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Convergence of Implementation Science, Precision Medicine, and the Learning Health Care System: A New 
Model for Biomedical Research

DA Chambers JAMA. 2016

Contributions of Implementation Science, Learning Health Care System, and Precision Medicine
Figure Legend: 



Network	Effect	of	Genomic	Medicine	Programs

https://emerge.mc.vanderbilt.edu
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High	level	component	architecture	– Solution



Nomenclature	and	Interpretations

Gene Nucleotide	variationa: Effect	on	CYP3A5	protein

CYP3A5
6986A>G
31611C>T

Splicing	defect

Tacrolimus and CYP3A5 interaction

CYP3A5	*3/*3 Tacrolimus	Poor	metabolizer

This result signifies that the patient has 
two copies of a non-functional allele (*3).       
Patients with this genotype are expected 
to require standard tacrolimus dosing.  
Please consult a clinical pharmacist for 
more specific dosing information.

Result

Genotype &
Phenotype

Interpretation

CPIC Guideline - Tacrolimus



JF Peterson. Genetics in Medicine 2013



Warfarin	CDS



Pharmacy	Surveillance	of	High	Risk	
Genotype

11Khan, et al.  AMIA 2011



PREDICT	Results	in	the	Patient	Portal



“I	think	it's	going	to	be	important	to	come	up	with	good	processes	to	educate	
referring	physicians	as	well	as	ordering	physicians	and	specialists	on	how	to	
handle	this	information.	Who	do	you	need	to	notify?	Who's	responsible	 for	acting	
on	the	information?”

“It’s	important	to	me	to	know	the	[consequences]	of	a	cardiologist	ordering	a	test	
that	has	implications	when	the	patient	is	prescribed	Azathioprine,	or	an	SSRI,	or	a	
non-cardiac	drug.”

Responsibility	for	Genomic	Results

Unertl, Personalized Medicine. 2015 



Responsibility for Prescription Change

Who, within Vanderbilt, should take responsibility for following up with 
the patient or outside providers? (check all that apply)

15% Vanderbilt provider who has seen the patient most recently

54% Vanderbilt provider who ordered the pharmacogenomic test

67% PREDICT staff should contact the providers

27% PREDICT staff should contact the patient directly

Prior PREDICT Testing

Peterson. The Pharmacogenomics Journal. 2015



Clopidogrel	&	CYP2C19	Variants

Absolute risk difference: 4.1% for the 
composite outcome, major adverse 
coronary events (MACE). 

Number needed to genotype to 
potentially avert one adverse cardiac 
outcome: 25 

Expected benefit of tailored 
therapy vs standard 
therapy

Post-PCI Population



Pre-Implementation	Retrospective	Study

Delaney, CPT 2012

Clopidogrel and CYP2C19 : 96% of cases are stented

Normal 
Metabolizer

Poor or Intermediate 
Metabolizer



Clinician	Response

CYP2C19Metabolizer	Status Genotype Tailored	
Therapy

Poor	Metabolizer 58%

Intermediate	Metabolizer 33%

Non-Actionable 8%

CYP2C19 Genotyping

Stent 365 days30 days

Inpt CDS

Surveillance

Genetic Risk 
Identification 
and CDS

Outpt. CDS Outpt. CDS

Peterson,	CPT	2016



Non−actionable Poor/Intermediate
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Differences	in	
Adoption	Among	
High	Volume	
Interventionalists

Peterson,	CPT	2016



“Our initial concerns were cost and data 
accuracy, but the major challenges turned 
out to be the logistics of delivering genome 
sequence information to clinicians, how 
clinicians use the data, and how patients and 
their families deal with the secondary 
(incidental) findings.”

Jacob, et al.  
Science Translational Medicine 2013

Implementation of Whole Genome 
Sequencing
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Who	will	be	the	stewards	of	our	
genetic	data?

Clinical Laboratories Health Systems

Personal Genomics Education Project
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