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� Set some context for what follows
� Add 1 or 2 ideas worth thinking about (if you 

can)
� If you can’t be smart, at least be entertaining
� End on time. Or better yet, early.
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� A few definitions
� The vision…
� Just enough cancer biology to inform:
� The bioinformatics opportunity and curse of 

genomic instability
� Scanning for markers: let the (orthogonal) 

data point the way
� Going forward
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� “A biological molecule found in blood, 
other body fluids, or tissues that is a sign of 
a normal or abnormal process, or of a 
condition or disease.” 

NCI Dictionary of Cancer Terms

“Cancer is a disease in which an individual mutant clone of cells begins 
prospering at the expense of its neighbors, but in the end the 
descendants of this clone can destroy the whole cellular society.”

Alberts, Molecular Biology of the Cell 5th Ed., Ch. 20
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Source: Wikipedia
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� “Most men lead lives of quiet desperation…”

Henry David Thoreau



Most cancers 
are diagnosed 
late in their ‘life 
cycle’

Surgeon arrives 
here

Medical oncologist 
arrives here

Source: Alberts Molecular Biology of the Cell

Colossal 
opportunity for 
diagnostic 
biomarkers here

Major opportunity 
for treatment 
planning and 
assessment 
biomarkers here
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� Class prediction: find patterns that correlate 
with an external truth (e.g., known type of 
cancer, presence of metastasis, etc.)
� Only require reliability of the pattern, not understanding of 

why it occurs.  Answers for “what will happen” questions

� Class discovery: find patterns that are 
causally associated with disease and inform 
understanding of molecular and cellular 
mechanics.  Answers for “why” questions
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The vision…
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� Molecular and clinical biomarkers for 
health conditions individuals either have or 
are susceptible to

� Includes diagnostic imaging, standard clinical laboratories
� Increasingly: large volumes of molecular data

� Structural genomics: DNA in residence (~22,000 genes)
� Functional genomics: genes switched on (1-2% active)
� Proteomics (400,000 proteins from 22,000 genes)
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� Precision Health Care
� Pharmacogenomics

� “The right dose of the right drug 
for the right patient at the right 
time”

� Drug development:
� Avoid drugs likely to cause side 

effects
� Re-investigate “back-burner” 

drugs
� Develop entirely new drugs 

targeting fundamental disease 
processes � ��������	���
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“The good news is that we have the human genome.  
The bad news is it’s just a parts list”
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� CaBIG: 2004 – 2011 (R.I.P.)

� National Cancer Informatics Program 
(NCIP): 2012 start, and building
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� Columbia – Identification of transcriptional Master 
Regulators through development of genome-wide regulatory 
models of tumorigenesis and differential tumor progression

� FHCRC – Identification of cancer-selective transcripts and 
their coding potential using both existing and novel 
algorithms

� Emory – Examining the gene expression profiles of low 
grade gliomas that progress to GBM for predictive clustering, 
prognostic significance, and correlates with pathologic and 
radiologic features

� Georgetown – Elucidating genomic features predictive of 
clinical outcomes in gastrointestinal cancers, including tumor 
progression and patient relapse ��������	
������
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1. Preferential growth 
� May result from accelerated ability to divide and 

proliferate, from decreased programmed cell death 
(apoptosis), or both, relative to neighboring cells/tissues

2. Invasiveness
� Ability to break through tissue boundaries that constrain 

normal cells
� Local invasion pushes aside (and often compresses) normal 

tissue
� Distant invasion: metastasis to new, ‘foreign’ environments in the 

body
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� Genetic instability
� Defective control of cell death or cell 

differentiation (by either genetic or 
epigenetic mechanisms)

� Escape from cell division safeguards and 
limits to proliferation

� Ability to survive in alien environments 
(metastasize)
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� Evidenced by increased mutation rate
� Several forms known

� Decreased ability to repair 
local DNA damage or 
correct replication errors->
increased point mutations. 
Classic disease example: 
xeroderma pigmentosum

Tumors on sun-exposed skin
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Electronic Countermeasures as an analog 
of the cancer biomarker detection problem

Cancer 
Cell

Hundreds to thousands of 
observable mutations and their 
effects; the epiphenomena of 
genomic instability 
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� Relatively easy to find epiphenomena (lots 
of ‘chaff’ given off by cancer cells)

� Hard to find causally associated biomarkers 
(systems biology signals) but higher impact 
and durability when found
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� Measure large numbers of molecular 
features
� SNPs, copy number variation, whole exomes, whole 

genomes
� Proteomics and other ‘omics

� In principle, look for molecular changes 
that are statistically associated with a 
phenotype of interest, relative to a suitable 
comparison group.



Published Genome-Wide Associations through 07/2012
Published GWA at p � 5X10-8 for 18 trait categories

NHGRI GWA Catalog
www.genome.gov/GWAStudies

1550 published GWASs, 2900 
variants (with replication) known
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� Potential clinical impact depends upon both the 
pattern frequency, and within those individuals 
with the pattern, the observed odds ratio (risk 
estimate of having the condition of interest, given 
the pattern)

� The “curse of dimensionality”: more variables than 
subjects
� Requires correction for multiple comparisons
� Standard clinical research significance: 5 x 10e-2 (.05)
� Genomic association research: 10e-8 (.0000001)
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� Usually anchored in a known phenotype, 
scan for all possible molecular patterns 

� But not necessarily… A lesson from 
eMERGE
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� Consortium members
� Childrens Hospital of Philadelphia
� Geisinger Health System
� Group Health of Puget Sound
� Marshfield Clinic
� Mayo Clinic
� Mt. Sinai, NYC
� Northwestern University
� Vanderbilt University

� Principal sponsor: NHGRI



Commander Willard Decker:  V'ger... expects an answer. 
Captain James T. Kirk:           An answer? I don't know the question. 

Star Trek, the movie 1979
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� Approach 1: Find holes in the coverage of 
the current literature, choose a disease, 
find the phenotype in the EMR, get 
samples from the biobank.

� Approach 2: Let the data guide you.  
Choose a disease with a proven genomic 
association, scan the phenome (as 
represented by diagnoses in the EMR) for 
other disease associations.
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� Each of us is a unique experiment of nature
� Most adults have more than one health 

condition (avg. ICD codes per person = 
10.8 in pooled EMR data)

� Some co-occurrences of diseases with a 
genetic association will represent systems 
biology signals about common mechanisms



� PheWAS
scan of 
clinical 
conditions 
associated 
with known 
genotype
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Figure 2.  PheWAS associations from two SNPs. Dashed red line represents p=0.05; dashed blue line represents a 
Bonferroni correction (10-4).  Boxed diseases represent replications of known disease-SNP associations. 

Denny JC et. al. 
Bioinformatics. 2010 
May 1;26(9):1205-10. 
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General form of the ‘omics’ x ‘phenomics’ approach
for data-driven hypothesis generation

Molecular 
scan 
(Genome 
scan, WES, 
WGS, tissue 
or serum 
proteomics, 
etc.) of 
condition of 
interest

Phenome scanning for co-occurring diseases 
found in electronic medical records systems

N x N computational matrix 
of association tests



"Not everything that counts can be 
counted, and not everything that 
can be counted counts.”

“If we knew what it was we were 
doing, it would not be called 
research, would it?”

A. Einstein



Electronic Countermeasures as an analog 
of the cancer biomarker detection problem

Cancer 
Cell

Hundreds to thousands of 
observable mutations and their 
effects; the epiphenomena of 
genomic instability 
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� Aim for the target; avoid the chaff if 
possible

� Pursue the goal with other talented 
wingmen/wingwomen (interdisciplinary 
science) 

� Shoot at the target, not at each other


