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Miokardialis diszfunkcio
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Miokardialis diszfunkcié incidencidja

valitaifivasc . aenciaja Kis molekulaju tirozin kinaz-gatlok
oterapids szere encia (% Sunitinib anti-VEGF 2,7-19
Antracyclinek (dozisfiiggd) Pazopanib anti-VEGF 7-11
Doxorubifin (Adriamycin) Sorafenib anti-HER2 4.8
;gg mglrmnz Dasatinib anti-BCR-ABL 2-4
4@ Sgw Imatinib mezilit anti-BCR-ABL 02-2,7
Idarubicin (>90 mg/m?) Lapatinib anti-HER2 02-1,5
Epirubicin (>900 mg/m?) Nilotinib anti-BCR-ABL I

Mitoxanthon >120 mg/m? Poteaszéma-gatlok
Liposzomélis antracyclin (>900 mg/m?) Carfilzomib

Alkilalé szerek Bortezomib

Ciklofoszfamid Kevert hatdsmechanizmus

Ifoszfamid Everolimus
<10 g/m?

12.5-16 g/m?

- " LV=bal kamrai; TKI=tirozin kinaz-gatlok.
Antimetabolitok *Antracyclinnel és ciklofoszfamiddal kombinalt alkalmazaskor.
Clofarabin *Egyideji antracyclin alkalmazisa esetén.

Temsirolimus

Mikrotubulus-gatlo szerek
Docetaxel

Paclitaxel <|

Monoklonalis antitestek
Trastuzumab anti-HER2 1,7-20,1°
Bevacizumab anti-VEGF |,6-4°
Pertuzumab anti-HER2 0,7-1,2




Doxorubicin

* Széleskorben hasznalt kemoterapeutikum

* Gyakori kardiotoxikus mellékhatasok (3-48%)
» Kumulativ, dozisfiggé

* Variabilis szuszceptibilitas

* Lehet akut (mar egy dozistol), korai (egy éven beliil) vagy akar évek multan

Hatasmechanizmus
» Tumorsejtekben:
Topoizomeraz II gatlasa,
DNS interkaldcio, Apoptosis

Keresztkotések

 Kardiotoxikus mellékhatasok: @raeiklin—vas komple
ROS produkcié

Lipid peroxidacio

Miokardialis karosodas
(sarcolemma, mitokondrium, SR)
SH oxidacio l'

DNS karosodas

Fibrozis




A kardiotoxicitas megel6zési lehetdségei — altalanos
szempontok

» Kumulativ dozis csokkentése
» Alternativ beadasi mod (hetente vs. 3-hetente vs. folyamatos, lassu
infuizio)
* Doxorubicin analégok haszndlata
* Liposzomalis gyogyszer formuldcio
* Ossejt kezelés?

* Dexrazoxan (vas-kelator)

* Gyogyszeres kardioprotekcio

* CV riziko faktorok kontrollja

* Aerob fizikai tréning




Korabban tesztelt kardioprotektiv szerek

B-blokkolo (carvedilol) » Rho-kinaz gatlo (fasudil)
Angiotenzin konvertal6 enzim Oralis antidiabetikum (metformin)
gatlo (enalapril) PPAR-a agonista

Angiotenzin receptor blokkolo (oleylethanolamide)

(fimasartan) Vas-keldtor (dexrazoxdn)

Ald.oszteron antagonista Antioxidans (merkaptopropionil
(spironolakton) glicin, szuperoxid dizmutaz,

HMG-CoA-reduktaz gatld probucol)
(lovastatin, atorvastatin) Flavonoid (monoHER)

Ca**-csatorna blokkolo Xantin oxidaz gatlo (febuxostat)
(amlodipin)

. , o Eritropoetin
Foszfodiészteraz-5 gatlod

(sildenafil)

Nitrogén monoxid

Granulocyta-koldnia stimulalo
faktor

. . Melatonin
Endotelin receptor antagonista

(bosentan)
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Journal of the American College of Cardiology
© 2006 by the American College of Cardiology Foundation

Published by Elsevier Inc.

Vol. 48, No. 11, 2006
ISSN 0735-1097/06/$32.00
doi:10.1016/j.jacc.2006.07.052

Protective Effects of Carvedilol Against
Anthracycline-Induced Cardiomyopathy

Nihat Kalay, MD,* Emrullah Basar, MD,* Ibrahim Ozdogru, MD,* Ozlem Er, MD,}
Yakup Cetinkaya, MD,* Ali Dogan, MD,* Tugrul Inanc, MD, Abdurrahman Oguzhan, MD,*
Namik Kemal Eryol, MD,* Ramazan Topsakal, MD,* Ali Ergin, MD*
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* Profilaktikus carvedilol (12,5 mg)
* 6 hénapon at




Prevention of High-Dose Chemotherapy-Induced
Cardiotoxicity in High-Risk Patients by
Angiotensin-Converting Enzyme Inhibition

Daniela Cardinale, MD; Alessandro Colombo, MD; Maria T. Sandri, MD; Giuseppina Lamantia, MD;
Nicola Colombo, MD; Maurizio Civelli, MD; Giovanni Martinelli, MD; Fabrizio Veglia, PhD;
Cesare Fiorentini, MD; Carlo M. Cipolla, MD

Controls ACEI-group

® Tranziens Tnl 1
0O Perzisztalo Tnl 1

2

LVEF (%)

* Post-kemo enalapril (20 mg)
» Kemoth. utan 1 hénappal 12
hoénapon at




Anthracycline-Induced Cardiomyopathy

Clinical Relevance and Response to Pharmacologic Therapy

Daniela Cardinale, MD, PHD,* Alessandro Colombo, MD,* Giuseppina Lamantia, MD,*
Nicola Colombo, MD,* Maurizio Civelli, MD,* Gaia De Giacomi, MD,* Mara Rubino, MD,t
Fabrizio Veglia, PHD,T Cesare Fiorentini, MD,{ Carlo M. Cipolla, MD*

! Reszponder * 42% Reszponder
* 13% Részleges reszponder

* 45% Non-reszponder
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| Részleges reszponder

R =-0.66

18 21 24 months P <0.001

[

Responders (%)

0% 0% 0% 0% Log-time to HF treatment (months)

2-4 4-6 6-8 8-10 10-12 =12 months

(n=35)  (n=20)  (n=12) (n=8) (n=7) (n=44)

» Korai post-kemo enalapril (20 mg) + carvedilol (50 mg)




Early Detection of Anthracycline Cardiotoxicity
and Improvement With Heart Failure Therapy

Daniela Cardinale, MD, PhD, FESC; Alessandro Colombo, MD:; Giulia Bacchiani, MD;
Ines Tedeschi, MSc; Carlo A. Meroni, MD; Fabrizio Veglia, PhD; Maurizio Civelli, MD;
Giuseppina Lamantia, MD; Nicola Colombo, MD; Giuseppe Curigliano, MD, PhD;
Cesare Fiorentini, MD; Carlo M. Cipolla, MD

1% Teljes javulas

71% Részleges javulas

LVEF (%)

12 18 24 30 36 42 48 54

months

* Post-kemo enalapril + B-blokkold




Cardioprotective effect of metoprolol and enalapril in
doxorubicin-treated lymphoma patients: A prospective, parallel-
group, randomized, controlled study with 36-month follow-up

Peter Georgakopoulos * Paraskevi Roussou,’ Evangellos Matsakas ZApostoIos Karavidas,?
Nick Anagnostopoulos,® Theodoros IVIarmakls Athanasios Galanopoulos Fotis Georglakodls
Stelios Zimeras,’ Michael Kyriakidis,' and Apostolos Ahimastos?

Baseline 12 months

Metoprolol group ~~ Enalapril group ~ Controlgroup ~ Pvalue  Mefoprolol group —— Enalapril group ~— Control group P value

VEDD,cm (D) 4.7(05) 49(04) 48008 010 49(04 50(05) 1805 0%
[VFSD nm{Rﬂ\ 90{09\ 21{04\ ﬂﬂ{ﬂﬁ\ (1R 9?(04\ ﬂ?{ﬂﬁ\ 20{04\ (13
[verosn)  e7(s0) 5.2 (7.1) 6(1) 040 633 (74) 83975 6667 006 |
S % [o0) 55 140) db 7150 d( o) U0 %5 00) XK 370 50) T
F/A, ratio (3D) 1.1(04) 1.1(04 004 08 1104 10(04) 1004 034
FE mio(®D)  48(19) 4613 1914 0 5317 47(13) 50(15) 068

* Profilaktikus metoprolol / enalapril




Enalapril and Carvedilol for Preventing
Chemotherapy-induced Left Ventricular Systolic

Dysfunction in Patients With Malignant Hemopathies

The OVERCOME Trial (preventiOn of left Ventricular
dysfunction with Enalapril and caRvedilol in patients submitted
to intensive ChemOtherapy for the treatment of

Malignant hEmopathies)

Xavier Bosch, MDD, PHD,*t Montserrat Rovira, MD, PHD,T1 Marta Sitges, MD, PuD.,*}
Ariadna Domeénech, RN, José T. Ortiz-Pérez, MD, PHD,*t Teresa IVI. de Caralt, MDD, PuID,§
Manuel Morales-Ruiz, PrD,{|| Rosario J. Perea, MD, PulD,§ Mariano Monzsé, MD, P, {9
Jordi Esteve, MDD, PuHD{i

801 Intervention Group 5 Control Group

707 1 64.6x1.2 X

63.3+1.3 62.9+1.4
i i H 57.9+2.8

607 1 {

501

407

30
Baseline 6 months Baseline 6 months

Enalapril + Carvedilol Control p Value
Premature end of the study (%) 3 (6.7) 11 (24.4) 0.02
Total mortality (%) 3 (6.7) 8 (17.8) 0.11
Death or heart failure (%) 3 (6.7) 10 (22.2) 0.036
Death, heart failure or final LVEF<45% (%) 3 (6.7) 11 (24.4) 0.020
>10% decrease in LVEF with a final LVEF<50% (%) 2 (4.8) 2 (5.4) 0.90
Heart failure or =10% decrease in LVEF (%) 4 (92.5) T (19) 0.22
Severe adverse events® (%) 9 (20) 15 (33) 0.15

» Szimultan adott, kombinalt enalapril (2 x 5-10 mg) és carvedilol (2 x 12,5-25 mg)
* 6 honapon at




Contents lists available at ScienceDirect o
CARDIOLOGY

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Protective effects of nebivolol against anthracycline-induced cardiomyopathy: A
randomized control study

Mehmet G. Kaya 2, Metin Ozkan °, Ozgur Gunebakmaz ¢, Hasan Akkaya ¢, Esma G. Kaya ¢, Mahmut Akpek ?,
Nihat Kalay °, Mustafa Dikilitas b Mikail Yarlioglues 2, Halit Karaca ®, Veli Berk °, Idris Ardic ?,
Ali Ergin 2, Yat Yin Lam ¢*

F A

NT-pro BNP (pmol/L)

Nebivolol Control Nebivolol Control

[l Baseline [l At 6-menth H Bascline [l At 6-month

» Profilaktikus nebivolol (5 mg)
* 6 honapon at




VOLUME 35 - NUMBER 8 - MARCH 10, 2017

JOURNAL OF CLINICAL ONCOLOGY NAL REPORT

Multidisciplinary Approach to Novel Therapies in

Cardio-Oncology Research (MANTICORE 101-Breast):
A Randomized Trial for the Prevention of
Trastuzumab-Associated Cardiotoxicity

Table 3. Cardiac Magnetic Resonance Imaging Measures Throughout Trastuzumab Therapy
Measure Placebo (n = 30) Perindopril (n = 33) Bisoprolol (n = 31) ANOVA P

LVEDVi, mL/m?
Baseline 76 = 13* 67 = 14 69 *= 10 .01
Post—cycle 4 77 =10 71 = 161 76 + 1171 .09

Change from baseline +2*+9 +4 *+ 9 +7 =8 .07
Post—cycle 17 79 12 74 = 161 76 = 1471 27
———hange o Dasaline FY s 265

LVEF, %

Baseline 61 5 + + .65
Post—cycle 4 54 = 5%t =+ + .00
Change from baseline —7 = 5* =+ .01
Post—cycle 17 56 * 4*1 * .00

Change from baseline 5* =+ .0

I, mLfm

Baseline * 7" 6 * .01
Post—cycle 4 * 7"t

Change from baseline 5 31
Post—cycle 17 =+

Change from baseline *5 * 37

LV MASSI, g/m?

Baseline
Post—cycle 4

Change from baseline
Post—cycle 17

Change from baseline

.62
.28
.58
81
k)|

I+ 44+
+ 0+ I+ H+

I+

» Profilaktikus perindopril (8 mg) vagy bisoprolol (10 mg)
» Kemoth. végéig
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Long-term, up to 18 months, protective effects of
the angiotensin Il receptor blocker telmisartan on
Epirubin-induced inflammation and oxidative
stress assessed by serial strain rate

Mariele Dessi', Clelia Madeddu', Alessandra Piras?, Christian Cadeddu?, Giorgia Antoni’, Giuseppe Mercuro?

.
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Figure 2 Strain Rate analysis with TDI in the two arms. SmoFU  6moFU 1ZmoFU 18 moFu
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igure 3 Serum levels of IL-6 (pg/ml) during the EPI treatment and FU in the telmisartan and placebo arms.

Figure 4 Blood levels of ROS (FORT U) during the EPI t and FU in the telmisartan and placebo arms.

n=49

» Profilaktikus telmisartan (40 mg)
* 6 honapon at



@ European Heart Journal (2016) 37, 16711680 AHA FASTTRACK
cunorean  doi10.1093/eurheartj/ehw022 CLINICAL RESEARCH

SCCIE
ARDIOLOGY »

Prevention of cardiac dysfunction during adjuvant
breast cancer therapy (PRADA): a 2 X 2 factorial,
randomized, placebo-controlled, double-blind
clinical trial of candesartan and metoprolol

Geeta Gulati'2f, Siri Lagethon Heck"?, Anne Hansen Ree?*, Pavel Hoffmann®,
Jeanette Schulz-Mengeré7, Morten W. Fagerland®, Berit Gravdehaug?,

Florian von Knobelsdorff-Brenkenhoff®, Ase Bratland'?, Tryggve H. Storas'!,
Tor-Arne Hagve*!2, Helge Rasjg'?, Kjetil Steine'2, Jiirgen Geisler®4, and
Torbjgrn Omland®2*

Table2 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
baselineto EOS change from baseline to EOS

No candesartan 63. (620, 644)
Candesartan 621 (610,633)
No metoprolol 628 (616, 64.0)
Metoprolol 6.5 (613, 63.7)

n=130 * Profilaktikus candesartan (32 mg) + metoprolol (100 mg)
» Kemoth. végéig
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Angiotensin lI-Receptor Inhibition With Candesartan
to Prevent Trastuzumab-Related Cardiotoxic Effects
in Patients With Early Breast Cancer

A Randomized Clinical Trial

Annelies H. Boekhout, PhD; Jourik A. Gietema, MD, PhD; Bojana Milojkovic Kerklaan, PhD; Erik D. van Werkhoven, MSc; Renske Altena, MD, PhD;
Aafke Honkoop, MD, PhD; Maartje Los, MD, PhD; Willem M. Smit, MD, PhD; Peter Nieboer, MD, PhD; Carolien H. Smorenburg, MD, PhD;

Caroline M. P. W. Mandigers, MD, PhD; Agnes J. van der Wouw, MD, PhD; Lonneke Kessels, MD; Annette W. G. van der Velden, MD;

Petronella B. Ottevanger, MD, PhD; Tineke Smilde, MD, PhD; Jaap de Boer, MD; Dirk J. van Veldhuisen, MD, PhD; Ido P. Kema, PhD;

Elisabeth G. E. de Vries, MD, PhD; Jan H. M. Schellens, MD, PhD

Candesartan

of Cardiac Event

ﬁrf

® Candesartan
Placebo

Cumulative Incidence Probability

12 24 36 52 . 1.0 1.5 2.0
Time Since Randomization, wk Time Since Randomization, y

* Szimultan candesartan (16-32 mg)
* Kemoth. befejezését kovetd 6,5 honapig



Protective effects of spironolactone against
anthracycline-induced cardiomyopathy

Mahmut Akpek'#, Ibrahim Ozdogrul, Omer Sahinl, Mevlude Inanc?, Ali Doganl,

Cevat Yazici3, Veli Berk?, Halit Karaca?, Nihat Kalay', Abdurrahman Oguzhan?, and
Ali Ergin’
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* Profilaktikus spironolakton (25 mg)
* 6 honapon at

n=383




Statinok



Efficiency of Atorvastatin in the Protection
of Anthracycline-Induced Cardiomyopathy

Zeydin Acar et al.

LVEF (%)
Baseline
After 6 months
Mean change

Statin Group
(n = 20)

613+ 7.9
62.6 = 9.3
1.3 = 3.8

Control Group
(n = 20)

629 + 7.0
55.0 £ 9.5
—79*8.0

LVEDD (mm)
Baseline
After 6 months
Mean change
LVESD (mm)
Baseline
After 6 months
Mean change

465 + 7.2
46.3 + 6.8
—0.15*40

309 £ 7.2
29.6 - 6.1
—1.35 + 4.0

472 +52
49.2 + 6.2
20 * 3.3

303 54
323+ 54
21+18

* Profilaktikus atorvastatin (40 mg)
* 6 honapon at




Canadian Journal of Cardiology 31 (2015) 302—307

Clinical Research

Chronic Statin Administration May Attenuate Early
Anthracycline-Associated Declines in Left Ventricular
Ejection Function
Runyawan Chotenimitkhun, MD," Ralph D’Agostino, Jr, PhD," Julia A. Lawrence, MD,"
Craig A. Hamilton, PhD," Jennifer H. Jordan, PhD,” Sujethra Vasu, MD," Timothy L. Lash, DSc,"
Joseph Yeboah, MD, MPH,” David M. Herrington, MD, MPH," and W. Gregory Hundley, MD™*

,_ p=0.0003 _‘

.

Other medications
B-Blockers 7 (50%)
Angiotensin-converting enzyme 6 (43%)
inhibitors
Angiotensin Il receptor blockers 4 (29%)
Qo statin (n=37) ‘Calcium channel blockers 4 (29%)
Diuretics 7 (50%)

B statin (n=14)

6
Duration (months)

* Hosszutavu statin kezelés




Gyogyszeres kardioprotekcio

* Javasolt az alabbi esetekben:
- Nagy kiindulasi kardiotoxicitasi rizikd
- Magas kumulativ antraciklin dézisok (>250-300 mg/m?)
- Troponin emelkedés (megfontolhatd)
- LVEF csokkenés (késén felfedezve problematikus)
- Szimptdémas szivelégtelenség

- ,Drug rechallenge” esetén

* Nincs evidencia a kardioprotekcio 1étjogosultsagara:
- Kis/kozepes kiindulasi kardiotoxicitasi rizikoju egyének

- Szubklinikus miokardialis diszfunkcié a GLS csokkenés
alapjan




Financialis vonzatok

TABLE 2 Primary Prevention for Anthracycline-Induced Cardiotoxicity

Prevention Strategy Cost* Comments

Continuous doxorubicin $67/50 mgt Effective in cardioprotection in sarcoma and lymphoma, but not in the pediatric population
infusion (48-72 h)

Liposomal doxorubicin $2,851/50 mg FDA-approved for ovarian cancer, AIDS-related Kaposi sarcoma, and multiple myeloma,
after failure of at least 1 prior therapy

Dexrazoxane $362/500 mg FDA-approved only for women with metastatic breast cancer who received at least
300 mg/m? doxorubicin and need additional doxorubicin to maintain tumor control

@RBIB-blockers $4/m0nD I Unknown whether they were cardioprotective or simply changed hemodynamics

*2014 Walmart pharmacy prices. tMay be higher, depending on hospital stay or infusion pump care costs.

ACEl = angiotensin-converting enzyme inhibitor; AIDS = acquired immune deficiency syndrome; ARB = angiotensin receptor blocker; FDA = U.S. Food and Drug
Administration.

Vejpongsa et al. ] Am Coll Cardiol. 2014;64(9):938-45.




Perspektivak, kutatasi iranyok

* Primer prevencio?
* Szekunder prevencio?

» Meg kell hatarozni a korai kardiotoxicitas kritériumait, amik
jol reprezentaljak a kés6i morbiditast és mortalitast

* Meg kell vizsgalni, hogy a jelenlegi biomarkerek jo
elorejelzdi-e a kés6i komplikacioknak

* Meg kell vizsgdlni az onkoterdpia megszakitasanak hatasait




Jelenleg zajlo vizsgalatok

« ICOS-ONE (International CardiOncology Society; NCT01968200): ENALAPRIL
alkalmazdsa antraciklin kezeléssel parhuzamosan vs. csak troponinnal igazolt

szubklinikus kardiotoxicitas esetén - — varhato befejezés 2017 december

* SAFE (Cardiotoxicity Prevention in Breast Cancer Patients Treated with
Anthracycline and/or Trastuzumab): RAMIPRIL és/vagy BISOPROLOL alkalmazasa

antraciklin + trastuzumab kezelés soran - — varhato befejezés 2017 november

* NCT01009918: LISINOPRIL vagy CARVEDILOL vs. placebo a trastuzumab
kardialis mellékhatdsainak kivédésére HER2-pozitiv emlérakos betegekben -

varhato befejezés 2017 julius




Mi a jovo?

??? Kombinalt, profilaktikus gyogyszeres

kardioprotekcié minden onkoterapia

elott allo betegnek 777




KOszonom a figyelmet!

B

(Mit gondolsz, merjiink neki egy kis
béta-blokkolotadni?




