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lMauneHTUTe C KapLMHOM MMaT MHOXECTBO eTUONMOrMYHM (PaKTOpM 3a pa3BuTUE Ha MUokapauT. Knacuyeckata nnu
KOHBEHLMOHAaNHa XMMMOTepanus, nbyetepanusaTa 1 No-CKOPO UMyHOTepanusTa ca On1caHu KaTo Bb3MOXHMU €THO-
NOTUYHM NPUYMHKM 3a MuokapauT. OCBeH TOBa NaLMEeHTUTe C pak ca MMyHOCYnpecupaHn 1 no-nogatnusn Ha bak-
TEepuanHu 1 BUPYCHN WHEKLWN, KOUTO MoraT fa NpuunHAT MuokapauT. Llenta Ha To3n 0b63op e ga ce pasrnepart
MHOXeCTBOTO Bb3MOXHU NPUYNHM 3@ MUOKapAWUT Npu pakoBo BonHK. CneunaneH akLeHT e NOCTaBeH BbPXY MUOKap-
AnTa, MHAYUMpaH oT UMYHHM YeKknoiHT uHxudutopu (ICI). ICI MmokapanTbT 0BUKHOBEHO 3acsira NaLMEeHTN MbXe Hag
50-roguiiHa Bb3pacT, KOUTO Ce NekyBaT 3a pak Ha benus apob, menaHoMm unu 6bOPEYHO-KNETBYEH KapLUHOM U
“mat peauua cbnbTCTBALLM 3a60onsBaHNs. KNMHUYHUTE NPOSIBY CE NPOSBABAT PAHO C NOBULLEH TPONOHWUH 1 NPOMEHU
B enekTpokapauorpamara. MpoLeHTbT Ha CMBPTHOCT € BUCOK. JleYeHNeTo ce CbCToW B NpeKbCBaHe Ha NpuYmMHsBa-
wwus ICl n kopTMKOCTEpOMAHa Tepanus. PasrneaaH e MUOKapanT, NPUYMHEH OT Luknodochammna, aHTpaLyKnuHK,
5-cnyopoypauun, umcnnatiH, kapbonnaTiH, NpoTea3oMHW MHXUBUTOPKW, MMYHOMOAYNATOPW, TUPO3UH KUHA3HMW WH-
XMbUTOpM 1 NbyeTepanus.
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Patients with cancer have multiple etiological factors for the development of myocarditis. Classical or conventional
chemotherapy, radiotherapy and, more recently, immunotherapy have been described as possible etiological causes of
myocarditis. In addition, patients with cancer are immunosuppressed and more susceptible to bacterial and viral infections
that can cause myocarditis. This review discusses the many possible causes of myocarditis in patients with cancer. Special
emphasis is placed on myocarditis induced by immune checkpoint inhibitors (ICI). ICl myocarditis usually affects male
patients over 50 years of age who are being treated for lung cancer, melanoma or renal cell carcinoma and have multiple
comorbidities. Clinical manifestations occur early, with elevated troponin and electrocardiogram changes. The mortality
rate is high. Treatment consists of discontinuation of the causative ICl and corticosteroid therapy. Myocarditis caused
by cyclophosphamide, anthracyclines, 5-fluorouracil, cisplatin, carboplatin, proteasome inhibitors, immunomodulators,
tyrosine kinase inhibitors, and radiotherapy was also reviewed.
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BbBEAEHME

MeToauTe 3a nevyeHne B OHKOMOrMsTa Har-o0oLLo ce
OensaT Ha XMMUWO- U fTbYeTepanus, TapreTHa, UMyHHa u
XOpMOHasHa Tepanus, TpaHCcnnaHTaums Ha CTBOMOBHU
KINETKN, KaKTO MU XUPYPrUYHO feveHune. Bcuuku Bugo-
BE MPOTMBOTYMOPHAa MeAWKaMEeHTO3Ha Tepanusi umat
KapaMoTOKCUYHM edpekTn, KOMTO MoraT Aa ce rpynupart
B 5 ocHOBHU rpynu [1]:

1. CbpOevyHa OucehyHKUUsI, cebp3aHa ¢ mepa-
nussima Ha paka (CTRCD)

e CumntomHa CTRCD (cbpaeyHa HepocTaTbu-
HOCT)

— MHOTO TeXKa — CbpAeYyHa HeJOCTaTbyYHOCT, N3Mnc-
KBallla WHOTPOMHa MoaApbBXKKa, MexaHu4yHa uMpKyna-
TOpHa nogkpena unu obMucnsiHe Ha CbpAeYHa TpaHc-
nnaHTauus;

— TeXKa — Xocnutanusauusi no noBoA CbpAevHa
HEe[oCTaTbYHOCT;

— yMepeHa — HeobxoaMMOocCT OT ambyrnaTopHa WH-
TeH3udukaums Ha Heobxoanmara Tepanus;

— neka — Nneku CMMMTOMM Ha CbpaevyHa HepocTa-
TbYHOCT, 6€3 HeoBXO4MMOCT OT MHTEH3UdUKaUNA Ha
Tepanuara.

e AcumntomHa CTRCD

— TeXKa — HOBa pefyKuus BbB opakumsaTa Ha ms-
TrackBaHe Ha nsBarta kamepa go > 40%;

— yMepeHa — HOBa pefykuusi BbB hpakumaTa Ha
n3TrnackeaHe Ha nsiBaTa kamepa ¢ noHe 10 NpoLeHTHM
nyHkTa go gppakums 40-49% wunu HoBa penykumsi BbB
bpakuusaATa Ha M3TNackBaHe Ha NnsaBata Kamepa nof
10 npoueHTHU nyHKkTa 8o pakuusa 40-49% wn egHo ot
cnegHUTe: HOB OTHOCUTENEH cnaj Ha rnobanHus noH-
rMTyauMHaneH cTpenH c noHe 15% B cpaBHeHWe C us-
XO[AHWUTE CTOMHOCTU UMM HOBO MoKayBaHe Ha Cbpaey-
HUTe Bromapkepw;

— neka — pakumsa Ha n3TnackBaHe Ha nsiBaTa Ka-
mepa noHe 50% m HOB OoTHOCUTENEH cnag Ha rnobarn-
HWS1 NTOHTUTYOMHANEH CTPerH ¢ noHe 15% oT n3xogHu-
Te CTOMHOCTM W/UMM HOBO MOKayBaHe Ha CbpaeyvHuTe
Buomapkepw.

2. ICl-uHdyyupaH Muokapdum

3. Crdoea mokcu4YHocm — acMMNTOMHA U CUMI-
TOMaTu4Ha

4. ApmepuasiHa xunepmoHusi

5. CbpOeyHuU apummuu — yobmxaBaHe Ha QT-cer-
MeHTa, Opaavkapaus, HagkamepHa Taxukapaus, Ka-
MEPHN apUTMUN, NPEACHPOHO MBXOEHE.

JIbyeneyeHmeTo cbLO MOXe Aa goBede 40 M3sBa
Ha CbpAeYHOCBbAOBA MAaTONOrus, BKI. KOPOHapHa 6o-
necr, oubpo3HN N3MEHEHUS Ha NepuKkapaa, MMokapaa,
KnanHus anapar, kapguomuonatuu, aputmum [1].

CobpagedHocbaoBa TOKCUYHOCT (cancer treatment
related-cardiovascular toxicity — CTR-CVT) moxe pa
NPUYMHN CbpAEeYHa HeQOCTAaTbYHOCT M Kapauomuona-

INTRODUCTION

Treatment methods in oncology are generally di-
vided into chemotherapy and radiotherapy, targeted,
immune and hormonal therapy, stem cell transplanta-
tion, and surgical treatment. All types of antitumor drug
therapy have cardiotoxic effects, which can be grouped
into 5 main groups [1]:

1. Cancer therapy-related cardiac dysfunction
(CTRCD)

¢ Symptomatic CTRCD (heart failure)

— Very severe — heart failure requiring inotropic
support, mechanical circulatory support, or consider-
ation of heart transplantation

— Severe — hospitalization for heart failure

— Moderate — need for outpatient intensification of
necessary therapy

— Mild — mild symptoms of heart failure, no need for
intensification of therapy

e Asymptomatic CTRCD

— Severe — new reduction in left ventricular ejection
fraction to below 40%

— Moderate — new reduction in left ventricular
ejection fraction by at least 10 percentage points to a
fraction of 40-49% or new reduction in left ventricular
ejection fraction below 10 percentage points to a
fraction of 40-49% and one of the following: new
relative decrease in global longitudinal strain by at least
15% compared to baseline or new elevation in cardiac
biomarkers

— Mild — left ventricular ejection fraction at least
50% and a new relative decrease in global longitudinal
strain of at least 15% from baseline and/or a new
increase in cardiac biomarkers.

2. ICl-induced myocarditis

3. Vascular toxicity

— asymptomatic vascular toxicity

— symptomatic vascular toxicity

4. Arterial hypertension

5. Cardiac arrhythmias — QT prolongation, bra-
dycardia, supraventricular tachycardia, ventricular ar-
rhythmias, atrial fibrillation

Radiation therapy can also lead to the manifes-
tation of cardiovascular pathology, including coronary
disease, fibrotic changes in the pericardium, myocar-
dium, valvular apparatus, cardiomyopathies, arrhyth-
mias [1].
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Tum — CTRCD, KakTo 1 MMOKapauT, NepukapauT, puTbM-
HO-MPOBOAHa NaTonorus, yabimkaBaHe Ha QTc-uHTep-
Bana, aptTepuanHa XmnepToHusl, CbA0Ba TOKCUYHOCT U
KnamnHu cbpaedHn 3abonasaHus. PUcksT oT passutme
Ha CTR-CVT e guHamuyHa npoMeHnumBea, Brnvsella ce
OT paKTOpu KaTo BMA, 403a, YECTOTA M MPOOBIDKUTEN-
HOCT Ha NPOTUBOTYMOpHAaTa Tepanus, KakTo 1 OT UHAW-
BMAYalrHN XapaKTepucTuKK, Hamnp. Bb3pacT, aHamHe3a
3a NpeaxofHa CbpAeYHOCHA0BA NaToNOrns Unm pucko-
BM haKTopw, MPOBEXOAHO B MMHANOTO KapAMOTOKCUY-
HO nedeHune. VI3BecTHO e, Ye abCOMTHUAT PUCK OT
CTR-CVT npwu KOHKpPETHMSI NauMeHT 3aBUcK OT basan-
HUS TakbB U Ce MPOMEHS C BPEMETO MO BNUSIHWE Ha
npunaraHuTe KapaumoTOKCUYHM Tepanuu. Beunukn Tesu
daKkTu KaTeropuyHO AEMOHCTPUPAT TPyAHATa OLEHKU U
npocneasBaHeTo Ha YCNOXHEHMATA U TepaneBTUYHNTE
edektn npu Te3un 6onHu [1].

Haii-cepnosHnTe NposiBu Ha KapAMOTOKCUYHOCT B
pes3ynTaT Ha npuraraHeTo Ha XMMMOTepaneBTULM ce
CBbp3Ba ¢ KOMOUHKMpaHaTa Tepanus ¢ ICI.

Te Gnokmpat HopmanHaTa Cynpecus Ha KoHTpape-
rynatopHuTte T-KNeTKM 1M BOAAT OO NOTeHuuanHo da-
TanHO MyNTMOPraHHO Bb3MarneHune, BKITHYMTENHO 3a-
cAraLlo CbpLEeTO M KpbBOHOCHUTE cbaose [1, 2].

NUmyHHUTE 4YeknonHT-uHxuéutopm (ICl) ca Bug
NPOTMBOTYMOpHA Tepanug, uenswa 6rokMpaHeTo Ha
pasnMyHU YEKNOMHT-6enTbLM, cpen KOUTO:

e PD-1 (programmed cell death protein 1) — Te-
XHU wuHxmbutopm ca Nivolumab, Pembrolizumab,
Cemiplimab

e CTLA-4 (cytotoxic T Ilymphocyte associated
protein 4) — Ipilimumab;

e PD-L1 (programmed cell death ligand 1) —
Atezolizumab, Avelumab, Durvalumab;

e LAG-3 (lymphocyte activation gene 3) -
Relatlimab [3-5].

OcHoBHM uHankaumm 3a ynotpebarta Ha ICl ca:

e MenaHoma

— Npu HepesekTabunHa unu metactatnyHa mena-
Homa - anti-PD-1 nnu kombuHauma ot anti-PD-1+anti-
CTLAA4

— aftoBaHTHa Tepanus crieq pesekuus

e HepgpeGHOKNeTbYeH Genoapo6eH KapuMHOM
(NSCLC)

—MbpBa nuHMA npu MetactatudeH NSCLC —
PD-L1

— Tpetn crtagum HepesekTabuneH KapumHOM —
Durvalumab cneg xumunoTtepanus

— Btopa nuHua cnep Heycnex Ha neveHue ¢ nna-
TMHa

— BbbpeyeH KapUMHOM - MbpBa NTMHWS NPW Hanpea-
Han ObbOpeyeH KapuMHOM — KOMOWHMpaHa Tepanus
Nivolumab + Ipilimumab, Pembrolizumab + Axitinib,
Nivolumab + Cabozantinib

e YpoTeneH KapuuHOM

Cancer treatment-related cardiovascular toxicity
(CTR-CVT) can cause heart failure and cardiomyop-
athies — CTRCD, as well as myocarditis, pericarditis,
conduction abnormalities, QTc prolongation, hyper-
tension, vascular toxicity and valvular heart disease.
The risk of developing CTR-CVT is a dynamic vari-
able, influenced by factors such as type, dose, fre-
quency and duration of anticancer therapy, as well as
individual characteristics, e.g. age, history of previous
cardiovascular pathology or risk factors, and previous
cardiotoxic treatment. It is known that the absolute
risk of CTR-CVT in a particular patient depends on
the baseline risk and changes over time under the in-
fluence of the applied cardiotoxic therapies. All these
facts categorically demonstrate the difficulty of as-
sessing and monitoring complications and therapeutic
effects in these patients [1].

The most serious manifestations of cardiotoxicity
resulting from the use of chemotherapeutic agents are
associated with combination therapy with ICI.

They block the normal suppression of counterreg-
ulatory T cells and lead to potentially fatal multi-organ
inflammation, including affecting the heart and blood
vessels [1, 2].

Immune checkpoint inhibitors (ICl) are a type of
antitumor therapy that aims to block various checkpoint
proteins, including:

e PD-1 (programmed cell death protein 1) — their
inhibitors are Nivolumab, Pembrolizumab, Cemiplimab

o CTLA-4 (cytotoxic T Iymphocyte associated
protein 4) - Ipilimumab

e PD-L1 (programmed cell death ligand 1) -
Atezolizumab, Avelumab, Durvalumab

e LAG-3 (lymphocyte activation
Relatlimab [3-5].

Main indications for the use of ICI are:

¢ Melanoma

— in unresectable or metastatic melanoma — anti-
PD-1 or a combination of anti-PD-1+anti-CTLA-4

— adjuvant therapy after resection

e Non-small cell lung cancer (NSCLC)

— First-line in metastatic NSCLC — PD-L1

— Stage 3 unresectable carcinoma — Durvalumab
after chemotherapy

— Second line after failure of platinum treatment

— Renal carcinoma — first line in advanced renal
cell carcinoma — combination therapy Nivolumab +
Ipilimumab, Pembrolizumab + Axitinib, Nivolumab +
Cabozantinib.

¢ Urothelial carcinoma

gene 3) -
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— MeTtacTtatuuHa 6onect

— AfloBaHTHa Tepanus  cnep  UWCTEKTOMUS  —
Nivolumab

o CKBaMO3HO-KNeTbY€H KapuuHOM Ha rnasaTta
M wuATa

e [acTPOMHTECTUHANHM HEOMIa3mMm

— KonopekTtaneH kapunHoMm — Pembrolizumab kato
nMbpBa NUHNUS

— EsohareaneH n ctomaweH kapumHom — PD-1
MHXMBUTOPW Ce M3Mon3BaT B CriyYyan Ha HanpegHan
KapUuMHOM Mnn MetactatvdHa 0onecT unm Kato agto-
BaHTHa Tepanus crneg xvMMumoTepanums

e XenatouenynapeH KapLumHOM

MbpBa nNuHMSA e kombuHaums ot Atezolizumab +
Bevacizumab

Btopa nuHuga — Nivolumab, Pembrolizumab

e KapumHom Ha mne4HaTa xne3sa

— pn TpOWMHO HeraTMBEH KapLMHOM Ha MrievHaTa
Xnesa

+ PD-L1 no3utueeH -> Pembrolizumab + xumunoTe-
panus

+ HeoagloBaHTHa + afwBaHTHaA Tepanusa C
Pembrolizumab

¢ M'MHeKONorM4HM 3rioka4yecTBeHn 3abonsaBaHuns

— Pak Ha maTo4uHaTa wwurika — Pembrolizumab

— EnpomeTtpuaneH pak

e XemMaTonorM4yHu Heonnasmm

— Knacnyeckn XogxkknmHoB nmmcom — Nivolumab
nnm Pembrolizumab

— NMbpBrYHa megnacTMHanHa B-knetbyHa nuvdoma

e Heonnasmu Ha KoxaTa

— Mepken KneTbYeH KapLuHOM

— CKBamMO3€eH KapLuHOM

— BasanHokneTbYeH kapunHoOM

MpoTuBonokasaHus 3a npunaraHeto Ha ICI Bkou-
BaT aKTUBHO aBTOMMYHHO 3abonsiBaHe, TpaHcnnaHTa-
LMsi Ha opraH, aHaMHesa 3a TEXKN UMYHHO-MeAMUpaHu
CTPaHUYHW peakuun, npelecrsall MUOKapauT unm
TeXKa HTepcTuumnanHa 6enogpobHa 6onect [6-10].

MuokapauTbT € TeXKO YCrnoxHeHue, Habrnioga-
BallO Ce HaW-4yecTo B pesynTaT Ha npunaraHeTo Ha
MHXMBUTOPW Ha MMyHHAaTa KOHTPOMHa Toyka (immune
checkpoint inhibitors, ICI), Ho ocBeH ToBa, MOXe Aa
Obae nocreguua Ha NevYeHneTo C BCSKa egHa Tepanus,
Moaynupalla uMyHHata cuctema [11-13]. MHxnubutop-
HUTe peuenTopu Bbpxy T-numdounTtute (CTLA4, PD-
1) n nuraHguTe Ha nporpamupaHaTa KneTbyHa CMbpT
(PD-L1) Bbpxy TapreTHUTe ThKaHu C1 B3auMogemncTeat
C Len M3KMNioYBaHe Ha UMyHHaTa akTuBauus — ToBa e
npouec Ha HopManHa aesToperynauus [14]. TymopHu-
Te KNeTKM BOAAT A0 up-perynauvs Ha Tesu nuraHam
C uen ga ce ,CKpuAT® oT pasno3HaBaHe OT CTpaHa Ha
MMYHHaTa cuctema. AHTUTENa KbM MHXMOUTOPHUTE
peuenTopu Unu nuraHgu MoraTt ga npegusBukaTt oT-
rOBOp B OpraHuM3ama, HO CbLLO Taka U MMyHHa ataka

— Metastatic disease

— Adjuvant therapy after cystectomy — Nivolumab

e Squamous cell carcinoma of the head and
neck

o Gastrointestinal neoplasms

— Colorectal carcinoma — Pembrolizumab as first
line

— Oesophageal and gastric carcinoma — PD-1
inhibitors are used in cases of advanced carcinoma
or metastatic disease or as adjuvant therapy after
chemotherapy

o Hepatocellular carcinoma

First line is a combination of Atezolizumab + Bev-
acizumab

Second line — Nivolumab, Pembrolizumab

e Breast cancer

— In triple negative breast cancer

+ PD-L1 positive -> Pembrolizumab + chemother-
apy

+ neoadjuvant + adjuvant therapy with Pembroli-
zumab

e Gynecological malignancies

— Cervical cancer — Pembrolizumab

— Endometrial cancer

o Haematological neoplasms

— Classical Hodgkin’s Lymphoma — Nivolumab or
Pembrolizumab

— Primary mediastinal B-cell lymphoma

e Skin neoplasms

— Merkel cell carcinoma

— Squamous cell carcinoma

— Basal cell carcinoma

Contraindications to the use of ICI include active
autoimmune disease, organ transplantation, history
of severe immune-mediated adverse reactions, prior
myocarditis, or severe interstitial lung disease [6-10].

Myocarditis is a serious complication most com-
monly seen with immune checkpoint inhibitors (ICl),
but can also be a consequence of treatment with any
immune-modulating therapy [11-13]. Inhibitory recep-
tors on T lymphocytes (CTLA4, PD-1) and programmed
cell death ligands (PD-L1) on target tissues interact to
shut down immune activation, a process of normal au-
toregulation [14]. Tumor cells up-regulate these ligands
to “hide” from recognition by the immune system. An-
tibodies to inhibitory receptors or ligands can trigger



98

K. Pasnoxka, K. locrioduHos, B. luyos u op.

cpelLly cobCcTBeHM ThKaHu, ekcnpecupalm PD-L1, Bkn.
MUOLNTU, EHAOTENHU KNETKU, YepeH Apob, LnToBmaHa
Xrnesa, NaHkpeac, CKeneTHU MyCKynu, koxa. Yecrtota-
Ta Ha ICl-cBbp3aHua MuokapauT B nuTepaTyparta ce
oueHsiea < 0.5% u ce cpela No-4ecTo NpyY MOHOKITO-
HanHa Tepanus, HacodeHa cpelly PD-1 B cpaBHeHue
¢ CTLA-4 [15]. BaxHO e ga nmogyeptaemM 4e Muokap-
ONTBT, CBbp3aH ¢ npunoxeHuneto Ha IClI moxe ga ce
pasBue ckopo cnepg npunoxexueto Ha ICI [11, 16, 17].
Pa3BnBa ce npegumMHo npes3 nbpeuTe 12 cegMmmumn ot
neYeHneTo, HO € Bb3MOXHa 1 n3daBa crneq 20-ata cen-
muua. OcBeH npunaraHe Ha koMbuHupaHa ICl Tepa-
nns, OpYru CbCTOSAHUS U NPeanocTaBku 3a pasBuUTUE
Ha ICl-acounnpaH MuokapamT ca KOMOUHMPAHETO Ha
ICl ¢ opyr KapOMOTOKCUMYHM Tepanun, aHamHesa 3a
apyru ICl-cBbp3aHn HeCbPAEYHN NPOSIBA UM aHaMHe-
3a 3a npeguwectBawa CTRCD unun CVD [18, 19]. Npu
BCUYKN NaumeHTn, 3anoyBaiwum nedenuve c ICl, Tpsab-
Ba Ada ce nposenat EKI u nacnegsaHe Ha TPOMOHWH
npegn HayanoTto Ha TepanusaTa [20-24]. [Mpu BUCOKO-
PUCKOBUTE MAaLUEHTN Ce NPenopbyYBa U HayanHo ABy-
pa3MepHO exokapauorpadcko nscneasaHe. Cneg karto
BeOHBX e 3anoyHarta TepanuaTa c ICl, cnegsa pa ce
npocneaasat EKI, KakTo n CTOMHOCTUTE Ha TPOMOHWH
W HaTpuypeTuyHuTe nentugHu [11, 24-26].

HanuyHuTe KbM MOMEHTa JaHHM B nuTepartyparta
cbobLyasar, ye camo Texku cnyyau Ha |ICl-munokapouT
ca goknageaHu u cbobwasanu [11, 27]. PaHHM nute-
paTypHU JaHHU CbLUO Taka npegnonarar, ve ICls moxe
Ja ca CBbp3aHu C APy CbpAE4YHOCHAO0BU UMYHHO-MEe-
OUMpaHn CbCTOSHUSA, BKI1. NepukapauT n BackynuT [11,
28]. Takouybo-cMHOPOM, KOMTO MOXe Aa HanogobsBea
MUWOKapAWT, CbLLO € cbobLLaBaH KaTo nocreaumua ot ne-
yeHueTo c ICI [11, 29]. MNMposiBaTa Ha opyrv Npugpyxa-
BaLLM UMYHHO-MeanMpaHn CTpaHnYHM edbekTn Ha Tepa-
nusaTa (0cobeHO MMO3UT N MUACTEHUSI TPaBUC) 3ae4HO
¢ ICl-acoummrpaH MruokapamuT AOMbIAHUTENHO NoBMLLIABA
cycnekuuara 3a ICl-acounmpan muokapaut [11, 30].

[wnarHosata Ha ICl-acoummpaH M1okapauT B Havano-
TO Ce OCHOBaBa Ha HaNM4YneTO Ha CUMNTOMM, HOBOM3SABE-
HO MOBMLLABaHe Ha TPOMOHWH, KaKTO 1 HOBOMOSIBUIN Ce
EKI™ aHomanuu (aTproBeHTPUKYapHU Unn BbTpekamep-
HM NPOBOAHWN HapyLleHusi, Bpagukapaousi, TaxmaputMum)
[17, 31]. Tpun BCMYKM NAUMEHTU CbC CbMHeHMe 3a ICI-MH-
OyuMpaH MUOKapauUT ce npenopbyBa NPOBEXAAHETO Ha
TpaHcTopakanHa exokapguorpadwmst (TTE ), cbpoeveH
sanpeHomarHnTeH pesoHaHc — AMP (CMR) vnu nosu-
TpoHHo-emucroHHa KT Tomorpadums (PET-CT).

KRMHUYHA CUMNTOMATUKA

KnVHWYHUAT CcUHOPOM, CBbp3aH C MUOKapawuT, e
LUMPOK U MOXe Oa 0oOxBallla CrMeKTbp OT CUMMTOMMU,
BKIIOYMTENHO NannuTaumu, Gonka B rbpaute, ocTpa
UMW XPOHUYHA CbpAieYHa HEAOCTATBYHOCT, KaKTO 1 Ha-

a response in the body, but also an immune attack
against self-tissues expressing PD-L1, including myo-
cytes, endothelial cells, liver, thyroid gland, pancreas,
skeletal muscle, and skin. The incidence of ICl-asso-
ciated myocarditis in the literature is estimated to be
< 0.5% and occurs more frequently with monoclonal
therapy targeting PD-1 than CTLA-4 [15]. It is important
to emphasize that myocarditis associated with ICI ad-
ministration can develop soon after ICl administration
[11, 16, 17]. It develops predominantly during the first
12 weeks of treatment, but it is also possible to occur
after week 20. In addition to the use of combination ICI
therapy, other conditions and prerequisites for the de-
velopment of ICl-associated myocarditis are the combi-
nation of ICI with other cardiotoxic therapies, a history
of other ICl-associated noncardiac events, or a history
of prior CTRCD or CVD [18, 19]. All patients starting
ICI therapy should have an ECG and troponin test
performed before starting therapy [20-24]. In high-risk
patients, an initial two-dimensional echocardiographic
examination is also recommended. Once ICI therapy is
initiated, ECG monitoring, as well as troponin and natri-
uretic peptide levels, should be performed [11, 24-26].

Current literature data suggest that only severe
cases of ICl-associated myocarditis have been re-
ported [11, 27]. Early literature data also suggest that
ICls may be associated with other cardiovascular im-
mune-mediated conditions, including pericarditis and
vasculitis [11, 28]. Takotsubo syndrome, which may
mimic myocarditis, has also been reported as a con-
sequence of ICI treatment [11, 29]. The occurrence
of other concomitant immune-mediated side effects
of therapy (particularly myositis and myasthenia gra-
vis) in conjunction with ICl-associated myocarditis
further raises the suspicion of ICl-associated myo-
carditis [11, 30].

The diagnosis of ICl-associated myocarditis is ini-
tially based on the presence of symptoms, new-onset
troponin elevations, and new-onset ECG abnormali-
ties (atrioventricular or intraventricular conduction ab-
normalities, bradycardia, tachyarrhythmias) [17, 31].
Transthoracic echocardiography (TTE), cardiac mag-
netic resonance imaging (CMR), or positron emission
tomography (PET) is recommended for all patients with
suspected ICl-induced myocarditis.

CLINICAL SYMPTOMS

The clinical syndrome associated with myocarditis
is broad and can encompass a spectrum of symptoms,
including palpitations, chest pain, acute or chronic heart
failure, and findings including pericarditis and pericardi-
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XO[KM, BKITIOYBALLM NEPUKapaUT U NepuKapaeH U3nuB.
OcBeH TOBa, MMOKapAMTBLT MOXe Aa ce NposiBu 6aBHO
C Nneka cTeneH Ha KamepHa AUCYHKLMS.

MoBuweHNa Ha GuUoMapkepuTe

BrnomapkepuTe, KouTo Morat Aa 6baat monesHu
3a AMarHoCcTUUMpPaHETO Ha MMOKapauT, BKMOYBaT Map-
Kepu 3a MMoKapgHa HeKpo3a — CbpOeyeH TPOMOHWH,
KpeaTvHuH knHasza MB (CK-MB) unu obLia kpeaTuHuH
knHasa (CK).

TpoONOHUHBT € NpeanoYnTaHNAT Bruomapkep, oco-
6eHo npv npuapyxasalln CbCTOSAHWUS, KbAETO CbMbT-
CTBaLY, MMO3WT MOXe Aa AoBede 0 3Ha4YUTENHO NoBU-
wasaHe Ha CK, nsogopmute 1 1 gopu Ha TPONOHMH T.
B 1031 cny4ai TponoHuH | 6u 6un Han-cneunguyHu-
AT Gomapkep 3a MuokapgHo yepexgaHe. Kato ugano
CbpAevHMTEe TPOMOHUHM ca npegnoduTaHuTe Guomap-
Kepu 3a MmokapaHa yBpega. BaxHo e ga ce noguep-
Tae, 4Ye MOBMLLABAHETO HA TO3M MapKep MOXe Ada ce
00yCroBM OT LUMPOK CMEKTbP NATONOMMYHN CbCTOSIHUS,
ronsm 6pon ekctpakapauanHu! CK-MB TpsioBa ga ce
M3Mon3Ba, ako Te He ca HannyHu, a obwara CK moxe
Oa ce nsnonsea npu nunca Ha CK-MB n TponoHuH [11].

HatpuypetnyHute nentugm morat ga 6vpat no-
Ne3Hn No OTHOLLEHME Ha OLEeHKa Ha cTpeca BbpXy Ka-
MepHaTa cTeHa. Te, obave, TpaAbBa fa ce UHTepnpeTu-
paT C MOBMLLEHO BHUMAHWE NPV MUOKAPAMUT, NMPUYMHEH
oT ICI, Tb1 KaTo mMoraT Aa 6baaT NOBULLEHN ANPEKTHO
ype3 Bb3NanuTenHn MbTua 4OPWU NPy HOPMarHo Ha-
narade Ha nbnHeHe [11, 32-34].

Enektpokapauorpacckm npoMmeHun

Enextpokapguorpadckute (EKI) npomeHun morat
Ja ce U3non3Bear 3a noakpena nnun NoTebpXKAaBaHe Ha
anarHosata mmokapaut. EKIM npomenuTe Tpsibea ga ca
ONHAMUYHM BbB BPEMETO B CbOTBETCTBME C Hayamno-
TO Ha MMOKapauTa. Bb3MOXHUTE NPOMEHM ca pasHo-
obpasHu, Bkn. aputmunda, ST-T aHOManuu, NPOMEHN B
PR cermeHTa mnv HOBOU3SABEHW apUTMuUKM (Hanp. HOB
cbpaeveH brok unu ektonus). EKIM HaxogkuTe, anarHo-
CTWMYHM 3a anTepHaTVMBHa guarHosa (Hamp. enesauus
Ha ST-cermeHTa B KOHTEKCTa Ha M3BECTEH OCTbP KO-
poHapeH cuHapoM), He TpsibBa da ce cuyuTaT 3a npo-
MEHW, CbOTBETCTBALUM Ha MMUOKapauT, 6e3 nogxoas-
Lo macneaBaHe. NaumeHTUTE MoraT NposiBAT peauua
apuTMuK, BKN. NPeAcbpAHa TaxvapuTMmusi, KamepHwu
€KCTPacuUCTONM MU KamepHa Taxukapaud. bpagmnapur-
MUS 1 cbpaeyeH Brok ca onMcaHu u npu NHMEKLMo3eH
(Hanp. Jlarimcka 6onecT), n NpyM UMYHHO-MEAMMPaH Mu-
okapguT [11, 35, 36].

O6pa3Ha gMarHocTuka

Exokapguorpacmata e obpasHo uscnepsaHe oT
nbpBa NMHUA 3a OLEHKa Ha cbpaeyHata yHKUuS.
Exokapguorpadpckata Haxogka Moxe [a BKoyBa Au-

al effusion. In addition, myocarditis may present slowly
with mild ventricular dysfunction.

Biomarker elevations

Biomarkers that may be useful for diagnosing myo-
carditis include markers of myocardial necrosis — car-
diac troponin, creatine kinase MB (CK-MB) or total cre-
atine kinase (CK).

Troponin is the preferred biomarker, especially in
concomitant conditions where concomitant myositis
can lead to significant elevations of CK, its isoforms
and even troponin T. In this case, troponin | would be
the most specific biomarker for myocardial injury. In
general, cardiac troponins are the preferred biomark-
ers for myocardial injury. It is important to emphasize
that elevation of this marker can be caused by a wide
range of pathological conditions, many extracardiac!
CK-MB should be used if these are not available, and
total CK can be used in the absence of CK-MB and
troponin [11].

Natriuretic peptides may be useful in assessing
ventricular wall stress. However, they should be inter-
preted with caution in ICl-induced myocarditis, as they
may be directly elevated by inflammatory pathways
even in the presence of normal filling pressures [11,
32-34].

Electrocardiographic changes

Electrocardiographic (ECG) changes can be used
to support or confirm the diagnosis of myocarditis. ECG
changes should be dynamic over time consistent with
the onset of myocarditis. Possible changes are diverse,
including arrhythmia, ST-T abnormalities, PR segment
changes, or new-onset arrhythmias (e.g., new heart
block or ectopy). ECG findings diagnostic of an alterna-
tive diagnosis (e.g., ST segment elevation in the con-
text of a known acute coronary syndrome) should not
be considered as changes consistent with myocarditis
without appropriate investigation. Patients may present
with a variety of arrhythmias, including atrial tachyar-
rhythmias, ventricular extrasystoles, and ventricular
tachycardia. Bradyarrhythmias and heart block have

been described in both infectious (e.g., Lyme disease)
and immune-mediated myocarditis [11, 35, 36].

Imaging diagnostics

Echocardiography is the first-line imaging test for
assessing cardiac function. Echocardiographic findings
may include diffusely impaired left ventricular systolic
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y3HO HapylleHa cucTonHa (yHKUMS Ha nsBaTta Ka-
Mepa, aHoManuu B CerMeHTHaTa KUHETUKa Ha CTeHu-
Te 1 nNpomsiHa B cpepuyHoCTTa Ha kameparta [11, 37].
MauneHTnTe, NpeacTaBsLwWwm ce OCTpo, MOXe Aa umat
HOpMarnHu cbpaedHu pasmepn; HebrnaronpusiTHOTO
pemogenvpaHe u gunatauus ca npucbLum 3a No-xpo-
Hu4eH npouec [11, 38]. B octparta asa ca onucaHu
CblUO yBenu4yeHa aebenunHa Ha cTeHaTa, nepukapgeH
W3NMB U aHOManuu B cTpeca Ha cTeHaTa. Exokapaun-
orpacdusTta He e crneunduryHa 3a MUOKapauT U He e
YyBCTBUTENHA B CryvyauTe , KoraTo cucTonHaTta dyHk-
umsa e oTHocuTenHo 3anaseHa [11, 39, 40].

ExokapgnorpaduaTta Moxe Aa nokaxke M1MokapaeH
enem, 6e3 ga ce Habnogasa kKamepHa gunatauud. B
Ha4yanoTo MoXe Aa He ce Habnpasa CUrHUPUKAHTHO
HamaneHue Ha LVEF (dpakuns Ha nstnacksaHe Ha ns-
BaTa kamepa).

[o mMomeHTa npoBexgaHn NpoyyYBaHUSA Ha paHHO
HacTbNBaLLMTE MUOKaPAHU MPOMEHM NpW NpoBexaaHe
Ha XUMMOTEpanus MnokasseaT, Ye NMPOMEHN B MUOKapA-
HaTa gedpopmaums npedwectsar 3Ha4YMM NPOMEHMN B
LVEF. N3non3eankn TbkaHeH gonnep strain metoauka-
Ta, NMKOBUSIT NOHIUTYANHANEH CTPENH HaN-40CTOBEPHO
nokasea paHHW MYOKap4HW MPOMEHU Npu NpunaraHe Ha
KapOMOTOKCUYHa Tepanus, a npu nanonasaHe Ha speckle
tracking exokapgmorpadus, NMKOBUAT CUCTOMEH rnoba-
NeH NoHrMTyAnHaneH ctperiH (GLS) e Han-gobpuar no-
kasaten. YcrtaHoBsBaHe Ha 10-15% paHHa pegykums Ha
GLS npw speckle tracking exokapanorpadus e Halr-no-
Ne3HVAT M JOCTOBEPEH NapamMeTbp 3a MpeackasBaHe
NPOSIBN Ha KapAMOTOKCUMYHOCT, AedbHUpaHa KaTto cnag
BbB (hpakuMsaTa Ha U3TnackBaHe Ha fnsiBata kamepa unm
cbpaedHa HegocTaTbyHOCT [41].

CbpoeyHusT sgpeHoMarHuTeH pesoHaHc (AMP) e
npennoYmMTaHusaT Metog 3a obpasHa AuarHocTuka Ha
MVOKapOWT, npeanaraly, HAKOMKO pasfnvyHv npeaMmcTsea
npen exokapauorpadgumsita. OcHoBHaTa cuna Ha AMP e B
TEXHUKUTE 3a XapaKTepusupaHe Ha TbKaHuTe, KOUTO MO-
raT ga ce M3nonaear KaTo nokasaTten 3a MUOKapaHO YB-
pexaaHe [11, 42, 43]. KombuHaumaTa nokasarenu ot AMP
€ HapeyeHa Kpumepuu om Lake Louise 3a QuazHocmuka
Ha ocmbp muokapdum (cpur. 1) [11, 44]. KaTo rmasHu kpu-
Tepun Te npuemMaTt MUOKapOHWS OTOK U HeMcxeMuyHata
MMOKapgHa yBpeda. Kato ombriHuWTenHu Kputepuu ca
N3BELEHN HANMYMETO Ha NpUApPYXaBaLy, NepykapauT, CUc-
TornHaTa neBokamepHa avcdyHkums. Cneg nybnvkysaHe-
TO Ha Te3Un KpUTEPUWN € MOCTUrHAT 3HAYUTENEH Hanpenbk
B M3MOM3BaHETO HA KOMWYECTBEHN TEXHWUKM 3@ XapakTe-
pu3npaHe Ha TbkaHuTe, kato T1 u T2 kaptorpadupaHe
N N34UCnNsiBaHe Ha U3BbHKMETbYHaTa obemMHa dpakums.
Opyrm meTogm 3a obpasHa gvarHocTuka morat aa 6vaar
MonesHW Npuv NpeLeHka fanv JageH criydan npegcraens-
Ba MMOKaPAUT — Hanp. HAKOM METOAM Ha sSiApeHa Meauum-
Ha, B T.4. pagvoHyKugHa BeHTpuKynorpadums, morat ga
MOTBbPASAT CUCTONMHA AMCYHKLMS Ha NiBaTa Kamepa.

function, abnormalities in segmental wall kinetics, and
changes in ventricular sphericity [11, 37]. Patients pre-
senting acutely may have normal cardiac dimensions;
adverse remodeling and dilatation are characteristic of
a more chronic process [11, 38]. Increased wall thick-
ness, pericardial effusion, and wall stress abnormalities
have also been described in the acute phase. Echo-
cardiography is not specific for myocarditis and is not
sensitive in cases of, when systolic function is relatively
preserved [11, 39, 40].

Echocardiography may show myocardial edema
without ventricular dilatation. Initially, there may not be
a significant decrease in LVEF (left ventricular ejection
fraction).

Studies of early myocardial changes during che-
motherapy have shown that changes in myocardial
deformation precede significant changes in LVEF. Us-
ing tissue Doppler strain, peak longitudinal strain is the
most reliable indicator of early myocardial changes
during cardiotoxic therapy, and using speckle tracking
echocardiography, peak systolic global longitudinal
strain (GLS) is the best indicator. Detection of a 10-
15% early reduction in GLS on speckle tracking echo-
cardiography is the most useful and reliable parameter
for predicting cardiotoxicity, defined as a decrease in
left ventricular ejection fraction or heart failure [41].

Cardiac magnetic resonance imaging (MRI) is the
preferred imaging modality for myocarditis, offering
several distinct advantages over echocardiography.
The main strength of MRI lies in its tissue character-
ization techniques, which can be used as an indicator
of myocardial damage [11, 42, 43]. The combination of
MRI findings is called the Lake Louise Criteria for the
Diagnosis of Acute Myocarditis (Fig. 1) [11, 44]. They
include myocardial edema and nonischaemic myocar-
dial injury as primary criteria. Additional criteria include
the presence of accompanying pericarditis and left
ventricular systolic dysfunction. Since the publication
of these criteria, significant progress has been made in
the use of quantitative techniques for tissue character-
ization, such as T1 and T2 mapping and calculation of
extracellular volume fraction. Other imaging modalities
may be useful in assessing whether a case is myocar-
ditis — e.g., some nuclear medicine modalities, includ-
ing radionuclide ventriculography, can confirm left ven-
tricular systolic dysfunction.
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2018 Lake Louise Criteria
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CENTRAL ILLUSTRATION: Overview of the Updated Lake Louise Criteria
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Ferreira, V.M. et al. J Am Coll Cardiol. 2018,72(24):3158-76,
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®ur. 1. Moanduumnpaxm kputepun Ha Lake Louise 3a noctaBsHe Ha guarHosa muokapaut npu AMP nscneasaxe [45]

Fig. 1. Modified Lake Louise criteria for diagnosing myocarditis on MRI [45]

[Mo3nUTPOH-eMUCHOHHaTa TomMorpacdus, nsnonasaila
TpaguumoHHata 18-chryopoaesokcuriokosa, ce npuna-
ra npu onpefeneHn obcToaTencTea, 3a Aa ce npegocra-
BAT JaHHW B NOAKPena Ha Bb3naneHneTto ocobeHo npu
naumeHTn, Henoaxogsawm 3a AMP, unu korato pesynTa-
TmTe ot AMP ca cbmHuTenHu [11, 46]. U3kniountenHo
Ba)XXHO € Ja Ce M3MNon3BaT MOAXOo4sLM NPOTOKONKN 3a
YCTaHOBSIBAHE Ha CbpAeYHO Bb3rnaneHue ¢ 18-4acoso
rmagyBaHe, 6e3 npvem Ha BbrnexugpaTy, 3a Aa ce us-
GerHat ¢anwmBononoXnTenHu pesyntatn. B MomeHTa
Cce oueHsBaT Mo-HOBM Mapkepu 3a BbananeHue. AMP
nokasBea LUMPOKO pa3npoCcTpaHeHo BbananeHue [47].

EnpomnokapgHa Ovoncusi moxe ga ce npoBede
npv nogosmpaHa guarHosa, 6e3 ga Moxe cbLiata ga
ce NoTBbPAM OT NPOBEAEHUTE HEVMHBA3NBHUTE 0bpas-
HW n3cnensanus. MNpu buoncusi ce Habnogaea obunHa
HpunTpaumsa ¢ numdouuntn (CD4+ n CD8+ T-num-
doumnTn), Kakto u1 CDB68+ makpodharn. [unarHosara 3a
HacTbNWU MUOKapauT B pesynTtaT Ha neveHue ¢ ICI
TpsibBa ga ce mogo3upa BMHArKM nNpu LaHHU 3a OCTPO
HacTbnuna cbpaeyvHa yBpeaa npu tesu naumeHTu [15].

3a nocTtaBsHe Ha KNMHWYHaA AmarHo3a (crep us-
KMoYBaHe Ha OCTbp KopoHapeH cuHgpom — OKC, u
OCTbp MH(EKUMO3EH MUOKAPAMWT) € HEODX0ANMO OTUK-
TaHe Ha CUrHUMKAHTHO HOBO HapacTBaHEe Ha Cbpaey-
HWUS1 TPOMOHWH, B CPABHEHWE C U3XOOHWUTE U3CnenBaHu

Positron emission tomography using conventional
18-fluorodeoxyglucose is used in certain circumstanc-
es to provide data supporting inflammation, particularly
in patients who are not suitable for MRI or when MRI
findings are equivocal [11, 46]. It is essential to use ap-
propriate protocols to detect cardiac inflammation with
an 18-hour fast, without carbohydrate intake, to avoid
false positive results. Newer markers of inflammation
are currently being evaluated. MRI shows widespread
inflammation [47].

Endomyocardial biopsy may be performed if the
diagnosis is suspected but not confirmed by noninva-
sive imaging. Biopsy shows extensive lymphocyte in-
filtration (CD4+ and CD8+ T lymphocytes) and CD68+
macrophages. The diagnosis of ICl-induced myocardi-
tis should always be suspected in these patients with
evidence of acute cardiac injury [15].

For a clinical diagnosis (after excluding acute cor-
onary syndrome (ACS) and acute infectious myocar-
ditis), a significant new increase in cardiac troponin
is required, compared to baseline values, as well as
meeting 1 major or 2 minor criteria:
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CTOMHOCTU, KaKTO U NoKpuBaHe Ha 1 ronam unu 2 man-
KW KpuUTepus:

— [onam kputepun — CMR gmarHocTuka 3a ocTbp
MUokapauT (Moamduumpann kputepum Ha Lake-Louise).

e Manku kpuTtepuu:

— KIMMUHWYHW  MpU3Hauu  (BKM. ymopa, Mwuanriu,
robaHa 6onka, gunnonusa, NTo3a, 3adyX, OpPTOMNHes,
OTOK MO AOMNHWTE KpaHuuM, cbpuebrneHe, CBETOBbLP-
TEX, CUHKONM, MYCKyrHa cnabocT, KapauoreHeH LUOK);

— KamMmepHa apuTtMus U/vnn HOBO MPOBOAHO Hapy-
LUeHMe;

— pedykums Ha cucTornHaTta dpyHKuMsA Ha nsiBata
Kamepa cbC unv 6e3 permoHanHy aHoManuu B OBuXe-
HMETO Ha cTeHaTa;

— APYrM VIMYyHOCBBbP3aHW HexenaHu cbbutua —
Hanp. M1MO3UT, MMONAaTUSA, MUaCTEHUS TPaBuC;

— CMR, oTroBapsiLL Ha HSKOW, HO HE Ha BCUYKM MO-
anduumpanm kputepum Ha Lake-Louise.

KaTteropumn munokapaut [2, 34]

— Major criterion — CMR diagnosis for acute
myocarditis (modified Lake-Louise criteria).

e Minor criteria:

— clinical signs (including fatigue, myalgias, chest
pain, diplopia, ptosis, shortness of breath, orthopnoea,
lower extremity edema, palpitations, dizziness,
syncope, muscle weakness, cardiogenic shock);

— ventricular arrhythmia and/or new conduction
disorder;

— reduction of left ventricular systolic function with/
without regional wall motion abnormalities

— other immune-related adverse events — e.g.
myositis, myopathy, myasthenia gravis

— CMR meeting some but not all of the modified
Lake-Louise criteria.

Categories of myocarditis [2, 34]

Myocarditis — A Proposed Definition
Hierarchical definition accounting for different levels of evidence

Pathology Imaging

Biomarkers

Syndrome

For alllother diagnosisfexplanations (e.g. ACS) must be excluded

Definite Myocarditis:
* Pathology
OR

OR

* Diagnostic CMR + syndrome + (biomarker or ECG)

* ECHO WMA + syndrome + biomarker + ECG + negative angiography

Probable Myocarditis:
OR
OR
OR

» Diagnostic CMR (no syndrome, ECG, biomarker)
+ Suggestive CMR with either syndrome, ECG, or biomarker
* ECHO WMA and syndrome with either biomarker or ECG

» Syndrome with PET scan evidence and no alternative diagnosis

Possible Myocarditis:
OR
OR

» Suggestive CMR with no syndrome, ECG or biomarker
* ECHO WMA with syndrome or ECG only

* Elevated biomarker with syndrome or ECG and no alternative diagnosis

CwkpaweHusi // Abbreviations: ACS — ocTbp kopoHapeH cuHgpom/acute coronary syndrome; AMICI — ocTbp MuokapauT, cBbp3aH ¢ ICl/acute
myocarditis associated with ICl; AHF — ocTpa cbpaeyHa HegocTaTbuHOCT/acute heart failure; AV — atpuoBeHTpukynapHa/atrioventricular; AF
— npeacbpaHo MbxaeHe/atrial fibrillation; Bm — 6uomapkepu/biomarkers; CMR — cbpaeyHo-MarHuTeH pesoHaHc/cardiac magnetic resonance
imaging; EKI'/ECG — enekTpokapauorpamalelectrocardiogram; EMB — eHgomnokapaHa 6roncusi/endomyocardial biopsy; ICl — uMyHeH KoHTpo-
neH nHxmbutop/immune checkpoint inhibitor; LVEF — cdpakuusi Ha natnacksaHe Ha nsisata kamepa/left ventricular ejection fraction; Ml — mu-
okapaeH nHdapkt/myocardial infarction; NIMI — HencxemuueHn Ml/non-ischemic MI; Sd — cungpom/syndrome; TTE — TpaHcTopakanHa exokap-
ouorpadmsi/transthoracic echocardiography; TTS — Takouy6o/takotsubo; WMA — aHomanus B ABWxXeHMETO Ha cTeHaTa/wall motion abnormality

®ur. 2. MNMpennoxeH NoAxo4 3a AnarHoCTMUMpaHe Ha MMoKapauT npu nsnonasaHe Ha ICl [34]

Fig. 2. Proposed approach for diagnosing myocarditis using ICI [34]
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CurypeH MnokapauT — BCAKO €HO OT CnegHuTe:

— TbkaHHa naTonorus, AnarHoOCTUYHa 3a MUOKap-
auT (Hanp. npu Guoncus unm aytoncus)

— AMP, gnarHoCcTnyeH 3a MMOKapauT U KIMHUYEH
CUHOPOM, KaKTO U €4HO OT cnegHuTe: 3aBueHn duo-
Mapkepu 3a mMuokapaHa Hekposa unu EKI gaHHu 3a
MUOMEPUKapanT;

— HOBOM3sIBEH abHopManuTeT B [OBWXKEHWE Ha
CcTeHa Ha cbpueTto Ha TTE, konto He Moxe Oa Obae
00SICHEH OT Apyra AuvarHosa W KIMHWYHU CUMNTOMMU,
CYCMNEKTHM 3a MWOKapAMWT, MOBULUEHN CbPAEYHU Ouo-
MapKepwu, HeraTMBHa aHrmorpadums (Mnu gpyru nscnes-
BaHWsA C Lien u3knovBaHe Ha o6cTpykTuBHa KAB).

BepositeH MMoKapauT — BCAKO €HO OT crieaHuTe,
KOETO He ce 0bsicHABa OT Apyra Bb3MOXHa AnarHo3sa [11]:

— AMP ¢ gaHHM, KOUTO ca AMArHOCTUYHM 3a MU-
oKapauT, Ho 6e3 HMKoe OT CregHUTE: KITMHUYHU CUMI-
TOMMW, CYCMEKTHM 3a MWOKApAWT, MOBULIEHU OKMO-
Mapkepu 3a MwuokapgHa Hekposa unu EKIT gaHHum 3a
MUOMEPUKapanT.

— Pesyntat ot AMP, cycnekteH 3a MuokapguT C
NMOHE €OHO OT CredHuUTe: KIMHWYHWM CUMMTOMMU, CYC-
NEKTHW 3a MUOKaPAMWT, NOBULLEHN B1OMapKepu 3a Cbp-
aevHa mnoHekposa, EKI™ gaHHKM 3a mmonepukapauT;

— HOBOM3sIBEH abHopmanuTeT B ABWKEHMETO Ha
CTeHa Ha cbpueTo Ha TTE v KnMHWYHM cumnToMu, Cyc-
NEKTHU 3a MUOKaPAUT, KakTO U €4HO OT CregHuTe: no-
BMLUEHN Buomapkepu 3a cbpaedHa MUoHekposa, EKI
OaHHM 32 MUOMEPUKAPANT;

— CbCTOsIHME, MOKPUBALLO KPUTEPUUTE 32 8Bb3MO-
JXeH muokapdum (no-gony) ¢ 18-FDG PET gaHHu 3a
OTHULLIHO noemaHe Ha 18-FDG 6e3 gpyro obsicHeHune
3a ToBa.

Bb3MoXeH MMoKapAUT — BCAKO OT CeQHNUTE, Koe-
TO He ce 00sicHABa OT Apyra gnarHosa [11]:

— HecneyundpuyHn Haxoaku ot AMP, cycnekTHuM 3a
MuokapauT 6e3 HMKoe OT CnegHUTE: KIMHUYHU CUMI-
TOMMW, CYCMEKTHU 3a MUOKapauT, noBuwieHn buomap-
Kepu 3a cbpaevHa muoHekposa, EKI gaHHu 3a mu-
onepuKapauT;

— HOBOU3sIBEH abHOpManuTeT B OBWXKEHMETO Ha
CTeHa Ha cbpueTo Ha TTE n egHo oT criegHuTe: Knn-
HWYHW CUMMTOMMW, CYCNEKTHU 3a muokapauT, EKIT gaH-
HY 3a MUOMEPUKapauT;

— HOBOM3SIBEHO MOBULLIABaHe Ha OGuomapkepu u
€[0HO OT CNeaHNUTE: KMMHUYHU CUMMTOMMU, CYCNEKTHM 3a
muokapawnt, EKI™ gaHHm 3a mronepukapgut [11].

Crnopen TexecTTa Ha NpOTUYAHE MWUOKAPOUTBLT
MoXe Aa 6bae:

— dynMMHaHTeH, NpoTUYaLy, C XeMoaMHaMuyHa
HecTabunHoOCT, BUCOKOCTENEHEH BrokK, 3HaYNTENHM Ka-
MEPHU apUTMUN /NN CbpaevHa HeJoCTaTbyHOCT;

— HedpyNMMUHAHTEH (XEMOOUHAMUYHO N enekTpu-
YecKn CTabuNHN NaUMEHTU U UHLUUOEHTHU Criyyan).

Definite myocarditis — any of the following:

— Tissue pathology diagnostic for myocarditis (e.g.,
biopsy or autopsy)

— MRI diagnostic for myocarditis and clinical
syndrome, as well as one of the following: elevated
biomarkers of myocardial necrosis or ECG evidence of
myopericarditis

— Newly manifested abnormality in the motion of
the heart wall of the TTE, which cannot be explained
by another diagnosis and clinical symptoms suspicious
for myocarditis, elevated cardiac biomarkers, negative
angiography (or other studies to exclude obstructive
CAD).

Probable myocarditis — any of the following, not
explained by another possible diagnosis [11]:

— MRI findings that are diagnostic of myocarditis
but without any of the following: clinical symptoms
suspicious of myocarditis, elevated biomarkers
of myocardial necrosis, or ECG findings of
myopericarditis;

— MRI findings suggestive of myocarditis with
at least one of the following: clinical symptoms
suggestive of myocarditis, elevated biomarkers of
cardiac myonecrosis, ECG findings suggestive of
myopericarditis;

— Newly evident abnormality in the motion of the
heart wall on TTE and clinical symptoms suspicious for
myocarditis, as well as one of the following: elevated
biomarkers for cardiac myonecrosis, ECG findings of
myopericarditis;

—a condition meeting the criteria for possible
myocarditis (below) with 18-FDG PET evidence of
focal 18-FDG uptake without another explanation.

Possible myocarditis — any of the following, not
explained by another diagnosis [11]:

—nonspecific  MRI  findings suspicious for
myocarditis without any of the following: clinical
symptoms suspicious for myocarditis, elevated
biomarkers for cardiac myonecrosis, ECG findings of
myopericarditis;

— Newly diagnosed wall motion abnormality on
TTE and one of the following: clinical symptoms
suspicious for myocarditis, ECG findings suggestive of
myopericarditis;

— new-onset elevation of biomarkers and one of the
following: clinical symptoms suspicious for myocarditis,
ECG findings suggestive of myopericarditis [11].

Depending on the severity of the course, myocar-
ditis can be:

— fulminant, occurring with hemodynamic
instability, high-degree block, significant ventricular
arrhythmias and/or heart failure;

— non-fulminant (hemodynamically and electrically
stable patients and incidental cases).
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Patient in a Trial with Cancer Immunotherapies - including immune checkpoint inhibitors — with a suspicion of myocarditis

v

.

Symptoms
Dyspnea, palpitations, chest pain,
AHF, cardiogenic shock

Biology
Troponin rise and evolution

Non specific ECG modifications
ST deviations, AV block, T wave, AF

l

l

l

TTE: LVEF measurement, WMA, Pericardial effusion, alternative diagnosis
CMR and / or EMB (depending on clinical status, availability, local expertise)
CT scanner or Coronary angiography (according to risk faclors)

:

.

Cardiac ischemic
event

Myocarditis
(Definite, Probable, Possible)

Other Myocardial
dysfunctionfinjury

CokpaweHusi: ACS — ocTbp kopoHapeH cuHapom / acute coronary syndrome; CMR — cbpaeyHa MarHMTHO-pe3oHaHcHa Tomorpadoms/cardiac
magnetic resonance imaging; PET — no3anTpoHHo-eMucroHHa Tomorpadus/positron emission tomography; WMA — aHomManusi B ABUXEHWETO Ha

ctenara / wall motion abnormality

@ur. 3. MNpepnokeHo onpefeneHne 3a MMOKapauUT, KOETO Aa ce npusara B KIMHUYHW M3nuTBaHms [11]

Fig. 3. Proposed definition of myocarditis to be used in clinical trials. . stands for CMR [11]

YcTaHoBsiBaHe Ha NoTeHUManeH MMoKapauT

MwokapguT KaTto NposiBa Ha TOKCMYHOCT MOXe Aa
ce 13gBM Npu Nonynauus ¢ NOBULLEH PUCK OT Cbpaey-
HOCb0BU CbOUTMS, KAKTO M B KOHTEKCTa Ha NpeguLu-
HA M HaCTOSLLUM OHKOMOrMYHW Tepanun, CBbp3aHu C
peavua CbpAeYHOCHAOBU YCNOXHEHUST (HEKOHTPOMNU-
paHa XuMNepTOHUdA, KapAMOMMOMNaTWUs, apuTMUKU, Cb-
OOBU yCrNOXHeHus [1], BEHO3eH TpoMOoemMbonnsbM U
noBuULLEH TPOMOOTUYEH puck) [2, 21]. MoTeHumnanHuTe
pa3HO0OpPa3HN YCNOXHEHNSI ca 0COBEHO BaXKHU 3a KOH-
uenuusaTa 3a ycTaHOBSIBaHE 1 NMpeLieHKa Ha M1okapan-
Ta, TbM KaTo KNNHWYHWTE nposiBu (bonka B rbpguTe,
ONCNHes, NOBULLEH CbpaeYveH TPOMOHUH) MoraT fa ce
NpUNOKpMBaT C APYrN CbPAEYHO-CHOOBU CbCTOSHUSA U
crnegoBaTenHo e HeobxogMma LUMPOKa MpeLleHKka Ha
CbpAeYHO-CbAoBaTa TOKCMYHOCT, 3a a ce AndepeH-
umpart UCTUHCKUTE cnydan. YyBCTBUTENHUTE CbpAEYHU
Grvomapkepu cbLyo MoraT ga 6baat NoBMLIEHN B MHO-
roO KOHTEKCTU Unv Aa 6baaT animeo NOBULLEHW MPK
Bb3nanutenHu yepexaanunsa [33, 36].

MpeonoxeH e KnepapxuyeH noaxod 3a MpeleH-
Ka, KaTo MbpBO Ce WU3KMYaT Apyrn NpuyuMHK (Hanp.
MUOKapaHa MCXeMusl) 1 cried ToBa ce Karteropusuvpa
CbOUTMETO MO OTHOLLUEHUE HA HMBOTO HA CUMYPHOCT, C
KOeTo MoXxe fa ce AedUHUpa MUOKapPAUT.

Mpn BCMYKM Criydyam CbC CbMHEHWE 3a CBbp3aH C
ICl myokapauT ce npenopbyBa NPeyCcTaHOBSIBAHE Ha
nedvenueto c ICl, xocnuTanMsauus Ha nauueHTa u He-
npekbcHaTto EKI™ MmoHuTOpUpaHe.

Detection of potential myocarditis

Myocarditis as a manifestation of toxicity may oc-
cur in a population at increased risk of cardiovascular
events, as well as in the context of previous and cur-
rent oncological therapies associated with a number of
cardiovascular complications (uncontrolled hyperten-
sion, cardiomyopathy, arrhythmias, vascular compli-
cations) [1], venous thromboembolism and increased
thrombotic risk) [2, 21]. The potential for a variety of
complications is particularly important in the concept of
myocarditis detection and assessment, as the clinical
manifestations (chest pain, dyspnea, elevated cardiac
troponin) may overlap with other cardiovascular condi-
tions and therefore a broad assessment of cardiovas-
cular toxicity is necessary to differentiate true cases.
Sensitive cardiac biomarkers may also be elevated in
many contexts or be falsely elevated in inflammatory
lesions [33, 36].

A hierarchical approach to assessment has been
proposed, first excluding other causes (e.g. myocardi-
al ischemia) and then categorizing the event in terms
of the level of certainty with which myocarditis can be
defined.

In all cases of suspected ICl-related myocarditis,
discontinuation of ICI treatment, hospitalization of the
patient, and continuous ECG monitoring are recom-
mended.
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MpenBug BaxkHoOCTTa Ha npobnema 3a ICI-uHayum-
paH MuokapauT, Society for Immunotherapy of Cancer
(SITC) e nybnukyBano npenopbKn, CbIMacHO KOUTO:

o [HwnarHosa ICl-uHgyumpaH mmokapauT TpsibBa fa
ce obMMCnM NpU BCEKU MALMEHT, KOMTO pa3BuBa HOBU
CUMNTOMM OT CTPaHa Ha CbpAEeYHO-CboBaTa CUCTEMA,
HOBOW3SIBEHN apUTMnUW, MPOBOLHW HapPYLUEHWS UK Na-
GopaTopHM M3cnefBaHusl (Hanp: acUMNTOMHO MOBU-
LaBaHe Ha TPOMOHMH), KOWTO NaumMeHT e noryyasan
Tepanus ¢ ICl npe3s nocnegHute 12 cegmuun. MNMopgo-
3peHMe 3a TakbB MMOKapAUT Hanara xocnutanusauus
1 KapguornormyHa KoHCynTauus.

o [MaumeHTun cbe 3anogo3psH ICI-nHayumpaH mu-
okapauT Tpsibea aa ce nognoxat Ha CMR, ako TakbB €
Ha pasnonoxeHue (c nnu 6es gacHa cbpaedHa KaTeTe-
pusaumsa n mmokapgHa éuoncus), EKI, nacnegsaHe Ha
HMBaTa Ha CEPYMHUS TPOMOHUH [48].

o CwvrnacHo Bonaca MP et al. MnokapgHa yBpe-
0a, KoATo He oTroBapsi Ha odumumanHaTa gedmHmuna
3a MWOKapAWT, HO MpPW HanMMyne Ha MpPoMsiHa B Cbp-
gedHata yHKUMSA WM OaHHM 3a MuUOKapAaHa yBpe-
4a, Moxe fa Obae onpegerneHa B 2 KaTteropuu, Kakto
cnenga [48].

o HoBoussiBeHa kaMepHa CUCTONHA AUCKYHK-
unst 6e3 gokasaTencrea 3a UCXeMUSI UNN MUOKapPAUT
— oucdyHkuua ce gedmHmpa kato ®U nog 50% wunu
npomsiHa ¢ noseye oT 10% B cpaBHeHUe C n3xogHaTa.
Tyk cnagat cTpec-mHayumMpaHa kapgmommonaTtusi, cyc-
NeKTHa Cerncuc-CBbp3aHa CbpaeyHa ANCHYHKUNUS Unur
OPpYr KaTexonaMnH-Megumpann CUHAPOMM, CyCNeKTHA
OVPEeKTHa CbpaeyHa TOKCUMYHOCT, CYCMeKTHa reHeTud-
Ha KapavomuonaTusi, CyCrnekTHa TaxvaputMuu-uHay-
uMpaHa KapavomMuonaTusi, CyCreKkTHa XUNepTeH3nBHa
KapavomuonaTus, apyru/mgnonatmyHa kapguomuona-
Tnsa [11].

o HecneunduyHn OUOXUMUYHM [JaHHU 33 MU-
oKapgHa ypena — noBuLLEHM B1UoOMapKepu 3a M1okapaHa
yBpeaa 6e3 AaHHM 3a MMOKapauT, UICXeMUS U TpaBma,
npu HopmanHa JIK n K cuctonHa dyHkums [11].

Mo BpemMe Ha NpOTMBOTYMOpHATa TepanusTa 3Ha-
YeHMe 3a MOHUTOpPMpaHe Ha NauueHTUTe MMaT Cbp-
AeyHnTe Guomapkepu (Hanp: TPOMOHWH), M306pasu-
TenHuTe MeToaukn (specle tracking — noHruTyguHaneH
CTPEeViH) 1 apyrn. Ham-texxkm nposiBu Ha KapaMOTOKCUY-
HOCT ce HabrnogasaT nNpy NauMeHTH € paHHO A0 72-ya-
COBO MOBMLUABaHE Ha HMBOTO Ha TPonoHuH (Hag 0,08
ng/ml), KoeTo nepcuctupa o 1 Mecel crnep nevYeHne-
TO. [OBULLIEHN CTOMHOCTM Ha TPOMOHWMH Ce CBbp3BaT
CblLUO Taka M C nunca Ha Bb3cTaHoBsiBaHe Ha LVEF,
BbMNPEKN NpunaraHa onTuManHa Tepanug 3a fnevyeHue
Ha CH. B npouec Ha n3y4aBaHe ca noteHuumanHun éuo-
MapKepu 3a NpeaBwXAaHe Ha puUcka — Hanp. Muenone-
pokcugasa, acMMETpUYeH OUMETUNAPrMHUH, UMYHOT-
nobynuH E (mpoyyBaHe Ha TOKCMYHOCTTA MpU fievyeHne
C aHTPaUMKINHK 1 TpaHcTy3ymab) [11].

Given the importance of the problem of ICI-induced
myocarditis, the Society for Immunotherapy of Cancer
(SITC) has published recommendations according to
which:

o The diagnosis of ICl-induced myocarditis
should be considered in any patient who develops new
cardiovascular symptoms, new-onset arrhythmias,
conduction abnormalities, or laboratory abnormalities
(e.g., asymptomatic troponin elevations) who has
received ICIl therapy within the past 12 weeks.
Suspicion of such myocarditis warrants hospitalization
and cardiology consultation.

o Patients with suspected ICl-induced myocarditis
should undergo CMR, if available (with or without right
heart catheterization and myocardial biopsy), ECG,
and serum troponin levels [48].

o According to Bonaca MP et al. Myocardial injury
that does not meet the official definition of myocarditis,
but in the presence of a change in cardiac function
or evidence of myocardial injury, can be defined in 2
categories, as follows [48].

o New-onset ventricular systolic dysfunction with-
out evidence of ischemia or myocarditis — dysfunction
is defined as an EF less than 50% or a change of more
than 10% from baseline. These include stress-induced
cardiomyopathy, suspected sepsis-related cardiac dys-
function or other catecholamine-mediated syndromes,
suspected direct cardiac toxicity, suspected genetic
cardiomyopathy, suspected tachyarrhythmia-induced
cardiomyopathy, suspected hypertensive cardiomyop-
athy, other/idiopathic cardiomyopathy [11].

o Nonspecific biochemical evidence of myocardial
damage — elevated biomarkers of myocardial injury
without evidence of myocarditis, ischemia, or trauma,
with normal LV and RV systolic function [11].

During antitumor therapy, cardiac biomarkers (e.g.
troponin), imaging techniques (spectral tracking — lon-
gitudinal strain) and others are important for monitoring
patients. The most severe manifestations of cardiotox-
icity are observed in patients with an early increase
in troponin levels (above 0.08 ng/ml) within 72 hours,
which persists up to one month after treatment. Ele-
vated troponin values are also associated with a lack
of recovery of LVEF, despite optimal therapy for the
treatment of HF. Potential biomarkers for predicting risk
are under study — e.g. myeloperoxidase, asymmetric
dimethylarginine, immunoglobulin E (study of toxicity
during treatment with anthracyclines and Trastuzum-
ab) [11].
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JleueHneto ce ocbllecTBABa C WHTPaABEHO3EH
KOpTMKOCTEpoma no cxema (NbpBa NuMHUSA Tepanusi) C
nocrneggaLlo npeMmHaBaHe Ha nepoparneH TakbB npu
pefoBHO npocnefssaHe B AnHamuka Ha EKI, mapke-
puTe 3a MuokapgHa yspega v JIK dpyHkums. MNpu He-
Texkn cnyvyam — MetunnpegHmsonoHn 500-1000 mg Ha
OeH 3a 3 aHu, cref KoeTo NnpeMyHaBaHe KbM nepopa-
neH koptukoctepougd. lNMpu TeXkn cnyyam — UHTpaBe-
HO3€eH MEeTUNNPeHU30NoH 3a 3 AHM B fo3a 7-14 mg/kg
Ha feH, cneg koeto no 1 mg/kg Ha OHEBHO.

B cnyyanm Ha cTepova-pe3ucTeHTEH MUOKapawmT,
npu nunca Ha OTroBop KbM Tepanusata OT nbpea fnu-
HUst B pamknTe Ha 24-48 vaca, crnegsa ga ce obmuc-
NN NPUNOXEHNe Ha UMYHOCynpecusi OT BTopa NMHUSA
(Mycophenolate mofetil 500-1000 mg nepopaneH npu-
eM ABykpaTHo AHeBHO; Abatacept 500 mg i.v. Ha Bceku
2 cegMmuum no 5 gosun — npubnusntenHo 10 cegmuum;
Alemtuzumab 30 mg i.v. egHOKpaTHO).

Mpun Heycnex, MoXe Aa ce MpPUITOXKU TpeTa NINHUS
Tepanusa — MHdnukcumad 5 mg/kg i.v. npe3 Hyneea,
BTOpa, lWecTa ceamuua, creg KOeTo noaabpkalia
0o3a Ha Bceku 8 cegmuum; Aganumymatb 40 mg s.c.
BCsika cegMumua; Putykcumab 375 mg/m2 i.v. cegmuy-
HO, NpunaraH B npoabimkeHne Ha 1 meceu [49].

Mpu dbynMUHaAHTEH MWOKapaMT B pe3ynTar Ha ne-
yeHue c ICl cmbpTHOCTTa € okorno 50%, no-BMcoka npwm
npunoxeHue Ha kKombuHupaHa tepanus c ICl [15].

CbpoeyHocbgoBaTa TOKCUYHOCT € Cepuo3eH Mpo-
6nem npu NeYEHMETO Ha OHKOMOTNYHNUTE 3abonsiBaHMS,
Hanarawla 6nuska kornabopauust Mexagy crneunanncTm
OHKOIMO3U, XMMMWO- N MbYeTepaneBTn, KapAMOno3n 1 OH-
kokapguornosu. OcBeH Npeau 3ano4BaHe 1 Mo Bpeme Ha
NeYEeHNETo OHKOBOMHUTE, NEKyBaHW C KApAWUOTOKCUYHU
areHTW, noanexart Ha ObNTOCPOYHO npocnegsaBaHe ot
Kapamornor ¢ Len HaBpeMeHHa OUarHocTuKa 1 neveHve
Ha XPOHUYHUTE CbPAEYHOCHO0BU YCIIOXKHEHUS.

3AKNIOYEHUE

JleyeHNeTo Ha OHKONMOrm4yHuTEe 3abonsBaHuUs C
UMYHHU YEKMOMHT MHXMOUTOPU pasKkprBa HOBU Bb3-
MOXHOCTU 3@ JfledeHne 1 NpoMsaHa Ha nporHosarta Ha
Te3n 3abonsBaHuATa. Hapen ¢ TtoBa cneunduyHuTe
MEeXaHM3MN Ha MOBMMsIBaHE Cb3faBa MNPEAnoCTaBKU
3a NPOsIBM Ha pasnuyHn opMM Ha MopaXxeHue Ha
cbpueTo .EgHa OT 3HaYUMMUTE KIMHUYHM MPOSIBU CbC
3Ha4YUTENHa TEXECT 3a NporHo3aTta M CMbPTHOCTTa ca
MUOKapANTUTE.

CbBpeMeHHUTEe NPOMEHU B CbpaevHaTa yHKLNS
B XO4a Ha neyeHme C MMYHHU YEKMOWHT VIHXVI6I/ITOpI/I
nanckeaT 4obpo nos3HaBaHe Ha NpPoOsIBUTE, AUArHOCTU-
KaTa, NpocrnesBaHETO U NIEYEHNETO Ha MPOSIBUTE Ha
KapAMOTOKCUYHOCT OT CTpaHa KapauonosuTe. bbp3an-
SIT MpOrpec B Cb34aBaHETO Ha HOBW NPEACTaBUTENN B
Tasu rpyna, ycnexbT B UMyHOTepanusita Lie uanpass

The treatment is performed with intravenous cor-
ticosteroids according to a scheme with subsequent
transition to oral corticosteroids with regular monitoring
of ECG dynamics, markers of myocardial damage and
LV function. In non-severe cases — Methylprednisolone
500-1000 mg/day. for 3 days, then switching to oral
corticosteroids. In severe cases — intravenous meth-
ylprednisolone for 3 days at a dose of 7-14 mg/kg/day,
then 1 mg/kg/day.

In cases of steroid-resistant myocarditis, in the
absence of response to first-line therapy within 24-
48 hours, the use of second-line immunosuppression
should be considered. (Mycophenolate mofetil 500-
1000 mg orally twice daily; Abatacept 500 mg i.v. every
2 weeks x 5 doses — approximately 10 weeks; Alemtu-
zumab 30 mg i.v. once).

In case of failure, third-line therapy can be used
— Infliximab 5 mg/kg i.v. at zero, second, sixth weeks,
then a maintenance dose every 8 weeks; Adalimum-
ab 40 mg s.c. every week; Rituximab 375 mg/m2 i.v.
weekly, administered for 1 month [49].

In fulminant myocarditis as a result of ICI treatment,
the mortality rate is about 50%, higher when combined
therapy with ICl is used [15].

Cardiovascular toxicity is a serious problem in the
treatment of cancer, requiring close collaboration be-
tween oncologists, chemo- and radiation therapists,
cardiologists and oncocardiologists. In addition to be-
fore and during treatment, cancer patients treated with
cardiotoxic agents are subject to long-term follow-up by
a cardiologist for the purpose of timely diagnosis and
treatment of chronic cardiovascular complications.

CONCLUSION

The treatment of oncological patients with immune
checkpoint inhibitors opens up new possibilities for
treatment and changing the prognosis of these diseas-
es. In addition, the specific mechanisms of influence
create prerequisites for the manifestation of various
forms of heart damage. One of the significant clinical
manifestations with significant burden on prognosis
and mortality is myocarditis.

Modern changes in cardiac function during treat-
ment with immune checkpoint inhibitors require a good
knowledge of the manifestations, diagnostics, monitor-
ing and treatment of cardiotoxicity manifestations by
cardiologists. The rapid progress in the creation of new
representatives in this group, the success in immuno-
therapy will increasingly confront cardiologists with the
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BCe NO-4eCTO Kapauorio3nTe npen ovYakBaHuTte U He
TOJIKOBa NMo3HaTuTe nposaBuv Ha KapanOTOKCUYHOCT.

He e deknapupaH KOHGAUKmM Ha uHmepecu
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