
Does it matter what we eat and 

whether we exercise? 

 

Jeffrey Meyerhardt, MD, MPH 

Dana-Farber Cancer Institute 

Boston, MA 



Outline 

• Diet / Exercise and CRC: Primary Prevention 

 

• Diet / Exercise and CRC in Cancer Patients 

– Should I exercise? 

– What should I eat? 

 

• Where do we go from here 

 



Colorectal Cancer:  

Risk Factors Overview  

Decrease Risk Increase Risk Uncertain Impact 

Screening Family history Statins 

Exercise  

Aspirin / NSAIDs 

Ulcerative colitis/ 

Crohn’s Disease 

Fiber  

Glycemic load 

Vitamin D Diabetes Fruits/Vegetables 

Post-menopausal       

   estrogen 

Obesity  

Red meat 

Folic Acid 

Calcium Western diet 

Alcohol 

Smoking 



     Energy Balance 

Calorie Intake  

Modified by  ingestion and/or                       

absorption (e.g., changes in 

microflora, surgery, 

pharmacologic agents)  

Resting Metabolic Rate   

Energy needed to maintain body 
function at rest. Accounts for ~60-
75% of expenditure.  Modified by 

lean body mass (age), and 
external/internal temperature. 

 

 
Physical Activity    

Energy needed for activity.  

Usually accounts for 15-30% 

of expenditure, but most 

modifiable component 

Thermic Effect of Food  

Energy needed for digestion or 

metabolism. Accounts for 

<10%  of expenditure.  

Modified somewhat by 

digestibility, capsaicin, 

caffeine.   

Body Weight 

Gain 

Stable 

Loss 

Energy Intake 

(energy in) 

Total Energy Expenditure 

(energy out) 

From Demark-Wahnefried et. al. Cancer Epidemiol 

Biomarkers Prev. 2012 Aug;21(8):1244-59., 



Relative risk of colon cancer per 5-unit 

increase in BMI (in kg/m2) 

Larsson S C , and Wolk A Am J Clin Nutr 2007;86:556-565 



Meta-analysis of red and processed meats 

consumption and the risk of colorectal cancer 

Chan DSM, Lau R, Aune D, Vieira R, et al. (2011) Red and Processed Meat and Colorectal Cancer Incidence: Meta-Analysis of 

Prospective Studies. PLoS ONE 6(6): e20456.  



JAMA. 2001;285(6):769-776. doi:10.1001/jama.285.6.769 

Vegetables and Fruit and  

Risk of Colon Cancer 

Koushik A et al. JNCI J Natl Cancer Inst 2007;99:1471-1483 



Vegetables and Fruit 

• Consuming vegetables and fruits may 

contribute to weight loss and maintenance  

• Many vegetables and fruits are low in 

energy and high in fiber, and have a high 

water content, which may increase satiety 

and decrease overall energy intake 

 



Physical Activity and Colon Cancer   

Boyle T et al. JNCI J Natl Cancer Inst 2012;104:1548-1561 



Proportion of Colon Cancer Preventable 

in Middle-Aged Men: HPFS 

• Body mass index  25 kg/m2 

• Physical activity  15 MET-hours/week 

• Daily folate containing multivitamin 

• Alcohol < 15 g/day 

• Non-smoker 

• Red meat  2 servings/week 
             

              

Platz Cancer Cause Contr 2000 

 3.1% of all men 

Eliminate 71% of all colorectal cancer                               
      (95% CI, 33-92%) 



Conclusions Regarding Diet/Lifestyle and 

Risk of Colorectal Cancer 

• Relative consistency of the observational 
data suggesting diet and lifestyle associated 
with risk of colorectal cancer 

• Many of these factors likely impact through 
tipping energy balance scale 

• No randomized data and unclear if 
intervening on some or multiple factors will 
alter lifetime risk 

– When to alter 

– How long needed 
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Physical Activity and Colorectal Cancer 

• Many studies have looked at physical activity and quality of life 

during treatment or beyond treatment for colorectal cancer 

patients 

– Most observational 

– Few intervention (single arm or different ways of intervening) 

– Only 1 RCT of exercise intervention v control – contamination of control 

limits conclusions 

 

• Focus here will be on recurrences and survival in patients  

 

 

 



Physical Activity and  

Colorectal Cancer 
• Cohort study from Australia of 526 colorectal cancer patients 

with pre-diagnosis physical activity assessment 

Colorectal cancer specific survival  

Haydon Gut. 2006 Jan;55(1):62-7  



CALGB 89803 

• NCI-sponsored adjuvant therapy trial for stage III colon cancer 

• Patients randomized to Roswell Park 5-FU/LV or IFL (bolus 5-

FU/LV/Irinotecan) 

• 1264 enrolled between 1999 and 2001 

 

 

Patients 

enroll on 

adjuvant 

therapy 

trial 

0   2    4    6    8    10    12    14    16 

chemotherapy 

Complete 

questionnaire 
Complete 

questionnaire 

every 3 month f/u 
 

Saltz, L. B. et al. J Clin Oncol; 25:3456-3461 2007 



CALGB 89803 



89803 and Exercise: Disease-Free Survival 

in Stage III Colon Cancer Survivors  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3535-3541 2006 
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89803 and Exercise: Disease Free Survival  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3535-3541 2006 



89803 and Exercise: Stratification  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3535-3541 2006 



Statistical Considerations 

• Reverse causality 

– Is the exposure changing outcomes or the outcome 

changing exposure 

– Restrict to events at least 90 days from exposure 

– Sensitivity analyses to extend restriction to 6 months and 

12 months 

 

• Recall bias 

– The clock starts at time of questionnaire completion – all 

events are prospective beyond the exposure data 

– Limits generalizability – data speak to those that get to 

point of questionnaire  

 

 

 



NHS and Post-diagnosis Physical Activity  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006 



NHS and Post-diagnosis Physical Activity  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006 



NHS and Pre-diagnosis Physical Activity  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006 



NHS and Change in Physical Activity  

  

 

 Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006 



Meta-Analysis of Pre-Diagnosis Physical 

Activity and Colorectal Cancer Outcomes 

 

 

Je, Jeon, et al Int J Cancer 2014 



Meta-Analysis of Post-Diagnosis Physical 

Activity and Colorectal Cancer Outcomes 

 

 

Je, Jeon, et al Int J Cancer 2014 



CHALLENGE: Colon Health and Life-Long 

Exercise Change trial 
High risk Stage II or stage III colon cancer - completed adjuvant chemotherapy within 2-6 months 

REGISTRATION 

Baseline Testing 

STRATIFICATION 

Disease stage high risk III; centre; BMI ≤ 27.5 vs. > 27.5; 

ECOG PS 0 vs. 1 

RANDOMIZATION 

ARM 1 

Physical Activity Program + General Good Health 

Education Material (Intervention Arm) 

ARM 2 

General Health Education Materials 

(Control Arm) 

Assessment of disease-free survival every 6 months  

for first 3 years and annually from years 4-10 

Courneya Curr Oncol.2008 Dec;15(6):271-8. 



NSABP and Body Mass Index 

Dignam, J. J. et al. J. Natl. Cancer Inst. 2006 98:1647-1654 

Disease-free and overall survival by body mass index (BMI) category in 4288 patients 

from National Surgical Adjuvant Breast and Bowel Project randomized clinical trials for 

Dukes B and C colon cancer 

 



Body Mass Index in Colon Cancer 

Patients over Past Decade 

< 21 21-24.9 25-29.9 30-34.9 > 35 

INT-0089 

(1988-92) 

14 % 34 % 34 % 13 % 5 % 

89803 

(1999-2001) 

8 % 26 % 36 % 20 % 10 % 

 

% change in a 

decade 

 

- 43% 

 

- 24% 

 

+ 6% 

 

+ 54% 

 

+ 100% 



Lee, Meyerhardt, Giovannucci, Jeon, under review 

Body Mass Index and Stage I-III  

Colorectal Cancer  



CALGB 89803: DFS By Dietary Pattern 
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Prudent diet 

1.2 

2 
2.2 

3.9 

Western diet 

P, trend < 0.001 

Meyerhardt, J. et al. JAMA 2007298(7):754-764. 



CALGB 89803: Dietary Pattern 

Meyerhardt, J. et al. JAMA 2007;298:2263-a. 



Dietary Patterns 

• Study of 529 colorectal cancer patients in 

Newfoundland 

• Pre-diagnosis diet 

Zhu et al BMJ Open 2013 Feb 7;3(2). 

DFS – CRC             Colon                       Rectal 



 

Glycemic Load 

in Colon Cancer Patients 
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Meyerhardt, J. et al JNCI 2012 



 

Glycemic Load 

in Colon Cancer Patients 
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Meyerhardt, J. et al JNCI 2012 
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Sugar Sweetened Beverage  

in Colon Cancer Patients 

Sugar Sweetened Beverage Intake 
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Fuchs MA et al, PLOS One 2014 

P trend = 0.03 



Molecular Markers of 

Hyperinsulinemia and 

Colorectal Cancer Outcomes 



Insulin-related Growth Factors  

and Outcomes 

• Nested case-control of 373 patients 

nonmetastatic colorectal cancer 1991-2004 

 

• Prediagnosis circulating C-peptide, insulin-like 

growth factor-I (IGF-I), IGFBP-1, and IGFBP-3 

 

• Colorectal cancer-specific mortality and overall 

mortality 

Wolpin B M et al. JCO 2009;27:176-185 



Insulin-related Growth Factors  

and Outcomes 

Wolpin B M et al. JCO 2009;27:176-185 

C-peptide                                         IGFBP-1 



Colorectal cancer-specific survival (years) Colorectal cancer-specific survival (years) 

Overall survival (years) Overall survival (years) 

All stage I-III cases  

with nuclear CTNNB1(+) 

All stage I-III cases 

with nuclear CTNNB1(-) 

Log-rank p=0.0054 

Log-rank p=0.029 

Log-rank p=0.73 

Log-rank p=0.60 
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≥18 MET-hours/w 

<18 MET-hours/w 

≥18 MET-hours/w 

<18 MET-hours/w 

≥18 MET- hours/w 

<18 MET- hours/w 

≥18 MET-hours/w 

<18 MET-hours/w 

Association between Physical Activity and Outcomes 
by CTNNB1 (b catenin) Status 

Morikawa et al JAMA 2011 

WNT-CTNNB1 signaling  adipogenesis, obesity, and metabolic diseases. 

Inactive 

WNT-CTNNB1 

signaling 

pathway 

associated 

with energy 

balance 

 

Active WNT-

CTNNB1 

signaling 

pathway 

independent 

of energy 

balance 
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Challenges and Next Steps 

• Will change in behaviors after diagnosis impact outcomes?   

 

• Are observational data enough?  What if we do a randomized 

trial of better diet or increased physical activity and result is 

negative – what’s the message? 

 

• Survivorship raises issues of addressing other diseases down 

the road 

 

• Better biomarkers to study effects – decrease sample size? 

 

• Single exposure v multiple exposure intervention  

 

 

 


