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Diseases and Traits with Published GWA 
Studies (n = 87, 3/4/09)  Ref T. Manolio

• Macular Degeneration
• Exfoliation Glaucoma

• Lung Cancer
• Prostate Cancer
• Breast Cancer
• Colorectal Cancer
• Bladder Cancer
• Neuroblastoma
• Melanoma
• Basal Cell Cancer
• TP53 Cancer Pred’n
• Ac/Ch Lym. Leukemia
• Thyroid Cancer

• Infl. Bowel Disease
• Celiac Disease
• Gallstones
• Hirschsprung Disease

• QT Prolongation 
• Coronary Disease
• Coronary Spasm 
• Atrial Fibrill’n/Flutter

• Stroke
• Intracranial Aneurysm 
• Hypertension
• Hypt. Diuretic Rsp.
• Periph. Artery Disease
• Lipids/Lipoproteins
• Warfarin Dosing
• Ximelegatran Adv.Rsp.

• Parkinson Disease
• Amyotrophic Lat.Scler.
• Multiple Sclerosis
• MS Interferon-β Rsp.  
• Prog. Supranuc. Palsy
• Tauopathies
• Alzheimer’s Disease
• Var. Creutzfeldt-Jakob
• Cognitive Ability
• Memory
• Hearing, Otosclerosis
• Restless Legs Synd.
• Essential Tremor 
• Nicotine Dependence 

• Methamphet Depend.
• Pain
• Neuroticism
• Schizophrenia

• Sz. Iloperidone Rsp.
• Bipolar Disorder
• Family Chaos
• Narcolepsy

• ADHD
• Personality Traits

• Rheumatoid Arthritis
• RA Anti-TNF Rsp.

• Syst. Lupus Erythem.
• Juv. Idiop. Arthritis
• Psoriasis 
• Kawaski Disease
• Sarcoidosis

• Pulmonary Fibrosis
• CF Severity
• Asthma
• Chr. Rhinosinusitis
• HIV Viral Setpoint

• Type 1 Diabetes 
• Type 2 Diabetes
• Diabetic Nephropathy 
• End-St. Renal Dis.

• Obesity, BMI, Waist
• IR, Metabolic Traits
• Height
• Osteoporosis

• Osteoarthritis
• Male Patt. Baldness

• Fetal Hemoglobin
• Platelet Volume

• Transferrin Levels
• C-Reactive Protein
• ICAM-1
• Total IgE Levels
• Urate Levels, Gout

• Protein Levels
• Vitamin B12 Levels
• β-Carotene Levels
• Recombination Rate
• Pigmentation



“Genomewide Association Studies and 
Human Diseases”

Hardy and Singleton NEJM 2009:April 23 



Are we There Yet?





Should the Perfect be the Enemy of the Good?

 “One argument in favor of using the 
available genetic predictors is that same 
information is better than no 
information, and we should not let the 
perfect be the enemy of the good by 
refusing to make use of our knowledge 
until it is more complete. Why not begin 
testing for common genetic variants 
whose associations with susceptibility to 
disease have been established?”

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



2008: Invention of the Year

Time, November

10, 2008



Proliferation of Personal Genomic Tests

Genome wide GWAS platforms

Whole

sequencing

23andme, 

decodeME, 

Navigenics

Knome

Selected  variants Specific diseases 

or traits

Proactive 

Genetics, DNA 

Direct, Genelex

Other Ancestry, 

nutritional, 

dermatologic, 

athletic

FamilyTree DNA

Dermatogenetics, 

sciona, suracell

K Offitt JAMA March 19, 2008
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Gene-Based Medicine in 2010? 

(now revised to 2020)

 Condition Genes  RR Lifetime

 Prostate Ca      HPC1, 2, 3 0.5          7%

 Alzheimer’s      APOE,FAD3,XAD 0.3         10%

 Heart disease   APOB,CETP  2.5         70%

 Colon Cancer FCC4,APC 4.0         23%

 Lung Cancer NAT2 6.0 40%

Collins FC, New Engl J Med 1999;341:28-37.



Gene-Based Medicine in 2010?

Prevention Strategies Based on Genetic 

information?

 Increased Risk for

 Heart disease

 Colon Cancer

 Lung Cancer

 Prevention Strategies

 Tertiary: Cholesterol 
drugs + Lifestyle 
changes

 Secondary: Increased 
surveillance for early 
detection

 Primary: Behavior 
modification for 
smoking cessation



Many Scientific Discoveries are “Lost in 

Translation”

Science September 8, 2008 



Multidisciplinary Evaluation of Personal 

Genomics

 Each intended use

 ACCE Framework

 Four components 

• Analytic Validity

• Clinical Validity

• Clinical Utility

• ELSI

Effective  
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&
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 RB case history and photo

The blind men and the elephant. Poem by John Godfrey Saxe 
(Cartoon originally copyrighted by the authors; G. Renee Guzlas, artist).

http://www.nature.com/ki/journal/v62/n5/fig_tab/4493262f1.html



EGAPP Initiative

Evaluation of 

Genomic 

Applications in 

Practice and 

Prevention

 Independent multidisciplinary 

Working Group

 Evidence-based, transparent, 

and publicly accountable

 4 components: horizon scan; 

systematic reviews; appraisal 

and recommendations; 

evaluation of impact





EGAPP Topics 2009

Disorder/Effect Test Target Population Intended Use

Breast Cancer CYP2D6
Individuals prior to treatment for 

BrCa
Treatment with Tamoxifen

Diabetes, Type II TCF7L2 General population Risk assessment

Cardiovascular Disease Multigene panels General population
Risk prediction; drug or 

nutritional/lifestyle management 

Thrombophilia F5, F2

Individuals with family history or 

clinical suspicion of 

thrombophilia

Prevention and management

Breast Cancer
Gene expression 

profiles

Women diagnosed with breast 

cancer
Treatment and recurrence risk 

Colorectal Cancer (CRC) UGT1A1 Individuals diagnosed with CRC Treatment with Irinotecan

Hereditary Nonpolyposis 

Colorectal Cancer (HNPCC)

Mismatch repair 

gene mutations

Individuals diagnosed with CRC 

and their family members

Management of individuals and 

early detection/prevention for 

family members

Depression CYP450
Individuals diagnosed with 

depression
Treatment with SSRI drugs

Ovarian Cancer Genomic Tests

1) General population of women 

and; 2) women at increased risk 

for ovarian cancer

Detection and management

Sel

Plan

In 

prog

In 

prog

ER

ER

ER



ER



CypP450 Screening in Patients 

with Depression Treated with SSRI’s

 Non-psychotic depression

 Major cause of disability in the US

 SSRIs are first-line choices for drug therapy

 Choice/dose is highly empirical

 SSRI’s discontinued in 12 - 15% due to side effects 

 Cytochrome P450 (CYP450) enzymes metabolize 

many drugs e.g. SSRI’s

 Genetic variants result in extensive, intermediate 

and poor metabolizers



What’s the Evidence?

 Analytic validity

 Does the test accurately and reliably measure CYP450 genotype?

→Accuracy and reliability appear high

 Clinical validity

 Does the test result correlate with the clinical outcomes: circulating drug levels, clinical 
response, side effects?

→Study quality poor

→No consistent association between CYP450 genotype and clinical response to SSRI treatment 
or side effects

 Clinical Utility

 Does knowledge of the test result change patient management?

 Does use of the test result in improved patient outcomes?

→No evidence to support improved clinical outcomes



Steps in Clinical Validity

 Establishing credible genetic associations

 The importance of what we do not know 

 Evaluating the clinical relevance of 

associations



Methodologic Challenges in Human 

Genome Epidemiology

 Publication bias

 False positives

 Selection bias

 Confounding

 Exposure 
misclassification

 Genotype 
misclassification

 Lack of power
Total genetic information (subjects or alleles)

10000

5000

4000

3000

2000

1000

500

400

300

200

100

50

40

C
u

m
u

la
ti

v
e

 o
d

d
s

 r
a

ti
o

5
4

3

2

1

,5
,4

,3

,2

,1

,05
,04

,03

,02

DISEASE/GENE

Nephropathy /ACE

Alcoholism/DRD2

HTN/Angiotensinogen

Parkinson/CYP2D6

Lung cancer/GSTM1

Schizophrenia/DRD3

Down dement ia/APOE

Lung cancer/CYP2D6

 





Grading the evidence: the Venice criteria

AAA ABA ACA

AAB ABB ACB

AAC ABC ACC

CAA CBA CCA

CAB CBB CCB

CAC CBC CCC

BAA BBA BCA

BAB BBB BCB

BAC BBC BCC

First letter = amount

Second letter = replication

Third letter = protection from bias

Strong evidence

Moderate evidence

Weak evidence



Steps in Clinical Validity

 Establishing credible genetic associations

 The importance of what we do not know 

 Gene-Environment interaction

 The problem of hidden heritability

 Other sources of heterogeneity

 Biological mehanisms: pathways, gene expression, 

epigenomics, and so on



Importance of Gene-Environment 

Interaction

(From Khoury et al. Am J Hum Genet 1988;42:89-95)

Disregarding interactions weakens 
gene-disease associations



Empirical evidence on effect sizes and sample size 

requirements for genetic associations of complex 

diseases

J PA. Ioannidis, TA. Trikalinos, MJ Khoury. AJE (in press) 

Empirical Evidence on Effect Sizes 

for Validated Genetic Associations of Complex Diseases
J PA. Ioannidis, TA. Trikalinos, MJ Khoury. AJE 2006



Odds Ratios of Associations from GWAS
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Chang M, et al. Am J Epidemiol (in press)



Genotype-Phenotype Studies



The Problem of Hidden Heritability



Steps in Clinical Validity

 Establishing credible genetic associations

 The importance of what we do not know

 Evaluating the clinical relevance of 

associations

 Measures of sensitivity, specificity and 

predictive values

 Added clinical value compared to other risk 

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 Factors

Pepe et al. Am J Epidemiol 

2004;159:882

AUC Analysis



AUC sex = 0.534

AUC sex + 18 polymorphisms = 0.581

AUC clinical risk factors = 0.900

AUC clinical risk factors + 18 polymorphisms = 0.901



Multiple Genetic Variants and Testing for Susceptibility 

to Various Diseases

Added Value to Traditional Risk Factors?

Year Researchers Disease Genetic variant AUC Δ AUC

2005 Lyssenko et al. Type 2 diabetes 3 establ. variants 0.68 +0.00

2006 Podgoreanu et al. MI after surgery 3 (out of 48) 0.70 +0.06

2007 Humphries et al. CHD 4 (out of 12) 0.66 +0.04

2007 Morisson et al. CHD 11 (out of 116) 0.76 +0.01

2008 Vaxillaire et al. Type 2 diabetes 3 (out of 19) 0.82 +0.00

2008 Zheng et al Prostate cancer 5 (out of 16) 0.61 +0.02

2008 Kathiresan et al. CVD 9 (out of 11) 0.80 +0.00

2008 Lango et al. Type 2 diabetes 18 establ. variants 0.78 +0.02 

2008 Van Hoek et al. Type 2 diabetes 18 establ. variants 0.66 +0.02

2008 Meigs et al. Type 2 diabetes 18 establ. variants 0.90 +0.00

2008 Lyssenko et al Type 2 diabetes 11 establ. variants 0.74 +0.01

Janssens & van Duijn Hum Mol Genet 2008





Risk Reclassification for 

Clinical Action 

 Risk assessment models should assess

 Discrimination: correctly classifying those w/wo

disease (or state of disease)

 Calibration: correctly predicting the risk of 

disease within groups

 Reclassification:  risk levels crossing threshold 

for clinical action  



NCEPIII Guidelines (to be updated in 2010)

Category
10 Yr ‘hard’1

CHD risk
LDL-C (mg/dL)

TLC Drug TherapyTarget

High >20% <100 >100 >100
Int High 10-20% <130 >130 >130

Intermediate <10% <130 >130 >160
Low 0-1 TRF <160 >160 >190

http://www.nhlbi.nih.gov/guidelines/cholesterol/



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



Multidisciplinary Evaluation of Personal 

Genomics

 Each intended use

 ACCE Framework

 Four components 

• Analytic Validity

• Clinical Validity

• Clinical Utility

• ELSI
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Case Study 1: Prostate Cancer
Susceptibility Testing

 48 year old white male in good health, 

 father diagnosed with localized prostate cancer at 
age 68

 Concerned, he got tested using deCODE Prostate 
Cancer Genetic Test:

 Relative risk = 1.88

 High risk prompted early PSA test by primary care

 PSA – high normal at 2.0ng/ml

 High risk prompted urologist to perform TRUS-guided 
biopsy

 Positive -Gleason score of 6 

 Radical prostatectomy with nerve sparing



Case Study 2: Dr  Oz

 “Dr. Oz found out he's 

30 percent less likely  

than the average man 

is of developing 

prostate cancer.  Which 

means, he can be a 

little less diligent about 

scheduling  regular 

prostate examinations. 

"Think of the trade-off," 

he says.  "Thanks to 

this test, I don't have to 

have rectal exams



Jan 17, 2008



Loci Associated with Prostate Cancer, 2008

Region

8q24 (loc1)

10q11

8q24 (loc2)

17q21

11q13

10q26

7p15

p-value

6.7 10-16

8.7 10-14

4.7 10-13

1.5 10-10

4.1 10-10

1.7 10-7

3.2 10-7

Risk 

Allele

Freq.

0.1

0.38

0.50

0.52

0.50

0.25

0.76

Odds ratios

Heterozygotes

1.49 (1.34-1.64)

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)

Homozygotes

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)

NCI CGEMS data, courtesy N Chatterjee, November 2008



So What is Going on Here?

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

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

 What would you tell individuals contemplating 
such testing?

 And what would you tell those already tested?

 Imagine this scenario repeated over multiple 
diseases in clinical practice? What is the net 
balance of benefits and harms on a population 
basis?



The Debate About Prostate Cancer 

Screening  



What is the Evidence of Clinical Utility of 

Personal Genomics?

 Are there genotype 

specific interventions?

 Is risk reclassification 

enough to show clinical 

utility? 

 If not, does genetic 

information change 

behavior?

 When do we need 

RCTs?

 What about “personal  

utility” in the absence of 

interventions?    

Data from Diabetes Prevention 

Program (DPP)

RCT results stratified by genotype



”Biomedical Risk Assessment as an Aid for 

Smoking Cessation?”

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

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

 Review of 8 clinical trials

 “Due to the scarcity of 

evidence of sufficient 

quality, we can make no 

definitive statements 

about the effectiveness of 

biomedical risk 

assessment as an aid for 

smoking cessation”

 Bize et al. Cochrane 

Review 2008
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Workshop Recommendations

 1. Develop and implement 

industry-wide scientific 

standards for personal 

genomics

 2. Develop and implement a 

multidisciplinary research 

agenda



Workshop Recommendations

 3. Enhance credible 

knowledge synthesis and 

dissemination of information 

to  providers and 

consumers

 4. Link scientific research 

on validity and utility to 

evidence-based 

recommendations for use of 

personal genomic tests

 5. Consider the value of 

personal utility and develop 

metrics of evaluation 


