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Outline

* Diet/ Exercise and CRC: Primary Prevention

 Diet/ Exercise and CRC In Cancer Patients

— Should | exercise?
— What should | eat?

 Where do we go from here



Colorectal Cancer:
Risk Factors Overview

Decrease Risk Increase Risk Uncertain Impact

Screening Family history Statins

Exercise Ulcerative colitis/ Fiber

Aspirin / NSAIDs Crohn’s Disease” Glycemic load
@ami@ Diabetes Fruits/Vegetables

Post-menopausai._Obesity Folic Acid

estrogen Red meat
Calcium Western diet
Alcohol

Smoking



Energy Balance

Resting Metabolic Rate

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

lean body mass (age), and

Body Weight external/internal temperature.

Stable

Physical Activity

Energy needed for activity.
Usually accounts for 15-30%
of expenditure, but most
modifiable component

Thermic Effect of Food

Calorie Intake Energy needed for digestion or

metabolism. Accounts for
<10% of expenditure.
Modified somewhat by
digestibility, capsaicin,

caffeine.

Modified by ingestion and/or
absorption (e.g., changes in
microflora, surgery,
pharmacologic agents)

Total Energy Expenditure
(energy out)

Energy Intake
(energy in)

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)

tudies by sex Relative risk
(95% Cl)
Men
Lee and Paffenbarger, 1992 (18)
Chyou et al, 1994 (20)
Thune and Lund, 1996 (21)
Singh and Fraser, 1998 (23)
Ford, 1999 (22)
Murphy et al, 2000 (25)
Colangelo et al, 2002 (26)
Shimizu et al, 2003 (28)
Wei et al, 2004 (29)
Moore et al, 2004 (30)
Tamakoshi et al, 2004 (31)
Maclnnis et al, 2004 (32)
Kuriyama et al, 2005 (12)
Eichholzer et al, 2005 (34)
Batty et al, 2005 (35)
Oh et al, 2005 (13)
Rapp et al, 2005 (36)
Engeland et al, 2005 (37)
Otani et al, 2005 (11)
Lukanova et al, 2005 (38)
Pischon et al, 2006 (40)
Bowers et al, 2006 (41)
Samanic et al, 2006 (42)
Larsson et al, 2006 (9)
All studies

47 (1.19, 1.81)
(0.95, 1.49)

(1.14, 2.40)
(1.20, 1.59)
(1.15, 2.64)
(0.41, 1.24)
(1.04, 1.60)
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Women
Bostick et al, 1994 (19) 1.25 (1.07, 1.46)
Thune and Lund, 1996 (21) 0.96 (0.75, 1.23)
Singh and Fraser, 1998 (23) 1.04 (0.72, 1.49)
Ford, 1999 (22) 1.46 (1.00, 2.12)
Kaaks et al, 2000 (24) 1.58 (1.08, 2.32)
Murphy et al, 2000 (25) 1.11 (1.03, 1.19)
Terry et al, 2001 (10) 1.12 (0.94, 1.33)
Colangelo et al, 2002 (26) 0.99 (0.78, 1.26)
Terry et al, 2002 (27) 1.03 (0.89, 1.19)
Shimizu et al, 2003 (28) 1.21 (0.74, 1.98)
Wei et al, 2004 (29) 1.10(1.03, 1.18)
Moore et al, 2004 (30) 1.35 (1.06, 1.70)
Tamakoshi et al, 2004 (31) ' 2.00(1.30, 3.08)
Lin et al, 2004 (33) 1.40 (1.17, 1.69)
Kuriyama et al, 2005 (12) 1.42 (0.98, 2.08)
Rapp et al, 2005 (36) 1.04 (0.90, 1.20)
Engeland et al, 2005 (37) 1.03 (1.01, 1.05)
Otani et al, 2005 (11)
Lukanova et al, 2005 (38)
Maclinnis et al, 2006 (39)
Pischon et al, 2006 (40) 1.10 (1.00, 1.22)

All studies 1.12(1.07, 1.18)

0.6 5 1 1.2
Relative risk

Tests for heterogeneity:
Men: Q =30.73, P=0.13, #=25.2%
Women: Q = 49.19, P<0.001, A= 59.3%

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
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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.




Vegetables and Fruit and
Risk of Colon Cancer

Adventist Health Study (men) —

Prospective Study on Hormones, Diet and Breast Cancer (ORDET) —
Adventist Health Study (women) —

New York University Women's Health Study —

Women's Health Study —

Alpha-Tocopherol Beta-Carotene Study —

Nurses' Health Study (a) —

New York State Cohort (women) —

Netherlands Cohort Study (women) —

New York State Cohort (men) —

Cancer Prevention Study Il Nutrition Cohort (women) —
Netherlands Cohort Study (men) —

Canadian National Breast Screening Study —

Breast Cancer Detection Demonstration Project Follow-up Study —
Nurses' Health Study (b) —

Health Professionals Follow-up Study —

Cancer Prevention Study Il Nutrition Cohort (men) —

Swedish Mammography Cohort —

lowa Women's Health Study —
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0.91 (0.82-1.01)

|

Pooled

Koushik A et al. INCI 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

irst author, o
year, sex (reference ) RR (95% CI) Weight

Proximal colon cancer
Giovanucci. 1995. Males (29)
Colbert, 2001, Males (21)
Chao, 2004, Both (26)
Calton, 2006, Females (19)
Friedenreich, 2006, Both (27)
Larsson, 2006, Males (32)
Lee, 2007, Females (33) i 2410 1. 76)
Lee, 2007, Males (33) (0.14 to0 0.60)
Mai, 2007, Females (35) (0.54 to 1.08) 5.15
Wolin, 2007, Females (39) 0.68 to 1.38) 5.
Howard, 2008, Females (30) 1(0.70 to 1.17)
Howard, 7()()8 Males (‘%0) 83 (0.68 to 1.02)

2 , Females (36) 1 (0.50 to 0.91)

-0 3, Males (36) .83 (0.67 to 1.00)

Nilsen, 7008 Both (37) l(() 59 to 1.10)
Vena, 1985, Males (41) (02110 0.71) 2.
Brownson, 1989, Males (40) (0.39 10 0.94) 3.
Gerhardsson, 1990, Females (28) (0.20 t 0)
Gerhardsson, 1990, Males (28) 5(0.33 10 5.00)
Inoue, 1995, Females (31) (0.20 to 1.50)
Inoue, 1995, Males (31) (0.40 to 1.50)
Slattery, 1997, Females (38) 3 (0.44 10 0.89) 5
Slattery, 1997, Males (38) —— (0.40 to 0.78)
Levi, 1999, Both (34) — — (0.11 10 0.67)
Boutron-Ruault, 2001, Both (18) ¢
Isomura, 2006, Females (20) k 3
Isomura, 2006, Males (20) 0.90 (0.50 to 1.70)
Boyle, 2011, Females (9) 0.90 (0.52 10 1.54)
Boyle, 2011, Males (9) 1.11 (0.68 to 1.83)
Subtotal (I’ = 31.3%, P = .057) 0.73 (0.66 to 0.81)
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Distal colon cancer
Giovanucci, 1995, Malu 29)
Colbert, 2001, Ma 21)
Chao, 2004, Both ( 6)
Calton, 2006, Females (19)
Friedenreich, 2006, Both (27)
Larsson, 2006, Males (32)
Lee, 2007, Females (33)

Lee, 2007, Males (33)

Mai, 2007, Females (35)
Wolin, 2007, Females (39)
Howard, 2008, chale\ (30)
Howard, 7008 Mal
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Gerhardsson, 1990, Males (28)
Inoue, 1995, Females (31)
Inoue, 1995, Males (31)
Slattery, 1997, Females (38)
Slattery, 1997, Males (38)
Levi, 1999, Both (34)
Boutron-Ruault, 2001, Both (18)
Isomura, 2006, Females (20)
Isomura, 2006, Males (20)
Boyle, 2011, Females (9)
Boyle, 2011 les (9)
Subtotal (F 0%, P = 473)
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Boyle T et al. INCI J Natl Cancer Inst 2012;104:1548-1561




Proportion of Colon Cancer Preventable
iIn Middle-Aged Men: HPFS

Body mass index < 25 kg/m2

Physical activity > 15 MET-hours/week

Dally folate containing multivitamin

Alcohol < 15 g/day

Non-smoker

Red meat < 2 servings/week

3.1% of all men

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

Platz Cancer Cause Contr 2000



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



Outline

 Diet/ Exercise and CRC In Cancer Patients
— What should | eat?
— Should | exercise?



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

Non-exercisers

4 5 4
Time since diagnosis

Colorectal cancer specific survival

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



CALGB 89803

NCI-sponsored adjuvant therapy trial for stage Il colon cancer

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

1264 enrolled between 1999 and 2001

Comp_lete _ Complete
e questionnaire

Patients
enrolon 0 2 4 6 8 10 12 14 16
adjuvant
therapy
trial

chemotherapy every 3 month f/u

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



CALGB 89803
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2 4
Time From Study Entry (years)

N Events
FU/LV 629 171 P (stratified) = .74 (1-sided)
CPT-11/FU/LV 6356 181




89803 and Exercise: Disease-Free Survival
In Stage |l Colon Cancer Survivors

=
oo
|

0.87 0.9

0.51 0.55

=
=
|

=
N
|

Hazard Ratio Recurrence or Death
()
N
|

<3 3-8.9 9-17.9 18.26.9 >27
Regular Physical Activity (met-hours per week)

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



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



89803

Overall

Women
Men

Body mass index < 25
Body mass index > 25

1-3 positive lymph nodes

4 or more positive lymph nodes
FU/LV arm

Irinotecan/FU/LV arm

Age =< 61 (median age)

Age > 61 (median age)

Baseline performance status =0
Baseline performance status = 1-2

and Exercise: Stratification

Hazard Ratio and 95% CI
P for Interaction

| || | | |

171615141312111.009080.7 0605 0.4 0.3 0.2 0.1 0.0

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
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Time (years)

No. at risk: 2 Years 5 Years 10 Years
< 3 MET-hours/week 172 128 41
3-18 MET-hours/week 267 188 93
> 18 MET-hours/week 159 130 46

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



NHS and Post-diagnosis Physical Activity

6
Time (years)

No. at risk: 2 Years 5 Years 10 Years
< 3 MET-hours/week 170 118 38

3-18 MET-hours/week 264 180 85
> 18 MET-hours/week 158 126 41

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



NHS and Pre-diagnosis Physical Activity

Colorectal Cancer—5Specific Mortality

Unadjusted Adjusted®

Prediagnosis Activity Mo, of @ ——— —
(MET-hours per Mo, of  Patients  Hazard Hazard
week n = 573) Events at Risk Ratio G5% CI Ratio

Referent Referant
0.92 0.51to 165 0.83 04510 1.63
0.66to 1.88 1.05 05610 1.09
0.37 to 1.31 0.86 04410 1.67

~ for trend 2k 81

= 3
2-2 0

.
9-17.4

=18
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Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006



NHS and Change in Physical Activity
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Meyerhardt, J. A. et al. J Clin Oncol; 24:3527-3534 2006



Meta-Analysis of Pre-Diagnosis Physical
Activity and Colorectal Cancer Outcomes

CRC-specific mortality

Haydon, 2006
Meyerhardt (NHS), 2006

Meyerhardt (HPFS), 2009
Kuiper (WHI), 2012
Campbell (CPS-I), 2013

Combined

Test for heterogeneity:
=309, /=0.28, F=214%

Exerciser vs. Non-exercise

0.73 (0.54-0.99)

0.91 (0.63-1.31)
0.56 (0.40-0.78)
0.85 (0.66-1.09)
0.73 (0.58-0.92)

0,2

Je, Jeon, et al Int J Cancer 2014




Meta-Analysis of Post-Diagnosis Physical
Activity and Colorectal Cancer Outcomes

RC-specific mortality RR (95% CI)

Exerciser vs. Non-exerciser

Meyerhardt (NHS), 2006 0.63 (0.42-0.94)

Meyerhardt (HPFS), 2009 : 0.84 (0.59-1.20)

Braade, 2011 0.89 (0.74-1.07)

Kuiper (WHI), 2012 0.40 (0.25-0.63)

Campbell {CPS-11), 2013 § 0.92 (0.70-1.21)

Combined

0.74 (0.58-0.95)
Test for heterogeneity:

J=12.64, F=0.01, F=68.4%

0.2

Je, Jeon, et al Int J Cancer 2014




CHALLENGE: Colon Health and Life-Long
Exercise Change trial

High risk Stage |l or stage Il colon cancer - completed adjuvant chemotherapy within 2-6 months

REGISTRATION

|

Baseline Testing

STRATIFICATION
Disease stage high risk Ill; centre; BMI < 27.5 vs. > 27.5;
ECOGlPS Ovs. 1

RANDOMIZATION
|
ARM 1 ARM
Physical Activity Program + General Good Health General Health Education Materials
Education Material (Intervention Arm) (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

Underweight <, N T Underweight
Normal weight N S Normal weight
Overweight ohAeny ) X Overweight
Obese S Obese

Very obese - Very obese

48 60 72
Months after Surge Months after Surge

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

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



Body Mass Index in Colon Cancer
Patients over Past Decade

<21 21-249 25-29.9 30-34.9 >35

INT-0089 14% 34 % 34% 13% 5%
(1988-92)
89803 8% 26 % 36% 20% 10%

(1999-2001)

% change ina -43% -24% + 6% +54% + 100%
decade



Body Mass Index and Stage |-l
Colorectal Cancer

All-cause mortality: Obesity vs. Normal weight

Study name Risk Lower Upper
ratio limit limit

Meyerhardt, 2003 1.11 0.96 1.29
Meyerhardt, 2004  1.09 0.90 1.33
Dignam, 2006 1.28 1.04 1.57
Meyerhardt,2008 0.90 0.61 1.33
Sinicrope, 2010 1.07 0.93 1.23
Baade. 2011 0.78 0.59 1.03
Chin, 2012 0.94 0.74 1.19
Kuiper, 2012 1.09 0.65 1.83
Campbell, 2013 0.93 0.74 1.16
Siicrope, 2013 1.10 1.04 1.17

1.08 1.03 1.13

Test for heterogeneity:

(Q=12.29, P=0.20, 12226.77%)

Lee, Meyerhardt, Giovannucci, Jeon, under review




Hazard Ratio for Cancer Recurrence or Death

CALGB 89803: DFS By Dietary Pattern

A-
3.5]
31
2.9]
21
1.5]

1

0.5]

3.9
P, trend < 0.001

2.2

1.2
1.3

hEsEEEEEnm rTﬁ ------------- j:-l -----------------------------------------------

Prudent diet 0.7

0

2 3 4 5

Quintiles of Dietary Pattern

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



CALGB 89803: Dietary Pattern

Mean (SD) Intake by Quintile

|
R 2 3 4 5
(n=201) (n=202) (n=202) (n=202) (n=202)

Red meat, servings/wk 2.3 (1.5) 3.1(1.8) 3.7 (2.1) 4.7(2.5) 6.1(3.0)

Processed meats, 1.8(1.7) 23(1.8 3.0@26) 4229 56(4.1)
servings/wk

Refined grains, 20(1.3) 28(1.6) 35(1.8 4222 5b8(2.7)
servings/d

Dessert, servings/d 0.7 0.6) 1.1(0.8) 1.3(0.9 1.6(1.0) 2.5(1.6)
Total fat, g/d 60 (15) 72(18) 73(13) 77(15) 80(13)

Avalues are rounded to nearest 0.5. The median total servings of poultry and fish were simi-
lar across each quintile (approximately 2 servings per week of poultry and 1.5 servings
per week of fish).

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



Dietary Patterns

« Study of 529 colorectal cancer patients in
Newfoundland
* Pre-diagnosis diet

Processed meat pattern

Q1 38132
Q2 45132
Q3 58/132
Q4 57132
p Value for trend ¥

Prudent vegetable pattern
Q1 46132
Q2 54132
Q3 50133
Q4 48/M131
p Value for trendf

DFS — CRC
1.00

1.51 (0.95 to 2.41)
1.56 (0.97 to 2.49)
1.82 (1.07 to 3.09)
0.09

1.00
1.21 (0.79 to 1.85)
1.18 (0.75 to 1.86)
1.12 (0.69 to 1.84)
0.62

Colon
1.00

1.69 (0.97 to 2.96)
1.37 (0.76 to 2.48)
2.29 (1.19 to 4.40)
0.12

1.00
1.35 (0.78 to 2.34)
1.16 (0.63 to 2.13)
1.02 (0.52 to 1.99)
0.83

Rectal
1.00

0.91 (0.39 to 2.14)
1.72 (0.85 to 3.95)
0.97 (0.38 to 2.45)
0.91

1.00
0.97 (0.47 to 2.01)
1.30 (0.65 to 2.60)
1.28 (0.58 to 2.83)
0.19

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



Hazard Ratio for Cancer Recurrence or Death

Glycemic Load
In Colon Cancer Patients

1.77

2 3 4 5
Quintiles of Glycemic Load

Meyerhardt, J. et al INCI 2012



Hazard Ratio for Cancer Recurrence or Death

Glycemic Load
In Colon Cancer Patients

2.5 1

2.26

1.5 T

e BMI < 25

- BMI> 25

1 P 3 4 5

Quintiles of Glycemic Load

Meyerhardt, J. et al INCI 2012



Hazard Ratio for Cancer

Sugar Sweetened Beverage
. In Colon Cancer Patients

1.6 -

14 -

1.2

0.8 -

Recurrence or Death

1.62

P trend = 0.03

0.6

%

o

N
g &8 \&°
M M 20! N e
Sugar Sweetened Beverage Intake

Fuchs MA et al, PLOS One 2014



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-1 (IGF-1), 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

IGFBP-1

me Quiartile 1
Quartile 1 Quartile 2
Quartile 2 Quartile 3

— Quartile 3 w— Quartile 4

— Quartile 4

>
w

o
w
1

0.1 1

fr

T 1

4 0 4

o
-
1

e S
= R o

o
8_ o
o <
& S
> =
— e
= i ©
g 0.2 I
o o
s =

(e)]
2 7
= =3
o S
C_I) LS
P <

Time (years) Time (years)
Number at Risk Number at Risk

Quartile 1 60 Quartile 1 57
Quartile 2 60 Quartile 2 62
Quartile 3 59 Quartile 3 59
Quartile 4 58 Quartile 4 59

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

Association between Physical Activity and Outcomes

by CTNNB1 (B catenin) Status

WNT-CTNNBL1 signaling = adipogenesis, obesity, and metabolic diseases.

Event probability

All stage I-Ill cases All stage I-lll cases
with nuclear CTNNB1(-) C with nuclear CTNNB1(+) :
Inactive
- WNT-CTNNB1
Log-rank p=0.0054 2 Log-rank p=0.73 . .
<18 MET-hours/w ?:2 <18 MET-hours/w Slgnallng
>18 MET-hours/w S >18 MET-hours/w pathway
®] .
% associated
= with energy
g balance
LI
Active WNT-
D -, CTNNB1
Log-rank p=0.029 — Log-rank p=0.60 : :
<18 MET- hours/w o <18 MET-hours/w Slgnallng
518 MET- hours/ & >18 MET-hours/w pathway
O o
= independent
% of energy
3 balance

Overall survival (years) Overall survival (years)
Morikawa et al JAMA 2011



Outline

 Where do we go from here



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



