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Introduction

« Officially joined the Center in July
e Research interests included chronic illness,
health behavior, technology

* Became interested in genomics at Fuqua
- talk on prospective healthcare by Ralph
Snyderman
- talk on pharmacogenomics by Allen Roses

* Two missions
- establish a clinical service at Duke Exec Health
- start a companion research program

* Initially focused on diabetes



Why Prevention?

 Genomics potentially powerful tool to
rationalize imprecise practice

* Much of genomic information we have is
limited to association with disease

* What prevention requires, genomics can

deliver

- Conditions w/ significant burden of suffering
- Conditions w/ suitable natural history

- Acceptable screening procedures

- Treatments that work better early than late
- Benefits outweigh harms

- Benefits come at reasonable cost



Why Prevention?

* Examples
- Type 2 diabetes
- Breast cancer screening
- Anticoaguliation
- Prostate cancer screening

* These conditions are also characterized by
difficulty or controversy



Why Type 2 Diabetes?

* Huge burden
* Onset can be delayed, even prevented

 Current screening practice imprecise

- FPG most common

— USPSTF recommends screening only those w/ HTN, Tchol;
ADA recommends screening more broadly

- NHANES Il found that FPG alone would misclassify 20%
of patients with diabetes as being nondiabetic

- Oral glucose tolerance testing (OGTT) is more sensitive,
but less convenient

e Clinical inertia around borderline resulits
e Well-studied markers, GWA studies
 Even an RCT showing benefit ([DPP)



Translational Challe:nge:sl

DI.JH INETITUTE FOR

GENOME Pop

SCIENCES & POLICY

T2 T3 T4
F ram Health --MIIII ation Frllrrl Guideline  From Practice
to Evidence-hase 1 to Health
Guideline lrmpact

’ ~,

Evidence hased

Guideline :l
Development

i /
Infrastructure \__,, i
Guiding Principles
Fublic-Private Partn
Translation Research based on Knowledge Gaps

M khoory




Choosing Markers

* A systematic review of literature to
identify ‘most-studied’ SNPs associated
with Type 2 diabetes risk

* With Eric Jiang, Timothy Robinson,
Jeanette McCarthy, Lori Orilando



Selection of SNPs

* Two-step method:

— Step 1:
Identify all frequently studied SNPs and choose those
with critical mass of literature. Cull top ~10 for Step 2.
- Step 2:
Examine each of these top SNPs in detail to ensure

adequate evidence base exists. Pull relevant articles for
review and coding.



Selection of SNPs

e Step 1 — select important SNPs
— Perform search on disease of interest (1000+ articles)

— Manually decide which studies are relevant to SNPs
and disease risk (300+)

— Tally the number of studies by gene symbol
* Relatively easy-to-use unique identifiers, proxy for SNPs

— Rank genes in order of number of studies
— Select cutoff for detailed examination (Top 10)

— Two-reviewer process was used, with disagreements
adjudicated by a third reviewer

— Approach allows for future pipeline of SNPs



Step 1 search

"diabetes mellitus, type 2/genetics"[MAJR] AND ("genetic
markers”[MeSH Terms] OR "polymorphism, genetic’[MeSH
Terms] OR "genetic predisposition to disease"[MeSH Terms] OR
“epidemiologic studies"[MeSH Terms]) AND (hasabstract[text]
AND "humans“[MeSH Terms] AND English[lang] NOT
("adolescent”[MeSH Terms] AND “child”"[MeSH Terms] AND
“infant”"[MeSH Terms])) NOT review[PT] NOT
("haplotypes”[TIAB] OR ("messenger rna”“[Text Word] OR "rna,
messenger‘[MeSH Terms] OR mRNA[Text Word]) OR
(("mice”[TIAB] NOT Medline[SB]) OR "mice”“[MeSH Terms] OR
mouse[Text Word]) OR ("mitochondrial dna”[Text Word] OR
“dna, mitochondrial [MeSH Terms] OR mtDNA[Text Word])) OR
diabetologia[All Fields] AND ("genetic polymorphism”[Text
Word] OR "polymorphism, genetic’'[MeSH Terms] OR (SNP[AII
Fields] OR polymorphism[Text Word]))



Which markers?

Established Emerging

* PPAR gamma * HHEX/IDE

* TCF7L2 « SLC30A8

* CAPN10 - CDKN2A/2B
LIl + IGF2BP2
Previously studied EREAY

« ABCC8 (SUR1)

 ACE

HNF1 alpha (MODY3)
HNF4 alpha (MODY1)
IL-6

PGC-1



Step 2 search

("diabetes mellitus, type 2/genetics"[Mesh Terms] NOT “"diabetes mellitus, type 2/complications'[MAJR] AND (("ppar gamma“[MeSH Terms] OR PPAR
gamma[Text Word]) OR "peroxisome proliferator-activated receptor gamma“[All Fields]) OR (Diabetologia AND (("ppar gamma“[MeSH Terms] OR PPAR
gamma[Text Word]) OR "peroxisome proliferator-activated receptor gamma“[All Fields]) NOT "type 1 diabetes*"[TI]) NOT (PGC-1[All Fields] OR PGC1[All Fields]
OR (ppargc1[All Fields] OR ppargc1a[All Fields] OR ppargc1a/b[All Fields] OR ppargc1b[All Fields]) NOT PPARGC1BJ[AIll Fields] OR "peroxisome proliferator-
activated receptor gamma coactivator*"[All Fields]) AND (English[lang] AND hasabstract[text] NOT review|[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT
("rats"[TIAB] NOT Medline[SB]))) OR (("type 2 diabetes mellitus’[Text Word] OR "diabetes mellitus, type 2"[MeSH Terms] OR diabetes mellitus, type 2[Text
Word]) AND TCF7L2[All Fields] OR (Diabetologia[All Fields] AND TCF7L2[All Fields] NOT "type 1 diabetes*"[Tl]) AND (English[lang] AND hasabstract[text] NOT
review[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT ("rats"[TIAB] NOT MedlIine[SB]))) OR ("diabetes mellitus, type 2/genetics"[Mesh Terms] NOT "diabetes
mellitus, type 2/complications"[MAJR] AND (ACE[AII Fields] OR ("peptidyl-dipeptidase a"[MeSH Terms] OR angiotensin I converting enzyme[Text Word])) AND
("genetic markers”"[MeSH Terms] OR “polymorphism, genetic"'[MeSH Terms] OR "genetic predisposition to disease"'[MeSH Terms] OR "epidemiologic
studies”[MeSH Terms]) OR (Diabetologia[All Fields] AND (ACE[AII Fields] OR ("peptidyl-dipeptidase a"[MeSH Terms] OR angiotensin | converting enzyme[Text
Word])) NOT “type 1 diabetes*"[TI]) AND (English[lang] AND hasabstract[text] NOT review|[PT] NOT (“mice"[TIAB] NOT Medline[SB]) NOT (“rats"[TIAB] NOT
Medline[SB]))) OR ({“type 2 diabetes mellitus"[Text Word] OR "diabetes mellitus, type 2"[MeSH Terms] OR diabetes mellitus, type 2[Text Word]) AND
(CAPN10[AII Fields] OR (“calpain 10"[Substance Name] OR calpain-10[Text Word])) OR (Diabetologia[All Fields] AND (CAPN10[All Fields] OR (“calpain
10"[Substance Name] OR calpain-10[Text Word])) NOT "type 1 diabetes*"[TI]) AND (English[lang] AND hasabstract[text] NOT review[PT] NOT ("mice"[TIAB]
NOT Medline[SB]) NOT (“rats”[TIAB] NOT Medline[SB]))) OR (("type 2 diabetes mellitus"[Text Word] OR "diabetes mellitus, type 2"[MeSH Terms] OR diabetes
mellitus, type 2[Text Word]) AND (KCNJ11[All Fields] OR Kir6.2[All Fields]) OR (Diabetologia AND (KCNJ11[All Fields] OR Kir6.2[All Fields]) NOT “"type 1
diabetes*"[TI]) AND (English[lang] AND hasabstract[text] NOT review[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT (“rats"[TIAB] NOT Medline[SB]))) OR
("diabetes mellitus, type 2/genetics'[Mesh Terms] NOT "diabetes mellitus, type 2/complications'[MAJR] AND (HNF1[AIl Fields] OR TCF1[All Fields] OR
"hepatocyte nuclear factor 1"[All Fields]) AND (“genetic markers“[MeSH Terms] OR "polymorphism, genetic’'[MeSH Terms] OR "genetic predisposition to
disease”"[MeSH Terms] OR “epidemiologic studies“[MeSH Terms]) OR (Diabetologia AND (HNF 1[All Fields] OR TCF1[All Fields] OR "hepatocyte nuclear factor
1"[All Fields]) NOT “type 1 diabetes*“[TI]) AND (English[lang] AND hasabstract[text] NOT review[PT] NOT (“mice”“[TIAB] NOT Medline[SB]) NOT (“rats"[TIAB]
NOT Medline[SB]))) OR (("type 2 diabetes mellitus”[Text Word] OR "diabetes mellitus, type 2"[MeSH Terms] OR diabetes mellitus, type 2[Text Word]) AND (PGC-
1[All Fields] OR (ppargc1[All Fields] OR ppargc1a[All Fields] OR ppargc1a/b[All Fields] OR ppargc1b[All Fields]) NOT PPARGC1B[All Fields] OR “peroxisome
proliferator-activated receptor gamma coactivator*"[All Fields]) OR (Diabetologia[All Fields] AND (PGC-1[All Fields] OR (ppargc1[All Fields] OR ppargc1a[All
Fields] OR ppargc1a/b[All Fields] OR ppargc1b[All Fields]) NOT PPARGC1B[AIl Fields]) NOT "type 1 diabetes*"[TI]) AND (English[lang] AND hasabstract[text]
NOT review[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT ("rats”"[TIAB] NOT Medline[SB]))) OR (diabetes mellitus, type 2/genetics[MeSH] NOT diabetes mellitus,
type 2/complications[ MAJR] AND (HNF4[AII Fields] OR ("hepatocyte nuclear factor 4"[MeSH Terms] OR hepatocyte nuclear factor 4[Text Word])) AND (“genetic
markers“"[MeSH Terms] OR "polymorphism, genetic’'[MeSH Terms] OR "genetic predisposition to disease"'[MeSH Terms] OR "epidemiologic studies"[MeSH Terms])
OR (Diabetologia AND (HNF4[AIl Fields] OR ("hepatocyte nuclear factor 4" [MeSH Terms] OR hepatocyte nuclear factor 4[Text Word])) NOT "type 1
diabetes*"[TI]) AND (English[lang] AND hasabstract[text] NOT review[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT (“rats"[TIAB] NOT Medline[SB]))) OR
(diabetes mellitus, type 2/genetics[MeSH] NOT diabetes mellitus, type 2/complications[MAJR] AND (IL6[AIl Fields] OR (“interleukin-6"[MeSH Terms])) AND
("genetic markers"'[MeSH Terms] OR “polymorphism, genetic'[MeSH Terms] OR “genetic predisposition to disease"[MeSH Terms] OR "epidemiologic
studies”[MeSH Terms]) OR (Diabetologia AND (ILG6[AIl Fields] OR ("interleukin-6"[MeSH Terms])) NOT “type 1 diabetes*"[TI]) AND (English[lang] AND
hasabstract[text] NOT review|[PT] NOT ("mice"[TIAB] NOT Medline[SB]) NOT ("rats"[TIAB] NOT Medline[SB]))) OR (("type 2 diabetes mellitus’[Text Word] OR
"diabetes mellitus, type 2" [MeSH Terms] OR diabetes mellitus, type 2[Text Word]) AND (SUR1[AII Fields] OR "sulfonylurea receptor 1"[All Fields] OR ABCCS8[AII
Fields]) OR (Diabetologia[All Fields] AND (SUR1T[AII Fields] OR “sulfonylurea receptor 1"[All Fields] OR ABCCS8[AII Fields]) NOT “type 1 diabetes*"[TI]) AND
(English[lang] AND hasabstract[text] NOT review[PT] NOT (“mice”[TIAB] NOT Medline[SB]) NOT (“rats"[TIAB] NOT Medline[SB])))



Step 2 search resuits

Gene name No. of articles
PPAR gamma 25
TCF7L2 23
CAPN10 20
KCNJT1 17
ABCCS8 (SURT) 11
a\@ = 9
HNF1 alpha (MODY3, TCF1) 14
HNF4 alpha (MODY4) 22
IL-6 9
PGC-1 alpha 9




Inclusion/exclusion

E Included

B Functional

B Complications
B Comorbidities
B Animal

B Not T2D

B Therapy

Bl Outside 10

B Not case-ctrl
B Meta-analysis
B Exploratory

B Monogenic DM
B Not genetic

B Haplotype
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Key Polymorphisms

Risk iti Owerall |Range of
Polymorphism [Alias Allele |# Studies |result* |[Ratio OR 95% Cls

rs7903146 T 21 17
rs12255372 T 17 12

rsi8oi2s2 _ [Prol2Ala |C(Pro)| _ 19] o] 0.474] _1.33] 060278

rs5219 E23K A (Lys) -‘ 0.533 0.67-3.59

rs3792267 SNP-43 .- . 1.08] 0.87-1.30

rs1884613 .
rs1885088 8 .
rs2144908 10 .
rs2425637 8 .
rs3818247 8 .

rs1169288  [lev.. |6 | 2] 1] o500 | |

rs1800795  [CA74G__ |6 | 7| 3] 0286|160 0.00:230
Wb Jdol |8 3 035|109/ 046226
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rs12255372 (TCF7L2)

Plot of ORs for risk of T2D w/ rs12255372

Elbein et al (n=372)

Elbein et al (n=554)

Parra et al (n=561)

Dahlgren et al (n=1142)

Chandak et al (n=1354)

van Vliet-Ostaptchouk et al (n=1422)
Mayans et al (n=1729)

Wang et al (n=1766)

Scott et al (n=2104)

Marzi et al (n=2369)

Hayashi et al (n=2694)

Zhang et al (n=3520)

Cauchi et al (n=4866)
Kimber et al (n=6516)
Overall OR

0.00

(TCF7L2)

0.50 1.00 1.50 2.00 2.50

Odds ratios



Preliminary Results

* Single nucleotide polymorphisms (SNPs) in TCF7L2, PPAR
gamma 2, and KCNJ11 appeared to be validated multiple times,
with average ORs ranging from 1.24 to 1.45.

* Increased risk associated with these polymorphisms may be
comparable to that for increased BMI (HR ~ 1.25/100-person-
years) but less than that associated with a positive family
history of diabetes (OR ~ 3.5).

« However, genomic testing for risk of Type 2 diabetes may be
helpful in patients who lack these traditional risk factors.

 Other promising SNPs found by recent genome-wide
association studies await validation in multiple studies.



Emerging SNPs
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Choosing Message

* Stress ‘sensitivity’ of testing, but
downplay ‘specificity’

- i.e., results can really only tell if at higher risk
* Avoid overselling

* General risk assignment

- High, Intermediate, Baseline
- Along with BMI, FH, FPG

* Numbers for individual markers
* Recommended action(s) plus tools
* ‘Dossier’ of supporting evidence



Choosing Message

Copy 1 Copy 2 Copy 1 Copy 2
TCF7L2 TCF7L2
KCNJ11 KCNJ11
PPAR gamma 2 PPAR gamma 2

Figure 2. Sample 2x3 matrices. Colored box = positive for one copy of higher-
risk allele. Matrix on the left depicts ‘average risk’ case, for comparison. This
individual has one copy of the higher-risk allele for TCF7L2 and KCNJ11, and
two copies of the more common higher-risk allele for PPAR gamma 2.



Clinical Utility

SCIENCES & POLICY

* Demonstrating clinical utility
— Role in care
— Modeling

— Studies
e Observational studies
* RCTs
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OGTT = oral glucose tolerance testing, FPG = fasting plasma glucose
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A Proposed Study

Figure. Research Design

« Participants
from prior study
recruited 4-6 wks
after completing 3
mo follow-up

« Stratified by
interest in genetic
testing (high/low),
FPG test result
(normal/prediabetic)

Surveyt=0

=)

Survey t = +1wk

=)

Survey t = +1wk

)

Survey t = +1wk

- Follow

Survey t = +3mo

Surveyed at
- Follow

same point
Survey t = +3mo

in time
- Follow

Test
Results

Test

' (n=40)
G,

Want
testing
(n=80)

* Pre-test genet|c
counseling visit

« Offered Duke-
developed genomic
test for Type 2
diabetes risk

Decline ’

testing
(n=?)

No test
(n=40)

Enrolled in
‘matched’
control group
(max =40)

Surveyed at
same point
in time




Externalities

 Genetic discrimination
 Mistaken labeling as diabetic
* Licensing of patented markers
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United States Patent Application 20060286588
Kind Code Al
Grant; Stroan F.A. December 21, 2006

Genetic variants in the TCF7L2 gene as diagnostic markers for risk of type 2 diabetes mellitus

Abstract

Polvmorphisms in the gene TCF7L2 are shown by association analvsis to be a susceptibility gene for tvpe II diabetes. Methods of diagnosis of susceptibility to
diabetes, of decreased susceptibility to diabetes and protection against diabetes, are described, as are methods of treatment for type 1T diabetes.

Inventors: Grant; Struan F.A.. Revijavik, IS)
Correspondence HAMILTON, BROOK, SMITH & REYNOLDS, P.C.
Name and 530 VIRGINIA ROAD
Address: P.0. BOX 9133
CONCORD
MA
01742-9133
Us

Serial No.: 454296
Series Code: 11
Filed: June 16, 2006

T.S. Current Class: 435/6
T.S. Class at Publication: 435/006
Intern'l Class: C12Q 1/68 20060101 C12Q001/68




Duke Executive Health .

* Response to patient demand
— 88% of Duke Executive Health clients
surveyed want genetic testing
 Target population
1. Worried well, usually b/c +FH
2. Those who want cutting-edge technology
3. Intermediate risk patients who could
benefit from additional information
* Proposed familial genetic assessment
service also in works (Julianne O’Daniel)



sl Duke Executive Health .

* Everyone receives FPG screening

 MD uses clinical data to underline
importance of lifestyle change, other

* Nutrition most likely to tailor to clinical

* Most do not go through exercise, nutrition,
stress management on return visits
— Suggests missed opportunity for reinforcement
 Patients get a great deal of informationin a
relatively brief span of time
— Also delivered in written form



Duke Executive Health

— Before the visit

* Intake
— Patient selects ‘DNA testing under Optional Tests
— Provides family history

 Advance contact is made to do pre-test counseling,
arrange for sample collection

— At the visit
* Tests ordered may change due to results (eg. OGTT)
* Nutrition can tailor session accordingly

* Results are presented to patient by Exec Health MD,
along with supporting documentation

— After the visit
 Adherence to goals tracked, re-visited at future visits



8 1he individualized risk

D

CENONE profile (irp)

* Intake (demographics, health and family history)
* Pre-test counseling
« Sample acquisition
* Testing for condition of interest
* Delivery of test results and explanation
* Strategic health action planning and execution
(SHAPE)
— Goal-setting exercises
— Tracking, referral to change partners
* Dossier for condition of interest



Proposed Testing Process (Duke EH)

Advance Decision to Test (1-2 mos

3a. Advance Sample
Duke EH {Za. Advance Payment] Acquisition & Storage
Patient
1. Educational On-Site Decision to Test l
Materials
2b. On-site 3b. On-site
' —®| Counseling |® Pay, Sample | 4. DNA SNP
: \ Session Acq & Store Chip Testing
I .; v
| 5. Analysis &
] 9. MD
Marketing &

il Training &
Support

] 6. Verification*
\ 4
(10 Trackin ) > Y
- g, S 8a. In-person < |7 Clinical Recs,
Self-Mgmt : Review of Personal Plan
Tools; Change Patient Results
Partners,
Fin Impacts*
\_ Pacts’)

8b. Review

Risk Profiling
Customer Support |

1-2 Months After Visit
of Results by <«
IMPROVED Phone, at 2
OUTCOMES visit, et al.

*optional add-on services



Future Directions

CIENCES & POLICY

 Continue Type 2 diabetes work

* Age-related macular degeneration
* Breast cancer

 Anticoaqulation

* Prostate cancer

* Other clinical opportunities

* Critical appraisal unit?



Discussion
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