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What are some environmental factors that
Increase the risk of developing cancer?

% RELATIVE CONTRIBUTION TO CANCER INCIDENCE
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and multivitamin/mineral supplements

Body fatness: Greater body fatness is a convincing cause of pancreatic cancer.
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What is the relative risk of obesity that

Influence pancreatic cancer?

Table 1. Risk Factors and Inherited Syndromes Associated with Pancreatic

Cancer.*
Variable Approximate Risk
Risk factor
Smoking? 2-3
Long-standing diabetes mellitus* 2
Nonhereditary and chronic pancreatitis® 2-6
| Obesity, inactivity, or both® 2 |
Non-0O blood group’ 1-2
Genetic syndrome and associated gene or genes — %
Hereditary pancreatitis (PRSS1, SPINK1)® 50
Familial atypical multiple mole and melanoma 10-20
syndrome (p16)°
Hereditary breast and ovarian cancer syndromes 1-2
(BRCA1, BRCAZ, PALB2)*>**
Peutz—Jeghers syndrome (STK11 [LKB1])*? 3040
Hereditary nonpolyposis colon cancer (Lynch 4
syndrome) (MLH1, MSH2, MSHG)*?
Ataxia—telangiectasia (ATM)** Unknown
Li—-Fraumeni syndrome (P53)*° Unknown

|‘f"‘ Values associated with risk factors are expressed as relative risks |and values

associated with genetic syndromes are expressed as lifetime risks, as compared

with the risk in the general population.

N Engl J Med 2014, 371:1039-1049

Obesity
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Obesity is a Modifiable PDAC Risk Factor

Risk factor Increased PDAC risk
Smo kin g Current cigarette use 1.7-2.2
Current pipe or cigar use 1.5
Alcohol = 3 alcoholic drinks per day 1.2-1.4
Chronic pancreatitis 13.3
ObeSIty BMI =40 kg,fm‘?', male 1.5
BMI > 40 kg/m”>, female 28
Diabetes Diabetes mellitus, type 1 2.0
Diabetes mellitus, type 2 1.8
Cholecystectomy 1.2
Gastrectomy 1.5
Helicobacter pviori infection 1.4

PDAC: Pancreatic ductal adenocarcinomas: BMI: Body mass index.

Becker, A.E, et. al., World J Gastroenterolo%, 2014



Obesity is a Modifiable PDAC Risk Factor

Risk factor Increased PDAC risk
Smo kin g Current cigarette use 1.7-2.2
Current pipe or cigar use 1.5
Alcohol = 3 alcoholic drinks per day 1.2-1.4 Can we prevent?
Chronic pancreatitis 13.3
2
. BMI = 40 kg/m~, male 1.5
Obesity 4
BMI > 40 kg/m”>, female 28
) Diabetes mellitus, type 1 2.0
Diabetes
Diabetes mellitus, type 2 1.8
Cholecystectomy 1.2
Gastrectomy 1.5
Helicobacter pviori infection 1.4

PDAC: Pancreatic ductal adenocarcinomas: BMI: Body mass index.

Becker, A.E, et. al., World J Gastroenteroloqgy, 2014




Projected Increase in Pancreatic Cancer Deaths by
2030 Thought to Correlate with Obesity Trends

Cancer Incidence in the United States
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Projected cancer deaths (Thousands)
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Projected Increase in Pancreatic Cancer Deaths by
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Projected cancer deaths (Thousands)
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Obesity Trend in the United States

Actual and predicted prevalence of
obesity (BMI = 30)
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Obesity is a Worldwide Epidemic in Adults and
Children
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Obesity Trends Increasing in the United States

Adult Obesity Rate by State, 1990

Select years with the slider to see historical data. Hover over states for more
information. Click a state to lock the selection. Click again to unlock.
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Obesity Trends Increasing in the United States

Adult Obesity Rate by State, 1990 Adult Obesity Rate by State, 2017
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Obesity Trends Increasing in the United States

Rank =« State Adult Obesity Rate 2017 95% Confidence Interval Trend 1990 - 2017
1 #  West Virginia +-1.7%
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15 Types of Cancer have being directly linked
to being overweight or obese.

a/ Meningioma
Certain types of head
< _— andneckcancer <
“ Adenocarcinoma\u
subtype of \ Postmenopausal
/ esophageal cancer breast cancer

Liver cancer ~ : v
Gallbladder '
cancer
» r

tomach cance

= , |
¢ 's 7/ b

Kidney cancer
/ Ovarian
cancer
Prostate cancer Colorectal cancer

Endometrial
cancer

Multiple myeloma /

American Association for Cancer Research (AACR) Cancer Progress Report 2018  https://seer.cancer.gov/csr/1975 2015/
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Obesity is a Risk Factor for Many Cancers

OVERWEIGHT

BMI 25-30kg/m?

15 Colorectal (Men)
1.2 AT Colorectal (Women)

OBESE

BMI >30ka/m?2

/£ 2.0

/ 1.5

/

1.3 1 Female Breast ) 1.5
2.0 \ Endometrial / 30
1.5 \ Kidney 25
2.0 Esophageal 3.0
1.3 Pancreatic 1.4
™ ND Liver 7 1.5-4.0
1.5 Gallbladder 2.0
15 2.0

) Gastric Cardiac

Eugenia E. Calle* and Rudolf Kaaks 2004:4:579-591
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OBESITY AND OVERWEIGHT INCREASING WORLDWIDE

Obesity and overweight

INCREASED
DEATHS CAUSED ~ 27.5% IN ADULTS

by overweight  47.1% IN CHILDREN
AND OBESITY SINCE 1980

Based on findings published in The Lancetin 2014. Learn more at: www.healthdata.org/ghd | IHME W UNIVERSITY of WASHINGTON
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Obesity and overweight

INCREASED
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of the largest increases in obesity globally:
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OBESITY AND OVERWEIGHT INCREASING WORLDWIDE

Obesity and overweight

INCREASED
DEATHS CAUSED  27.5% IN ADULTS
by overweight  47.1% IN CHILDREN

AND OBESITY SINCE 1980

Middle Eastern countries experiencing some
of the largest increases in obesity globally:

SAUDI ARABIA, BAHRAIN, EGYPT,
KUWAIT, AND PALESTINE
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Percentage of the Number of countries
world's adult population succeeding in
that is overweight decreasing obesity
or obese in last 33 years

14 Y

Percentage of Percentage of the

overweight or obese world's obese living
children and adolescents in developing countries
worldwide

THE US ACCOUNTS FOR 13% OF THE NUMBER OF OBESE PEOPLE
GLOBALLY BUT JUST 5% OF THE WORLD'S POPULATION

OBESITY AND OVERWEIGHT CONTRIBUTE TO:

o B R ¢

* CARDIOVASCULAR DISEASE * DIABETES * CANCER * JOINT PAIN

Based on findings published in The Lancetin 2014. Learn more at: www.healthdata.org/ghd | IHME W UNIVERSITY of WASHINGTON




Obesity is Associated with Increased
Healthcare Utilization in Hospitalized Patients
with Pancreatic Cancer

60,140
Hospitalizations

54,985 3,740 (6.22%) | | 1,415 (2.35%)

(91.43%) :
Normal Weight Obese Morbidly obese

Patient group:
Inclusion criteria:

A secondary diagnosis of pancreatic cancer
(ICD-9 codes: 157.0, 157.1, 157.2, 157.3, 157.4, 157.8, 157.9)

Exclusion criteria:
Age less than 18 years
Admission in the month of December

Exposure of interest:
Obesity: 278.00, 278.01,v853, V85.30-V85.39,V85.4, V854.1-V854.5.
Subgroup analysis: Morbid obesity: V85.4, V854.1-V854.5, 278.01




Normal Weight vs Obese Pancreatic Cancer-

Related Hospitalizations

Mortality rate 7.7% (7.2-8.3)

Mean length of 5.6 days (5.5-
stay 5.74)
Mean
. $48,337 ($46,300-
hospitalization $50,373)
charges
Mean $12,489 ($12,091-
hospitalization $12,889)
costs

Palliative care

comsutlor 1036 s
| 20.4%)

pancreatic

cancer

7.5% (5.8-9.6)

6.8 days (6.4-7.3)

$61,056
($55,411-
$66,700)

$15,652
($14,386-
$16,919)

20.8% (17.2%-
24.9%)

0.7878

<0.01

<0.01

<0.01

0.44

1.00 (0.75-1.34) P=0.98
Adjusted odds

1.19 days (0.72-1.66)
P<0.01

$13,432 ($7,848-$19,016)
P<0.01

$3,311 ($2,022 - $4,599)
P<0.01

0.89 (0.72-1.11) P=0.32



Obese vs Morbidly Obese Pancreatic Cancer-
Related Hospitalizations

1.16 (0.75-1.79) P=0.496

: . ) . ]
Mortality rate 7.7% (7.2-8.2) 8.8 % (6.0-12.8) 0.4867 FefusiEs] anbls
Mean;te;ygth Y- days (5.8-5.7) 7.4 days (6.6-8.2) <0.01  1.79 (1.02-2.57) P<0.01
Mean
o $48,672 ($46,660- $67,726 ($57,824 $20,528 ($10,735-$30,321)
hospitalization $50,684) " $77.627) <0.01 fiyy
charges
Mean $16,215
hospitalization $12'Zig g$9172),200- Glaa0  <oon 398082197 -35774)
costs ’ $17,961) -
Palliative care
consult for 19.3% (18.2%- 25.3% (19.1%- _ _
metastatic 20.4%) 32.8%) P=0.0575 1.11 (0.82-1.52) P=0.49

pancreatic cancer




How to measure obesity?

WHAT IS YOU BMI?

welqht in kg
@ BMI= (height in m)Z

prine

UNDERWEIGHT NORMAL OVERWEIGHT OBESE EXTREMELY OBESE
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How to measure obesity?

WHAT IS YOU BMI?

welqht in kg
@ BMI= (height in m)2

N
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How to measure obesity?

welqht in kg
@ BMI= (height in m)2

WHAT IS YOU BMI?

M M

Waist : Hip Ratio

Skinfold Thickness Waist Clrcumference
- oy | A. , Waist

BMI = 24

Waist =80cm
Hip =100cm
Waist:hip ratio = 0.80




How to measure obesity?
WHAT IS YOU BMI?

weight in k
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BMI = 24
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Waist:hip ratio = 0.80




N
What are the Molecular Mechanisms that Increase
the Risk of PDAC Development in Obese
Individuals?

Stroma is about
90% of tumor volume




What are the Molecular Mechanisms that
Increase the Risk of PDAC Development in
Obese Individuals?

Obesity-Associated
Cancer In Mice

Obesity-Associated
Cancer In Humans
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252 Cell Metabolism 27, 252-262, January 9, 2018




Adipose tissue depots in mice vs humans

% Visceral white adipose tissue (VAT) @8® Brown adipose tissue (BAT)

@FES Subcutaneous white adipose tissue (SAT)

Cranial

Dermal

Anterior
subcutaneous

Mesenteric
Perirenal

Posterior
subcutaneous

Journal of Experimental Biology (2018) 221, jeb162958. doi:10.1242/jeb.162958
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Adipose tissue depots in mice vs humans

% Visceral white adipose tissue (VAT) @§8% Brown adipose tissue (BAT)

- Cranial
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Additional human fat depots

[% Bone marrow adipose tissue
~& \@/ Inter-/intramuscular adipose tissue

\
T ¥
£l ; Pancreatic adipose tissue

W

Journal of Experimental Biology (2018) 221, jeb162958. doi:10.1242/jeb.162958
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Adipose tissue depots occur throughout the
body

I Ectopic-fatty liver | \K’ p-
el et
" A \ | Ectopic-perinephric

Brown
adipose tissue

Perivascular VAT-mesenteric
adipose tissue

SAT-deep
Bone marrow Epicardial Y \
adipose tissue adipose tissue VAT-omental —4
& l
4 ; s | SAT-gluteal
Ectopic y o
hepatic lipids SAT-superficial

Subcutaneous
adipose tissue

S| SAT-femoral

Visceral
L adipose tissue

lEclopic-imramuscular l

Obesity-Induced Changes in Adipose Tissue Microenvironment and Their Impact g z . . _
on Cardiovascular Disease, Volume: 118, Issue: 11, Pages: 1786-1807, DOI: Horm Mol Biol Clin Invest 2014; 19(1)' 57-74

(10.1161/CIRCRESAHA.115.306885)




Three types of adipocyte: brown, white and
beige (brite)

white adipocyte beige adipocyte brown adipocyte

lipid . ;
droplet nucleus mitochondrium

O o ™




Three types of adipocyte: brown, white and beige
(brite)

s5a® » Multilocular llpld droplets

* Densely packed mitochondria (UCP1")

y 3 * Highly vascularized and innervated

LSesei! e Dissipate chemical energy as heat
S0E04Y » Stable thermogenic phenotype

Wh|te adipocytes

..........

5 e Unilocular lipid droplets

| » Few mitochondria (UCP1)
_| * Store and release energy

~ RoSaeal oo hen T S
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=

f\f YNGR
‘c’ S l?v‘ % 1.” .

AL o \jx"‘ £ l""'" . Densely packed mitochondria (UCP1")
Y525 A4 e Develop in WAT
vis Ny ° Recruited by cold and other stimuli
£44.70 » Phenotypic plasticity
Beige (brite) adipocytes

Control of brown and beige fat
development

Wenshan Wang and Patrick Seale
NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 17| NOVEMBER 2016 | 691




“Crown-like” structures of immune cells
defined adipose tissue inflammation

Lean with normal Obese with mild Obese with full
metabolic function metabolic dysfunction metabolic dysfunction
« Inflammation T Inflammation 1 Inflammation

1 Metabolic control 4 Metabolic control
«» Vascular function 4 Vascular function

« Metabolic control
+» Vascular function

CD4* Teell

M2 macrophage
Adipocyte o (O
‘v u.f’ e
= . o P & §
s A
Blood vessel -lik <,
Anti-inflammatory adipokines Pro-inflammatory adipol B 4
Adiponectin Leptin ANGPTL2 {
SFRP5 Resistin TNF
RBP4 IL-6 - -
Lipocalin 2 IL-18




White adipose tissue is essential for survival

Energy Storage

Transport soluble "‘ Angiogenesis

vitamins \
Insulin Sensitivity and ‘ N Growth and
Glucose homeostasis K/ \)\ Development

Lipid Metabolism l Vascular Homeostasis

Inflammation and
Immunity




Adipose Stromal Cells are Multipotent

W —
Osteoblasts  chgndrocytes

bone cells :
Mature Adipocytes ( ﬁ ) (cartllage)

(fat cells) &

Hepatocytes
(Ilvfeﬁlls) Neuronal Cells
— (brain cells)
O Monocytes
_ (white blood cells
! ) Endothelial cells

= and macrophages)
(blood vessel lining)
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What Factors from the Adipose Tissue Contribute
to the Development and Progression of PDAC?

Obesity

@ Mature adipocyte

Pre-adipocyte/ adipose stromal cell (ASC)—

” Endothelial
 Stromal Vascular Fraction
Macroph
9% Macrophage (SV)

Fibroblast




What Factors from the Adipose Tissue Contribute
to the Development and Progression of PDAC?
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Factors Related to Obesity Affecting PDAC

Pancreatic
Fatty

Infiltration

Lipocalin-2

(LCN2/NGAL) Inflammation

Resistance to
Chemotherapy

Arginase




Factors Related to Obesity Affecting PDAC

Association of Pancreatic Fatty Infiltration With

Pancreatic Ductal Adenocarcinoma

Mika Hori, PhD', Mami Takahashi, PhD? Nobuyoshi Hiraoka, MD, PhD®, Taiki Yamaji, MD, PhD, MPH*, Michihiro Mutoh, MD, PhD°,
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Factors Related to Obesity Affecting PDAC
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Objective: To determine whether bariatric surgery is associated with a lower
risk of cancer.

Background: Obesity is strongly associated with many types of cancer. Few
studies have examined the relationship between bariatric surgery and cancer
risk.

Methods: We conducted a retrospective cohort study of patients undergoing
bariatric surgery between 2005 and 2012 with follow-up through 2014 using
data from a large integrated health insurance and care delivery systems with 5

study sites. The study included[22,198 subjects|who had|bariatric surgeryjand

66,427 nonsurgical subjects matched on sex, age, study site, body mass index,

and Elixhauser comorbidity index. Multivariable Cox proportional-hazards
models were used to examine incident cancer up to 10 years after bariatric
surgery compared to the matched nonsurgical patients.
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FIGURE 3. Forest plot of multivariable
Cox proportional-hazards models for
obesity-associated cancers. The box rep-
resents the hazard ratio and the error bars
depict the 95% confidence interval.
Matching occurred on age, sex, BMI, Elix-
hauser comorbidity index score, and
study site. The models are adjusted for
race, diabetes, hyperlipidemia, hyperten-
sion, coronary artery disease, peripheral
vascular disease, nonalcoholic steatohe-
patitis, a history of smoking, alcohol
use, and use of hormone replacement
therapy.
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Results: After a mean follow-up of 3.5 years, we identified 2543 incident
cancers. Patients undergoing bariatric surgery had a 33% lower hazard of
developing any cancer during follow-up [hazard ratio (HR) 0.67, 95%
confidence interval (CI) 0.60, 0.74, P < 0.001) compared with matched
patients with severe obesity who did not undergo bariatric surgery, and results
were even stronger when the outcome was restricted to obesity-associated
cancers (HR 0.59, 95% CI 0.51, 0.69, P < 0.001). Among the obesity-
associated cancers, the risk of postmenopausal breast cancer (HR 0.58, 95%
CI 0.44, 0.77, P < 0.001), colon cancer (HR 0.59, 95% CI 0.36, 0.97, P =
0.04), endometrial cancer (HR 0.50, 95% CI 0.37, 0.67, P < 0.001), and
pancreatic cancer (HR 0.46, 95% CI 0.22, 097, P = 0.04) was each
statistically significantly lower among those who had undergone bariatric
surgery compared with matched nonsurgical patients.

Conclusions: In this large, multisite cohort of patients with severe obesity,
bariatric surgery was associated with a lower risk of incident cancer, particu-
larly obesity-associated cancers, such as postmenopausal breast cancer,
endometrial cancer, and colon cancer. More research is needed to clarify
the specific mechanisms through which bariatric surgery lowers cancer risk.



Knowledge Gaps

How are factors secreted from adipose tissue affecting the tumor
microenvironment of PDAC?

Are these factors affecting cancer cells only or other cells in the
tumor microenvironment?

How is the adipose cellular microenvironment contributing to PDAC?

Are the characteristics of an obesity-associated PDAC the same as
non-obese PDAC?

Best preclinical model that mimics human obesity-associated PDAC.

|dentify specific patient populations
Who are at greatest risk of developing obesity-related cancer
Who will benefit most from weight loss or enhanced screening

|dentify markers, metabolic intermediates or predictors of obesity-
related cancer




Paradoxical impact of obesity on cancer
Immunotherapy
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Paradoxical effects of obesity on T cell
function during tumor progression and PD-1
checkpoint blockade

“There is heightened immune dysfunction and tumor progression but also

greater anti-tumor efficacy and survival after checkpoint blockade
which directly targets some of the pathways activated in obesity.”




Paradoxical impact of obesity on cancer
Immunotherapy
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Impact of obesity on exhaustion and PD-1 checkpoint
blockade in patients with cancer

CD3+ infiltrates in the TME of human colorectal cancers
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There are significantly fewer tumor-infiltrating cells in obese patients
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Paradoxical effects of obesity on T cell
function during tumor progression and PD-1
checkpoint blockade

“There is heightened immune dysfunction and tumor progression but also
greater anti-tumor efficacy and survival after checkpoint blockade

which directly targets some of the pathways activated in obesity.”

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER
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