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Preguntes a respondre:

. Qué és la cardiotoxicitat? Es un problema?
. Quants tipus diferents de cardiotoxicitat hi ha?
. Quins son els mecanismes de la cardiotoxicitat?

. Quins son els factors que predisposen a la
cardiotoxicitat?

. Quina es l'evolucio natural de cada tipus de
cardiotoxicitat?
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Quée és la cardiotoxicitat?

. Definicio: . Cardiotoxicity:
"Toxicity that affects the heart".

. Heterogeneitat de definicions:
. Funcio ventricular.
. Prolongacio del QTc.

. Afectacio per radiacio.


http://www.cancer.gov/dictionary/

Cardiotoxicitat: ICC |
FEVE Antraciclines:

1979. Van Hoff et al. Dosi-resposta.

1984. Billingham i Bristow et al. Bi(‘)p
1987. Schwartz et al. MUGA.
1992. Stoddard et al. Eco.

1993. Gaudin et al. Miocarditis. {#
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Criteris actuals: H“: DOXORUBICIN CUMULAT IVE DOSE

Caiguda de FEVE > 20% amb FEVE > 50%. Amb/sense simptomes
Caiguda de FEVE < 10% amb FEVE < 50%. Amb/sense simptomes.

. O be, caiguda de FEVE > 10% amb FEVE < 50% amb/sense simptomes.
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FEVE

CREC (Cardiac Review and Evaluation Comittee).
Trastuzumab clinical trials

1 Cardiomyopathy characterized by a decrease in cardiac LVEF
that was either global or more severe in the septum

2 Symptoms of congestive heart failure (CHF)

3 Associated signs of CHF, including, but not limited to S3,
tachycardia, or both

Decline in LVEF of at least 5% to less than 55% with
4 accompanying symptoms of CHF, or a decline in LVEF of >10%
below 55% with or without accompanying symptoms

Any of the 4 criteria = Cardiotoxicity
J Clin Oncol 2002:1215-1221.



Cardiotoxicitat: ICC |
FEVEnti Tirosin-Kinases

NIV EGE

Patients (N) Any HTN >Grade 3 HTN® Any HTN Reference
with drug with drug in controls

116 (73%)
All Patients —"3'573'53‘"3" 52 (33%) 105 (66%)
(159) 23 (14%)

Sunitinib
(101)

SO{;gﬁnib 1 L1t 15 2%

Pazopanib 13 (30%)
( 43) mus’s)
———— 21 (68%)
Bevacizumab ﬁ e

31) TG
Bevac -
Everolimus

Trombc 24)

Temsirolimus s 3 (18%)
17) 2 (12%)

0% 20% b 80% 100%

B O rte A # Any CV Toxicity ® Hypertension “ Non-hypertensive toxicity

® Elevated NT-proBNP ® Decreased LVEF (Grade 2-4)

Gupta, R. and M. L. Maitland Incidence of Cardiovascular Toxicity by Type

Motzer, R. J., et al. (2013)- The incidence of cardiovascular toxicity varied by type of toxicity and by chemotherapy agent received. Many patients received multiple therapies in succession and are included
only once in “All Patients.” CV = cardiovascular; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal B- natriuretic peptide.
Hall, P. S., et al. (2013). JA g j P type nep




Common Terminology Criteria
for Adverse Events (CTCAE)

i 3B Definitions of Adverse Events

Heart Failure
Grade 1: Asymptomatic with laboratory (e.g., BNP) or cardiac imaging abnormalities
Grade 2: Symptoms with mild to moderate exertion
Grade 3: Severe with symptoms at rest or with minimal activity or exertion, intervention indicated
Grade 4: Life-threatening consequences; urgent intervention indicated (e.g., continuous IV therapy or mechanical hemodynamic support)
Grade 5: Death
Ejection Fraction Decreased
Grade 1: Not defined
Grade 2: Resting EF 50%-40%; 10%-19% drop from baseline
Grade 3: Resting EF 39%-20%; >20% drop from baseline
Grade 4: Resting EF <20%
Cardiac Troponin | Increased
Grade 1: Levels above the upper limit of normal and below the level of myocardial infarction as defined by the manufacturer
Grade 2: Not defined
Grade 3: Levels consistent with myocardial infarction as defined by the manufacturer
Grade 4: Not defined
Hypertension
Grade 1: Pre-hypertension (systolic BP 120-139 mm Hg or diastolic BP 80-89 mm Hg)

Grade 2: Stage 1 hypertension (systolic BP 140-159 mm Hg or diastolic BP 90-99 mm Hg); medical intervention indicated; recurrent or persistent (=24 h);
symptomatic increase by >20 mm Hg (diastolic) or to >140/90 mm Hg if previously WNL; monotherapy indicated

Grade 3: Stage 2 hypertension (systolic BP >160 mm Hg or diastolic BP >100 mm Hg); medical intervention indicated; more than 1 drug or more intensive therapy than
previously used indicated

Grade 4: Life-threatening consequences (e.g., malignant hypertension, transient or permanent neurologic deficit, hypertensive crisis); urgent intervention indicated
Grade 5: Death

Adapted from CTCAE version 4.0 (20).
BNP = B-type natriuretic peptide; BP = blood pressure; EF = ejection fraction; IV = intravenous; WNL = within normal limits.

http://evs.nci.nih.gov/ftpl/CTCAE/CTCAE _4.03_2010-06-14 QuickReference 5x7.pdf
Hall, P. S., et al. (2013). JACC Heart Fail 1(1): 72-78.




Quée és la cardiotoxicitat?

. Afectacio clinicament rellevant (simptomes o risc de
simptomes), aguda o cronica, de la funcio cardiaca
(funcio ventricular, aritmia, trombosi, hipertensio

arterial) per mecanisme farmacologic o per radiacio.



Es important?
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. Incidencia especifica %
. Incidencia global de cancer | malaltia cardiaca

. Cancers tractats amb cardiotoxics.

Bowles, E. J., et al. (2012). J Natl Cancer Inst 104(17): 1293-1305.

http://cancer.gencat.cat/ca/professionals/estadistiques/incidencia
/




ancers tractats amb
cardiotoxics:

. Mama.

Figura 1. Casos incidents anuals de cancer per als 10 tumors més freqiients a Catalunya, 2003-2007.
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Casos diagnosticats de cancer (excepte pell no melanoma) a Catalunya anuaiment: 20042 homes | 13673 dones,

Font: Registre de Cancer de Girona, Registre de Cancer de Tarragona.

. lumor renal.

http://cancer.gencat.cat/ca/professionals/estadistiques/incidencia/



Tipus ae
Card I 9@9%%%' R%Iré)lc‘)gica:

. De dins a fora:

. Endocardi: Afectacio valvular.
. Miocardi: Disfuncio ventricular. QT llarg.
. Pericardi: Embassament pericardic.

. Epicardi: Vasoespasme | trombosi.



Tipus de
carcQLIR%CUak: + cinica

Farmac tipus
Curs clinic
Dosi-resposta
Mecanisme
Microscopia

Re-tractament

Modificada d' Ewer, M. S. and S. M. Lippman (2005). J Clin Oncol 23(13): 2900-2902.

Tipus | (dany)

Antraciclines

Pot estabilitzar-se, pero dany
cel-lular irreversible

Efecte acumulatiu
Augment dels ROS
Destruccio cel-lular

Alt risc de progressio

Tipus Il (disfuncio)
Trastuzumab
Alta reversibilitat

NoO
Inhibicid ErbB2
Sense alt. ultraestructurals

Baix risc de progressio



Tipus de
Card I 9@9%&%‘ R%lém’stica:

. Paradigma 1: Antraciclines

. Paradigma 2: Trastuzumab

. Paradigma 3: Inhibidors de Tirosin-Kinases

. Paradigma 4: Efecte biologic-paraneoplasic



Antraciclines

Mecanisme de lesio

. Augment dels radicals lliures d'oxigen.

. Inhibicio de la Topoisomerasa 2B.

:

Apoptotic pathways e
. S

Necrosi, vacuolitzacio |
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ustrated by Zina

Topoisomerase 23: A Promising Molecular Target
for Primary Prevention of Anthracycline-Induced
Cardiotoxicity

P Vejpongsa’ and ETH Yeh'~

Vejpongsa, P. and E. T. Yeh (2014). Clin Pharmacol Ther 95(1): 45-52. Mackay, B., et al. (1994). Ultrastruct Pathol 18(1-2): 203-211.




Trastuzumab.

Mecanisme de lesio

Sagitta

Cardiomyocyte Cancer cell

(B)

Downs!rcam signaling
(PI3K-AKT, MAPK, FAK, JAK-STAT)

N\

Sarcomere structure [ Proliferation
Survival

invasion

Figure 2. NRG-ERBB Signaling.

Inhibicio d'ErbB2 (HER-2)

Wild-type ErbB2 KO

Cote, G. M., et al. (2012). N Engl J Med 367(22): 2150-2153.
Crone, S. A, et al. (2002). Nature Medicine 8(5): 459-465.
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Inhibidors de Tirosin-Kinases.

Mecanisme de lesio

HIF Activation/Stabilization |

Cell Survival
Angiogenesis
Prostaglandin Production
NO Production

FDA-Approved
Inhibitors

Bevacizumab
(Anti-VEGF)

TKI (FDA Approved)

Sunitinib
Sorafenib
Pazopanib
Axitinib
Vandetanib
Regorafenib

Ky, B., et al. (2013). Circ Res 113(6): 754-764.

In Clinical Trials

Ramucirumab
(Anti-VEGFR2

TKI (In Clinical Trials)

Cedirani b
Semaxanib
Torceranib

Mecanisme
basicament per
estudiar

Neoangiogenesi
sembla jugar un
paper clau en
'adaptacio dels
MIOCItS.



Quins son els factors de
rsc?

Gk Trastuzumab
. Radiacio
. Sexe femeni / ~Antraciclines

. Edat de tractament

. FEVE Inicial?

. Mode d'infusio, sequencia de tractaments. TKI
. Malaltia coronaria previa



Historia "natural

Antraciclines

. NoO és irreversible.

. Tractament "Quan abans millor"

SRR RO TR Anthracycline-Induced Cardiomyopathy

Clinical Relevance and Response to Pharmacologic Therapy

ng

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

nts Surviv

1
1 1 — Idiopathic cardiomyopathy

Milan, Italy

Cardiomyopathy due
Yo y — Cardsomyopathy due 1o

to doxorubicin tharapy
ischemic heart disoase

Cardiomyopathy due to infiltrative myocardial disesase
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Cardiomyopathy due to HIV infection
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2-4 6-8 8-10 10-12 >12 months

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

71% dels tractats en els 1rs 6 mesos: FEVE > 50%

Felker, G. M., et al. (2000). N Engl J Med 342(15): 1077-1084. Cardinale, D. et al. (2010). JACC.




Historia "natural”

Trastuzumab

Risk of Heart Failure in Breast Cancer Patients After
Anthracycline and Trastuzumab Treatment: A Retrospective

. Es totalment reversible? [

Anthracyline

Trastuzumab
Anthracycline+Trastuzumab
Other

== == = None
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Prior to Following Following Following
Trastuzumab Trastuzumab Standard Therapy Trastuzumab
Therapy (n = 38)t Therapy for Heart Failure Rechallenge
(n = 38) (n=32) or (n=25; all on
Observation standard therapy)
(n=6)

Cumulative Incidence, %

Years since start of treatment

Ewer, M. S., et al. (2005). J Clin Oncol 23(31): 7820-7826 J Natl Cancer Inst 2012;104:1293-1305




Historia "natural”
TKI

Pocs estudis, efecte consistent sobre la FEVE.

. Anti VEGF (major resposta antitumoral si desenvolupen
HTA).

. HTA sol requerir tractament farmacologic, amb bona
resposta.

. L'HTA I la falta de capacitat d'adaptacio del miocardi
poden ser els inductors de la disfuncio VE.

. 8-10% de casos d'ICC.

Tocchetti, C. G., et al. (2013). Eur J Heart Fail 15(5): 482-489.
Chu, T. F., et al. (2007). Lancet 370 (9604): 2011-2019.




Historia "natural”
TKI

Cardiotoxicity associated with tyrosine kinase inhibitor
sunitinib

Tammy F Chu*, Maria A Rupnick®, Risto Kerkela*, Susan M Dallabrida, David Zurakowski, Lisa Nguyen, Kathleen Woulfe, Elke Pravda,
Flavia Cassiola, Jayesh Desai, Suzanne George, Jeffrey A Morgan, David M Harris, Nesreen S Ismail, Jey-Hsin Chen, Frederick ] Schoen,
Annick D Van den Abbeele, George D Demetri, Thomas Force, Ming Hui Chen

8% ICC.
28% de disminucio FEVE >10%
20% disminucido FEVE > 15%

DDDDDDDDUDDDDDDUUUHHHHHHHH

ejection fraction change from baseline (EF%)

v
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Patients (n=36)

Sense necrosi.
Vacuolitzacio. Sense destruccio mitocondrial.
Tipus Il ?

Patten, |. S., et al. (2012). Nature 485(7398); 333-338.
Chu, T. F., et al. (2007). Lancet 370(9604): 2011-2019.



Historia "natural”

Radiacio

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 14, 2013

Risk of Ischemic Heart Disease in Women after Radiotherapy
for Breast Cancer

2011 117:412-418
Prepublished online September 21, 2010;
doi:10.1182/blood-2010-06-291328

Clinically significant cardiac disease in patients with Hodgkin lymphoma
treated with mediastinal irradiation

Shira L. Galper, James B. Yu, Peter M. Mauch, Jon F. Strasser, Barbara Silver, Ann LaCasce, Karen
J. Marcus, Mary Ann Stevenson, Ming Hui Chen and Andrea K. Ng

Table 4. Standard incidence ratios and absolute excess risk for cardiac procedures

Procedure Observed (n)

CA3G 35
PTCA 7
Valve surgary v
Arrtylhmia surgery 18
Paricaraal surgery 9

*Per 10 0C0 persan-yaars.

per cada Gy.

FRCV concomitantment.

. Mama Esquerra

Risc augmentat si existeixen altres

Expected (n) 95% Cl

10.9% 283355

23.85 13811
.94 BOT 1031
9.48 1.70-2.21
0.70 10611521

7.4% d'increment de la taxa d'events

. Edat Dx= 25 anys. Edat
Event= 47 anys.

. 93% no Antraciclines.



Conclusions

. La deteccio precoc és clau en I'evolucio | maneig de
la cardiotoxicitat.

. Els mecanismes son diversos i per a molts
tractaments poc coneguts.

. El pacient oncologic te un risc més elevat de
problemes cardiologics a mig i llarg termini.
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