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Lecture Overview

1. Resources for data standards and provenance

2. TCGA

3. Genomics in clinical care

4. DTC Genetic testing



Data sharing
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FAIR Principles



Findable

• F1. (meta)data are assigned a globally unique and persistent identifier 

• F2. data are described with rich metadata (defined by R1 below) 

• F3. metadata clearly and explicitly include the identifier of the data it 
describes 

• F4. (meta)data are registered or indexed in a searchable resource



Accessible

• A1. (meta)data are retrievable by their identifier using a standardized 
communications protocol 

• A1.1 the protocol is open, free, and universally implementable 

• A1.2 the protocol allows for an authentication and authorization procedure, 
where necessary 

• A2. metadata are accessible, even when the data are no longer 
available



Interoperable

• I1. (meta)data use a formal, accessible, shared, and broadly 
applicable language for knowledge representation. 

• I2. (meta)data use vocabularies that follow FAIR principles 

• I3. (meta)data include qualified references to other (meta)data



Reusable

• R1. meta(data) are richly described with a plurality of accurate and 
relevant attributes 

• R1.1. (meta)data are released with a clear and accessible data usage license 

• R1.2. (meta)data are associated with detailed provenance 

• R1.3. (meta)data meet domain-relevant community standards



Source unknown, with apologies



• Create a detailed catalog, or “atlas,” of genomic 
changes associated with tumors types

• Genome analysis and characterization technologies

• Accelerate understanding of the molecular basis of 
cancer 

• Improve prevention, diagnosis and treatment of 
cancer



4 Components of TCGA Network



TCGA by the numbers









Breast and ovarian cancer similarity

Tumor type based on genetic 
alterations

Targetable alteration in lung 
squamous cell carcinoma led to trial



GDC

Data Analysis, 
Visualization, 
and Exploration 

(DAVE) Tools
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NCBI Genomic Resources

• ClinVar
– Like PubMed for clinical variants- database of relationships among human 

variations and phenotypes, with supporting evidence

– Content attributable to authors

– Content from one author may contradict other content

• ClinGen
– More like a review journal

– Reviews material from ClinVar and other sources

– Reports represent combined intellectual effort of contributors and 
ClinGen staff



© J. Tenenbaum 2016

More resources

• NCBI

– dbGaP

– dbSNP

– Gene Expression Omnibus

• ArrayExpress (EBI)

• DataMed (NIH BioCADDIE)
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Helping people make the right decisions
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Researcher/curator: looking for guidance?

• Find the appropriate standard and 
database for your dataset 

• See journal requirements and journal 
and funding agency data policies...



FAIRsharing by the numbers



Model/format formalizing reporting guideline --> 

<-- Reporting guideline used by model/format

Cross-linking standards to standards and databases

Link (descriptions of) standards to 

related standards and databases, 

implementing them



Ready for use, implementation, or recommendation

In development

Status uncertain

Deprecated as subsumed or superseded

Manually curated, approved by the community

Indicators describe the ‘status’ of a standard



The International Conference on Systems Biology (ICSB), 22-28 August, 2008       Susanna-Assunta 

Sansone www.ebi.ac.uk/net-project

Deprecations and substitutions are key to track evolution



Discover standards, databases and data policies



The International Conference on Systems Biology (ICSB), 22-28 August, 2008       Susanna-Assunta 

Sansone www.ebi.ac.uk/net-project

Filter and refine using the faceted search



FAIRsharing DEMO



Data Provenance



Synapse- from Sage Bionetworks







Provenance graphs in Synapse

Omberg et al. Nat Gen. 2013

https://sagebionetworks.jira.com/wiki/display/
PLFM/Analysis+Provenance+in+Synapse



Reproducible research: a cautionary tale



WHAT ALL THIS ENABLES…
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P* Medicine?

• Personalized medicine

• P4: predictive, preventive, personalized, and participatory (Hood)

• Aka stratified, genomic, individualized…

• Precision medicine

• Each a different emphasis, but fundamentally: use more data to 
deliver

– the right intervention

– for the right person

– at the right time



‘-omics’ Technologies Can Help stratify a seemingly 
homogeneous population.

Responder Adverse event Non-responder

Cancer

Excercise + 
Diet A

Exercise +
Diet B

Exercise +
Diet +

Medication

Diabetes Molecular Profiling

Courtesy of G Ginsburg, Duke University
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Decreasing costs of technology



A New Taxonomy for disease

From this… To this

From macroscopic observation to 
underlying molecular basis
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Non-traditional data sources

Schadt, Mol Sys Bio, 2012



GENOMICS IN CLINICAL CARE

http://researcher.watson.ibm.com/
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Pharmacogenomics: 
“Low hanging fruit”

• Good tools for detection

• Genome is relatively stable

• Mutations not selected 
against
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PGX by the numbers

• 241 FDA recognized pharmacogenomic biomarkers 

• 55 require genetic testing

• 4 recommend genetic testing

• 103 are “actionable”

• 61 are “informative”

Source: PharmGKB, as of July 20, 2017



© J. Tenenbaum 2016

Nicholas Volker
Worthey et al. Genet Med. 2011 

• Mysterious bowel condition

• Rule out numerous diseases

• Resort to exome sequencing: 16,000 mutations

• Causal mutation discovered, verified in vitro
– Gene: XIAP

– Diseases: XLP and new one

• Bone marrow transplant treatment for XLP

• Pulitzer Prize for explanatory reporting: “One in a Billion”
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Actionable infection diagnosis by NGS
Wilson et al. NEJM, 2014

• 14-year-old boy with severe combined immunodeficiency (SCID)

• Repeat hospital admissions- headache, fever, etc. bad stuff

medically induced coma

• Diagnostic workup “unrevealing”

• NGS of CSF yielded 475 leptospira reads 

• Targeted antibiotics recovery

• Note: standard Dx assay for leptospira depends 

on host response

Image source:
Wikipedia.org
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Clinical Actionability of FoundationOne testing
Johnson et al. The Oncologist, 2014

• Retrospectively assessed demographics, genomic test results, 
therapies received (N = 103)

• Co-primary endpoints: % of patients with actionable results, 
% receiving genotype-directed therapy.

• 83% had potentially actionable genotypes

• 21% received genotype-directed treatment

• Relatedly: Priority Health first US health insurance plan to 
cover FoundationOne test, Oct 2014
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Repeated tumor WGS and drug sensitivity, resistance
Wagle et al. NEJM 2014

• 57-year-old woman with Anaplastic Thyroid Cancer

• Everolimus inhibits mTOR, effective for tumors with mTOR
mutation. 

• Sequencing of tumor before resistance revealed mutation in 
TSC2, a negative regulator of mTOR- could explain her 
response to everolimus, an allosteric inhibitor of mTOR.

• Drug-resistant tumor- mTOR mutation that leads to resistance 
to allosteric mTOR inhibitors
– though not to mTOR kinase inhibitors, 

suggesting an avenue for further treatment.

http://www.mskcc.org
/
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Clinical Interpretation and Implications
of Whole-Genome Sequencing

Dewey et al. JAMA 2014

• WGS on 12 participants, including 9 by multiple technologies

• 10-19% of inherited disease genes not covered to accepted 
standards for SNP discovery
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Dewey et al. cont.

• Consideration of a median of 1 to 3 initial diagnostic tests and 
referrals per participant

• “fair” inter-rater agreement  (Fleiss κ = 0.24) about suitability 
of findings for clinical follow-up  across all findings

• Inter-rater agreement worse than random for cardiometabolic
disease risk scores (Fleiss κ = -0.03)

• Estimated median cost for sequencing and variant 
interpretation $14,815 plus computing infrastructure and data 
storage.
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About that $100k interpretation…
• Ashley et al. Lancet 2010: Quake genome

– Hundreds of PhD level person-hours!

– Personalis.com

• Nic Volker lead author

• “Artisanal” to “factory”

– Google’s David Glazer via GenomeWeb
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Direct to Consumer (DTC) Genetic Testing

http://www.singularityweblog.com/23andme-dna-test-review-its-right-for-me-but-is-it-right-for-you/
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DTC Genetic Testing

• 2013- 23andMe was last one standing in US

• FDA ordered them to stop advertising and offering health-
related information (ancestry ok)

• Started bringing back one test at a time with FDA approval

• Now approved to provide specific carrier status results

• Ethical, Legal, Social Issues (ELSI)
– Regulated by government?

– Are consumers ready?

– Are providers ready?
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User-friendly graphical results
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Precision medicine from the pin cushion perspective
Tenenbaum et al., J Pers Med. 2012

• 35 years old female

• Heterozygous prothrombin gene mutation (rs1799963) aka 
factor 2

– Present in ~2% of population

• Pregnant with twins

• Mutation validated through doctor- part of medical record

• Recommendation: anti-coagulant throughout pregnancy
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Other factors for consideration

• No personal or family history

• Infertility

• “Advanced maternal age”

• Economic status

• Professional expertise

• Fear of needles
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23andMe cont.

• Patient applied for life insurance

• Annual rate >2x what it would have been without 
“downstream effects” from DTC testing

• GINA- Genetic Information Nondiscrimination Act

– covers employment and health insurance, NOT life, disability, or long 
term care insurance

• Is that wrong?



QUESTIONS?

jessie.tenenbaum@duke.edu


