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KHUCTaH

KapAMOTOKCUYHOCTb — 3TO CNOCOBHOCTL IEKAPCTBEHHOTO CPEACTBA Bbi3bIBaTb HEBAArONPUATHBIE CTPYKTYPHbIE U/UAN GYHKLMOHANbHbIE M3MEHEHNA
CEPAEYHO-COCYAMUCTOMN CUCTEMbI. BHEAPEHME COBPEMEHHbIX MPOTOKON0B XMMMUOTEPANMMU NPUBENO K POCTY YMC/IA CAIYHAEB U WMPOKOMY BPEMEHHOMY
[IManasoHy MaHUGecTaLmumn KapanoTOKCMYECKNX 3PHEKTOB, KOTOPbIE MOTYT MPOABAATLCA KAk B OCTPOI dase neyeHns, Tak v CNyCcTA MecALbl U rogpl
noc/ie ero 3aBepLeHus.

B HacToAwem 0630pe cMCTEMATU3MPOBaHbI AaHHbIE IMTEPATYPbI, MOCBALLEHHbIE XMMUONpPEenapaTam, acCoOLMUPOBAHHbLIM C Pa3BUTUEM KapaMOTOK-
CMYHOCTM. [11A MOWCKA MCMO/Ib30BaHbI 3N1EKTPOHHbIE pecypcbl PubMed, elibrary u CyberLeninka ¢ kKatouesbIMM CIOBaMM «OCTPbIE IEMKO3bI», «XPO-
HUYECKME NeKo3bI», KXMMUOTepaneBTUYECKMe NpenapaTbl», «KapaMOTOKCUYHOCTLY, «PaHHUE U OTAANEHHbIE MOCEACTBUAY, @ TaKKe «AUCOYHKLMA
aHAoTeNMA». B 0630p BKAKOUEHDI UCCAEL0BaHMA, onyBanKoBaHHbIe B nepuog 2015-2025 rr. Kputepuem ot60pa NoCayKuau ny6anKaLmm, onmucbiBato-
LLIME NMOPAXKEHUA MUOKAPAA U COCYAMCTON TKaHW, 0BYCNOBAEHHbIE TPUMEHEHWEM TaKuUX FPYNN NPenapaTos, Kak aHTPALMKANHDI, TAPreTHbIE MOHOK/O0-
HaNbHbIE AHTUTENA U TUPO3UHKUHA3HbIE MHIMBMTOPLI. U3 aHanu3a Bbian UCKAtOYeHbI PaboTbl, pOKYCMPOBABLUMECA MPEUMYLLECTBEHHO Ha TOKCUUYHbIX
3ddeKTax B OTHOLIEHWUM UHbIX OPraHOB 1 CUCTEM.

Pe3ynbTaTbl MHOTOUMCIEHHbIX UCCAEA0BAHUI NOATBEPXKAAIOT, YTO XMMMOTEPANEBTUYECKAA KapAMOTOKCMYHOCTb OCTA&TCA aKTyanbHOM F06anbHOM
npo6semoit OHKOKapAMONoruK. PaHHee 06HaPYKeHWE NPEAKANHUYECKUX U KNMHUYECKUX MApPKEPOB NMOBPEKAEHNUA CEPAEYHOM TKaHW NO3BOAAET ON-
TUMM3MPOBATbL A03MPOBKY NPOTUBOOMYXONEBbIX CPEACTB, 06/1aAaK0LLMX MEHbLUEN KapAMOTOKCUYHOCTbIO, U GOPMUPOBATL HOBbIE KOMBUHMPOBAHHbIE
PEeXMMbI TEpanuu.

KnioueBble cnoBa: ocmpele /1eliko3bl, XpoHuUYecKue neliko3bl, XumMuomepanesmu4eckue npenapamsl, KApOUOMOKCUYHOCMb, PaHHUE U omAdnéHHble
nocaedcmeus, OUChyHKYUA I3HOOMenus.
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AsuyeHHbl. 2026;28(3):782-90. https://doi.org/10.25005/2074-0581-2026-28-3-782-790
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Cardiotoxicity is the ability of a medicinal product to induce adverse structural and/or functional changes in the cardiovascular system. The introduction
of modern chemotherapy protocols has been associated with an increasing incidence of cardiotoxic effects and a broad time range of their manifestation,
which may occur both during the acute phase of treatment and months or even years after its completion. This review systematizes the available literature
on chemotherapeutic agents associated with cardiotoxicity.

The literature search used the PubMed, elibrary, and CyberLeninka electronic databases with the following keywords: “acute leukemia”, “chronic
leukemia”, “chemotherapeutic agents”, “cardiotoxicity”, “early and long-term effects”, and “endothelial dysfunction”. We included studies published
between 2015 and 2025. The inclusion criteria included publications describing myocardial and vascular tissue injury associated with drug classes such
as anthracyclines, targeted monoclonal antibodies, and tyrosine kinase inhibitors. Studies focusing predominantly on toxic effects involving other organs
and systems were excluded.

The findings of numerous studies confirm that chemotherapy-induced cardiotoxicity remains an important global concern in cardio-oncology. Early
detection of preclinical and clinical markers of cardiac injury may help optimize anticancer treatment, including dose adjustment, selection of agents with
a more favorable cardiotoxicity profile, and development of new combination treatment regimens.
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BBEAEHMUE

KapaMOTOKCMYHOCTb OCTAETCA OAHMM U3 Hanbonee TAKENbIX No-
60YHbIX ABNIEHWIA NPU UCMIOB30BAHUM KNACCUYECKMX XMMMOTEPaneB-
TUYECKMX areHToB. BblaenstoT Heckonbko Gopm eé TeueHus — obpaTu-
MY 1 He0BPaTMYHO, OCTPYHO, XPOHUYECKYHO M OTAANEHHYIO — Kaxkaan
13 KOTOPbIX TPebyeT MHAMBUAYAIbHOTO NOAXOAA K MOHUTOPUHTY U Be-
[eHUIo nauyeHTa. [nybokoe NoOHMMaHNE MEXaHU3MOB U KNMHUYECKKX
NpoABAEHUIN KapAMOTOKCUYHOCTH, @ TaKKe YMeNan Koppekumsa 403u-
POBOK TaKMX NMPenapaToB, Kak aHTPaLMKANHbI, TOpypaLImMA, TaKcaHbl,
MOHOK/IOHa/IbHble aHTUTENA U TUPO3UHKMHA3HBIE UHIMOUTOPLI, KPU-
TUYECKM BaXKHbl A7 CBOEBPEMEHHOTO BbIABNEHUA U MUHUMU3ALUK
CepAeYHO-COCYANCTLIX OCNIOKHEHWN [1, 2].

B nocnegHue rogpl y4acTUAUCh COOBGLLEHMA O Pa3BUTUM
MHOTPOMHO-MACTONMYECKMUX PACCTPOMCTB, B TOM YMC/IE OCTPbIX MUO-
KapauToB U GpaTanbHOM cepfeyHoV HeAOCTaTOYHOCTH, Y OHKONOMMYe-
CKMX NMaLMEHTOB, NO/YYaBLUMX MHTIMBUTOPbBI UMMYHHBIX KOHTPO/bHbIX
TOYEK. TV OCNOXKHEHWUA MOTYT NPOABAATLCA B PAHHWUI Nepuog, Tepa-
MUN 1, HEPeLKO, NPOTeKatoT bypHO, YTo 0bycnaBaAMBaeT Heobxoam-
MOCTb MOCTOAAHHOIO KapAMoIoTMyeckoro Haasopa [3, 4].

Ocobyto rpynny pucka cocTaBasaloT 6onbHble, nonyvatolme
NBPYTUHMOG (NPU XPOHUYECKOM IMMONEIKO3e, MAaHTUHOKIETOYHO
nmmdbome, MakpornobynmHemun BanbaeHctpema): y 12% naumeHTos
B MepBble LWECTb MECALEB TEpanuu perncTpupyrotca dubpuanaums
npeacepauii, Taxeénolie Gopmbl aTPMOBEHTPUKYAAPHOM 6noKagabl — Y
1%, a y aHasorMYHOTo NPoLLEHTa 6ONbHbIX BbIABAAETCA HaZKeNyaou-
KOoBasA TaxMKapAuA BbICOKOM rpajaLuuy; OnucaHbl TakKe OTAe/bHble
cnyyau akctpacuctonmu [5]. MpodunakTuka v neveHne apuTmMmuin npo-
BOAATCA B COOTBETCTBUM C COBPEMEHHBIMU PEKOMEHAALMAMM MO aH-
TUKOAryNAHTHOV Tepanuu 1 pemogynaumm putma [6).

B 2016 r. EBponeiickoe Kapamonornyeckoe coobuiectso ony-
6/7IMKOBaN0O NPaKTUYECKMe PEKOMEHAALMU MO NPeaynpexaeHuo u
NIeYEHWUI0 KapAMOTOKCUYHOCTM, aCCOLMUPOBAHHOW C XMMMOyYeBOM
Tepanuein. OCHOBOM NPOPUAAKTUKN OCSIOKHEHWUI NPU NMPUMEHEHWM
AHTPALMKIMHOBBIX aHTUBUOTMKOB CUUTAETCA CTPOrUM KOHTPO/b WX
KYMYNATUBHOW [,03bl U peXkMMa MHPY3WU: YCTAaHOBNEHO, YTO YaCcTOTa
Pa3BUTMA KapLMOMMONATUN KOPPESUPYET C BEIMUUHOW CyMMapHO
[103bl IOKcopybuLUmHa [7].

Mpy M3y4eHUU OHKONOTUYECKMX U KapAMONornyeckux 3abone-
BaHW chopMMpOBanach HOBas MeXANUCLMMNINHAPHAA 061aCTb — Kap-
[MOOHKoNOMMA. BHeapeHWe coBpeMeHHbIX NPOTUBOOMYXOEBbIX Npe-
NapaToB 3HAYUTENBHO NOBbLICUIO BbIXKMBAEMOCTb MALMEHTOB, OAHAKO
NPYBENO K POCTY CePLEYHO-COCYAMUCTbIX OCIOKHEHMI. HenpepbliBHbIi
MOHUTOPWHT OHKO/IOTUYECKUX OO/bHBIX BbIABU MHOFOYUCIEHHbIE
CNy4an NeKapCTBEHHO-0MOCPeL0BaHHOMN KapAMOTOKCUYHOCTU: Pa3BU-
Ba/INCb KMHUYECKME BapUAHTbl MUOKapAMTa Ha pOHE NPUMEHeHUA
MHIMOUTOPOB KOHTPO/IbHbBIX TOUEK MMMYHWUTETA M CUHAPOM JIEBOMO
XKeNyAouKa C MocnesyoWwyMy apUTMUAMM U HAapyLIEHWEM HaCOCHOM
byHKUMK cepaua [8].

o paHHbIM HaumoHanbHOro oHKonoruyeckoro ueHTpa CLUA,
cpeay NaLMeHTOB, NOAYYaBLIMX UOPYTUHWG, PETUCTPUPOBAIUCH Ke-
NYL0MKOBbIE apUTMUK, KENYA0YKOBAA TaxuKapausa, dubpuanauma
YKe/YL04YKOB, NPOABNEHUA CEPAEYHOW HEAO0CTaTOYHOCTM U Cayvau
BHE3aMHON cepaevHoit cmeptu [9]. B peTpocneKTMBHOM aHanuse
95 OHKOMIOrMYecKMUX 60/IbHbIX C UMMNIAHTUPOBAHHbBIMK KapAMoBep-
Tep-gepubpunnatopamu y 23 nauMeHTOB BbifiB/IEHA KapAMOMMO-
naTusA, accoLMMpPOBaHHaA C aHTPALMKAMHAMU, 3a KoTopoit B 73,9%
cnyyaes nocnegosana Gpubpunnauma npeacepanii, B 56,6% — ycron-
umBan enyaoukosas Taxukapaua v B 30,4 % — xenygoukosan du-
6punnauuma [10]. Ons agproMuLMHa oKa3aHa NpAMasn Koppenauus
MeX Ay KYMyNATUBHOW 0301 U BEPOATHOCTbIO PAa3BUTUA KapaMOMU-

INTRODUCTION

Cardiotoxicity remains one of the most serious adverse ef-
fects associated with the use of conventional chemotherapeutic
agents. Several patterns of cardiotoxicity are distinguished, in-
cluding reversible and irreversible, acute, chronic, and delayed
forms, each requiring an individualized approach to patient moni-
toring and management. A thorough understanding of the mech-
anisms and clinical manifestations of cardiotoxicity, along with
appropriate dose adjustment of agents such as anthracyclines,
fluorouracil, taxanes, monoclonal antibodies, and tyrosine kinase
inhibitors, is critical for timely detection and minimization of car-
diovascular complications [1, 2].

In recent years, an increasing number of reports have de-
scribed the development of inotropic and diastolic dysfunction,
including acute myocarditis and fatal heart failure, in patients
with cancer receiving immune checkpoint inhibitors. These com-
plications may occur early during treatment and frequently fol-
low a fulminant course, highlighting the need for continuous car-
diological monitoring [3, 4].

Patients receiving ibrutinib for chronic lymphocytic leu-
kemia, mantle cell lymphoma, or Waldenstrom macroglobulin-
emia constitute a particularly high-risk group. During the first six
months of treatment, atrial fibrillation has been reported in 12%
of patients, severe atrioventricular block in 1%, and high-grade
supraventricular tachycardia in a similar proportion; isolated cas-
es of extrasystoles have also been described [5]. Prevention and
treatment follow current recommendations for anticoagulant
therapy and rhythm management [6].

In 2016, the European Society of Cardiology published
practical recommendations for preventing and managing cardio-
toxicity associated with chemoradiotherapy. Prevention of com-
plications related to anthracycline antibiotics is based primarily
on strict control of cumulative dose and infusion regimen. The
incidence of cardiomyopathy correlates with the total cumulative
dose of doxorubicin [7].

The intersection of oncology and cardiovascular medicine
has given rise to a new interdisciplinary field, cardio-oncology.
The introduction of modern anticancer therapies has substantial-
ly improved patient survival; however, it has also been accompa-
nied by an increase in cardiovascular complications. Continuous
monitoring of patients with cancer has revealed numerous cases
of treatment-related cardiotoxicity, including clinically apparent
myocarditis associated with immune checkpoint inhibitor therapy
and left ventricular dysfunction followed by arrhythmias and im-
paired cardiac pump function [8].

According to data from the U.S. National Cancer Institute,
patients receiving ibrutinib have experienced ventricular arrhyth-
mias, ventricular tachycardia, ventricular fibrillation, manifesta-
tions of heart failure, and cases of sudden cardiac death [9]. In
a retrospective analysis of 95 patients with cancer who had im-
planted cardioverter-defibrillators, anthracycline-associated car-
diomyopathy was identified in 23 patients; this was followed by
atrial fibrillation in 73.9% of cases, sustained ventricular tachycar-
dia in 56.6%, and ventricular fibrillation in 30.4% [10]. For doxoru-
bicin, a direct relationship between cumulative dose and cardio-
myopathy risk has been demonstrated: at a cumulative dose of
550 mg/m?, the risk is approximately 7%, whereas at 1,000 mg/
m? it increases to 50% [1]. With increasing numbers of long-term
cancer survivors and longer follow-up periods, delayed conse-
quences of anthracycline therapy have become increasingly ap-
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onaTum: Mpu CyMmapHoi fo3e 550 mr/m? puck coctasnset 7%, a npw
noctvkeHun 1000 mr/m? — yske 50% [1]. C yBenmyeHnem ymcna Bbl-
JKMBLUMX U NPOAONKUTENBHOCTU HabNoAEHMS BbIABNEHbI OTAANEH-
Hble NOCNEACTBUA aHTPALMKAMHOBOM Tepanuu — paHHUE CMEpPTH,
BTOPUYHbIE OMYXO/MN, XPOHUYECKME AUCOYHKLMM cepaua U NErkux;
3HaUYMMbIM BKNAA B OTZANEHHYH KApAMOTOKCMYHOCTb BHOCUT U Ny-
yeas Tepanus [11].

MOHWTOPUHT KapAManbHOrO CTaTyca OHKOMALMEHTOB BKIHOYAET
CTaHAAPTHble METOAbl: INEKTPOKapAnorpaduio, axokapamorpadmtio,
onpeaeneHne cepaevHblx OGMOMApPKEPOB, MarHWTHO-PE30HAHCHYHO
(MPT) 1 komnbtoTepHyto Tomorpaduto (KT) cepaua [12, 13]. Nonyns-
LIMOHHbIEe MCCNeA0BaHNsA NOKa3bIBAIOT, YTO Y TPETU HONbHbLIX XPOHM-
YecKUM NMMPONENKO30M K MOMEHTY BepudUKaLMK anarHosa otme-
YaeTCA BbICOKMI YPOBEHb CEPAEYHO-COCYAUCTOM NAaTONAOTMK, A Noc/e
XMMMOTEPANUKU YacToTa TaKMX OCNOMKHEHMI MPOAONKAET OCTaBaATLCA
noBbileHHOW [14]. Y naumeHToB ¢ AIMMGOMON XOL4KKMHA, NpOoeyeH-
HbIX B Te4eHue nAaTu neT, y 3,5% pa3snBanacb yMepeHHan uam TAXKE-
Nas cepzieyHan HefoCTaTouHoCTb [15].

Kpome aHTPaLMKAMHOB, KapAMOTOKCUYHbI afKUAMpYyloLwme
areHTbl (umKknodochamma, ndochammna, UMCNNATUH, KAPMYCTUH, By-
cynbdaH, XN0PMETUH-MUTOMULMH) U MHOTOUMCIEHHbIE Apyr1e Lu-
TOpesyKTUBHble CPeACTBA — MaK/AWTaKCeN, 3TONO3WA, TEHUMNO3WA,
BUHKanomapl, GTopypaumn, KaneuutabuH, uuTapabuH, KnaapubuH,
acnaparuHasa, TpeTMHOMH [16, 17]. MaumeHTbl ¢ NpesLecTBYOLWMMM
CepAeYHO-CoCyanNCTbIMM 3a60N1eBaHMAMM, NOYYAOLLME HEMNpepbIB-
Hble MHOY3MK 5-dTopypaLmna, OKasbiBatOTCA B Fpynmne NoBbILEHHOTO
PUCKa KapAamabHbIX 0CN0KHeHMi [18]. B nocneaHue roabl U3yyaetcs
3 deKTUBHOCTb AUTOKCMHA B Ka4ecTBe NPOTMBOOMYXOEBOTO areHTa
KaK B MOHOTEPaNuK, TaK 1 B COYETaHWUM C Xumuonpenapatamm [19].

PeecTtp PROSPERO v knnHuyeckune 6asbl PubMed, Embase, Web
of Science u Cochrane Library onucbiBatoT uccnefoBaHus apTepuans-
HOW TMNepTeH3UW, UHAYLMPOBAHHON MHIMBUTOPAMM TUPO3MHKMHA-
3bl, KOTOPAA MOMKET CNYKNUTb MPOrHOCTUYECKMM MAPKEPOM Yy BONbHBIX
MOYEYHO-KNETOYHbIM PAKOM, MOMYYAOWMX CYOTUHME MM nasona-
HMO [20, 21]. KNMHMYECKMe MCnbITaHUA MOKa3aau, YT0 MHIMBUTOPbI
VEGF-peLenTopa BbI3bIBAOT apTepuasbHY0 TMNEepPTEH3NUIO MOYTU Y
70% naumeHToB, a uMknodochamuz cnocobCTByeT IHAOTENNANBHOM
ANCOYHKLMM U HEPPOTOKCUYHOCTU. AHTUIMNEPTEH3UBHAA Tepanua ¢
6/10Ka0 PEeHUH-aHIMOTEH3UH-abA0CTEPOHOBOM CUCTEMbI MOXKET
0NOCPes0BaHHO BUATL Ha SHAOTENNI cocyaoB [22-24].

B pebtote octporo aumdobnactHoro neikosa (ON11) dukcmpy-
0T SHA,0TENNANBHYIO ANCOYHKLMIO M aKTUBALMIO BHYTPUCOCYAUCTOTO
cBépTbiBaHMA [25]. C 2016 r. ny6aMKYOTCA COODLLEHNSA O CyYasnX ayTo-
MMMYHHOO MMOKapauTa Ha doHe Tepanum UKTU, npenmyLectBeHHO
B BUAE PETPOCMEKTUBHBIX M HAbAOAATENbHbIX MCCNef0BaHWIA [26, 27].
MccnefoBaHnA NaLMEHTOB, CTPALAOLLMX PAKOM C AETCTBA, HE BbIABU-
21 3HAYUMBIX MOIOBbIX PA3/IMUNIA B KapAManbHOW PEMOAENNPYIOLLEN
cnocobHOCTH cnycTa roabl HaboaeHus [28].

CoBpemeHHble MeTOAbl IeYEHMs CepAEYHOM HEeA0CTaTOYHOCTU
Ha GOHe NOAMXMMMOTEPANUMN CONPOBOXKAAIOTCA PA3BUTUEM KapAMo-
muonatun B 2-3% cnyyaes [29]. OAHOBPEMEHHOE TeYeHne OCTPOro
KOPOHapPHOrO CMHAPOMA M aKTUBHOIO 3/10Ka4ecTBeHHOro HOBOObpa-
30BaHNSA CO343ET CepbésHble KAMHMYECKMe Npobiembl: coyeTaHue
KapAMOTOKCUYECKOrO AENCTBMA MPOTUBOOMNYXO/NEBLIX MNpenapaTos
M reMOoAMHAMUYECKON HeCcTabuIbHOCTU CYLLECTBEHHO 3aTpyAHAeT
BefleHVe TakuX BO0/IbHbIX, MOCKONbKY CTaHAAPTHbIE CXeMbl PEBACKY-
NAPU3aLMM U aHTUTPOMBOTMYECKOIN TEPANUM CONPSKEHBI Y HUX C MO-
BbILIEHHbIM PUCKOM FeMOpPParnyecknx OCNOKHeHW. KombBuHmpo-
BaHHOE MPOTUBOOMNYXO/IEBOE SIe4eHME CNOCOOHO KaK NPOBOLMPOBATL
paHHKe NPoABNEeHUs CcepaeYHor AUCOYHKLMM, Tak U 0byCIoBAMBaTDL
OTAANEHHbIE CEpAEUYHO-COCYAMNCTbIE NocneacTaums [29, 30].
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parent, including premature mortality, secondary malignancies,
and chronic cardiac and pulmonary dysfunction. Radiotherapy
also contributes substantially to long-term cardiotoxicity [11].

Monitoring of cardiovascular status in patients with cancer
includes standard diagnostic methods such as electrocardiog-
raphy, echocardiography, measurement of cardiac biomarkers,
cardiac magnetic resonance imaging (MRI), and computed to-
mography (CT) [12, 13]. Population-based studies indicate that
approximately one-third of patients with chronic lymphocytic leu-
kemia have a substantial burden of cardiovascular disease at the
time of diagnosis, and the incidence of cardiovascular complica-
tions remains elevated after chemotherapy [14]. Among patients
with Hodgkin lymphoma followed for five years after treatment,
3.5% developed moderate or severe heart failure [15].

In addition to anthracyclines, several alkylating agents are
cardiotoxic, including cyclophosphamide, ifosfamide, cisplatin,
carmustine, busulfan, mechlorethamine, and mitomycin, as well
as numerous other cytoreductive agents, such as paclitaxel,
etoposide, teniposide, vinca alkaloids, fluorouracil, capecitabine,
cytarabine, cladribine, asparaginase, and tretinoin [16, 17]. Pa-
tients with pre-existing cardiovascular disease who receive con-
tinuous infusions of 5-fluorouracil are at increased risk of cardiac
complications [18]. In recent years, researchers have also inves-
tigated the potential efficacy of digoxin as an anticancer agent,
both as monotherapy and in combination with chemotherapeutic
agents [19].

Studies registered in PROSPERO and reported in the
PubMed, Embase, Web of Science, and Cochrane Library data-
bases have addressed tyrosine kinase inhibitor-induced arterial
hypertension, which may serve as a prognostic marker in pa-
tients with renal cell carcinoma receiving sunitinib or pazopanib
[20, 21]. Clinical studies have shown that VEGF receptor inhibi-
tors may induce arterial hypertension in nearly 70% of patients,
whereas cyclophosphamide contributes to endothelial dysfunc-
tion and nephrotoxicity. Antihypertensive therapy that blocks the
renin—angiotensin—aldosterone system may indirectly modulate
vascular endothelial function [22-24].

At the onset of acute lymphoblastic leukemia (ALL), endo-
thelial dysfunction and activation of intravascular coagulation
have been reported [25]. Since 2016, cases of autoimmune myo-
carditis associated with immune checkpoint inhibitor therapy
have been increasingly described, predominantly in retrospective
and observational studies [26, 27]. Studies of survivors of child-
hood cancer have not demonstrated significant sex-related dif-
ferences in cardiac remodeling capacity after long-term follow-up
[28].

Modern treatment strategies for heart failure developing
during polychemotherapy are associated with cardiomyopathy in
2-3% of cases [29]. The coexistence of acute coronary syndrome
and active malignancy poses substantial clinical challenges. The
combined effects of anticancer drug-related cardiotoxicity and
hemodynamic instability complicate patient management con-
siderably, as standard approaches to revascularization and anti-
thrombotic therapy are associated with an increased risk of hem-
orrhagic complications in this population. Combined anticancer
treatment may both precipitate early manifestations of cardiac
dysfunction and contribute to delayed cardiovascular complica-
tions [29, 30].

Management of patients with concomitant acute coronary
syndrome (ACS) and acute leukemia is complicated by throm-
bocytopenia, platelet dysfunction, and systemic coagulopathy,
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BeseHue 60nbHbIX € codeTaHnem OKC M ocTpbix neiiko3oB oc-
NOXKHAETCA TpomboLMTONEHWEN, ANChYHKLMEN TPOMOOLMTOB U Ccu-
CTEMHOI Koary/sionaTuei, YTo NOBbILIAET PUCK KaK KPOBOTEUYEHHMM, TaK
1 TPOM6030B, @ Ha3HAYeHWE aHTUTPOMOOLMTAPHbIX CPEACTB MOXKET
6bITb haTanbHbIM [30].

Nelkemnueckasa MHOUABTPALMA MUOKapAa NPU MOCMEPTHbIX
BCKPbITUAX BCTpeyaeTcs B 30-44% cnyyaes U OcTaérea beccumntom-
HoW y 99% naumeHTOB; YacToTa UHGUALTPALMK Bbille NPU OCTPOM
muenobnactHom neitkose (OM), uem npu ON/1 [31]. OnucaH cayyait
BbICTPOro pPasBUTUA M 0BPATHOTO Pa3pELLEHWA O4aroBOK TMNEPTPO-
bvKn neBoro KenyLouKa U CUCTONMYECKON AUCOYHKLMU, BbI3BAHHbIX
nHdunsTpaumen npu O/ [32].

PaspabatbiBatoTca HoBble CTPATErMK NPOGUNAKTUKI BHE3AMNHOM
cepAeyHoii cmepTv y 60NbHBIX OCTPbIM /IeiKo30M. Tak, Npu aebtoTte
O/1/1 HepeAKo BbISBAAIOT TAMKENYHO ULLEMUIO MMOKapAa Ha GoHe aHe-
MWW U CHUKEHWA OKCUIeHaLyK, YTO Ha BCKPbITUM MOATBEPXKAAETCA
OCTPbIM TPAHCMYPabHBIM MHPAPKTOM 3aZHEN CTEHKM NIEBOTO XKeny-
[l0YKa M ULWEMWYECKON BONe3HbIO cepALa, OCNOKHEHHBIMM OCTPOI
cepaeyHoM HeaoCcTaTodHOCTLIO [33]. OueHKa haKkTopoB cepaeyHo-co-
CYAMCTOrO pUCKa y 601bHbIX OJ1/1 10 M NOCAEe NOAMXMMUOTEPANUM MO-
Ka3bIBAET, YTO OAHANAbI BO3HUKLILAA AMCHYHKLMA cepALa YacTo ocTa-
&7cA HeobpaTMMOW, a CepfiedHOe PeMOAEMPOBaHME Pa3BMBAETCA
[axe y MonofblX NaLueHToB 6e3 cXxoaHbIX GaKTOPOB pUCKa. PaHHAs
[MarHOCTVKa KapAVOTOKCUYHOCTH CNIOCOBCTBYET yYULLEHUIO Tepanum
N CHUXKEHMIO CMEePTHOCTY Npu nelikemum [34].

Mpodwnnb TokeyHoCTY No npoTokony ALLIC-BFM 2002, npoaHa-
NIM3UPOBAHHbIN MO YacToTe No6oYHbIX addekToB IlI-IV cTeneHen, npu-
3HaH NpUemaeMbIM A9 MPOBEAEHWA MOMHOMO 06bEMa ConpoBoay-
Te/IbHOW Tepanuu: OTMEYEHHble OC/IOKHEHWA BblIM 06paTUMbI U He
NPUBOAMAN K HEObpaTUMbIM nocneacTsnam [35].

CeppaeyHo-cocyamncTble 3a601€BaHMA U 3/10Ka4eCTBEHHbIE HOBO-
06pa30BaHMA OCTAOTCA BEAYLLIMMM NPUYMHAMM CMepTHOCTY B EBpone
1 CLLA, yto 0bycnaBnnBaeT bypHoe pa3BuUTUE KAaPAMOOHKONOTMM, KaK
MEXAVCLUMNAVHAPHOTO HanpasaeHna. ONTUMM3aLMA MyNbTUMOLANb-
HbIX METOA0B BU3yann3aLMn Heobxoanma ans paHHeN AMarHOCTUKU
nopa)KeHnsa cepaua U CBOEBPEMEHHOr0 HasHauyeHWA 3PEeKTUBHBIX
TepaneBTUYECKMX MeponpuaThii [36].

Accoupaumny mexay COMaTMYecKMMM MyTaLMAMMK Y NaLueHToB
¢ OMJ1 1 pUCKOM CepaeYHO-COCYANCTbIX OCOKHEHMIN NPOAO/KALT
aKTMBHO WCCNef0BaTbCA, AEMOHCTPUPYA TeHOTUN-GeHOTUNYECcKne
Koppensaummn [37]. Y 60/1bHbIX C OCTPbIMM NEMKO3aMKU COOTHOLLEHME
B1aCTHbIX KNETOK NONOKUTENBHO KOPPENMPOBAO C MapKEPamMm MUO-
KapZ1anbHOro NoBpPeXAeHUs (TPOMOHMH, TaKTaTAerMApPOoreHasa, Kpe-
aTMHbOCcdOKMHA3a) elé [0 Havyana XMMMOTEPanuu, YTO CBUAETENb-
CTBYET O CYOK/IMHUYECKOM MOPANKEHUM MUOKapaa Ha LOKIMHUYECKON
cTaamu 3abonesaHus [38].

3dPeKTUBHOCTL LWKanbl XopaHa B MPOrHO3UPOBAHUM BEHO3-
HO-TPOMB03IMBONNYECKMX OCNOKHEHUIA Y amMBYaTOPHbBIX OHKO/IOTW-
UECKUX NaLMEHTOB NOATBEPKAEHA B HECKO/IbKMX KOTOPTHbIX UCCeA0-
BaHusax [39].

Kuncny Hanbonee 3HaYMMbIX NO3LHUX OC/IONKHEHUIA Tly4eBOM Te-
panun OTHOCAT KNanaHHbIe MOPOKK: y BO/IbHBIX IMMOOMOI XOAKKM-
Ha, NPOLUEALNX XMMUONYYeBOe fieveHue, B 49,3% cnyyaes BblABIEHA
NaToNorUA KNanaHoB, NPeVMYLLECTBEHHO MUTPa/IbHAA peryprutauma
(46,5%), aopTanbHas peryprutauus otmedeHa B 11,3%, a cTeHo3 aop-
TanbHOro KnanaHa — B 4,2% [40]. KnnHuyeckme npossaeHus y4eBoi
6onesHn cepaLa pasHoobpasHbl U NPOrpeccupytoLLre, YTo AMKTYeT
HeobXoAMMOCTb A/IMTENBbHOTO AMHAMMYeCKoro HabatoaeHUA 3a nauy-
€HTaMW noc/ie TopaKkanbHoro obyydexus [41].

Cpeayn TapreTHbIX NPenapaToB Yy MALMEHTOB C XPOHUYECKUM
MWeNonaHbIM NeMKO30M, NONYYaBLUMX A3a3aTUHUO, ONUCAHbI CyYau

which increase the risks of both bleeding and thrombosis. At
the same time, antiplatelet therapy may be associated with
life-threatening complications [30].

Leukemic infiltration of the myocardium is detected in 30-
44% of cases at autopsy and remains clinically silent in 99% of
patients; it is more frequent in acute myeloid leukemia (AML)
than in ALL [31]. A case of rapid development and subsequent
resolution of focal left ventricular hypertrophy and systolic dys-
function caused by leukemic infiltration in ALL has also been de-
scribed [32].

New strategies are being developed to prevent sudden car-
diac death in patients with acute leukemia. At the onset of ALL,
severe myocardial ischemia may occur in the setting of anemia
and impaired oxygenation; autopsy findings may reveal acute
transmural myocardial infarction of the posterior wall of the left
ventricle and coronary artery disease complicated by acute heart
failure [33]. Assessment of cardiovascular risk factors in patients
with ALL before and after polychemotherapy indicates that once
cardiac dysfunction develops, it often remains irreversible. In con-
trast, cardiac remodeling may occur even in young patients with-
out baseline cardiovascular risk factors. Early diagnosis of cardio-
toxicity may improve treatment outcomes and reduce mortality
in patients with leukemia [34].

The toxicity profile of the ALLIC-BFM 2002 protocol, as-
sessed according to the incidence of grade Ill-IV adverse events,
was considered acceptable when appropriate supportive care
was provided. The observed complications were reversible and
did not result in permanent sequelae [35].

Cardiovascular diseases and malignant neoplasms remain
among the leading causes of death in Europe and the United
States, contributing to the rapid development of cardio-oncology
as an interdisciplinary field. Optimizing multimodality imaging is
essential for early detection of cardiac injury and timely initiation
of effective therapeutic interventions [36].

Associations between somatic mutations in patients with
AML and the risk of cardiovascular complications remain under
active investigation, revealing genotype-phenotype correlations
[37]. In patients with acute leukemia, the proportion of blast
cells was positively correlated with markers of myocardial injury,
including troponin, lactate dehydrogenase, and creatine kinase,
even before chemotherapy initiation, suggesting subclinical myo-
cardial involvement before treatment [38].

Several cohort studies have confirmed the effectiveness of
the Khorana risk score for predicting venous thromboembolic
complications in ambulatory patients with cancer [39].

Valvular heart disease is among the most clinically signifi-
cant late complications of radiotherapy. In patients with Hodgkin
lymphoma who underwent chemoradiotherapy, valvular abnor-
malities were detected in 49.3% of cases, most commonly mitral
regurgitation (46.5%); aortic regurgitation was reported in 11.3%
and aortic stenosis in 4.2% [40]. The clinical manifestations of ra-
diation-induced heart disease are diverse and progressive, under-
scoring the need for long-term follow-up of patients after thorac-
icirradiation [41].

Among targeted therapies, cases of precapillary pulmonary
arterial hypertension have been reported in patients with chron-
ic myeloid leukemia receiving dasatinib, suggesting a direct and
specific effect of the drug on the pulmonary vasculature [42].

Patients who have undergone thoracic radiotherapy are at
increased risk of aortic stenosis and require careful selection of
the optimal approach to valve replacement [43].
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NpPeKanuANAPHOI NEroYHOM apTePUAaNbHOMN MIMNEPTEH3MM, YTO YKa3bl-
BaeT Ha NpAMoe cneumduryeckoe Bo3aeincTene npenapaTa Ha Néroy-
Hble cocyapl [42].

MauueHTbl, NepeHécLune y4eByO Tepanuio rPyaHON KAEeTKK,
OTHOCATCA K rpynne BbICOKOrO pUCKa a0pTa/lbHOro CTEHO3a U TpebyroT
TLATENbHOTO BbIOOPa MeToAa 3aMeHbl KnanaHa [43].

Mpy XPOHUYECKMX MUENONPONNDEPATUBHBIX 3aboNeBaHMAX —
XM/1, UICTUHHOW NOANLMTEMMUM U UAMONATUYECKOM MUenopmbpose —
B pe3ynbTaTe NPOrpeccpoBaHMs OMyXoNeBoro NpoLecca OTMeYaeTcs
NOBbILWEHNE AABNEHWA B NETOYHOM apTEPUM U HapacTaHWe ANCHYHK-
LMK KaK NpaBoro, Tak 1 IEBOTO KeNyA04KOB; Hanbosee BbiparKeHHble
n3meHeHusa Habaogatotca y 6onbHbIX XMJT n UM® B pase bracTHoro
Kpusuca [44].

B nocnepHee Bpema pacTéT MHTEPEC K KapAMOpPecnMpaTopHbIM
CTpaTerMsam B Hayasie JIeYeHUs paKka MONIOYHOM Kenesbl C LEeNbio
CHW)XEHMA PUCKA CEPAEYHO-COCYANCTbIX CobbITUI [45]. /lydeBas Te-
panus Npu pake MOJIOYHOW Kenesbl yABanuBaeT 4ONTOCPOUHbIN PUCK
CepAeYHO-COCYANCTON NaTONOMMM U CMEPTHOCTM: CMYCTA AeCATb NeT
nocne 061y4eHMs y 60NbWMHCTBA NALLMEHTOK BbIABAAIOTCA PaanaLim-
OHHO-WMHAYLMPOBaHHbIE U3MEHEHNA cepaua [46].

XvmMmmnoTepanus, BKIKOYatOLWan aHTPALMKANHBI (GOKCOPYOULLMH),
TaKcaHbl ¥ TPacTy3ymab, BefET K CHUXeHWIo GpaKumm Bbibpoca ne-
BOTO *Ke/y04Ka, 0COBEHHO B CENTabHOM U NepeaHeM CEerMeHTax, a
CMEKTP PaMaLMOHHO-MHAYLIMPOBAHHBIX MOPAXKEHWI cepaLa OXBaTbl-
BaeT NepuKapauT U KapanomuonaTuio [47]. KoHuenuus Kapamo-oHKo-
JIoTMYecKor peabunutauum npesycmaTpuBaeT MHTerpaumio dusmnde-
CKMX yNpasKHEHWI M KapAMONOTr1YecKov peabuamntaLmm B nporpammy
OHKO/IOTUYECKOTO NIeYEHUA ANA YMEHbLUEHUA CEPAEYHO-COCYAMCTbIX
PUCKOB ¥ BOCCTAaHOBNEHMA GYHKLMM CEPALA Y BbIXKMBLUMX NALMEHTOB
(48, 49].

CBoeBpemeHHas npodunakTKa u nedeHme aucdyHKLMM NeBo-
O JKenygouka U cepAeyqHor HeloCTaTOYHOCTM, acCOLMUPOBAHHBIX C
NPOTMBOOMNYXONEBOW TEPANMEN, OCTAOTCA KNHOUEBLIM HaNpaBaeHUEM
KapAMOOHKONOTMU: paHHee Ha3sHAaYeHWe KapanonpOTEKTUBHON Tepa-
NN ¥ AMHAMUYecKoe HabogeHne No3BONAKT CHU3WUTb YacTOTy He-
06paTMMOro nopaKeHns MMOKapAa U COXPaHUTb BO3MOXKHOCTb Mpo-
[ONKEHMA NONHOLLEHHOTO NPOTMBOOMYX0NEBOro eyeHns [50].

3AKNIOMEHUE

MpoTnBOONYXONEBaA XMMMOTEPANMA 3aMETHO Y/yyLIMAa Mpo-
THO3 OHKONMOTMYECKUX BO/bHBIX, OAHAKO HEPEeKO COMpPOBOXKAAETCA
pasBUTUEM CEPLEYHO-COCYAUCTBIX OCNONKHEHUN, 06bEANHAEMbIX
noA4, TEPMUHOM «KaPAMOTOKCUYHOCTbY. ITU HeKenartesbHble dpdek-
Tbl MOTYT NPOAB/ATLCA B BUAE OCTPOMN UAWM OTCPOYEHHOW CEPAEYHON
HEZOCTaTOYHOCTU W TPEBYIOT KOPPEKLMM MK Aaxke NPUOCTAHOBKM
MPOTUBOOMNYXO/IEBOTO JIEYEHWS, YTO YPEBATO CHUKEHUEM ero 3hdek-
TUBHOCTU. KapAMOTOKCMYHOCTb OKa3blBAET CYLLECTBEHHOE B/MAHME
Ha KauyecTBO KM3HW W BbIKMBAEMOCTb MaLMEHTOB U OnpesenseTcs
TakMMM GaKTOPAMM, KaK KIacc U KyMyaaTUBHAA 4033 XMMUONpenapa-
Ta, PEXKMUM U SINTENBHOCTb €10 BBEAEHUS, @ TaKKe UHAMBUAYaIbHasA
npeApacnonoXKeHHOCTb 6oabHOro. CresyeT NogYepKHYTb, YTO B pase
C/ly4aeB HapyweHus GyHKUMM MUOKapaa obpaTuMbl NOC/Ae OTMEHbI
Tepanuu, Toraa Kak npu HeobpaTUMbIX MOBPEKAEHUAX NMPOUCXOANUT
rmbenb KapAMOMMOLMTOB € GOPMUPOBAHUEM AONTOBPEMEHHO AMC-
byHKUMK cepaLa.

In chronic myeloproliferative neoplasms, including chronic
myeloid leukemia, polycythemia vera, and idiopathic myelofibro-
sis, disease progression may be accompanied by increased pul-
monary artery pressure and worsening right and left ventricular
dysfunction. The most pronounced abnormalities are observed
in patients with chronic myeloid leukemia and idiopathic myelofi-
brosis during blast crisis [44].

In recent years, growing attention has been paid to cardiore-
spiratory strategies initiated early in the treatment of breast can-
cer to reduce the risk of cardiovascular events [45]. Radiothera-
py for breast cancer has been associated with an approximately
twofold increase in the long-term risk of cardiovascular disease
and mortality; ten years after irradiation, radiation-induced car-
diac abnormalities may be detected in a substantial proportion of
patients [46].

Chemotherapy regimens containing anthracyclines, particu-
larly doxorubicin, taxanes, and trastuzumab may reduce left ven-
tricular ejection fraction, with particularly pronounced changes
in the septal and anterior segments. In contrast, the spectrum of
radiation-induced heart disease includes pericarditis and cardio-
myopathy [47]. Cardio-oncology rehabilitation integrates physical
exercise and cardiac rehabilitation into cancer care to reduce car-
diovascular risk and restore cardiac function in cancer survivors
[48, 49].

Timely prevention and treatment of left ventricular dysfunc-
tion and heart failure associated with anticancer therapy remain
key priorities in cardio-oncology. Early initiation of cardioprotec-
tive therapy and regular follow-up may reduce the incidence of
irreversible myocardial injury and help preserve the possibility of
continuing optimal anticancer treatment [50].

CONCLUSION

Anticancer chemotherapy has substantially improved the
prognosis of patients with malignancies; however, it is frequent-
ly accompanied by cardiovascular complications collectively re-
ferred to as cardiotoxicity. These adverse effects may manifest as
acute or delayed heart failure and may require modification or
even temporary discontinuation of anticancer treatment, poten-
tially reducing its effectiveness. Cardiotoxicity significantly affects
patients’ quality of life and survival. Factors such as the class and
cumulative dose of the chemotherapeutic agent, the mode and
duration of administration, and individual patient susceptibility
influence it. In some cases, myocardial dysfunction may be re-
versible after treatment discontinuation. In contrast, irreversible
injury is associated with cardiomyocyte loss and the development
of persistent cardiac dysfunction.
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