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Critical Needs for Optimized Genetic Medicine

1. Structured genetic data 

2. Accurate and readily accessible data interpretation 

resources

3. Support for the value of high quality clinically relevant 3. Support for the value of high quality clinically relevant 

reports

4. Systems to support reanalysis and/or independent 

interpretations of genetic data



Structured genetic data 

We have worked with the HL7 standards group to define a 

system for reporting genetic variation and test content.

Heterozygous, c.101C>T, p.Met34Thr, GJB2, Pathogenic

At Partners Healthcare, genetic data goes into an EHR (CDR) At Partners Healthcare, genetic data goes into an EHR (CDR) 

and research repository (RPDR) as structured data

Genetic variants must be universally understood by IT systems

pdf text reports are not sufficient



Benefits of structured data

Enables use of clinical decision support tools that can 

leverage genetic data even as algorithms and use cases 

change over time



Will the ER doc ask for my 23andMe username 

and password when I present with a stroke?



Whole Genome Sequences Should be Stored in the EHR
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Variant Classification – We need a common set of terms 
and rules for classification

Many terms in use:

Mutation 

Variant

Polymorphism

SNP

PathogenicPathogenic

Deleterious

Disease-associated

Possibly

Probably

Likely

VUS (variant of 

unknown significance)
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HCM Gene Mutations

>1400 mutations identified (published or seen by LMM)

66% of mutations are seen in only one family
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Rate of Newly Identified HCM Mutations
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Myriad detects 10-20 new missense variants each week despite testing >150,000 
people for BRCA1/2 (Slide from W. Grody with data from B. Ward)



IT Support for Whole Genome/Exome Sequencing

Genetic Report EHREHRVariant Filters
Customizable for Indication

LIMS

Variant Caller

Variant Prediction Tools

Alamut, PolyPhen, SIFT, AlignGVGD, 

MAPP, SNAP, MutationTASTER, 

Splicing Prediction Programs

Variant Searches

Google, PubMed, dbSNP, OMIM, HGMD, 

LOVD, UMD, COSMIC, dbGAP, PharmGKB, 

1000s of other Locus Specific Databases 

Centralized Standardized Open Access Variant Database

?



MutaDATABASE – initiated by Patrick Willems
ClinVar – initiated by NCBI

Goal: Universal human gene variant database which is centralized, 
standardized and freely available. 

Model: ISCA Consortium led by David Ledbetter

MutaDATABASE and ClinVar Projects

Policies and Standards Workgroup
• Defines polices around data submission, access, usage and ownership• Defines polices around data submission, access, usage and ownership

• Develops incentives for data submission

• Works with standards bodies to ensure adherence to existing standards and development of new standards

• Monitor and interface with overlapping efforts to ensure consistency and minimization of duplicative efforts

• Develops standards and policies surrounding consent and submission of phenotypic data

Variant Data Workgroup
• Defines database structure and data 

elements for submitted variants and 

patient cases

• Defines terminologies and standards 

for variant classification

• Work with NCBI to implement

Curation Workgroup
• Define process for curating 

variants and what retrospective 

and external curations to accept

• Develops process for prospective 

curation by expert groups

• Execute pilot curation projects

Phenotyping Workgroup
• Implement phenotyping data 

collection process defined by 

standards and policies 

workgroup



Clinical labs agreeing to submit: Clinical labs declining:

ARUP                                                      Myriad

Athena Diagnostics                       Prevention Genetics

Correlagen

Duarte

Emory

GeneDx

Genzyme

US Clinical Labs Willing to Submit Data

Genzyme

Greenwood

Harvard-Partners LMM 

Baylor

LabCorp

Mayo

Quest

Univ Chicago



Critical Needs for Optimized Genetic Medicine

1. Structured genetic data 

2. Accurate and readily accessible data interpretation 

resources

3. Support for the value of high quality clinically relevant 3. Support for the value of high quality clinically relevant 

reports

4. Systems to support reanalysis and/or independent 

interpretations of genetic data

5. Real-time integration of genetic data in clinical care



LMM Pan Cardiomyopathy Test

EMD ABCC9 VCL LDB3 MYL2 PRKAG2

SGCD CTF1 PLN CSRP3 TPM1 MYL3 GLA

TTN DES LAMP2 TCAP ACTN2 MYOZ2 MYLK2

CRYAB RBM20 ANKRD1 TNNC1 MYH6 CAV3

LAMA4 NEXN FHL2

DCM

ARVC

6 diseases, 46 genes, 1024 exons, 239,000 bases

PKP2 DSC2 DSP DTNA LMNA MYH7 TNNT2

TMEM43DSG2 TAZ ACTC1 TNNI3 MYBPC3

JUP HCM

RYR2 LVNC

CASQ2 DES

RCM

CPVT

ARVC

Courtesy of Birgit Funke



Clinically relevant reporting of genetic data

Accurately interpret the impact of each variant 

on a gene or protein

Accurately interpret a set of variants relevant 

to a single phenotype (both alleles in 

recessive diseases, assessment of 

modifiers, complex genetics)

Lab

modifiers, complex genetics)

Accurately relay the relevance of the identified 

variants in the patient’s presentation

Determine how to apply the genetic 

information to the care of the patient (and 

the patient's family members)
Physician

?



Model for genetic care package

Genetic consult service being planned through Partners Healthcare

First service focused on cardiomyopathy testing for cardiologists

Cardiologists with genetics expertise would combine patient phenotype 
and family history together with genetic report results and generate a 
patient/family care recommendationpatient/family care recommendation

We are considering using our GeneInsight software infrastructure, which 
uses rules based templating algorithms to generate custom genetic 
reports 

Goal to assist the average cardiologist in how to interpret genetic data and 
integrate it into patient care
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No Effective Methods 

to Update Providers when 

New Knowledge is 

DiscoveredLaboratory Discovers 

New Knowledge

Laboratory 

Sends Result
Provider Receives 

Paper Report

How do we update reported variant knowledge?

New Knowledge

ACMG 2007 Guidelines: The testing laboratory…should make an 

effort to contact physicians of previously tested patients in the 

event that new information changes the initial clinical 

interpretation of their sequence variant.



Variant Classification Changes – HCM Data

Likely Benign

BenignBenign

Unknown Significance

4 27

31

1

High Alerts Low Alerts

Likely Pathogenic

Pathogenic

99

90

44

Medium Alerts

~300 category changes over 5 years 

impacting over 1000 patients

1



GeneInsight Clinic Interface

Registered with FDA as a Class I Exempt Medical Device 



Updated Variant Information

Data in this slide should not be used for any clinical purpose.



Challenges of report updating

The lab does not have reliable methods of determining who 

is currently caring for a patient and how to reach the 

patient or their physician when knowledge changes

The healthcare environment will need systems for enabling 

changing access to patient genetic data 

Patients will need to update their current healthcare 

providers



GeneInsight Clinic - Alternate use cases

Used for IRB approved research studies

Oncologists requesting use for clinical trial notification

The system can also enable multiple knowledge source The system can also enable multiple knowledge source 

feeds
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Clinical Laboratories Providing

Results/Interpretations

Our Developing GeneInsight Network

ARUP

TBA National 

Ref Lab

LMM

MGH Mol

Pathology

Other LabsOther LabsOther Labs

Hospitals

IHCPHS

Other LabsOther LabsOther LabsOther Hospitals

TBA Children’s Hospital

TBA Cancer Hospital

Clinical Sequencing

Services

Illumina (CLIA currently)

Complete Genomics 

(CLIA in 2012)

OthersOthersOthers

Clinicians Providing Consult 

Services for Genetic Medicine

TBA Cardio Group

Other LabsOther LabsOther LabsOther Clinical Groups

Clinics

MGH Cardio, USA

BWH Cardio, USA

MGH Genetics, USA

Univ Mich Cardio, USA

Litwin Genetics, Canada

GeneInsight

Variant Wire

Supported by GeneInsight Lab Supported by GeneInsight Clinic


