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Increasing Number of Cancer Survivors
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Treatment-Induced Cardiac Toxicity

1. Heart Failure Reduced   

Ejection Fraction

2.   Coronary Artery Disease

3. Heart Failure Preserved 

Ejection Fraction

Scott  et al. Can J Cardiol., 2016
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Cardiovascular Disease Among Cancer Survivors

Armenian et al. J Clin Oncol, 2016

• Breast

• Lung

• Multiple Myeloma

• Kidney

• Ovary

• Non Hodgkin Lymphoma

n=36,232 ≥ 2-year survivors of adult-onset cancer
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Armstrong et al. J ClinOncol, 2014

Adult Survivors of Childhood Cancer

Accelerated CVD Phenotype

20 yrs
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Cancer Therapy: A “Multiple-Hit”

‘Direct’ injury

anticancer therapy

‘Indirect’ Injury

Secondary to therapy 

(deconditioning, weight gain) 

Baseline risk factors

Obesity, hypertension, age, 

deconditioning

Jones et al. J Am Coll Cardiol, 2007

Current Assessments

“Whole-body” function

Performance status  

measures (ECOG, KPS)

Cardiac function

Resting left ventricular 

ejection fraction

Pulmonary function

PFT (FEV1)

O2 carrying capacity

HemoglobinBone Demineralization

Gastrointestinal Events

Immune Dysfunction

Cardiovascular Dysfunction

Skeletal Muscle Dysfunction

Exercise Intolerance

Cognitive Impairments

Sleep Deficiency

Anemia
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Multisystem Toxicity Assessment

Cardiopulmonary exercise test

Symptom limited cardiopulmonary exercise test 

Cardiorespiratory fitness (VO2peak – mL.kg.-1min-1)
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1Hornsby et al. Acta Oncol, 2014 2Jarden et al. BMT, 2009
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Persistent Multisystem Toxicity

• VO2peak does not recover post treatment
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Breast Cancer Healthy Control

VO2peak assessed in:

1. Breast cancer survivors              

(n=140; ~3 yrs post-therapy)

2. Healthy age-matched controls (n=107)

20 yrs
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Prognostic Importance of VO2peak

• VO2peak independent predictor of survival 

• Metastatic BC 

• (n=52; median follow-up 122 months)

0

0,2

0,4

0,6

0,8

1

<13.9 14.0-17.3 >17.3

H
a
z
a

rd
 R

a
ti

o
 

(A
ll

-c
a

u
s

e
 m

o
rt

a
li

ty
)

0

0,2

0,4

0,6

0,8

1

<15.4 >15.5

H
a
z
a

rd
 R

a
ti

o
 

(A
ll

-c
a

u
s

e
 m

o
rt

a
li

ty
)

• NSCLC

• (n=398; median follow-up 31 months)

41%
24%

Jones et al. Cancer, 2007
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Multi-system Decline

“Accelerated” Cardiovascular Aging

Koelwyn& Jones. J ClinOncol, 2012

10%-20% decrease in 

VO2peak during treatment

VO2peak remains 30% 

lower compared to 

controls

Long-term cancer survivors 

20%-50% increase in CV 

events



EXONC SERVICE

Pulmonary diffusion 

• no change

Cardiac function 

• stroke volume

• heart rate

• cardiac output

Arterial/endothelial function

• nitric oxide

• angiogenic factors

Skeletal muscle function

• mitochondrial size & number

• capillarization

Exercise Training to Off-Set the Multiple-Hit

Lakoskiet al.. Nature Rev Clin Oncol, 2012

↑ Cardiorespiratory fitness

↓ Fatigue

↓ CV risk factors

↓ Chronic morbidity

↓ Overt CVD



EXONC SERVICE

Exercise: Standard of Care in Chronic Disease

Heart disease

Stroke

Diabetes

Chronic lung disease

Cancer
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Cancer treatment

Effects on cancer incidence & progression

Cardiovascular side-effects

Effects on prevention & treatment of cancer 

therapy-induced side-effects 

Major Exercise-Oncology Objectives
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