Hag 66 rogvHW, C BMCOKa YectoTa Ha
CbpOEeYHO-CbA0BA KOMOPOWAHOCT, 1 KOCBEHO NOTBbPXAa-
Ba Xunotesarta 3a WHOUPEKTHUS KapAMOTOKCUYEH edhekT
Ha HER2 TapretHuTe Tepanuv — nocpeacTBoM Hamans-
BaHe Ha TonepaHTHOCTTa Ha MUOKapAa KbM yBEMUYEeHO
npea- unu cnegHaToBapsaHe. [pyn NaumMeHTy ¢ XpoHnYHa
CbpAeYHa HeQoCTaTbYHOCT crne neveHue ¢ trastuzumab,
pertuzumab wnu lapatinib KMPT 0GWKHOBEHO [EMOH-
CTpypa gunatatMBHa KapavoMMOMNaTUS C peaykumst Ha
MUWOKapaHaTa Maca 1 pasButue Ha MuokapaHa cmbposa.
T1 n T1p kapTMpaHeTo NnokassaT yBenuyeH ekcTpaieny-
napeH obewm, cBbp3aH ¢ hubposata. Kbm MoMeHTa He e
HabntogaBaHa KapAMOTOKCUYHOCT, CBbp3aHa C JleveHue ¢
neratinib [22, 26].

Tupo3uH KnHasm nuxmoutopum (TKWU)

VEGF peuyenmopHU U mupo3UHKUHa3HU
uHxubumopu — uHxubumopu
Ha aHauo2eHe3ama

VEGF (VERF-A, VERF-B, VERF-C, VERF-D u PIGF)
ca rpyna XoMoOVMEP-TTIMKONPOTEUHWN, CEKPETUPAHU OT
pPasnMyHK KNETKU B YOBELLKOTO TAMO, BKM. OT TYMOPHU-
Te, U ca nuraHgM 3a CeMeNCTBO PeLenTop-3aByCMMM
Tupo3nHkmHasn (VEGF peuentopu) [27]. AkTrBMpaHeTo
Ha peLenTopuTe OTKMoYBa BUOXUMWYHM Kackaau, KOUTO
CTUmynupar nponudepaumaTa u MurpaumsaTa, notmuckar
anonTo3ata Ha eHOOTernHUTe KNeTku 1 noBuLiaeaTt nep-
Meabunurteta Ha cbaoseTe (VEGFR2) unn, B 3aBucumocT
OT yCroBusTa, NOTUCKAT UM CTUMYNUPaT aHrMoreHe3ara
(VEGFR1 n VEGFRS3). briokmpaHeTo Ha Te3n MeTabonuT-
HW BepurM BOAW OO MOTUCKaHE Ha HeoaHrioreHesaTta B
TymMopuTe, 0 UICXEMUSI U B KpaliHa CMETKa A0 KNeTb4yHa
cvbpT. Kakto npn HER2, nHXxMbupaHeTo Moxe aa cTaHe
KaKTO Ha HMBO NnuraHg v peuentop (MOHOKMOHaNHN aH-
TUTENa M NnceBaopeLenTopu), Taka U Ha HUBO TUPO3UH-
KMHa3Ha akTMBHOCT (Manku morekynu) [15]. Pen meam-
KaMeHTM ca ogobpeHn kbM MoMeHTa (Hanp. aHTu-VEGF
AHTUTANO, aHTMPELIENTOPHO aHTUTANo bevacizumab,
peuenTtop-kanaH aflibercept n MHxMbUTOpUTE HA TUPO3WH-
KMHa3HaTa akTMBHOCT ramucirumab, sorafenib, sunitinib,
vatalanib 1 gp.) n ce n3nonseart kaTo Tepanusi OT NbpBa
1 nocneasally MHUM NPU KapLUMHOMK OT racTpOVHTEC-

interpret this more as a consequence of reduced in-
travascular volume (dehydration), without, however,
definitively ruling out a diastolic dysfunction due to
reduced compliance of the left ventricular wall, and
recommend that changes in strain and changes in
ventricular volumes be interpreted together.

However, more recent data question the early
onset and reversibility of the cardiotoxic effects of
HER2-targeted therapies. A number of studies [10,
25, 26] found a significantly higher incidence of chron-
ic heart failure in patients treated with trastuzumab,
including as monotherapy. Of particular interest are
the data published by Chavez-MacGregor et al [25].
Their study includes patients over 66 years of age,
with a high frequency of cardiovascular comorbidity,
and indirectly confirms the hypothesis of the indirect
cardiotoxic effect of HER2-targeted therapies - by
reducing myocardial tolerance to increased pre- or
afterload. In patients with chronic heart failure after
treatment with trastuzumab, pertuzumab, or lapati-
nib, MRI usually demonstrates dilated cardiomyop-
athy with reduction in myocardial mass and devel-
opment of myocardial fibrosis. T1 and T1p mapping
show increased extracellular volume associated with
fibrosis. Cardiotoxicity associated with neratinib has
not been observed to date [22, 26].

Tyrosine kinase inhibitors (TKis)

Inhibitors of receptors for vascular endothelial
growth factor (VEGF) and associated tyrosine
kinases - inhibitors of angiogenesis

VEGF (VERF-A, VERF-B, VERF-C, VERF-D and
PIGF) are a group of homodimers- glycoproteins se-
creted by various cells in the human body, including
tumor cells, and are ligands for a family of recep-
tor-dependent tyrosine kinases (VEGF-receptors)
[27]. Activation of the receptors triggers biochemical
cascades that stimulate proliferation and migration,
suppress endothelial cell apoptosis and increase
vessel permeability (VEGFR2) or can, depending on
the conditions, suppress or stimulate angiogenesis
(VEGFR1 and VEGFR3). Blockade of these meta-
bolic circuits leads to suppression of neo angiogen-
esis in tumors, ischemia and, ultimately, cell death.
As with HERZ2, inhibition can occur both at the ligand
and receptor level (monoclonal antibodies and pseu-
do receptors) and at the level of tyrosine kinase ac-
tivity (small molecules) [15]. A number of drugs are
currently approved (e.g., anti-VEGF antibody, an-
ti-receptor antibody bevacizumab, receptor-trap af-
libercept, and the tyrosine kinase activity inhibitors
ramucirumab, sorafenib, sunitinib, vatalanib, and
others) and are used as first- and subsequent-line
therapy in carcinomas of the gastrointestinal tract,
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TUHATNHUS TPaKT, NPV GLOPEYHOKNETBYEH KapLMHOM, Npu
PasnMYHUTE XUCTOMOMMYHM BapuaHTy Ha 6enogpobHus
KapLMHOM, MNPV MMHEKONMOMMYHM KapLMHOMU 1 O0pY NpK
rnvobracTom.

MexaHn3amnTe Ha KapOMOTOKCUYHOCT, CBbp3aHa C
VEGF-TKW, ca pasHoobpasHu. CmsiTa ce, 4e Onoku-
paHeTo Ha cBbp3aHata ¢ VEGF metabonutHa kKackaga
MOTMCKA KOHTPaKTUNUTETa Ha M1MoKapda nopaau UHXMou-
paHe Ha cBbp3aHaTa rno Bepurata cpocgopunasa C. Opyr
MEXaHM3bM € arnornTo3a Ha KapauoMuouuTUTE Mnopaaum
“konatepanHo’ MHXMbupaHe Ha Apyru kuHasw. [onsmo
3Ha4YeHNe Uma 1 yBpeX4aHEeTO Ha KOPOHapHUTE apTepun
M Ha MMOKapaHaTa MUKPOLMPKYaums nopagu Basocna-
3bM, in situ TPOMGO3W, yCKopsIBaHE Ha aTepockiieposara,
paspexaaHe Ha KanunsipuTe, KakTo 1 yBpeXOaHeTo Ha
nepucepHnTe n 6enogpobHnTe cbaoBe C pas3BUTUE Cb-
OTBETHO Ha apTepuanHa u 6enogpobHa XMNepToHus.

Yectotata Ha CACIII npyn nedyeHne ¢ MHXMobUTOpU
Ha aHrnoreHe3aTa ocTaBa HesicHa. B meTaaHanus, KomTo
obxeawa Hag 10 000 naumeHTn, Ghatalia u cbTp. ycTa-
HOBSIBAT CyOKNMMHUYHA CUCTONMHA AUCHYHKUMS Ha nsiBa-
Ta kamepa npu 2,4% OT NaumMeHTMTE U CUMATOMaTMYHa
cbpgeyHa HepoctaTbyHOCT mpy 1,2%. Pesyntatute ot
BKIOYeHUTe 21 npoyyBaHusi obaye BapupaTt CUIHO, Kato
B HSIKOM OT TSIX KapAMOTOKCMYHOCT ce Habrnogasa npu Ao
19% ot cnyyaute [28]. Opyr ronsm meTaaHanms (72 npo-
yyBaHWA) Nokasea NoBULLEH PUCK OT M1OKapAeH MHapKT
npu nedenne VEGF-TKN - po 3,54 nbTu No-BMCOK OT
TO31 B KOHTpOIHaTa rpyna. AGComntoTHaTa YecToTa Ha UH-
(hapkTta obaye octaea Hucka [29]. Mo-4ecTo Habnoaasa-
HW CTpaHUYHM edheKTU ca apTepuanHara n 6enogpobHata
XWNEPTOHWS, KaTo HOBOMOSIBANA Ce MMM BROLLABaHe Ha
BeYe AuarHoctyumpaHa XvunepToHus ce Habnogaea [ao
80% ot cnyyaute [29]. Mpuema ce, ye COCIJ1, cBbp3aHu
¢ VEGF-TKW, HacTbnBaT paHo B X04a Ha fIe4eHMETO, Yec-
TO MO BPEME Ha MbPBUS LWKBI, 1 ca peBep3anounHu [30].

Mpu nauneHTn Ha nevyeHne C UHXMBUTOPU Ha aHrm-
oreHesaTa KMPT moxe ga nokaxe, Hape[, ¢ peayKkuns-
Ta Ha OU, MHTEPECHN TbKaHHM MPOMEHN B MUOKapaa.
CkopoLHO npoyyBaHe Habntogaea AndysHa TbKaHHA
xvnonepdgyaunsi; cnopes aBTOpPUTE MUOKapPOHUST Kpb-
BOTOK B Mokon Hamanssa ¢ 18%, AoKaTo KPbBOTOKBLT
npw ctpec-nepdysuns (ageHO3nH) OCTaBa HEMPOMEHEH.
Opyro nHTepecHo HabriogeHve € HamarnsiBaHeTo Ha
BpemeTo 3a T1 penakcauumsa u Ha ekcTpauenynapHusi
06em B cpaBHeHWe C n3xogHuTe ctorHocTu [31]. ToBa
€ B Cb3ByYMe C pesyntatute OT eHOoMuoKapgHa ou-
oncua npu naumentn ¢ CAOCIJ1 Ha doHa Ha neyeHune
cbe sunitinib, nyGnunkysaHu B No-paHHO Npoy4BaHe; Nnpu
TAX ce Habrogasa M1okapaHa Xxmneptpodus, HO HAMa
eneM n pubposa[32]. BbamoxHoctute Ha KMPT npu
OLEHKa Ha AscHaTta kamepa onpegens sogewiara My
pons npu Ha4yanHa oueHka n npocneasisaHe Ha VEGF-
TKW vHpyumpaHa 6enogpobHa xuneptoHus [33].

in renal cell carcinoma, in various variants of lung
carcinoma, in gynecologic malignancies and even in
glioblastoma.

The mechanisms of cardiotoxicity associat-
ed with VEGF-TKIs are diverse. Blockade of the
VEGF-related metabolic cascade is thought to sup-
press myocardial contractility due to inhibition of
phosphorylase C, linked along the metabolic chain.
Another mechanism is cardiomyocyte apoptosis due
to “collateral” inhibition of other kinases. Damage to
coronary arteries and myocardial microcirculation
due to vasospasm, in situ thrombosis, acceleration
of atherosclerosis and rarefaction of capillaries is
also of great importance, as is damage to peripheral
and pulmonary vessels with arterial and pulmonary
hypertension.

The incidence of CTRCD in treatment with an-
giogenesis inhibitors remains unclear. In a me-
ta-analysis that included more than 10,000 patients,
Ghatalia and collaborators found subclinical left
ventricular systolic dysfunction in 2.4% of patients
and symptomatic heart failure in 1.2%. However,
the results of the included 21 studies varied wide-
ly, with some showing cardiotoxicity in up to 19% of
cases [28]. Another large meta-analysis (72 studies)
showed an increased risk of myocardial infarction
with VEGF-TKI treatment, up to 3.54 times higher
than in the control group, though the absolute inci-
dence remains low [29]. A more commonly observed
side effect is arterial and pulmonary hypertension,
with new onset or worsening of already diagnosed
hypertension occurring in up to 80% of cases [29].
VEGF-TKI-related CTRCD are believed to occur
early in the course of treatment, often during the first
cycle, and are reversible [30].

In patients treated with angiogenesis inhibitors,
along with the reduction of EF, CMR can show in-
triguing tissue changes in the myocardium. A recent
study observed diffuse tissue hypoperfusion; accord-
ing to the authors, resting myocardial blood flow de-
creased by 18% from the baseline, while stress-per-
fusion blood flow (adenosine) remained unchanged.
Another interesting observation in this study was
the decrease in T1 relaxation time and extracellular
volume compared with baseline values [31]. This is
in agreement with the results of endomyocardial bi-
opsy in patients with CTRCD treated with sunitinib,
published in an earlier study; they have myocardial
hypertrophy, but no edema or fibrosis [32]. The capa-
bilities of CMR in the evaluation of the right ventricle
determine its leading role in the initial evaluation and
follow-up of VEGF-TKI induced pulmonary hyperten-
sion [33].
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UHxubumopu Ha mupo3uH KUHa3ume, kooupaHu

om Bcr-Abl1 zeHa

Bcr-Abl1 e “xnbpuaeH” reH, nomnyyeH npu peumnpoy-
Ha TpaHcrnokauusa mexgy 9-a n 22-pa Xxpomosoma —
T.Hap. “punagenduiicka xpomosoma”, [t(9;22)(q34;911)].
PasnnyHunTe BapuaHTy Ha reHa ce ekcnpecmpar npu xXpo-
HUYHA MUenouaHa NeBkemMus 1 octpa numdomaHa nes-
kemus. KogmpaHuaT oT TaX TpaHCMeMOpaHeH MpoTevH
YHKLMOHMpPA KaTo TUPO3UHKMHAa3a, 6e3 obade ga uma
O)OpPMEH peuenTopeH JOMENH U CboTBETEH NuraHg. Ko-
OupaHata ot Ber-Abl TMpO3uH KnHasa He ce nogdaBsa Ha
aBTOMHXMOMPAHE 1 e NOCTOSIHHO “akTuBHa”. CurHanHuTe
Kackagu, KOUTO CTapTupa, BOOAT OO HEKOHTponuvpaHa
KrneTbyHa nponudepauusi, NoTUCKaHe Ha anonTo3ara U
HapyllaBaHe Ha npoueca Ha penapauus Ha OHK. Tvin
KaTo XMopnOHWAT NPOoTeunH, koampaH oT Ber-Abl, Hama pe-
LenTopeH AOMEWH, NOTUCKAHETO Ha aKTUBHOCTTa My Mo-
CpPEeACTBOM aHTUPELIENTOPHU U aHTUNMraHgHW MOHOKIO-
HarmHW aHTUTEeNa € HEeBb3MOXHO. NHXMbupaHeTo cTaBa
NMOCPEACTBOM Marky MOEKYrnM Ha HUBO TUPO3MHKMHA3HA
aktmBHOCT [15]. KbM MomeHTa ca ogobpeHu noeede OT
50 megmkameHTa OT MbpBO (imatinib), BTOpo (dasatinib,
nilotinib, bosutinib) 1 Tpeto (ponatinib) nokonenne [34].
TKW ca ne4yeHne OT mbpBa IMHUS MPU XPOHUYHA MUESO-
naHa neekeMusi 1 octpara numdongHa neskemusi. Mo-
pagu “konateparnHoTo” NoTUCKaHe Ha ped Apyrn TUpo-
suHkmnHasu (FLT, FGFR, PDGFR, VEGFR n agp.), TKU ca
edeKTMBHIN 1 Ce N3MNON3BaT KaTo nevyeHve ot Nbpea unm
nocrneasaLiy nNMHUM Npu peg apyri Heonnasmu (Hegpeo-
HokneTbYeH 6enoapober kapumHom, MNCT n T.H.) [34].

MexaHuamnte Ha KapaMOTOKCMYHOCT npu Ber-
Ab1I-TKN ca nogo6bHn Ha Te3m npun VEGF-TKW. “Ko-
nareparnHoTo “ nHxubupaHe Ha Opyrm KuHaswm (Hanp.
AKT n ERK) n Ha cBbp3aHuTe C TAX aHTUaNoONTOTUYHU
CUrHarnHu BEpUry BOAM O anonTto3a Ha KapanoMuoLu-
TnTe [35, 36]. C nogobeH MexaHU3bM ce 0bsACHSBa U
HabrntogaBaHaTa Ba3OTOKCUMYHOCT, KaTo TyK Ce HaMmec-
Ba M NOBULLIEHA EKCMNPECUS Ha NPOATEPOreHHN NOBbPX-
HOCTHU aaxe3nBHKU peuenTtopu [37, 38]. CmsaTa ce, ye
Ber-Abl1-TKW ot TpeTto nokoneHune (ponatinib) notuc-
KaT OMPEKTHO MUOKapaHUsA KoHTpakTunuTeT [33, 38].

Yectotata Ha COCI npu nevyenne ¢ Ber-Abl1-
TKW Bapvpa B 3aBUCUMOCT OT MeAuKameHTa, KaTo
Han-Bucoka e npu ponatinib. B xoga Ha 5-roanwHoTO
npocriegaBaHe Ha nauMeHTuTe ot npoy4vsaHeto PACE
(cbasa 2) kymynaTMBHaTa YectoTa Ha ennsoguTe ¢ ap-
TepuvanHa okny3us npu neveHune ¢ ponatinib e 26%;
12% OT naumeHTUTE Ca MManu OKIy3us Ha KOpOoHap-
Ha apTepus C nocregpall MWOKapAeH WHMApPKT U
NOHsIKOra cbpaevHa HegoctaTbyHOCT [34, 39, 40]. B
ponbriHeHue, noHe 25% oT nauneHTuTe ca pasBunm
apTepuanHa XvnepToHuUst Unu ca M3nuTanu Briollasa-
He Ha CbluecTBYyBalla TakaBa. ToBa goBene A0 paHHO
npekpaTaBaHe Ha nocneasawoTo (gasa 3) npoyysaHe
(EPIC) [41].

Inhibitors of tyrosine kinases encoded by the Bcr-

Abl1 gene

Bcer-Abl1 is a "hybrid" gene formed by a recipro-
cal translocation between the 9th and 22nd chromo-
somes (the so-called "Philadelphia chromosome", [t
(9;22) (q34; g11)]. Different variants of the gene are
expressed in chronic myeloid leukemia and acute
lymphoid leukemia and encode a transmembrane
protein that functions as a tyrosine kinase, but lacks
a receptor domain and corresponding ligand. The ty-
rosine kinase encoded by Bcr-Abl is not subject to
auto-inhibition and is constantly "active", and the sig-
naling cascades it triggers lead to uncontrolled cell
proliferation, suppression of apoptosis and disrupt-
ing the DNA repair process. Since the hybrid protein
encoded by Bcr-Abl does not have a receptor do-
main, inhibition of its activity by means of anti-recep-
tor and anti-ligand monoclonal antibodies is impossi-
ble. Inhibition occurs via small molecules at the level
of tyrosine kinase activity [15]. To date, more than 50
first (imatinib), second (dasatinib, nilotinib, bosutinib)
and third (ponatinib) generation drugs have been ap-
proved [34]. TKls are first-line treatment for chronic
myeloid leukemia and acute lymphoblastic leukemia.
Due to the "collateral" suppression of a number of
other tyrosine kinases (FLT, FGFR, PDGFR, VEGFR
and others) TKls are effective and are used as first-
or subsequent-line treatment in a number of other
neoplasms (non-small cell lung carcinoma, GIST,
etc.) [34].

Mechanisms of cardiotoxicity with Bcr-Ab1I-TKls
are similar to those with VEGF-TKIs. Off-target inhi-
bition of other kinases (eg, AKT and ERK) and their
associated anti-apoptotic signaling chains leads to
cardiomyocyte apoptosis [35, 36]. A similar mech-
anism also explains the observed vascular toxicity,
and here an increased expression of proatherogen-
ic surface adhesive receptors is also involved [37,
38]. It is believed that third-generation Ber-Abl1-TKIs
(ponatinib) directly suppress myocardial contractility
[34, 38].

The frequency of CTRCD during treatment with
Ber-Abl1-TKI varies by drug, being highest with
ponatinib. During the 5-year follow-up of patients
from the PACE study (phase 2), the cumulative in-
cidence of arterial occlusion episodes with ponatinib
treatment was 26%; 12% of patients had coronary
artery occlusion with subsequent myocardial infarc-
tion and, occasionally, heart failure [35, 39, 40]. In
addition, at least 25% of patients developed arterial
hypertension or experienced worsening of existing
hypertension. This led to early termination of the fol-
low-up (phase 3) study (EPIC) [41].
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Mpn naumeHTn Ha nedeHue Bcer-Abl1-TKN KMPT
naeHTMUMpa MMOKapaHUS MHMapKT U OEMOHCTpUpa
pasBUTMETO Ha MOCTUCXEMMYHA OunaTtaTMBHa Kapamo-
Muonatus. lNMo-psako ce HabnogaBa HeEMCXeMUYHa au-
naratMBHa KapavMommonaTusi, CBbp3aHa C anonTo3a Ha
kapamomuoumtute. MNpn Te3n naumeHT T1 KapTMpaHeTo
npeaov un cneg annukaums Ha KOHTpacTHa martepusi ge-
MOHCTpMpa HapacTBaHe Ha obema Ha MHTEPCTULMAHOTO
NPOCTPAHCTBO. YeCcTo yCnoXHEHNE € NepuKapaHUAT U3-
B, NOHSIKOra XeMoparnyeH, KOMTo MOXe Aa 3annallea ¢
TamnoHazZa v Aa U3MCKBa nepukapanoLleHTesa [42].

MHXnMbuTopmn Ha UMyHHaTa KOHTPONHa To4ka

EdekTbT Ha MHXMOUTOPUTE HA UMYyHHATa KOHTPOI-
Ha Todka (MIKTW) ce ocHoBaBa Ha OrokupaHe Ha mMo-
BbPXHOCTHUTE peuenTopy Ha T-nMMAOoUMTUTE, KOUTO
NMOTMUCKAT MMYHHUSI OTFOBOP, KaKTO U HA TEXHUTE JnraH-
an. ToBa ca Hanpumep UUTOTOKCUYHUAT, acouumpaH C
T-numdpoumntute, npotemH-4 (CTLA-4) 1 npoTenHbT Ha
nporpamvpaHata knerbyHa cmbpt-1 (PD-1) n cboTBeT-
HWUSIT NIUrang, KOMTO Ce ekcrnpecupa OT TYMOPHUTE KITETKM
(PD-L1) n npencrtaBnsiBa BaXeH MeXaHU3bM 3a UMYH-
Ha “MUMUKPUS” Ha KapumHoma. BriokMpaHeTo Ha Tesu
NMMOUNTHM PeLenTopu 1 Ha furaHauTe MM Bogu OO
OTKIMOYBaHe Ha T-MegumnpaH MMyHEH OTFOBOP CPeLLy He-
onnacTUYHNUTE KNeTku. 3a LenTa ce U3nonasaTr MOHOKIO-
HanHu aHTuTena - ipilimumab cpewwy CTLA-4, nivolumab
1 pembrolizumab cpeluy PD-1 n atezolizumab, avelumab
n durvalumab cpewwy PD-L1 [5]. UIKTW ce n3nonsseaTt B
aloBaHTEH MNIaH MUK 3a fneveHve OT MbpBa Unu nocnea-
Ballla NMHUS NpU MeTacTaTuyeH MenaHoMm u pen apyru
TyMOpK, Hamn-Beve apBaHcupanun (6bOpeyHOKNeTbYeH
KapLWHOM, YpOTENeH KapumMHOM, HeapebHOKNeTbYeH Oe-
noapo6eH KapuMHOM U T.H.).

KapgnomuoumTnte, KakTto MU OCTaHanute KreTka B
YOBELLKOTO TAro, ekcnpecupat PD-L1, koeto obycriass
1 kapgmoTtokcmiHocTTa Ha WIKTW. Hapen ¢ avpektHa-
Ta T-megumpaHa LMUTOTOKCUYHOCT Bb3MOXEH MeXaHu-
3bM € OMnOoKMPaHeTo Ha LMTOMNPOTEKTUBHU METabONMUTHU
kackagy, cebp3aHu PD-L1, ocobeHo npu npensapu-
TEMNHO yBpeXaaHe Ha kKapguomuouuTuTe. B nogkpena
Ha Tas3u xunote3a e HabnitogaBaHaTa CBPBXEKCNpecUsi
Ha PD-L1 nvraHga npy muokapgHa yspeda (Mcxemuu-
Ha WM HEUCXEMMYHA), KaKTO U MpU yBENUYEHO 0bem-
HO MM TEH3MOHHO obpemeHsiBaHe Ha Mwuokapga. [lpu
MHO3WHCTBOTO NaumeHTn Ha nedenne ¢ VIKTU ce Hab-
nogaBa CUCTEMHO Bb3nareHve, C NoBULIABaHE Ha Hu-
BaTa Ha hakTopa Ha TyMOpHa Hekpo3a a. Tesun ekcTpa-
KapgvanH/ edgekTn CbllUO BEpPOSATHO [AOMNPUHAcAT 3a
yBenuyaBaHe Ha Mr1okapaHus ctpec [5]. B-megumpaHata
aBTOMMYHHA peakLmsi KbM EKCTpecuMpaHnUTe OT Kapamo-
MUOLMTUTE NuraHaun e psagka [5, 43].

Yectotata Ha CLOCIT npn nedyeHmne ¢ MIKTU oc-
TaBa HedcHa. [TbpBOHaYanHUTE AaHHU OT KITMHUYHUTE
Npoy4YBaHNs MAEHTUPULNPAT OTHOCUTENHO OrpaHnUYeH
6pon — nog 0,01% ot 20 594 naumeHTn — cnyyam C

In patients treated with Bcr-Abl1-TKI, CMR will
identify myocardial infarction and demonstrate the
development of post-ischemic dilated cardiomyopa-
thy. Less commonly, non-ischemic dilated cardiomy-
opathy associated with cardiomyocyte apoptosis will
be seen. In these patients, T1 imaging before and af-
ter contrast material administration will demonstrate
an increase in the volume of the interstitial space. A
frequent complication is pericardial effusion, some-
times hemorrhagic, which may threaten tamponade
and require pericardiocentesis [42].

Immune checkpoint inhibitors

The effect of immune checkpoint inhibitors (ICls)
is based on blocking the surface receptors of T-lym-
phocytes, which suppress the immune response, as
well as their ligands. These are, for example, the
cytotoxic T-lymphocyte-associated protein-4 (CTLA-
4) and the programmed cell death protein-1 (PD-1)
and the corresponding ligand that is expressed by
tumor cells (PD-L1). The latter represents an im-
portant mechanism for immune "mimicry" of carci-
noma. Blocking these lymphocyte receptors and
their ligands leads to the unlocking of a T-mediated
immune response against the neoplastic cells. To
achieve this, monoclonal antibodies are used - ip-
ilimumab against CTLA-4, nivolumab and pembroli-
zumab against PD-1 and atezolizumab, avelumab
and durvalumab against PD-L1[5]. ICls are used as
adjuvant, first-line and subsequent treatment in met-
astatic melanoma and in a number of other tumors,
especially advanced ones (renal cell carcinoma,
urothelial carcinoma, non-small cell lung carcinoma,
etc.).

Cardiomyocytes, like the rest of the cells in the
human body, express PD-L1, and this is the main
cause of the cardiotoxicity of ICIl. Along with direct
T-mediated cytotoxicity, a possible mechanism is
the blockade of cytoprotective metabolic cascades
associated with PD-L1, especially in the setting of
a pre-existing cardiomyocyte injury. In support of
this hypothesis is the observed overexpression of
the PD-L1 ligand in myocardial damage (ischemic
or non-ischemic) and in increased volume or ten-
sion load of the myocardium. In the majority of pa-
tients treated with ICI, systemic inflammation was
observed, with increased levels of tumor necrosis
factor a. These extracardiac effects also likely con-
tribute to increased myocardial stress [5]. B-mediat-
ed autoimmune response to ligands expressed by
cardiomyocytes is rare [5, 43].

The incidence of CTRCD with ICI treatment re-
mains unclear. Initial data from clinical trials identi-
fied a relatively limited number - less than 0.01%
of 20,594 patients — of cases with fulminant myo-
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dynIMUHAHTEH MUOKapamT [5, 44]. Bbnpekn cpaBHUTENHO
HMCKaTa 4ecToTa, (PYNMUHAHTHUAT MUOKapauT crieqga
[a ce pa3mexaa Kato BaXHO YCrOoXHEHNE nopeamn BUCO-
kata — oo 50% — cmbpTHOCT [5]. Mo-KbCeH MeTaaHanua
nokasea Mo-rofiiMa 4ectoTa Ha KapOMOTOKCUYHOCTTA,
KaTo yCTaHOBSIBa CbpAedHa HegoCTaTbyHOCT npu 2% u
MuokapaeH UHGapkT npu 1% ot nauneHTuTe, nekyBaHu
¢ WKTW 3a HegpebHokneTbyeH GenoapobeH KapLumHOM
[45]. Onwnceat ce v apyr NPosiBM Ha KapAWUOTOKCUYHOCT,
cBbp3anu ¢ MIKTW. Escudier n cbtp. B rpyna ot 30 na-
uneHTn ¢ nposisu Ha CHCIT no BpeMe Ha neyeHne ¢
WKTW HabntogaBat neBokamepHa CUCTONHa ANCAYHKUMS
no MoZena Ha CTpec-MHAayLMpaHa KapamoMuonaTus, pu-
TbMHW U NPOBOAHN HAapPYLLEHWS U NEPUKapAEH U3NuB [46].
KaTo uano nposiBute Ha KapAWUOTOKCUYHOCT Npu Te3n Me-
OVIKaMEeHTU ce NosIBABAT paHo, Ha-4ecTo creq, nbpearta
[0 TpeTata MHQY3UsI, U ca HaMmbITHO PEBEP3NOUITHM Camo
B YacT ot cnydaute [5, 46].

KMPT vma peluaBalla porns npy naumMeHTn ¢ nogosn-
paHa VKTU nHgyumpaHa kapgumoTokenyHocT [6, 47]. Jo-
KOITKOTO B 3HAYMTENHA YacT OT cny4vanTe ¢ pynMUHaAHTEH
aBTOMMYHEH MMOKapauT dopakumaTa Ha U3TIAacKBaHe Ha
nsiBaTa kamepa ocTaBa 3anaseHa 3a ObJro BpeMe, Xxapak-
TEPU3NPAHETO Ha TbKaHHUTE NMPOMEHM B MUOKapda € ot
KPUTUYHO 3HayeHue [5, 6, 47]. beneante Ha MmokapaeH
eaeM — cuIHu curHany Ha TIRM obpasunTe 1 yabrkaBaHe-
TO Ha BpeMETO 3a T2 penakcauusi, 3aegH0 C KbCHOTO YCur-
BaHe Haco4BaT KbM MUOKapAMT M ca OCHOBaHMWE 3a 3aroy-
BaHe Ha UMyHOCYynpecvBHO neveHne. Cnenpa fa ce otoe-
nexu, Yye Npu MbpBOHaYanHo AoknaaesaHute ot Johnson
W CbTP. NAUMEHTU C PYNIMUHAHTEH MUOKapaWT ayToncus-
Ta Nokasea MacvBHa T-KneTbyHa UHUNTPaUus Ha cu-
HycoBwusi Bb3en [44]. ToBa npegnonara, Ye noHe 4acT oT
HabnogaBaHUTE PUTBMHM U NPOBOAHM HapyLleHust (ka-
MEPHU TaxmapuTMun, NPeacbpaHo MbxaeHe, AV 6rok),
Ca BCbLLHOCT M3pa3 Ha MuokapauT 1 buxa mornm ga ce
noeHtndmumpat ¢ KMPT. KMPT e ot nonsa B criyqanTe ¢
neBoKamMepHa CUCTOMNHa ANCYHKLUMSA C HEBb3ManuTenHa
reHesa, Hamp. Npy CTpec-MHOyLUMpaHa Kapavomuonarus
W NpU MMOKapAeH NHAapKT [47].

MpoTteasomHu nuxnoutopm (MN)

MpoteasomuuTe wmHxmMbutopu (bortezomib, carfil-
zomib, ixazomib n T.H.) ca rpyna NnpoTMBOTYMOPHM Meau-
KameHTW, HaBnesnu B npaktukata cneq 2000 r. N3nons-
BaT Ce KaTo MbpBa W MocrnefBaliy NMHUM Ha feYeHne
npeavMHo npu B-knetbyHy numdommn (MynTunneH mu-
€roM, MaHTEMNHOKNETbYEH NMMMAOM), HO 1 NPU CONUAHU
Tymopy (HegpebHoKNeTbYeH 6GenoapobeH KapuuHOM,
oBapwarieH kapumHom). ToBa ca Marnku MOMneKynm, CBbp3-
BaLLy ce obpatumo (bortezomib, ixazomib) nnn Heobpa-
Tumo (carfilzomib) ¢ npoteazomuuTte 5 1 35i cybeanHmum
1 NOTMCKAaLLM HENMU3030MHaTa npoTeonusa. Tosa BOAM A0
HaTpynBaHe Ha npegHasHaveHn 3a “peumknupaHe” npo-
TEWHW B KNeTKaTa M B KpalHa CMeTKa akTuBupa peq
NpPoanonTOTUYHU CUrHaNHK Bepurn [48, 49].

carditis [5, 44]. Despite the relatively low incidence,
fulminant myocarditis should be considered as an
important complication due to the high — up to 50%
- mortality rate [5]. A later meta-analysis showed a
higher incidence of cardiotoxicity, finding heart fail-
ure in 2% and myocardial infarction in 1% of patients
treated with ICI for non-small cell lung carcinoma
[45]. Other manifestations of cardiotoxicity associ-
ated with ICTs have also been described. Escudier
et al. in a group of 30 patients with CTRCD during
ICI treatment found left ventricular systolic dysfunc-
tion with stress-induced cardiomyopathy pattern, ar-
rhythmias and conduction disorders, and pericardial
effusion [46]. In general, manifestations of cardio-
toxicity with these medications appear early, most
often after the first to third infusion, and are com-
pletely reversible only in a number of cases [5, 47].

CMR has a crucial role in patients with suspected
ICl-induced cardiotoxicity [47]. Since in a significant
proportion of cases with fulminant autoimmune myo-
carditis the left ventricular ejection fraction remains
preserved for a long time, the characterization of
tissue changes in the myocardium is of critical im-
portance [5, 47]. Signs of myocardial edema - high
signal on TIRM images and prolongation of T2 relax-
ation time - along with late enhancement are sugges-
tive of myocarditis and warrant initiation of immuno-
suppressive treatment. Of note, in the patients with
fulminant myocarditis originally reported by Johnson
et al, autopsy showed massive T-cell infiltration of
the sinus node[44]. This suggests that at least some
of the arrhythmias and conduction disorders (ventric-
ular tachyarrhythmias, atrial fibrillation, AV-block) are
actually an expression of myocarditis and could be
identified by CMR. CMR is also useful in cases of left
ventricular systolic dysfunction of non-inflammatory
origin, for example in stress-induced cardiomyopa-
thy or in myocardial infarction [47].

Proteasome inhibitors (PI)

Proteasome inhibitors (bortezomib, carfilzomib,
ixazomib, etc.) are a group of antitumor drugs that en-
tered practice after 2000. They are used as first and
subsequent lines of treatment mainly in B-cell lympho-
mas (multiple myeloma, mantle cell lymphoma), but
also in solid tumors (non-small cell lung carcinoma,
ovarian carcinoma). These are small molecules that
bind reversibly (bortezomib, ixazomib) or irreversibly
(carfilzomib) to proteasomal 5 and 5i subunits and
promote non-lysosomal proteolysis. This leads to the
accumulation of proteins destined for "recycling” in
the cell and ultimately activates a series of pro-apop-
totic signaling cascades [48, 49].
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[lOKOMNKOTO KapaMOMMOLMTUTE, KaTo Hemenswm ce
KMEeTKM, Ca CUIMHO 3aBUCKMU OT “pELIMKITMPAHETO” Ha Npo-
TEVHWUTE, MEXaHU3MBT Ha KapAMOTOKCUYHOCT Mpu reye-
Hue ¢ M e odeBnaeH. JJonmbnHUTENEH KapANOTOKCUYEH
edeKT BEPOSATHO MMa 1 JoKasaHaTo Bb3gencTane Ha M
Bbpxy ekcnpecusita Ha NO-cuHTeHasuTe, no-cneumanHo
BbpXy ekcnpecusata Ha eNOS, ¢ yBenuyaBaHe Ha OKCU-
AaTUBHMS CTpeC, MOTUCKaHe Ha aHrvoreHesaTta U Hama-
nsiBaHe Ha aJanTMBHOCTTA Ha MUKPOLUMpPKyrnaumsTa KbM
o6emHo HaTtoBapBaHe [50]. TpsbBa Aa ce uma npeasua,
Yye nauveHTUTe ¢ MynTUMIEH M1ENom (OCHOBHaTa rpyna,
nekysaHa c M) ca noHa4yano U3nNoXeHuW Ha 3HauUTEneH
CbpAE4YHO-CHA0B PUCK MPEABMA BUCOKaTa YecToTa Ha Ob0-
peyHa HeaOCTaTbYHOCT U Xunepkanumemmsi, CbC CBbp-
3aHUTE C TSX YCIOXHEHWUSI OT CTpaHa Ha CbpAEYHO-Ch-
AoBata cuctema. ToBa ca M MaumMeHTU, Npu KOUTO Yec-
TO (mo 15% ot cnyvauTe) ce HabnogaBa NeKoBepuXKHa
amunoungosa [50]. KapanoTokcuyHoCTTa npu feveHne ¢
M obrkHOBEHO € paHHa, KaTo B NPOy4YBaHWsA U B pear-
HaTa KInMHWYHa npakTuka 0o 86% o1 cbpaeYHO-CbA0BUTE
CTPaHU4YHM eheKTn HacTbnBaT npe3 Nbpeute 3 mMeceua
OT neveHneTo [48, 49].

YectoTtata Ha COCIUT npy naumeHTn, nekyBaHun c
M, Bapupa B 3aBUCUMOCT OT MU3MON3BaHNS MEANKAMEHT.
Mpu carfilzomib, konTO ce cBbp3Ba HeobpaTmo ¢ 35
(XmoTpUNCuH-NogobHa akTMBHOCT) 1 B5i (MMyHOoMpoTe-
asoma), YecToTaTa Ha KapAMOTOKCUYHOCT € 3HaYUTErNHa.
PaHHuTe npoyyBaHus nokasear, Yye Ao 22% oT nekyea-
HuTe ¢ carfilzomib nauneHTtn passusat CLACIJ1, oT Tax
13,3% ca pas3nuiHu aputMmun, 7,2% — cbpgedHa Hegoc-
TaTb4YHOCT, 2% — HEUCXEMWUYHA annaTaTuBHa Kapauomm-
onatus, n 3% — ncxemmyHa 6onect [49]. [Npu bortezomib
1 ixazomib, kouTo ce cBbpP3BaT OO6PATMMO C NPOTEA30M-
HuTe B5 n B5i cyGeamHmum, YecToTaTa Ha CbpAeYHO-Cb-
AOBUTE CTPaHUYHM edhekTV He ce pasnu4yaBa CbLUeCT-
BEHO OT Ta3u npu CTaHOapTHO feyeHue Ha MynTunmneH
Muenom (Bucoku ao3n dexamethasone). IHTepecHo, ye
B Npoy4BaHuns kombrHaumsaTa ixazomib-dexamethasone
nokasea gobpa edekTMBHOCT 1 Ge30nacHOCT Npu fneve-
HWE Ha peumavBHaA UM MbPBUYHO pedopakTepHa NeKo-
BEPWIKHA aMnrongosa, BKITHUYUTENHO CbC CbpAEYHO 3a-
csraHe [49, 50]. OupekTHOTO cpaBHeHWe Ha carfilzomib
n bortezomib (npoyysaneto PROTECT) cbLio nokassa
3HaYMTENHO NO-BUCOKA YecToTaTa Ha KapaMOTOKCUYHOCT
npu nevexHve ¢ nbpeus [51].

Mpy nauneHTn Ha neverne N KMPT moxe ga no-
Kaxke yBernm4aBaHeTo Ha obema Ha UHTePCTULMAanHOTO
NPOCTPaHCTBO, KOETO HAaCTbMNBa PaHo B X0Aa Ha Hencxe-
MWUYHa OunataTtMBHa KapguMomuonatvs M npeawecT-
Ba penykumaTta Ha [TIC n Ha ®U. KMPT cbwo Taka
MOXe [a ngeHTudmumpa eBeHTyaneH MMokapaeH UH-
dapKT 1 JEMOHCTPUPaA Pa3BUTUETO HA MOCTUCXEMUYHA
AvnaTtatuBHa KapguomuonaTtums.

Since cardiomyocytes, as non-dividing cells, are
highly dependent on protein "recycling”, the mech-
anism of cardiotoxicity in Pl treatment is obvious.
In addition, the impact of Pl on the expression of
NO synthases (NOS), in particular on the expres-
sion of eNOS, may also has cardiotoxic effect via
an increase of the oxidative stress, suppression of
angiogenesis and a decrease in the adaptability of
the microcirculation to volume load [49]. It should be
borne in mind that patients with multiple myeloma
(the main group treated with PI) are a priori exposed
to a significant cardiovascular risk given the high
incidence of renal failure and hypercalcemia, with
associated cardiovascular complications. These are
also patients in whom light chain amyloidosis is fre-
quently (up to 15% of cases) observed [49]. Cardio-
toxicity with PI treatment usually appears early, with
up to 86% of cardiovascular side effects occurring in
the first three months of treatment in studies and in
real-world clinical practice [48, 49].

The incidence of CTRCD in patients treated with
Pl varies depending on the medication used. With
carfilzomib, which binds irreversibly to 35 (chymotryp-
sin-like activity) and B5i (immunoproteasome), the in-
cidence of cardiotoxicity is significant. Early studies
have shown that up to 22% of carfilzomib-treated pa-
tients develop CTRCD, of which 13.3% are various
arrhythmias, 7.2% heart failure, 2% nonischemic di-
lated cardiomyopathy, and 3% ischemic disease [49].
With bortezomib and ixazomib, which bind reversibly
to proteasome B5 and B5i subunits, the frequency of
cardiovascular side effects is not significantly differ-
ent from that of standard treatment of multiple my-
eloma (high doses of dexamethasone). Interestingly,
in studies, the ixazomib-dexamethasone combination
showed good efficacy and safety in the treatment of
relapsed or primary refractory light-chain amyloido-
sis, including cardiac involvement [49, 50]. Head-to-
head comparison of carfilzomib and bortezomib (the
PROTECT study) also showed a significantly higher
incidence of cardiotoxicity with treatment with the for-
mer [51].

In patients on PI treatment, CMR can show an
increase of the interstitial space volume that occurs
early in the course of nonischemic dilated cardiomy-
opathy and precedes the reduction in GLS and EF.
CMR will also identify a possible myocardial infarc-
tion and demonstrate the development of postisch-
emic dilated cardiomyopathy.
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Apyry

KapgunoTtokcuyHocT e HabnogaesaHa ¢ Bapupalla Yec-
TOTa 1 NpW APYrn rpynu NPOTUBOTYMOPHN MeaMKaMeHTH,
Hanpumep HercxemmyHa gunatatuBHa KapauoMuonaTus
npu nnatvHa, Npyv aHTMMETabonMTX, NPY ankuIMpaLLm
areHT! M MNpu MUKPOTYOYMHU MHXMOUTOPW, Nepukapa-
HU M3NMBU U UCXEMUYHM ENWU30AU NPU aHTUMeTabonu-
T U MUKPOTYOYNHM nHXnouTopu [52]. MexaHu3MbT Ha
COCIIT npu Te3n nekapcTBa He € HambIIHO U3SICHEH Y
MOHE B YacT OT Cny4yaunTe, BEPOATHO, HE € AMPEKTHO cnea-
CTB/E Ha BbL3AEWCTBMETO UM BbPXY KapOVOMMOLMTUTE.
KMPT e B cbCTOsiHME da OEMOHCTpMpa KakTo CTPYKTyp-
HOTO, Taka 1 PYHKLMOHAMNHOTO yBpeXaaHe Ha Mm1oKapaa
paHoO B Xofa Ha 3abonsiBaHETO, KOETO LUE MO3BOMM CBO-
€BPEMEHHO 3arnoYBaHe Ha KapavonpOTEKTMBHA Tepanysi.

KMPT - Kora v 3auwo

B akTyanHaTa nosuuusi Ha Hay4YHWUTe opraHu3aLum Bo-
Jella ponsi Npu naeHTUMUMpaHeTo, oLeHKaTa U nNpoc-
neasisaHeto Ha CLCITIT ce oTpexaa Ha exokapauorpa-
dusiTa. ToBa € HanbHO OBSICHMMO NpeaBua WrpokaTa
[OOCTBIMHOCT M OTHOCUTENHO HUCKaTa LieHa Ha uscneasa-
HETO, a CbLUO U NPeaBuA Bb3MOXHOCTTA a Ce U3BbpLUM
Obp30 — B yCNoBMsATa Ha CNELUHOCT — W MPW NEernoTo Ha
oonHua. KMPT, oT gpyra cTpaHa, € OTHOCUTENHO CKbr,
n3nckBa MOArOTBEH MepcoHan M nogxogsila anaparypa
N € OTHOCMTENHO MO-TPYOHO OOCTbMeH. KbM MoMeHTa
KMPT ce npoBexaa Han-4ecTo npu NaumneHTn, Npu KOMTo
exoKapamnorpadckoTo n3crnenBaHe e 3aTpygHEHO OT NOLL
aKyCTWMYeH NPO30peL, Unv AaBa NPOTMBOPEYMBY U HECU-
rYpHW pesynTaTu, KakTo U Npu NaumeHTn, npu KOUTo ce no-
no3upa mmnokapgHa nexemus [1]. MNpes nocnegHuTe rogu-
H¥ obade 3HauuTeneH 6por NPoyYBaHUS, METaaHanmamn n
0630pK ce hokycupaT Bbpxy “‘nobaBeHaTa CTOMHOCT” Ha
KMPT npu naumeHTuTe C NpOsiBY Ha KapAWOTOKCUYHOCT
B XO4a W Crief, Ha OHKOIOMMYHO FieYeHne; JOCTaTbyHO €
Oa ce cnomeHar pabotute Ha Thavendiranathan [23], Ha
Jordan [16, 18, 20, 24], a B no-HOBO BpemMe 1 Ha Dobbin
[27, 31] n cbTpyAHMUMTE UM.

EOVH OT KNMHMYHUTE KOHTEKcTU, B kouto KMPT
MMma peluaBalla posns, € nosesara Ha HOBW CUMMTOMMU
OT CTpaHa Ha CbpAeYHO-CboBaTa cucTemMa B xoda Ha
neyenune ¢ KTW. lMpwn 3Ha4mMTENHa YacT OT naumeHTun-
Te ¢ byNMUHAHTEH MMOKapAWUT Ha ooHa Ha neyeHne ¢
WKTW dyHkumnsaTa Ha nsaBaTa Kamepa ce yBpexaa KbC-
HO N € HambJIHO Bb3MOXHO exokapauorpadckara Ha-
X0oAKa ¢ oueHka Ha O n Ha cTpelHa ga noAueHu cTe-
neHTa Ha MmokapgHo 3acsaraHe [5]. KMPT, ¢ nomowTa
Ha TIRM o6pa3u n Ha T2 kapTupaHe, ngeHtndunumpa
nosiBata Ha MUOKapAeH efem, KaTo Nno3BonsiBa ga ce
andepeHumpa aBTOMMYHEH MUOKapauT OT HEBb3Nanu-
TenHa COCTIJ1 n ga ce 3ano4YHe CBOEBPEMEHHO U MO-
TEeHUManHo XuBotocnacsasallo UMYyHOCYNPECUBHO fe-
yeHue (dur. 1). PasnpocTpaHeHMeTo Ha orHuLaTa Ha

Other

Cardiotoxicity has been observed with varying
frequency with other groups of antitumor drugs, for
example, nonischemic dilated cardiomyopathy with
platinum, with antimetabolites, with alkylating and
with anti-microtubule agents, pericardial effusions
and ischemic episodes with antimetabolites and
anti-microtubule agents [52]. The mechanism of
CTRCD with these drugs is not fully understood and,
at least in some cases, is probably not a direct con-
sequence of their effects on cardiomyocytes. CMR
is able to demonstrate both structural and functional
damage to the myocardium early in the course of the
disease, which will allow prompt initiation of cardio-
protective therapy.

CMR - WHEN AND WHY

In the current position of scientific organizations,
echocardiography is assigned a leading role in the
identification, assessment, and follow-up of CTRCD.
This is completely understandable given the wide
availability and relatively low cost of the examination,
and also given the possibility to perform it quickly —in
emergency conditions — and at the patient's bedside.
CMR, on the other hand, is relatively expensive, re-
quires trained personnel and appropriate equipment,
and, accordingly, is relatively more difficult to access.
Currently, CMR is most often performed in patients in
whom echocardiographic examination is hampered
by a poor acoustic window or gives contradictory
and uncertain results, as well as in patients in whom
myocardial ischemia is suspected [1]. In recent
years, however, a significant number of studies, me-
ta-analyses and reviews have focused on the "added
value" of CMR in patients with cardiotoxicity during
and after oncological treatment; it is enough to men-
tion the works of Thavendiranathan [23], Jordan [16,
18, 20, 24], and more recently Dobbin [27, 31] and
their collaborators.

One of the main clinical contexts in which CMR
plays a crucial role is the newly appeared cardiovas-
cular symptoms on the background of ICI treatment.
In a significant proportion of patients with fulminant
myocarditis during ICl treatment, the deterioration
of the ventricular function comes late, and it is quite
possible that the echocardiographic finding with as-
sessment of FE and strain will underestimate the
degree of myocardial involvement [5]. CMR, with
the help of TIRM images and T2 mapping, identi-
fies the occurrence of myocardial edema, allowing
the differentiation of autoimmune myocarditis from
non-inflammatory CTRCD and the initiation of timely
and potentially life-saving immunosuppressive treat-
ment (Figure 1). The distribution of the foci of ede-
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e[ieM 1 Hain-BeYe 3acdaraHeTo Ha cenTyma ¢ AV Bb3ena
N CHOMYETO Ha XuWc, nma ornpegerneHa npeankTuBHa
CTOMHOCT MO OTHOLLUEHWE Ha MosiBaTa Ha >KMBOTO3ac-
Tpawasawy apuTM1Mm1, KaTo AaBa Bb3MOXHOCT Aa ce
npegnpvemMar HeobxogMMmTe TepaneBTUYHU Mepku [5,
43-46]. Cnopep akTyanHuTe npenopbku Ha EBponent-
ckoTo ApyxectBo no kapguonorna KMPT e obpaseH
METOA OT MbpBa NIMHUSA NPU NALMEHTU Ha NeYeHue ¢
WKTW, npu konTo ce nosiBaABaT HOBU CbpAeYHO-CbA0BM
onriakBaHus unm ce Habngaea nosMLlaBaHe Ha H1Ba-
Ta Ha MapkepuTe Ha MMoKapaHa Hekposa [6].

[pyra KnuHWYHa cuTyaumsi, NpU KOSITO ce O4vaksa
ponata Ha KMPT ga HapacHe, e oueHKkaTa Ha nocrte-
NMEeHHO HacTbMBallaTa MMOKapAHa yBpeda no Bpeme u
cnepn nedexve ¢ aHTpaunknuim u HER2 nHxubutopw.
Pen npoydBaHua nokasear, Ye MUOKapgHaTa maca u
006eMbT Ha MHTEPCTMUMANHOTO MPOCTPAHCTBO B MU-
oKapfa ca paHHU NpeaukTopu 3a Nosiea Ha AvnaraTuB-
Ha KapguomuonaTtus 1 yBpeaa Ha fieBokamepHaTa cuc-
TONHa OYHKUMSA Npu Te3n naumeHtu [18-22, 52] (cwur.
2). BknousaHeto Ha KMPT ¢ oueHka Ha MnokapaHaTa
Maca n T1 n T1p kapTupaHe B NpoToKona 3a npocne-
OsBaHe Ha Te3n NauueHTU Lwe No3Bosfv CBOEBPEMEHHO
3ano4BaHe Ha KapauonpOTEKTMBHO feveHune.

ma, mostly the involvement of the septum with the
AV-node and the His bundle, has a certain predictive
value regarding the occurrence of life-threatening ar-
rhythmias, making it possible to take the necessary
therapeutic measures [5, 43-46]. According to the
current recommendations of the European Society
of Cardiology, CMR is an imaging method of choice
in patients treated with ICI, in whom new cardiovas-
cular complaints appear or an increase in the levels
of markers of myocardial necrosis is observed [6].

Another clinical situation where the role of CMR
is expected to grow is the assessment of progres-
sive myocardial injury during and after treatment
with anthracyclines and HERZ2 inhibitors. A number
of studies have shown that myocardial mass and
myocardial interstitial volume are early predictors of
the development of dilated cardiomyopathy and im-
pairment of left ventricular systolic function in these
patients [18-22, 52] (Figure 2). The inclusion of CMR
with assessment of myocardial mass and T1 and T1p
mapping in the follow-up protocol will allow timely ini-
tiation of cardioprotective treatment.

®ur. 1. PynMrMHAHTEH MUOKapAWT NPU NALMEHT C MeTacTaTU4eH MefnaHoMm, Ha ne-
YeHue c nivolumab n atezolizumab. TIRM (A), T2 kapTupaHe (B), KbCHO ragonmHu-
eBo ycuneaHe (C) n HatvBHO T1 kapTupaHe (D). O6LWMpHU 30HK Ha CUIHU CUrHanm
Ha TIRM o6pasute B obnbourHa Ha neBokamepHuUsi MUokapa, Har-u3paseHu no
cBobogHaTa cTeHa Hagony, KOpeCnoHANpaLLY € U3pa3eHo yabimkaBaHe Ha BpeMe-
TO 3a T2 penakcauus u npeacTaBnsBaLLy OrHULLA Ha MYOKapaeH egem. T2 kapTta-
Ta Nnokassa CbLLO 1 NO-yMepeHo yabIkaBaHe Ha BPeMeTo 3a T2 penakcaums no
usnaTa umMpkymdepeHumns Ha nssaTta kamepa 1u AeMOHCTpYpa OeNCTBUTENHOTO
pasnpocTpaHeHve Ha edema, AoKaToO METHUCTUTE OrHWLLA Ha KbCHO ycurBaHe B
NeBOKaMepHUSA MUOKapA, BKIKOYUTENHO B 30HaTa Ha MakCUMariHO yAbIhkaBaHe Ha
BpemeTo 3a T2 penakcauums roBOpsT 3a MMOKapaHa HeKkposa.

Fig. 1. Fulminant myocarditis in a patient with metastatic melanoma treated
with nivolumab and atezolizumab. TIRM (A), T2 mapping (B), late gadolinium
enhancement (C) and native T1 mapping (D). Extensive areas of high signal on
the TIRM images in depth of the left ventricular myocardium, most pronounced
along the free wall downwards, corresponding to a marked prolongation of the T2
relaxation time and representing foci of myocardial edema. The T2 map also shows
a moderate prolongation of the T2 relaxation time along the entire circumference

"

of the left ventricle, depicting the actual spread of edema, while the patchy foci of late enhancement in the left ventricular myocardium, including

in the area of maximum prolongation of the T2 relaxation time, suggest myocardial necrosis

@dwur. 2. MNauneHTka ¢ KapUMHOM Ha rbpAaTa, nekyBaHa nocrnefoBaTeniHo ¢
epirubicin (500 mg/m?) u trastuzumab. TIRM (A), T2 kaptupaHe (B), kbcHo ra-
ponuHneso ycuneaHe (C) n HatueHo T1 kapTupaxe (D). AunatupaHa n pemo-
AenupaHa nsBa kamepa 1 pegyuupaHa MyokapaHa mMaca, Han-u3paseHo no
centyma. udysHo yabmkeHo Bpeme 3a T1 penakcauusi, uspas Ha MMokapa-
Ha nbpo3a. Manbk TpaHCcMypaneH MHapKT B anekca, Kato ApYyru orHuLa
Ha KbCHO ycunBaHe He ce Habnogasat

Fig. 2. A patient with breast carcinoma treated with epirubicin (500 mg/
m?), followed by trastuzumab. TIRM (A), T2 mapping (B), late gadolinium
enhancement (C) and native T1 mapping (D). Dilated and remodeled left
ventricle and reduced myocardial mass, most pronounced along the septum.
Diffusely prolonged T1 relaxation time due to myocardial fibrosis. A small
transmural infarct at the apex, with no other foci of late enhancement are seen
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He TpsibBa ga ce 3abpaBAT M Bb3MOXHOCTUTE Ha
KMPT 3a oueHka Ha M1okapgHaTa nepdyanst. [JokonkoTo
VEGF-TKW yBpexagaT mMyokapgHata MMKPOLIMPKynauums,
npy NauneHTN Ha NeYeHre C Te3n MEOUKAMEHTU € Bb3-
MOXHO a ce HabnogaeaTt OOLUMPHN UCXEMUM MPU MUHK-
ManHu (Mnu nUnceaLLm) nsMeHeHna Ha KopoHaporpadu-
ara [31, 52]. Tosa, KakTo 1 4eCTO HabnogaBaHaTa npu ne-
yeHve ¢ VEGF-TKW 6enogpobHa xmnepToHus, NocTaBaTt
Ha gHeBeH pep BknodBaHeto Ha KMPT B npotokona 3a
npocneasiBaHe Ha Te3n naumeHt [16, 52].

He Ha nocnegHo msacto, KMPT gaBa Bb3MOXHOCT
3a OLEeHKa Ha TbKaHHWTE NPOMEHW B MMOKapaa Mof Bb3-
OEeNCcTBME Ha pasnuyHM NMPOTUBOTYMOPHU MeOUKaMEHTU.
WHTepecHuTe 1, 4ecTo, HeouYakBaHM HabnogeHws B pesq
Npoy4BaHWs NOACKA3BaT, Ye No3HaHUATa HX B Ta3n obract
BCe OlLle ca orpaHudeHu [31, 46]. HatpyneaHeTo Ha AaH-
HM B Ta3u Hacoka Lle JoBede A0 No-ACHO pasbupaHe Ha
MEXaHU3MUTE Ha KapAWMOTOKCUYHOCT M B KpanHa CMETKa
[0 nogobpsisaHe Ha TepaneBTUYHKA noaxon npy COCIJI.

3AKIIOYEHUE

PaslwmpsiBaHeTo Ha TepaneBTUYHUS apceHarn B Me-
OVumMHcKaTa OHKOMOrMsA He camo JoBede [0 yBenuyaea-
He Ha MNnpexmBAaeMOoCTTa Ha nauneHTUTe CbC ConnaHn mn
XEeMaToorMYHN Heonnasum, Ho 1 U3NpaBu MeauumuHCKa-
Ta OOLLHOCT npea HoBW npeamsBukatenictea. EgHo ot
TIX € BCe M0-4YECTO W, NMOHSIKora, HeodakBaHO cpellaHaTa
KapAWOTOKCUYHOCT MO BpemMme U cneg npotmBoTyMOPHO
nevyeHune. [Mpen KapaMo-OHKOMOMMSiTa — OTHOCUTENTHO
HoBa, HO Gbp30 pasBMBaLLA Ce VHTepAUCLMMNIIMHapHA
obnacT - cTom 3agayara aa onpeneny MexaHu3mmuTe Ha
cbpaedHa AMCYHKUMS, CBbp3aHa C NPOTUBOTYMOPHO
neveHve, ga usrpagm paboreLm cxemmn 3a HabnogeHe
Ha naumeHTUTe 1 Aa paspaboTy edhekTUBHU 1 6e3onacHu
TepaneBTUYHW MOAXOAM NPU TE3N CEPUO3HUN YCIIOKHEHNS,
©e3 npu ToBa ja NOCTaBAT Moz, BbMPOC ycrnexa Ha cCamoTo
NMPOTUBOTYMOPHO IedeHre. PellaBaHeTo Ha Tasu 3aga-
Yya M3NCKBA TACHO CbTPYOHWYECTBO MeXay pasfvuHuTe
crneumanucty — MeOMUMHCKM OHKOMO3W, Kapamoriosw,
cneunanucTi no obpasHa guMarHocTuka — U paumoHarn-
HO M13MOor3BaHe Ha HanM4yHUTe Pecypcu, BKIOYUTENHO Ha
KapavomarHMTHO-pe3oHaHcHaTa ToMorpadusi.

He e deknapupaH KOHGhrIUKM Ha uHMepecu
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CONCLUSION
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