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Cancer-Related Outcomes

• Quality of Life

• Physical Function

• Fatigue

• Body composition (weight, %fat, LBM, BMD)

• Lymphedema

• Sleep

• Arthralgia/Joint Pain

• Treatment Adherence

• Comorbidities

• Cardiovascular Disease

• Cognitive Function

• Peripheral Neuropathy



Quality of Life (QOL)

• QOL refers to physical, emotional, mental and social well-being

• Commonly measured via self-report: SF-36 and FACT surveys

• Interventions during treatment seek to influence treatment 
effectiveness and manage side effects. 

• Interventions post-treatment seek to speed recovery, improve QOL.

• Interventions may not improve all dimensions of QOL.

• Concerns with attention effect and ceiling effect

Ferrer R, et al. Ann Behav Med 2011; 

Pastakia&Kumar, Physiother Res Int 2011



Cancer-Related Fatigue

• Cancer-related fatigue is the most commonly reported symptom by 
cancer survivors.

• Cancer-related fatigue is a distressing, persistent, subjective sense of 
physical, emotional, and/or cognitive tiredness or exhaustion related to 
cancer that is not proportional to recent activity and interferes with 
usual functioning. 

• Exercise may improve fatigue by increasing cardiorespiratory fitness 
levels and cardiac output.

• Few studies enroll patients with fatigue.

Brown J et al, CEBP 2011; 

Velthuis et al, Clin Oncol 2010



Benefits of Exercise after a Cancer Diagnosis

• Reviewed 85 exercise 

intervention trials in patients 

during and after cancer treatment 

• Most studies showed favorable 

effects on:

• QOL

• Physical Function

• Fatigue

• Muscular strength

• Most studies in breast 

cancer

• First trial published in 

1989 (Winningham ML)

Schmitz et al. Med Sci Sports Exerc 2009.



Buffart L et al. Cancer Treatment Reviews 2017

Effect of Exercise on QOL: Meta-analysis of 34 trials



Buffart L et al. Cancer Treatment Reviews 2017

Effect of Exercise on QOL: Meta-analysis of 34 trials

Although effect sizes were small (z-score = 0.20), 

there was consistent evidence to support 

implementation of exercise as part of cancer care. 

Results were comparable across different subgroups.



Exercise on cancer-related fatigue 

during and after breast cancer treatment 



REHAB and START Exercise Trials

• REHAB Trial:

– 53 Postmenopausal breast cancer survivors; post-treatment

– Stationary bicycling, 3 x/wk, 15 wks ~30 min/session

– QOL increased by 8% in exercise group vs. no change in control group, p = .001

– VO2max increased by 17% in exercise group, with change in VO2max correlated 
with change in QOL (r = .45, p < .05). 

– Significant improvements in fatigue.

• START Trial:

– 242 breast cancer survivors; during chemotherapy

– 3-arm RCT: usual care, aerobic exercise, resistance training

– Neither exercise group improved QOL nor fitness, but did improve self-esteem, 
fitness, body composition and chemotherapy completion rate.

– RDI was 84.1% in usual care vs. 89.8% (RT) and 87.4 (AE); % receiving 85% of 
RDI was 65.9% (UC), 78.0% (RT) and 74.4% (AE).

• CARE Trial:

– 301 breast cancer survivors; during chemotherapy

– 3-arm RCT: 30 min aer, 60 min aer, 60 min aer+RT

Courneya et al. JCO 2003; JCO 2007; JNCI 2013 



• No between-group 

differences for primary 

endpoint of physical 

functioning

• Higher dose of exercise may 

manage declines during 

treatment better than 

recommended amount of 

exercise. 

• No usual care group; effects 

may be significantly better if 

compared to UC.

Courneya et al. JNCI 2013 



Exercise and Chemotherapy Completion Rate

Van Waart et al. JCO 2015

Statistically significant attenuated increases in fatigue with supervised exercise.



Effect of Diet and Exercise on Physical Functioning:

The RENEW Trial

Morey M et al. JAMA 2009

• Maintaining functional independence as we age is a priority. 

• 1-year intervention in 641 older breast, prostate and colorectal cancer 

survivors

• Telephone and mail-based intervention



Effect of Weight Loss on QOL: The ENERGY Trial

Demark-Wahnefried W et al. BCRT 2015

• Largest weight loss trial in 

cancer survivors (N = 692)

• 2-year group and telephone-

based intervention

• Transitory improvements in 

physical functioning

• Borderline increases in vitality

• Need for future research that 

triages patients to programs that 

address their needs.



Bower J E et al. Cancer 2012

Yoga and Cancer-Related Fatigue
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• Excellent adherence to exercise (166.0 + 66.1 min/wk), with 84% exercising > 120 min/wk

• Baseline QOL and fatigue were worse than healthy women and breast cancer survivors. 

Effects of exercise on QOL and fatigue were stronger among those with worse QOL and 

fatigue at baseline.

• 34% experienced recurrence during the trial, with no benefit of exercise on QOL and 

fatigue in women with recurrence.



Change in QOL and Fatigue
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Change in QOL and Fatigue by Exercise Attendance
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Body Composition

• Weight gain and bone loss are 
common after some cancer 
diagnoses.

• Chemotherapy and endocrine 
therapy are associated with bone 
losses, osteoporosis and 
fractures. 

– Annual rates of bone loss at the spine 
from chemotherapy, AIs and ADT are 
7%, 3% and 4%, respectively.

– Fracture risk is increased by 15% in 
women with breast cancer compared 
with women without cancer (WHI), 
and by 20% in prostate cancer 
survivors on ADT compared with 
prostate cancer patients not on ADT. 

Winters-Stone K, et al. J Cancer Surv 2010

Lustberg M et al. JCO 2012



Weight Loss Trials in Breast Cancer Survivors

• ENERGY Trial:

– 2-year GROUP-based weight loss trial in 692 breast cancer survivors

– 6% weight loss in intervention vs. 1.5% weight loss in control, p<.001

• LISA Trial:

– 2-year telephone-based weight loss trial in 338 breast cancer 

survivors

– 5.3% weight loss in intervention vs. 0.7% in control, p < .01)

• Rural Health Trial:

– 6-month bi-weekly phone-based group counseling in 210 breast cancer 

survivors living in a rural area

– 14% weight loss at 6 months

– At 18 months, 75% maintained > 5% weight loss compared to 58% in 

newsletter, p = .02
Rock et al. JCO 2015; Goodwin et al. JCO 2014 Befort C et al. Obesity 2016



Weight Changes by Telephone vs. In-Person
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Saarto T et al. Osteopor Int 2012

1-Year BMD Changes with Exercise 

in Breast Cancer Survivors (N = 573)



Resistance Training and Breast Cancer-Related Lymphedema

Schmitz K et al., NEJM 2009 2009



Resistance Training and Prevention of Lymphedema

Schmitz, K. H. et al. JAMA 2010



Karen M. Mustian et al. JCO 2013

Yoga and Sleep



Irwin et al. JCO. 2015



RCT of Exercise on 12 Month Change in Joint Pain in 

Breast Cancer Patients taking AIs
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Sedjo R et al. Support Care Cancer 2016 

Comorbidities and the ENERGY Weight Loss Trial 

in Breast Cancer Survivors

• 37% had a comorbidity at baseline (most common: HTN, depression, osteoporosis)

• Average of 2.3 comorbidities for which participants were taking non-cancer prescription 

medications



Jones L et al. JCO 2016

Exercise and Risk of CVD in Breast Cancer Survivors

• CVD is leading cause of mortality in women with non-metastatic breast cancer.

• Women with non-metastatic breast cancer may be at increased CVD risk 
compared with age-matched women without breast cancer.



Cardiorespiratory Fitness

• Maximal oxygen consumption (VO2max) provides the gold standard measure 
of cardiorespiratory fitness, and is a powerful predictor of mortality in healthy 
adults as well as those with CVD.

• Minimum VO2max of 15 ml/kg/min in women and 18 ml/kg/min in men 
necessary for full and independent living

• Unfortunately, cancer patients have marked reductions in VO2max.

– ~30% below that of sedentary individuals without cancer

• V02max > 14 ml/kg/min associated with a 24% lower all-cause mortality rate 
compared to patients with <14 ml/kg/min

• Exercise improves VO2max

– Most studies used indirect measures

– Usual care group has decreases; exercise group maintain or increase

– Aerobic training better than resistance training; more improvement post-treatment

Myers J, NEJM 2002; Jones L, et al. Oncologist 2011



Normative Values of VO2max

Peel A et al. J Am Heart Assoc 2016



Meta-Analysis of Exercise on VO2peak

Jones L W et al. The Oncologist 2011



Cognitive Function in Breast Cancer Survivors

Hartman S et al. Psychoonc 2015



Yoga and Cognitive Function in Breast Cancer Survivors

Derry H et al. Psychoonc 2015



Limitations of Exercise and Weight Management Studies

• Many trials focus on breast cancer

• Many trials enroll healthy patients without side effects

• Few trials control for attention effect

• Few trials in patients with metastatic disease

• Limited studies examining BMD, cognitive function and peripheral 
neuropathy

• Few trials focus on adherence to adjuvant treatments and drug +/- lifestyle 
interventions

• Promising studies in older patients, rural communities, racial/ethnic 
minorities

• Growing number of studies comparing different approaches of delivering 
interventions



Transdisciplinary Research on Energetics and Cancer

NCI R25 Education/Training Course 

• To offer an annual weeklong energetics (i.e., physical activity, diet and obesity) and 

cancer course for 100 postdocs/junior faculty (20 trainees per year over 5 years)

• Goal is to increase the number of researchers who have expertise and successful 

careers in energetics and cancer, leading to dissemination and implementation of 

research findings into the clinic and community.



Summary

• Exercise and weight management trials improve QOL, 
fatigue, fitness, body weight, lymphedema, sleep and 
joint pain in cancer survivors.

• Uncertain effects of exercise and weight management on 
BMD, cognitive function, peripheral neuropathy and CVD 
biomarkers. 

• More studies needed in individuals with treatment-related 
symptoms or high risk groups. 

• More studies needed of lifestyle interventions on 
adjuvant treatment adherence and efficacy, and in 
combination with cancer therapies to attenuate toxicity. 


