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Actionability 

• Goal: Define/discover clinically useful content 
that can be implemented into the practice of 
medicine to improve patient outcomes and/or 
save healthcare costs 

• Observation: Large focus of eMERGE to date 
has been on genotypes (PGx, GWAS, PheWAS) 

• Suggestion: Expand focus to gene - phenotype 
pairs instead of genotype - phenotype pairs 

 



ClinGen: The Clinical Genome Resource Program 

Purpose:  Create a centralized repository and 
interconnected resources of clinically annotated genes 
and variants to improve our understanding of genomic 
variation and optimize its use in genomic medicine. 

 
Collaboration between: 
• NHGRI U41 Genomic Resource Grant 

– PIs: Ledbetter (Geisinger), Martin (Geisinger), Nussbaum (UCSF), 
Mitchell (Utah), Rehm (Partners/Harvard) 

• NHGRI U01 “Clinically Relevant Variant Resource” Grants 
– Grant 1 PIs: Berg (UNC), Evans (UNC), Ledbetter (Geisinger), 

Watson (ACMG) 
– Grant 2 PIs: Bustamante (Stanford), Plon (Baylor) 

• NCBI  
– ClinVar 

 
 



THE MEDICAL EXOME INITIATIVE 
 
FOUNDERS 
 
• Harvard/Partners Lab for Molecular Medicine – Birgit Funke 
• Emory Genetics Laboratory – Madhuri Hegde 
• Children’s Hospital of Philadelphia – Avni Santani 
 
 
HELP STANDARDIZE MEDICAL EXOME SEQUENCING 
 
• 1: define medically relevant genes + develop framework for iterative curation  
• 2: develop a “medically enhanced exome” capture kit (all clinically significant genes 
       adequately covered)  
• 3: support evidence-based curation by community experts  

• Ledbetter/Martin/Nussbaum/Rehm (U41) 
• Berg/Evans/Ledbetter/Watson (U01) 
• Bustamante/Plon (U01) 
• ClinVar Database (NCBI) 

 

ClinGen Resource 

POSTER # 1585 (Thursday) 

Level 3 Definitive association 
Level 2 Likely association  
Level 1 Weak association  
Level 0 Uncertain association 
Level -1 No association  

4631 genes 



Evidenced-based Review of Gene-Disease Associations 



ClinGen Grant #2 

• U01: Berg (UNC), Evans (UNC), Ledbetter 
(Geisinger), McLeod (UNC), Watson (ACMG) 
co-PIs 
– Focus on gene-based clinical actionability 
– Emphasis on expert curation 
– Informatics largely to support curation activities 
– ACMG: logistical/meeting coordination 
– Geisinger: EHR integration pilot project 



Developing a Semi-Quantitative 
“Actionability” Scale 



Semi-Quantitative “Actionability” Scale 
• 5 key parameters of “medical actionability” when 

considering the case of genomic incidental findings 
– Severity of disease 
– Likelihood of a severe outcome (akin to penetrance) 
– Effectiveness of interventions (for prevention or amelioration 

of disease prior to developing symptoms) 
– Acceptability of interventions (considering hazards of 

intervention in an asymptomatic individual) 
– Knowledge base 

• These parameters are then scored on a 0-3 scale to yield a 
final “actionability score” 

• EGAPP formalized this concept for an evidence-based 
method to determine actionability 
– Katrina Goddard’s group has a subcontract to generate the 

streamlined evidence review and provide curations for 
scoring by experts 

 
 
 

Modified from Jonathan Berg 



Test Validation 



Validation (cont.) 
• Validation must cover all types of rare variants 

being reported and address homologous 
regions 

• For common variants, validation should be 
variant-specific 

• Orthogonal confirmation may not be 
necessary if sufficient validation has been 
performed, quality metrics are high (coverage, 
mapping quality, etc) and workflow has low-
risk for sample swaps 



Variant Calling 
• Traditional pipelines perform alignment and 

variant calling to generate a complete vcf file 
 

• Genotyping accuracy can be improved 
through joint calling (batching many cases) 
but this is challenging for clinical TATs 
 

• Improved accuracy can also be achieved 
through targeted “genotype” calling on raw 
NGS data – more amenable to clinical 
workflows 



Standards for Lab Reports  
and EHR Deposition 

Covers:  
G.1. Turnaround times 
G.2. Data interpretation 
G.3. Reporting of incidental findings 
G.4. Written report 
        Supplement contains samples reports for NGS panels and Exome 
G.5. Data reanalysis 

 

EHR Recommendations:  
 Restriction to variants with analytical and clinical validity 
 Variants in structured form for CDS (full report can be pdf) 



 

Variants 
Structured to enable clinical decision support 
Comprehensive (gene, HGVS nomenclature, zygosity, parent of 
origin) 
Variants classified according to a 5 tier system 
 
Overall results: Positive, Negative, Inconclusive 

Reports Contain Structured Variants 
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GeneInsight Clinic (EHR Integration) 



Genome 
Report 
 
• Generated for all MedSeq 

subjects in the WGS arm 
  
• One page result summary 

• Monogenic Disease Risk 
• Carrier Risk 
• Pharmacogenomic 

Associations 
• Blood Groups 

 
•  Detailed information for 

each section provided on 
later pages: 



Monogenic Disease and Carrier Risk 
Detailed Variant Information 



Pharmacogenomic Associations 



Cardiac Risk 
Supplement 
 
Generated for all MedSeq subjects in 
the WGS arm 
  
One page result summary 
 
Detailed information for each section 
provided on later pages: 

• Monogenic Cardiac Disease Risk 

• Possible Monogenic Cardiac 
Disease Risk (VUSs) 

• Polygenic Predicted Fasting Lipid 
Profile 

• Alleles Conferring Small-
Moderate Risk for 
Cardiovascular Traits 



Inherited Cancer Disorders 
Hereditary Breast and Ovarian Cancer 
Li-Fraumeni Syndrome 
Peutz-Jeghers Syndrome 
Lynch Syndrome, FAP, MYH-Associated Polyposis 
Von Hippel Lindau syndrome 
Multiple Endocrine Neoplasia Types 1 & 2 
Familial Medullary Thyroid Cancer (FMTC) 
PTEN Hamartoma Tumor Syndrome 
Retinoblastoma 
Hereditary Paraganglioma-Pheochromocytoma Syndrome 
WT1-related Wilms tumor 
Neurofibromatosis type 2 
Tuberous Sclerosis Complex 
  
Cardiac Disorders 
Ehlers Danlos Syndrome - vascular type 
Marfan Syndrome, Loeys-Dietz Syndromes, and Familial Thoracic Aortic Aneurysms 
Hypertrophic, Dilated, and ARV cardiomyopathy 
Catecholaminergic polymorphic ventricular tachycardia 
Romano-Ward Long QT Syndromes Types 1, 2, and 3 and Brugada Syndrome  
Familial hypercholesterolemia 
  
Other: Malignant hyperthermia susceptibility 

 

56 Genes Incidental Findings Rates: 

ClinSeq 2% (ACMG list of 56 genes) 

Baylor 4.6% (55/1200) or (2.6% from ACMG list) 

U Wash 2.3% (23/1000) from 114 genes 

GeneDx 20% (10/50) from ACMG list 



Variant Analysis for the Genome Report 

3-5 million variants 

~20,000 Coding/Splice Variants 

20-40 
“Pathogenic” 

Variants 

Published as  
Disease-Causing           

Genes  

5-10 Variants 

Pharmacogenetics <1% 

Rare CDS/Splice Variants 

LOF in Disease  
Associated Genes 

30-50 Variants 

Review evidence for 
gene-disease association 
and LOF role 

Review evidence for 
variant pathogenicity 

97%  
Excluded 

94% Excluded 
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Genome >>> Report Steps 
Genome 
Filtration 

Primary 
Variant 
Review 

 

Secondary 
Variant 
Review 

MedSeq 
Committee 

Report Draft 

Report  
Sign-Out 

 

• Identifies reported pathogenic and rare loss-of-function in disease genes 
• Generates >100 fields of data on each variant for dashboard view 

• Typically PhD fellow 
• Quick exclusions based upon prior exclusions, frequency data, etc 
• More thorough review of rare variants identified from filters 
• Summarize data for variants and genes using Variant Assessment Tool and Gene 

Assessment Tool 
 

• ABMG-boarded geneticist 
• Final decision to report and/or bring to committee for discussion 
 

• Lab geneticists, physicians, researchers/biofx, GCs, ethicists 
• Review diseases/genes/variants under debate 
• Decisions to report/not report are made 

• Typically genetic counselor or fellow 
• Writes summaries of variant evidence, 

disease phenotypes and familial risk 
• Creates report in standard format 

 
 

• ABMG-boarded geneticist 
 

1st case 40 hrs 
Now ~3 hrs 

1-2 hours 

10 min 

1 hr 

30 min 

1. Is there strong evidence for the 
gene’s role in disease? 
 

2. Is there strong evidence for variant 
pathogenicity? 
 

3. Should I return this result to the 
patient? 
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