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~Cardiac Complications Associated With Molecular, Targeted Therapies and Immune Checkpoint Inhibitors

BTK Immune
Proteasomal HER2 VEGF BCR-AbI Inhibitors Checkpoint mTOR
Drug Class Inhibitors Inhibitors  Inhibitors Inhibitors  (Ibrutinib) Inhibitors  Anthracyclines Inhibitors
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Accelerated atherosclerosis

Acute coronary syndrome

Stroke
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Hypercholesterolemia
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Myocarditis

Pericarditis

Pulmonary arterial
hypertension

Cardiac complications listed include those related to proteasomal inhibitors,® HER2 inhibitors,” VEGF inhibitors,® BCR-Abl inhibitors,*'® BTK inhibitors,” immune checkpoint
inhibitors,'”” anthracyclines,” and mTOR inhibitors."
BTK = Bruton tyrosine kinase; mTOR = mechanistic target of rapamycin; VEGF = vascular endothelial growth factor.

Toro C et al. (JACC Adv 2022;1:100155, http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Management kardioonkologické péce o nemocné podstupujici potencialné
kardiotoxickou terapii

Upraveno podle Lyon A et al. Doporuceni Evropské kardiologické spolec¢nosti pro kardioonkologii z roku 2022 (R.Pudil, 2025)
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Management kadioonkologické péce o nemocné podstupujici
potencialné kardiotoxickou terapii

Podle Chasouraki A et al. J. Cardiovasc. Dev. Dis. 2022, 9, 158. https://doi.org/10.3390/jcdd9050158

EVALUATION OF PATIENTS UNDERGOING

POTENTIALLY CARDIOTOXIC CHEMOTHERAPY

BEFORE TREATMENT

- Age (<15 or >65 years)

- Gender (female)

- Cardiovascular risk factors (diabetes
mellitus, hypertension, obesity,
dyslipidemia, chronic kidney disease)
and/r established disease
(cardiomyopathies, heart failure,
coronary artery disease, atrial
fibrillation, non-sustained VT, severe
valve disease, ECG abnormalities such
as QTc prolongation >500 ms)

- Prior use of anthracyclines and/or

radiation therapy

DURING TREATMENT

- Cardiovascular complications (reduced

LVEEF, Troponin elevation, HF, ACS,
severe arrhythmias, syncope,
uncontrolled hypertension or
hypotension, ECG abnormalities such
as QTc prolongation >500 ms)

- Current use of anthracyclines, HER-2
targeted agents, fluoropyrimidines,
VEGF inhibitors, Carfilzomib,
Ibrutinib, Immune checkpoint

Inhibitors

AFTER TREATMENT

Echocardiographic abnormalities

Cardiovascular complications (Heart
Failure, Acute Coronary Syndrome,
Arrythmias)

Doxorubicin = 250 mg/m2

HER-2 targeted agents, Radiation AND
anthracycline

High doses of radiation (=30 Gy)

REFERRAL TO A CARDIO-ONCOLOGY OUTPATIENT CLINIC

History & Physical + ECG + Biomarkers + Echocardiography with GLS
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Rizikové faktory pro vznik pozdni kardiotoxicity u asymptomatickych jedincti Iécenych
potencionalni kardiotoxickou terapii dle doporuceni ESC 2022

KATEGORIE | RT MD (GY) | CELKOVA KD KOMBINACNI TERAPIE '
RIZIKA DOX (mg/m?)

¢

RT MD (Gy)

(mg/m?) Early high risk
. (< 5 years after treatment)
Velmi >25 (>35) >400 >100 >15 (>35)
vysoké riziko 1) Vysoké riziko pred zahajenim
terapie

2) Stredni/zavaznd kardiotoxicita
Vysoké riziko >15-25 (>35) 250-399 >100 5-15 (15-34) v pribéhu terapie

3) KD DOX 250-399 mg/m?
Stredni 5-15(15-34)  100-249 <100 <5 (<15) Al PRERE S e e

. rezimem

riziko
Nizké riziko <5 (<15) <100 - -
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MANAGEMENT POZDNI KARDIOTOXICITY ?

MINULOST SOUCASNOST A BUDOUCNOST
« KARDIOTOXICITA PROTINADOROVE LECBY e SRDECN{SELHANI

e METABOLICKY SYNDROM

e ICHS/COM

e POSKOZENI CHLOPNI
e CHRONICKE PERIKARDITIDY
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Zena, nar. 1967 2020 CAM: CHT/CHIR/RT  EF LK vstup 65%

Image 2

Image 1

Riziko:

1) Zena

2) Veék53let

3) KD DOX 300mg/m?
4) KD RT 32 Gy

High Risk Late Cardiotoxicity

MONITOROVANI !
1) Do 3M

2) 1.R

3) 3.R

4) 5.R

5) Kazdych 5 let

24/03/2021 GLS - 10% EF LK 39%




08/09/2022 GLS - 12% EF LK 55%




KARDIOTOXICITA RADIOTERAPIE

KLINICKE PROJEVY « RIZIKOVE FAKTORY

1. Vék<15a>65let

1. Poskozeni perikardu e, L ,
P Ozareni mediastina a levého

2. Kardiomyopatie hemithoraxu
3.  Aterosklerdza véncitych tepen (ostialni 3. (KS?/ >2 Gy/den nebo celkova mKD > 25

stendzy)
CHT antracykliny

5. Pritomnost kteréhokoliv RF KVS
onemocnéni
5. Aterosklerdza karotickych tepen, AA 6. Piitomnost KVS onemocnéni

4. Mikrovaskularni poSkozeni koronarniho
recisté

predevsim ICHS, pfedchozi srdecni

6. Poskozenichlopni (Aorta) farkt
infar

7. Arytmie (poruchy vedeni)
Recommendation Table 45 — Recommendation for
adult cancer survivors with pericardial complications

Recommendation Class® Level®

Patients with acute pericarditis during RT to a
volume including the heart are at higher risk of
developing chronic constrictive pericarditis, hence
echocardiography surveillance every 5 years may
be considered.

RT, radiotherapy.
*Class of recommendation.
*Level of evidence.
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CHEST RADIOTHERAPY

HEART FAILURE

Podlesnikar T et al., Front Cardiovasc. Med. July 2022, Vol. 9, Art.887705 XXXIV. Vyroéni sjezd CKS, Brno 2026




e Ostialni, proximalni stenosy e Aortalni stenosa

« 10,4% * 16%
* 20 let po radioterapii * Bazalni a medidlni ¢ast
« KD 25-42 Gy

cipu chlopné

105 if base fh » Kalcifikace AO/MI

eart dose >8.5Gy*

R,

Min dose to SVC significantly /N , LOS if PA V40Gy >80%* >
associated with non-specific ' jun kce
ECG changes™ i
nges lOS.|f>2.2% of LA wall e 22 |et observace
received >63Gy
. LA dose associated with ECG * KD >35 Gy
\changes®
Min dose to SVC and mx dose B
to LA significantly associated
with non-cancer death®®
Pericardial V30 229%
\ associated with worse
\ 05>
Max dose to RA, AV and
RCA >19.5Gy associated ' Dose to LAD, LV and RV
with worse 0S¥ ™" significantly associated
| with CE in patients with
\ [HD®
LV VSGy and V30Gy
- Bilateral ventricle max dose 3§Wﬁm§¥mpm?aﬁc
significantly associated with CE in patients with [HD*®
non-cancer death™®

Banfill K et al., J Thorac Oncol 2020;16:216-227 XXXIV. Vyroéni sjezd CKS, Brno 2026




Riziko:

1)
2)
3)
4)

Zena

Vek 26 let

KD DOX 350mg/m?
KD RT 46 Gy

High Risk Late Cardiotoxicity

MONITOROVANI !

1)
2)
3)
4)
5)

Do 3M

1.R

3.R

5.R

Kazdych 5 let

Zena, nar. 1970: 4/1996 MH: CHT/RT

EF LK vstup 64%

6/2019
EF LK 62 .... 86% TZ: 2,85 W/kg
GLS LK: -19%




Zena, nar. 1970: 4/1996 MH: CHT/RT STEMIPS 11/01/2026

VES230 ml EF=52%

GS=-15.6%




Muz, nar. 1967; 1995 MH: CHT/RT EF LK vstup 68%

EF-KLID | EF-ZATEZ | TZ GLS AOGR
Riziko: % % W/kg % mmHg
1) KD DOX 400mg/m?

2) KD RT 42 Gy 1995 68

3) HD CHT + PBSCT 1998 65 5/3 0

2001 66 4/2 1+ 1+ 0
High Risk Late Cardiotoxicity =~ 2008 64 10/6 1+ 1+ 0
MONITOROVANI ! 2013 63 79 2,4 20/11 1,5+ 2+ 18
1; Do 3M 2016 63 75 2,7 -18 22/14 1,5+ 2+ 22
2) 1.R
3) 3.R 2020 67 75 2,81 -16 33/18 1,5+ 2+ 32
4) 5.R 2021 73 18 | 48/26 1,5+ 2+ 29
5) Kazdych 5 let

2022 66 82 2,88 -17 55/33 1,5+ 2+ 30

2023 70 81 2,7 -17 68/37 2+ 2,5+ 47

(98/54)*
Operace AVR + MVR 18/07/2024
2024 59 -14 15/8 0 0 28

2025 64 77 2,3 -16 15/8 0 24

o




RADIOTERAPIE

METABOLICKY SYNDROM

CHEMOTERAPIE

Cardiovascular Diseases Cancer
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Shaik T et al. GCSP 2024
DeHaas EC et al. 2010
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\ Zkracené doporuceni k managementu metabolického syndromu dle EASD a ADA.

Dieta ,Stredomorska dieta”

Snizeni podilu prijmu zejména jednoduchych sacharidi pod 50%.
Snizeni pFijmu soli pod 5 g/den

Pohyb > 150 minut aerobni trénink stfedni intenzity, 75-150 minut aerobni trénink
vysoké intenzity
doporuceni pacientovi dle principu FITT (frekvence, intenzita, ¢as a typ cviceni)

Vaha Pfi obezité je doporuceno snizeni vahy alespon o 5-10 %, coz prokazatelné
prinasi pacientim s metabolickym syndromem zdravotni benefity

- redukce vahy o 0,5 kg tydné odpovida snizeni denniho kalorického
prijmu (resp. kalorické bilance) o cca 500-600 kcal

- iatrogenni pristupy (kognitivné-behavioralni terapie (Iékové, chirurgické
— maji specificka kritéria)

Glykemie Prediabetes — primarné redukce hmotnosti, zména Zivotniho stylu
Diabetes — metformin + PAD (sniZujici KV riziko = inhibitory SGLT2, agonisté
GLP-1), eventudlné Ize i bez metforminu (je-li kontraindikovan)

Dyslipidemie Cilové hodnoty Vysoké Velmi vysoké Extrémni
lipidového
metabolismu
LDL-c (mmol/l)

stredni
<2,6 1,8 asnizenio @ <1,4asnizenio <1,0
ejméné 50 % nejméné 50 %

hodnot pred hodnot pred

lécbou l1écbou
Non-HDL-c <2,6 <22 <18
(mmol/1)
apoB (g/l) <0,8 <0,65 <0,55
Lécebné strategie, mO¥westl a varianty

- kombinace statin + ezetimib (pfi vice nez 50% nad doporucenou
hodnotou LDL-c, non-HDL-c ¢i apoB)

- bempedoova kyselina (v CR hrazena pfi intoleranci statin(i, pozitivni vliv
na KV riziko)

- fenofibrat pfi statinu a perzistentni hypertriglyceridemii (nad 2,3
mmol/1)

- inhibitory PCSK-9 pii nedostatecném terapeutickém efektu statinu,
ostatnich 1ék( v kombinované 1écbé nebo i ev. monoterapie pfi
intoleranci statinu

Hypertenze > 130/80 — zména Zivotniho stylu, redukce véhy, pfipadné ¢asné zahajeni 1éCby,

primdrné ACE-i, neni-li kontraindikace .
Dalsi (rezimova koureni, alkohol, spankova hygiena (6-8 h, pravidelnost cirkadianniho rytmu XXXIV. V\I/rOénI' sjezd CKS, Brno 2026
doporuceni) atd.),

Schnell O et al. A. Report from the 4th Cardiovascular Outcome Trial (CVOT) Summit of the Diabetes & Cardiovascular Disease (D&CVD) EASD Study Group. Cardiovasc Diabetol.
2019 Mar 11;18(1):30. doi: 10.1186/s12933-019-0822-4. PMID: 30857522; PMCID: PMC6410488.
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B.J. 1980 zena

MHIIB 12/1995-9/1996

EF LK 65%

r. 2007
EFLK 63 ...... 72%

r.2017
EFLK 63 ...... 78%

r. 2022
EFLK 68....... 80%

GLS -23%

GLS -23%

CHT (300mg/m?2) + RT mediastina (35Gy)

T2 2,9 W/kg

T2 3,12 W/kg

TZ 3,18 W/KG
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ESC HEART FAILURE ESC Heart Failure 2020; 7: 2175-2183 Published online 30 June 2020 in Wiley

Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12838
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