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Disclaimers 
• Co-chair HL7 Clinical Genomics Workgroup 
• HL7 Clinical Genomics Liaison, College of American 

Pathologists’ Cancer Biomarker Reporting Committee 
• Member of the Federally-mediated Clinical Grade-VCF/GVF 

(i.e. genomic data file format) Workgroup 
• BioMedical Informaticist at Partners Healthcare and Dana-

Farber Cancer Institute  
• MBA – Candidate at Babson College 
• Member of Babson’s Butler Venture Accelerator 

– Working with Dr. Kevin Hughes to commercialize Hughes RiskApps 
software for  family history and identification and management of 
high-risk patients within the area of personalized medicine 



Clinical Genetic Standards 

HIT Standards for Current Clinical 
Genetic Testing 



CLINICAL GENETIC USE CASES 
Developing a common understanding through use cases 



Proactive Health Plan: 
 Predictive Risk and Breast Cancer 



Proactive Population Management and 
Knowledge Update 

• Dr. Jones receives notification that the clinical 
interpretation of Ms. Smith’s breast cancer genetic 
risk test has changed from ‘unknown clinical 
significance’ to ‘positive-high risk’. 

• Dr. Jones writes a letter to Ms. Smith that informs 
her of the new interpretation, requests an 
appointment, and offers support to communicate 
the potential risk to other family members  

• Ms. Smith is automatically registered in the Breast 
Cancer Risk, Population Management Registry. 



Pharmacogenomics, Toxicogenomics and 
Pharmacovigilance 



Pharmacogenomics – Drug Efficacy 

• Mr. Jones is diagnosed with a form of non-small cell 
lung cancer.  Molecular testing identifies a mutation 
in the EGFR gene.  EGFR mutations have been 
associated with responsiveness toTarceva treatment. 

• Mr. Jones isn’t responding to Tarceva and after time 
is placed on another treatment. 

• Retrospective outcomes analysis reveals when 
mutation A is present patients are unresponsive to 
Tarceva.  That is, mutation A is a resistance mutation. 

• A drug – genetic contraindication alert is created and 
future patients are placed on alternative therapy.   

• Secondary use of clinical genetic data for research 
enables development of a new drug not blocked by 
mutation A. 
 



Toxicogenomics 
• Mrs. Carter lost her hearing as a child. Her children’s 

pediatrician recommends she get a genetic test to 
rule out a mitochondrial  mutation associated with 
hearing loss when treated with an aminoglycoside 
antibiotic . 

• Mrs. Carter is found to carry the mutation and 
genetic testing reveals that 2 of her 3 children also 
carry the mutation.   

• The children’s pediatrician updates their medical 
records with the drug allergy. 
 



Pharmacovigilance 

• Through a pharmacovigilance application, 
drug X is discovered to be associated with 
unexplained hearing loss, when given to 
children with mutation Y. 



Newborn Screening and Risk Identification 
of Early On-set Disease 

Current Near Future 



Newborn Screening 
Patient Genomic Profile  

Long-term Objective 



Health Care ROI 
• Movement to Proactive Health Management 

– Personalized, Preventive, and Precise 
– Focus on specific risks in specific patients 
– Increase surveillance of high-risk individuals 
– Able to use high-risk medications for targeted 

individuals 
– Reduce adverse events in high-risk individuals 

• Improved Clinical Decision Support 
– Timely application of new genomic knowledge in 

delivery of healthcare 
• Reduced Health Care Costs 

– Reduced adverse events 
– Decrease potential liability 



Requirements for  
Genetic/Genomic Data in Clinical Care 

• Accessible in the EHR as Structured Data 
• Integrated into Clinical Workflows 
• Available to Clinical Decision Support 
• Integrated into Data Warehouses  

– patient panel management, outcomes analysis, quality assurance, 
public health reporting  and discovery research 

• Maintained, Up-to-Date Interpretations 

 
 

Clinical Genetic Healthcare IT Standards 



Electronic Health Record Environment Requires 
Standardized Minimal Core Datasets 

Germline, Somatic, & Prenatal Variants 

Sequencing, G
enotyping, Chrom

osom
al Analysis…
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Diagnostics and ‘At Risk’ for 
Disease 

Pharmacogenomic Implications for 
Medications and Prescriptions 

Genetics Incorporated into Care 
Plans 

Reminders for Screening 
Genetic BioMarkers for 
Drug Allergies or 
Sensitivities 

Patient Genetic Profile 

What might Personalized Genomic Medicine look like? 

Genetic 
Implications 
for 
Procedures 



Genetic Test Result & Interpretation 
(Presented to the clinician in narrative form) 

Coded Genetic Test 
Coded Overall Result 

(e.g. Positive/Negative; Responsive/Resistant) 
 
 

Structured Mutations/Variants 

Coded Disease or Drug 

Test X was Positive  
for mutations associated 

with Disease Y 
or  

Resistance to treatment  
with cancer Drug Z 



Launched August 2006 

Co-Create Human Readable & Computer Readable 

This slide is intended to illustrate general IT functionality.   
Content displayed is not intended for clinical use.   
Screen configurations may not reflect the current version of the application 



Patient Genetic Profile in 
Partners’ Longitudinal Medical Record (LMR) 

(Launched August 2006) 

This slide is intended to illustrate general IT functionality.   
Content displayed is not intended for clinical use.   
Screen configurations may not reflect the current version of the application 



Genetic Clinical Decision Support 
(Leveraging structured genetic test results, launched in LMR, March 2007) 

This slide is intended to illustrate general IT functionality.   
Content displayed is not intended for clinical use.   
Screen configurations may not reflect the current version of the application 



Research Patient Data Registry 
 (Summer 2006)  

Partners HealthCare – Copyright 2010 – All Rights Reserved 

This slide is intended to illustrate general IT functionality.   
Content displayed is not intended for clinical use.   

Screen configurations may not reflect the current version of the application 



CLINICAL GENETIC DATA 
STANDARDS 

Extending HIT for clinical genetics 



HHS – ONC Use Cases 

Personalized Healthcare Newborn Screening 



Implementation Guide for 
Structuring Clinical Genetic 
Test Results in the EHR 
• DNA Variants within a Gene 
• Gene Alleles 
• Interpretations associated with 

• Drug Efficacy 
•Drug Metabolism 
•Carrier Testing  
•Disease (Risk /Diagnosis) 

•Test Definition 
•References to Public Knowledge (e.g. 
PubMed, PharmGKB and OMIM) 



HHS-ONC & HL7 Family History Work 

Minimal Core Dataset Implementation Guide 



Current HIT Clinical Genomics Data Standards 
Ensure transfer of 
data between 
systems … 
 

Health Level Seven – HL7 
 

Ensure standard 
description of tests, 
results, and 
interpretations … 

LOINC, Logical Observation Identifiers Names and Codes 
HGVS Nomenclature, Human Genome Variation Society 

HGNC, Human Gene Nomenclature Committee  
RefSeq, Reference Sequences NCBI 

dbSNP. Single Nucleotide Polymorphism 

ISCN, International Society for Cytogenetics Nomenclature 
 

Ensure standard 
context for 
interpretations (i.e. 
associations) … 

SNOMED & RxNORM 

Other References LRG, OMIM, COSMIC, PubMed… 
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LOINC Panels Serve as a Template for DNA Variant Details 

LOINC 
Code 

Name Example value source 

51958-7 Transcript Reference 
Sequence Identifier 

NM_005228.3 NCBI 
RefSeq 

48018-6 Gene identifier EGFR HGNC 
Nomenclature 

48004-6 DNA Sequence Variation c.2573T>G HGVS 
Nomenclature 

48003-8 DNA Sequence Variation 
identifier 

rs121434568 NCBI 
dbSNP 

48002-0 Genomic source class Somatic, Likely Somatic, 
Unknown Origin, Likely 
Germline, Germline 

LOINC  
Answer List 

51961-1 Drug efficacy sequence 
variation interpretation 

Resistant, Responsive, 
Presumed Resistant, 
Presumed Responsive, 
Unknown Significance, 
Benign, Presumed Benign, 
Presumed Non-Responsive 

LOINC  
Answer List 
 



OBX|1|CWE|51963-7^Medication assessed^LN||337525^Erlotinib^RxNorm||||||F|20080702100909|||||||||||Laboratory for Molecular 
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|2|CWE|48002-0^Genomic source class^LN||LA6684-0^Somatic^LN||||||F|20080702100909|||||||||||Laboratory for Molecular 
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|3|CWE|51964-5^Drug efficacy analysis overall interpretation^LN||^LA6677-4^Responsive^LN||||||F|20080702100909|||||||||||Lab    
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|4|FT|51969-4^Genetic analysis summary report^LN||\... ...<Report Text> 
 
 
OBR|3||PM-08-Q00228-2^HPCGG-LMM^2.16.840.1.113883.3.167.1^ISO|55207-5^Genetic analysis discrete result panel^LN|||20080702000000|||||||||||||||20080703000000||

LMM&2.16.840.1.113883.3.167.1&ISO 

OBR|4||PM-08-Q00228-3^HPCGG-LMM^2.16.840.1.113883.3.167.1^ISO|55208-3^DNA analysis discrete sequence variation panel^LN|||20080702000000|||||||||||||||2008070300
2&HPCGG-LMM&2.16.840.1.113883.3.167.1&ISO 

OBX|1|CWE|48018-6^Gene identifier^LN||3236^EGFR^2.16.840.1.113883.6.281||||||F|20080702100909|||||||||||Laboratory for Molecular Medicine^L^22D1005307^^^CLIA&2.1
Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|3|CWE|51958-7^Transcript reference sequence identifier^LN||NM_005228.3^^2.16.840.1.113883.6.280||||||F|20080702100909|||||||||||Lab    
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|4|CWE|48003-8^DNA sequence variation Identifier^LN|1|rs121434568^^99HPCGG-LMM-MARKER||||||F|20080702100909|||||||||||Laboratory for Mo  
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|5|CWE|48004-6^DNA sequence variation^LN||c.2573T>G 
^^2.16.840.1.113883.6.282||||||F|20080702100909|||||||||||Laboratory for Molecular Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 
Exon 19||||||F|20080702100909|||||||||||Laboratory for Molecular Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|10|CWE|48002-0^Genomic source class^LN||LA6684-0^Somatic^LN||||||F|20080702100909|||||||||||Laboratory for Molecular 
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|11|ST|47998-0^DNA sequence variation display name^LN|| 

                  c.2573T>G (p.Leu858Arg), Exon 21, EGFR, Responsive||||||F|20080702100909|||||||||||Laboratory for Molecular Medicine^L^22D1005307^^^CLIA&2.16.840  
Lane^Ste. 123^Cambridge^MA^99999^USA^B 

OBX|12|CWE|51961-1^Drug efficacy sequence variation interpretation^LN |1|LA6677-4^Responsive^LN||||||F|20080702100909|||||    
Medicine^L^22D1005307^^^CLIA&2.16.840.1.113883.4.7&ISO|1000 Laboratory Lane^Ste. 123^Cambridge^MA^99999^USA^B 

Not For Open Distribution 
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HL7 v2.5.1 Laboratory Reporting of Genetic Results 

Header 

Findings (repeat panel as needed) 



• Ordering and performing organizations and clinicians 
• Patient identifying information 
• Test(s) performed 
• Indication for testing 
• Specimen information 
• Interpretation context and overall result  Genetic Disease Assessed = Dilated 

Cardiomyopathy  &  Genetic Disease Analysis Overall Interpretation = Positive 
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HL7 v3 CDA-based Laboratory Reporting of Genetic Results 
Header 

<entryRelationship typeCode="SUBJ"><observation classCode="LOC" moodCode="EVN"> 
<code code="51958-7" codeSystemName="LOINC" displayName="Genomic reference sequence identifier"/> 

<value xsi:type="CD" code="NC_000001.9" codeSystem="REFSEQ" codeSystemName="NCBI-NUCLEOTIDE"/> 
<entryRelationship typeCode="SUBJ"><observation classCode="LOC" moodCode="EVN"> 
<code code="51958-7" codeSystemName="LOINC" displayName="Transcript Reference Sequence Identifier"/> 

<value xsi:type="CD" code="NM_170707.1" codeSystem="REFSEQ" codeSystemName="NCBI Reference Sequence"/> 
</observation></entryRelationship> 
 
<entryRelationship typeCode="SUBJ"><observation classCode="LOC" moodCode="EVN"> 
<code code="48004-6" codeSystemName="LOINC" displayName="DNA Sequence Variation"/> 

<value xsi:type="CD" code="c.1129C>T" codeSystemName="HGVS nomenclature for the description of sequence 
variations"/></observation></entryRelationship> 
<entryRelationship typeCode="SUBJ"><observation classCode="LOC" moodCode="EVN"> 
<code code="48019-4" codeSystemName="LOINC" displayName="DNA Sequence Variation Type"/> 

<value xsi:type="CD" code="LA6690-7" codeSystemName="LOINC"displayName="Substitution"/></observation>\</entryRelationship> 
<entryRelationship typeCode="SUBJ"><observation classCode="LOC" moodCode="EVN"> 
<code code="53034-5" codeSystemName="LOINC" displayName=" Allelic State"/> 

<value xsi:type="CD" code="LA6706-1" codeSystemName="LOINC“ displayName="Heterozygous"/></observation></entryRelationship> 
…….<observation classCode="PHN" moodCode="DEF"> 
<code code="53037-8" codeSystemName="LOINC" displayName="Genetic disease sequence variation interpretation"/> 

<value xsi:type="CD" code="LA6669-1" codeSystemName="LOINC" displayName=“Pathogenic"/></observation> 

Findings (repeat panel as needed) 



Lab EHR 

EHR 

Results – Lab 2.5.1  

Order – Lab 2.5.1 
- order codes 

XD Lab (C37) 
or Consult Note (C84) 

Gaps 

Assets 

Clinical Genomic  
Messaging Standards from HITSP & HL7 



HL7 Implementation Guides for  
Clinical Genetic Workflow 

• Laboratory Reporting for Gene Variants 
associated with Disease Diagnosis, Disease 
Risk, Drug Metabolism and Drug Efficacy and 
Tumor Genotyping 

• Laboratory Reporting for Cytogenetics 
(anticipated July 2013) 

• Genetic Test Report (CDA format for above testing 
types) 

• Family History/Pedigree  
–  Support for genetics – risk assessment and recording of 

genetic test results 
• CDA-based Genetic Test Report 



Clinical Genomic Standards 

HIT Standards for Emerging  
Clinical Genomic Testing 

 & 
 Advanced Functionality and Workflows 



CLINICAL SEQUENCING DOMAIN 
ANALYSIS MODEL 

Unifying clinical genomic stakeholders through common domain analysis 
model 



HL7 Clinical Sequencing  
Domain Analysis Model 

1.Define specimen identification needs 
2.Define use cases/scenarios 
3.Define standard data representations, 
terminology, minimal core data sets and 
useful extensions 
4.Identify standards for above 
5.Obtain necessary OID’s and LOINC 
codes 
6.Pilot and iterate incorporating lessons 
learned 

 



Specimen Identification 

• Germline testing for biomarkers/mutations (usually inherited) 
• Tumor testing for somatic (tumor specific 

biomarkers/mutations) 
• Pediatric testing for biomarkers/mutations causal to rare early 

childhood conditions  
• Prenatal testing which may be reported on the maternal 

medical record 
• Infectious disease testing 



Time Presents Additional Challenges for 
Somatic and Infectious Disease Testing 







Family History based 
Risk Calculation & Treatment Plans 

Hughes RiskApps:  http://www.hughesriskapps.net/ 

http://www.hughesriskapps.net/




Genetic Test Results and  
Up-to-date Knowledge 

Human Mutation 
Volume 32, Issue 5, pages 532-536, 22 MAR 2011 DOI: 10.1002/humu.21470 
http://onlinelibrary.wiley.com/doi/10.1002/humu.21470/full#fig4 

The GeneInsight suite: a platform to support laboratory and provider use of DNA-based genetic 
testing 

http://onlinelibrary.wiley.com/doi/10.1002/humu.v32.5/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/humu.21470/full




Using Transitional Frameworks for  
Cancer Genomics 

Translational 
Databases &  
Knowledgebases   

Translational 
Applications   

External Data Exchange: 
•Billing & Pre-approvals 
•Public Health Reporting 
•Patient Referrals 
•Pharmacy Orders 

Scientific  
Discovery 
Applications   



Additional Use Cases 

• Public Health Reporting 
– Cancer Registry 

• Donor Matching for Transplantations 
– National Marrow Donor Program 

• Clinical and Research Data Warehouses 
• FDA and Clinical Trials 

– Adverse Event Reporting and Clinical Trial Submissions 
• Newborn Screening - extended clinical workflow 
• Infectious Disease 
• State Health Exchange Networks 
• Other – missing use cases??? 

 



Workgroups to Watch 
College of American Pathologists’ (CAP) Cancer BioMarker Workgroup 
• CAP, CDC & Cancer Registry initiative to obtain LOINC codes for 

clinical tumor biomarkers and code cancer templates 
• Biomarkers provided to NCBI for inclusion in MedGen and 

annotated/linked to dbSNP, ClinVar, and Genetic Test Repository 
(GTR) 

CDC, NIST, NCBI, FDA and community experts/stakeholders from the 
clinical laboratory, bioinformatic and healthcare IT standards 
community has been formed to develop a clinical grade 

• Develop clinical grade VCF/GVF file formats for genomic data 
HL7 Clinical Genomics Workgroup 
• Representatives participating in above workgroups for 

harmonization and extension of HL7 standards 
 



CAP Cancer BioMarker Reporting 
Workgroup 

• How will bioinformaticists, molecular pathologist, oncologists, 
pharmacists, and cancer registrars understand specific 
biomarkers associated with pharmacogenomics, prognosis, 
and diagnosis, when a biomarker may be caused by thousands 
or millions of different DNA changes? 
– Mapping whole genome sequencing data to clinically actionable 

biomarkers 
– Maintaining knowledge – clinical implications and orderable tests 
– Collecting population data and outcomes 
– Contextualizing within the clinical disease – cancer checklists 

 



Federally Mediated Clinical Grade-Genomic 
Data File Formats 

• Compared to clinical genetic standards bioinformatic 
standards are a ‘wild west’ 
– Standardizing genomic standards for clinical use 
– Harmonizing tools development 
– Creating a common language for data interoperability 

 



Implementation Roadmap, 
Need for Innovation 

&  
A Call to Action 
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How do we not make this a picture of Genomic 
Medicine and Healthcare? 

Butler, D. Translational Research: Crossing the Valley of Death. Nature 453, 840-842 (2008)  



Genetic Test

What do we need to bring 
genomics into clinical care in a 

cost-effective manner, with 
patient safety first? 

Rt 2

10000000

Targeted 
Sequencing

Exome-Genome 
Sequencing



Traditional Lifecycle of Cancer Therapy 

Pathology 
Surgery 

Prescriptions are sent  
to the Pharmacy 

Is the Prescription  
Correct? 

Was the correct 
operation performed? 

Was the correct 
diagnosis reported? 

Report Report 

Prescription 

Oncologists Read Reports  
& Writes Prescriptions in the  

Electronic Medical Record  

Previous medical error 



Lifecycle of Cancer Therapy Informed by Genetics 

Pathology 
Surgery 

Molecular Pathology 

Prescriptions are sent  
to the Pharmacy 

Is the Prescription  
Correct? 

Was the correct 
operation performed? 

Was the correct 
diagnosis reported? 

Report Report Report 

Prescription 

Oncologists Read Reports  
& Writes Prescriptions in the  

Electronic Medical Record  

? Were the correct 
genetic-based drug 
recommendations 

reported? 



Healthcare IT Support for Personalized Medicine  

Primary 
Physician 

(PCP, Ped, and OB) 

System 
Specialist 

(Cardiologist) 

Genetic 
Medicine 

Sub-
Specialist 

(Cardio-genetics) 

Genetic 
Testing 

Laboratory 
(LMM) 

Patient s and Caregivers 

Genetic Tests for Better  
Understood Conditions 

(e.g. Long QT) 



State Genetic Privacy Laws - 2008 

Source:  http://www.ncsl.org/issues-research/health/genetic-privacy-laws.aspx 



Current Landscape 
Historic Industry 
Practice 

Emerging Industry Practice Healthcare IT Data Standard 

Paper based, narrative 
reports 

Electronic reports, moving from 
narrative to synoptic reporting 
(e.g. enables computer parsing) 

Electronic reports transmitted 
with computer readable 
findings 

No consistent 
reporting formats 

Increasingly consistent report 
formats, incorporating healthcare 
IT data standards into written 
reports 
 

Structured/coded findings, 
transmitted with report, use 
standard nomenclature and 
contain references to external 
knowledge 

LOINC: Not used LOINC: Test name is LOINC coded 
– no standard naming convention, 
frequent duplicates 

LOINC: Used to structure 
findings/metadata 
 
Doesn’t change test naming 
conventions, as it was felt 
that this should be addressed 
in the future with NCBI’s 
genetic test registry 

Opportunity 
Space 



Current Implementation Roadmap Recommendations 
(used by several pilot organizations) 

1. Incorporate design in databases  reference sequences, 
HGVS nomenclature, etc… 

2. Implement design standard in laboratory reports and/or data 
files 

• E.g. Molecular diagnostic reports transmitted through a  pathology reporting 
system or clinical grade-GVF or VCF file exchanged in a secure manner 

3. Validate utility of information model through active use in 
business 

4. Iterate on information model incorporating lessons learned 
5. Formally develop HL7 interfaces for fully codified/qualified 

data when business is ready 
 Summary: You don’t have to wait until the EHR is ready to 

receive the data. 
 



Innovation Through Integration With 
Translational Frameworks 

• Adheres to development best practices 
• Uses Healthcare IT data standards and structured/codified data 

Translational 
Databases &  
Knowledgebases   

Translational 
Applications   

External Data Exchange: 
•Billing & Pre-approvals 
•Public Health Reporting 
•Patient Referrals 
•Pharmacy Orders 

Scientific  
Discovery 
Applications   

What does this look like?? 



What is needed to stimulate Healthcare IT 
innovation for personalized genomic medicine? 

• Compelling value propositions 
• Market 

– Customers: Community and Stakeholder engagement 
– Context : Meaningful Use, Electronic Medical Records 

(EMRs), State Genetic Privacy Laws and Next Generation 
Sequencing 

– Collaborators: EMR and Instrument Vendors, HHS/ONC, 
and Standards and Professional Organizations 

– Technical Feasibility: EMRs, Standards, Technology, and 
Software Innovators 

– Financial Feasibility: High cost of duplicative  infrastructure 
investment and lost opportunity through lack of integrated 
repositories of structured data 
 



Call to Action for HIT support of Personalize Medicine 
• Compelling value propositions  
 Need well structured data repositories 
• Customers : Community and Stakeholder engagement 
 ONC/HHS HIT activities disbanded  & standards/use cases no longer available  
– Professional and Standards  Organizations  and Fed. Agencies slowly picking this up 
• Context : Meaningful Use, EMRs, and Next Generation Sequencing 
 Need standards development/harmonization across stakeholder groups 
 Need review and updating of state genetic privacy laws in Post-GINA environment 
• Collaborators : EMR and Instrument Vendors, HHS/ONC, and Standards and Professional 

Organizations 
• Technical Feasibility EMRs, Standards, Technology, and Software Innovators 
 Open vs. Closed EMR’s – community needs to define requirements of an open EMR, 

demand them from vendors, and implement them 
 How do we promote and support software innovation and adoption? 
• Financial Feasibility  High cost of duplicative  infrastructure investment and lost 

opportunity through lack of integrated repositories of structured data 
 Invest in shared technology, data interoperability, data sharing, and software applications 

to create structured quality genetic data 
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