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HapyLwieHus puTMa u NpoBOAMMOCTHU CEpALLa
KOK NPOSABAEHUSA KAPAUOTOKCUYHOCTHU
NPOTUBOONYXOAEBOIro A€4€HUs — MUC UAU PEAABHOCTbL?
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AHHOTALMUSA

B HacToAllee Bpemsa OHKOIOrMYeckne 3ab0neBaHUs ABAAIOTCA OAHOM M3 OCHOBHbIX NMPUYMH CMEPTHOCTU. CoBpeMeHHas
NPOTMBOOMNYXO/IEBasA Tepanua Mo3BONAET COXPaHATb M3Hb M COLMANbHYK afanTalMio OHKOJIOTMYECKUX MaLMEHTOB B
TeyeHue MHorux net. OgHAKo NPUMeEHEeHWE NPOTUBOOMYXONEBLIX NMPENapaToB OrPaHNYEHO M3-3a MX NOBOYHbIX, B pAge
C/ly4aeB TAMXKEbIX KapAMOTOKcMUecknx 3ddeKToB, TakMX KaK nwemmudeckan 6onesHb cepgua (MBC), Tokcuueckan Kapamo-
MMOMATUA, XPOHMYECKasA cepaedHas HemsocTaTtodHocTb (XCH), apTepuanbHaa runepteHsusa v ap. HapyweHusa putma u
NPOBOAMMOCTM BCTpPEYaloTcA B cpeaHemM y 16—36% nauMeHToB, NOAyYalOWMX XMMUonpenapatbl, a dubpunnauma npes-
cepauii (®M) aBnaerTcs ogHMM U3 Hambosiee YacTbiX APUTMOTEHHbIX MPOABAEHUIN KAapAUOTOKCUYHOCTU. AHTPALMKANHDI,
ANKUAMPYIOLLME areHTbl U MOHOK/IOHA/IbHbIE aHTUTENA HapYLWatoT paboTy MOHHbIX HACOCOB, CNOCOBCTBYIOT U3OLITOYHOMY
BbIXOAY KaNbLMA U3 CApKOMNIa3MaTUUYECKOrO PETUKYIYMA, USMEHEHMIO NOTEHLMANA AelcTBUS, Bonee BbICTPOMY Pa3BUTUIO
CNOHTAHHOM ANACTONNYECKOM AEN0oNAPM3aLUN U B KOHEYHOM MUTOre NpoBoUMpYLoT pa3sutue P, HekoTtopble xumuonpe-
napaTbl, B YaCTHOCTU aHTPALMKANHbLI, UHTMOUTOPbI TMPO3MHKMHA3 U TMCTOH AealeTunasbl, HapywatoT paboTy KanuesbIxX
KaHanoB, YTO MPMBOAMUT K YBEIMYEHUIO NOTEHLUMANA AEACTBUA U yAANHEHWIO uHTepBana QT. [laHHble O BAUAHUM ApYrUX
KNaccoB XMMMOMPENapaToB Ha NPOBOAALLYO CUCTEMY CEPALLA HEMHOIOYMCAEHHbI U NPOTMBOPEYNBbI. HapyweHna putma
M NPOBOAUMOCTU, BbI3BAaHHbIE XMMMUOTEPANUEN, MOTYT NMPUBECTU K CHUMKEHUIO [,03bl AN OTMEHE MPOTMBOOMYXO/EBbIX
npenapaTos, TPEOYIOT TLLATENIbHOrO MOHUTOPUPOBAHUSA Y COBMECTHOIO NOAX04A Bpayei HECKONbKUX cneumanbHocTeln K
BEA,EHUIO 3TUX NALLUEHTOB.

Kniouesble cnosa: KapAMOTOKCUYHOCTb, GMbpunnauma npeacepauin, CMHAPOM yAMHEHHOro uHTepsana QT, aHTpa-
UMKNWHBI, MOHOK/IOHA/IbHbIE aHTUTENA, MHTMOUTOPbI TUPO3UHKUHAS.

KoHpAnKT nHtepecos: aBTOPbI 33aABNAIOT 06 OTCYTCTBUM KOHPNUKTA MHTEPECOB.

Mpo3payHocTb prHaHCOBOM HWKTO M3 aBTOPOB He MMeeT PUHAHCOBOM 3aMHTEPECOBAHHOCTM B MpPeACTaB/eHHbIX MaTepuanax
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Abstract
Oncologic diseases are currently one of the leading causes of death. Modern anticancer therapy allows preserving life and
social adaptation of cancer patients for many years. However, the use of anticancer drugs is limited due to their adverse and,
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in some cases, severe cardiotoxic effects such as coronary artery disease, toxic cardiomyopathy, chronic heart failure, arterial
hypertension, and others. Heart rhythm and conduction disorders occur, on average, in 16—36% chemotherapy patients and
atrial fibrillation is one of the most common arrhythmogenic manifestations of cardiotoxicity. Anthracyclines, alkylating
agents, and monoclonal antibodies disrupt the ion pumps function, contribute to the excess release of calcium from the
sarcoplasmic reticulum, cause more rapid development of spontaneous diastolic depolarization, and ultimately provoke
the occurrence of atrial fibrillation. Some chemotherapy drugs, in particular, anthracyclines, tyrosine kinase inhibitors, and
histone deacetylases disrupt the functioning of potassium channels, which leads to an increase in the action potential and
prolongation of QT interval. Data on the effects of other classes of chemotherapy drugs on the heart conduction system are
scarce and contradictory. Heart rhythm and conduction disorders caused by chemotherapy can lead to a dose reduction or
discontinuation of anticancer drugs and require careful monitoring and a joint approach by doctors of several specialties in

the management of these patients.
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B HacTosLLee Bpema OHKoAorMyeckue 3abonesaHus as-
NAOTCA 0AHOM U3 OCHOBHbIX NPWUYMH CMEPTHOCTK, yCTynas
NepBeHCTBO NUWb CepAeYHO-COCYANCTbIM 3abosieBaHUAM.
Mpu 3TOM coBpemeHHas MNPOTMBOOMNyXo/ieBas Tepanus,
BK/IIOYAIOLLAA XMMMO-, TAPTETHYIO W IyYeByto Tepanuio, no-
3BONIAET COXPAHATb KM3Hb U COLMANbHYIO aganTaumio OH-
KOJIOTMYECKMM BONbHBIM B TeYEeHUE MHOTUX feT. PaHHAA
AMArHoCTMKa U HoBble, 3GPEKTUBHbIE METOAbl /NeyeHus
MHOTMX BMAOB paKa NPMBENU K CyLeCTBEHHOMY yBenuue-
HMIO YMCNA U3NEYMBLLMXCA OT PaKa IMB0 MUBYLLMX C HUM KaK
€O CTabUNbHBIM XPOHUYECKUM 3aboneBaHnem, 3GPeKTUBHO
KOHTPOAMPYEMBIM ANUTENbHLIM U KOMIMIEKCHBIM MPOTUBO-
onyxonesbim snedeHnem. OpHaKO MPUMEHEHME NPOTMBO-
OMNYyXONEBbIX MPENapaToB OrPaHUYEHO M3-3a UX MOBOYHbIX, B
pAge CNy4aeB TAXKENbIX KAPAMOTOKCUYECKMX 3G deKToB 1 oc-
JIOXKHEHWN, TAaKNX KaK UlLeMmnyeckan bonesHb cepaua (UBC),
CUCTO/IMYECKARA UAWN AMACTONMYECKAA SUCOYHKLMA MUOKap-
[, TOKCMYECcKas KapauMomuonatua, XpoHWYecKas cepaeu-
Haa HegocTaToyHocTb (XCH), apTepuanbHas MW NeroyHan
TMNEPTEH3UA, MHCYNbTbl, MEePUKapaUTbl, NopaxkeHuwe Kna-
NMaHHOro annapata, apuTMUKM, TPOMBO3bI, KPOBOTEUYEHUS,
TpoM603Mb60IMU U Ap., KpaitHe HeEBNAronNpPUATHO BAUAIOLLUX
Ha NPOrHO3 3TMX 6O/bHbIX. MMEHHO NO3TOMY KapAMOTOKCHY-
HOCTb CTana Beaylel npuunHoit 3a6on1esaemocT U cmepT-
HOCTW Y OHKONOTMYECKMX MaLMEeHTOB, NpoLleawnx XMmmno-
TepaneBTMYecKoe neyeHue [1]. B aToit cBA3M B nocnemHue
rogbl KapaMoOOHKOMOIMA BCe Yalle OKasblBAaeTcA B LieHTpe
BHUMaHMA POCCUMCKMX YYEHbBIX U UX MHOCTPAHHbIX KOAJET,
OHAKO MHOrME acneKTbl 3TOM BaXKHOM MeXAWUCUMNANHAP-
HOM Npobaembl 4O HACTOALLErO BPEMEHW OCTAOTCA Mano-
n3ydeHHbIMMK. TaK, Hanpumep, CNeunanmncTbl 4o CUX Nop He
CNocobHbl NpeacKasaTb 4ONTOCPOYHbIE NOCNEACTBUA XMMUO-
TepaneBTMYECKOro NeYeHUs paka U pasBUTME CBA3AHHbLIX C
3TUM J/leYEHMEM BbllENepPeYnUCNeHHbIX CEePAEYHO-COCYAM-
CTbIX OCNOXKHEHWI. PaHHAR AMAarHOCTUKA CepAeYHO-COCYaM-
CTbIX OC/IOXKHEHUIA HepeaKo NPUBOAUT K NPeaoTBPaLLEHNIO

Oncologic diseases are one of the leading causes of
mortality yielding precedence only to the cardiovascular
diseases. Notably, state-of-the-art anticancer therapy
including chemotherapy, targeted therapy, and radiation
treatment allows to saving life of oncologic patients and
theirsocial adaptation for manyyears. The early diagnosis
and new effective methods of treatment for many cancer
types have led to a significant increase in the number of
patients who have been cured of cancer or who are living
with a cancer as a stable chronic condition effectively
controlled with prolonged and integrated anticancer
treatment. However, the use of anticancer drugs is
limited due to their adverse and, in some cases, severe
cardiotoxic effects and associated complications such as
ischemic heart disease, systolic or diastolic myocardial
dysfunction, toxic cardiomyopathy, chronic heart failure
(CHF), essential hypertension, pulmonary hypertension,
stroke, pericarditis, valvular diseases, arrhythmias,
thrombosis, bleeding, and thromboembolism, all of
which are prognostically unfavorable in these patients.
For this very reason, cardiotoxicity became the leading
cause of morbidity and mortality in oncologic patients
who underwent chemotherapy [1]. In this regard,
cardio-oncology is increasingly becoming a focus of
attention for the Russian and international scientists.
However, many aspects of this essential interdisciplinary
problem remain poorly understood to this day.
Indeed, specialists are still unable to predict long-term
consequences of chemotherapy and associated above-
mentioned cardiovascular complications. The early
diagnosis of cardiovascular complications can often
result in the prevention of unfavorable events though
the overdiagnosis may result in the inappropriate
withdrawal of lifesaving treatments to patients.
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pa3BuTUA HebnaronpuATHbIX cObbITUI, @ MHOrAA MX rMnep-
ANarHOCTMKA COMPOBOXAAETCA HEYMECTHbIM NpepbiBaHUEM
KU3HEHHO Ba)XHOTO AN NaUMeHTa JieYeHUA OHKolornye-
cKoro 3aboneBaHuA. Mpn 3TOM, HECMOTPA Ha AOCTUNKEHWE
onpeaeneHHoON ycrnewHoCcTH B yNpaBaeHU PUCKOM Kapamo-
TOKCMYHOCTH, BbI3BAHHOM XMMMONpenapaTamn B npouecce
AKTUBHOTO SIeYEHWA, CTaNI0 OYEBUAHbLIM, YTO HEPEAKO MOTYT
BO3HWKATb U €e OTCPOYEHHbIe NpoaBaeHus [1].

KaK n3BecTHO, XMuMnoTepaneBTUHECKan KapAMOTOKCUY-
HOCTb BKAtOYaeT B ceba HenocpeacTBEHHOE BANAHME NPOTU-
BOOMYXO0/1EBOM TePanun Ha CTPYKTYpY 1 GyHKLMK cepaua, a
TaKXe cnocobCTBYeT YCKOPEHHOMY Pa3BUTUIO UK BbICTpO-
My NPOrpPeccMpoBaHMI0 UMEIOLLMXCA CepaevHO-COCYANCTbIX
3aboneBaHUt Ha poHe TPagMLMOHHbIX paKkTOpoB pucka [2].
HekoTopble xumuonpenapatbl, HANPUMEP aHTPALUKAWHDI,
BbI3bIBAlOT rMbenb KapANOMMOLMTOB, YTO MPUBOAMUT K He-
06paTMOMy MOBPEXAEHUIO MUOKapAa, CTeNeHb KOTOPOro
3aBUCUT OT KYMYNIATUBHOM A03bl IEKAPCTBEHHOTO CPEACTBA.
[pyrve BuAbl XMMUOTEPANUM, B YaCTHOCTU MOHOKIOHA/b-
Hble aHTUTena, MoryT NpUBoOAmUTb K 0bpaTumon AnchyHK-
UMK MUOKapaa, obycnoBNEHHOW MUTOXOHAPUANBbHBIMU U
NPOTEUMHOBbLIMU NOBPEXAEHUAMM, HE 3aBUCALLMMM OT A03bl
npenapaTa [1].

YacTtoTa BOo3HUKHOBeHMA XCH TakKe 3aBMCUT OT BUAa U
CYMMapHOM A03bl xumuonpenapata. Hanpumep, Ha ¢poHe
npuema HU3KUX 03 aHTPALMKINHOB (40KcopybULMHa) auc-
dYyHKLMA neBoro Kenygodka (/1K) passmsaerca anwb B 5%
C/ly4aes, HO Npu yBenudeHnn ao3sbl 4o 700 mr/m? 3toT no-
KasaTenb MoKeT gocturatb 48% [3]. Mo AaHHbIM OTAENbHbIX
nccnefoBaHNUM, UCNOb30BaHME MOHOK/IOHANbHbIX aHTUTEN
(Tpactyaymaba) npuBOAUT K CUCTONUYECKON AUCHYHKLUM
K B 7-34% cnyyaes, npu stom passutme XCH -1V dpyHK-
LMOHaNbHOrO Kfacca BbiAsnseTcs y 4% nauneHTos [4].

B peTpocnekTnsHom mnccnegosaHuun E. Bowles u coasT.
¢ yyactvem 12500 KEHWMH C PaKOM MOJIOYHOM Kenesbl
6bIN10 NOKA3aHO, YTO NPU KOMOBUHMPOBAHHOM Tepanuu aH-
TPaLMKAMHAMM M TpacTy3ymabom yactoTa BO3HUKHOBEHUA
XCH coctaBuna 6,2% yepes rog OT Havyana AevyeHua n BO3-
pactana o 20,1% yepes natb AeT HabaogeHua [5].

Obpatnmoe waM HeobpaTMmoe MOBpPEXAEHME MUO-
Kapaa Ha GoHe XMMMOTEepPanuu MOXKET NPUBECTU K pPa3Bu-
TUIO Y OHKOJIOTMYECKUX MaUMEHTOB HapyLeHU putma M
nposoaumocTu. B uenom aputmmn Boissaaotca y 16—36%
NauueHToB, MOAy4YaloWMX NPOTUBOOMNYXO/IEBOE NeYeHue.
HapkenynoukoBble TaxuKapguu, B YacTHoct ¢ubpun-
nauma npegcepauii (®N), asnsatorcs oaHMm M3 Haubonee
YacTbIX AaPUTMOTEHHbIX MPOABAEHUI KapAMOTOKCUYHOCTM.
MoBpexaeHne MUOKapaa MPUBOAUT K WU3MEHEHWIO ero
371eKTPOdU3NONOTMYECKUX CBOMCTB: HapyweHuto paboTbl
MOHHBIX HAacOCOB, U36bITOYHOMY BbIXOZy Kanbuua (Ca*) us
CapKOMN/Ia3MaTUYECKOTO PETUKYIYMA, U3MEHEHUIO MOTEH-
umnana peictemna, bonee GbICTPOMY Pa3BUTUIO CMOHTaHHOM
AMacTonmyeckon genonapusaumm [6].

Mo AaHHbIM OTAE/bHbIX UCCNeA0BaHUI, aHTPALUKANHDI
BbI3bIBAOT NOBPEXKAEHNE MUTOXOHAPUIA KapAMOMUOLUTOB,
HapyLwasa CUMHTe3 BblCOKO3HepreTuyHbix ¢ocpatos (ATD),
HeobXxoaMMbIX ANA HOPMasbHON paboTbl KaMn-HaTPMEBO-
ro Hacoca v peryasauuu BHyTpukaetoyHoro Ca®*, nposouu-

Besides, it became evident that the manifestation of
cardiotoxicity may be delayed despite some success has
been reached in the risk management of cardiotoxicity
caused by the chemotherapeutic agents in the process
of active treatment [1].

As known, chemotherapeutic cardiotoxicity involves
the direct effects of anticancer therapy on the cardiac
structure and function. It also facilitates the onset
and rapid progression of the existing cardiovascular
diseases in the presence of traditional risk factors
[2]. Some chemotherapeutic agents, for example,
anthracyclines cause cardiomyocyte death resulting in
irreversible myocardial damage with a extent depending
on a cumulative cancer drug dose. Other types of
chemotherapy, in particular, monoclonal antibodies,
may lead to a reversible myocardial dysfunction caused
by a dose-independent mitochondrial and protein
damage [1].

The incidence of CHF also depends on the type and
total dose of a chemotherapeutic agent. For instance,
the left ventricular dysfunction develops only in 5% of
cases when low doses of anthracyclines (doxorubicin) are
used. However, the rate may be as high as 48% when the
dose reaches 700 mg/m? [3]. Data of individual studies
demonstrate that the use of monoclonal antibodies
(trastuzumab) leads to a systolic LV dysfunction only in
7% to 34% of cases and the functional class llI-1V CHF is
observed in 4% of patients [4].

E. Bowles et al. retrospectively studied 12,500
women with breast cancer who received combination
therapy with anthracycline-based chemotherapy and
trastuzumab targeted therapy. The study showed that
the incidence rate of CHF was 6.2% one year after
beginning of treatment and reached 20.1% at five-year
follow-up [5].

Reversible or irreversible myocardial damage
during chemotherapy may lead to the development of
heart rhythm and conduction disorders in oncologic
patients. Overall, arrhythmias are detected in 16%
to 36% of patients receiving anticancer treatment.
Supraventricular  tachycardias, including  atrial
fibrillation (AF), are the most frequent arrhythmogenic
manifestations of cardiotoxicity. Myocardial damage
alters the electrophysiological properties of the
myocardium. It causes the abnormal functioning of
ion pumps, excessive calcium (Ca*) release from the
sarcoplasmic reticulum, change in action potential,
and more rapid development of spontaneous diastolic
depolarization [6].

According to data of individual studies, the anthra-
cyclines cause mitochondrial damage to the cardiomy-
ocytes by interfering with the synthesis of macroergic
phosphates (adenosine triphosphate) necessary for nor-
mal work of the sodium-potassium pump and intracellu-
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pya passuTune ®r1, B cpeaHem y 7% HaxoAAaALMXCA Ha feye-
HUM NaumeHTOoB [7].

Ankunupylowme areHTbl, ocobeHHo uuknopochamma,
TaKXKe OKa3blBalOT LLUTOTOKCUYECKOE AeCTBUE, MOBPEXKAan
TaKMe KNeTOUHbIe CTPYKTYPbl KapAMOMMUOLUTOB, KaK MUTO-
XOHAPWUKN, CAPKOMIA3MATUYECKUIA PETUKYIYM, JIM30COMbI,
HapyLLas perynsuuio BHyTpUKAeTouHoro Ca®t, yckopss npo-
ueccbl anonTtosa n ¢pmbposa. ®I soiasnaetca y 15,5% nayu-
€HTOB, MNO/yYaloLLMX BblleyKa3aHHyo Tepanuio [8].

JaHHble 0 BAMAHUM MHIMBuTopoB HER2 peuentopos
(peuenTop yYenoBeyeckoro anuaepmanbHoro dakTopa po-
cTa 2) Ha puck passutna OMN npoTusopeunssl. B Hebob-
wom mnccneposaHmm R. Martinello 1 coaBT. 6b110 NOKa3aHo,
YTO NpUMeHeHue TpacTyaymaba conpoBOXKAANOCh BbIHYXK-
AEHHbIM NpeKpaLleHnem fe4eHnn B CBA3M ¢ passutmem Pr
y 19% eHLWMH C pakom MOIOYHOW Xenesbl [9]. B apyrux
paboTtax yacToTa BO3HMKHOBeHUA DI Ha poHe npuema 3To-
ro npenapata He npesbiwana 1,2% [10].

B nccneposannm S. Wang v coaBT. 66111 npoaHanunsu-
pOBaHbl NPUYMHbBI PAHHErO MPeKpaLleHMa npuema Tpacry-
3ymaba y 585 JKEHLMH C paKomM MOJIOYHOW Kenesbl, Npu
3Tom 6blJI0 NOKa3aHo, YTo B 7% C/y4aeB sievyeHue Hblio
npepBaHo B CBA3M C pa3sutmem P [11]. BO3MOXKHO, NpOTH-
BOPEYMBOCTb NPUBEAEHHbIX Bbille AaHHbIX Bbi3BaHa 06pa-
TUMbIM BAUAHWEM TpacTydymaba Ha CTPYKTypy M dyHKUMIO
MWOKapa, NOCKO/IbKY U3BECTHO, YTO OCHOBHOMN MeXaHWU3M
TOKCMYECKOro AeWCTBUA 3TOr0 XMMMUOoNpenapaTta CBA3aH C
pa3BUTMEM OKCUAATMBHOIO CTpecca, HapylweHuem OyHK-
LMW BHYTPUKNETOUHBIX CTPYKTYP KapAMOMMOLMTOB U HOCUT
obpaTnmblIii xapaKTep.

HecmoTpA Ha npoBeaeHHble B 3ToM 061acTM MHOroumc-
NIeHHble UCcCNefoBaHWUA, BefeHUe OHKOJIOTMYECKUX Mnaum-
eHToB ¢ PI1, BO3HMKLWEN HA PoHe XxMmuMoTepanum, umeet
onpeaeneHHble TPYAHOCTU. B 3TOM CBA3M CTAaHA4APTHbIN Noa-
X04, BKAtOYatoWMi B cebs yaeprKaHUe CUHYCOBOFO pUTMa,
KOHTPO/1b YaCTOTbl cepAeyHbIX cokpateHuii (YCC) n npodu-
NAaKTUYeCKoe Ha3HayYeHMe aHTUKOArynaHToOB, AONXKEH ObiTb
MHOMBMAYaNM3MpoBaH. Npn 3TOM [O/KEH Y4YUTbIBAaTbCA
BO3PacT NaLMeHTa, ero KNMHUKO-GYHKLMOHANbHOE COCTOA-
HWe, Hannume y Hero GaKTOPOB PUCKA U CEPAEYHO-COCYAM-
CTbIX 3a60N1€eBaHWIA, TOKANN3aALMA U XapaKTep OMNyXonu, BUA,
NPOTUBOOMYXO/IEBOIO SIEHEHUA, PEXUM, A03bl U NPOAOKM-
Te/IbHOCTb BBEAEHMA XMMUoNpenapaTos, UX KOMbMHaumA ¢
APYTMMU KapAMOTOKCUUYHBIMK XMMMUONpenapaTamu u/mnu
coyeTaHue C y4eBoi Tepanuen.

HekoTopble oHKonoOrMyeckne 3aboneBaHunAa KpPoOBWU Bbl-
3bIBaAlOT HapylUeHWe CBePTbIBAEMOCTU WM MOBBIWAKT PUCK
KpOBOTEYEHMA, APYyrue, KaK, Hanpumep pak Nierkoro uau
neyeHun, HaobopoT, yBENNUMBAIOT PUCK Pa3BUTUA TpomboO-
3a [12]. Heobxogmmo npoBegeHWe AanbHEULWNX UCCNeno-
BaHMI ans agantauum wkan CHA2DS2-VASc n HAS-BLED Kk
NCMO/Ib30BaHUIO B AAaHHOW rpynne nauneHToB.

YonuHeHune uHtepsana QT, cBA3aHHOE C NPUEMOM XMU-
MUOMpenapaTos, BO3HWMKaeT B cpegHem y 3-20% nauwu-
eHToB. Hanbonee Bblpa)keHHOe BAUAHWE Ha BHYTPUIKe-
NYO0YKOBYHO MPOBOAMMOCTb OKa3blBAlOT aHTPALMK/MHDI,
WHIMBUTOPbLIMANOMONEKYNAPHBIXTUPO3UHKMHA3S, TMCTOHAea-
uetmnassl [13].

lar Ca?* regulation, thus, provoking AF onset in about 7%
of patients who receive treatment [7].

The alkylating agents, especially cyclophosphamide,
also exert the cytotoxic action damaging the cardiomyo-
cyte structures such as mitochondria, sarcoplasmic re-
ticulum, and lysosomes. This interferes with the intra-
cellular Ca?* regulation and accelerates the processes of
apoptosis and fibrosis. Atrial fibrillation is detected in
15.5% of patients receiving the above-mentioned ther-
apy [8].

Data regarding the effects of human epidermal
growth factor receptor 2 (HER2) inhibitors on the risk
of AF development are controversial. A small study by
R. Martinello et al. showed that the administration of
trastuzumab is associated with a discontinuation of
treatment due to AF development in 19% of women
with breast cancer [9]. Other studies showed that AF in-
cidence during cancer treatment with trastuzumab did
not exceed 1.2% [10].

S. Wang et al. analyzed the reasons for early discon-
tinuation of trastuzumab treatment in 585 women with
breast cancer. The study showed that the treatment was
discontinued in 7% of cases due to AF development [11].
The controversy of data outlined above is possibly due to
the reversible effects of trastuzumab on the myocardial
structure and function. Indeed, the main mechanism of
toxicity of this chemotherapeutic agent is known to be
associated with the development of oxidative stress and
abnormal functioning of the intracellular structures of
the cardiomyocytes and is reversible.

Despite numerous studies in this field, the manage-
ment of oncologic patients with AF, which occurred
during chemotherapy, remains challenging. In this re-
gard, the standard approach involving sinus rhythm
maintenance, heart rate (HR) control, and prophylactic
administration of anticoagulants should be individual-
ized. Patient age, their clinical and functional state, the
presence of cardiovascular risk factors, tumor localiza-
tion and characteristics, anticancer treatment type,
regimen, doses and duration of treatment with chemo-
therapeutic agents, combinations with other cardiotox-
ic drugs, and/or combination with radiation treatment
should be taken into account.

Some blood cancers cause the coagulation abnor-
malities and increase the bleeding risk. Other diseases
such as lung cancer or liver cancer, on the contrary, in-
crease the risk of thrombosis [12]. Further studies are
required to adjust CHA2DS2-VASc and HAS-BLED score
calculations for the use in this group of patients.

A prolongation of the QT interval due to the use of
chemotherapeutic agents occurs in about 3% to 20% of
patients. Anthracyclines, small molecule tyrosine kinase
inhibitors, and histone deacetylases exert the most pro-
nounced effects on intraventricular conductivity.
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B HacToAlee BpemsA BblAENAIOT KOpPUTMPyEMble U He-
Koppurupyemble $akTopbl PUCKa YOJAMHEHUA WHTEpBana
QT Bo Bpemsa xumwuoTepanuu. K Koppurnpyembim ¢akTo-
paM OTHOCATCA 3/IEKTPONIUTHbIE HapyLleHWA, B YacTHO-
ctm runokanvemua (K* < 3,5 mmonb/n), runomarHmemus
(Mg?< 0,7 mmonb/n), runokanbumemus (Ca> < 2,1 mmonb/n),
npuem netneBblX ANYPETUKOB, TMNOTUPEO3, TOWHOTA U Anapes
y naumneHToB. K Hekoppurnpyembim GpakTopam pucKa OTHOCAT-
€A ceMeMHbIN aHaMHe3 CUHAPOMa YaAnMHeHHoro QT, *KeHCKUI
nos, NOXWIOKN BO3PACT, NepPeHECEHHbIW MHAPKT MUOKapAa,
TAXKENO0e HapylweHne GyHKLUM NoYeK U neveHn [2].

B uccneposaHun P. Veronese u coaBT. 6bliM NpoaHa-
JIN3MPOBaHbl U3MeHeHuA nHTepsana QT y 27 naumeHToK ¢
paKoM MOJIOYHON Xenesbl Ha GOoHe Tepanuu aHTPaLUKAM-
Hamu (goKcopybuumnHom), umknodochammaom 1 TakcaHOM
(naknuTakcen). Mpvem HAoOKcopybMLMHA COMPOBOXKAANCA
Hanbonee BbiparkeHHbIM yaanHeHnem QTc (ot 439,7 + 33,2
8o 472,5 + 36,3 mc), paccumtaHHoro no ¢opmyne basetra,
y aesatn (30%) nauMeHTOK oTmeyvanocb yBenuueHue QTc
6onee 500 mc. ABTOpbI MCCIef0BAHUA NPEANONAraoT, YTO
N3MeHEeHWe NPOJONKUTENbHOCTU MHTepBana QTc cBA3aHO
C BIMSIHWMEM NpenapaTta Ha MOHHble (KasneBble) KaHasbl U
YANMHEHMEM noTeHuMana gencteva [14]. AHanornyHbin
MeXaHU3M TOKCMYECKOro AEeWCTBUA XapaKTepeH ANA WHIU-
6UTOPOB MaNOMONEKYNAPHBIX TUPO3UHKUHA3. MeTaaHa-
/M3, BKIOYAOLWNIA pe3ynbTaTbl AeBATU PaHAOMMU3NPOBAH-
HbIX MUCCNenoBaHui ¢ yqactmem 4815 nauumeHTos, NoKasan,
YTO PUCK Pa3BUTUA CUHAPOMA YAJMHEHHOTO MHTepBana QT
Ha ¢oHe Tepanuu BaHAeTaHMbom bbin B 7,9 pasa Bblwwe, a
yanvHeHune QT 6onee 500 mc BCTpeyanoch B 3 pasa valle,
4yem B KOHTpO/bHOW rpynne [15]. MexaHM3M TOKCUYECKOoro
AeNCTBUA MHIMBMTOPOB TMCTOH AeaueTunasbl Ha BHYTPU-
KeNyooYKOBYIO NPOBOAMMOCTb HeudBecTeH. [aHHble uc-
cnefoBaHMIN NOKa3bIBAOT, YTO yAJMHEeHWe uHTepsana QT
pa3susaetca B 10-15% cnyyaes npMmeHeHUA BOPUHOCTATA
nnm 6enrHocTaTa M CyLLLecTBEHHO YMeHbluaeTca (40 5%) npu
MCNoNb30BaHUKM NaHobuHocTaTa [16, 17].

BefeHMe OHKOMOTMYECKUX NMaLMEHTOB C NOBbILEHHbIM
PUCKOM ya/IMHeHUA nHTepBana QT TpebyeT ocoboi ocTo-
porKHOCTU. MoHuTopupoBaHne QITC OCyLlecTBAAETCA A0
Hayana xMmuoTtepanuu, Yyepes 7-15 gHel, oguH mecaL, u
Janee KaxApble TP MecALa B COOTBETCTBUM C KYPCOM Jieve-
HuA. lna 6onee TOYHOM AMArHOCTUKN CUHAPOMA YAJAUHEH-
Horo QT peKomeHAyeTcA Ucnosb3osatb Gopmyny basetta
n dpepepuka npu YCC ot 60 8o 90 ya./MUH, KOPPEKTUPY-
owmi KoadpduumeHT XogxKeca npu Taxmkapamm (YCC 6o-
nee 90 ya./muH). TpM UCXOAHO PaCLUIMPEHHOM KOMIMJIeK-
ce QRS (6nokaga neBoW UAM NpPaBoOl HOXKM My4dka Mca)
MOHO paccymTbiBaTb MOAMGULMPOBaAHHbIN MHTepBan QT,
KOTOPbI ABNAETCA PA3HOCTbIO MEXAY UCXOAHbIM UHTEPBa-
nom 1 48,5% npofonKUTENbHOCTU KenyfovyKoBOro Kom-
naeKkca. 3HayeHne moanduLMpoBaHHOro nHTepeana QT B
JanbHenwem nNoacTaBAAeTcA B ucnonbdyemble Gopmysbl.
Heobxoanmo yunTbiBaTb PUCK PasBUTUA CUHAPOMA YAIM-
HeHHoro QT npu BbIbope XMMMOTEPaNMM Yy NaLMEHTOB C UC-
XOAHOW NPOAO/IKUTENBHOCTbIO MHTEpPBana 6onee 450 mc.
Mpwu ysennyeHun QTc 6onee 500 mc nam 550 mc y naumeH-
TOB C UCXOAHOW 610Ka 40N NPaBOM UM NNEBOI HOXKKM MyyKa

The correctable and uncorrectable risk factors for QT
prolongation during chemotherapy are currently recog-
nized. The correctable factors include the electrolyte dis-
orders, in particular, hypokalemia (K*< 3.5 mmol/L) and
hypocalcaemia (Ca?*< 2.1 mmol/L), the loop diuretic ad-
ministration, hypothyroidism, and diarrhea in patients.
Uncorrectable risk factors include family history of long
QT syndrome, female gender, older age, past myocardial
infarction, and severe diseases of kidneys and liver [2].

P. Veronese et al. analyzed the changes in QT inter-
val in 27 female patients with breast cancer during the
therapy with anthracyclines (doxorubicin), cyclophos-
phamide, and taxane (paclitaxel). The use of doxorubicin
was associated with the most pronounced QTc prolon-
gation (from 439.7 + 33.2 no 472.5 + 36.3 ms) calculat-
ed with the Bazett formula; nine patients (30%) had QTc
increase greater than 500 ms. The authors of study pro-
pose that the change in QTc interval duration is related
to the effects of the drug on the ion channels (potassium
channels) and action potential prolongation [14]. Similar
mechanism of toxicity is characteristic for the small-mol-
ecule tyrosine kinase inhibitors. Meta-analysis studying
the results of nine randomized trials involving 4,815
patients showed that the risk of prolonged QT interval
(greater than 500 ms) was tripled compared with that in
control group [15].

The mechanistic basis of toxic effects of histone
deacetylase inhibitors on the intraventricular conduc-
tion is poorly understood. Data of studies show that the
QT interval prolongation occurs in 10% to 15% of cases
when vorinostat or belinostat is used; the frequency of
this condition significantly decreases (to 5%) in case of
panobinostat administration [16, 17].

Management of oncologic patients with an elevated
risk of QT interval prolongation requires special care.
Monitoring QTc is performed before chemotherapy, 7
to 15 days after beginning of treatment, in one once,
and then quarterly in accordance with the treatment
course. For a more precise diagnosis of long QT syn-
drome, the Bazett and Fridericia QT correction formulas
are recommended to use when HR ranges from 60 to
90 bpm; the Hodges correction should be used in the
presence of tachycardia with HR greater than 90 bpm. If
QRS complex is widened at baseline (left or right bundle
branch block), the modified QT interval may be calcu-
lated as a difference between the baseline QT interval
and 48.5%-duration of ventricular complex. The value
of modified QT interval is further plugged in the rele-
vant formulas. The risk of developing the long QT syn-
drome must be considered while choosing chemother-
apy in patients with the baseline QT duration greater
than 450 ms. The chemotherapy affecting QT interval
must be discontinued if QTc exceeds 500 ms or 550 ms
in patients with preexisting left or right bundle branch
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Mca xMmuoTepanuaA, BAMAIOWAA Ha MPOAOIKUTENBHOCTb
WHTepBana, JOMKHA 6bITb OTMEHeHa. Y naumneHToB, Haxo-
OAWMXCA HA XMMWOTEPANnUWU, PEKOMEHAYETCA CHUMXKeHue
[403bl NpenapaTa npu yaanHeHmum QTc Ha 60 mc n 6onee no
CPaBHEHMIO C €r0 UCXOAHOM NPOAONKUTENBHOCTLIO. TakKe
pekomeHAyeTCA CBOEBPEMEHHO BbIABNAATb 3NEKTPOAUT-
Hble HapyweHua 1 nsberatb B3aMMOAENCTBMA C APYrMMU
npenapatamu, ygamHaowmmmn QT, B YaCTHOCTU aHTMAPUT-
MWUKaMK, GTOPXMHONOHAMMU, HEKOTOPbLIMM aHTugenpec-
caHTamu [18].

[aHHble 0 YacToTe BOSHUKHOBEHMUA }KU3HEYTPOXKAOLWMNX
YKENYA0UYKOBbIX TaXMKApAUMN Ha GOoHe YAMHEHHOMO UHTEp-
Bana QT y 60/bHbIX, MOAYYAKOWMUX NPOTUBOOMYXONEBOE
neyeHue, HemHoroumncneHHbl. K daktopam pucka passu-
TUA KeNYAO0YKOBOW TaxMKapgMu OTHOCATCA Haauuyme y Ma-
UMEHTa CTPYKTYPHbIX WAW KNanaHHbIX 3aboneBaHui cepa-
ua, ocobeHHO nepeHeceHHOro MHbApPKTa MUOKapaa uau
XCH, Hannuve 31eKTPONUTHbBIX HApPyLWeEHWUN, TMNOTUPEOD3a,
NMOBPEXKAEHMA MOYEK WAN NEYEHW, KeHCKun non [19]. B
Hebonbwom nccnegosaHnmn M. Fradley n coasrt. 6bi1m npo-
aHaNM3MpPOBaHbl AaHHble 27 MAUMEHTOB C TOKCMYECKOM
KapAMomuonaTmen, BbI3BaHHON XMmMOTepanuen, Kapgmo-
MUoMNaTUEN ULIEMMUYECKOTO M HEULLEMUYECKOTO reHesa. Y
60/1bHbIX TOKCMYECKOM KapanomuonaTuei 6bin AnarHoctm-
pPOBaH pPak MONOYHOM *Kenesbl Uan 3aboseBaHMA KPOBW,
60/1bLUIMHCTBO U3 HUX HAXOAUANCH HA IHEHUWN aHTPALLUKAN-
Hamu 1 umknodpochammnagom. Kputepmamm BKAOYEHNSA TaK-
e ABNANOCh Hanuyme y NauneHToB paHee YCTaHOBNEHHOO
KapavosepTepa-aedmnbpunnatopa W NOATBEPKAEHHOTO
npu axokapauorpadumm cHuxkeHua dpakumm Bbibpoca JIXK
< 35%. MNepwoa HabntogeHUA coCTaBUA OKOJIO LIECTU NeT.
Mo AaHHbIM UCCNefOBaHWUA, HEYCTOMYMBAA KenyaoyKoBas
TaxvMKapguma BO3HWKaNA y 44% nauMeHTOB C TOKCMYECKOM
KapauomuonaTvei, 4TO HEeCKO/IbKO MpeBbIWaso 4acToTy
BbISB/IEHUSA apPUTMUM Y NALMEHTOB C AWMNATALMUOHHON (He-
nwemudyeckon) Kapamomwuonatuein (30%), Ho ycTynano
OaHHbIM B Tpynne KapAuMoMMonaTuM ULLEMUYECKOWN MNpu-
poabl (76%). ABTopbl MccnegoBaHWA MpeanonaratloT, YTo
NpoapuUTMOreHHoe AeWCTBUE aHTPALMKAMHOB CBA3AHO C
HapyweHvem paboTbl KanbLUMEBbIX KaHaNoB, U3MEHeHU-
emM noTeHuMana AencTBuA U U3BbITOYHBbIM HaKoMJeHWem
TOKcuYeckmx Bewects [20]. B pabote S. Kilickap u coasrT. ¢
yyactmem 29 OHKONOTMYECKUX MALMEHTOB NpUem JOKCOpY-
6MLMHA COMPOBOMAANCA KENYAOUYKOBOW 3SKCTPACUCTONU-
el y 30% y4acTHWMKOB uccnenoBaHus, y 6% 6onbHbix bbina
BbISIB/IEHA HEYCTOMYMBAA KeNyLouYKoBas TaxuKapausa [21].
MpoapuTmoreHHoe aeicTBUE APYrMX KNaccoB XMmuonpena-
paToB ONWUCAHO B BUAE OTAE/bHbIX KAMHUYECKUX C/yYaeB.
Hanpumep, B pabote D. Lynch v coaBT. npeactaBneH cnyvau
BO3HWKHOBEHMA NOAMMOPQHONM KeNyao4KOBOM TaxmKap-
ann (Torsades de Pointes) y nauMeHTKM ¢ T-KNEeTOYHOW M-
domoli, npMHMMatoLWen MHIMBUTOP TMCTOH AeaTLeTUIasbl
BOpMHOCTaT [22].

[aHHble 0 BAMAHUM XMMWMOMPENApPaToB Ha OYHKUUIO
CMHYCOBOTO W aTPUOBEHTPUKYNAPHOIO Y313 TaKkKe HEMHO-
rOYUCNEHHbI U NPOTUBOPEUMBLI. JUCOYHKLUMA CUHYCOBOTO
y3na c pa3sutnem 6eccMMnTOMHON cMHycoBon Bpaankap-
Ann 6blna BbIABAEHA NPU NIeYEHUN TaKCaHaMU (NaKAUTaK-

block. In patients receiving chemotherapy, the reduction
of a dose of chemotherapeutic agent is recommended
when QTc decreases by 60 ms and more compared with
the baseline duration. The timely detection of electro-
lyte disorders and avoidance of interactions with other
drugs, which increase QT interval, in particular, antiar-
rhythmics, fluoroquinolones, and some antidepressants
is also recommended [18].

Data on the frequency of life-threatening tachy-
cardias in the presence of the prolonged QT interval
in patients receiving anticancer treatment are sparse.
The risk factors of ventricular tachycardia development
include the presence of structural or valvular heart
diseases, especially past myocardial infarction or CHF,
electrolyte disorders, hypothyroidism, liver and kidney
diseases, and female gender [19]. Small study by M.
Fradley et al. analyzed data of 27 patients with toxic
cardiomyopathy caused by chemotherapy and ischemic
and non-ischemic cardiomyopathy. Patients with toxic
cardiomyopathy were diagnosed with breast or blood
cancer; most of them were undergoing treatment with
anthracyclines and cyclophosphamide. The presence
of previously placed cardioverter-defibrillator and an
echocardiography-based decrease in the left ventricular
ejection fraction < 35% were also criteria of inclusion.
Follow-up period was about six years. Data of study
showed that unstable ventricular tachycardia occurred
in 44% of patients with toxic cardiomyopathy, which
slightly exceeded the incidence of arrhythmia detection
in patients with dilated (non-ischemic) cardiomyopathy
(30%), but it was lower compared to data from the group
of ischemic cardiomyopathy (76%). The authors of study
hypothesize that the proarrhythmic effects of anthracy-
clines are related to calcium channel disorders, changes
in action potential, and excessive accumulation of toxic
substances [20]. S. Kilickap et al. studied 29 oncologic
patients receiving doxorubicin. Administration of this
drug was associated with the ventricular tachycardia in
30% of study participants; unstable ventricular tachycar-
dia was detected in 6% of patients [21]. The proarrhyth-
mogenic action of other classes of chemotherapeutic
agents is described in individual case reports. For in-
stance, D. Lynch et al. presents the case of polymorphic
ventricular tachycardia (Torsades de Pointes) onset in a
female patient with T-cell lymphoma receiving histone
deacetylase inhibitor, vorinostat [22].

Data on the effects of chemotherapeutic agents on
the function of sinus and atrioventricular nodes are also
scares and controversial. The dysfunction of sinus node
with the development of asymptomatic sinus brady-
cardia was detected in patient receiving taxanes (pacli-
taxel). Review paper by E. Rowinsky et al. presents data
that this cardiac rhythm disorder was registered in 29%
of patients participating in phase Il clinical trial of pacl-
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cen). B o63ope E. Rowinsky u coaBT. gaHHOe HapyleHue
pUTMa perncTpmpoBanocb y 29% nauneHToB, y4acTBYHOLLNX
B dase Il KNMHMYECKNX UCNbITaHMIA NakauTakcena [23]. As-
TOPbI UCCNEA0BaHUA NPeAnonarann, YTo TOKCUYecKoe aen-
CTBMe NpenapaTta CBA3aHO C YCKOPEHMEM NpPoLLeccoB anon-
TO3a KapAMOMUOUUTOB UM M3ObLITOUYHbIM OCBOOOXKAEHMEM
rmctammHa. OfHaKo B HeJaBHO MPOBEAEHHbIX UCC/ea0Ba-
HUAX HUKAKOrO BANAHMA NAKAUTAKCENA Ha CEPAEYHbIN PUTM
BbIAB/IEHO He 6blN0, YTO NOATBEPKAANOCH AAHHBIMU S/EK-
Tpokapauorpadum [24].

B nuTepatype onucaHbl eANHUYHbBIE KNIMHUYECKUE Cay-
Yan pPa3BUTUA MOJHOW aTPUOBEHTPUKYAAPHON 6a0Kagbl y
OHKOJIOTMYECKMX MALMEHTOB, HaXOAALLMXCA HA XMMUOTEpPa-
MWW, B YaCTHOCTW Y NALMEHTKM C PAaKOM MOJIOYHOW Kenesbl
Ha ¢oHe npuema anNupybuLMHa U NnakauTakcena [25] nany
nauueHTa C pakoM ierkoro Ha poHe npruema MOHOK/IOHaNb-
HbIX aHTUTeN (nembponunsymab) [26].

Takum 06pasom, HeobxooMMO KOHCTaTUMPOBATb, 4TO
pa3nnyHble BUAbl APUTMUIA ABAAIOTCA OLHUM M3 YacTbIX
NPOABAEHUIN XMMUOTEPANEBTUYECKOM KapAMOTOKCUYHOCTH,
BO3HWKHOBEHME KOTOPbIX HEPeaKo ABAAETCA OCHOBaHWEM
ANA YMeHbLUEeHUA A03bl UAKN AaKe OTMEHbI XMMUonpenapa-
Ta, @ B pAAE CYYaEB NPUUYNHOMN CHUMKEHMA KAYeCcTBa KU3HU
N ee NPOJOKUTENBHOCTU Y OHKOIOTMYECKMX MaLUEeHTOB.
OfHaKo JaHHble O BAMAHUM Pa3HbIX KNACcCOB XMMmMoNpena-
paToB Ha MPOBOAALLYIO CUCTEMY CepALa, MeXaHU3max WX
NpPoapuUTMOreHHoro apdeKkTa HEMHOIOYMCAEHHbI U B pAge
cnyy4aeB nNpoTMBopeunBbl. Hanbonee yacTbiM HapyLlueHW-
eM pUTMa Yy NAUMEHTOB, HAaXOAALWLMXCA Ha XMMUOTEpPanuK,
Asnaetca PI1, KoTopasa CyL,eCTBEHHO 3aTPyAHAET BegeHue
60/1bHbIX KaK O/19 OHKOJ/IOTOB, TakK U ANA KapAMOa0ros, YTo
TpebyeT COBMECTHOro NOAXoAa Bpayel HECKOMbKMX Cneum-
aNIbHOCTEN K BeAEHUIO 3TUX NALUEHTOB.

CMHAPOM YyA/IMHEHHOTO MHTepBasia QT, KOTOPbIN TaKxe
HepeaKo BCTpPeYaeTcs y AAHHOMN KaTeropuu 60/bHbIX, Tpe-
6yeT TLLATeIbHOrO MOHUTOPMPOBAHMA N KOPPEKLMU NPOTU-
BOOMYXO/IEBOM U CEpAEYHO-COCYAUCTON Tepanuu.

LLnpokoe uCNoONb3OBaHME KNACCUYECKMX MPOTMBO-
OMyXO0/1IEBbIX XMMMOTEPANEBTUYECKMX NPEMNAPATOB, a TaKKe
pa3paboTka M KAMHMYECKMe ucnblitaHua 6onee yem 1500
HOBbIX MPOTUBOONYXO/NEBbLIX COeauHeEHUI [27] no3sonstoT
NpeanoNoXnTb, YTO UX NOBOYHbIE, B TOM YnCNe NPoapuT-
MoreHHble 3¢deKTbl byayT BO3HMKATb Bce Yalle. Kpome
TOrO, MOCKOJIbKY AOK/IMHUYECKUIA CKPUHUHT NMOBOYHbIX 3¢-
beKkToB NpoBOANTCA JaNeKo He BCerga U He Be3ae, ¢ 60b-
WO CTeneHbio BEPOATHOCTU MOXKHO MPEANONOXKUTb, YTO
HOBble MPOTMBOOMNyXONEBble Mpenapatbl 6yayT co3pasaTb
cepbe3Hble Npobnembl B KIMHUYECKOW NPaKTUKe Ha gonrve
roabl [28]. MmeHHO noaTomy B nocnefHee Bpemsa B CBA3MU
C BO3PacCTAOWMMN CNAOKHOCTAMU B JIEHEHUWU NALMEHTOB
CO 3/10KaYeCTBEHHbIMW HOBOODHPa3oBaHMAMM BosbliMe Ha-
AexAbl BO3/1araloTca Ha MyNbTUANCLMNANHAPHbBIA NOAXOA,
K 3TON npobneme. MogobHbLIN KOMAHAHbLIV NoAXo4 Cylue-
CTBEHHO OT/INYAETCA OT K/ACCMYECKOr0 MOHOAUCLMNANHAP-
HOro NPWUHLMNA BEAEHWUS 3TOW NONYAALUN OAHUM KYpPUPYHO-
Wwmm Bpayom [29]. Onupanck Ha 3apybeXKHbI ONbIT, MOXKHO
C YBEPEHHOCTbIO YTBEPXAaTb, YTO A/1A PeanbHbIX YCNexos
B pa3paboTke eanHONM cTpaTerMn NpPoduaakTUKK, AMarHo-

itaxel [23]. The authors of study initially expected that
the toxic action of drug was associated with the accel-
erated cardiomyocyte apoptosis and histamine overpro-
duction. However, recently published studies did not
find any effects of paclitaxel on cardiac rhythm, which
was confirmed by electrocardiography data [24]. Avail-
able literature contains a few case reports presenting
the cases of complete atrioventricular block develop-
ment in oncologic patients undergoing chemotherapy,
in particular, in a female patient with breast cancer re-
ceiving epirubicin and paclitaxel [25] or in a male patient
with lung cancer receiving monoclonal antibodies (pem-
brolizumab) [26].

Therefore, evidence suggests that different types of
arrhythmias are among the frequent manifestations of
chemotherapeutic cardiotoxicity. Heart rhythm disor-
ders are the reason for a dose reduction or even a dis-
continuation of chemotherapeutic agent. Moreover, ar-
rhythmias are, in certain cases, the cause of decreased
quality of life and life expectancy in oncologic patients.
However, data regarding the effects of different classes
of chemotherapeutic agents on the cardiac conduction
system and the mechanisms of their proarrhythmogen-
ic effects are sparse and sometimes controversial. The
most frequent heart rhythm disorder in patients re-
ceiving chemotherapy is AF, which poses a significant
challenge to management of the patients by both on-
cologists and cardiologists. A collaborative approach of
doctors specializing in several disciplines is required to
manage these patients.

Long QT syndrome, which also frequently occurs in
this category of patients, requires careful monitoring
and correction of anticancer and cardiovascular therapy.

A wide use of classic anticancer chemotherapeutic
agents as well as the development and clinical studies
of over 1,500 new anticancer compounds [27] suggest
that their side effects including the proarrhythmogenic
effects will manifest with increasing frequency. Consid-
ering that the preclinical screening studies of side effects
are performed not everywhere and far from always, we
may assume that the new anticancer drugs could per-
haps create serious problems in clinical practice for
many years [28].

For this very reason, considering the increasing dif-
ficulties in treatment of patients with malignant neo-
plasms, hopes have been placed on the multidisciplinary
approach to solve the problem. A team approach signifi-
cantly differs from the classic monodisciplinary principle
of patient management by one attending physician in
this population [29]. Based on the international experi-
ence, one may state with confidence that an integrated
approach involving cardiologist, oncologist, chemother-
apist, and therapeutic radiologist is needed to reach suc-
cess in the development of concerted strategy for the
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CTMKM U NIeYEeHUA HAPYLUEHUN pUTMa M NPOBOAUMOCTH, ac-
COLMMPOBAHHbIX C NPOTUBOOMYXO/1EBOM Tepanuen, a TakKe
B Bblbope Hanbonee paLMOHaNbHOM TAKTUKKN AalbHENLEro
BEAEHMA OHKOIOTMYECKNX 60/IbHBIX HE0HX0AMM KOMMNEKC-
HbI NOAXOZ NPV B3aUMOAENCTBUMN KapANO/IOra, OHKO/IOra,
XMMWO- U pagnoTepanesTa. He meHee BaXKHbIM ycnoBuem
ONA CYLLeCTBEHHOTO CHUMXEHUA CMEPTHOCTU OT KapAMOOH-
KOJIOTMYECKUX OC/IOKHEHWUI ABNAETCA CO3JaHue crneuu-
a/M3NPOBAHHBIX KAapAMOOHKOJOTUYECKMX KAUHWUK U/nan
oTAeNeHWI B CTaLMOHapax OHKOI0rMYeckoro npoduns.
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