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OBJETIVO PRIMARIO DO TRATAMENTO DO CANCER:

a. Erradicar e prevenir sua recorréncia
b. Prolongar a vida e a qualidade de vida

Aumento da sobrevida

l

Consequéncias indesejaveis da terapia
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Injuria ao sistema cardiovascular | Cardiotoxicidade

Aumento da sobrevida u
Exposicao a fatores de risco

Quimioterapia

Radioterapia

Ning Y et al. Cancer Res. 2012;72:339.



Risk Factors for Doxorubicin-Induced
Congestive Heart Failure
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These data will enable clinicians to better

estimate the risk/benefit ratio in individual patients receiving prolonged
administration of doxorubicin. They also provide a basis for the investigation of
less cardiotoxic anthracycline analogues or for designing measures to prevent
doxorubicin-induced cardiomyopathy.

Ann Intern Med. 1979,91:710-7.



CANCER

A doenca e seus fatores
de risco

QUIMIOTERAPIA
RADIOTERAPIA

N4

TOXICIDADE AO SISTEMA
CARDIOVASCULAR



Cardio-Oncology Balance

CANCER HEART DISEASE

Failure of cell division/
tissue repair

Cell division

Increased cell number Cell loss
Angiogenesis Ischaemia
Increased Impaired/decreased
metabolic activity energetic efficiency
Drug/toxin resistance Increased sensitivity

to toxins



A deteccao dos efeitos potenciais cardiovasculares é parte integral do tratamento

Integracao Cardio-oncologia - ESSENCIAL para bons resultados:

1. Avaliacdo clinica detalhada do paciente
2. Diagnostico precoce da cardiotoxicidade
3. Abordagem terapéutica conjunta
4. Prevencao dos efeitos cardiotoxicos

5. Otimizacdo do tratamento oncoldgico



DANO ESPECTRAL AO SISTEMA CARDIOVASCULAR

- Declinio assintomatico da fracao de ejecao
- Prolongamento do QT
- Bradiarritmias

- Taquiarritmias

- Valvopatias

- Pericardite

- Miocardite

- Tromboembolismo

- Doenca coronaria

- Insuficiéncia cardiaca
- Morte cardiovascular




Table 2 | Type | and type Il treatment-related cardiac damage

Type of therapy- Anticancer  Cardiac Nature of Biopsy Relationship  Risk factors

related cardiac  agents damage cardiac presentation of dose and

damage involved induced damage injury

Type | Doxorubicin Direct myocyte  Permanent Vacuole formation ~ Cumulative Any condition that has
Daunorubicin  death myocyte injury,  Myofibril disarray dose-related damaged or strained
Epirubicin beginning from  Necrosis effect the myocardium
Liposomal first dose Genetic sensitivity to
doxorubicin these agents
Mitoxantrone

Type Il Trastuzumab  Myocyte Reversible Minimal changes No cumulative  Prior recent exposure
Sunitinib dysfunction myocyte have been dose-related to anthracyclines
Imatinib dysfunction, reported; none of  effect noted (trastuzumab)
Lapatinib with favourable the characteristic Hypertension (sunitinib)

prognosis changes of the Tendency to retain fluid

type | agents
are seen

(imatinib)
Genetic sensitivity*

*Considerable variation exists between agents.



ANTRACICLINAS (doxorrubicina)
- IC =) relacdo direta com a dose (50% de alteracao estrutural)

400 mg (5%), 550 mg (16%) e 550 mg (26%)

. 7
- Da noirreve rS|Ve| TABLE 1 Anthracycline Regimens in the Most Widely Used Protocols for
4 Types of Cancer
- Pr‘ecoce (até 1 a no a pés) Type of Cancer Anthracycline Regimens Other Considerations
Breast cancer Doxorubicin 50-60 mg/m? x Increased cardiotoxicity with
4-6 cycles trastuzumab (11)
- Ta rd iO (a pés 1 an O) Epirubicin 75-100 mg/m? x Bolus over 15 min
4-8 cycles
Sarcoma Doxorubicin 75-90 mg/m? x Continuous infusion over 48-72 h or
_ Fato res de rISCO ad Iciona iS 6-8 cycles bolus over 15 min + dexrazoxane
Lymphoma Doxorubicin 40-50 mg/m? x Continuous infusion over 48-72 h or
6-8 cycles bolus over 15 min
Pediatric leukemia Doxorubicin 30 mg/m? x Bolus over 30 min + dexrazoxane
*
doenga CV 10 cycles

* predisposicdo genética

* hipertensdo arterial e diabetes
* obesidade, baixo peso

* radioterapia

* gquimioterapia concomitante

* extremos de idade, dose cumulativa, bolus
Vejpongsa and Yeh. JACC. 2014,64:9.



A NTRAC I C LI NAS racycline-Induced Heart Failure: the ROS Hypothesis { TOP2B Inhibiticn as Mechanism for Heart Failure

Anthracycline
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TRASTUZUMABE e INIBIDORES DE ANGIOGENESE

- |C mm==) sem relacdo direta com a dose

- Dano reversivel na maioria dos casos — irreversivel quando associado
a antraciclina

- Efeito surge em torno de 8-16 semanas
- Fatores de risco adicionais

* doenca CV

* predisposicdo genética

* uso prévio de antraciclinas

- ISQUEMIA MIOCARDICA, TROMBOEMBOLISMO, HIPERTENSAO



INTERACAO ANTRACICLINA E TRASTUZUMABE = IRREVERSIVEL

Anthracycline /_~

Healthy myocyte population

Lo o O

LO O O 00—

Topoisomerase 2p Oxidative
disruption stress
Vulnerable myocytes
Repair
mechanisms

Lol O O

Ewer MS. Nat Rev Cardiol. 2015;12:547-58.



ANTI-METABOLITOS (5-FLUOROURACIL - 5-FU E CAPECITABINA)

- Cardiotoxicidade pouco frequente, mas potencialmente letal

- Incidéncia: 1,6 a 18% (5-FU) e 3 a 9% (Capecitabina)

- Apresentacao clinica predominante: angina com alteracao eletrocardiografica

- Raros eventos: infarto, arritmias graves, IC, choque cardiogénico, Takotsubo e morte

- Incidéncia: maior com 5-FU em altas doses e infusao continua

Sudhoff T et al. Ann Oncol. 2004;15:661-4.

Nature Reviews | Cancer



ANTI-METABOLITOS (5-FLUOROURACIL — 5-FU E CAPECITABINA)

Mecanismos mais envolvidos

1. Vasoespasmo induzido pelo 5-FU e metabdlitos
2. Disfuncao endotelial

3. Estado pro-coagulante

4. Miocardite

Dose-dependente




EFEITOS CARDIOVASCULARES DA RADIOTERAPIA (ESMO)

1. Arterite coronadria — aterosclerose prematura — 10 a 15 anos
2. Pericardite aguda e pericardite cronica—6 a 12 meses

3. Miocardite e ICC (fibrose intersticial difusa)

4. Estenose valvular e regurgitacao (mitral e adrtica)

5. Fibrose do sistema de conduc¢ao (BRD, BAV, BRE)

Novas técnicas de radiacao; dose menor que 40 gy,
prevencao

Annals of Oncology 21 (Supplement 5): v277-v282, 2010
doi:10.1093/annonc/mdg200



PREVENCAO PRIMORDIAL
- Profilaxia durante e ap0ds a intervencao terapéutica do cancer.

- Resultados dependem da eficacia e da seguranca da intervencao.

PREVENCAO PRIMARIA

- Seleciona pacientes com sinais precoces de disfuncao miocardica.
- Diagnostico baseado em biomarcadores ou imagem avancada.

- Base da prevencao primaria: acuracia e momento da técnica de deteccao
e o tipo de quimioterapico utilizado.

PREVENCAO SECUNDARIA

- Terapia instituida apos a deteccao do evento cardiovascular.



Oncologic evaluation
Risk assessment
Proposed theraples

Cancer diagnosis

-+

Baseline evaluation

-+

Beguin Chemotherapy

CV evaluation

Risk assessment

. Prior CD disease
. CV risk factors

. LVEF assessment

CV monitoring

[

No cardiac injury

|
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Consider to

[Primary prevention}— | **' <

Continue Chemotherapy

CV monitoring

No cardiac
injury

Stop cardiotoxic CT
Early treatment of LVSD & HF
Restart adjusted CT when feasible

E

l

Continue Chemotherapy

E

Long-term follow-up

4—————— CV monitoring

Magnano LC et al. Curr Treat Options Cardio Med. 2014;16:312.



MODIFICACOES DO ESTILO DE VIDA E CONTROLE DOS
FATORES DE RISCO (1C)

- Cessar tabagismo e abuso de alcool e drogas

- Dieta saudavel

- Manter IMC < 25 Kg/m2

- Controle da hipertensao arterial (iECA)
- Controle da dislipidemia (estatinas)

- Controle do diabetes

- Exercicio fisico: melhora reserva cardiopulmonar, reduz toxicidade em
modelo animal



Il Diretriz de Cardio-Oncologia

Sociedade Brasileira de Cardiologia

PREVENCAO DA CARDIOTOXICIDADE PORANTRACICLINAS

1. REDUCAO DA POTENCIA CARDIOTOXICA
- Utilizar doses menores de antraciclinas
- Utilizar derivado menos cardiotdxico (epirrubicina, idarrubicina)
- Utilizar infusao continua ao invés de infusao in bolus
- Administracao de antraciclina lipossomal
- Espacar a administracao de drogas com potencial cardiotoxico

2. MEDICA(;AO CARDIOPROTETORA
- Dexrazoxane

- Beta-blogqueadores
- Inibidores de enzima conversora de angiotensina (iECA)
- Bloqueadores dos receptores de angiotensina (BRA)



PREVENCAO DA CARDIOTOXICIDADE PORANTRACICLINAS

DEXRAZOXANE

-Menor elevagao de troponina
-Melhor fragao de encurtamento

Eficacia antitumoral ?

Aumento de malignidade —
segunda neoplasia?

Mitochondrial
dysfunction
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Trastuzumab

Apoptosis

Increased Oxidative Stress

(Iron, Top2p, Rac1)
Anthracyclines -  Ei
Titin Proteolysis

Neuregulin/ErbB Inhibition

Progenitor Cell Inhibition

—=>

Neuregulin-1

Pl13-Kinase/Akt

MAPK/ERK1/2

/;ntnntial Cardluprntactivh

Therapies:

Anthracyclines:
Dexrazoxane
Statins
f-blockers
ACE-inhibitors
Exercise
Neuregulin

Trastuzumab:
f-blockers
ACE-inhibitors
Exercise

b /




PREVENQAO DA CARDIOTOXICIDADE PORANTRACICLINAS
- Estudos heterogéneos, seguimento curto (4-6 meses)

- Desfechos secundarios (diametros, troponina)

- Sem diferencas em eventos clinicos

TABLE 3 Summary of -Blocker and/or ACE Inhibitor Studies for Primary Prevention of Anthracycline-Induced Cardiotoxicity

Follow-Up,
First Author (Ref. #) Medication Patients* Months Results

KKalay et al. (54) Carvedilol 12.5 mg daily vs. 50 (25/25) 6 Placebo: LVEF 68.9% — 52.3%T%

placebo Carvedilol: LVEF 70.5% — 69.7%
Georgakopoulos et al. (55)  Metoprololt vs. enalaprilt vs. 125 (42/43/40) 31 Cardiotoxicity incidence not statistically different

placebo§ among 3 groups

No difference in echocardiographic parameters
among 3 groups at 12 months

Kaya et al. (53) Nebivolol 5 mg daily vs. 45 (27/18) 6 Placebo: LVEF 66.6% — 57.5%t

placebol| Nebivolol: LVEF 65.6% — 63.8%
Bosch et al. (52) Enalaprilt + carvedilolf vs. 90 (45/45) 6 Control: LVEF 64.6% — 57.9%t

no treatment||

Enalapril + carvedilol: LVEF 63.3% — 62.9%
Tnl levels not significantly different between
2 groups (p = 0.59)

Vejpongsa and Yeh. JACC. 2014,64:9.




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, MDD;

Nicola Colombo, MD; Maurizio Civelli, MD; Giovanni Martinelli, MD; Fabrizio Veglia, PhD;
Cesare Fiorentimi, MD; Carlo M. Cipolla, MD
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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, MDD;
Nicola Colombo, MD; Maurizio Civelli, MD; Giovanni Martinelli, MI); Fabrizio Veglia, PhD;
Cesare Fiorentini, MD; Carlo M. Cipolla, MD
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LVEF at baseline and during the 12-month follow-up in control subjects (left) and the ACEI
group (right) in patients with () or without (=) persistent Tnl increase.



A 0T by ke Armerican Colliege of Candiclogy Founkdation 55N UY35

Anthracycline-Induced Cardiomyopathy

Clinical Relevance and Respnnsa to F‘harnmco]ngic Therap}r

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

Milan, ltaly

Journal of the American Callege of Cardiol opy ¥ol 55, Mo 3, 20
T HNE3END

Pubdished by Elsevier Inc. o 0110 & jace. 00900 (M5

Heart Failure

LCME]

Responders (%)

1-2 24 4-6 6-H 810 10412 =12 months
In=TS) =3 (neR0) et neB) neT)  nedd)

Percentage of Responders According to the
2B Time Elapsed From AC Administration and
Start of HF Therapy

AC = anthracyclines; HF = heart failure.

Reversibilidade da disfuncao ventricular das antraciclinas depende do

tempo do inicio da cardioprotecao (iECA, BB)




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)

IR Clinical Endpoints

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) 011
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 (54) 090
Heart failure or =10% decrease in LVEF (%) 4 (9.5) 7 (19) 0.22
Severe adverse events* (%) 9 (20) 15 (33) 015

Bosch X et al. J Am Coll Cardiol. 2013;61:2355-62.



@ European Heart Journal (2016) 37, 1671-1680 AHA FASTTRACK
cuncrean  doi10.1093/eurheartjlehw(22 CLINICAL RESEARCH

Heart failure/cardiomyopathy

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’i, Siri Lagethon Heck’%i, Anne Hansen Ree®4, Pavel Hoffmann5,
Jeanette Schulz-Menger®’, Morten W. Fagerland?®, Berit Gravdehaug?,

Florian von Knobelsdorff-Brenkenhoffé, Ase Bratland'®, Tryggve H. Storas'!,
Tor-Arne Hagve*12, Helge Rasja'-?, Kjetil Steine'?, Jiirgen Geisler?4, and
Torbjern Omland®2*



Avaliar a hipdtese de que o tratamento com beta-bloqueador e/ou
BRA, em pacientes com CA de mama, submetidas a quimioterapia
com antraciclina, reduz o declinio da FE.

Randomizado, paralelo, placebo controlado, fatorial.

Succinato de metoprolol (dose alvo 100 mg/dia) versus placebo e
candesartan (dose alvo 32 mg/dia) versus placebo

RNM cardiaca



Desfecho primario: diminuicao da FEVE - 0,8% no grupo
candesartana contra 2,6% no grupo placebo (p = 0,026). NNT 55

Metoprolol nao foi associado com mudanca na FEVE
Nao houve diferenca nos desfechos secundarios
Nao houve interferéncia na curva de troponina — BRA nao interfere

na cardiotoxicidade e sim no remodelamento cardiaco apds a
injuria?



No candesartan 60 613 (60.0, 62.5) 589 (576, 60.1) —24 (3.7, —1.1) 08 (—10, 26) 0.370
Candesartan 60 602 (59.0,61.4) 58.7 (574, 59.9) —1.6(—28, —0.3)
No metoprolol 62 604 (592, 618) 58,0 (56.8, 59.3) —24 (3.7, —1.1) 08 (—10, 26) 0.377
Metoprolol 58 611 (598, 62.3) 59.5 (58.3, 60.8) —16(—29, —03)

LV GLS

No candesartan 48 —26(-221, -211) 210 (-215 —-205)  06(01,1.1) —0.7 (—14,01) 0.076
Candesartan 45 —213(-218 —207) —213(-219, —208) —0.1(-06,05)
No metoprolol 46 —M4(-219,—208) —210(-216 205  03(-0208) —0.1 (— 08, 07) 0.824

=
o
|

Metoprolol
EE
Mo candesartan a3 1 (a6, 1.6) P67, 1.0 01 (—04, 05) 0 {— O, Oully OL68E
Candesartan 59 74 (69,79 r6 {71, 81) 02 {—02, 07
Mo metoprolol & 74 (70, 7.9 FL{BT 0T —03 {—07, 02 08 (02, 1% LD
Metoprozlol &0 1166 15) 6 {71, 8.1) 06 {01, 1.0)
Troponin I*
Mo candesartan & 1.1 {09, 1.2) 17 {13,31) 152031 1.1 (08, 1.4) (L664
Candesartan & 1.0(0.8, 1.1} 151219 16 (21,33
Mo metoprolol & 1.1(09,1.3) 18(14,33) 16(21.313) 100713 FE-ER]
Metoprolol & 0.5 (0.8, 1.1) 14 (L0, 18) 15 (20,3.1)

215 (—220, -10) —213(-218,-207) 02(-03,07)



Table |3 Strategies to reduce chemotherapy-induced

cardiotoxicity

All chemotherapy
drugs

2116 -228,145-148

Potential cardioprotective

Identify and treat cardiovascular risk factors

Treat comorbidities (CAD, HE PAD, HTN)

QTc prolongation and torsade de pointes:
- Avoid QT prolonging drugs
- Manage electrolyte abnormalites

Minimize cardiac irradiation

Anthracyclines and
analogues

Limit cumulative dose (mg/m?):
- Daunorubicin <800

- Dioxorubicin <360

- Epirubicin <720

- Mitowantrone <160

- ldarubicin <150

Altered delivery systems (liposomal
doxorubicin) or continuous infusions

Dexrazoxane as an alternatve

ACE-ks or ARBs

b-blockers

Stating

Aerobic exercise

Trastuzumab

ACE-Is

B-blockers

European Heart Journal

doi10.1093/eurheartj/ehw2 11



EVIDENCIA DA PREVENGAO DA CARDIOTOXICIDADE

1.Dexrazoxane, doxorrubicina lipossomal e infusao

continua em pacientes com teste genético + (2C)
2.Dexrazoxane em cancer de mama metastatico com
dose acima de 300 mg/m2 (1B)

3. Dexrazone e infusao continua (1B)

4. Dexrazoxane na LLA pediatrico (1A)

5. iECA, b-blog, BRA (2B) na presenca de troponina positiva ou
strain alterado



CONCLUSOES

** A evolucao no tratamento do paciente com cancer resultou

em aumento da deteccao de doencas cardiovasculares

** O maior conhecimento dos mecanismos de cardiotoxicidade
possibilita:
* Entendimento de mecanismos de crescimento e reparo da
célula cardiaca
* Avancos no desenvolvimento de novos quimioterapicos

* Melhor avaliacao pré-clinica dos farmacos

* PREVENCAO, DIAGNOSTICO PRECOCE E TRATAMENTO ADEQUADO
** Integracao cardiologia-oncologia: essencial



