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Role of Physical Inactivity and Weight Gain in Breast Cancer

DIET, NUTRITION, PHYSICAL ACTIVITY
AND POSTMENOPAUSAL BREAST CANCER

DECREASES RISK INCREASES RISK

Alcoholic drinks*

Body fatness?
Adult weight gain
STRONG Adult attained height?
EVIDENCE Physical activity*
Body fatness In young
Probable adulthoods
Lactation®
Non-starchy vegetables
Limited — (ER- breast cancers only)”
Foods containing
suggestive carotenoids®
Diets high in calcium
Cereals (grains) and their p ; dietary fibre;
non-starchy (ER+ breast fruits;
pulses (legumes); soya and soya products; red and
processed meat; poultry; fish; eggs: dairy products; fats
and oils; total fat; vegetable fat; fatty acid composition;
LIMITED saturated fatty acids; mono-unsaturated fatty acids;
polyunsaturated fatty acids; trans-fatty acids; cholesterol;
EVIDENCE sugar (sucrose); other sugars; sugary foods and drinks;
Limited - coffee; tea; carbohydrate; starch; glycaemic index;

STRONG

EVIDENCE

1
2

o0 s

no conclusion glycaemic load; protein; vitamin A; riboflavin; vitamin
BS; folate; vitamin B12; vitamin C; vitamin D; vitamin E;

calcium st iron; p ogens;
i dichlorodi i oethylene;
dichlorodiphenyltrichloroethane; dieldrin;

e \exane; trans-

acrylamide; dietary
patterns; cuIturaIIy defined diets; sedentary behaviour;
energy intake

Substantial
effect on risk
unlikely

No threshold was identified.
Body fatness, throughout adulthood, marked by body mass index (BMI), waist circumference and
waist-hip ratio.
Adult attained height is unlikely to directly influence the risk of cancer. It is a marker for genetic,
environmental, hormonal and also nutritional factors affecting growth during the period from
preconception to completion of linear growth.
Physical activity including vigorous, occupational, recreational, walking and household activity.
Young women aged about 18 to 30 years. Body fatness in young adulthood is marked by BMI.
The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The

for p isal and post breast cancers separately was less conclusive,
but consistent with the overall finding.
The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The
observed association was in oestrogen-receptor-negative (ER-) breast cancer only.
The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The
observed association was stronger for oestrogen-receptor-negative (ER-) breast cancer. Includes
both foods that naturally contain carotenoids and foods that have carotenoids added.
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STRONG

8 Physical activity, including occupational, recreational, walking and household activity. There was

Sitc

DIET, NUTRITION, PHYSICAL ACTIVITY
AND PREMENOPAUSAL BREAST CANCER

DECREASES RISK INCREASES RISK

Adult attalned helght*
L Vij hysical activit
igorous physical activity 2
EVIDENCE | probable Body fatness? :‘a:“!::';f":.'xm
Lactatlon®

Non-starchy vegetables
(ER- breast cancers only)®
Dairy products

Foods containing
carotenoids’

Diets high in calcium
Physical activity®

Limited -
suggestive

Cereals (grains) and their products; dietary fibre;
potatoes; non-starchy vegetables (ER+ breast cancers);
fruits; pulses (legumes); soya and soya products; red
and processed meat; poultry; fish; eggs; fats and
oils; total fat; fat; fatty acid
saturated fatty acids; mono-unsaturated fatty acids;
polyunsaturated fatty acids; trans-fatty acids; cholesterol;
. sugar (sucrose); other sugars; sugary foods and drinks;
Limited — coffee; tea; carbohydrate; starch; glycaemic index;
no conclusion glycaemic load; protein; vitamin A; riboflavin; vitamin
B6; folate; vitamin B12; vitamin C; vitamin D; vitamin E;
calcium supplements; iron; selenium; phytoestrogens;
isoflavones; dichlorodipt
dict dieldrin;

e; trans-
nonachlor po|ychloﬂnaled biphenyls; acrylamide; dietary
patterns; culturally defined diets; sedentary behaviour;
adult weight gain; energy intake

LIMITED
EVIDENCE

Substantial
effect on risk
unlikely

EVIDENCE

1 Adult attained height is unlikely to directly influence the risk of cancer. It is a marker for genetic,

environmental, hormonal and also nutritional factors affecting growth during the period from
preconception to completion of linear growth.

2 Body fatness marked by body mass index (BMI), waist circumference and waist-hip ratio. Also

includes evidence on young women aged about 18 to 30 years. Body fatness in young adulthood
is marked by BMI.

3 The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The

for premer | and postmer isal breast cancers separately was less conclusive,
but consistent with the overall finding.

4  No threshold was identified.
5 Birthweight is a marker both for prenatal growth, reflecting fetal nutrition, and is a predictor of

later growth and maturation - e.g., age at menarche — which are also determinants of breast
cancer risk.

6 The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The

observed iation was in oestl -negative (ER-) breast cancer only.

¢
7 The Panel's conclusion relates to the evidence for overall breast cancer (unspecified). The

observed association was stronger for oestrogen-receptor-negative (ER-) breast cancer. Includes
both foods that naturally contain carotenoids and foods that have carotenoids added.

sufficient evidence for the Panel to make a separate judgement for vigorous physical activity.

© World Cancer Research Fund International dietandcancerreport.org
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AICR/WCRF.
Continuous Update Project.
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Lifetime Recreational Physical Activity & Breast Cancer Mortality

log-rank test statistic (p=0.05)
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No. at Risk
Recreational Physical Activity, MET-hriwk/yr
Q1 306 288 270 250
Q4 303 295 277 266

34" Annual Meeting & Pre-Conference Programs

Csite >

235
252

10

184
146

Friedenreich, C. M., et al. Int. J. Cancer. 2009. 124, 1954-1962.
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Obesity and Breast Cancer Mortality

% BMI
Study AR (85% CI) Weight  kg/m®

Underweight v normal weight

Buck 2041 106 (079,408 320 <1B5v1B5240
Conroy 2011 142(0.80,1.42) 1723 <225y 2RS 240
Lu 2041 089 (0.70,1.44) 1673  <20vw20-240
Chen 2010 1.44 (088,237} 851 <=18.4v 185249
Emaus 2010 1.70 Eu.aﬁ. a, .44 ==184v1B5249
Helimann 2040 1.36 (087, 241 9.70 <=10.0v 2025
Nichols 2000 1.75(0.04,3.25) 6.4 =184 v 185249
Abrahamscon 2006 073(052,1.04) 1275  <==184v1B5249
Kroenke 2005 089 (0.70,1.43) 1608  <21v24-22
Bemstsin 2002 1.12(0.43,297) 32 =184 v 1B.5-249
Subtotal {l-squared = 48.2%, P = 0.043) 1.40(0.92,1.31) 100,00
Crverweight v normal weight
Kamineni 2013 109(089,172) 118 2500 0w <25
Buck 2011 103 (080, 158) 147 25 200v1B5240
Conroy 2011 145 (093, 1. 5.47 25000y IR5 240
Lu 2044 0.99 Eu.&t. 1.‘1%} 9.04 2L D00y 20249
Chen 2010 102 (081,127} 485 25000y 185240
Emaus 2010 102 (081,127} 485 2520 0v1B5 240
Helimann 2010 122(002, 161) 343 254-30v 20-25
Kesgan 2010 116(092, 145 474 25000 =240
Nichols 2009 143(090,142) 471 25200y 185240
West-Wright 2000 098 (078, 124) 456 2520 v =24
Caan 2008 1.20 (080, 1.70)  1.73 25000y =240
Dal Maso 2008 1.02 (0.83,1.25)  5.85 25000y =240
Reding 2002 1.20(0.90,1.80) 296 2224258 v <206
Resves 2007 1.02 Eu.ga. 1.12{ 3220 2530 v 18525
Abrahamsaon 2006 1.47 (095, 2.24) 147 25200y 185240
Kroanke 2005 1.41(0.94,1.34) 655 2520y 2122
Resves 2000 - 149(092,153 270 2506 v <=24
Zhang 1995 — 1.00(0.50,220) 045 247288 v 16246
Holmberg 1994 ——=——— 233(084,677) 023 2528 v <10
Subtotal {~squared = 0.0%, P = 0.882) 0 1.07(1.02,1.42)  100.00
Obese v normal weight
Kamineni 2013 —— 1.3 (077,222 220 == v <25
Buck 2011 —— 115 (054, 248) 147 ==30 v 185240
Conroy 2011 154(123, 1901 7.3 ==A0 w225 240
Lu 2041 1.23(1.04, 1.4 807 =20 v 20249
Chen 2010 158 E1.13. 2.22 442 ==30 v {8.5-240
Emaus 2010 —— 1.47 (1.08, 1. 5.05 >=30 v 18.5-249
Helimann 2010 —— 181 Euz, z.% 304 =80 v 20-25
Kesgan 2010 121 (100,148 812 =30 v <=34.9
Nichals 2000 152 (147,198) 606 ==30 v 185240
West-Wright 2000 142 (108,188 570 =30 v <25
Caan 2008 —— 160(1.40,230) 390 =30 v <=24.9
Dal Maso 2008 Hil- 1.29 (0.99, 1. 5.02 >=30 v <=24.9
Reding 2008 - 1.00 E1 4D, 2.%} 5 =25 Bv =206
Cleveland 2007 —.— 163 (108,245 334 =80 v <240
Resves 2007 106 (085, 1.30) 767 ==30 v 18 5-25
Abrahamson 2006 —m———  203(157,629) 116 =30 v 185240
Kroanke 2005 120(095 152 665 =30 v 2422
Bemstsin 2002 —— 148 (0.81,172) 278 =25 v 18.5-24.9
Rieaves 2000 E = 1.49 (118,188 7.08 ==27 v <=24
Zhang 1995 — 150 (0.70,290) 1.3 280450 v 16246
Hoinber? 1994 ——=» 503(1.08 17.80) 058 =29 v <19
Subtotal {~squared = 37 6%, P = 0.043) & 141 (120,453 10000

I I
0425 1 B
Figure 2. Categorical mets-aralysis of pre.-dizgnosis EMIand total mortality. Chan, et al. Ann Oncol, 2014;25(10):1901-14.
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Proposed biological mechanisms linking physical activity

Premenopause

TAnti-tumor /
Immunity Adapted from Friedenreich, C.
Recent Results in Cancer Research. 2011. 188,125-139
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Mechanisms Linking Obesity and Breast
Cancer: Mouse Models

Excess Adiposity Breast Cancer Promotion

Deregulation of

; Insulin/IGF signaling ('o -
»-.\\“‘/"\\‘ . (\ High levels of l\ (: {‘. .
| J \ r PN U N S0 » 1 ¢

NP ) =< What about anti-tumor immunity? | (_./’33‘

\ | = 7 3 ——————
e | A S
l : Modifications
A in the microbiome

Adapted from Argolo, et al. Current Oncology Reports. 2018. 20: 47
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Mechanisms Linking Obesity and Breast

Excess Adiposity
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Cancer: Mouse Models

Obesity-induced
changes in T cell
effector responses
and cell infiltration
of tumors

Obesity induced
changes in
immune
suppressive cells

Csite >

Breast Cancer Promotion
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Can we ask this question differently ?

The Creep, Over Time

180

|
170 OMG! )
Basic creep, compounded by

The average American gains 1-2 Ibs per year!

2007-2010 National Health and Nutrition Examination Survey, CDC

21 23 25 27 29 131 33 35 37 39 41 43 45 47 49 51
Age

What can we learn about the prevention of weight gain over the course of life?

What is the role of physical activity vs. a reduction in calories in this process?
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Weight
gain
(WG)

Weight
maintenance
(WM)
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Study Design

Weight matched

PA+AL
Activity wheel
+

weight matched
to SED+AL

SED+ER PA+ER

Sedentary cage Activity wheel
+ +

weight matched 10% dietary
to PA+ER restricted

Weight matched

SED+AL

Sedentary cage
+

ad libitum

Voluntary Runn[_ng 7Wheel

Csite >

10% Reduction in Calories
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Experimental Design

A Randomization

PA+AL
Weight SED+AL Activity wheel
gain Sedent:iry cage f
(WG) ad libitum weight matched
to SED+AL
_ SED+ER PA+ER
Weight Sedentary cage Activity wheel
maintenance + +
(WM) weight matched 10% dietary
to PA+ER restricted

v Tumor injection: 5x10% 4T1.2"¢ into 4t mammary fat pad

v Sacrifice: Exp 1. D35 post-tumor implantation (n=15-20/group)

Exp 2. Equal tumor volumes, 0.05-0.20 cm?3 (n=7-11/group)
Exp 3. Survival analysis (n=7-8/group)

Endpoints: Primary tumor growth & metastatic burden
Metabolic & inflammatory mediators
Splenic pro- vs. antitumor immunity

Tumor gene array V

Diet and activity intervention v

34" Annual Meeting & Pre-Conference Programs

for 8 weeks prior to and 35 ==

days post tumor injection 0) 18 35 70

days post tumor injection
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Body Weight & Running Wheel Activity

@ WG: SED+AL © WG: PA+AL
B 120 1. WM: SED+ER A WM: PA+ER

-
-
o

-
o
o

Body weight
(% baseline)
>

70 4

B WG: PA+AL
12 + 0 WM: PA+ER

(km/day)

Daily activity 0
o A

3
y
i
%
*
I-I-
I-ﬁt#

--ﬁ---A--ﬁ--ﬁ--- -:_’A
AT

Tumor injection

ﬂlﬂﬂﬂﬂwﬂwmﬂﬂ

Weeks on study

34" Annual Meeting & Pre-Conference Programs SItC

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.

#SITC2019



The combination of physical activity and energy restriction
reduces primary tumor growth

A
0.51.9 SED+AL © PA+AL B 15
-A- SED+ER -A- PA+ER '. A
— 0.4~ - ® O
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o 0.3 2 *® A
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Days post tumor injection AL ER

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.

34" Annual Meeting & Pre-Conference Programs Gp #SITC2019



The combination of physical activity and energy restriction reduces
metastatic burden and improves survival

C ;:=q. D . G
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AL ER AL ER Days of survival

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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Physical activity and energy restriction alters gene expression
In the tumor microenvironment

Tumors 0.05-2.0 cm3 Day 35 post tumor implantation
A AL ER B C AL ER D
SED PA SED PA Celsf- L PA+AL SED PA SED PA Colof- ) PA+AL
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Cecl2 © D 00000 |eeseeessessresssssssansssharnsnssnnannnnannanns Foxp3 D B =000 e
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Aicda Egf
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Cxcl12 . | | R e li1a S B0 e —
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Egfr Stat1
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Magnitude of gene EXPFESSiOI‘I Magnitude of gene expression

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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17
Physical activity and energy restriction increases CD8* T cell infiltration

and reduces the infiltration of MDSCs In the tumor microenvironment
Tumors 0.05-2.0 cm?3

301 e 40- 61
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ﬁ : S g @
O T T T T COD O T T 1 T O T T T T
SED PA  SED PA = SED PA  SED PA SED PA SED PA
AL ER AL ER AL ER

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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18
Physical activity and energy restriction increases CD8* T cell infiltration

and reduces the infiltration of MDSCs In the tumor microenvironment

Day 35 post tumor implantation

LN
o
J
|
o
o
J
N
S

p<0.05 g 0<0.05 p<0.05
— >
@) <0.05 ot -
£ 30- - a @ 901¢ p<0.05 S 1.5- —Ap<005 Aa
E o A ﬁ!& 3 ° °
& o 00 i T 601 O -
3 20] @ N = ° 3 107e .} &
+ A = 40- o = “ o
a % M 0 A 00 O %y
| o a ey AL A
O 10148 © ¢|20_..¥* g 05
X ° 65 A
0 ] ] ] ] O\O 0 | | | | ] ] 0.0
SED PA SED PA SED PA SED PA SED PA SED PA
AL ER AL ER AL ER

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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Summary

* The prevention of weight gain by energy restriction and physical
activity reduces mammary tumor growth, metastatic burden and
survival. These beneficial effects do not occur with either single
Intervention, and are independent of body weight.

* These changes occur concurrently with an increase in CD8* T
cells and a reduction in MDSCs in the tumor microenvironment;
and a change in the expression of PD1, and PDL1 and IDO on T
cells and MDSCs, respectively.
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Summary

* The response to PD-1 blockade is influenced by weight status.
However, this is likely mediated by beneficial changes in the
tumor microenvironment as a result of physical activity and
energy restriction.
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