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Cancer Control & Population Sciences Program
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Death Rates from Cancer and Heart Disease
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Cancer is Preventable!!!




Leading Causes of Cancer Deaths

Lung & Bronchus
. Colon & Rectum
Breast

Pancreas
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Epidemiology, Biomarkers &
Chemoprevention

* Improve/utilize cancer surveillance methods/data

 Develop, validate, and apply biomarkers of exposure, risk, and
preventive efficacy for colorectal and prostate cancers

* Investigate the etiology of colorectal and prostate cancers,

— Emphasizing gene-environment interactions
« Calcium and vitamin D exposures and relevant genes
« Oxidative stress exposure and relevant genes
 Energy balance exposure and relevant genes
« Inflammation and DNA repair biomarkers and relevant genes
— Utilizing highly focused, clinical/laboratory-intensive case-control studies

— Utilizing the Georgia Cancer Study, a statewide, general population-
based prospective cohort study (n = 140,000) in Georgia

 Conduct colorectal cancer-related chemoprevention trials



Molecular Epidemiology, Biomarkers
& Chemoprevention

* Improve/utilize cancer surveillance methods/data

 Develop, validate, and apply biomarkers of exposure, risk, and
preventive efficacy for colorectal and prostate cancers

* Investigate the etiology of colorectal and prostate cancers,

— Emphasizing gene-environment interactions
« Calcium and vitamin D exposures and relevant genes
« Oxidative stress exposure and relevant genes
 Energy balance exposure and relevant genes
« Inflammation and DNA repair biomarkers and relevant genes
— Utilizing highly focused, clinical/laboratory-intensive case-control studies

— Utilizing the Georgia Cancer Study, a statewide, general population-
based prospective cohort study (n = 140,000) in Georgia

 Conduct colorectal cancer-related chemoprevention trials



Death Rates from Cancer and Heart Disease

Younger than 85 Years 85 and Oider
2000

A0
S Hoarl Dispged
7000
280
g Heart Disease
EI00 =
240
g =290
g SO0
E‘ 200
g 140
4000 =
Hj 180
™ 140 5
&
T 120 An00-
]
T o .

B0 2000= Clancer

ey ‘-p—_-_”_.'————%

4 100 =

20 -

(4] =TT T T T I T I T T NI T TN I Y
|I: = EE g E = L — ) L. F E = iz - o ol L F [T I I = ) i P L= ] Ll |
EEE8233888 ¢85 8 BE SEE85 238285885

Yerr of [»ath Yeprof Death

From Jemal, A. et al.
CA Cancer J Clin 2006;56:106-130.



Treatab!e Treat Prevent
Blood/Urine >  Biomarkers >  Cancer
Test

Confirm blood/urine test works same as tissue test

ID ones that are detectable in blood/urine

Confirm that Rx reduces risk

ID treatable ones

ID ones that indicate risk

Measure expression of the genes in normal tissue

Discover altered genes in tumors
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Molecular Basis of Colon Carcinogenesis
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Biomarkers Investigated in MAP I

Table 2. Biomarkers Investigated in MAP I

Biomarker Types Biomarkers

Inflammation - COX-2, 15-LOX, PPAR J

Early colon carcinogenesis pathway genes:
APC Pathway - APC, Ecatenin, E-cadherin, c-myc, cyclin D1
MMR Pathway - MSH2, MLH1, TGF ERII, bax

Cell cycle events:
Proliferation:

Short-term indicator - MIB-1
Long-term indicator - hTERT (catalytic subunit of telomerase)
Differentiation - p21
Apoptosis control -
Apoptosis inhibition - bcl-2
Apoptosis promotion - bax, bak, p53
Apoptosis - TUNEL
Autocrine/paracrine growth factors - TGFDTGF &
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Normal Colon Stained for
E-cadherin & Ki-67

Autoflorescence

E-Cadherin

605nM SA-QD for Ki-67 and 565nM SA-QD for E-Cadherin




Quantitative Image Analysis of MSH2 in
Normal Colon

Select Hemicrypt

Trace Hemicrypt

Program Analysis



.
Scoring Reliability

High: r~0.94 -0.99




Example Findings from MAP |l Study

APC: - 25%
TGF D 937%
TGF E: : 33%
Bax / bcl-2: 926%
APC / E-cadherin: - 40%
MLH1 / bax: . 42%
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Calcium, Vitamin D & CRC: Overview

- Strong biological plausibility
« Strong animal experimental evidence
 Tepid human observational evidence

 + Adenoma recurrence trial (calcium)



Calcium & Vitamin D:
Beyond Calcium Homeostasis

« CaSR —incolon & many other tissues
VDR, CYP27B1 y CYP24 - in colon & many other tissues

Calcium & CaSR in cell cycle regulation, cell-
cell, cell-matrix adhesion

Vitamin D & autocrine / paracrine functions
— Genomic (via VDR) & non-genomic mechanisms

— Modulates > 200 genes involved in, e.g., cell cycle
regulation, growth factor signaling, protection against
oxidative stress, bile acid and xenobiotic metabolism,
cell adhesion, DNA repair, angiogenesis,
inflammation, and immune function



Calcium & Vitamin D Insufficiency

 Calcium
— Probable optimal intake: 1,500 — 2,000 mg/d

— US average intake: 740 mg/d

 Vitamin D
— Optlmal intake estimated from:
- Evolutionary perspective
 PTH suppression
« Calcium absorption & BMD
« 25-OH-ase Vmax
« 25-OH-vitamin D depletion rate during winter

— More than half in US insufficient



Calcium and Colon Cancer:
Biological Plausibility

 Evolutionary perspective
« Bile acid-binding hypothesis
— Inflammation prevention
* Direct effects on cell cycle
— Cyclic AMP
— Calmodulin
— Tyrosine kinase
— Ornithine decarboxylase

— E-cadherin
— CaSR

« Calcium sensing receptor (CaSR)
— E-cadherin, ; E catenin



Vitamin D and Colon Cancer:
Biological Plausibility

 Evolutionary perspective

 Bile acid catabolism
— LCA (bile acid) or Vit. D+ VDR /£ CYP3A
— CYP3A4 catabolizes LCA
* Direct effects on cell cycle
— Cyclin D1
— bak, bcl-2, TGF E
— c-myc, c-fos, c-jun, telomerase
« Growth factor signaling
— EGF, EGFR, IGF-1, IGF-1R, TGF E IGF-lIR, SMAD3

 Immunomodulation



Summary of Analytic Observational
Studies of Calcium and Colon Cancer

Relationship to Risk (RR / OR)

"0.9 (p ”.05) ~1.0 11 (p ".05) # Studies
All:
30 (16) 3 9 (0) 42
Cohort:
18 (8) 0 2 (0) 20




Summary of Analytic Observational
Studies of Vitamin D and Colon Cancer

Relationship to Risk (RR / OR)

0.9 (p ".095) ~1.0 1.1 (p ".05) # Studies
Dietary:
15 (5) 0 4 (0) 25
Serum 25-OH-D:
5 (1) 0 0 (0) 5




Calcium in Colorectal Cancer-
Related Chemoprevention Trials




Calcium & Colorectal Epithelial Cell
Proliferation Trial (n = 192)
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The Calcium Polyp Prevention Study
(Baron, et al. NEJM 1999)

« Randomized, double-blind, placebo-
controlled clinical trial (n = 913)

— Calcium 1,200 mg vs. placebo x 4 yrs.

« Adenoma recurrence:
— Any: OR =0.85(0.74 — 0.98)
— Ave. #: OR = 0.76 (0.60 — 0.96)
— Advanced: OR = 0.46 (0.26 — 0.83)

— 5 yrs. post trial (n = 597) (Grau et al. JNCI 2007)
. All: OR = 0.63 (0.46 — 0.87)



The Calcium Polyp Prevention Study
(Grau, et al. JNC/ 2003)

If vitamin D > median: OR = 0.71 (0.57 - 0.88)

If vitamin D < median: OR =1.06 (0.82 - 1.22)




Multivariate-Adjusted? Associations of Adenomas and Total
Calcium Intake According to VDR Genotype: MAP |

Total Calcium Intake

Low Medium Hig
OR OR OR
(95% CI) (95% CI) (95% CI)
Bsm | VDR
=1=3 1.0 2.03 0.81
(0.68 - 6.12) (0.24 - 2.74)
Bb 1.0 0.41 0.25
(0.15 -1.11) (0.08 - 0.80)
bb 1.0 1.38 0.57

(0.58 -3.28)  (0.18 - 1.82)

aAdjusted for age, sex, total energy intake
Boyapati S, Bostick R, et al. CEBP 2003



Expansion of Calcium/Vitamin D-
Gene Interaction

 Pooled 3 case-control studies of incident,
sporadic colorectal adenoma (n = 2,400)

— Largest study of adenoma to date
» 25-OH-vitamin D blood levels

* Genes — VDR, CaSR, CYP27B1, CYP24,
RXR, CYP2R1, CYP3A4

— Novel, evolution-based SNP selection



o
CabD v MAP Trial

« Randomized, double-blind, placebo-
controlled, 2x2 factorial clinical trial (n=88)

— Calcium 2,000 mg &/or vitamin D; 800 IU daily
vs. placebo x 6 mons.

— Sporadic colorectal adenoma patients

— Endpoints: biomarkers of risk validated in
MAP Il case-control study
 Marked in apoptosis & E-cadherin
« Others still in progress



Calcium/Vitamin D Polyp Prevention Trial
(PPS4)

* Multi-center, randomized, double-blind, placebo-
controlled, modified 2x2 factorial clinical trial (n =
1,964)

— Calcium 1,200 mg

— Vitamin D 1,000 IU
— Calcium + vitamin D
— Placebo

« Adenoma recurrence
3 -5yr. intervention
VDR genotypes



Treatab!e Treat Prevent
Blood/Urine >  Biomarkers >  Cancer
Test

Confirm blood/urine test works same as tissue test

ID ones that are detectable in blood/urine

Confirm that Rx reduces risk

ID treatable ones

ID ones that indicate risk

Measure expression of the genes in normal tissue

Discover altered genes in tumors




Calcium/Vitamin D, Biomarkers, and
Colon Polyp Prevention (PPS4B)

* Add biomarkers to Calcium/Vitamin D Polyp
Prevention Trial (PPS4)

—n = 1,328 of 1,964

 Test whether treatment of biomarkers
prevents recurrent adenomas




Treatab!e Treat Prevent
Blood/Urine >  Biomarkers >  Cancer
Test

Confirm blood/urine test works same as tissue test
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Biomarkers in Surrogate Fluids

 Blood, urine
* Targeted: e.g., ELISAs
* Discovery: e.g., Proteomics (e.g., SELDI-TOF)




The Georgia Cancer Study —
A GCC-Funded Prospective
Cohort Study in Georgia




Progression of Population Studies

Ecologic Cro_ss- Case-Control Cohort .. :
. — Sectional — : — . — Clinical Trials
Studies Studies Studies Studies
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Case-Control vs. Prospective Cohort
Studies

* Prospective cohort studies solve the issue of
which came first, the exposure (or
biomarker) or the disease

* Prospective studies relatively bias free

« Can study multiple cancers and other
diseases simultaneously



Limitations of Previous and Current
Prospective Cohort Studies

 Narrowly selected cohort populations
— Insufficient heterogeneity of exposures
— Issues with representativeness / generalizability
— Exception: Framingham, but too small for cancer

 Insufficient emphasis on the molecular basis of
cancer

— Opportunity for personalized preventive oncology
missed



.
The Georgia Cancer Study

» Statewide, general population-based,
molecular epidemiologic, prospective cohort
study of cancer in Georgia
— N =140,000
— A “multi-Framingham” approach

« State divided into GCC regions

* Regions saturated with media and kick off events
* Major groups licensed by state of GA recruited

— Questionnaires, anthropometrics, blood & urine
* Biorepository



-
GCS Progress

* Developed, tested, and refined:
— Questionnaires and other forms

— Biological sample acquisition, processing, and
storage methods

— Kick off event recruitment

* Procured mailing lists and received
endorsements (e.g., VFW)

* Recruitment letters sent to SW GA region
(e.g., VFW)



.
Summary - 1

« Cancer, including colon & prostate cancer, is preventable!!

* Diet & lifestyle are key; strong candidates for prevention
include:
— Calcium and vitamin D
— Natural antioxidant & anti-inflammatory dietary constituents
— Energy balance

* Individualized preventive prescriptions depend on genotypes
and phenotypes

 Biomarkers of risk essential to prevention
— Help understand pathophysiology
— Observational studies for clues for potential modulators
— Endpoints for clinical trials
— Support & guidance for large, disease endpoint trials
— Clinical risk assessment and management



.
Summary - 2

 The Georgia Cancer Study key to moving biomarkers
of risk and ability to individualize preventive
prescriptions to the clinical and public health arenas
in Georgia
— Thus, it plays a central role in the WCI Cancer Control &
Population Sciences program

* Thus, it plays a central role in the WCI core grant application to the
NCI

 Major buy-in by organizations in state
« Study ready to move to next phase

« Study will put Georgia on the map and improve
health in the state



