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Obesity Promotes Multiple Cancer Hallmarks
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Weight Gain after Breast Cancer Diagnosis

Post-diagnosis weight gain is associated with increased mortality and happens commonly

Hazard Ratio Hazard Ratio =
Study or Subgroup IV, Fixed, 95% CI IV, Fixed, 95% CI é i
2.1.1 Moderate weight gain (5-10%) §
Caan 2012, 5-10.0% WG (SBCSS) 0.93 [0.68, 1.27] -1 ‘E { .
Caan 2012, 5-10.0% WG (LACE, WHEL, NHS)  0.98 [0.83, 1.16] —— £ R Baseline
Nichols 2009, 2.1-6.0kg WG 0.98 [0.73, 1.32] -1 2 - J
Bradshaw 2012, 5-10.0% WG 1.08 [0.51, 2.29] 91 normal BMI
Subtotal (95% Cl) 0.97 [0.86, 1.11] @4
Heterogeneity: Chi® = 0.16, df =3 (P = 0.98); k= 0% @
Test for overall effect: Z = 0.40 (P = 0.69) Cancor-iree Survivers <5y Survivers > 5y
BC survivor status
2.1.2 High weight gain (>10%) -
Nichols 2009, 6.0-10.0kg WG 1.06 [0.75, 1.50] I 21
Caan 2012, >10.0% WG (LACE, WHEL, NHS) 1.15 [0.98, 1.35] all
Caan 2012, >10.0% WG (SBCSS) 1.16 [0.84, 1.60] -1 2 -
Nichols 2009, >10kg WG 1.70 [1.21, 2.39] - 3‘
- £
l Subtotal (95% CI) 1.23 [1.09, 1.39] l " ﬁ 7 t .
Heterogeneity: Chi* = 1048, df = 4 (P = 0.03); I = 62% 'E 1 Base Iln e
Total (95% CI) 1.10 [1.01,1.21] . . ¢ | . 9 obese
Heterogeneity: Chi? = 17.42, df = 8 (P = 0.03); I? = 54% y o5 : ! i
Test for overall effect: Z = 2.20 (P = 0.03) HR<1 HR>1 P
Test for subgroup differences: Chiz = 6.78, df = 1 (P = 0.009), I2 = 85.3% Cancer-iree Survivors <5y Survivors > 5 y
BC survivor stalus

Playdon MC et al INCI 2015, Gross et al CEBP 2015



Adiposity & Outcomes in Early Breast Cancer

* Neoadjuvant chemotherapy

Table 5. Cox proportional hazards regression analysis of distant disease-

free survival.
Variables HR 95% C| P
pCR
No 1.00 <0.05
Yes 0.21 0.08-0.56
Subtype
ER (+), HER (=) 1.00 <0.05
ER (+), HER (+) 1.88 0.70-5.11
HERZ 5.62 2.49-12.68
Triple-negative  3.83 1.62-9.03
VFA
<100 cm? 1.00 <0.05
>100 cm? 2.42 1.28-4.57
-
2 1.00 0.47
3 0.92 0.35-2.42
4 1.54 0.74-3.21

HR: hazard ratio; Cl, confidence interval, pCR, pathological complete
response; ER, estrogen receptor; HER2, human epidermal growth factor
2:; VFA, visceral fat area.

lwase et al. Cancer Med 2016.
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Insulin Resistance and Cancer-Specific Mortality

Age & BMI Adjusted HOMA-IR N (%)

0.05-1.09
>1.09-1.77
>1.77-3.03
>3.03-402.99
HOMA-IR (unadjusted)
0.05-1.09
>1.09-1.77

>1.77-3.03

>3.03-402.99

Adapted from Pan et al. INCI 2020.

5,791 (25.4)
5,671 (24.8)
5,690 (24.9)
5,685 (24.9)

5,791 (25.4)
5,671 (24.8)

5,690 (24.9)

5,685 (24.9)

HR for Cancer Specific Mortality, 95% CI

Decreased Survival

S

Increased Survival

2.0

1.8 1.6 1.4 1.2 1.0

B =risk elevation with 95% confidence interval

0.8



Metabolic Dysfunction is Exacerbated During Breast Cancer Treatment

Variable Pre-Treatment* Post-Treatment* % Change P
Waist circumference (cm) 86.7 (12.9) 90.7 (11.2) 4.7 <0.01
BMI 25.9 (6.3) 29.0 (7.0) 11.5 <0.001
Body fat (%) 33.1(8.2) 36.0 (5.1) 8.9 <0.001
HOMA-IR 4.52 (1.1) 9.4 (1.5) 108.3 <0.001
HbAlc (%) 5.4 (0.4) 5.9 (0.6) 8.6 <0.001
Fasting glucose (mg/dL) 97.2 (19.8) 117.0 (37.0) 20.3 <0.01
Total cholesterol (mg/dL) 185.5 (48.3) 201.9 (45.5) 8.8 <0.001
Triglycerides (mg/dL) 108.7 (47.6) 128.7 (58.9) 18.4 <0.01
CRP (mg/L) 0.37 (0.36) 0.49 (0.21) 31.9 0.04

*Mean (£S.D.)

Adapted from Dieli-Conwright et al. Cancer 2016.



Local and Systemic Impact of Adiposity & Metabolic Dysfunction
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Iyengar NM, et al. 2015.

Annu. Rev. Med. 66:297-309



Lifestyle Interventions May Reduce Risk of Cancer Recurrence

T Tumor perfusion

1 Hypoxia

- 1 Effector growth
factor programs

é ! ctDNA shedding

lyengar et al. J Clin Oncol 2016.
lyengar & Jones. JAMA Oncol 2019.
RO1 CA241409 & RO1 CA241409




Exercise & Breast Cancer-Specific Mortality

HR from disease-specific mortality, 95% Cl

Bradshaw et al. (n=1,033) —

Holick et al. (n=4,482) i
Borch et al. (n=1,327) O

Holmes et al. (n=2,798) B

Irwin et al. (n=2,910) i

Irwin et al. (n=933) i

Williams et al. (n=986) —a—

de Glas et al. (n=435) i

Sternfield et al. (n=1,970) B

Borugian et al. (n=603) |

Pooled estimate (n=17,666) ‘

0.0 0.25 050 0.75 1.00 1.25 1.50 1.75

[ =risk reduction with 95% confidence interval;’ = average risk reduction
Friedenreich et al. Clin Cancer Res, 2016



Selected Diet and Exercise Trials in Early Breast Cancer

Study Intervention BMI Primary Endpoint Outcomes
COMPLETED
WINS Diet All RFS | 24% recurrence in low fat vs. control
WHEL Diet All Event-free interval, OS [ No effect on recurrence
RENEW Diet + PA 2540 PE scale Durab!e improvement in PF, weight, and
behavioral patterns
_ 1 weight loss in individual-tailored arm (-3.77
DAMES Diet + PA 25-39.9 BMI kg) and team-tailored arm (-2.09 kg) vs control
(-0.87 kg)
12 months: -5.5 kg in telephone v -0.7 kg in
: i * mail arms
LISA Diet + PA 24-50 DFS 24 months: -3.6 kg in telephone v -0.4 kg in
mail arms
12 months: -6% in supervised v -1.5% in
Diet + . control arms
ENERGY supervised exercise 25-45 Weight loss 24 months: -3.7% in supervised v -1.3% in
control arms
6 months: -5.6 kg in-person v -4.8 kg
telephone v -1.7 kg control arms
LEAN Diet + PA =25 Weight loss 12 months: (6 months post-intervention):

-5.6 kg in-person v -6.3 kg telephone v -3.8 kg
control

*Not reached. Abbreviations: PA, physical activity; RFS, relapse-free survival; PF, physical functioning; OS, overall

survival; DFS, disease free survival



Breast Cancer Weight Loss (BWEL) Trial

‘ 3136 Participants
Key Eligibility*

* Stage II-1ll Breast Cancer
* HR+/HER-2- or TNBC

Health Education + 2-year
> = n Telephone-Based
- Weight Loss Intervention
—) Randomize

* Diagnosed w/in past 14 months $

* Completed with surgery and any O Health Education Alone

chemotherapy and/or radiation
* BMI = 27 kg/m2

"Patients planning on taking medications for the
purpose of weight loss and/or undergoing & surgical
weight loss procedure within 2 years were not eligible

Standardized Program:  Centralized Delivery: Intervention Goals:

* Telephone-based
weight loss program

* Based on Social
Cognitive Theory

* Adapted from Diabetes
Prevention Program,
Look AHEAD, LISA

Ligibel etal. ASCO 2023.

42 calls over 2 years

Each patient paired with a
weight loss coach, based at
Dana-Farber

© Weekly months 1-3
© Biweekly months 3-12
© Monthly months 13-24

©10% weight loss
©500-1000 kcal/day deficit
©Increased physical activity

150-225 minutes moderate-intensity
activity/week

>

CONTROL WLI
(n=1173) (n=1222)
% Weight Change o _4 RO
at 6-months +0.5% e
Change at 12-months £ e/
% Weight Change
at 12-months A i

P VALUE

<0.0001

<0.0001

<0.0001

<0.0001




Looking to the Future: ‘Precision’ Lifestyle Interventions

Obesity Ll Cancer

Insulin resistance
IGF1 activation

Genetics

g,

Inflammation

Genotoxic -
metabolites

7/ Inflammation
Barrier

disruption

\’. QOQ.O /?
r - D’ogo o

l(; é
e ¢ \“ i“{fﬂ IR

Q Dysbiosis

Environment

Adipocyte == Blood cell %7 Tumour cell ~ ma_ Fibroblast

) ) . . I .
& @ immune cells "WJ's Colon epithelial cells - ;ﬁ\ Microbiota

Aguirre-Portoles et al. Nutrients 2017.



American
U3 Cancer
1 Society®

Eligibility
« Stage I-Ill ER+ breast cancer
+ Completed curative surgery,
radiation, and cytotoxic treatment

« Current treatment with adjuvant y y
aromatase inhibitor

+ BMI =27

+ Sedentary (<90 min exercise / wk)

* Breast biopsy
* DEXA
* Fasting blood
* CPET
+ Stool

A\ 4

®N—3 0> 9 T

N\

Phase 2 RCT: Precision Nutrition + Structured Exercise

6 months

Structured Exercise +
Plant-based diet
(N=28)

—_—

Attention Control
Telephone counseling +
Treadmill
(N=28)

A 4

Post-study
Visit

* Breast biopsy
* DEXA
* Fasting blood
* CPET
« Stool

Primary: Breast aromatase level
Secondary: Breast tissue gene expression changes, Blood markers,
body composition, weight loss, adherence, microbiome, QOL / PROs

Study Endpoints

Biostatistical Design

1 unit decrease in BMI = 0.06 mean reduction in aromatase
(SD 0.81, log scale)
Goal BMI reduction is 3 kg/m?2

NCT04298086



Phase 2 RCT: Precision Nutrition + Structured Exercise

Characteristic Control (N = 21) PBD + Ex (N = 22) Control (N=21) PBD + Ex (N=22)
Age at consent, mean (SD) 58 (7) 56 (7) Change (95% ClI) Change (95% ClI)
Race, number (%) : yya _ } _ _
White 16 (76%) 15 (68%) Weight (kg) 4 (-6.6, -2.2) 12 (-15, -9.4) <0.001
Black 4 (19%) 3 (14%) Total body fat (kg) -2 (-3.5, -0.71) -6 (-7.3, -4.1) <0.001
Other 0 (0%) 3 (14%)
Unknown 1 (5%) 1 (5%) Trunk fat (kg) -3(-4.4, -0.73) -7(-8.9, -4.9) <0.001
Total body lean 2(0.71, 3.5) 6(4.1,7.3) <0.001
Ethnicity, number (%) mass (kg)
Non-Hispanic 15 (71%) 18 (82%)
Hispanic 4 (19%) 4 (18%) Total body fat to -0.01 (-0.02, 0.00) -0.02 (-0.03, 0.00) 0.4
Unknown 2 (10%) 0 (0%) lean mass ratio
BMI, mean (SD) 34.2 (4) 34.3 (5)
Smoking, number (%)
Never 13 (62%) 14 (64%) A. Weightchange (%) B. Total body fat change

Prior/quit 8 (38%) 8 (36%)

.--_

o

Alcohol intake, number (%) -.IIIIII
Never 2 (9%) 4 (18%) _
Prior/quit 1 (5%) 2 (9%)
Yes 18 (86%) 16 (73%) .

J

o

&n

Body Composition Change

Stage, number (%)
I 11 (52%) 12 (55%)
I 7 (33%) 8 (36%)

Weight Change (%)

I} 3 (14%) 2 (9%) 204 C. Total lean mass change
Receptor status, number (%) _ °
ER+PR—-/HER2- 1 (5%) 1 (4%) 2.0
ER+/PR+HER2— 19 (90%) 18 (82%) 5
0 0 S
ER+PR+/HER2+ 1 (5%) 3 (14%) B Control B PBD + Ex H |
E
Chemotherapy, number (%) 6 (29%) 8 (36%) 3 II“IIIIII
Radiation, number (%) 18 (86%) 17 (77%) s | I.-l-..____
Ovarian suppression, number (%) 5 (24%) 14 (64%)

lyengar et al. ASCO 2024.




Mobile Behavior Change Application in Breast Cancer

Total screened

= Ineligible (N=143)
(N =1 89) ‘ - BMI <27.5 kg/m2 (N=39)
| : _ - Did not own a smartphone (N=1)
* » - No history of breast cancer diagnosis (N=8)
' i - DCIS or stage IV breast cancer (N=70)
i ici - Did not complete active cancer treatment =6
InVIted tO pa rt|C|pate months prior to enroliment (N=52)
(N=46) - Currently taking insulin (N=3)
| - Uncontrolled hypertension (N=1)
l - Living outside the United States (N=5)
Consented
(N=44)

l

" Enrolled in Noom program

‘ / —o \.‘ / o . \n / o . \‘» / o . N \ / . ™
(N=42) [ | o T el P
= = o | NS ~ I v || S alll ll QT
W [ Ry ] \BlourHeaIthyEahng 1 @ . [ aw '
Completed 6-month surveys || === m
(N=32) : — - o w i
Voluntarily withdrew due to
> personal reasons o & DS
v : | (N:‘]) e QW ERITIYUIlOP
Included in final analysis | & e
i 4 ® Z X CVBNM
(N=31 ) Save 100 calories 10 slim ‘ .. v o -
. 7o) \ ) k C :
L, -/

Shen et al. NPJ Breast Ca 2024.



Mobile Behavior Change Application in Breast Cancer

Percent Weight Change

Shen et al. NPJ Breast Ca 2024.

Participants

Opened App >150 times

. No
. Yes

Percent Weight Change from Baseline

-10-

-151

-20 1

No. of Weigh-Ins > 118 = No = Yes

0

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Week



Summary of Lifestyle Impact

T e e

Physical activity Decreases risk | Strong Primary and recurrence risk
Alcohol Increases risk Strong Primary and recurrence risk
Non-starchy vegetables | Decreases risk Limited Primary and recurrence risk
Foods containing Decreases risk Limited Primary and recurrence risk
carotenoids

Dairy products Decreases risk Limited Primary risk

High calcium diet Decreases risk Limited Primary risk

Adapted from AICR 2018 CUP




Summary of Dietary Evidence

Exposure Direction of Outcomes
effect

Wholegrains Decreases risk Colorectal cancer

Foods containing | Decreases risk |+ Colorectal cancer

dietary fibre +  Weight gain, overweight and obesity
‘Fast foods’ Increases risk |°* Weight gain, overweight and obesity
‘Western type’ diet
Glycaemic load Increases risk |+ Endometrial cancer
Red meat Increases risk |+ Colorectal cancer
Processed meat Increases risk |+ Colorectal cancer

Adapted from AICR 3"d Annual Report 2018



Summary of Dietary Evidence

Exposure

Sugar
sweetened
drinks

Direction of
effect

Increases risk

Outcomes

Weight gain, overweight and
obesity

Alcoholic drinks

Increases risk

Mouth, pharynx and larynx
Oesophagus (adenocarcinoma)
Liver

Colorectum

Breast

Stomach

AICR 3" Annual Report 2018




Summary of Dietary Evidence

Eat a diet rich in wholegrains,
vegetables, fruit and beans

Make wholegrains, vegetables, fruit, and pulses
(legumes) such as beans and lentils a major part of
your usual daily diet

@ Consume a diet that provides at least 30 grams per day of fibre* from food sources

Include in most meals foods containing wholegrains, non-starchy vegetables,
fruit and pulses (legumes) such as beans and lentils

Eat a diet high in all types of plant foods including at least five portions or servings
(at least 400 grams or 15 ounces in total) of a variety of non-starchy vegetables and

fruit every day

If you eat starchy roots and tubers as staple foods, eat non-starchy vegetables, fruit
and pulses (legumes) regularly too if possible

* Measured by the AOAC method.

AICR 3" Annual Report 2018



Summary of Dietary Evidence

@ Limit consumption of red and
“) processed meat

Eat no more than moderate amounts of red meat?,
such as beef, pork and lamb. Eat little, if any,
processed meat?

If you eat red meat, limit consumption to no more than about three portions per week.
Three portions is equivalent to about 350 to 500 grams (about 12 to 18 ounces)
cooked weight of red meat.? Consume very little, if any, processed meat

* The term ‘red meat’ refers to all types of mammallan muscle meat, such as beef, veal, pork, lamb, mutton, horse and goat.
2 The term ‘processed meat’ refers to meat that has been transformed through salting, curing, fermentation, smoking or other processes to enhance

flavour or Improve preservation.
2 500 grams of cooked red meat Is roughly equivalent to 700-750 grams of raw meat, but the exact conversion depends on the cut of meat, the
proportions of lean meat and fat, and the method and degree of cooking.

AICR 3" Annual Report 2018



2018 WCRF/AICR Guidelines to Reduce Cancer Risk

LIMIT CONSUMPTION LIMIT CONSUMPTION
OF RED AND OF SUGAR

PROCESSED MEAT SWEETENED DRINKS

LIMIT CONSUMPTION
OF ‘FAST FOODS' AND
OTHER PROCESSED
FOODS HIGH IN FAT,
STARCHES OR SUGARS

LIMIT ALCOHOL
CONSUMPTION

‘s World
Cancer
Research
- Fund International

EATADIETRICH /O DO NOT USE
s, (710 OUR srieoas
. CANCER PREVENTION C
RECOMMENDATIONS
sephTscALY s s s oran g e 1% e
ACTIVE Following these Recommendations s likely 1o reduce intakes BABY, IF YOU CAN
of salt, saturated and trans fats, which together will help
prevent other non-communicable diseases.
AFTER A CANCER
HEALTHY WEIGHT wcerf.o g %ﬁﬁ&"#ﬁ&’"

IF YOU CAN



Additional Resources

* Lifestyle Intervention Clinical Trials

* TheHealthy Living Program at MSK
— https://www.mskcc.org/cancer-care/types/breast/msk-healthy-living

« MSKBlogUpdates

— https://www.mskcc.org/news/breast-cancer-and-weight-gain-how-to-control-it-
during-and-after-treatment

* American Institute for Cancer Research Continuing Update Project
— https://www.aicr.org/

* Digital Therapeutics
— Smartphone Apps

* Comprehensive Weight Control Centers: role for weight loss drugs?

— https://www.mskcc.org/news/cancer-benefits-and-risks-from-ozempic-wegovy- DA<l iyengarn@mskcc.org
and-other-weight-loss-drugs X @Neil_lyengar



https://www.mskcc.org/cancer-care/types/breast/msk-healthy-living
https://www.mskcc.org/news/breast-cancer-and-weight-gain-how-to-control-it-during-and-after-treatment
https://www.mskcc.org/news/breast-cancer-and-weight-gain-how-to-control-it-during-and-after-treatment
https://www.aicr.org/
https://www.mskcc.org/news/cancer-benefits-and-risks-from-ozempic-wegovy-and-other-weight-loss-drugs
https://www.mskcc.org/news/cancer-benefits-and-risks-from-ozempic-wegovy-and-other-weight-loss-drugs
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