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Overview
• Physical Performance in Cancer
• Exercise Oncology: Overview
• Take Home Messages
• Future Directions

Physical Performance in Cancer
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Treatment Trajectories

Kluetz PG et al., Clinical Cancer Research 2016
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! " determinants
Chronological age 
Tobacco use 
Obesity 
Poverty
Social Isolation 
Accidents 
Illnesses 
Acute stressors 
Genetic contributions 
Fitness
Exercise habitsModerate risk hospitalization/death

High risk hospitalization/death

Modeling Health of Individuals
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! " measurement uses
Risk estimation
Rational disposition
Treatment planning
Patient centered care

! " preserving interventions
Symptom management
Exercise
Palliative care

Moderate risk hospitalization/death

High risk hospitalization/death

ECOG Performance Status
Performance Status Definition
0 Fully active; no performance restrictions
1 Strenuous physical activity restricted; fully ambulatory

and able to carry out light work
2 Capable of all selfcare but unable to carry out any work 

activities. Up and about > 50 percent of waking hours
3 Capable of only limited selfcare; confined to bed or chair 

> 50 percent of waking hours
4 Completely disabled; cannot carry out any selfcare; 

totally confined to bed or chair

cECOG 0 cECOG >1 Total

pECOG 0 64 48 112

pECOG >1 37 72 109

Total 101 120 221

Kappa=0.23

Distribution of Symptom_Count by ECOGpt
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Manuscript under preparation
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Scale HR (95% CI) p-value
SF36 PCS 1.4 (1.18-1.66) <0.0001

Shaw BE et al., EBMT annual  meeting 2016
Wood WA et al, Cancer 2016

Pre-alloHCT to D+100 PCS

Scale HR  for 10pt change (95% CI) p-value
PCS 1.83 (1.40-2.40) <0.001

Scale HR  for 10pt change (95% CI) p-value
PCS 3.57 (2.13-5.88) <0.001

OS

TRM

Wood WA  et al., Cancer 2016

Wood et al., BMT 2013

CPET predicts post-alloHCT survival
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CPET reflects toxicity
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Wood et al., BMT 2013
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! " approach in cancer
Pre-treatment evaluation
Treatment monitoring
Intervention (a, b, c)

Moderate risk hospitalization/death

High risk hospitalization/death
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Daily living

Hobbies

Responsibilities

Relationships

Lifestyle

Social Support

Comorbidity

Disease

Emotional Health

Age

Treatment

Late Effects
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Performance Status

Symptoms 
Toxicities 
Disease

Physical 
Activity 

Function

Emotional 
Health 

Support

Patient Centered Goals
Survival

Exercise Oncology: Overview

Cancer and Quality of life – what is it?

Global 
Quality of 

Life

Physical 
Well-Being

Social/Family
Well-Being

Functional
Well-Being

Emotional
Well-Being

Fatigue

Cognitive 
Function

Tumor site
Symptoms

Depression/
Stress

Components of quality of life

Physical 
Well-Being Functional

Well-Being

Depression/
Stress

Fatigue

Tumor site
Symptoms
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EXERCISE

Sex 
Hormones Oxidative 

Damage
Immune /  

Inflammation

QOL
(RECURRENCE / SURVIVAL)

OtherMetabolism

Exercise and Survival After a Cancer 
Diagnosis: Biologic Mechanisms

Biological Mechanisms 
(Possible mechanisms involved in the relationship between exercise and 
cancer prevention)

Cancer Site Possible 
Mechanisms

Rationale

Colon ↓ gastrointestinal transit 
time; ↓ ratio of 
protsaglandis, etc.

PA ↑ gut motility and 
reduces mucosal exposure 
to carcinogens

Breast ↓ lifetime exposure to 
estrogen, etc.

PA delays menarche, ↓ 
ovarian estrogen 
production; ↓ %BF (↓ fat 
produced estrogens)

Prostate ↓ exposure to testosterone, 
etc.

↑ production of sex 
hormone-binding globulin

All Cancers ↑anti-tumor immune 
defenses; decrease IGFs, 
etc.

May ↑ # and activity of 
macrophages, lymphokine-
activated killer cells 
(regulating cytokines)

Friedenreich & Orenstein J Nutr 2002

Exercise Tolerance in Persons with Cancer 

Jones et al. Lancet Oncology, 2009

The potential causes of exercise intolerance in persons diagnosed with cancer. In brief, cancer 
patients are subject to the effects of normal ageing, age-related and/or disease-related comorbid 
conditions, and deconditioning that adversely impact components of the O2 cascade leading to 
reduced exercise tolerance. These normal consequences are, however, dramatically compounded 
by the effects of conventional and modern cancer therapies which lead to marked reductions in 
exercise tolerance predisposing to serious health conditions that may shorten survival. 
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Exercise Oncology Overview

• Approximately 200 plus studies to date have 
examined the effects of exercise in oncology 
patients

•From 2008 to 2013 approximate 35 exercise 
intervention studies that included some 
objective measurement of physical or mental 
function and used traditional exercise 
interventions were published

1989 1996 1997 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1

ACS Exercise and 
Cancer Guidelines 
(CA J Clinicians)

1st Survival 
Study, Homes 
et al.

1st study published in a 
clinical oncology journal 
(JCO), Segal et al.

1st combined AE 
+RT training 
study. Kolden et 
al.

1986

1st study published in 
exercise oncology. 
McVicar et al.

1st study comparing 
different exercise 
modes. Schwartz et 
al.

Long term 
effects of 
exercise 
on 
disease-
free 
survival. 
Courneya
et al.

“An ever-growing number of studies in the area of exercise oncology, 
especially those examining the effects of exercise training in breast 
cancer survivors, speak loudly to the increased interest by the medical 
community in exploring complementary interventions that can alleviate 
treatment-related side effects and improve quality of life of cancer 
patients”.

Battaglini et al, 2014 
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RESULTS OF STUDIES
1989-1999

• Only 5 studies met the inclusion criteria for this review 

• Winningham ML, MacVicar MG, Bondoc M, Anderson JI, Minton JP. Effect of aerobic exercise on body weight and composition in patients 
with breast cancer on adjuvant chemotherapy. Oncol Nurs Forum. 1989; 16(5):683-9 [PMID: 2780404

• MacVicar MG, Winningham ML, Nickel JL. Effects of aerobic interval training on cancer patients' functional capacity. Nurs Res. 1989; 
38(6):348-51 [PMID: 2587289]

• Mock V, Burke MB, Sheehan P, Creaton EM, Winningham ML, McKenney-Tedder S, Schwager LP, Liebman M. A nursing rehabilitation 
program for women with breast cancer receiving adjuvant chemotherapy. Oncol Nurs Forum. 1994; 21(5):899-907; discussion 908 [PMID: 
7937251]

• Mock V, Dow KH, Meares CJ, Grimm PM, Dienemann JA, Haisfield-Wolfe ME, Quitasol W, Mitchell S, Chakravarthy A, Gage I. Effects of 
exercise on fatigue, physical functioning, and emotional distress during radiation therapy for breast cancer. Oncol Nurs Forum. 1997; 
24(6):991-1000 [PMID: 9243585]

• Schwartz AL. Fatigue mediates the effects of exercise on quality of life. Qual Life Res. 1999; 8(6):529-38 [PMID: 10548868]

• All 5 studies were conducted while patients were receiving active 
treatment including chemotherapy and/or radiation therapy

• Four of the studies were randomized controlled trials and more than 
half of the studies were home-based interventions (n=3) 

• No studies during this period used resistance training as a mode of 
training

1989-1999 Study Results Summary 

Abbreviations: VO2peak, peak oxygen uptake; QOL, quality of life; SympASF, Symptom Assessment Scale – Fatigue; SymptASD, 
Symptom Assessment Scale – Depression.  Lower scores reflect lower fatigue and lower depression. 

1989-1999 Study Results 
Summary

• 100% aerobic exercise training prescriptions, with two studies using an interval-
training methodology 

• The frequency of training ranged from 3-5 sessions per week (average of 3.7 
sessions per week).

• Training sessions duration of 15-45 minutes (average of 27 minutes) 

• Modes of exercise used: walking or cycle ergometry

• Exercise training program length varying from 6-24 weeks of training (average 
of 11 weeks). 

• Intensity of 60-85% of heart rate reserve 

“The most noticeable effect of the exercise training was observed for the 
variable fatigue. A trend towards significance was observed for the 
variable fatigue in the control group with increased values from baseline to 
post-exercise training of 22 points in a scale from 0-100 representing a 
22% increase in fatigue levels.” 
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RESULTS OF STUDIES
2000-2006

• 11 studies met the review inclusion criteria with 6 of them being randomized 
controlled trials. 

• 54.5% (n=6) of the studies were conducted in patients who had completed 
chemotherapy and/or radiation therapy, (45.5%) were conducted with patients 
undergoing treatment (n=4), and 1 study including patients in and off-treatment 
as part of the study design

• 68.8% of the studies combined aerobic with resistance training with only 
31.2% of the studies using aerobic training only

• Exercise prescription, 8-14 weeks, 2-4 days per week for approximately 30 
minutes of aerobic and 40 minutes of resistance training, with intensities 
varying from 50-80% of peak heart rate, 50-75% of heart rate reserve, rate of 
perceived exertion (RPE) between 11-15

• The resistance training consisted of exercises targeting major muscles groups 
performed for 2-3 sets, with approximately 10-12 repetitions using weight 
training machines, dumbbells, and rubber bands. 

1989-1999 Study Results Summary 

Body Composition

Strength
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Psychosocial 
Measurements

2000-2006 Study Results 
Summary
• Significant improvements in cardiorespiratory function corresponding to an 

approximately 9% (2.14 mL.kg-1.min-1) 

• Not possible at this time to provide an evaluation on the effects of a combined 
aerobic and resistance training exercise intervention on measurements of 
strength 

• The only body composition parameter that significantly changed from 
baseline was body fat % in the exercise group (change of 1.51%) 

• Significant improvements in overall quality of life assessed using the FACT-B 
(Functional Assessment of Cancer Therapy – Breast) was observed in the 
exercise group (p=. 027) with no changes in the control group 

• A few adverse events were reported during 2000-2006 and included 
lymphedema (3 cases), gynecologic complications (1 case), and influenza (1 
case) 

RESULTS OF STUDIES

2007-2013

• From 2007 to November 2013, 35 exercise studies involving breast cancer 

patients were conducted 

• 77% of all studies conducted during this time period were randomized 

controlled trials 

• 22 studies (62.8%) studied patients undergoing treatment

• 77% of the studies (n=27) were conducted in a supervised setting 

• 16 studies used aerobic exercise as the main mode of exercise training, 12 

used a combination of aerobic and resistance exercise training, while only 7 

used resistance exercise training

• Training sessions ranging from 15-90 minutes. The intensity for aerobic 

training varied from 40-85% of maximum heart rate, 40-90% of VO2peak, while 

the intensity for resistance training ranged from 55-85% of 1-RM
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Abbreviations: VO2peak, peak oxygen uptake; Treadmill VO2peak, VO2peak obtained directly through CPET with gas exchange; Est. 
Treadmill VO2peak, VO2peak estimated via submaximal CPET; Est., Estimated

Cardiorespiratory Function

Body Composition

�Lower scores reflect lower fatigue; ��Lower scores reflect lower depression. BDI, Beck Depression Inventory

Psychosocial 
Measurements
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2007-2013 Study Results Summary

• Significant improvement in cardiorespiratory function was observed for the 
exercise group (improvement from baseline of 3.54 mL.kg-1.min-1, p< .0005) 
using estimated VO2peak

• When measured directly using a cycle ergometer test protocol with gas 
exchange, improvement from baseline of 2.38 mL.kg-1.min-1, p= .057) 

• Most notorious changes in in body composition were significant decrease in 
body fat % (p = .037) and increase in lean body mass (p = .002) 

• Quality of life significantly improved in the exercise group (FACT-G; 
improvement of +6.90 points, p = .022)

• The effects of exercise training significantly reduced depression levels in the 
exercise group (reduction of -3.40 points, p =. 037) 

During the period between 2007-2013, noticeable improvements in study 
designs and testing of different exercise training protocol were observed..

• Minimal adverse events due to exercise were reported; when reported, events 
such as lightheaded, hypotension, nausea, and weakness during exercise 
testing 

RESULTS OF RESISTANCE 
TRAINING STUDIES

2007-2013

• Only 4 studies used resistance training as the main mode of exercise training 
and 3 used resistance training as an arm part of the study design 

• The intensity for resistance training ranged from 55-85% of 1-RM

• For studies that used resistance training as their major mode of exercise or as 
the mode of a study arm used weight machines, free weights, elastic bands, 
tubing, therapeutic balls, and resistance-training circuits 

• The average frequency of training was 3 days per week ranging from 2-5 
training sessions per week, with overall training duration average of 23 
weeks (range of 3-48 weeks) 

2007-2013 Strength Training Study Results Summary

• No significant changes in Cardiorespiratory function observed

• Significant increase in body mass and lean body mass was observed in the 
exercise group (increase of 1.20 and 0.65 kg, p = .016 and p = .049, 
respectively). 

• Upper body strength significantly increased in the exercise group (increase of 
+5.31 kg, p = .005) while for lower body, strength significantly increased in both, 
exercise and control groups (p = 0.25, p = .008 respectively) with a greater 
increase observed in the exercise group (increase of +17.82 kg vs.+5.42 kg, 
respectively). 

• No significant changes in quality of life were observed in either the exercise 
and control groups. 
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SUMMARY OF OVERALL RESULTS OF THE 
STUDIES CONDUCTED DURING THE PAST 

25 YEARS
• From 1989 – 1999: only aerobic studies, with very heterogeneous samples of 

patients, small sample sizes, and poorly described exercise interventions. 

• From 2000-2006: beginning of the exploration of different modes of exercise 
including resistance training; improvement on study designs including larger 
sample sizes and randomized controlled trials, and better description of 
exercise training prescriptions. However, heterogeneity of exercise 
prescriptions make it nearly impossible to evaluate the effects of exercise 
training

• From 2007-2013: a larger number of studies were conducted; emphasis on 
issues associated with body composition; more pronounced improvements 
observed in many studies outcomes; better designed studies accounting for 
limitations of previous studies.

The past 25 years of research on the effects of exercise in cancer survivors 
are promising !

• Since this is a relatively new area of research and until larger randomized 
trials are completed (controlling for many variables that can confound study 
results such as type, frequency, intensity of exercise, different types of 
cancer treatments, age of patients, previous fitness levels, and other co-
morbidities that can further diminish the tolerability for exercise 
participation) definite conclusions and more precise exercise summary 
guidelines can be presented 

• Despite these methodological limitations and our inability to currently 
provide specific exercise guidelines for breast cancer patients, general-
generic exercise set forth by the American College of Sports Medicine are 
available

• Based on current research, patients should engage, whenever possible, 
in 150 minutes per week of moderate-intensity exercise spread 
throughout the week, that the exercise prescription should include aerobic 
and resistance modes of exercise, and that the prescription should be 
individualized taking into consideration the limitations of each patients

Take Home Messages
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Physical performance is important in 
cancer

– Predicts outcomes
– Associated with symptoms 
– Tied to patients’ experiences with cancer 

and life goals

There are several ways to measure and 
model physical performance in cancer

– Patient report
– Testing (e.g. CPET)
– Wearable sensors

Exercise maintains physical performance
– Aerobic
– Strength
– Combined
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Future Directions

Our challenge is to make physical 
performance measurement and 
physical activity prescription a regular 
part of cancer care to improve cancer 
outcomes and patients’ lives
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