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What Do You Do With Genes When 
You Find Them?

JAMA March 20, 2008

"I predict that comprehensive, genomics-based health care will become
the norm with individualized preventive medicine and
early detection of illnesses” (Zerhouni, 2006)

Predictive, Preventive and Personalized Medicine



Two Challenges in Genomics Translation
Challenge 1: Premature Translation

Jan 17, 2008



New Engl J Med Jan 10, 2008 



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

"I am convinced that within five years every college-educated 
person in America is going to have a profile like this. 
You cannot afford not having this.“

Kari Stefansson, DeCode Genetics-April 1, 2008



Genetic Testing as a Public Health Issue



Two Challenges in Genomics Translation
Challenge 2:”Lost in Translation”

C. Lenfant NEJM 2003;349:868

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

““About a quarter of the cases About a quarter of the cases 
of FH predicted were of FH predicted were 
diagnosed routinely; most diagnosed routinely; most 
remained undiagnosed until remained undiagnosed until 
middle agemiddle age””

HA Neil BMJ (2000)HA Neil BMJ (2000)



Two Challenges in Genomics Translation
Challenge 2:”Lost in Translation”

C. Lenfant NEJM 2003;349:868

““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?””

““About a quarter of the cases About a quarter of the cases 
of FH predicted were of FH predicted were 
diagnosed routinely; most diagnosed routinely; most 
remained undiagnosed until remained undiagnosed until 
middle agemiddle age””

HA Neil BMJ (2000)HA Neil BMJ (2000)



Discovery
(Bench)

Delivery
(Bedside)

“Translational and Clinical Science—
Time for a New Vision”
E. Zerhouni NEJM 2005;353:15



T1
Discovery to Candidate Health Application

Candidate 
health 
application

Gene 
discovery

Define health outcome & intended use

Evaluate gene/environment/disease 
associations

Identify potential interventions

Establish analytic &clinical validity 

Describe gene-disease biology

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



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

The “Second” Phase of Translation
“The Roadmap Less Traveled” L. Green 

IOM Clinical Research Roundtable, Sung et al JAMA, 2003

Courtesy:
G Ginsberg



T2
Candidate Health Application to 

Evidence-based Practice Guidelines

Practice 
guidelines

Candidate 
health
application

Establish clinical utility

Evidence synthesis

Stakeholder input

Evidence-based process

Identify evidence gaps: uncertainties 
about benefits, costs, harms

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



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



T3
Practice Guidelines to Health Practice

Health 
practice

Practice 
guidelines

Dissemination research

Implementation research

Phase IV clinical trials/observation

Diffusion research

Policy analysis: Identify policy 
options that support appropriate use

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



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

The “Fourth” Phase of Genomics Translation:
Population Health Impact!

Khoury MJ et al. Genet Med 2007



T4
Health Practice to Population Health Impact

Improved 
population 
health

Health 
practice

Define outcomes of interest

Identify/develop appropriate metrics

Determine benefits and harms

Re-evaluate guidelines and 
policies Identify needed changes

Implement surveillance

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



The Genomics Translation Highway:
2001-2006 

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

Almost all discoveryAlmost all discovery
~ 2% Translation ~ 2% Translation 
Research T2 +Research T2 +
Only 2 evidenceOnly 2 evidence--based based 
recommendationsrecommendations

BRCA1 BRCA1 (11 years post (11 years post 
gene discovery) gene discovery) 
HFEHFE (10 years post gene (10 years post gene 
discovery)discovery)

Genetics in Medicine
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What is “Public Health Genomics?”

A multidisciplinary field A multidisciplinary field 
concerned with the concerned with the 
effective and responsible effective and responsible 
translation of genometranslation of genome--
based knowledge and based knowledge and 
technologies to improve technologies to improve 
population healthpopulation health

Focus: Focus: 
PopulationsPopulations
GeneGene--environment environment 
InteractionInteraction
PreventionPrevention
EvidenceEvidence--based based 
applicationsapplications
ELSI integrationELSI integration
Health disparitiesHealth disparities

International Collaboration



Gene-Based Medicine 
Critical Role of Clinical and Population Sciences

Multidisciplinary ApproachMultidisciplinary Approach

EpidemiologyEpidemiology--basic science of clinical observation basic science of clinical observation 
and population healthand population health
Behavioral/social sciences Behavioral/social sciences 
Intervention trialsIntervention trials
Outcomes researchOutcomes research
Economic analysisEconomic analysis
SurveillanceSurveillance
Communication researchCommunication research
Legal and policy analysisLegal and policy analysis



GeneGene
DiscoveryDiscovery

PopulationPopulation
HealthHealth

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

Closing the GapClosing the Gap
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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 4 coordinating 
centers (UK, centers (UK, 
Canada, Greece, Canada, Greece, 
USA)USA)
Dozens of networksDozens of networks
Hundreds of Hundreds of 
collaboratorscollaborators
10 collaborating 10 collaborating 
journalsjournals

Nat Genet 2006



AJHG March 2008
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Closing the GapClosing the Gap

Population Population 
StudiesStudies

US Genome ProfileUS Genome Profile
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HumanHuman

Genome  Genome  
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NetworkNetwork

HuGENetHuGENet

Evaluation of Evaluation of 

Genomic Genomic 

Applications in Applications in 

Practice & Practice & 
PreventionPrevention

EGAPPEGAPP



EGAPP

EEvaluation of valuation of 
GGenomic enomic 
AApplications in pplications in 
PPractice and ractice and 
PPreventionrevention

NonNon--regulatoryregulatory
Independent, nonIndependent, non--federal, federal, 
multidisciplinary Working multidisciplinary Working 
GroupGroup
Integrate existing processes for Integrate existing processes for 
evaluation and appraisalevaluation and appraisal
Minimize conflicts of interestMinimize conflicts of interest
EvidenceEvidence--based, transparent, based, transparent, 
and publicly accountableand publicly accountable



www.egappreviews.org



EGAPP Recommendation (Dec-2007)

““The EGAPP Working Group found insufficient evidence to The EGAPP Working Group found insufficient evidence to 
support a recommendation for or against use of CYP450 support a recommendation for or against use of CYP450 
testing in adults beginning SSRI treatment for nontesting in adults beginning SSRI treatment for non--
psychotic depression. psychotic depression. ……EGAPP discourages use of EGAPP discourages use of 
CYP450 testing for patients beginning SSRI treatment until CYP450 testing for patients beginning SSRI treatment until 
further clinical trials are completed.further clinical trials are completed.””



EGAPP Topics Under Review 2008EGAPP Topics Under Review 2008

Treatment with SSRI drugsTreatment with SSRI drugsIndividuals diagnosed with Individuals diagnosed with 
depressiondepressionCYP450CYP450DepressionDepression

Disorder/EffectDisorder/Effect TestTest Target PopulationTarget Population Intended UseIntended Use

Breast CancerBreast Cancer CYP2D6CYP2D6 Individuals prior to treatment for Individuals prior to treatment for 
BrCaBrCa Treatment with Treatment with TamoxifenTamoxifen

Diabetes, Type IIDiabetes, Type II TCF7L2TCF7L2 General populationGeneral population Risk assessmentRisk assessment

Cardiovascular DiseaseCardiovascular Disease MultigeneMultigene panelspanels General populationGeneral population Risk prediction; drug or Risk prediction; drug or 
nutritional/lifestyle management nutritional/lifestyle management 

ThrombophiliaThrombophilia F5, F2F5, F2
Individuals with family history or Individuals with family history or 

clinical suspicion of clinical suspicion of 
thrombophiliathrombophilia

Prevention and managementPrevention and management

Breast CancerBreast Cancer Gene expression Gene expression 
profilesprofiles

Women diagnosed with breast Women diagnosed with breast 
cancercancer Treatment and recurrence risk Treatment and recurrence risk 

Colorectal Cancer (CRC)Colorectal Cancer (CRC) UGT1A1UGT1A1 Individuals diagnosed with CRCIndividuals diagnosed with CRC Treatment with Treatment with IrinotecanIrinotecan

Hereditary Hereditary NonpolyposisNonpolyposis
Colorectal Cancer (HNPCC)Colorectal Cancer (HNPCC)

Mismatch repair Mismatch repair 
gene mutationsgene mutations

Individuals diagnosed with CRC Individuals diagnosed with CRC 
and their family membersand their family members

Management of individuals and Management of individuals and 
early detection/prevention for early detection/prevention for 

family membersfamily members

Ovarian CancerOvarian Cancer Genomic TestsGenomic Tests
1) General population of women 1) General population of women 
and; 2) women at increased risk and; 2) women at increased risk 

for ovarian cancerfor ovarian cancer
Detection and managementDetection and management ER

Sel

Plan

In 
prog

In 
prog

ER

ER

ER
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StudiesStudies

US Genome ProfileUS Genome Profile
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HumanHuman
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NetworkNetwork

HuGENetHuGENet

Evaluation of Evaluation of 

Genomic Genomic 

Applications in Applications in 

Practice & Practice & 
PreventionPrevention

EGAPPEGAPP

Family history Family history 

Surveillance Surveillance 

G&PH CentersG&PH Centers

PH Capacity PH Capacity 

CompetenciesCompetencies

PracticePractice
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Translating Genomics:
Needs and Opportunities for the Next Decade

Accelerate Accelerate translation researchtranslation research to close the widening to close the widening 
gap (with balanced investment in T1 through T4) gap (with balanced investment in T1 through T4) 

EnhanceEnhance knowledge synthesis and evidence based knowledge synthesis and evidence based 
guidelines and policiesguidelines and policies for better decision making for better decision making 

Engage/empower consumers and educate providers with Engage/empower consumers and educate providers with 
decision support tools such as family history and genetic decision support tools such as family history and genetic 
test information test information 

Expand Expand publicpublic--private partnershipsprivate partnerships to enhance the to enhance the 
pipeline for appropriate integration of genomics into pipeline for appropriate integration of genomics into 
health and health care health and health care 



We Need More Genomics Translation 
Research

2008: 2 CDC initiatives to fund 2008: 2 CDC initiatives to fund 
genomics translation research genomics translation research 
and programsand programs

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

Close the gaps identified through Close the gaps identified through 
EGAPPEGAPP

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

Translation Network for  Translation Network for  
Genomic Applications in  Genomic Applications in  
Practice and Prevention Practice and Prevention 
((GAPPNetGAPPNet))



Discovery Delivery

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

T1/T2/T3/T4

Evidence-
Based knowledge

Synthesis & Guidelines
Development  



Discovery

Delivery

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

Evidence-
Based knowledge

Synthesis & Guidelines
Development  Unknown benefits

Potential harms
Expensive technologies
Lack of coverage
Disparities



Discovery

Delivery

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

Evidence-
Based knowledge

Synthesis & Guidelines
Development  Investment disincentive

Slow integration
Delayed access
Lack of coverage 
Disparities



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

Explore the concept of Explore the concept of ““Coverage with Evidence Coverage with Evidence 
Development (CED)Development (CED)””
Clinical and public health data collection for Clinical and public health data collection for 
certain tests that meet minimal evidentiary certain tests that meet minimal evidentiary 
standardsstandards
Post market data collection and research as a Post market data collection and research as a 
prerequisiteprerequisite
Registry and decision support tools for Registry and decision support tools for 
consumers and providersconsumers and providers
Different thresholds for different types of tests or Different thresholds for different types of tests or 
applications   applications   



Discovery Delivery

Can we Travel the Genomics 
Translation Roadmap? 

T1/T2/T3/T4

Clinical and
Population
Sciences

Khoury MJ et al. Am J Prev Med  2007

Evidence-
Based knowledge

Synthesis & Guidelines
Development  

Surveillance
Policy

Education
Evaluation

Premature
Translation

Lost in
Translation

$$$$$$
$$$$   $$$     $$    $


