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One working definition of 
Genomic Medicine 

NHGRI’s Genomic Medicine Working Group 
• An emerging medical discipline that 

involves using genomic information about 
an individual as part of their clinical care 
(e.g., for diagnostic or therapeutic decision 
- making ) and the other implications of 
that clinical use. 
 



The good physician treats the 
disease; the great physician 
treats the patient who has the 
disease.  

Sir William Osler 

Personalized medicine – not a new 
idea 



The vision 

"Here's my sequence...” 
New Yorker,  2000 

Francis Collins, NEJM 9/16/2009 



How will this vision actually start to be 
tested and become reality? 

"Here's my sequence...” 
New Yorker,  2000 
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BioVU, the Vanderbilt DNA bank 
A clinical laboratory for genomics and pharmacogenomics, linking DNA 

samples to de-identified electronic medical records 
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Examples of studies in BioVU 

• Searching for genomic variants associated 
with:  
• Physiologic traits 
• Disease 
• Drug responses 

• Searching for phenomic variants associated 
with  
• DNA polymorphisms (PheWAS) 



Coordinating 
Center 







QRS duration in the normal ECG 
• QRS duration is an index of 

conduction velocity in heart.  
Longer QRS implies slow 
conduction.  Slow conduction 
predisposes to arrhythmias. 

• Algorithms developed to 
identify records in which the 1st 
ECG is normal and 
• no heart disease 
• normal electrolytes 
• no confounding drugs 

• Deployed in the entire 
electronic record  30,363 
subjects 

QRS 

QT 

200 
msec 

PR 

Ramirez et al, 2011 



GWAS of QRS Duration  
SCN5A/SCN10A n=5,272 

Ritchie, Denny et al., 2013 20 



ΦWAS 
PHEnome Wide Association Study 

disease codes 

N=13617 subjects atrial fibrillation cardiac arrhythmias 

Ritchie, Denny et al., 2013 

rs6795970 (SCN10A) 



rs6795970 (SCN10A) is  
associated not only with variability in normal QRS 

but also with development of atrial fibrillation 

Ritchie, Denny et al., 2013 



A not irrelevant digression… 
Decreased arrhythmia susceptibility in scn10a-/- myocytes 

0

2

4

6

8

10

12 1 Hz

scn10a-/-control

1 nM ATX-II

(8/12; 66.7%)

(1/12; 8.3%)

 

M
yo

cy
te

 n
um

be
rs

 w
ith

 E
AD

s

0 200 400 600 800 1000
-100

-80

-60

-40

-20

0

20

40 1 Hz

1 nM ATX-II

baseline

scn10a-/-

m
V

ms
0 200 400 600 800 1000

-100

-80

-60

-40

-20

0

20

40 1 Hz

1 nM ATX-II

baseline

WT

m
V

ms



Pleiotropy: PheWAS associations with 
a skin color SNP 



Site Participants 
(GWAS)-

Genotyped 
Samples 

Group Health Seattle 6,381 3,606 

Marshfield 20,000 4,225 

Mayo 19,000 6,934 

Northwestern 11,000 4,987 

Vanderbilt 158,514 27,173 

Geisinger 22,000 4,191 

Mt. Sinai 22,000 2,867 

CHOP 60,000 22,000 

Cincinnati/Boston 10,000 3,000 

TOTAL 328,895 75,983 

EMR-linked biobanks in eMERGE-II 

A paradox  
Large numbers of patients, of diverse 
ancestries, are required to develop 
evidence to “personalize” medicine. 
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n=58 (germline) 



Pharmacogenomics: even low 
hanging fruit… 



…is not so simple 



Planning the PREDICT Project 
Pharmacogenomic Resource for Enhanced Decisions In Care and Treatment 



1. Select populations of patients 
who are “at high risk” for 
receiving a drug with an 
actionable “pharmacogenetic” 
story. 

2. Genotype all of them on a 
platform that assays genotypes 
important for variable actions of 
many drugs preemptively. 

3. Store the genotypes, develop the 
informatics tools to provide 
point-of-care advice.  Track 
outcomes.   

PREDICT 
Pharmacogenomic Resource for Enhanced Decisions In Care and Treatment 

The “easy stuff”. 



Who is at “high risk”?  
A case for preemptive genotyping 

In a cohort of 53,196 
“Medical Home” 

patients followed for up 
to 5 years, how many 
received drug(s) that 

have  a recognized 
pharmacogenetic 

“story”?  
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Clopidogrel label revision March 2010 
identifies another high risk group  

SNP (Gene) Genotype Odds Ratio (vs *1/*1) P 

rs4244285 (CYP2C19*2) *1/*2 or *2/*2 1.54 0.003 

rs1045642 (ABCB1) 3435 CT 1.28 0.018 

In BioVU: Vascular events during clopidogrel (205 cases; 493 controls) 

Delaney et al., 2012 



8280 
1538 

2369 

334 

CYP2C19 genotypes in 12,521 PREDICT 
patients (9/2010-4/2013) 

2.7% homozygous 
18.9% heterozygous 
12.2% non-actionable variant 
66.1% no common variant 





Point of care decision support 



Variability is the law of life, 
and as no two faces are 
the same, so no two 
bodies are alike, and no 
two individuals react alike 
and behave alike under 
the abnormal conditions 
which we know as disease. 

Sir William Osler 

Personalizing medicine 





Displaying SNaPshot results for mutation-
specific therapy in melanoma in the EMR 



Multiplexed testing for 
pharmacogenetic variants 

(after 5 drug-gene pairs…) 

0 variants (11.8%)
1 variant (29.6%)
2 variants (31.8%)
3 variants (18.4%)
4 variants (6.6%)
≥5 variants (1.9%) 

Total n=12,451 
(9/10-4/13) 1,466 

3,680 

3,959 

1060 

2,286 

235 



Engaging patients 



Engaging patients 



Engaging patients 



eMERGE-PGRN Partnership  

 
 

PGx capabilities: 
• Array-based assay for 

pharmacogenes 
• Drug-gene guidelines 
• CLIA & QC standards 

EMR-informatics 
capabilities 
• Privacy 
• Electronic 

phenotyping  
• Large populations 



Lessons (1) 

• A key role for discovery  
• Even “low-hanging fruit” is complicated: 

• Multiple variant alleles 
• some common 
• some rare and of unknown function 
• some not so simple to genotype 

• Variability by ancestry 



Lessons (2) 
• Multidisciplinary: 

• basic & clinical pharmacology 
• genome science 
• statistics 
• informatics 
• ethics 
• hospital administration 

• Engagement: 
• Domain expertise/users: each new “pair” requires coupled 

pharmacogenomic and clinical domain expertise 
• Patients 
• Need for specific domain physician champions 

• clinical pathology 
• clinicians 
• user interface expertise 
• nursing 
• pharmacy 
• outcomes; economics 



Lessons (3) 
• Educational needs from students to 

practitioners 
• Understanding changing levels of evidence 
• Need for extremely high quality genomic data 

for clinical purposes 
• Absolute (?) requirement for advanced 

electronic medical records to  
• Institutional will 

 
 
 
 



The Teams 
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First data peek… 
• 7405 PREDICT genotyped patients from 10/1/2010 to 6/30/2012: 

• 1620 with stent placed 
• “final” antiplatelet therapy identified at 90 days 

“Final” therapy 
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