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Genomics in Personalized Medicine Genomics in Personalized Medicine 

“The integration of genomic “The integration of genomic 
technologies that are capable of technologies that are capable of technologies that are capable of technologies that are capable of 
tailoring treatment and prevention tailoring treatment and prevention 
strategies to each patient’s unique strategies to each patient’s unique strategies to each patient s unique strategies to each patient s unique 
genetic characteristics and individual genetic characteristics and individual 
needs into general health care  The needs into general health care  The needs into general health care…. The needs into general health care…. The 
Initiative recognizes that the Initiative recognizes that the accuracy,accuracy,
clinical validityclinical validity  and  and clinical utility clinical utility of of clinical validityclinical validity, and , and clinical utility clinical utility of of 
genetic tests are central to the genetic tests are central to the 
realization of personalized health care ” realization of personalized health care ” realization of personalized health care.  realization of personalized health care.  

Department of Health and Human Services Web site: “Personalized Health Care: Goals.” See 
http://www.hhs.gov/myhealthcare/goals/index.html#Goal3. (March, 2007)



•Genetic discrimination
•Physician educationPhysician education
•Reimbursement and access
•Ethical and legal Issues
•Efficacy of interventions

• (clinical utility)
R l ti  t  s•Regulation to ensure

• analytic validity





Factors Impacting Translation of Factors Impacting Translation of 
C  G i  T i  i  U S   C  G i  T i  i  U S   Cancer Genetic Testing in U.S.  Cancer Genetic Testing in U.S.  
NIH  LeadershipNIH  Leadership: NCI  NHGRI  : NCI  NHGRI  NIH  LeadershipNIH  Leadership: NCI, NHGRI  : NCI, NHGRI  
–– ELSI RFA (NHGRI)ELSI RFA (NHGRI)
–– Cancer genetics WGCancer genetics WG–– Cancer genetics WGCancer genetics WG

CFR (Cooperative  Registries)CFR (Cooperative  Registries)
CGN (Cancer Genetics Network)CGN (Cancer Genetics Network)CGN (Cancer Genetics Network)CGN (Cancer Genetics Network)

Professional leadershipProfessional leadership: ASCO: ASCO
“Train the trainer”; syllabus; Genetics  WG“Train the trainer”; syllabus; Genetics  WG–– Train the trainer ; syllabus; Genetics  WGTrain the trainer ; syllabus; Genetics  WG

Advocacy leadership: Advocacy leadership: DOD grants, otherDOD grants, other
Laboratory qualityLaboratory quality: one reference lab: one reference lab



Interventions for  hereditary cancer riskInterventions for  hereditary cancer risk
GeneGene InterventionInterventionGeneGene InterventionIntervention
KITKIT STI 571STI 571

RETRET Th id tTh id t d ld lRETRET ThyroidectomyThyroidectomy, , adrenal adrenal 
screening; screening; 

METMET Renal screeningRenal screeningMETMET Renal screeningRenal screening
CDK4/CDKN2CDK4/CDKN2 Skin screeningSkin screening
APCAPC ColectomyColectomy, GI screening, CP, GI screening, CPAPCAPC ColectomyColectomy, GI screening, CP, GI screening, CP

VHLVHL Renal, adrenal screeningRenal, adrenal screening
RBRB Eye screeningEye screeningRBRB Eye screeningEye screening
MSH2/MLH1MSH2/MLH1 GI screening, GI screening, colectomycolectomy
BRCA1/2BRCA1/2 B t/ i iB t/ i i CPCPBRCA1/2BRCA1/2 Breast/ovarian screening,Breast/ovarian screening, CP,CP,

mastectomymastectomy,,oophorectomyoophorectomy



Genome Wide Association
Studies (GWAS)Studies (GWAS)
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GWAS studies in NHGRI CatalogueGWAS studies in NHGRI Cataloguegg
http://www.genome.gov/gwastudies/#tophttp://www.genome.gov/gwastudies/#top
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Breast Cancer Breast Cancer 
Whole Genome Association StudiesWhole Genome Association StudiesWhole Genome Association StudiesWhole Genome Association Studies

BCACBCAC ~400  ~400  fam’lfam’l cases/controlscases/controls PerlegenPerlegen 266K266K Nat GenetNat Genet 20072007BCACBCAC ~400  ~400  fam lfam l cases/controlscases/controls PerlegenPerlegen 266K266K Nat GenetNat Genet 20072007
4,000   cases/controls4,000   cases/controls IlluminaIllumina 39:87039:870
25,000 cases/controls25,000 cases/controls TaqMan/TaqMan/SequenomSequenom

MSKCCMSKCC 250 250 fam’lfam’l cases/cont(AJ) cases/cont(AJ) Affy500KAffy500K PNASPNAS 2008  2008  
2,000 cases/controls 2,000 cases/controls IlluminaIllumina 105:4340105:4340
4,000 cases/controls 4,000 cases/controls TaqManTaqMan

I l dI l d 1 600 s s/11 563 t ls1 600 s s/11 563 t ls Ill iIll i 300K300K N  G  2007N  G  2007IcelandIceland 1,600 cases/11,563 controls1,600 cases/11,563 controls IlluminaIllumina 300K300K Nat Genet 2007Nat Genet 2007
9: 8659: 865

CGEMSCGEMS 1,142 cases/1,142 controls 1,142 cases/1,142 controls IlluminaIllumina 500K500K Nature Nature 2007 2007 
447:1087447:1087
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Gene Associations with 6 common diseasesGene Associations with 6 common diseases

 f  / dd  Disease No. of 
studies

Cases /
controls Gene(s) Odds ratios

(95% CI)

Age-related 
l  10

Range
1 6 8 6 / 

g
macular 

degeneration
10 >5k/>3.4k 8 genes 1.6-8.6 / or

0.36 protective

Diabetes II 11 ~50k / >100k 8 loci Range
1 09 2 501.09-2.50

Myocardial 
infarction 2 8.9k / 33.2/k CDKN2B Range

1.64-1.90

Schizophrenia 6 11.8k / 22.6k 7 loci Range
1.12-6.01

Breast cancer 6 36.7k / 47.5k 9 loci Range
1.07-1.41

Prostate cancer 8 >30k / >66k 8q24 
and other loci

Range
1.10-1.36



T. Manolio, presentation to SACGHS, 8/08



Sports

Test for Sports Gene



DirectDirect--toto--Consumer Genetic Testing Consumer Genetic Testing 
CompaniesCompanies

Last updated 11/3/2008Last updated 11/3/2008



Genome Wide Association StudiesGenome Wide Association StudiesGenome Wide Association StudiesGenome Wide Association Studies
“Personalized Medicine” hype“Personalized Medicine” hype
Direct to Consumer AdvertisingDirect to Consumer Advertising
Direct to Consumer Marketing/Home TestsDirect to Consumer Marketing/Home Testsgg
Venture capitalVenture capital
InternetInternetInternetInternet
Well intentioned basic geneticistsWell intentioned basic geneticists





“I like to think I am pretty smart  but I am I like to think I am pretty smart, but I am 
confused by this report”

     -HHMxxxxxxSG, patient is a biostatistician 
and smoker, said after we told him to quit 
smoking…..m g ..

Courtesy of Steven Murphy, MD



“ Wow! My report said I was at low risk” Wow! My report said I was at low risk
-HHxxxxxxES after reviewing her family 
history

Courtesy of Steven Murphy, MD



•Have you or anyone in your family had colon cancer before the age of 50, or multiple 
colon polyps?

•Have two or more close relatives on the same side of your family (maternal or paternal)•Have two or more close relatives on the same side of your family (maternal or paternal) 
had colon, uterine or ovarian cancer, or has one relative had more than one of
these cancers?

•Do you have Ashkenazi (Eastern European) Jewish ancestry and at least one family 
member with colon cancer at any age?

•Do you have any relatives with an identified genetic mutation that increases their risk forDo you have any relatives with an identified genetic mutation that increases their risk for 
cancer?

Courtesy of Steven Murphy, MD



Brother with Colon Cancer at 54, ,
Uncle with Sebaceomas died of a 
heart attack at 50  Father who heart attack at 50, Father who 
died at 45 in a car crash.

MSH2 i  iMSH2 mutation carrier

Courtesy of Steven Murphy, MD



A  50 year old woman with an FGFR2 mutation
comes for counselingcomes for counseling….



Any Clinical Role For Breast SNPS?sAny Clinical Role For Breast SNPS?s

MRI screening recommended in those with MRI screening recommended in those with MRI screening recommended in those with MRI screening recommended in those with 
at hi risk (8% risk ages 40at hi risk (8% risk ages 40--50)50)
With 7 loci  With 7 loci  none hi risknone hi risk  another 7 loci another 7 lociWith 7 loci, With 7 loci, none hi risknone hi risk, another 7 loci,, another 7 loci,
3.5% population mod risk, 3.5% population mod risk, none hi risknone hi risk
All ssibl  l i: 2% l ti  t hi iskAll ssibl  l i: 2% l ti  t hi iskAll possible loci: 2% population at hi riskAll possible loci: 2% population at hi risk
With 7 loci , or 14 loci With 7 loci , or 14 loci less discriminatory less discriminatory 

h  l l d l ( l )h  l l d l ( l )accuracyaccuracy than clinical model (Gail2)than clinical model (Gail2)
Add 7 SNPs increase AUC by only 0.025Add 7 SNPs increase AUC by only 0.025



ARMD / adapted from David Ewing Duncan, 2008 ARMD / adapted from David Ewing Duncan, 2008 
http://oba od nih gov/oba/SACGHS/meetings/july2008/Dunhttp://oba od nih gov/oba/SACGHS/meetings/july2008/Dun

ARMD / adapted from David Ewing Duncan, 2008 http://oba.od.nih.gov/oba/SACGHS/meetings/july2008/Duncan.pdf

http://oba.od.nih.gov/oba/SACGHS/meetings/july2008/Dunhttp://oba.od.nih.gov/oba/SACGHS/meetings/july2008/Dun
can.pdfcan.pdf

Trait Gene Marker Risk Source Life Risk
DED AveDED Ave

A PLEKHA1/ 
ARMS2

rs932275 0.68 deCODEme 1.1%

R CFH rs1329428 0.20 deCODEme 8.0%

M CFH rs10737680 1 0 Navigenics 0 36% / 3 1%M CFH rs10737680 1.0 Navigenics 0.36% / 3.1%

D CFH rs1061147 0.34 23andMe 1.2%

CFB rs541862 6.98 Navigenics ?

LOC387715 rs10490924 1.0 Navigenics ?

LOC387715 rs3750847 0.46 23andMe 0.19%







Barriers to Translation to PracticeBarriers to Translation to Practice
Underlying clinical research questionsUnderlying clinical research questions
–– Genetic heterogeneityGenetic heterogeneityGenetic heterogeneityGenetic heterogeneity
–– Variable penetrance;Variable penetrance;
–– EpistasisEpistasis–– EpistasisEpistasis
–– Population heterogeneityPopulation heterogeneity

poor modelspoor models–– poor modelspoor models
Clinical Misinterpretation, Error and Clinical Misinterpretation, Error and 
I jI jInjuryInjury
Risk of Loss of Trust, Added ExpenseRisk of Loss of Trust, Added Expense

Solutions?Solutions?



The majority of familial risk 
f  b t  i  t t for breast cancer is not yet 
accounted for

BRCA1
BRCA2BRCA2

TP53

ATM
PTEN

CHEK2,BRIP1,PALB2

Other genes
familial risk factors 8 WGA SNPs

CASP8

Doug Easton
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The Hazards of Using LowThe Hazards of Using Low--
Penetrance VariantsPenetrance VariantsPenetrance VariantsPenetrance Variants

? ca, dx 72

Breast, dx
61 (NT)

Noncarrier

CHEK2* 428F

Breast, dx
52 d.72

Breast,
dx 63 61 (NT)

74 CHEK2*1100
d lC

CHEK2* S428Fd. 38

Breast delC69Breast, 
dx 52

46 Breast,
Dx 38

50 52



APC*I1307K   (RR ~2) 
is not useful in clinical counselingis not useful in clinical counseling

Colon cancer

Colonpolyps

Colon cancer

mutant

Wild type



The absence of the  regulating effect 
offered by the payment of a fee… 
makes itself very painfully felt the makes itself very painfully felt….the 
patient s deprived of a strong motive…

F d “O  B i i  th  T t t” Freud “On Beginning the Treatment” 
1913 



Barriers to Translation to PracticeBarriers to Translation to Practice
Underlying clinical research questionsUnderlying clinical research questions
–– Genetic heterogeneityGenetic heterogeneityGenetic heterogeneityGenetic heterogeneity
–– Variable penetrance;Variable penetrance;
–– EpistasisEpistasis–– EpistasisEpistasis
–– Population heterogeneityPopulation heterogeneity

poor modelspoor models–– poor modelspoor models
Clinical Misinterpretation, Error and Clinical Misinterpretation, Error and 
I jI jInjuryInjury
Risk of Loss of Trust, Added ExpenseRisk of Loss of Trust, Added Expense

Solutions?Solutions?



The The 
M d lM d lModelsModels

Average population risk  (SEER for cancer, ?? other acute or chronic diseases)Average population risk  (SEER for cancer, ?? other acute or chronic diseases)
Adjust risk up or down depending on the individual’s constellation of risk factorsAdjust risk up or down depending on the individual’s constellation of risk factors
Need relative risks, can use large, well designed caseNeed relative risks, can use large, well designed case--control study, assume risk control study, assume risk 
factors act multiplicatively (i.e. independently)factors act multiplicatively (i.e. independently)
Mathematical energy spent converting OR to RR unnecessaryMathematical energy spent converting OR to RR unnecessary
Distinguish controls who will get the disease from those who won’t?  All controls Distinguish controls who will get the disease from those who won’t?  All controls 
at risk of the disease; appropriate incidence density sampling takes all this into at risk of the disease; appropriate incidence density sampling takes all this into 
accountaccountaccount.account.
Real validity threats: Real validity threats: 

underlying population average risks difficult to ascertain (except for cancer)underlying population average risks difficult to ascertain (except for cancer)
quality aspects: (e g  how the subjects were ascertained  how controls were quality aspects: (e g  how the subjects were ascertained  how controls were quality aspects: (e.g. how the subjects were ascertained, how controls were quality aspects: (e.g. how the subjects were ascertained, how controls were 
selected, participation rates, publication bias etc. etc.) of any caseselected, participation rates, publication bias etc. etc.) of any case--control control 
data they might use. data they might use. 

Technical method for obtaining risk is less crucial than the analytic Technical method for obtaining risk is less crucial than the analytic Technical method for obtaining risk is less crucial than the analytic Technical method for obtaining risk is less crucial than the analytic 
biases that may intrude due to selectivity of published studies, biases that may intrude due to selectivity of published studies, 
multiple comparisons, poor quality study design, etc. multiple comparisons, poor quality study design, etc. 



Barriers to Translation to PracticeBarriers to Translation to Practice
Underlying clinical research questionsUnderlying clinical research questions
–– Genetic heterogeneityGenetic heterogeneityGenetic heterogeneityGenetic heterogeneity
–– Variable penetrance;Variable penetrance;
–– EpistasisEpistasis–– EpistasisEpistasis
–– Population heterogeneityPopulation heterogeneity

poor modelspoor models–– poor modelspoor models
Clinical Misinterpretation, Error and Clinical Misinterpretation, Error and 
E   d P ibl  I jE   d P ibl  I jExcess expense and Possible InjuryExcess expense and Possible Injury
Risk of Loss of Trust, Added ExpenseRisk of Loss of Trust, Added Expense

Solutions?Solutions?



A l iA l iAnalyticAnalytic
ValidityValidity

190 190 90 90 
Genetic Genetic 
testing testing 

labs labs 
surveyed surveyed 
in 2006in 2006in 2006in 2006



23andMe deCODEme
Navi‐
xgenics

Odds Gene SNP Geno‐
type

OR 
(Eur)

Odds Gene SNP Geno‐
type

RR Odds Gene SNP Geno‐
type

OR

Age‐Related 
M lMacular
Degen. 11.3/100 CFH rs1061147 AC 0.97 6.4% CFH rs1329428 AG 0.63 3.0 LOC387715 rs10490924 TG 2.72

Vs 7/100 C2 rs547154 GG 1.07 Vs 8.0% ARMS2 rs932275 AG 1.26 Vs 3.1% CFH rs10737680 CA 3.16
ARMS2 rs3750847 CT 1.63 CFB rs541862 TT 6.98

Prostate 
Cancer 25.9/100 8q24 rs1447295 CC 0.95 19.7% MSMB rs10993994 CC 0.83 28% 8q24 rs16901979 CA 1.79

Vs 17,8/100 rs6983267 GT 1.01 Vs 16% POU5F1P1 rs6983267 GT 0.99 Vs 17% 8q24 rs4242384 AA 1
rs10505483 CT 1.48 TCF2 rs4430796 AG 0.99 8q24 rs6983267 GT 1.26

17q24 rs1859962 GG 1.2 8 rs10505483 AG– 1.59 17q24 rs17765344 AA 1.45

TCF2 rs4430796 AG 0.94 11 rs10896449 AG 0.98
8 rs1447295 CC 0.91
17 rs1859962 GG 1.21
2 rs2710646 CC 0.95
X rs5945572 G 0 93X rs5945572 G 0.93

Abdominal
aneurysm N/A rs10757278 AG Typi- 22.3% CDKN2A/B rs10116277 TT 1.31 3.1% 9p21 rs1333049 CG 1.36

cal Vs 17% Vs 3.1%% %

Rheumatoid 5.4/100 HLA rs6457617 TT 1.96 2.2% HLADRB1 rs660895 GG 5.45 1.5% MHC rs6457617 TT 5.21
arthritis

Vs 42/100 PADI4 rs11203366 AG N/A Vs 1.0% IL2 rs6822844 GT 0.8 Vs 1.6% PTPN22 rs6679677 CC 1
PTPN22 rs2476601 GG 0 79 PTPN22 rs2476601 GG 0 89 Chr 6 rs13207033 AA 1PTPN22 rs2476601 GG 0.79 PTPN22 rs2476601 GG 0.89 Chr 6 rs13207033 AA 1
MMEL1 rs3890745 CT 0.92 RA-6q23 rs2327832 AA 0.62 Chr 6 rs6920220 GG 1
6q23 rs2327832 AA 0.93 rs13192841 AA
TRAF1 rs3761847 AG 0.97 STAT4 rs7574865 GG 0.87

TRAF1-C5 rs3761847 AG 1.03



Why the Difference in AMD Why the Difference in AMD 
i k i  h  i  L b ? i k i  h  i  L b ? risk in the various Labs? risk in the various Labs? 

1. 1. Differences in SNPs genotyped, which is the baseline at Differences in SNPs genotyped, which is the baseline at g ypg yp
which the calculations start; most important SNPs are on chr. 1, which the calculations start; most important SNPs are on chr. 1, 
chr10, chr. 6, and chr. 19. chr10, chr. 6, and chr. 19. 

2. 2. Differences in the choice of SNPs to analyze, which can be Differences in the choice of SNPs to analyze, which can be 
driven bydriven by
–– a. a. Decision to include or exclude a whole locus (such as Decision to include or exclude a whole locus (such as 

complement B and ApoE in AMD, which complement B and ApoE in AMD, which DeCodeDeCode ignores)ignores)
–– b. b. Decision of which SNP or SNPs should be use to tag a Decision of which SNP or SNPs should be use to tag a 

locus, as different studies report different SNPs and locus, as different studies report different SNPs and 
haplotypes all in LD with each otherhaplotypes all in LD with each other

–– c. patenting and licensing considerations?? c. patenting and licensing considerations?? 

3. Differences in the choice of odds ratio from the literature 3. Differences in the choice of odds ratio from the literature 
for a given tag SNP/haplotype, and how to convert the odds for a given tag SNP/haplotype, and how to convert the odds 
ratio into a relative risk versus the average person.ratio into a relative risk versus the average person.



David Ewing Duncan, testimony to SACGHTS 8/08



Direct to Consumer Marketing of Direct to Consumer Marketing of 
Research Based TestingResearch Based TestingResearch Based TestingResearch Based Testing

Can lead to :Can lead to :
Uninformed decisionsUninformed decisions
Inconsistent informed consent, appropriate Inconsistent informed consent, appropriate 
education, or supporteducation, or support
M  n t h  pp p i t  s lt M  n t h  pp p i t  s lt int p t ti nint p t ti nMay not have appropriate result May not have appropriate result interpretationinterpretation
Negative test does Negative test does not always mean patient will not always mean patient will 
be cancer freebe cancer freeff



Examples of dilemmas caused by Examples of dilemmas caused by 
premature translation of preventive premature translation of preventive premature translation of preventive premature translation of preventive 

technologies in oncologytechnologies in oncology

Lung cancer screening increased diagnoses and surgeries  but had no impact Lung cancer screening increased diagnoses and surgeries, but had no impact 
on mortality

Ovasure tested 6 proteins in blood (incl CA 125) to screen for ovarian 
cancer In Sept. 2008 warning letter, the FDA identified OvaSure as a 
device under section 201(h) of the Food, Drug, and Cosmetic Act intended 
for diagnosing or treating disease, and therefore requiring marketing 
clearance or approval from the agency  “Because you do not have marketing clearance or approval from the agency. Because you do not have marketing 
clearance or approval from the FDA, marketing OvaSure is in violation of 
the law.” 





How to do it better for our patients?How to o t tt r for our pat nts?



Regulation of DTC Genomic Testing
is a vital first step but not enoughis a vital first step but not enough….



The role of Prospective The role of Prospective 
R i i /C hR i i /C hRegistries/CohortsRegistries/Cohorts

Then: Then: Then: Then: 
–– Federally sponsored CFR’s, CGNFederally sponsored CFR’s, CGN
–– High penetrance; short f/u; endpointsHigh penetrance; short f/u; endpoints–– High penetrance; short f/u; endpointsHigh penetrance; short f/u; endpoints
Now: Now: 

P i  bli  hiP i  bli  hi–– Private public partnershipsPrivate public partnerships
–– Large epidemiologic studiesLarge epidemiologic studies
–– Low penetrance; behavioral/cost endpointsLow penetrance; behavioral/cost endpoints
–– Appropriately  powered  designAppropriately  powered  design
–– Independent scientific leadershipIndependent scientific leadership
–– Must involve/educate Must involve/educate health care community!health care community!



SACGHS, April 2008 SACGHS, April 2008 
Centers for Medicare & Medicaid Centers for Medicare & Medicaid 
Services: require proficiency testing (PT)Services: require proficiency testing (PT)Services: require proficiency testing (PT)Services: require proficiency testing (PT)
FDA: address all laboratory tests, FDA: address all laboratory tests, 
regardless of how they are producedregardless of how they are producedregardless of how they are producedregardless of how they are produced
HHS: fund a mandatory, publicly available, HHS: fund a mandatory, publicly available, 
W bW b b s d ist  f  l b t sts  b s d ist  f  l b t sts  WebWeb--based registry for lab tests. based registry for lab tests. 
HHS: fund a publicHHS: fund a public--private partnership to private partnership to 

l  l l l  f  l  l l l  f  evaluate clinical utility of genetic testsevaluate clinical utility of genetic tests
HHS: education or training deficiencies; HHS: education or training deficiencies; gg
FDA: guidance on regulation of clinical FDA: guidance on regulation of clinical 
decision support systems.decision support systems.



Primum non nocerePrimum non nocerePrimum non nocerePrimum non nocere
““Outcomes of testing have not been Outcomes of testing have not been Outcomes of testing have not been Outcomes of testing have not been 
studied. These tests may have nostudied. These tests may have no
effect on health  or may have beneficial effect on health  or may have beneficial effect on health, or may have beneficial effect on health, or may have beneficial 
or harmful effects.”or harmful effects.”

JAMA, December 10, 2008—Vol 300, No. 22



With gratitude to colleagues at Memorial Sloan-With gratitude to colleagues at Memorial Sloan
Kettering Cancer Center, University of Cambridge, 
Broad Institute, the National Cancer Institute for 
h l f l di i  i  d    d helpful discussions; views expressed are my own and 
not those of any institution, or organization with 
who I am affiliated including EGAPP (CDC), ASCO, g
and the Coriell Personalized Medicine Collaborative.


