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Are we There Yet?



“Should the Perfect be the Enemy 
of the Good?”

�� ““One argument in favor of using the One argument in favor of using the 

available genetic predictors is that same available genetic predictors is that same 

information is better than no information is better than no 

information, and we should not let the information, and we should not let the 

perfect be the enemy of the good by perfect be the enemy of the good by 

refusing to make use of our knowledge refusing to make use of our knowledge 

until it is more complete. Why not begin until it is more complete. Why not begin 

testing for common genetic variants testing for common genetic variants 

whose associations with susceptibility to whose associations with susceptibility to 

disease have been established?disease have been established?””

�� Kraft P and Hunter D. NEJM 2009;360:1701.   Kraft P and Hunter D. NEJM 2009;360:1701.   



Time, November
10, 2008

2008: Invention of the Year



Proliferation of Personal Genomic Tests

Genome wideGenome wide GWAS platformsGWAS platforms

WholeWhole

sequencingsequencing

23andme, 23andme, 
decodeME, decodeME, 
NavigenicsNavigenics

KnomeKnome

Selected  variantsSelected  variants Specific diseases Specific diseases 
or traitsor traits

Proactive Proactive 
Genetics, DNA Genetics, DNA 
Direct, GenelexDirect, Genelex

OtherOther Ancestry, Ancestry, 
nutritional, nutritional, 
dermatologic, dermatologic, 
athleticathletic

FamilyTree DNAFamilyTree DNA

Dermatogenetics, Dermatogenetics, 
sciona, suracellsciona, suracell

K Offitt JAMA March 19, 2008



Proliferation of Personal Genomic Tests



Public Awareness and Use of DTC 
Personal Genetic Tests: Results of 
National Healthstyles Survey 2008 

�� Healthstyles 2008 (5399): 77% participationHealthstyles 2008 (5399): 77% participation

�� 68% whites, 12% AA, 12% Hispanics68% whites, 12% AA, 12% Hispanics
�� 22% awareness22% awareness

�� 0.3% use0.3% use--2/3 share results with providers2/3 share results with providers

�� Predictors: age, gender, education, race/ethnicityPredictors: age, gender, education, race/ethnicity

�� From Kolor K et al, Genetics in Medicine 2009 (August) From Kolor K et al, Genetics in Medicine 2009 (August) 



Provider Awareness and Practices Re 
DTC Personal Genetic Tests: Results of 

National Docstyles Survey 2008 

�� Docstyles 2008 (1880): 510 family docs, 490 Docstyles 2008 (1880): 510 family docs, 490 
internists, 250 pediatricians, 250 Ob/Gynsinternists, 250 pediatricians, 250 Ob/Gyns

�� 42% aware , 42% of whom patients had queries42% aware , 42% of whom patients had queries

�� 15% one or more patients brought test results 15% one or more patients brought test results 
for discussionfor discussion

�� Of these 75% changed some aspect of practiceOf these 75% changed some aspect of practice

�� Main limitation: 22% participation rate Main limitation: 22% participation rate 

�� From Kolor K et al, Genetics in Medicine 2009 (August) From Kolor K et al, Genetics in Medicine 2009 (August) 
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� Each intended use

� ACCE Framework

� Four components 

• Analytic Validity

• Clinical Validity

• Clinical Utility

• ELSI

Multidisciplinary Evaluation of Personal Multidisciplinary Evaluation of Personal 
GenomicsGenomics



� Each intended use

� ACCE Framework

� Four components 

• Analytic Validity

• Clinical Validity

• Clinical Utility

• ELSI

Multidisciplinary Evaluation of Personal Multidisciplinary Evaluation of Personal 
GenomicsGenomics

Risk assessment: odds ratios, 

attributable risk

Sensitivity

Specificity

Positive predictive value

Negative predictive value



Steps in Clinical Validity

�� Establishing credible genetic associationsEstablishing credible genetic associations

�� The uncertainty of risk estimation The uncertainty of risk estimation 

�� Evaluating the clinical relevance of Evaluating the clinical relevance of 
associationsassociations



56 Genes

32  with MA of

160 variants 

24 No Meta 

Analyses

100 Not  

Significant
60 Significant

Odds Ratios 0.54-0.88 for protective variants

Odds Ratio 1.04-3.2 for risk factor variants 

Am J Hum Genet March 2008

7 Companies



Steps in Clinical Validity

�� Establishing credible genetic associationsEstablishing credible genetic associations

�� The uncertainty of risk estimation The uncertainty of risk estimation 

�� The problem of hidden heritabilityThe problem of hidden heritability
�� GeneGene--environment interactionenvironment interaction
�� Biological mechanisms: pathways, gene Biological mechanisms: pathways, gene 

expression, epigenomics, and so onexpression, epigenomics, and so on
�� Variations in the epidemiology of the condition to Variations in the epidemiology of the condition to 

be predicted (incidence, trends, allele frequency, be predicted (incidence, trends, allele frequency, 
age at testing, etcage at testing, etc……) ) 



The Problem of Hidden Heritability



Variations in the Epidemiology of the 
Disorder to be Predicted

Yang Q et al,

in press

1a

0

2

4

6

8

10

12

14

16

18

0-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80+

Age group

L
if

et
im

e 
ri

sk
 o

f 
d

ev
el

o
p

in
g

 b
re

as
t 

ca
n

ce
r 

(5
)

Lifetime risk of developing breast cancer among
non-Hispanic white in 2003-2005 USA

Lifetime risk of developing breast cancer among
non-Hispanic white who carried FGFR2 genetic
variant in 2003-05 USA

Lifetime risk of developing breast cancer among
FGFR2 genetic variant carries assuming a 3-fold
lower breast cancer incidence rates in 2003-05
USA

Lifetime risk of developing breast cancer among
non-Hispanic white who did not carry FGFR2
genetic variant in 2003-05 USA

Lifetime risk of developing breast cancer among
non-carries assuming a 3-fold lower breast
cancer incidence rates in 2003-05 USA



Steps in Clinical Validity

�� Establishing credible genetic associationsEstablishing credible genetic associations

�� The uncertainty of risk estimationThe uncertainty of risk estimation

�� Evaluating the clinical relevance of Evaluating the clinical relevance of 
associationsassociations
�� Measures of sensitivity, specificity and Measures of sensitivity, specificity and 

predictive valuespredictive values

�� Added clinical value compared to other risk Added clinical value compared to other risk 
factors factors 



Genetic Associations: Beyond Odds Ratios
Kraft P et al. Nat Rev Genetics 2009



Association vs. Classification:
Relation Between Genetic Associations

and Clinical Validity of Testing for Genetic Risk F actors

Pepe et al. Am J Epidemiol 
2004;159:882

AUC Analysis



Multiple Genetic Variants and Testing for Susceptibility 
to Various Diseases

Added Value to Traditional Risk Factors?

Year Year ResearchersResearchers DiseaseDisease Genetic variantGenetic variant AUCAUC ∆∆ AUCAUC

20052005 Lyssenko et al. Lyssenko et al. Type 2 diabetes Type 2 diabetes 3 establ. variants 3 establ. variants 0.680.68 +0.00+0.00

20062006 Podgoreanu et al. Podgoreanu et al. MI after surgery MI after surgery 3 (out of 48) 3 (out of 48) 0.700.70 +0.06+0.06

20072007 Humphries et al. Humphries et al. CHD CHD 4 (out of 12)4 (out of 12) 0.660.66 +0.04+0.04

2007 2007 Morisson et al. Morisson et al. CHDCHD 11 (out of 116)11 (out of 116) 0.760.76 +0.01+0.01

20082008 Vaxillaire et al. Vaxillaire et al. Type 2 diabetes Type 2 diabetes 3 (out of 19)3 (out of 19) 0.820.82 +0.00+0.00

20082008 Zheng et alZheng et al Prostate cancerProstate cancer 5 (out of 16)5 (out of 16) 0.610.61 +0.02+0.02

20082008 Kathiresan et al.Kathiresan et al. CVDCVD 9 (out of 11)9 (out of 11) 0.800.80 +0.00+0.00

20082008 Lango et al.Lango et al. Type 2 diabetesType 2 diabetes 18 18 establ. variantsestabl. variants 0.780.78 +0.02 +0.02 

20082008 Van Hoek et al.Van Hoek et al. Type 2 diabetesType 2 diabetes 18 18 establ. variantsestabl. variants 0.660.66 +0.02+0.02

20082008 Meigs et al. Meigs et al. Type 2 diabetesType 2 diabetes 18 establ. variants18 establ. variants 0.900.90 +0.00+0.00

20082008 Lyssenko et alLyssenko et al Type 2 diabetesType 2 diabetes 11 establ. variants11 establ. variants 0.740.74 +0.01+0.01

Janssens & van Duijn Hum Mol Genet 2008



How About Risk Reclassification?



Addition of 9p21 variant to ARIC prospective cohort  
can lead to MI risk reclassification  
Ariel Brautbar; Christie Ballantyne; Kim Lawson; Vijay Nambi; Lloyd Chambless; Aaron Folsom; James Willerson; Eric Boerwinkle



Credible Risk Reclassification 
for Clinical Action 

�� Risk assessment models should assessRisk assessment models should assess

�� CalibrationCalibration: correctly predicting the risk of : correctly predicting the risk of 
disease within groupsdisease within groups

�� Discrimination:Discrimination: correctly classifying those w/wo correctly classifying those w/wo 
disease (or risk of future disease)disease (or risk of future disease)

�� ReclassificationReclassification:  risk levels should cross :  risk levels should cross 
threshold for clinical action  threshold for clinical action  



Genetics in Medicine Aug 2009



� Each intended use

� ACCE Framework

� Four components 

• Analytic Validity

• Clinical Validity

• Clinical Utility

• ELSI

Multidisciplinary Evaluation of Personal Multidisciplinary Evaluation of Personal 
GenomicsGenomics

Genetics in Medicine

Genetics in Medicine

“Clinical utility is in the eye of the beholder”

Anonymous Industry Representative



Case Study 1: Prostate Cancer
Susceptibility Testing

�� 48 year old white male in good health, 48 year old white male in good health, 

�� father diagnosed with localized prostate cancer at father diagnosed with localized prostate cancer at 

age 68age 68

�� Concerned, he got tested using deCODE Prostate Concerned, he got tested using deCODE Prostate 

Cancer Genetic Test:Cancer Genetic Test:

�� Relative risk = 1.88Relative risk = 1.88

�� High risk prompted early PSA test by primary careHigh risk prompted early PSA test by primary care

�� PSA PSA –– high normal at 2.0ng/mlhigh normal at 2.0ng/ml

�� High risk prompted urologist to perform TRUSHigh risk prompted urologist to perform TRUS--guided guided 

biopsybiopsy

�� Positive Positive --Gleason score of 6 Gleason score of 6 

�� Radical prostatectomy with nerve sparingRadical prostatectomy with nerve sparing



Case Study 2: Dr  Oz

� ““Dr. Oz found out he's Dr. Oz found out he's 
30 percent less likely  30 percent less likely  
than the average man than the average man 
isis of developing of developing 
prostate cancer.  Which prostate cancer.  Which 
means, he can be a means, he can be a 
littlelittle less diligent about less diligent about 
scheduling  regular scheduling  regular 
prostate examinations. prostate examinations. 
"Think of the trade"Think of the trade--off," off," 
he says.  "Thanks to he says.  "Thanks to 
this test, I don't have to this test, I don't have to 
have rectal examshave rectal exams



Loci Associated with Prostate Cancer, 2008

Region

8q24 (loc1)

8q24 (loc2)

17q21

10q11

11q13

10q26

7p15

p-value

6.7 10-16

Heterozygotes

1.49 (1.34-1.64)

Homozygotes

Odds ratios

8.7 10-14

4.7 10-13

1.5 10-10

4.1 10-10

1.7 10-7

3.2 10-7

1.20 (1.10-1.31)

1.13 (1.02-1.26)

1.25 (1.13-1.34)

1.18 (1.08-1.28)

1.14 (0.94-1.38)

1.18 (1.07-1.31)

1.83 (1.32-2.53)

1.61 (1.42-1.81)

1.46 (1.30-1.64)

1.47 (1.31-1.65)

1.48 (1.27-1.74)

1.40 (1.16-1.69)

1.54 (1.37-1.73)

Risk 

Allele

Freq.

0.1

0.38

0.50

0.52

0.50

0.25

0.76

NCI CGEMS data, courtesy N Chatterjee, November 2008



So What is Going on Here?

�� What do these odds ratios mean? Are they What do these odds ratios mean? Are they 
reliable?(clinical validity)reliable?(clinical validity)

�� Are these numbers actionable? What do you Are these numbers actionable? What do you 
do with this information? (clinical utility)do with this information? (clinical utility)

�� What would you tell individuals contemplating What would you tell individuals contemplating 
such testing?such testing?

�� And what would you tell those already tested?And what would you tell those already tested?
�� Imagine this scenario repeated over multiple Imagine this scenario repeated over multiple 

diseases in clinical practice? What is the net diseases in clinical practice? What is the net 
balance of benefits and harms to the balance of benefits and harms to the 
population? to the healthcare system?population? to the healthcare system?



The Debate About Prostate Cancer 
Screening  



What is the Evidence of Clinical Utility of 
Personal Genomics?

Data from Diabetes Prevention Program (DPP)

RCT results stratified by genotype



”Biomedical Risk Assessment as an Aid for 
Smoking Cessation?”

�� A strategy for increasing A strategy for increasing 
smoking cessation rates smoking cessation rates 
could be to provide could be to provide 
smokers with  feedback on smokers with  feedback on 
the biomedical or potential the biomedical or potential 
future effects of smoking, future effects of smoking, 

�� Risk assessment includes Risk assessment includes 
measurement of exhaled measurement of exhaled 
carbon monoxide (CO), carbon monoxide (CO), 
lung function, and genetic lung function, and genetic 
susceptibility to lung susceptibility to lung 
cancer. cancer. 

� Review of 8 clinical trials

�� ““Due to the scarcity of Due to the scarcity of 
evidence of sufficient evidence of sufficient 
quality, we can make no quality, we can make no 
definitive statements definitive statements 
about the effectiveness of about the effectiveness of 
biomedical risk biomedical risk 
assessment as an aid for assessment as an aid for 
smoking cessationsmoking cessation””

� Bize et al. Cochrane 
Review 2008
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Putting Science over Supposition in the 
Arena of Personal Genomics

NIH-CDC Multidisciplinary Workshop 

Genetics in Medicine Aug 2009



Personal Genomics:
Workshop Recommendations

�� Develop and implement industryDevelop and implement industry--wide scientific standards wide scientific standards 
for personal genomicsfor personal genomics



Personal Genomics:
Workshop Recommendations

�� Develop and implement industryDevelop and implement industry--wide scientific standards wide scientific standards 
for personal genomicsfor personal genomics

�� Develop and implement a multidisciplinary research Develop and implement a multidisciplinary research 
agendaagenda



Personal Genomics:
Workshop Recommendations

Genetics in Medicine Aug 2009



Comparative Effectiveness Research and 
Genomic Medicine (IOM Priorities) 

� “Compare the effectiveness of 
adding information about new 
biomarkers (including genetic 
information) with standard care 
in motivating behavior change 
and improving clinical outcomes”



Personal Genomics:
Workshop Recommendations

�� Develop and implement industryDevelop and implement industry--wide scientific standards wide scientific standards 
for personal genomicsfor personal genomics

�� Develop and implement a multidisciplinary research Develop and implement a multidisciplinary research 
agendaagenda

�� Enhance credible knowledge synthesis and dissemination Enhance credible knowledge synthesis and dissemination 
of information to  providers and consumersof information to  providers and consumers

�� Link scientific research on validity and utility to evidenceLink scientific research on validity and utility to evidence--
based recommendations for use of personal genomic testsbased recommendations for use of personal genomic tests



EGAPP Initiative

EEvaluation of valuation of 

GGenomic enomic 

AApplications in pplications in 

PPractice and ractice and 

PPreventionrevention

�� Independent multidisciplinary Independent multidisciplinary 
Working GroupWorking Group

�� EvidenceEvidence--based, transparent, based, transparent, 
and publicly accountableand publicly accountable

�� 4 components: horizon scan; 4 components: horizon scan; 
systematic reviews; appraisal systematic reviews; appraisal 
and recommendations; and recommendations; 
evaluation of impactevaluation of impact





Personal Genomics:
Workshop Recommendations

�� Develop and implement industryDevelop and implement industry--wide scientific standards wide scientific standards 
for personal genomicsfor personal genomics

�� Develop and implement a multidisciplinary research Develop and implement a multidisciplinary research 
agendaagenda

�� Enhance credible knowledge synthesis and dissemination Enhance credible knowledge synthesis and dissemination 
of information to  providers and consumersof information to  providers and consumers

�� Link scientific research on validity and utility to evidenceLink scientific research on validity and utility to evidence--
based recommendations for use of personal genomic testsbased recommendations for use of personal genomic tests

�� Consider the value of personal  utility Consider the value of personal  utility 



The Scientific Bottom Line
on Personal Genomics in 2009

Genet Med August 2009


