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Learning Objectives:
• Review the need for and practice of the 

emerging field of cardio-oncology
• Know the factors that increase the risk of 

cardiovascular complications in cancer patients
• Understand the difference  between type I and 

type II cardiotoxicity 
• Know how to monitor for and manage 

chemotherapy-induced cardiomyopathy
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Case 1:  Ms. M - 25 yo female

- Age 13 months: Acute myelomonocytic

- Chemotherapy X 2 yrs: etoposide, cytosine, adriamycin

- Age 3: Radiation therapy to cranium

- Complete remission since then

- Grade school: Decreasing exercise tolerance and DOE

- Age 20:  “asthma”

- Age 25: CHF 



©2014 MFMER  |  slide-4

Ms M. - 25 yo female

Biventricular heart failure
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Ms M. – childhood cancer “survivor”

- Age 27: ICD implantation 

- Inappropriate shocks due to recurrent atrial fibrillation 

- Age 34:  A fib ablation

- Recurrent heart failure hospitalizations

- Age 35:  Upgrade to CRT-D 

- Cardiogenic shock and LVAD implantation 

- Heart transplantation w/early graft failure

- ECMO, Lower extremity compartment syndrome

- Comfort care; death at age 36
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CV Disease
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Disease
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Disease
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aggravate induce

Chemotherapy and Cardiotoxicity
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Anthracycline-Induced Cardiotoxicity
Pathology

Dilated Cardiomyopathy

Myocyte loss with 
replacement fibrosis

Hypertrophy of 
remaining myocytes

Steinherz et al: Med Ped Oncol 24:352, 1995
Dr. Glacy Sabra Vieria in Arq. Bras. Cardiol. 75, 2000
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Prognosis
Anthracycline-Induced HF
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Swain et al: CLEOPATRA NEJM 2015
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Acute
Cardiotoxicity

Early Onset
Chronic

Cardiotoxicity

Late Onset
Chronic

Cardiotoxicity

Anthracyclines

Within 1 week 
of therapy

Within 1 year 
after therapy

More than 1 year
after therapy

Rare ¼ of cases ¾ of cases

Days of therapy >6 months >5 years

Anthracycline-Induced Cardiotoxicity (CHF)
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Nitrogen mustard as 
1st chemotherapy to 
induce cancer (NHL) 

regression

Antifolates induce 
remission in ALL

Methotrexate induces 
remission of 

choriocarcinoma

Purine analogues 
6-mercaptopurine

Pyrimidine analogues 
5-fluorouracil

Alkylating agents 
Cyclophosphamide

Vinca 
alkaloids

Anthra-
cyclines

Cisplatin Paclitaxel

1970s1960s1940s 1950s 1980s 1990s 2000s 2010s

Targeted 
therapy

Tyrosine kinase inhibitors  
e.g. Imatinib, Sunitinib

Monoclonal antibodies
e.g. trastuzumab,bevacizumab

Decline in cancer mortality

Cardio-
toxicity

Vascular 
toxicity

Concept of Cure

Chemotherapy and Cardiotoxicity
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Cancer Statistics USA – 1990-2008
Survivors Increasing, Mortality Decreasing
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Conclusions: Many cancer survivors are not receiving 
treatment consistent with heart failure guidelines. There is
substantial opportunity for collaboration between oncologists
and cardiologists to improve the care of oncology patients
receiving cardiotoxic therapy.
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The call for “Cardio-Oncology”



©2014 MFMER  |  slide-16

U.S. Cardio-Oncology Centers – 2015

University of Kansas
Cancer Center
Kansas City, KS MD Anderson

Houston, TX

Memorial Sloan-Kettering   
Cancer Center
New York City, NY

Yale Cancer Center
New Haven, CT

Brigham and
Women’s Hospital
Boston, MA

University of Wisconsin
Madison, WIMayo Clinic

University of
Michigan
Ann Arbor, MI

University of Rochester
Rochester, NY

Washington Hospital Center
Washington, DC

Duke Radiation Oncology
Durham, NC

Cedars-Sinai
Los Angeles, CA

U of M
Minneapolis, MN

Mt. Sinai Hospital
New York City, NY

MedStar Heart Institute
Baltimore- Washington

Mass General
Boston, MA

Umass Memorial
Worchester, MA

UConn Health
Farmington, CT

U of L
Louisville, KY Vanderbilt

Nashville, TN

UCLA

Dr. Joerg Herrmann



©2014 MFMER  |  slide-17

Continuum of CV Care in Cardio-Oncology

Barac A et al  JACC 2015;65(25):2739–2746
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The Spectrum of Cardio-Oncology

Cardio-Oncology

Cardiomyopathy

Vascular disease

Valvular disease

Pericardial disease

Arrhythmias
QTc prolongation

Hypertension

Thromboembolic 
disease
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Breast Cancer Patients
Cause of Death
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Breast cancer
CVD becomes leading cause of death 
in breast cancer patients over time
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The most important adverse event was cardiac dysfunction of New York 

Heart Association class III or IV, which occurred in 27 percent of the group 

given an anthracycline, cyclophosphamide, and trastuzumab; 8 percent of the 

group given an anthracycline and cyclophosphamide alone; 13 percent of the 

group given paclitaxel and trastuzumab; and 1 percent of the group given 

paclitaxel alone. Although the cardiotoxicity was potentially severe and, in 

some cases, life-threatening, the symptoms generally improved with 

standard medical management.
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Ewer, Lippman J Clin Oncol 2005;23:2900-2

Type I
(damage)

Type II
(dysfunction)

Prototype Doxorubicin Trastuzumab

Ultrastructure vacuoles, necrosis
microfibrillar disarray

no abnormalities

Mechanism

Oxidative injury
mitochondrial function ↓

altered calcium homeostasis
altered cardiac gene expression

apoptosis of cardiomyocytes

ErbB2 signaling
inhibition

Chemotherapy-Induced Cardiotoxicity
Type I vs. Type II
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Radiation Rx and Cardiac Disease:
Hodgkin’s Lymphoma Rx’d w/ mediastinal irradiation

Galper SL et al., Blood 117 (2): 415  2011



Tissue Involved Clinical Presentation Histology

Pericardium
Acute Pericarditis, Chronic 

effusion Constrictive Pericarditis

Fibrous thickening of the 

pericardium , collagen & fibrin 

deposition on the mesothelial

surfaces

Conduction system Heart block Fibrosis of the conduction system

Vessels

Premature CAD, Myocardial 

infarction Asymptomatic CAD, 

vessel occlusion

Intimal proliferation of fibrous 

tissue, Media destroyed with 

adventitia markedly thickened and 

fibrotic

Valves
Valvular Disease

(Stenosis / Regurgitation)

Leaflets /Cusps fibrosis, calcification, 

thickening

Myocardium Myocarditis, CMP, CHF. Diastolic

dysfunction

Increased collagen, ***Type 1, 

Interstitial fibrosis, Myocardial 

perfusion defects

Radiation Effects on the Heart

Courtesy of Dr. J Banchs, MD Anderson



©2014 MFMER  |  slide-25

Cancer Therapy and CVD
Significance of the Cardiovascular Reserve

Herrmann J, Lerman A. Trends Cardiovasc Med 2014

Therapy

Baseline 
cardiovascular risk 
factors and disease

Decreased 
cardiovascular 

reserve

Preclinical and 
clinical 

cardiovascular 
disease
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Trastuzumab Cardiotoxicity
Clinical Predictors

Martin et al: The Oncologist 14:1, 2009
Ewer and Ewer: Na. Rev Cardiol 7,564, 2010

• Prior 
anthracycline 
therapy

• Doxorubicin 
>240 mg/m2

• Epirubicin 
>500 mg/m2

Hypertension

Age ↑

Diabetes mellitus

Arrhythmia

Cardiomyopathy

CADPrior chest 
irradiation

Genes

?
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Anthracycline Cardiotoxicity
Clinical Predictors

Anthracycline
dose
• Doxorubicin 

>240 mg/m2
• Epirubicin 

>500 mg/m2

Female gender

Age (<15 or >65)

African American

Hypertension

Preexisting CVD

Chest irradiation

Type of 
administration
• pegylated
• Continuous 

infusion

Ewer MS and Ewer SM. Nat. Rev. Cardiol. 2010; 7,564–75

?
Genes

?
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Chemotherapy-induced Cardiotoxicity
Progression Through the Heart Failure Stages

2013 ACCF/AHA Guideline for Management of Heart Failure

B C

Refractory
HF symptoms

Heart disease
(any)

Prior or current
HF symptoms

Hypertension
Diabetes, Hyperchol.

Family Hx

Asymptomatic
LV dysfunction

A 

D

Cardiotoxins
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How to Respond?
Predict and Prevent

2013 ACCF/AHA Guideline for Management of Heart Failure

B C

Refractory
HF symptoms

Heart disease
(any)

Prior or current
HF symptoms

Hypertension
Diabetes, Hyperchol.

Family Hx
Cardiotoxins

Asymptomatic
LV dysfunction

A 

D

Cardiotoxins

Goals:
• Heart healthy lifestyle
• Prevent vascular, coronary disease
• Prevent LV structural abnormalities

Interventions:
• ACE-I or ARB in appropriate patients
• Statins in appropriate patients

Screen (clinical
and imaging) to 

avoid
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Cardiotoxicity Prevention
Stratified by Prophylactic Drug Group

Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95% CI M-H, fixed, 95% CI

Dexrazoxane vs control
Lopez, 1998 4 59 13 62 4.5 0.32 (0.11, 0.94)
Marty, 2006 10 85 29 79 10.6 0.32 (0.17, 0.61)
Speyer, 1992 6 76 37 74 13.2 0..16 (0.07, 0.35)
Swain-1, 1997 25 168 57 181 19.3 0.47 (0.31, 0.72)
Swain-2, 1997 11 81 32 104 9.9 0.44 (0.24, 0.82)
Venturini, 1996 6 82 18 78 6.5 0.32 (0.13, 0.76)
Wexler , 1996 4 18 10 15 3.8 0.33 (0.13, 0.85)

Subtotal (95% CI) 569 593 67.7 0.35 (0.27, 0.45)
Total events 66 196
Heterogeneity: Chi2 = 6.43, df=6 (P=0.38); I2=7%
Test for overall effect: Z=8.15 (P<0.00001)

Beta-Blocker vs control
Bosch, 2013 3 45 11 45 3.9 0.27 (0.08, 0.91)
Kalay, 2006 1 25 5 25 1.8 0.20 (0.03, 1.59)
Seicean-1, 2012 5 106 27 212 6.3 0.37 (0.15, 0.93)

Subtotal (95% CI) 176 282 12.0 0.31 (0.16, 0.63)
Total events 9 43
Heterogeneity: Chi2 = 0.36, df=2 (P=0.84); I2=0%
Test for overall effect: Z=3.30 (P=0.0010)

Statin vs control
Acar, 2011 1 20 5 20 1.8 0.20 (0.03, 1.56)
Seicean-2, 2012 4 67 23 134 5.4 0.35 (0.13, 0.97)

Subtotal 87 154 7.1 0.31 (0.13, 0.77)
Total events 5 28
Heterogeneity: Chi2 = 0.22, df=1 (P=0.64); I2=0%
Test for overall effect: Z=2.52 (P=0.01)

Angiotensin inh. vs control
Bosch-2, 2013 3 45 11 45 3.9 0.27 (0.08, 0.91)
Cardinale, 2006 0 56 25 58 8.8 0.02 (0.00, 0.33)
Nakamae, 2005 0 20 1 20 0.5 0.33 (0.01, 7.72)

Subtotal (95% CI) 121 123 13.2 0.11 (0.04, 0.29)
Total events 3 37
Heterogeneity: Chi2 = 4.20, df=2 (P=0.12); I2=52%
Test for overall effect: Z=4.34 (P<0.0001)
Total (95% CI) 953 1152 100 0.31 (0.25, 0.39)
Total events 83 304
Heterogeneity: Chi2 = 12.15, df=14 (P=0.59); I2=0%
Test for overall effect: Z=2.52 (P<0.00001)
Test for subgroup differences: Chi2 = 5.03, df=3 (P=0.17)

Favors experimental Favors control
0.001 0.1 1 10 1000

Experimental Control Risk ratioRisk ratio

Dexrazoxane 65% reduction

Beta-blocker 69% reduction

Statin 69% reduction

ACE-I 89% reduction
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Management Algorithm
Anthracyclines

Herrmann J et al. Mayo Clin Proc. 2014;89:1287-306

Reassessment prior to each cycle

LVEF <50%

Discontinue if LVEF↓ ≥10%            
or LVEF ≤30%

Discontinue if LVEF↓ ≥10%            
and LVEF ≤50%

No high risk

LVEF >50%

High risk

Reassessment at 250-300 mg/m2

Reassessment at 450 mg/k2 Reassessment at 400 mg/k2

Reassessment prior to each cycle

Initiation of anthracycline therapy

Medical history and exam, ECG, LVEF (RNA, TTE, MRI)
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LVEF assessment

LVEF <50% LVEF ≥50%

LVEF <40% LVEF 40-50%

LVEF ≥10% below baseline 

Hold therapy, repeat LVEF in 3 weeks

Stop therapy Continue therapy

Management Algorithm
Trastuzumab

LVEF 
<40%

LVEF 40-
50%

Repeat 
q 3 mo

Repeat 
q 1 mo

Heart Failure

LVD treatment

LVD treatment

Modified from Curigliano G. et al: Ann Oncol 2012:23 (Suppl. 7): vii155-vii166
ESMO Guidelines

Targeted (HER-2-directed) therapy

Continue therapy

LVEF <10% below baseline

Continue therapy
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Echo Strain Imaging:
a more sensitive detector of LV dysfunction

Longitudinal

Radial

CircumferentialCourtesy of Drs. Chinami Miyazaki , Fletcher Miller, and Jae Oh
Plana JC et al: Am Soc Echocardiogr. 2014 Sep;27(9):911-39
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Plana JC et al: Am Soc Echocardiogr. 2014 Sep;27(9):911-39
Eur Heart J Cardiovasc Imaging. 2014 Oct;15(10):1063-93



©2014 MFMER  |  slide-35

Plana JC et al: Am Soc Echocardiogr. 2014 Sep;27(9):911-39
Eur Heart J Cardiovasc Imaging. 2014 Oct;15(10):1063-93
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45 yo female breast CA; adriamycin/cytoxan Rx

Baseline:  normal EF, normal strain (-19%) 3 mos:  normal EF, abnormal strain (-15%)
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Timing of Initiation of Treatment (ACE-I/BB) 
Predicts LVEF Recovery Potential*
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*Increase of LVEF to >50%
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Overview of the Spectrum of Cardio-Oncology: 
Bench to Bedside to Community Partnerships

Barac A et al  JACC 2015;65(25):2739–2746
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Cardiotoxicity and Cardio-Oncology
Summary

• Cancer is a chronic disease, cardio-oncology 
addresses CV care in cancer patients

• Cardiovascular disease impacts cancer 
survivorship

• Early detection and early treatment to 
prevent CHF

• Strategies include risk prediction, preventive 
Rx and individualization of care
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Gracia! 

Questions & Discussion

smulvagh@mayo.edu

@heartdocSharon


