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Historical Perspectives
From the Double Helix to Personal 
Genomics: Where is Translation?  

1953:1953: Double HelixDouble Helix1953: 1953: Double HelixDouble Helix
1990: 1990: Human Genome Project startedHuman Genome Project started

20032003: Human genome project completed: Human genome project completed
20052005 H M P j t l t dH M P j t l t d2005:2005: HapMap Project completedHapMap Project completed

20072007: GWAS: GWAS
20072007: HHS Personalized Healthcare : HHS Personalized Healthcare 
initiativeinitiative
20072007: Personal Genomics: Personal Genomics



“The Genomics Gold Rush” 
Topol EJ et al JAMA 2007;298:218 221Topol EJ et al. JAMA 2007;298:218-221



HHS Personalized HealthCare Initiative

The Personalized Health 
C I iti ti illCare Initiative will 
improve the safety, 
quality and effectiveness 
of healthcare for everyof healthcare for every 
patient in the US. By 
using “genomics”, or the 
identification of genesidentification of genes 
and how they relate to 
drug treatment, 
personalized health care 

ill bl di i t bwill enable medicine to be 
tailored to each person’s 
needs. 



“First Individual Human Genome Decoded”

The Diploid Genome Sequence of an Individual Human
PLoS Biology, Sept 3, 2007PLoS Biology, Sept 3, 2007

Toronto researchers Steve Scherer, left, and Lars Feuk 
show the map of Craig Venter’s genetic code. 
(Jorge Uzon for The Globe and Mail) 

‘We have developed a framework that can serve as a model forWe have developed a framework that can serve as a model for 
the emerging field of  en masse personalized genomics”



http://journals.plos.org/plosbiology/suppinfo/pbio.0050254/pbio.0050254.sd001.htm





“My Genome, Myself: Seeking Clues in DNA” 
A Harmon New York Times Nov 17 2007A. Harmon, New York Times, Nov 17, 2007

“Genetic counselors cannot deprive people of  the right of  genetic
Self determination” K Stefansson Nov 17 2007Self  determination  K. Stefansson, Nov 17, 2007 



What Do You Do With a Gene 
Wh Y Fi d O ?When You Find One?

Two Challenges forTwo Challenges for
“Translation” into Practice and“Translation” into Practice andTranslation  into Practice and Translation  into Practice and 
Population Health Benefits?  Population Health Benefits?  



Challenge 1: Premature or Inappropriate 
TranslationTranslation

NIH press release, Sept 27, 2007: genetic association study
published in Am J Psych implicates two genes: GRIK2, GRIA3



NeuroMark press release, Oct 1, 2007: genetic test available for 
suicidal ideation in patients treated with SSRIssuicidal ideation in patients treated with SSRIs

“For more information visit www.neuromark.com “



Population level Questions are Important for 
Using Genetic Information in Practice g

How many people have this genetic variant?How many people have this genetic variant?
Is prevalence different in subgroups of the population?Is prevalence different in subgroups of the population?Is prevalence different in subgroups of the population?Is prevalence different in subgroups of the population?
What is the magnitude of risk (with or without the variant)What is the magnitude of risk (with or without the variant)
How much of the population burden of disease does it How much of the population burden of disease does it 

l i ?l i ?explain?explain?
Does the variant interact with other genes and modifiable Does the variant interact with other genes and modifiable 
risk factors?risk factors?



Genetic Testing as a Public Health Issue

How good is the genetic 
test (analytic validity)?
How predictive or 
diagnostic is the test 
(clinical validity)
What are the benefits andWhat are the benefits and 
harms (clinical utility)
How can we ensure quality 
testing and access?
How can we educateHow can we educate 
providers and consumers?
How can we monitor use 
and evaluating health 
impact in the real world 
(post market surveillance)
How can we address 
complex social and ethical p
tissues?



Challenge 2:
”L t i T l ti ””Lost in Translation”
C. Lenfant NEJM 2003;349:868

< 33% of patients with< 33% of patients withpp
coronary artery coronary artery 
disease are disease are 
prescribed aspirinprescribed aspirin



”L t i T l ti ””Lost in Translation”
C. Lenfant NEJM 2003;349:868

< 33% of patients with< 33% of patients with “Let's be realistic:“Let's be realistic: If If pp
coronary artery coronary artery 
disease are disease are 

we didn't do it with we didn't do it with 
aspirin,  how can aspirin,  how can 

prescribed aspirinprescribed aspirin we expect to do itwe expect to do it
with DNA?”with DNA?”



”L t i T l ti ””Lost in Translation”
C. Lenfant NEJM 2003;349:868

It takes an estimated It takes an estimated 
average of 17 years for average of 17 years for 
14% of new  scientific 14% of new  scientific 
di i hdi i h

“Let's be realistic:“Let's be realistic: If If 
we didn't do it withwe didn't do it withdiscoveries to reach discoveries to reach 

day to day clinical day to day clinical 
practice  practice  

we didn t do it with we didn t do it with 
aspirin,  how can aspirin,  how can 
we expect to do itwe expect to do it

with DNA?”with DNA?”
JM Westfall JAMA 2007;297:403JM Westfall JAMA 2007;297:403

with DNA?with DNA?
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The “Schism” Between Medicine and 
Public Health (K White 1991)Public Health (K. White, 1991)

“Today, the two 
cultures “medicine” 
and “public health” 
seem to live in 
different, often 
unfriendly worlds”



“Sick Individuals and Sick Populations”
G Rose (1986)G Rose (1986)

Population approach vs. high risk Population approach vs. high risk 
approachapproachapproachapproach

“Realistically, many diseases will long “Realistically, many diseases will long 
continue to call for both approaches andcontinue to call for both approaches andcontinue to call for both approaches, and continue to call for both approaches, and 
fortunately competition between them is fortunately competition between them is 
usually unnecessary"usually unnecessary"usually unnecessary  usually unnecessary  



Who needs genomics research when it is obvious 
h d d h iwhat we need to do to prevent common chronic 

diseases?

Exercise moreExercise more
Eat a healthier diet 
Stop smokingp g
Drink alcohol in moderation
Take an aspirin per day
See your doctor
Get mammography 
G t l t lGet colorectal cancer 
screening



Who needs genomics research when it is obvious 
h d d h iwhat we need to do to prevent common chronic 

diseases?

Exercise moreExercise more
Eat a healthier diet 
Stop smokingp g
Drink alcohol in moderation            THERE ARE 
Take an aspirin per day                  MAJOR
See your doctor                             DISPARITIES
Get mammography                        IN HEALTH                     
G t l t l BEHAVIORSGet colorectal cancer                     BEHAVIORS
screening                                     & OUTCOMES



“Dissecting Complex Disease: the Quest 
for the Philosopher's Stone?”p

A. Buchanan et al. (Int J Epidemiol 2006;35:562)

“If a minor fraction of the“If a minor fraction of theIf a minor fraction of the If a minor fraction of the 
billions spent on billions spent on 
technological research technological research 
were spent instead on were spent instead on 
simpler things like, yes, simpler things like, yes, 
early health education toearly health education toearly health education to early health education to 
improve diet and promote improve diet and promote 
exercise, the benefits exercise, the benefits 
could grossly dwarf evencould grossly dwarf evencould grossly dwarf even could grossly dwarf even 
the greatest plausible the greatest plausible 
genetic successes”  genetic successes”  



“Dissecting Complex Disease: the Quest 
for the Philosopher's Stone?”p
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The “Schism” between Medicine and Public 
HealthHealth

MedicineMedicine

Health careHealth care

IndividualsIndividuals

TreatmentTreatment

Biomedical researchBiomedical researchBiomedical researchBiomedical research

GenesGenes

Khoury MJ et al. Am J Prev Med 2007



The “Schism” between Medicine and Public 
HealthHealth

MedicineMedicine Public HealthPublic Health

Health careHealth care HealthHealth

IndividualsIndividuals PopulationsPopulations

TreatmentTreatment

Biomedical researchBiomedical research

PreventionPrevention

Behavioral/Social/PolicyBehavioral/Social/PolicyBiomedical researchBiomedical research

GenesGenes

Behavioral/Social/PolicyBehavioral/Social/Policy

EnvironmentEnvironment

Khoury MJ et al. Am J Prev Med 2007



Who Will Keep the Public Healthy? (IOM, 2002)
New Definition of  “Public Health” as “Population f f p

Health”

Communities Health Care
Delivery System

Employers 
improve health through improve health through 

l i fl i f
Governmental 
Public Health y

and Businessa population focusa population focusPublic Health
Infrastructure

The MediaAcademia



“Can Public Health and Medicine Partner in
the Public Interest?” 

JM McGinnis.  Health Affairs 2006;25:1044

Communities Health Care
Delivery System

“ no important health problem will be solved

Employers 
Using Genome-based

Knowledge for
Governmental 
Public Health

…no important health problem will be solved
by clinical care alone, or research alone, 
or by public health alone- But rather by all
bli d i t t ki t th ”

y
and Business

Knowledge for  
Population Health

Public Health
Infrastructurepublic and private sectors working together…..” 

JS Marks. Managed Care 2005;14:p11
S “ f

The MediaAcademia

Supplement on “The Future of Public Health”



The Emergence of Public 
H lth G iHealth Genomics 

The population health approach The population health approach 
provides the best strategy for the provides the best strategy for the 

appropriate applications of genomics inappropriate applications of genomics inappropriate applications of genomics in appropriate applications of genomics in 
health practice in the 21health practice in the 21stst century century 
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NIH Road Map- “Time for a New Vision”NIH Road Map- Time for a New Vision  

Discovery
(Bench)

Delivery
(Bedside)(Bench) (Bedside)

E Zerhouni NEJM 2005;353:15E. Zerhouni NEJM 2005;353:15



T1
Discovery to Candidate Health Application

Candidate 
health 

Genomic 
research

Define the health condition

Evaluate gene/environment associations

health 
application

research
Identify potential interventions

Data:  Phase I/Phase II 

Describe disease biology

ata ase / ase
clinical trials/ observation

Courtesy: W. Burke
Based on Khoury et al. Genet Med 2007 



The “Second” Translational Block

“The Roadmap Less Traveled”  L. Green

Bench Patients PopulationPatients p

T1: First block:T1: First block: T2: Second T2: Second 
block:block:

Translation from Translation from 
concept into first concept into first 
human studieshuman studies

block:block:
Translation from Translation from 
human studies human studies 

into practiceinto practice
Courtesy:
G Ginsberg to p act ceto p act ce

IOM Clinical Research Roundtable, Sung et al JAMA, 2003

g



T2
Health Application to Evidence-basedHealth Application to Evidence based 

Practice Guidelines

Practice 
guidelines

Candidate 
health

Phase III clinical trials/observation

Evidence synthesis

Identify evidence gaps: uncertainties guidelineshealth
application

Stakeholder input

Guidelines process Conclusions 

Identify evidence gaps: uncertainties 
about benefits, costs, harms

Guidelines process Conclusions 
for OR against use

Courtesy: W. Burke
Based on Khoury et al. Genet Med 2007



The “Third” Translation Block
JM Westfall et al JAMA 2007;2007;297:403JM Westfall et al JAMA 2007;2007;297:403.



T3
Practice Guidelines to Health Practice

Health 
practice

Practice 
guidelines

Dissemination research

Implementation research
Diffusion research practiceguidelines

Phase IV clinical trials/observation

Diffusion research

Policy analysis: Identify policy 
options that support appropriate useoptions that support appropriate use

Courtesy: W. Burke
Based on Khoury et al/ Genet Med 2007  



The Four Phases of Translation For Genomic 
Applications in Population Health

T1 T2 T3 T4
From Gene From Health Application From Guideline From PracticeFrom Gene From Health Application From Guideline From Practice
Discovery to to Evidence-based to Health to Health
Health Application   Guideline Practice Impact

Evidence based
Guideline
DevelopmentDevelopment

Khoury MJ et al. Genet Med 2007 



The Four Phases of Translation For Genomic 
Applications in Population Health

T1 T2 T3 T4
From Gene From Health Application From Guideline From PracticeFrom Gene From Health Application From Guideline From Practice
Discovery to to Evidence-based to Health to Health
Health Application   Guideline Practice Impact

Evidence based
Guideline
DevelopmentDevelopment

2001-2006
Less than 3% of published genomics research is T2 and beyondLess than 3% of  published genomics research is T2 and beyond 
Only 2 USPSTF evidence based guidelines (BRCA1 & HFE)
Khoury MJ et al. Genet Med 2007 



T4
Health Practice to Health Impact

Improved 
population 

Health 
practice

Define outcomes of interest

Identify/develop appropriate metrics

I l t ill population 
health

practice
Determine benefits and harms

Re-evaluate guidelines and 

Implement surveillance

policies Identify needed changes

Courtesy: W. Burke
Based on Khoury et al. Genet Med 2007 
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Medicine-Public Health Collaboration in 
Genomics Translation: A PopulationGenomics Translation: A Population 
Approach

Focus onFocus on
Prevention

Discovery Delivery
T1/T2/T3/T4

Khoury MJ et al. Am J Prev Med 2007



Gene-Based Medicine in 2010?

ConditionCondition Genes  Genes  RRRR LifetimeLifetime

Prostate Ca      HPC1, 2, 3Prostate Ca      HPC1, 2, 3 0.5          7%0.5          7%
Alzheimer’s      Alzheimer’s      APOE,FAD3,XADAPOE,FAD3,XAD 0.3         10%0.3         10%
Heart disease   APOB,CETP  2.5         70%Heart disease   APOB,CETP  2.5         70%
Colon CancerColon Cancer FCC4,APCFCC4,APC 4.0         23%4.0         23%
Lung CancerLung Cancer NAT2NAT2 6.06.0 40%40%
(PS. It is happening today but without the Data to Support it!)(PS. It is happening today but without the Data to Support it!)( pp g y pp )( pp g y pp )

Collins FC, New Engl J Med 1999;341:28Collins FC, New Engl J Med 1999;341:28--37.37.



Gene-Based Medicine in 2010?
Prevention Strategies Based on Gene-g

Environment Interaction
Increased Risk forIncreased Risk for Prevention StrategiesPrevention StrategiesIncreased Risk forIncreased Risk for

Heart diseaseHeart disease

gg

Tertiary:Tertiary: Cholesterol Cholesterol Heart diseaseHeart disease

Colon CancerColon Cancer

yy
drugs + Lifestyle drugs + Lifestyle 
changeschanges
S dS d I dI dColon CancerColon Cancer

Lung CancerLung Cancer

SecondarySecondary: Increased : Increased 
surveillance for early surveillance for early 
detectiondetectionLung CancerLung Cancer detect odetect o
PrimaryPrimary: Behavior : Behavior 
modification for modification for 
smoking cessationsmoking cessation



Medicine-Public Health Collaboration in   
Genomics Translation: A PopulationGenomics Translation: A Population 
Approach

Focus onFocus on
Prevention

Discovery Delivery
T1/T2/T3/T4

Public health
SciencesSciences

Khoury MJ et al.  Am J Prev Med  2007



National Profile of Genome VariationNational Profile of Genome Variation
Benefit: Population Data for Health Impact

• NHANES: representative sample of U.S. 
population

• Needed for research and practice

• Basis for estimating numbers of people at 
risk and who could benefit from 
interventions  (health impact)

From studying 100 genetic variants to• From studying 100 genetic variants to      
studying 1,000,000 variants



Genomics in Population Investigations

Benefit: Understand, Prevent and Control Disease in 
Communities

• Pathogen genomics a key public health 
tool 

• Human genomics: susceptibility, 
vaccine and drug response, adverse 
effectseffects

• Identify environmental factors for 
interventionintervention 

• Integration across CDC and public 
health programs 



The Increasing Rate of Preterm BirthThe Increasing Rate of Preterm Birth
in the United Statesin the United States

12 314

in the United Statesin the United States
Percent

9.5
10.7

12.1 12.3

7 6
10

12

14

7.6

4

6

8

0

2

4

1982 1992 2002 2003 2010
Healthy    
People 
Objective

30 Percent Increase

* Preliminary Data, NCHS, 11/23/04.
Preterm is less than 37 completed weeks gestation.
Source: National Center for Health Statistics, final natality data
Prepared by March of Dimes Perinatal Data Center, 2004

Objective



Preterm Birth: Gene-Environment 
InteractionsInteractions

ENVIRONMENTENVIRONMENT GENESGENES

Prenatal smoke Prenatal smoke 
exposureexposure

Cyp1A1Cyp1A1
MTHFRMTHFRexposureexposure

Prenatal alcoholPrenatal alcohol
InfectionInfection

MTHFRMTHFR
F5F5

GSTT1GSTT1InfectionInfection
NutritionNutrition ILIL--88

PTD



Decidual
Hemorrhage

Pathological
Uterine

Distention

Inflammation
Activation of 

Maternal/Fetal HPA
• Infection:
- Chorion-Decidual
- Systemic

Hemorrhage
Abruption

Prothrombin G20210A
Factor V Leiden

Distention

• Multifetal 
Pregnancy

• Maternal-Fetal 
Stress

Maternal/Fetal HPA 
Axis

CRH
E1-E3

Factor V Leiden
Protein C, Protein S
Type 1 Plasminogen
MTHFR

g y
• Polyhydramnios
• Uterine 
abnormalities

•Premature 
Onset of  
Physiologic 
Initiators

Mechanical stretch

Gap jct
IL-8

PGE2
Oxytocin recep

Interleukin
s
TNF-α
Fas L

Initiators

CRH+Chorion
Decidua

Susceptibility 

CYP1A1
GSTT1

proteases
+

uterotonins

PROM

MMPsto 
environmental 

toxins

P t
Uterine 

Cervical change

PROM

Preterm 
Delivery

Contractions

Adapted from: C. J. Lockwood,  Paediatr Perinat Epidemiol 15, 78 (2001) & X. Wangl. Paediatr Perinat Epidemiol 15, 63 (2001)

Courtesy S. Dolan MD 



What Will it Take to Bring Down the Rate 
of Preterm Birth?of Preterm Birth?

“Successful prevention “Successful prevention 
needs to include newlyneeds to include newlyneeds to include newly needs to include newly 
focused research, focused research, 
incorporating new incorporating new 
t h l i dt h l i dtechnologies and technologies and 
recognition that recognition that 
genetic, environmental, genetic, environmental, 
social, and behavioral social, and behavioral 
factors interact in factors interact in 
complex pathogenesiscomplex pathogenesiscomplex pathogenesis complex pathogenesis 
and multiple pathways and multiple pathways 
leading to PTB.”leading to PTB.”

Am J Ob Gyn 2005;193:626 Am J Ob Gyn 2005;193:626 



Medicine-Public Health Collaboration in  
Genomics Translation: A PopulationGenomics Translation: A Population  
Approach  

Focus onFocus on
Prevention

Discovery Delivery
T1/T2/T3/T4

Public health
SciencesSciences

Evidence-Evidence
Based knowledge

Synthesis & Guidelines
Development  

Khoury MJ et al. Am J Prev Med  2007



Evaluation of Genomic Applications in Practice 
and Prevention (EGAPP) ( )

Health care 
providers

C

S
T
A
K
E

Evidence Center
Systematic  reviews 

Identify gaps

Consumers

Consumers

Professional 
organizations

Policy makers

E
H
O
L
D Request Evidence

EGAPP

Disseminate 
Recommendations,

R

Policy makers 

Public health

Industry / 
biotechnology

D
E
R
S

Request Evidence 
Based-Reviews

Providers

EGAPP 
Working Group

Reports,
to Audiences Policy 

Makers

Payers/

gy

Health care payers 
& purchasers

Laboratories
Payers/ 
purchasers

Stakeholder input on topics and messages

Regulatory groups



EGAPP Topics 2007p

Proteomic tests for ovarian cancer detection and 
management
Hereditary nonpolyposis colorectal cancer (HNPCC) 
screeningscreening
Cyp450 Polymorphisms testing in adults with depression 
UGT1A1 testing in colorectal cancer patients treated with 
I i tIrinotecan 
Impact of gene expression profiles on breast cancer 
outcomes
Use of genomic profiling to assess cardiovascular risk 
and identify individualized prevention strategies
Cyp450 testing to predict response to pain ManagementCyp450 testing to predict response to pain Management 
with codeine 



Genomic Medicine Meets Evidence-Based 
Medicine: Where is the Right ThresholdMedicine: Where is the Right Threshold
Between Research and Practice?

Discovery Delivery
T1/T2/T3/T4

Evidence-Evidence
Based knowledge

Synthesis & Guidelines
Development  



Genomic Medicine Meets Evidence-Based 
Medicine: Problems with Low ThresholdMedicine: Problems with Low Threshold

Discovery

Delivery
Evidence-

Based knowledge
S th i & G id liSynthesis & Guidelines

Development  Unknown benefits
Potential harms
E p nsi t hn l i sExpensive technologies
Lack of  coverage
Disparities



Genomic Medicine Meets Evidence-Based 
Medicine: Problems with High ThresholdMedicine: Problems with High Threshold

Delivery

Discovery Evidence-
Based knowledge

Synthesis & Guidelines
Development  Investment disincentive

Slow integration
Delay accessDelay access
Lack of  coverage 
Disparities



Is there a Solution to the Current Evidence 
Dilemma in Genomic Medicine?Dilemma in Genomic Medicine? 

Explore the concept of “Coverage withExplore the concept of “Coverage withExplore the concept of Coverage with Explore the concept of Coverage with 
Evidence Development (CED)”Evidence Development (CED)”
Clinical and public health data collectionClinical and public health data collectionClinical and public health data collection Clinical and public health data collection 
for certain tests that meet minimal for certain tests that meet minimal 
evidentiary standardsevidentiary standardsevidentiary standardsevidentiary standards
Post market data collection as a Post market data collection as a 

i iti itprerequisiteprerequisite
Different thresholds for different types of Different thresholds for different types of 
tests or applications   tests or applications   



Medicine-Public Health Collaboration in  
Genomics Translation: A PopulationGenomics Translation: A Population 
Approach

Focus onFocus on
Prevention

Discovery Delivery
T1/T2/T3/T4

Public health
Sciences

Assessment
Policy

ASciences

Evidence-

Assurance
Evaluation

Evidence
Based knowledge

Synthesis & Guidelines
Development  

Khoury MJ et al. Am J Prev  2007



Genomics and Public Health Functions 
(Khoury et al, 1996)

Public Health FunctionsPublic Health FunctionsPublic Health FunctionsPublic Health Functions
AssessmentAssessment

Policy DevelopmentPolicy Development

Assurance Assurance 



Genomics and the Population Health 
ApproachApproach  

ASSURANCEASSURANCE: Ensure that validated: Ensure that validatedASSURANCEASSURANCE: Ensure that validated : Ensure that validated 
genetic information is used to improve genetic information is used to improve 
health, especially in underserved health, especially in underserved p yp y
populationspopulations (“Lost in Translation”) (“Lost in Translation”) 

ASSESSMENTASSESSMENT: Provide population level : Provide population level 
information that can prevent premature information that can prevent premature p pp p
and inappropriate use of genetic and inappropriate use of genetic 
information through information, guidelines information through information, guidelines 
d ti li d l i l tid ti li d l i l tieducation, policy and legislation education, policy and legislation 

(Premature or Inappropriate Translation)(Premature or Inappropriate Translation)



Family History Public Health InitiativeFamily History Public Health Initiative

Benefit: Tools for Prevention

• Family history captures shared genes, behaviors, 
and environment

• Use to target screening, prevention

CDC t l (6 di ) & lid ti t d i• CDC tool (6 diseases) & validation study in  
collaboration with NIH, academic centers

Partnership ith US S rgeon General• Partnership with US Surgeon General 



Family History is a better Genomic-
Environmental Tool than Individual 
Genetic Risk Factors

Relative Risk

Heart disease 2.0 – 5.4
B t 2 1 3 9

Relative Risk

Breast cancer 2.1 – 3.9
Colorectal cancer 1.7 – 4.9
Prostate cancer 3 2 – 11 0Prostate cancer 3.2 11.0
Melanoma 2.7 – 4.3
Type II diabetes 2.4 – 4.0yp
Osteoporosis 2.0 – 2.4
Asthma 3.0 – 7.0

Am J Prev Med - February 2003



Public Health Surveillance of Public Health Surveillance of 
DTC Genetic TestsDTC Genetic Tests

Oregon Michigan Utah National

Total Sample Size 1867 5499 2441 5250

Awareness of DTC 
Tests (% Yes, CI)

24.4%    
[22.2%,26.7%] 

7.6%
[6.8%,8.4%]

19.7%
[17.7%,22%]

14%
[12.7%,14.6%]

Use of DTC Tests 
(% Y CI)

0.3% 0.9% - 0.6%
[0 4% 0 8%]

CI = 95% Confidence Interval

(% Yes, CI) [0.4% - 0.8%]

Goddard K et al Genetics in Medicine 2006Goddard K et al. Genetics in Medicine 2006



Medicine-Public Health Collaboration in 
Genomics Translation: A PopulationGenomics Translation: A Population 
Approach

Focus onFocus on
Prevention

Discovery Delivery
T1/T2/T3/T4
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Khoury MJ et al. Am J Prev  2007



A New Strategy for Cancer Control Research
Biobehavioral Model for Nicotine Addiction Allowing g
Interplay Among Numerous Factors

Copyright ©1999 American Association for Cancer Research

Hiatt, R. A. et al. Cancer Epidemiol Biomarkers Prev 1999;8:957-964



A Framework for Cancer Control Research 
(from 1994 Advisory Committee on Cancer Control. Canada

Copyright ©1999 American Association for Cancer Research

Hiatt, R. A. et al. Cancer Epidemiol Biomarkers Prev 1999;8:957-964



Framework for Integrating Genomics and Related 
Fields into Multidisciplinary Cancer Control: 

A P l ti T l ti A hA Population Translation Approach

Promising Evidence basedT2Promising
Application

(e.g. genetic test) 
T1

Evidence based
Guideline/ 

Policy

T2

T3

Basic 
Discoveries

Cancer
Practice &

Population 
platforms

Discoveries
(e.g. genetic
risk factor)

Practice &
Control

Programs 
Knowledge
Synthesis

Reducing the  
Burden of

T4

Burden of 
Cancer


