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Szemléletvaltozas

’
* Egyre hate kOnya bbl de Most recent reviews and meta-analyses on the incidence

of hypertension with major VEGF inhibitor treatment

toxikus szerek alkalmazasa

. ’) : I;_uml-)erloil » Nuntl.bel;of ITIcide:l\ce o: In;:isc:ence
* Lon g-te m Survivors e patiems® TN % 3-4HTN. %
7 . Bevacizumab 20 6754 23.6 7.9
* Ujabb szempontok E
. Akut SZOV6dménVEk So.ra.fe.nib 13 2492 15.3 4.4
Axitinib 10 1908 40.1 13.1
mellett a késOi Vandetanib 11 3154 24.2 6.8
SZOV6d m é nye k Regorafenib 5 750 44.4 12.5
problémakaore
* CV események
* Rizikoéfaktorok @
www.escardio.org/guidelines SOCIETY Of.

European Heart Journal doi:10.1093/eurheartj/ehw211 - EH] 2016;37:2768-2801

* Eletmingség



Az onkoldgiai kezelések kardiovaszkularis szovodmeényei

@ European Heart Journal (2016) 37, 2768-2801 ESC CPG POSITION PAPER

uuuuuuuuu doi:10.1093/eurheartj/ehw211
SOCIETY OF
CARDIOLOGY »

2016 ESC Position Paper on cancer treatments
and cardiovascular toxicity developed under the
auspices of the ESC Committee for Practice
Guidelines
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Szivelégtelenség, tunetmentes balkamra diszfunkcio:
Antraciklinek

Toxicitas kialakulasa dozis-dependens Table 5 Anthracycline equivalence dose considering

 de:igen nagy a betegek kdzotti kiildnbségek doxorubicin in rapid infusion as a reference”

* magasabb rizikd: korabbi szivbetegség, egyéb

. . , ;e . 1w Incidence of HF
citotoxikus kezelés, magasabb dozis, életkor — idGsek,

Relative rises to »5% when

Drug

gyerekek (fejlédé sziv!!l) cardiotoxicity cumulative dose
exceeds (mg/m’)
o _ . Dexorubicin rapid | 400
Doxorubicin (Adriamycin): 400 mg/m?: 3-5% imfusion
e o
700 mg/m-<: —48% —
Dra bici ~0.75 800
Idarubicin: >90 mg/m?: 5-18% um_n_l o
Epirubicin: >900 mg/m?:  0.9-11.4% \darubicin 053 150
Mitoxantron: >120 mg/m?: 2.6%

Liposzomalis antraciklinek: >900 mg/m?: 2%



Szivelégtelenség, tiinetmentes balkamra diszfunkcio:
Antraciklinek

Kardiotoxicitas hatasmechanizmusa:
» oxidativ stressz (Fenton-reakcio)

* topoizomeraz-gatlas

* PARP-aktivacio

* apoptdzis/nekrdzis-sejtvesztés

Kardiotoxicitas kialakulasa:

e Akut karosodasok:
» gyakran atmeneti, de a tartds romlas esélye is magas
* BK diszfunkcidé/akut manifeszt szivelégtelenség
e SV ritmuszavarok

» Késabi kdrosodasok (?)

De létezik-e akut és késbi szovédmeény?
* retrospektiv vizsgalatokbdl szdrmazik ez a kiilonbségtétel (tlinetesség esetén/random echo)
e 2625 beteg adata: 9%-ban BK diszfunkcid, 98%-ban az elsé évben, gyakran aszimptomatikus, de progressziv



Szivelégtelenség, tuinetmentes balkamra
diszfunkcio: HER2-gatlas

* Gatloszerek:

s L » Ellenanyag (trastuzumab,
[remme =N —— e ———UK pertuzumab, trastuzumab-emtansine)

Neratiiy > Kardialis diszfunkcid 5-19% (RR: 5,1x)
» Manifeszt szivelégtelenség (NYHA-III-
IV): 0-4%. (RR: 1,8x)
e Cardiotoxicitas csokkentése:

» Antraciklin mentes HER2-gatlas (3,2%,
ill. 0,5%)

* Ezek kardialis betegség nélkdli, j6 EF-U

betegek adatai...

' E \—\ER"Z y
e 7K e { » TKls (lapatinib)
DS-2801 ,,‘oo“‘a‘“ . « g 7 .«
o [ o V ~ » Kardiotoxicitas gyakorisaga:
S

Proliferation
Motility
i Invasiveness

* Gyakran reverzibilis

Curr Opin Cardiol. 34, 451-458, 2019., Eur Heart J 37, 2768-2801, 2016.



Szivelégtelenség, tiinetmentes balkamra diszfunkcio:

Egyéb szerek

Alkilez6 agensek:

1. ciklofoszfamid: Alkylating agents
* Ritka Cyclophosphamide 7-28
* csontvel6 transzplant esetén adott magas dozisok :
esetén (>140 mg/kg) E':I’sofam'df e
* napokon belul kialakulhat IZSEIIT; ) I‘?
2. ifoszfamid: 10 g/m2 alatt alig =0
3. ciszplatin: Antimetabolites
 ritka a szivelégtelenség (etioldgia: iszkémia?) Clofarabine 27
* platina: jelent6s volumenterhelés is faktor Antimicrotubule agents
Docetaxel 2.3-13
Mikrotubulus gatlo szerek: Paclitaxel <l

taxanok: multidrug rezsim
nehéz a hatdas megbecslése




Az atherosclerosis folyamata

NOMANCLATURE AND SEQUENCES IN PROGRESSION  cpqiest  mamcrow™  cLivicAL
MAIN HISTOLOGY OF ATHEROSCLEROSIS ONSET MECHANISM COLLERLATION
Initial lesion '
+ histologically "normal”
+ macrophage infiltration
« isolated foam celis
from
first
Fatty streak docude
mainly intracellular lipid clinically
silent
F4 growth
g mainly by
~ Intermediate lesion i
O ., intraceliular lipid accumulation
§ « small extracellular lipid pools
T
g
(=) from
3 Atheroma decade
:‘ * Intracellular lipld accumulation
L °core of extracellular lipid
=
w
o
o
0 Fibroatheroma
E « single or multiple lipid cores lnc'm ieaity
« fibrotic/calcific layers ekl i
and or overt
collagen
fom increase
fourth
Complicated lesion decade
* surface defect
* hematoma-hemorrhage th::':lb:’*'
*Uarcmbosty hematoma
v

Stages of endothelial dysfunction in atherosclerosis by Grahams Child. License: CC BY-SA 3.0



Kapcsolat az érbetegségek, a daganatos
betegségek, illetve az onkotherapias kezelések
kozott

Biological mechanisms

¢ Inflmation — Onkotherapias kezelések
® Oxidative stress
érkarosito hatasai:

* endothel sérilés

Cancer

 direkt vazospasztikus hatas

Common Risk Factors
:;pn;sn.w * felgyorsult atherosclerosis
labetes

®

@

® Hypertension — lipid metabolizmus valtozasa
® Hyperlipidemia
[}
@
@

Smoking — ROS

Inactivity

Unhealthy diet e akut artérias thrombosis




Onkotherapias kezeléses hatasai a koszoruer

begség kialakulasara

e
Pathophysiological mechanisms of coronary artery

disease in cancer treatment

Coronary arteries can become damaged or
diseased, often due to a buildup of cholesterol- Plague forms
containing plaques, or as a result of inflammation. in lining of artery

Pathophysiological Risk of coronary artery disease

Plague grows,
lining of artery
is damaged

mechanism and acute coronary syndrome

face Fluoropyrimidines e Endothelial injury  Up to 18% manifest myocardial
(5-FU, capecitabine, e Vasospasm ischaemia
gemcitabine) e Up to 7-10%: silent myocardial
ischaemia
Platinum compounds e Procoagulant status |e 20-year absolute risk of up to 8%
i i : (cisplatin) < Arterial theombesis after testicular cancer
block the artery leading ¢ 2art attack. e 2% l"isk Of al‘terial thrombOSiS
VEGF inhibitors e Procoagulant status | e Risk of arterial thrombosis:
(bevacizumab, sorafenib, | Arterizl tirorbagie bevf'zlc':i;umab0 3.8%, sorafenib 1.7%,
itinib) y B B @ sunitinib 1.4%
Bun « Endothelial injury
Radiotherapy e Endothelial injury e 2-7-fold increased relative risk of
« Plague rupture myocardial infarction
h B . Cumulative 30-ye§r coronary events
= Thrombosts incidence of 10% in Hogdkin
lymphoma survivors
 Risk proportional to irradiation dose
www.escardio.org/guidelines %’3.255'2,‘5'.

European Heart Journal doi:10.1093/eurhearj/ehw211 - EH] 2016;37:2768-2801



Koszoruér betegség — CCS, ACS
* Fluoropyrimidinek (5-fluorouracil, capecitabin)

— A kezelés soran és a kezelést kovet6 néhany nap soran

— A betegek akar 18 %-ban miokardialis iszkémiat okoz (silent iszkémia
is!)

— Tipikusan nyugalmi panaszok/EKG eltérések
— ACS!

* endothel sérulés

®* vVazospazmus

European Heart Journal (2016) 37, 2768-2801.



Koszoruér betegség — CCS, ACS

KOCKAZATBECSLO TABLA (SCORE)

' ' Halalos sziv- és érrendszeri események elofordulasanak kockazata 10 éven belll
e Ciszplatin v
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— Akut thrombotikus események a
betegek 2 %-ban
(kardio/cerebrovaszkularis)
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180 [REENI
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— CCS rizikdja magasabb, mint a normal o C
populacioé (20 év alatt kb. 8 %). o0 ol
a0 0 0 00 00000 é
— Ciszplatin=carboplatin kezelés (RR 2,5) e Bl
2 dOha nyzas Koleszterin (mmol/1) Koleszterin (mmol/1)

European Journal of Cardiovascular Prevention and Rehabilitation 2007, 14(Supp 2):E1-E40



Koszoruér betegség — CCS, ACS

VEGF gatloszerek:

VEGF szignalutvonal endothel
sejt tulélésben szerep - gatlasa

endothel karosodas

VEGF gatlo szerek (bevacizumab,
sorafenib, sunitinib, nilotinib,

ponatinib)

akceleralt AS
vazospazmus
mikrovaszkularis eltérések
arterias thrombosis (1-4 %)

A VElGF

| |VEGFR-2
\ eNOS

\’ NO ‘ Endothelial cell

NO =
™ 5GC - cGMP
VSMC relaxation
VEGFR-2 |
\ PI"3k P AcGMP > vasodilation
\ A
YrLc b= — | cOX2 f—— PGl, f

J Am Soc Hypertens. 2018 Jun; 12(6): 409-425.,
European Heart Journal (2016) 37, 2768-2801.



Koszoruér betegség — CCS, ACS

Sugartherapia:

Els6sorban supradiaphragmalis sugarkezelés mellett gyakoribb a CCS
— dozis dependens (els6sorban >30 Gy)

— sulyos atherosclerosis (gyakran eredési szlkilet, LAD és LM gyakran)

— koronaria spazmus

— plakk ruptura és thrombosis

Gyakran hosszu ideig aszimptomatikus - ACS lehet az els6 manifesztacio
Lymphomas betegeknél 15—-20 évvel a kezelés utan
— Hodgkin-kor
* CCS 4-7x gyakoribb a normal populaciéhoz képest, kumulativ incidencia 50% 40 évvel a kezelés utan

* ACS: 2-7x gyakoribb a normal populaciéhoz viszonyitva, kumulativ incidencia 10% 30 évvel a kezelés
utan

— Rendszeres screenelés CV betegségek iranyaba, 10-15 évvel a kezelés utan kezdve!

European Heart Journal (2016) 37, 2768-2801.



Stroke

e Stroke rizikd min. 2x magasabb
irradiacio (mediasztinalis, nyaki,
koponya) esetén.

e Kiserek:

— endothel diszfunkcio
— thrombus képz6dés

* Nagy/kp. méreti erek

— vasa vasorum occlusio (media
nekrozis és adventitia fibrozis)

— atherosclerosis

Blood clot lodges in
cerebral artery, causing
a stroke \

Blood clot breaks
off and travels

Diseased | {8
carotid =

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.

European Heart Journal (2016) 37, 2768-2801.



Periférias érbetegség

e VEGF inhibitorok:

— Atherosclerotikus/non-atherosclerotikus PAD
akar 30%!

— CVD rizikofaktorok nelkul is akar!

— Akar néhany hénapon beliil/évekkel kés6bb

* Raynaud szindroma

— L-aszparaginaz (koagulopathia is), ciszplatin,
methotrexat, 5-FU, paclitaxel

European Heart Journal (2016) 37, 2768-2801.



Thrombembolias betegségek

Tumorsejtek prokoagulans hatasuak (antifibrinolitikus hatas, proinflamm. citokinek release-e)

Artérias thrombozis:

* Akut vaszkularis térténések Clinical factors associated with increased risk of
 Pitvarfibrillatio mellett gyakoribb embolizacié cancer-associated venous thromboembolism
Cancer-related factors
, , ., ., , « Primary site of cancer (mostly pancreas, brain, stomach, kidney, lung,
Vénads thrombozis és thrombembolidas betegségek: lymphoma, myeloma)
, , | e Histology (specially adenocarcinoma)
* Atumoros betegek akar 20 %-aban is » Advanced stage (metastatic)
o Initial period after cancer diagnosis
* O kO k: Patient-related factors
e D hics: old i I , Afri thnicity
° Maga d tumor . CSrr:ggrbriad?ti:ss(i?\feiZisg,echiaaicek?jﬁey driIs::sZ, ;Lljtl:rlnonary disease,
s . ey e atherothrombotic disease, obesity)
¢ KemOthera p|a fajtaja e History of venous thromboembolism, inherited thrombophilia
/ s g P « Low performance status
* Beadas mddja (katéterek)
. Trea.tment-related factors
* Betegrizikdja VTE-re ¢ b
« Hospitalization
. . . . 77 V4 Vé . 7 . ~ Ch h d - H H
Antithrombotikus profilaxis a mdtét utan min. 4 hétig el el S
« Transfusions
« Central venous catheters @
Kezelés: megegyezik a nem tumoros betegekkel Modified from Knorana et al. A4
www.escardio.org/guidelines AR
(LMWH !’ DOAC?) European Heart Journal doi:10.1093/eurheartj/ehw211 - EH] 2016;37:2768-2801

European Heart Journal (2016) 37, 2768-2801.



Ritmuszavarok daganatos megbetegedésekben

Non-chemotherapeutic factors Direct cardiac involvement
1. Prior underlying substrate for arrhythmias 1. Primary cancer

2. Post cancer surgery arrhythmias 2. Metastasis to heart

3. Radiation induced pericarditis/atherosclerosis 3. Cardiac amyloidosis

4. Adjuvant medications — e.g. Antiemetics

HA release causing SB

_ Systolic dysfunction
- Paclitaxel

- Anthracyclines
- Her2/neu inhibitors
- Proteosome inhibitors

Myocardial ischemia

- 5-FU/Capecitabine Effects on cardiac myocytes

Electrolyte disturbances - Cisplatin
1. Vomiting Bt ; ZERG bIOfkaTle. —AT:, PKI o
y - : A normal calcium homeostasis —
2. Diarrhea from colitis Rkl Myopericarditis Taxanes. ATO. AC
3. Druginduced - Cisplatin ) L e
ibalanEEEmEEerie, - Checkpoint inhibitors 3. Mitochondrial injury - Sunitinib, AC

4. Cardiac apoptosis — Sorafenib,
antimetabolites, AC
5. Inhibition of PI3K - PKI

cetuximab, cisplatin
and necitumumab)

Circulation: Arrhythmia and Electrophysiology. 2017;10:e005443, Cancer Treatment-Induced Arrhythmias
Focus on Chemotherapy and Targeted Therapies



Kemoterapia okozta ritmuszavar

Ritmuszavar
tipusa

Kivalté gyogyszer

Elofordulds 16-36%

Bradycardia Arzen-trioxid, bortezomib, capecitabin, ciszplatin, ciklofoszfamid,
doxorubicin, epirubicin, 5-FU, ifosfamid, IL-2, metotrexat,
mitoxantron, paclitaxel, rituximab, talidomid.

Sinus tachycardia | Antracyclinek, carmustin.

Atrioventrikuldris
blokk

Antracyclinek, arzén-trioxid, bortezomib, ciklofoszfamid, 5-FU,
mitoxantron, rituximab, taxdnok, thalidomid.

Vezetési zavarok

Antracyclinek, ciszplatin, 5-FU, imatinib, taxanok.

Pitvarfibrillicié

Alkilalo szerek (ciszplatin, ciklofoszfamid, ifoszfamid, melfalan),
antracyclinek, antimetabolitok (capecitabin, 5-FU, gemcitabin),
IL-2, interferonok, rituximab, romidepszin, kis molekulaju TKI-k
(ponatinib, sorafenib, sunitinib, ibrutinib), topoizomeraz-Il gatlok
(amsacrin, etopozid), taxanok, vinka alkaloidok.

Szupravent- Alkilalo szerek (ciszplatin, ciklofoszfamid, ifoszfamid, melfalan),

rikuldris amsacrin, antracyclinek, antimetabolitok (capecitabin, 5-FU,

tachycardiik metotrexat), bortezomib, doxorubicin, IL-2, interferonok, paclitaxel,
ponatinib, romidepszin.

Kamrai Alkilalo szerek (ciszplatin, ciklofoszfamid, ifoszfamid), amsacrin,

tachycardia, antimetabolitok (capecitabin, 5-FU, gemcitabin), arzén-trioxid,

kamrafibrillacié doxorubicin, interferonok, IL-2, metotrexat, paclitaxel, proteaszoma-

gatlok (bortezomib, carfilzomib), rituximab, romidepszin.

Hirtelen szivhalal

Antracyclinek (nyagyon ritkan), arzén-trioxid (torsade de pointes
kovetkeztében), 5-FU (valoszindleg iszkémia és koronariaspazmus
miatt), interferonok, nilotinib, romidepszin.

2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under theauspices of the ESC Committee for Practice
Guidelines, The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)



~ 2-5% az elofordulasa
multifaktorialis

Pitvarfibrillacio és pitvari flutter

Insights Into Onco-Cardiology Atrial Fibrillation in Cancer, Journal of the American College of Cardiology, Vol. 63, No. 10, 2014

P
Cancer — \
; Medical therapy
Direct effect Cytotoxic drugs
Cardiac tumors High-dose steroids
Adjacent organ tumors Targeted agents
Biphosphonates
Other
A Paraneoplastic
manifestations
& Hyperthyroidism & Surgical therapy
i Autoimmunity
Inflammation
n
£ p i ~ . k
ANS imbalance Cancer-related
o comorbidities
Physical stress :
Emotional stress Hypoxia
Metabolic disorders
Electrolyte disorders
Atrial
fibrillation




Sick sinus szindroma és vezeteési zavarok

« AV csomo infiltracioja (lymphoma, amyloidosis)

- Vagus paraganglioma, katecholamint szekretald tumorok, n.
vagust involvald nyaki terime

« Cisplatin, irinotecan, paclitaxel (29%), mitoxantrone,
ritkan doxorubicin, octreotid, thalidomide (26-53%),

« methotrexate, 5-fluorouracil, arzen-trioxid
 Mellkasi radioterapiat kovetoen - SSS, AV blokk

European Heart Journal (2013) 34, 2281-2329.




QT megnyulas

QTC= QT Bazett i:ﬁi::::::f'l“"~-~~«~“;~-‘~~-w!~....

- ‘ i =

JRR

FrideriCia I,ﬁ;i I T IIﬁI?IﬁIﬁ [

QTc=RR" S, B e eeees adl

OTc=QT+0,154(1~RR) Famingham [0 et

QTC = QT+ 1, 75(FC = 60) Hodges

> normal QT tavolsag >350 and <450 ms felnott férfiakban,
>360 and <460 ms felnott nOk esetén

> Vezetési zavar, bal Tawara szar blokk, jobb Tawara szar blokk,
pacemaker ritmus

- 550 ms hatarérték
- mddositott QT tavolsag mérés (mQT = QT — 0.485xQRS
- JT tavolsag: cut off >360 ms




QT megnyulas rizikofaktorai

QT-megnyiilas rizikofaktorai

Korrigdlhato Nem korrigalhato
Elektrolit eltérések » Pozitiv csaladi anamnézis hirtelen szivhalalra i e RS SRS I A
* Hanyinger és hanyas (fel nem ismert kongenitalis hosszu QT-
* Hasmenes szindroma vagy genetikai polymorfizmus) i ot S iR s
* Kacsdiuretikus kezelés * Anamnesztikus syncope e
* Hypokalaemia (3,5 mEq/l) » Kiindulasi QT -nyulas
* Hypomagnesaemia (£1,6 mg/dl) * NGi nem
* Hypocalcaemia (8,5 mg/dl) * |doskor
» Szivbetegseg
Hypothyroidismus » Szivinfarktus

» Csokkent vesefunkcio

QT-megnyulast okozo gyogyszerek |+ Karosodott hepatikus gyogyszer-metabolizmus
egyiittes hasznalata

* Antiaritmias

* Fertozésellenes keszitmenyek
* Antibiotikumok

* Gombaellenes készitmeények
* Pszichotrop gyogyszerek

* Antidepresszansok

» Antipszichotikumok

* Antiemetikumok

» Antihiszeaminok

2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under theauspices of the ESC Committee for Practice Guidelines, The Task Force
for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)



QT megnyulast okozo onkologiai kezelések

A Atlagos QTF-megnyuilis (ms) QT -hosszabbodds >60 ms (%) QT >500 ms (%) Torsade de pointes (%)
Antracyclinek
Doxorubicin 14 [1-14 NI NI
Hiszton-deacetiliz-gitlok
Depsipeptid 14 20-238 NI NI
Vorinostat <|0 2,7-6 <| NI
Tirozinkinaz-inhibitorok
Axitinib <l0 NI NI NI
Bosutinib NI 0,34 0.2 NI
Cabozantinib 10-15 NI NI NI
Crizotinib 9-13 3.5 1,3 NI
Dasatinib 3-13 0,6-3 <14 NI
Lapatinib 6-13 1 6,1 NI
Nilotinib 5-15 1,9-47 <2 NI
Pazopanib NI NI 2 <0,3
Ponatinib <l0 NI NI NI
Sorafenib 8-13 NI NI NI
Sunitinib 9,6-154 -4 05 <0,
Vandetanib 36 12-15 43-8 Leirtak, % NI

Vemurafenib

13-15

Leirtak, % NI

Egyéb gydgyszerek

Arzén-trioxid

354

35

25-60

25

2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under theauspices of the ESC Committee for Practice
Guidelines, The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)




QT megnyulas

« QTc >500 ms and a AQT (kiindulasi éertékrol) 60 ms a kezelés
atmeneti  felfliggesztése, rizikdfaktorok, elektrolit eltérések
ellenorzése, ha a QTc normalizalodott csokkentett dozisban a
kezelés folytathato

1 L 1 L 1

> Torsades de pointes kialakulasa esetén:
Iv. MgS04 (10 ml)
Ideiglenes pacemaker
Isoprenaline (szivfrekvencia>90/min)
Aszinkron defibrillacio




Daganatellenes kezelés altal kivaltott sziv- és érrendszeri
betegségek megel6zése/kezelése
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CHEMOTHERAPEUTICS

Anthracyclines

Antimetabolites
(fluoropyrimidines)

®
Tubulin active agents ®
®
@

Alkylating agents

NATURAL COMPOUND$

Arsenic trioxide

RADIATION THERAPY ®

MOLECULARLY TARGHTED AGENTS

Anti-HER2
Antibodies ®
TKI, lapatinib ®

Anti-angiogenics
Antibodies ®
TKI ®

®

®

BCR-ABL1 TKI ®

BTK TKI

Proteasome inhibitors ®

RAF+MEK inhibitors ®

BN IS @

Cyeclin inhibitors

IMMUNOTHERAPIES

Immune checkpoint
inhibitors

Immunomodulators

HORMONE THERAPIES

Androgen deprivation
therapies

ADAPTIVE THERAPIES

CAR T cells ®

Daganatellenes kezelés
altal kivaltott sziv- és
érrendszeri betegségek

Valve disease
Radiation, ? Anthracyclines, Endocrine Tx

Accelerated atherosclerosis

Radiation, TKis, Alkylating agents, Endocrine Tx
Conduction abnormalities

Radiation, Anthracyclines , Alkylating
agents, Antimetabolites, CDK inhibitors,
Endocrine T, ICls, TKIs, Taxanes
Vasospasm, other myocardial ischemia
Antimetabolites, Alkylating agents, TKls,
Taxanes, Endocrine Tx, Anti-tumor Ab,

Cardiomyopathies Anti-CD20 Ab, PIs

Radiation, Anthracyclines,
Antimetabolites, Alkylating agents,
Endocrine Tx, ICls, TKls, HER2 Ab

Pericardial disease
Radiation, Anthracyclines,
Alkylating agents, Endocrine Tx, ICls

Myocarditis
Anthracyclines, ICls, Alkylating agents

Systemic Pulmonary Vi o
hypertension hypertension asompanm Thrombosis Stenosis Vasculitis w

AntiMT agents AntiMT agents Antimetabolites Alkylating agents Endocrine Tx ICls
Alkylating agents Alkylating agents AntiMT agents Endocrine Tx; Pls TKis
TKls; Pls Pls Alkylating agents TKIs; AntiMT agents

European Journal of Heart Failure (2020) 22, 1945-1960.
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Routine oncology follow-up Closer oncology follow-up Cardi‘:(';&)" t;)eferral
ass

Discussion of the risk/benefit
balance of cardiotoxic
anticancer treatment

(Class I)

Cardiology* referral if
CV toxicity develops
(Class )

Cardiology* referral if
CV toxicity develops
(Class 1)

Cardiology referral* Cardioprotective strategies
(Class lib) (Class lla)

J

Eur Heart J 43, 4229-4361, 2022.
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Patient risk level TTE :
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....................... ‘ Javasolt kardiolégiai vizsgélatok
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I, . Q. inditasa esetén
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Primary and secondary cancer-therapy related CV toxicity prevention strategies

Primary vs secondary prevention

Baseline CV risk
assessment
; & In patients at high and very high
| °prevention risk of CTRCD
Q
@] O
2°prevention |
ACE-I/ARB and beta-blockers
o ®
@ ® 0 - Dexrazoxane/liposomal anthracyclines
: (patients treated with anthracyclines)
O O o——©0
N Statins
@ 1" cancer requiring cardiotoxic cancer therapy
) 2™ cancer requiring cardiotoxic cancer therapy
® ¢
) CTR-CVT e Class | Class lla

@ESC—

Kardiovaszkularis prevencié
szintjei

Eur Heart J 43, 4229-4361, 2022.



Recommendations for the management of patients with

cancer and heart failure

Recommendation

It is recommended that cancer patients at
increased risk for cardiotoxicity, defined by a
history or risk factors of CV disease, previous
cardiotoxicity or exposure to cardiotoxic
agents, undergo CV evaluation before sched-
uled anticancer therapy, preferably by a cardi-
ologist with experience/interest in Cardio-
Oncology.

Treatment with an ACE-| and a beta-blocker
(preferably carvedilol) should be considered in
cancer patients developing LV systolic dys-
function, defined as a 10% or more decrease
in LVEF and to a value lower than 50%, during

anthracycline chemotherapy.®" 962

A baseline CV risk assessment should be con-
sidered in all cancer patients scheduled to
receive a cancer treatment with the potential

. g
to cause heart failure.**49>

Class® Level®
| C
lla B
lla C

ACE-l = angiotensin-converting enzyme inhibitor; CV = cardiovascular; LV = left

ventricular; LVEF = left ventricular ejection fraction.
“Class of recommendation.
"Level of evidence.

DESC 2021

ESC 2021-es szivelégtelenség
iranyelve BK diszfunkcio esetén

* Minden cardiotoxikus kezelés
elott javasolt alap CV riziko
meghatarozas

e Kardiologus altali CV vizsgalat
magas rizikostatusz esetén

 ACEi+BB SZE, ill. BK
diszfunkcio esetén

European Heart Journal (2021) 42, 35993726



Management of patients with AC-related cardiac dysfunction

( )
v
Symptomatic CTRCD? Asymptomatic CTRCD*
: 1
| | ] )

Very severe/severe Moderate Mild Severe/moderate Mild
1SRN | IS | NOUT U | (TR | S——
Oncological
strategy

4
Discontinue Interrupt Interrupt
AC AC “D,T a.pproach . AC Continue
(Class 1) (Class I) regarding interruption (Class 1) AC
& Co:ftl:éa i with CV monitoring
AND
AND AND (Class ) (Class )
MDT® MDT: MDT:
L | J i
cv J
strategy
v
GLS decrease >15% NP bicrease
or c¢Tn increase
‘, ,, I I
HF th ACE-I/ARB ACE-I/ARB
c °":;’7 and/or BB and/or BB
= (Class Ila) (Class lb)
@ESC

Kezelés lehetdsége AC
kivaltotta szivelégtelenség
esetén
(ESC 2016, 2022)

Amennyiben klinikailag manifeszt
szivelégtelenség alakul ki daganat
kezelés soran vagy azt kovetben, az
ESC szivelégtelenség iranyelv szerinti
kezelés javasolt

Daganat kezelés felfliggesztése a
klinikum stabilizalodasaig

Rechallenge esetén a kardioprotektiv
kezelés folytatandd!

Kevésbé toxikus alkalmazasi mod
(liposzdmalis ATC, lassu infuzio,
ddziscsokkentés)

Indikacio esetén dexrazoxane
Mas kezelési rezsim

Eur HeartJ 37, 2768-2801., 2016
Eur Heart J 43, 4229-4361, 2022.



2022-es Kardio-onkologiai guideline
ajanlasainak evidenciaszintjei

LoE A LoEB
120

100
80
60
40

20

Numer of Recommendations

L -0

B la B B

Class of Recommmendation

Figure 1 Summary of all guideline recommendations and
corresponding level of evidence.

Eur Heart J - Cardiovasc Imaging 24, e45—-e46, 2023.



OVERCOME trial
i ACEI+BB vs. placebo

———— Without inclusion criteria: 3

IEIigblepatients:‘lﬁ

Excluded (n=21)
Cardiac disease: 8
Prior cancer: 2
— Psychiatric disease: 2
Prior treatment with ACEl's: 1 i
Cg.;r:prehen:?on difﬁcultiess: 1 80 Intervention Group 80 1 Control Group
L Refused to participate: 7
| Randomized: 90 I
709 70 - x
/\ 63.311.3 62.9i1 .4 64.6:1 .2
Alocated o Alocaied i i i 57.9+2.8
Intervention: 45 Control: 45 o |
— 3 deaths — 8 deaths - w
, o v
6-month evaluation: | N= 42 501 \ 50 -
Flow Diagram of the OVERCOME Study 401 40 -
A total of 81% of all eligible patients during a 2-year period were enrolled
in the study and were randomized to the intervention or control group. 0
ACEI — angiotensin-converting enzyme inhibitor. 30 = 3 .
Baseline 6 months Baseline 6 months

Akut |eu kém ia Change From Baseline in LVEF in Acute Leukemia Patients Undergoing Chemotherapy in the Intervention and Control Groups

80% ad nt h ra CyCI | ] While no differences were observed in the intervention group, patients in the control group had a 6.7% absolute decrease in their mean left ventricular ejection fraction (LVEF)
(p — 0.025), with all but 3 patients having some degree of LVEF reduction. Values are mean + SEM.

80% 0Bssejt transzplantacio
ENA+carvedilol

J Am Coll Cardiol. 2013; 61: 2355-62.



PRADA vizsgalat
ARB, ill. BB hatasa emlotumorban (trastuzumab)

Table 2 Primary and secondary endpoints, estimated values from linear mixed models (intention-to-treat analysis)

n  Baseline EOS Change from Between-group difference in  P-value
baseline to EOS change from baseline to EOS

LVEF
Mo candesartan 60 63.2 (62.0, 64.4) 60.6 (59.4, 61.8) —26(—38 —15) 19 (0.2, 3.5)° 0.026
Candesartan 60 62.1 (61.0, 63.3) 614 (60.2, 62.6) —08(—19,04)
Mo metoprolol 62 62.8 (61.6, 64.0) 61.0 (59.8, 62.2) —18(—30, —07) 02(—-14.19) 0772
Metoprolol 58 62.5 (61.3, 63.7) 61.0 (59.8, 62.2) —16(—28 —04)

RVEF
Mo candesartan 60 61.3 (80.0, 62.5) 58.9 (57.6, 60.1) —24 (—37, —11) 08 (—1.0. 26) 0.370
Candesartan 60 60.2 (59.0, 61.4) 58.7 (57.4,599) —16(—28 —03)
Mo metoprolol 62 60.4 (59.2, 61.6) 58.0 (56.8,59.3) —24 (—37, —11) 08(—10 26) 0377
Metoprolol 58 61.1 (59.8, 62.3) 59.5 (58.3, 60.8) —16(—29, —03)

LV GLS
Mo candesartan 48 216 (—221, —21.1) —21.0(—21.5, —20.5) 06 (01, 1.7) —07(—14,07) 0078
Candesartan 45 —213(—21.8, —207) —-213(—-219, —208) —0.1(—06,05)
Mo metoprolol 46 —21.4(—21.9, —208) —-210(—21.6 —205) 03(—0208) —01 (—08,07) 0.824
Metoprolol 47 —21.5(—220, -21.0) —213(—21.8 —20.7) 02(—03,07)

EF
Mo candesartan 63 7.1 (6.6,7.6) 72(67,77) 0.1 (—04, 0.5) 0.1 (—05,08) 0.688
Candesartan 59 74 (69,79) 76(7.1,81) 02(—0207)
Mo metoprolol 62 74(70,79) 72(67,77) —03(—07,02) 08 (02,15) 0.009
Metoprolol 60 7.1 (6.6,75) 76(7.1,87) 06 (0.1, 1.0)

Troponin "
Mo candesartan 64 1.1(0.9,1.2) 27(23,39) 2.5 (20, 3.9) 1.1 (0.8, 14) 0.666
Candesartan 62 1.0 (0.8, 1.1) 25(22,29) 26(22,33)
Mo metoprolol 64 1.1 (0.9, 1.3) 28(24,33) 26(21,33) 1.0 (0.7, 1.3) 0.831
Metoprolol 62 0.2 (0.8, 1.1) 24 (20,28) 2.5 (20, 3.9)

Data are expressed as mean (95% CI).

LVEF, left ventricular ejection fraction; RVEF, right ventricular ejection fraction; LV GLS, left ventricular peak systolic global longitudinal strain; EQS, end-of-study: EE', diastolic
function.

*Rounding effect.

PGeometric means.

European Heart Journal (2016) 37, 1671-1680.
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Ejection fraction (%)
A

MRA hatasa antraciklin kezelés soran a szisztolés balkamra
funkcidra (emlétumor)

Before After

Controlgroup (n=40)
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75

S 1

45

38 -

p=0.09%4

I

;5"

]

Before After
Spironolactone group (n=43)

Eur J Heart Fail. 2015 Jan;17(1):81-9.



ARNI hatasa daganatos betegek szivelégtelenségére

NT-proBNP LVEF
14000 60
12000 50
10000
z Baseline * ap i Baseline
3 . @ Folloii-up = = ) O Follow-up
6000 1l
1 20
4000
1
20 ®
=
0 0
Fig. 1 Decrease of NT-proBNP levels and improvement of LV-ejection fraction after treatment with sacubitril/valsartan (n=21). Abbreviations:
NT-proBNP N-terminal pro B-type natriuretic peptide, LV-EF left ventricular ejection fraction
A

N=21
Stage C szivelégtelenség

Korabban daganatos betegség miatti kezelés — kemotherdpia (53%) sugarkezelés (43%)

Median utankdvetés 12 honap Cardiooncology. 2021 Oct 13;7(1):35.



Cumulative incidence of heart faillure

Cumulative incidence of heart failure
]

Statin-exposed

= = Conrol

Anthracyclinc cohort SZtatlnkezeIes hatasa a
p-value 0.01 ' szivelégtelenség miatti
_______ ' hospitalizaciora

Time (Years)
Statin-exposed ; * Retrospektiv kohorsz vizsgalat
Hon « >66 éves nok
e korai stadiumu eml6tumor
e propensity score matching
e 723 par anthraciklin kezeltekben
e 399 par trastuzumab kezeltekben
 HHF

Trastuzumab cohort
p-value 0.02

J Am Coll Cardiol 2020; 75:7-7.

0 . 4 6 5 10

Time (Years)



Latest science in heart failure 1

e Cardiac CARE - A randomised trial of troponin-guided neurohormonal blockade for the prevention of anthracycline ...

A multicentre prospective randomised trial of high sensitivity cardiac
troponin I-guided combination angiotensin receptor blockade and beta
blocker therapy to prevent anthracycline cardiotoxicity.

The Cardiac CARE Trial ) 78

AT,

Peter Henriksen
UK

Dr Peter Henriksen
Chief Investigator
ISRCTN 24439460 on behalf of the Cardiac CARE Investigators

Saturday 27 August 2022

Medical
Research

ESC CONGRESS 2022 Council
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Cardiac CARE vizsgalat indokoltsaga

Anthracycline
4% P
% &0 Aol CELL DEATH gy
4% Double-stranded Impaired mitochondrial
§ DNA breaks biogenesis

ESC CONGRESS 2022
Barcelona & Online

2022 ESC Clinical Guidelines

@ ESC it Fha Dot RN G SO0 ESC GUIDELINES

TN arg 20 OV Mertee i I

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS)

Developed by the task force on cardio-oncology of the European

Society of Cardiology (ESC)
‘cTn monitoring is recommended in high risk..and should
be considered in moderate risk patients .’

‘Preventive .. (cardioprotective) ACEi/ARB and BBs
should be considered in high risk patients receiving
anthracycline

‘Asymptomatic patients with LVEF > 50% who develop a

cTn elevation above ULN on anthracycline should be
considered for ACEi and/or BB’

Lyon et al. Eur Heart J 2022



Cardiac CARE vizsgalat felépitése

1:1 Randomisation

§ !

candesartan + carvedilol* Standard care

I Diagnosis & explanation of treatment
= Patient agrees to participate, attends screening
§ visit and consents to study
E
& Eog
' -
Baseline cardiac MRI
. Jer
Anthracycline treatment cycles
- s Pre-cycle 2 ¢Tnl 2 5 ng/L
>z ¢Tnl concentrations recorded
o 9 prior to each cycle
S5
)
l - =4 Pre-cycles 3-6 cTnl 2 23 ng/L
T Anthracycline treatment completed
Radiotherapy
£ (for some patients)
€
8 cTnl concentrations at 2
© and 4 months

Post-anthracyline cardiac MRI

ESC CONGRESS 2022

Barcelona & Online

'®:

-mr

*Starting doses
Candesartan 8 mg 0.d.

Carvedilol 6.25 mg b.d.

Titration clinics

<«—— 9-20 days —>

4

Maximum tolerated doses of
candesartan + carvedilol**

** Target doses
Candesartan 32 mg o.d.

Carvedilol 25 mg b.d.

Drug treatment continues until
final MRI scan

Henriksen et al. Circ Heart Failure 2022



Primary endpoint: change in LV ejection fraction adjusted for
prognostic factors?

>

— 5.0 -
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< n - :
o 0 High risk: candesartan-carvedilol
-

g g B High risk: standard care
ol & 0 7
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o <
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]

= -5.0 -~

= Estimated mean difference (Cl)
L -0.4 (-3.6t02.8)

P=0.82

Change in hs-cTnl concentration from baseline to 2 months
post anthracycline chemotherapy?!

50

)
Q0
% s 40 5] High risk: candesartan-carvedilol
-S % [ High risk: standard care
% =+l

—
o] 30

Q0
E (<=
8=
=G 20
E c
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L

10 -
Estimated mean difference (Cl)
-1.6 (-17.6to 14.4
- P=0.85 (17.6t014.4)

1; Age 2 65 or < 65 years, LVEF at baseline 2 60% or < 60%, cumulative epirubicin dose = 300 mg/m? or > 300 mg/m?

ESC CONGRESS 2022
Barcelona & Online b

A Cardiac CARE vizsgalat
eredménye és jelentosége

ESC 2022-es Kardio-onkoldgiai iranyelv

¢ ACE-| or ARB and beta-blockers recommended N\
for HF should be considered for prima

prevention in high- and very high-risk pati lla B

receiving anthracyclines and/or anti-HERZ‘

\Lherapies 145,150,155-157,159,160,175 J

ACE-| or ARB and beta-blockers recommended

for HF should be considered for primary

prevention in high- and very high-risk patients lla C
receiving targeted cancer therapies that may cause

HF 8

Statins should be considered for primary

prevention in adult patients with cancer at high lla B
and very high CV toxicity risk.™4%176-185

© ESC 2022

Eur Heart J (2022) 00, 1-133, https://doi.org/10.1093/eurheartj/ehac244



Nem gyogyszeres kezelési lehetoségek



Eletmddi javaslatok onkolégiai betegeknek (is)

Cancer treatment Cardiotoxicity x g Exercise benefitial effect

X <—)(_D(ﬂ)(\‘ — I § DNA domcgel

~ \
l Apoptosis I— ,'*—»
. .

» ¥/ <
y .'«

TR 5 4—)(—‘ Prevent Telomere shor’remng‘

o e
Mediterranean g tesote e
Meats and Sweets ‘ Mitochondrial dysfunction ‘ 9
) o d
Dlet P yra'mz ’ \O—Weekly Moderate Portions |t Oxidative stress | ‘ , M — ‘ —— [4 Oxidative stress |
' Poultry, Eggs, Cheese and Yogurt o /'é uv N S
Pl
: ; eN
In Moderation—e \e— Often: at least Twice | Endothelial dysfuncion] © @? | Preserve Vascular function |
Wine each Week £ _
Fish and Seafood “ﬁf =
\@— Every Day: Base Each Meal
EveryDay—e : \ Around these Foods
Water i Vegetables, Fruits, Whole

Wheat Grains, Olive Oil,
Beans, Nuts, Legumes
\ and Seeds, Herbs
\  and Spices

—Every Day Life 12(7), 1006, 2022.

Be Physically Active;
Enjoy Meals with Eur Heart J 37, 2768-2801, 2016.

Mibave




Gyogyszeres kezelési lehetoségek



Az antraciklin kardiotoxicitas
hatasmechanizmusa

Heart damage
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‘ : : Calcium leak
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Int. J. Mol. Sci. 2022, 23, 10617.



Az antraciklin kardiotoxicitas kivedésnek
ujabb lehetoségei — oxidativ stressz

e Dexrazoxane:

* Hatékony (gyerekkorban adva csokkenti a feln6ttkori szivelégtelenség esélyét — 200 beteg 20
éves utankovetés - 2023)

* Secunder malignitasok veszélye (MDS/AML)
e Csontvel6 depresszid

e 20:1-r6l 10:1-re csokkenteni az aranyt (DEX:DOX) ?

e Oxidativ stressz

e Scavenger molekulak

ORIGINAL ARTICLE
==

* Természetes polifenolok

* PARP-gatlas
* Coenzyme Q10

Future Oncology 2018, 14, 2663-2676.
Int. J. Mol. Sci. 2022, 23, 10617.

Prevention of Doxorubicin-Induced Acute Cardiotoxicity
by an Experimental Antioxidant Compound

Peter Deres, MD,*1 Robert Halmosi, MD, PhD,* Ambrus Toth, MD, PhD,*} Krisztina Kovacs, MD,1
Anita Palfi, MD,*{ Tamas Habon, MD, PhD,* Laszlo Czopf, MD, PhD,* Tamas Kalai, PhD,}
Kalman Hideg, ScD,} Balazs Sumegi, ScD,j§ and Kalman Toth, MD, ScD*

J Cardiovasc Pharmacol 45,3643, 2005.

Regulation of Kinase Cascade Activation and Heat Shock
Protein Expression by Poly(ADP-ribose) Polymerase

Inhibition in Doxorubicin-induced Heart Failure
Eva Bartha, MD, PhD,*{} Izabella Solti, MSc, 1 Aliz Szabo, MSc, Gabor Olah, MSc,}
Klara Magyar, MD,* Eszter Szabados, MD, PhD,* Tamas Kalai, DSc,§ Kalman Hideg, DSc,§

Kalman Toth, MD, ScD,* Domokos Gero, MD, PhD,} Csaba Szabo, MD, PhD, | Balazs Sumegi, DSc,
and Robert Halmosi, MD, PhD*

J Cardiovasc Pharmacol Volume 58, Number 4, October 2011




Az antraciklin kardiotoxicitas kivédésnek
ujabb lehetdségei — autophagia

Anthraciklin gatolja az autofagiat
(TLR9-PI3Ky)

Autofagia aktivalasa antraciklin
kezelés el6tt (éhezés) védelem a
cardiotoxicitassal szemben

PI3Ky genetikai/farmakolodgiai gatlasa
cardioprotektiv antraciklin kivaltotta
karosodasokkal szemben

De klinikai vizsgalat még nem volt!

Cardiovasc Res 115, 915-921, 2019.

Autophagia promocidja, mint az SGLT2-gatlas
hatasmechanizmusa?

Autophagy is a lysosomal-dependent cellular housekeeping process, which keeps
cells healthy by clearing damaged organelles and injurious intracellular debris

Lysosome

Sequesteration

of damaged

molecules
“‘1
,

Aulophagosome

Destruction
of cargo

Autophagy has been shown to mediate the protective effects of SGLT2 inhibitors in the heart
and kidney in experimental studies

Effect of SGLT2 inhibitors to promote autophagy are not dependent on glucose or ketone
bodies or on SGLT2 expression

acker, M, Critical Reanalysis of the Mechanisms Underlying the Cardiorenal Benefits of SGLT2 Inhibitors and Reaffirmation of the Nutnient Deprivation Signaling/Autophagy
hesis. c on 2021



A jelen és a jovo kardioprotektiv gyogyszerei

Table | Summary of currently available and emerging cardioprotective therapies

Therapy Proposed mechanism(s) Level of evidence Limitations

Currently available cardioprotective therapies

Dexrazoxane Iron chelator, antioxidant, and Top2f3 Preclinical studies and large random- Concerns regarding cancer out-
inhibitor ized controlled trials"*~"° comes and secondary
malignancies'®"”
Beta-blockers Reduce catecholamine-induced myo- Preclinical studies and small random- Conflicting data regarding efficacy
cardial remodelling; may have anti- ized controlled trials?®-% and ideal patient popu lation?*

oxidant effects

ACE inhibitors, ARBs Inhibit renin—angiotensin-aldoste- Preclinical studies and small random- Conflicting data regarding efficacy
rone system ized controlled trials*>2"? and ideal patient popu lation®
Statins Anti-inflammatory and antioxidant Observational cohort studies®" Unknown efficacy in patients
effects
Emerging cardioprotective therapies
MPO inhibitors Antioxidant effects Preclinical studies—in vivo animal Unknown efficacy in patients
models™
Arginase inhibitors Increase arginine and nitric oxide Preclinical studies—in vivo animal Unknown efficacy in patients
models>
P13K inhibitors Stimulate autophagic flux Preclinical studies—in vivo animal Unknown efficacy in patients
models®®
Neuregulin Activates ErbB signalling Preclinical studies—in vivo animal Potential for pro-neoplastic effects;
models®"*® unknown efficacy in patients
CYP1 inhibitors Under investigation Preclinical studies—in vivo animal Unknown efficacy in patients
models®’

Cardiovasc Res 115, 915-921, 2019.



¢ 1 Nanocarrier

Nanopartikulumok hasznalata

Solid tumor
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lymphatic vessels
does not allow the
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nanocarriers

Normal tissue

Nanocarriers pass
through the leaky
vasculature and go to
the tumor area.

Nanocarriers cannot pass
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Passziv és aktiv targetalas

Passziv:

* fokozott permeabilitas és retencid a tumoros
szovetben: szivargd érrendszer, nyirokdrenazs
hianya

Aktiv:

* magas affinitast ligand a nanopartikulum felszinén

* idedlis receptor a tumorsejten sok, mashol nincs

Egytittesen adni a cytotoxikus és a kardioprotektiv szert
* DOX + polifenolok (curcumin, quercetin)

1995: DoxilR (pegylated liposomal DOX) volt az elsé
Tumorellenes hatds megdrzése

Cardiotoxicitds csokkentése

35x ar!!!

Front. Cardiovasc. Med. 8, 690533, 2021.



HER2-gatlas kivédése: trialek

TABLE 2 Recent Randomized Controlled Trials on Cardioprotection During Trastuzumab Therapy

Trial Imaging Result of Result of Key
Trial Trial Design Intervention Method N Primary Endpoint Secondary Endpoints
Pharmacologic intervention
MANTICORE Randomized Bisoprolol/ CMR 99 No between-group difference in e Bisoprolol attenuated the
101-Breast’* Placebo-controlled perindopril/placebo LVEDVi decline in LVEF
Double-blind e Perindopril attenuated the
Few were treated with decline in LVEF
anthracyclines
Boekhout et al*> Randomized Candesartan/placebo MUGA 210 No between-group difference in No between-group differences in

Multicenter

Placebo-controlled

Double-blind

All were treated with
anthracycline in advance

[*e Lisinopril/carvedilol/ Echocardiography 468

placebo MUGA

Randomized
Multicenter
Placebo-controlled
189 were treated with
anthracyclines

Guglin et a

incidence of cardiotoxicity,
defined as decline in LVEF

of =15% or =15% to an absolute
value < 45%

No between-group difference in
incidence of cardiotoxicity,
defined as a reduction in LVEF
of =10% or a decrease of =5%
to a value <50%

changes in LVEF, troponin T, or
NT-proBNP

e Reduction in the incidence of
cardiotoxicity if patients
treated with sequential
anthracyclines in both lisinopril
and carvedilol arms

e No between-group difference if
no anthracycline exposure

LVEDVi = left ventricular end-diastolic indexed volume; MANTICORE 101-Breast = Multidisciplinary Approach to Novel Therapies in Cardio-Oncology Research; MUGA = multigated acquisition;

NT-proBNP = N-terminal pro-B-type natriuretic peptide; other abbreviations as in Table 1.

JACC CardioOnc 4, 19-37, 2022.



Cancer Trial Masking Dutcome
Trial Trial Numiber Cancer Therapy Intervention Design L} Measures
Phamacologic intervention: newrohormonal blodads
PRADA Il [Prevention of Cardiac NCTO376 0588 Breast cancer Anthracyclines with/ Sacubitril-valsartan/ Blindad 24 Changein LVEF asesed
Dysfunction During Breast wirthout placebo by CMR from
Cancer Therapy) trastuzumahb/ bazeline to 18 mo
pertuzumakb
Carvedilol in Preventing Cardiac NCTO3418961 Metastatic HER2- HER2-targeted Canedilolno study  Single-blinded  BT7  Time to the first
Toxicity in Patients With positive breast cancer  therapy without intervention/ (outcomes identification of
Metastatic HER-2- Positive conoment obsarvation in azzamor) cardiac dysfunction
Breast Cancer anthracyclines patients with azzessed by
increased risk for echocardiography
carndiotoodcity
PROACT (Can We Prevent MCTO3265574 Breast cancer/ Epinusbicin Enalaprilfusual care  Single-blinded 170 Cardiac troponin T
(Chemotherapy-Related Lymphoma (outcomes releasze during
Heart Damage in Patients AEEEOT) anthracycline
With Breast Cancer and treatment (1 mo
Lymphaoma?) after last dose of
anthracycline)
Effect of Angiotensin MCTO4 092309 Hematological Hematopoletic o=l ACE inhibitor Open 90 LVEF by 3D
Converting Enzyme and malignancies transplantation sacubitril-valsartan/ echoca rdiegraphyf
Sacubitril Valsartan in control GLS/Pwy/
Patients After Bone Mamow alycocalyx
Transplantation thickness
CardioTon (Effects of Carvedilol NCTO4939883 Cancer patients Anthracyclines Canedilolf placebo Blinded 1,018 Dedine in ejec tion
on Cardiotoxicity in Cancer submitted to fraction within
Patients Submitted to anthracyc line therapy 12 mo of starting
Anthracycline Therapy) treatment (= 10%
to values <50%)/
cardiac events
Carvedilol in Preventing NCTORA 7507 Childhood cancer Anthracyclines 2-y course of low- Blindad 182 LV postenor wall
Heart Failwre in Childhood SUrvivers daose carvedilol/ thickness, LY
Cancer Survivors placebo systalic and diastolic
function, and
afterinad; natriuretic
peptides, tropanins,
and galectin-3
Phamacological interventions: statins
PREVENT [Preventing MCTO1988511 Breast cancer/ Anthracyclines Atorvastatin/placebo Blinded 279 Change in LVEF by CMR
Anthracycline Cardiowascular Lym phoima from bazsline to
Tamicity With Statins) 24 mo
STOP-CA (Statins to Prevent the NCTO2943590 Lymphoma Anthracyclines Atorvastatin/placebo Blindad 300 Change in LVEF from
Cardistosticity From bazdine to 12mo
Anthracyclines) assessed by CMR
SPARE-HF (3tatins for the NCTO31B6404 Cancer patients with Anthracyclines Atorvastatin/placebo Blinded 112 Change in LVEF
Primary Prevention of high CWD risk azzeszed by CMR
Heart Failure in Patients from baseline to
Recsiving Anthracycline within 4 wh of
Pilot Study) anthracycline
com pletion
Phammacological interventions: other
IPAC (ivabradine to Prevent NCTO3E50205 Cancer diagnosis Anthracyclines Ivabrading/placebo Blinded 160 Reduction in GLS
Anthracycline-| nduced of =10% from
Cardiotooicity) bazsline to 12 mo
IPAC (vabradine to Prevent NCTOM03054 6 Cancer diagnosis Anthracyclines Ivabradine/usual care  Single-blinded 128 ChangeinGLS at1, 3,
Anthracycline- | nduced (outcomes and 6 mo of =3%
Cardiotoxicity) assemor)
TRIMETA EudraCT: 306-  HER2-positive breast Anthracydines, Trimetazidine,\control Open 242 Absolute and relative
002012 CAmEr taanes, and frequency of
trastuzumab candiotoudcity (24
mo) assessed by
echocardisgraphyy
CREC criteria
Effect of Trimetazidine on NCTO4 939857 Lung cancer Sterentactic Trimetazidine/control - Single-blinded 80 GLS by
Radiotherapy-Induced Heart radictherapy (outcomes echocardisgraphy
Damage azzamor) from basaline to
12 mo
Protective E ffects of the NCTO3934905 Breast cancer Deomoinusbicin Sulforaphane/ Blinded 70 Change in cardiac
Nutritional Supplement placebo function by 20
Sulforaphane on echocardisgraphy

Dononshic in-Associat ed
Cardiac Dysfunction

from baseline to
12 ma

Folyamatban lévo kardio-onkoldgiai vizsgalatok

TABLE 3 Continued

Primary
Cancer Trial Masking/ Outcome
Trial Trial Number Cancer Therapy Intervention Design N Measures
Exercise
ATOPE (Attenuating Cancer NCTO3787966 Breast cancer Surgery, Therapeutic exercise  Single-blinded 110 Change in LVEF by
Treatment-Related Toxicity chemotherapy, and before vs after (outcomes echocardiography
in Oncology Patients With a radiotherapy medical treatment assessor) from baseline to
Tailored Physical Exercise 12 mo
Program)
CAPRICE (Cancer Adverse NCTO3850171 Breast cancer/ Anthracyclines Exercise training/ Single-blinded 120 Changes in GLS from
Effects Prevention With Care lymphoma usual care (outcomes baseline to 13 wk
& Exercise) assessar)
OMCORE (Exercise-Based NCTO3964142 Breast cancer Anthracyclines Cardiac rehabilitation Open 122 Change in LVEF and
Cardiac Rehabilitation for and/for anti-HER2 program/usual care GLS by
the Prevention of Breast antibodies transthoracic
Cancer Chemotherapy- echocardiography
Induced Cardiotoxicity) during and every
year after study
completion up toa
maximum of 5y
EXACT2 (Exercise to Prevent NCTO3748550 Breast cancer Anthracyclines Aerobic exercise/ Single-blinded 100 Change in LVEF from
Anthracycline-Based Cardio- standard care (outcomes baseline,
Toxcity Study 2.0) assessar) postirtervention
(week 13) and 6 mo
Choice of therapy

RadComp (Pragmatic NCT02603341 Breast cancer Radiotherapy Proton or photon Open 1,278 Major cardiovascular
Randomized Trial of Praton events at 10 y
vs Photon Therapy for
Patients With Non-
Metastatic Breast Cancer: A
Radiotherapy Comparative
Effectiveness)

RadComp ancillary NCTO4 361240 Patierts with breast Radiotherapy Proton or phaton Open 155  Change in LVEF and RV
cancer enrolling in FAC assessed by
the RadComp trial echocardiography

and NT-proBNE,
PIGF, and GDF-15
from baseline to
14 mo
The DBCG Proton Trial: Photon NCTO4291378 Early breast cancer Radiotherapy Proton or photon Open 1,502 Radiation-associated
Versus Proton Radiation ischemnic and
Therapy for Early Breast valvular heart
Cancer disease (10 y)
Remote ischemic preconditioning
ERIC-ONC (Effect of Remaote NCTO2471885 Cancer diagnosis Anthracyclines Remote ischemic Blinded 128 High-sensitivity

Ischemic Conditioning in
Oncology Patients)

preconditioning/
placebo (sham)

troponin T AUC
before and after
each chemotherapy
oycle and at 1-, 3-,
6-, and 12-mo
follow-up
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A kardio-onkologia kozelmultja

DOUBLE BLIND STUDY..




A kardio-onkoldgia jelene/jovéje
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Osszefoglalas

Onkologia betegségek dontd részében a tulélés
jelentésen javul

Jelent6sen gyakrabban alakulnak ki kardialis és
vaszkularis szovédmény a hosszabb tulélés miatt

Tovabbi informaciok sziikségesek a bevalt kezelési == 1

lehetbségek vizsgalata kapcsan
Ujabb hatdanyagok sziikségesek a
kardioprotekcio javitasara

Onkoldégusok és kardiologusok
egyuttmikodésének szorosabba tétele szlikséges

— a kezelés megkezdése el6tt/kdzben/utdna
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