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Cancer and cardiovascular diseases as the main causes 

of mortality

Adaptado de World Health Statistics 2007

www.who.int/entity/whosis/whostat2007_10highlights.pdf
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Driver BMJ 2008:337:p. 2467

Overlapping between cardiovascular disease and cancer
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Cardiovascular Disease: 

Important cause of mortality in early breast cancer

Patnaik et al. Breast Ca Res, 2011
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Goals of cancer therapy:

a. Promote cure and avoid recurrence

b. Promote improvement in quality of life

Increased Survival

Undesirable consequences of therapy

Cardiovascular system injury

Cardiotoxicity

33% of deaths

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

CV mortality risk

is 8x higher

Risk factors exposure

Chemotherapy

Radiotherapy
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Daniel D. Von Hoff

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

- 4018 pacientes em uso de doxorrubicina

- 88 casos de IC (2,2%)

- Fatores de risco:   dose cumulativa

idade avançada
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Le penseur, 1904

Auguste Rodin

Cardio-oncology

- Time of injury is known

- We understand the injury

- We can apply strategies to avoid

Improve outcomes
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Definition of Cardiotoxicity

1. Any cardiovascular alterations induced by

chemotherapy

• Clinical abnormality

• Positive biomarkers

• Altered imaging (ECHO, STRAIN, MR, CT, PET)

2.  Reduction of at least 10% of EF to less than 50%.
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CARDIOTOXICITY

HEART FAILURE

Zamorano JL et al. European Heart Journal 2016.

Kalil Filho R et al. Arq Bras Cardiol 2016, In Press.
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The real world incidence of HF with 
chemotherapy is higher than expected

23% increased rate of developing HF compared to age matched controls

Chen J, et al

JACC 2012



Zamorano JL et al. European Heart Journal 2016.

Kalil Filho R et al. Arq Bras Cardiol 2016, In Press.

CARDIOTOXICITY
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CARDIOTOXICITY

Cardio-Oncology

Zamorano JL et al. European Heart Journal 2016.

Kalil Filho R et al. Arq Bras Cardiol 2016, In Press.



Classification of Cardiotoxicity 

Kalil Filho R, Hajjar L, Bacal F, Hoff PM et al. Arq Bras Cardiol.2011;96:1-52.
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Circ Heart Fail. 2016;e002843.
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Anthracyclines

Sawyer D. N Engl J Med. 2013;368:12.

Cardio-Oncology



Azim H et al. Cancer Treatment Reviews. 2009; 35:633-8.
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TRASTUZUMAB

CARDIOTOXICITY



1. No structural damage

2. Good outcomes

3. Exception: previous use of anthracycline

Eletronic microscopy: no lesions (Type II cardiotoxicity)

Ewer MS et al. J Clin Oncol. 2005; 23 (31):7820-6.   Guarneri V et al. J Clin Oncol. 2006; 24 (25):4107-15.
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Targeted chemotherapy = physiologic cardiac function

Cardio-Oncology



CARDIOTOXICITY

1. Vasospasm

2. Endothelial dysfunction

3. Procoagulant mechanisms

4. Myocarditis

Chest pain
EKG abnormalities

2-18%

Nitro

Cardio-Oncology

Antimetabolites (5-fluorouracil and capecitabine)



Radiotherapy and cardiotoxicity (ESMO)

1. Coronary arteritis – accelerated atherosclerosis – 10 to 15 years

2. Pericarditis – 6 to 12 months

3. Myocarditis and HF (fibrosis)

4. Valvular disease (mitral and aortic valves)

5. Conduction system fibrosis (AV Blocks)

Prevention: new radiation techniques

Dose < 40 cGy
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Darby et al. NEJM, 2013.



• Important to put in context: radiation and cancer treatment have 

allowed breast cancer patients to become survivors in the first place

• Not enough focus in cardiovascular disease prevention

• Cardiovascular cancer survivorship issues begin at the time of 

diagnosis…not years after completion of treatment

Moslehi. New England Journal of Medicine, 2013.



1. Clinical history

2. Physical examination

3. Individual risk analysis

4. Risk prediction

Prevention strategies

Follow-up

Therapeutic management

Diagnostic of cardiotoxicity

Zamorano JL et al. European Heart Journal 2016.

Kalil Filho R et al. Arq Bras Cardiol 2016, In Press.
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Cardio-Oncologia

IMAGE AND BIOMARKERS

Zamorano JL et al. European Heart Journal 2016.

Kalil Filho R et al. Arq Bras Cardiol 2016, In Press.

Diagnostic of cardiotoxicity



TROPONIN I positive after chemotherapy = ventricular dysfunction prediction

Troponin negative = 5% events   Tropo positive = 62% events
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ECHOCARDIOGRAPHY (RM LANG, SECTION EDITOR)

Early Detection of Chemotherapy-Related Left
Ventr icular Dysfunction

Jeanne M. DeCara

# Springer Science+Business Media, LLC 2012

Abstr act Modern advances in cancer treatment have

resulted in improved survival. As a result, effects of cancer

therapy on other organ systems such as the heart are more

likely to become clinical ly relevant. One such possibility is

chemotherapy-related left ventricular dysfunction. Although

in clinical practice cardiotoxicity is evaluated by symptoms

and left ventricular ejection fraction, these occur relatively

late in the disease process after the heart’s compensatory

mechanisms have been expended. Ideally, left ventricular

dysfunction would be identified early so that cancer patients

and their physicians can make informed decisions about

their therapeutic options and institute careful surveillance

and early initiation of cardioprotective medication where

appropriate. This review discusses the role of echocardiog-

raphy to detect subclinical left ventricular dysfunction in

cancer patients exposed to chemotherapy with potential

cardiotoxicity, particularly anthracyclines and trastuzumab.

Keywords Cardiotoxicity . Chemotherapy . Left ventricular

dysfunction . Anthracycline. Speckletracking .

Echocardiography

Introduction

It has long been known that somecancer therapies are associ-

ated with cardiovascular toxicity [1, 2]. However, survival

without thesetherapies, andsometimesdespitethesetherapies,

can be limited. Therefore, cancer treatment-related heart dis-

ease has historically been deemed an accepted trade-off for

improved survival. Modern developments in cancer therapeu-

tics have led to improved survival among affected patients,

making treatment-related cardiovascular disease clinically rel-

evant. The molecular pathways that are the targets for cancer

treatment frequently overlap with those that are protective for

the heart. Because treatments that are helpful in cancer may

haveundesirableconsequencesfor theheart, imaging iscritical

for theearly identification of and surveillanceof patients who

haveor areat risk for cardiotoxicity.

Chemotherapy-Related Left Ventr icular Dysfunction

There are many chemotherapeutic agents that can be asso-

ciated with left ventricular dysfunction (LVD) [3•]. Anthra-

cyclines, such as doxorubicin, are the best-known culprits.

Myocardial damage is closely associated with the cumula-

tive dose of anthracycline administered. Although the risk

for LVD generally limits maximum lifetime doxorubicin

dosing to less than 550 mg/m2, cardiotoxicity has been

noted even at lower doses [4]. Further complicating the

matter, LVD may be seen acutely within the first week after

chemotherapy, or as an early (within the first year after

treatment) or late (at least 1 year but even as late as one to

two decades after treatment) chronically progressive side

effect of chemotherapy [5–8].

The mechanism by which anthracyclines cause LVD is

not precisely known, although multiple theories have been

proposed [9•]. Oxidative stress has been postulated to play

an important role. It is clear that exposure to anthracycline-

based therapy causes ultrastructural changes within the

myocardium as seen on endomyocardial biopsy [10, 11].

This, combined with disappointing early reports of response
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Coronary CT: risk prediction, stratification
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Personalized medicine: purpose for evaluation of cardiotoxicity
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CHALLENGES

Early diagnoses of cardiotoxicity

- Stop chemotherapy ?

- Maintain chemotherapy, start specific cardiovascular medication and

clinical follow-up ?

- Discussion with oncologist about alternative chemotherapy

- Cancer risk vs. Cardiovascular risk
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Figure 1. 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 TnI increase. 

Daniela Cardinale et al. Circulation. 2006;114:2474-2481.

Prevention of High-Dose Chemotherapy–Induced Cardiotoxicity in High-Risk 

Patients by Angiotensin-Converting Enzyme Inhibition



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



Statins decrease mortality in cancer patients
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Nelson et al. Science, 2013.



Understanding fatigue in the cancer patient: Decreased 

Cardiorespiratory Fitness and Role for Exercise

Koelwyn, Jones, Moslehi. JACC.



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

Cardiotoxicity prevention
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Kalil Filho R et al. Arq Bras Cardiol 2011; 96(2 supl 1): 1-52.

Objectives:

1.Protocols of monitoring and diagnosis of cardiotoxicity.

2.Early diagnosis.

3.Patterns of therapy.

II Diretriz, 2016 – november
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Cardiomyopathy Drug Development

BASIC and 

TRANSLATIONAL

SCIENCE 

Vascular Medicine

Cardiac MR

PET Scan

Coronary CT

Metabolism

Echocardiography

Echo Strain

Genetics

Cardiac 

Intervention

Research in Cardio-Oncology



VSP Inhibitors

Hypertension

Heart Failure 

Thrombosis

Her2 Targeted 

Therapies

Cardiomyopathy

Anthracyclines

Radiation

Heart Failure

CAD

Anti-metabolites (5FU)

Ischemia

Vasospasm

CML TKIs

Imatinib: protective

Nilotinib/Ponatinib:

Vascular/Athero

PI3K Inhibitors

Hyperglycemia

Metabolic

?Myocardial

BTK Inhibitors

Ibrtutinib:

Arrhythmia/AF

HDAC Inhibitors

Arrhythmia

Drugs Affecting UPS

Immunomodulators 

(IMiDs): thrombosis

Proteasome inhibitors 

(e.g. bortezomib, 

carfilzomib): vascular

Adapted from Moslehi, Cheng. Science Translational Medicine, 2013.



InCor

Hospital

Sírio-Libanês

ICESP

Brazil Cardio-Oncology Center 2016

National database

Research in Cardio-Oncology




