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Overview

• Developments in Exercise Oncology  

• Clinical questions in Exercise 

Oncology

• Implications for disease outcome

• Pre-clinical studies/ biological 

mechanisms

• Exercise guideline/recommendations 



Winningham, MacVicar, and Burke 1986 

The Physician and Sports Medicine

Schmitz et al. American College of Sports Medicine. Med Sci Sports Exerc. 2010;42(7):1409-1426 

“Historically clinicians advised 

cancer patients to rest and avoid 

activity given the rigors of 

undertaking treatment”

“Three decades of research is 

showing that exercise plays a 

vital role in cancer prevention 

and control”



Physical Activity & Cancer 
Control Framework

prediagnosis postdiagnosis

prevention

DIAGNOSIS

CANCER CONTROL CATEGORIES

Treatment
preparation/
effectiveness 

Recovery/

rehabilitation

Disease 
prevention/
health promotion 

palliation survival

Courneya and Friedenreich Sem Onco Nurs 2007;23:242-52

Specific phases along the cancer continuum 
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EX can blunt reduced physical functioning 

EX improved aerobic capacity (3.5 mL/kg/min; P= .01) - not receiving chemotherapy

EX reduced body weight (24.8 kg; P < .05) - participants not receiving chemotherapy

No major adverse events 



Peak oxygen consumption increased EX vs CON (0.29 L/min; 95% CI, 0.18 to 0.40; P <.001)

Overall QOL increased EX vs CON (8.8 points; 95% CI, 3.6 to 14.0; P=.001)

Change in peak oxygen consumption correlated with change in QOL (r =0.45; P < .01)

No major adverse events 



EX had less interference from fatigue on activities of daily living (P=.002) than CON

Ex had higher quality of life (P=.001) than CON

155 PCa on ADT

Controls 

ADT only

N=73

Intervention Resistance 

training + ADT

n=82



As clinicians, we are often asked: “what more can I 

do to improve my overall health”?

“They respond directly to concerns identified by patients and 

families and do so in the context of randomized controlled 

trials…importance of studies of this type will only 

increase.”



By June 2004 – 20+ studies; majority of studies with breast cancer using cardiovascular exercise

“Evidence underlines the preliminary positive physiological and psychological 
benefits from exercise when undertaken during or after cancer treatment.”



American Cancer Society Exercise & Sports Science Australia American College of Sports Medicine

2001-2003-2006-2012 2009 2010

Major Developments ACSM 2010



American College of Sports Medicine. Med Sci Sports Exerc. 2010;42(7):1409-1426 

A - overwhelming data from RCTs

B - few RCTs exist

C - uncontrolled, nonrandomized 

and/or observational studies

D - insufficient for categories A-C 

Focus on adult cancers and sites 

with the most evidence

Evaluation of Evidence A-D

Breast, Prostate, Colon, Hematological, Gynecological

85 studies  



•Evidence category A – Safety

•Evidence category A – Aerobic Fitness 

•Evidence category A – Muscle Strength 

•Evidence category A – Fatigue

•Evidence category B – Body Size/Composition 

•Evidence category B – Quality of Life

•Evidence category B – Physical Function 

•Evidence category B – Anxiety 

Breast Cancer
During chemotherapy or radiation 

Results from 22 RCTs

American College of Sports Medicine. Med Sci Sports Exerc. 2010;42(7):1409-1426 



• Evidence category A – Safety

• Evidence category A – Aerobic Fitness 

• Evidence category A – Muscle Strength 

• Evidence category A – Fatigue

• Evidence category B – Body Size/Composition 

• Evidence category B – Quality of Life

• Evidence category B – Physical Function

Prostate Cancer
During and after treatment

Effects of exercise on key endpoints

Results from 12 RCTs

American College of Sports Medicine. Med Sci Sports Exerc. 2010;42(7):1409-1426 



• can exercise help manage treatment side 

effects/reduce treatment toxicities (e.g. muscle 

loss, fatigue)?

• will exercise interfere with treatment or response?

• can exercise lower the risk of cancer recurrence, 

delay progression and improve survival?

• what are the potential biological mechanisms? 

• what is the optimal exercise program for benefit?

Exercise Oncology
Research/clinical questions



Variables Baseline 36 weeks % change

PSA 22.6 (3.1) 0.23 (0.05) -98.2 (0.5)*

Testosterone 15.1 (0.6) 0.80 (0.03) -93.3 (0.3)*

Whole body LM (kg) 55.8 (0.8) 54.4 (0.8) -2.4 (0.4)*

ASM (kg) 23.4 (0.3) 22.4 (0.3) -4.2 (0.5)*

Whole body FM (kg) 20.8 (0.7) 23.1 (0.7) +13.8 (2.3)*

Trunk  FM (kg) 12.1 (0.4) 13.1 (0.4) +12.0 (2.5)*

Galvão et al. BJU International 2008;102:44-47



Galvão et al. Prostate Cancer Prostatic Dis. 2009;12(2):198-203.



Muscle Strength and Function

Galvão DA et al. Med Sci Sports Exerc. 2006;38(12):2045-2052.
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Galvão DA et al. Med Sci Sports Exerc. 2006;38(12):2045-2052.

•Quadriceps Muscle Thickness Increase by 15% P=.050 B-Mode Ultrasound
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Design RCT

Sample 57

Intervention 12-week (2x) resistance & aerobic

Protocol 2-4 sets 6-12 RM  

15-20 min 60%-85% HRmax

10-13 RPE

Primary endpoint Lean mass

RPE, repetitions per event

Galvão DA et al. J Clin Oncol. 2010;28(2):340-347.

Regional and Whole Body Composition



Regional and Whole Body Composition

Galvão DA et al. J Clin Oncol. 2010;28(2):340-347.



Regional and Whole Body Composition

Lean Mass ~1 kg EX>CO

Muscle Strength 3-31 kg EX>CO

Aerobic Capacity -7 sec EX>CO

Dynamic Balance -4 sec EX>CO

Vitality +13 EX>CO

Fatigue -11 EX>CO

CRP -3.5 mg/L EX>CO

CO, usual care control; CRP, C-reactive protein; EX, exercise.

Galvão DA et al. J Clin Oncol. 2010;28(2):340-347.





Treatment ADT (~5 months) Design RCT (3-arm)

Intervention 12 months Sample 164

Protocol
(1) Supervised resistance/impact vs. (2) Supervised 
resistance/aerobic vs. (3) Usual care

Primary endpoint
Bone mass (lumbar spine & hip BMD); lean 
mass; VO2, fatigue

Newton et al. BMC Cancer. 2009 Jun 29;9:210.

Wall et al. in review MSSE.

Taaffe et al. European Urology 10 Feb 2017   
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• EORTC QLQ-C30 – fatigue is a 3-item subscale

• Vitality scale of the SF-36 – a 4-item domain with scores from 0-100



Exercise After Treatment 

Diagnosis (>5 yr post diagnosis)

Design RCT (2-arm)

Sample 100 Intervention 12 months

Protocol

Resistance & aerobic exercise (6 months 

supervised + 6 months home based) vs.

physical activity education material

Primary endpoint Cardiorespiratory fitness

Galvão DA et al. Eur Urol. 2014;65(5):856-864.
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Galvão DA et al. Eur Urol. 2014;65(5):856-864.

Exercise vs Physical Activity 
Recommendations  After Treatment
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Exercise Oncology
Research/clinical questions

• can exercise help manage treatment side 

effects/reduce treatment toxicities (e.g. muscle 

loss, fatigue)?

• will exercise interfere with treatment or response?

• can exercise lower the risk of cancer recurrence, 

delay progression and improve survival?

• what are the potential biological mechanisms? 

• what is the optimal exercise program for benefit?



START trial - Multicenter

RCT 24 weeks exercise intervention (different modes)

n=242  breast cancer patients initiating 

chemotherapy (median 17 weeks)

Courneya et al. JCO 2007;25:4396-4404
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Percentage of participants 

who received 85% of their 

planned RDI was:

• 65.9% UC group 

• 78.0% RET group 

• 74.4% AET group







Exercise Oncology
Research/clinical questions

• can exercise help manage treatment side 

effects/reduce treatment toxicities (e.g. muscle 

loss, fatigue)?

• will exercise interfere with treatment or response?

• can exercise lower the risk of cancer recurrence, 

delay progression and improve survival?

• what are the potential biological mechanisms? 

• what is the optimal exercise program for benefit?



Prospective Cohort Studies of Post 
Diagnosis Exercise and Cancer-Specific 
Mortality

Across 24 studies (n=38,580) of breast, 

colorectal, prostate, and mixed cancer 

patients, there was a 37% reduction in risk of 

cancer-specific mortality, comparing the most 

versus the least active patients (pooled 

relative risk=0.63, 95% CI: 0.54-0.73)

Friedenreich et al., Clin Cancer Res. 2016;22:4766-4775.



Prospective Cohort Studies of Post 
Diagnosis Exercise and Cancer 
Recurrence and Progression

Risks of recurrence or progression were also 

reduced (pooled relative risk=0.65, 95% CI: 

0.56-0.75)

Friedenreich et al., Clin Cancer Res. 2016;22:4766-4775.



Cancer Specific Death 

<150 minutes HR 0.62 (0.36-1.06)

150-359 minutes HR 0.55 (0.28-1.08)

360+ minutes HR 0.30 (0.13-0.70)

All-Cause Death 

<150 minutes HR 0.70 (0.46-1.08)

150-359 minutes HR 0.55 (0.31-0.97)

360+ minutes HR 0.30 (0.21-0.79)

Gunnell et al. Frontiers Public Health 2017

N=1589 Western Australian Cancer Survivors; 8.8 years follow-up

Cox proportional hazards regression



No established recommendations exist for delaying 

(or preventing) the progression of low-risk PCa cancer

Preliminary evidence suggests that lifestyle and/or 

exercise interventions might have therapeutic 

potential:

Delay disease progression 

Transition to active therapy

Galvão et al. Nature Reviews Urology 2016



• PSA decreased 4% in the experimental group but increased 6% in the 

control group (p=0.016)

• n=6 controls undertook active treatment before 12 months (3x 

prostatectomy; 1 external beam radiation; 1 brachytherapy; 1 ADT) due 

to increased PSA (n=4) and MRI (n=2)

• The growth of LNCaP prostate cancer cells was inhibited ~8 times more 

by the serum from the experimental than control group (70% vs 9%, 

p<0.001)

Lifestyle interventions during active 
surveillance

Ornish D. et al. Journal of Urology. 2005 Sep;174(3):1065-9



• Prostate Cancer Lifestyle Trial (PCLT)

• 2 years of follow-up, 13 of 49 (27%) control patients and 2 of 43 (5%) 

experimental patients had undergone conventional prostate cancer treatment 

(radical prostatectomy, radiotherapy, or ADT, P<0.05) 

• 4 due to PSA increase; 4 due to PSA increase + unfavorable biopsy; 5 due to 

MRI compared with earlier findings (controls) 

• 1 due to PSA increase; 1 due to cancer-related anxiety (intervention)

• No differences were found between the untreated experimental and untreated 

control patients in PSA change or velocity at the end of 2 years

Frattaroli J. et al. Urology. 2008 Dec;72(6):1319-23

Lifestyle interventions during 
active surveillance



• Intervention associated with increases 

in relative telomere length after 5 

years.

Ornish D. et al. Lancet Oncol. 2013 Oct;14(11):1112-20.

Telomere shortness in humans is a prognostic marker of ageing, disease, and premature morbidity



Exercise Oncology
Research/clinical questions

• can exercise help manage treatment side 

effects/reduce treatment toxicities (e.g. muscle 

loss, fatigue)?

• will exercise interfere with treatment or response?

• can exercise lower the risk of cancer recurrence, 

delay progression and improve survival?

• what are the potential biological mechanisms? 

• what is the optimal exercise program for benefit?



Potential Mechanisms

Research in Exercise Oncology still lacks a mechanistic understanding of how exercise 

directly influences tumor biology and growth 

Galvão et al. Nature Reviews Urology 2016



• During a bout of exercise, circulation of 
immune cells increase

• Increase in NK cells frequency is more 
pronounced than the increase in T and B 
cells

• Catecholamine levels which also rise 
during exercise are thought to drive the 
mobilization of immune cells into 
circulation

• At exercise cessation, the induced levels 
of myokines are proposed to affect 
immune cells redistribution and activation



• Mobilization of NK cells are affected by:

• muscle derived myokines

• exercise-dependent hyperthermia

• intratumoral vascularization and perfusion 

• subsequently inducing the regulation, 

redistribution, and activation of mobilized 

NK cells



Pedersen et al. Cell Metabolism 2016



Pedersen et al. Cell Metabolism 2016
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Cardio-Oncology 
Research ProgramCan exercise increase blood perfusion and sensitivity to chemotherapy?  

Hypoxia and poor blood supply promote an aggressive phenotype
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Cardio-Oncology 
Research Program

exercise stimulates “productive” or “physiologic” angiogenesis and vascular 

normalization, leading to a substantial reduction in intratumoral hypoxia



Rundqvist H et al. PLoS One. 2013;8(7):e67579.



Can exercise impact cancer 

outcomes?

Phase III Definitive trials

Colon - CHALLENGE

Prostate INTERVAL GAP-4

Disease and Overall Survival 

Jones LW. J Clin Oncol. 2015 Dec 10;33(35):4134-7.



Exercise Oncology
Research/clinical questions

• can exercise help manage treatment side 

effects/reduce treatment toxicities (e.g. muscle 

loss, fatigue)?

• will exercise interfere with treatment or response?

• can exercise lower the risk of cancer recurrence, 

delay progression and improve survival?

• what are the potential biological mechanisms? 

• what is the optimal exercise program for benefit?



ACS/ACSM/ASCO/ESSA/NCCN 

Recommendations

• Engage in regular 

physical activity

• Avoid inactivity and 

return to normal daily 

activities as soon as 

possible 

• Aim to exercise at least 

150 min per week 

(aerobic) or 75 min (HI)

• Include strength 

training exercises at 

least 2 days per week

ACS, American Cancer Society; ACSM, American College of Sports Medicine.
Doyle , et al. CA Cancer J Clin. 2006;56(6):323-353.

Schmitz KH et al. Med Sci Sports Exerc. 2010;42(7):1409-1426. 



Considerations

• Long way since early studies from 

Winninghan (followed by RCTs in JCO)

• Exercise improves recovery/QoL after cancer

• Exercise manages symptoms during therapy 

(especially for symptomatic patients)

• Potential effects of exercise beyond 

symptoms/toxicities (cancer outcomes)

• Phase III Definitive trials (impact on disease 

endpoints)

• Biological mechanism 
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KEY CHALLENGES

Men are living longer with prostate cancer.

They are not surviving well.

PC survivorship research & translation under-represented & poorly co-ordinated.

KNOWLEDGE GENERATION

PSYCHOSOCIAL & 

PSYCHOSEXUAL 

HEALTH

EXERCISE 

MEDICINE
ECONOMIC 

MODELLING

SOCIODEMOGRAPHIC & 

GEOGRAPHIC 

INEQUALITIES IN 

OUTCOMES

High level evidence: Descriptive & implementation research, systematic reviews & meta-analyses.

Translation: Guidelines & tool kits, community partnerships, policy & practice, clinical pathways, evidence-based 

survivorship guidelines.

Sustainability: Training new research & translation leaders, building national & global action networks.

 Stepped model of 

psychosocial care 

 Model of psychosexual 

care

 Test models in RCT

 RCTs of exercise 

interventions

 Lifestyle programs

 Heath economics 

model

 Suite of cost-

effectiveness 

analyses

 National atlas of outcomes

 Contextual model to describe 

why inequalities exist

 Community & awareness 

action campaign

OUTCOMES



Vision

To make physical activity a standard component of 

chronic disease prevention and management

Exercise is Medicine 

Australia



Resources

Factsheet library exercising 

safely for 30 health conditions 

including diabetes, cancer, heart 

disease, arthritis, depression

Screening tools identify patient 

risk levels and determine an 

appropriate action plan

Action Guides and  referral 

templates for   Healthcare 

Providers

Education RACGP, ACRRM and 

APNA approved workshops to 

build confidence,         

knowledge and skills

Practice Support Medical 

Software, waiting room 

materials, on the spot resources

Position Statements Written 

in collaboration with leading 

medical researchers

Visit www.exerciseismedicine.com.au for:

http://www.exerciseismedicine.org.au/

