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Successes of Genome Wide Association Studies
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What Do You Do with Genes When You 
Find Them?

BMJ Jan 5, 2008



What Do You Do With Genes 
When You Find Them?

Two challenges for Two challenges for ““translationtranslation”” that that 
need public health leadershipneed public health leadership

1.1. Premature Translation Premature Translation 
2.2. ““Lost   in   TranslationLost   in   Translation””



Challenge 1: Premature Translation
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Population level Questions are Important for 
Using Genetic Information in Practice 

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?
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 
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
Evidence based Information Needed! 



Challenge 2:
”Lost in Translation”
C. Lenfant NEJM 2003;349:868

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



”Lost in Translation”
C. Lenfant NEJM 2003;349:868

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

““Let's be realistic:Let's be realistic: If If 
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?”
prescribed aspirin

”



”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 
discoveries to reach discoveries to reach 
day to day clinical day to day clinical 
practice  practice  

JM Westfall JAMA 2007;297:403

““Let's be realistic:Let's be realistic: If If 
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;297:403



“Translational and Clinical Science—
Time for a New Vision”

E. Zerhouni NEJM 2005;353:15

Discovery
(Bench)

Delivery
(Bedside)

The NIH Roadmap!!



T1
Discovery to Candidate Health Application

Define the health condition

Evaluate gene/environment associations

Identify potential interventions

Data:  Phase I/Phase II 
clinical trials/ observation

Candidate 
health 
application

Genomic 
research Describe disease biology

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



“Translational and Clinical Science—
Time for a New Vision”

E. Zerhouni NEJM 2005;353:15

Discovery
(Bench)

Delivery
(Bedside)

JAMA Jan 9, 2008



The “Second” Translational Block
“The Roadmap Less Traveled” L. Green 

Bench Bedside Population

T1: First block:T1: First block:
Translation from Translation from 
concept into first concept into first 
human studieshuman studies

T2: Second T2: Second 
block:block:

Translation from Translation from 
human studies human studies 

into practiceinto practice
Courtesy:
G Ginsberg

IOM Clinical Research Roundtable, Sung et al JAMA, 2003



T2
Health Application to Evidence-based 

Practice Guidelines

Candidate 
health
application

Phase III clinical trials/observation

Evidence synthesis

Stakeholder input

Guidelines process Conclusions 
for OR against use

Practice 
guidelinesIdentify evidence gaps: uncertainties 

about benefits, costs, harms

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



Practice-Based Research-Blue Highways 
on the NIH Road Map

JM Westfall et al JAMA 2007;2007;297:403.



T3
Practice Guidelines to Health Practice

Dissemination research

Implementation research

Phase IV clinical trials/observation

Health 
practice

Practice 
guidelines Diffusion research

Policy analysis: Identify policy 
options that support appropriate use

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



The Phases of Translation from  “Discovery” to 
“Population Health Impact”

Discovery

Candidate
Health

Application

Practice/
Programs 

Knowledge
Synthesis &

Dissemination

Population
Health Impact

T1

Evidence based
Guideline/ 

Policy

T2

T3

T4

Adapted from Khoury MJ
et al. Genet Med October 2007



T4
Health Practice to Health Impact

Define outcomes of interest

Identify/develop appropriate metrics

Determine benefits and harms

Re-evaluate guidelines and 
policies Identify needed changes

Improved 
population 
health

Health 
practice Implement surveillance

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



The Genomics Translation Highway:
2001-2006 

More than 350,000 published human More than 350,000 published human 
genetics/genomics articles genetics/genomics articles 

< 3% deal with Translation Research T2 and < 3% deal with Translation Research T2 and 
BeyondBeyond
Only 2 USPSTF EvidenceOnly 2 USPSTF Evidence--based based 
recommendationsrecommendations

BRCA1BRCA1
HFEHFE
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CDC’s National Office of 
Public Health Genomics

VisionVision

To use genomic knowledge to improve To use genomic knowledge to improve 
the lives and health of all peoplethe lives and health of all people

MissionMission

To integrate genomics into public health To integrate genomics into public health 
research, policy, and programs research, policy, and programs 



Public Health Genomics: Closing the Gap Between
Gene Discovery and Population Health

GeneGene
DiscoveryDiscovery

PopulationPopulation
HealthHealthClosing the GapClosing the Gap



Public Health Genomics: Closing the Gap Between
Gene Discovery and Population Health

Population Population 
StudiesStudies

US Genome ProfileUS Genome Profile

Public Health Studies  Public Health Studies  

GeneGene
DiscoveryDiscovery

PopulationPopulation
HealthHealthClosing the GapClosing the Gap



National Profile of Genome Variation
Beyond Gene Discovery Initiative

• NHANES: representative cross sectional 
surveys  of U.S. population

• Extensive phenotypic data, risk factors, 
biological markers

• Prevalence: health impact 
• Genotype-phenotype correlations
• Gene-environment interactions

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



2006, 2008 Seed 
funded Projects



Public Health Genomics: Closing the Gap Between
Gene Discovery and Population Health

Population Population 
Studies

HuGENetHuGENet
Studies

GeneGene
DiscoveryDiscovery

PopulationPopulation
HealthHealthClosing the GapClosing the Gap

HumanHuman

Genome  Genome  

EpidemiologyEpidemiology

NetworkNetwork

US Genome ProfileUS Genome Profile

Public Health Studies  Public Health Studies  



Human Genome Epidemiology Network 
(HuGENet)

Global collaboration 
of individuals and 
organizations to 
assess population 
impact of genomics 
and how it can be 
used to improve 
health and prevent 
disease

4 coordinating centers4 coordinating centers
Dozens of networksDozens of networks
Hundreds of Hundreds of 
collaboratorscollaborators
10 collaborating 10 collaborating 
journals   journals   



HuGE Literature Trends 
(HuGE Navigator as of January 3, 2008)

Total Meta Analysis

Genes Diseases



Public Health Genomics: Closing the Gap Between
Gene Discovery and Population Health

Population Population 
Studies

HuGENetHuGENet
Studies

GeneGene
DiscoveryDiscovery

Population Population 
HealthHealthClosing the GapClosing the Gap

HumanHuman

Genome  Genome  

EpidemiologyEpidemiology

NetworkNetwork

US Genome ProfileUS Genome Profile

Public Health Studies  Public Health Studies  

EGAPPEGAPP
Evaluation of Evaluation of 

Genomic Genomic 

Applications in Applications in 

Practice & Practice & 
PreventionPrevention



www.egappreviews.org

www.egappreviews.org

Genetics in Medicine is making EGAPP 
recommendations open access – free to all!



EGAPP Pipeline

Genomic Tests for Ovarian Cancer Detection and Management  

Hereditary Nonpolyposis Colorectal Cancer (HNPCC): Diagnostic 

Strategies and Their Implications 

UGT1A1 Mutation Analysis in Colorectal Cancer Patients Treated 

with Irinotecan

Gene Expression Profiling Tests on Breast Cancer Outcomes

Impact of Factor V Leiden Mutation Testing on Health Outcomes in
Individuals with a History of or Increased Risk for Thromboembolic
Events

Use of Genomic Profiling to Assess Risk for Cardiovascular 
Disease and Identify Individualized Prevention Strategies



Public Health Genomics: Closing the Gap Between
Gene Discovery and Population Health

Population Population 
Studies

HuGENetHuGENet
Studies

GeneGene
DiscoveryDiscovery

Population Population 
HealthHealthClosing the GapClosing the Gap

HumanHuman

Genome  Genome  

EpidemiologyEpidemiology

NetworkNetwork

US Genome ProfileUS Genome Profile

Public Health Studies  Public Health Studies  

EGAPPEGAPP PracticePractice
Evaluation of Evaluation of 

Genomic Genomic 

Applications in Applications in 

Practice & Practice & 
Prevention

Family history Family history 

State Capacity State Capacity 

Genomics Centers Genomics Centers 

Website/Reports/Website/Reports/

Competencies
Prevention

Competencies



The CDC Family History 
Public Health Initiative
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Public Health Genomics at CDC:
The Next Decade 

Accelerate the process of Accelerate the process of translationtranslation to close the to close the 
widening gap widening gap 

Continue Continue knowledge synthesisknowledge synthesis for better decision making for better decision making 

Engage/empower consumers and educate providers with Engage/empower consumers and educate providers with 
decision support toolsdecision support tools

Expand Expand partnershipspartnerships to enhance the appropriate to enhance the appropriate 
integration of genomics into health and health care integration of genomics into health and health care 



Genomics Translation Research RFA

FY08 to fund genomics translation FY08 to fund genomics translation 
research and public health research and public health 
assessmentassessment

Includes genetic/genomic tests and Includes genetic/genomic tests and 
family historyfamily history

Close the gaps identified through Close the gaps identified through 
EGAPPEGAPP

Partnership development process Partnership development process 
(federal, state, academia,  private (federal, state, academia,  private 
sector) sector) 

Form a Research and Surveillance Form a Research and Surveillance 
Network in the Evaluation of Network in the Evaluation of 
Genomic Applications in Practice Genomic Applications in Practice 
and Prevention (and Prevention (GAPPNetGAPPNet))



Genomics for Early Disease Detection and 
Intervention Initiative (GEDDI)

• Develop a public health approach to use genetic  
information to make early diagnosis for improved 
outcomes (newborn screening is the current example) 

• Focuses on diseases for which early detection and 
intervention can substantially improve health outcomes

• Focuses on genetic and genomic applications ready 
for T3 and T4

• Develop decision support tools to Integrate into clinical 
and public health programs 





The Phases of Translation from  “Discovery” to 
“Population Health Impact”

Discovery
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Health

Application

Practice/
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Knowledge
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