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ObjectivesObjectives
Statement of the Statement of the problem(sproblem(s))

Data management: databases & digital Data management: databases & digital 
librarieslibraries

Enabling technologies: modeling, software Enabling technologies: modeling, software 
tools & techniquestools & techniques



OutlineOutline
Why do we make decisions?Why do we make decisions?
What do we need?What do we need?
What’s wrong?  And what can we do to fix it?What’s wrong?  And what can we do to fix it?

Integration of diverse sourcesIntegration of diverse sources
InfrastructureInfrastructure
Challenges and potential solutionsChallenges and potential solutions

ConclusionConclusion



Bringing a New Drug to Market

Review and approval by Food 
& Drug Administration

1 
compound 
approved

Phase III:  Confirms effectiveness and monitors 
adverse reactions from long-term use in 1,000 to
5,000 patient volunteers.

Phase II: Assesses effectiveness and 
looks for side effects in 100 to 500 patient 
volunteers.

Phase I: Evaluates safety and dosage
in 20 to 100 healthy human volunteers.

5 compounds enter 
clinical trials

Discovery and preclininal testing:
Compounds are identified and evaluated 
in laboratory and animal studies for 
safety, biological activity, and formulation.

5,000 compounds 
evaluated

0 2 4 6 8 10 12 14      Years 16

Source:  Tufts Center for the Study of Drug Development         



Current StatusCurrent Status
Clinical decision making is important but Clinical decision making is important but 
errors are common; errors are common; 

We need to reuse prior experience and augment We need to reuse prior experience and augment 
human capabilities human capabilities 

There are several barriers to progress:There are several barriers to progress:

Reluctance to share primary data (clinical Reluctance to share primary data (clinical 
records and images)records and images)
Islands of excellence in a sea of incompatible Islands of excellence in a sea of incompatible 
systems and data setssystems and data sets



ProblemProblem
High cost High cost 

(duplication of effort, impaired ability to learn (duplication of effort, impaired ability to learn 
from mistakes, systemic inefficiency)from mistakes, systemic inefficiency)

Low performance Low performance 
(avoidable errors are common, misdirected (avoidable errors are common, misdirected 
effort such as treatments that don’t match effort such as treatments that don’t match 
individual needs) individual needs) 

System is resistant to changeSystem is resistant to change
(poor coordination of effort due to (poor coordination of effort due to 
BabelizationBabelization and Balkanization) and Balkanization) 



Common themesCommon themes
HumanHuman--centric: centric: 

PatientPatient--oriented, observeroriented, observer--based, standardbased, standard--ofof--care, care, 
subject to social / ethical normssubject to social / ethical norms

Database, repository, archive, Database, repository, archive, biobankbiobank, , 
data warehouse, registry, …data warehouse, registry, …
Standards: CDISC, HL7, DICOM, …Standards: CDISC, HL7, DICOM, …
Stakeholders: investigators, individual Stakeholders: investigators, individual 
patients, sponsors, institutions, … patients, sponsors, institutions, … 

Phenotype Phenotype –– genotype genotype 

Prediction diagnosis treatment selectionPrediction diagnosis treatment selection



Why do we make images?Why do we make images?
Why do we collect clinical data?Why do we collect clinical data?
Medical RecordMedical Record

Lab and diagnostic Lab and diagnostic 
testingtesting
Prior procedures; drugsPrior procedures; drugs

Screening (risk)Screening (risk)
DiagnosisDiagnosis
StagingStaging
Therapy Therapy 

Select best Select best alternative(salternative(s))
Plan and guide interventionsPlan and guide interventions
F llF ll dd tt

To answer important questions and aid decision-making..



Decisions

• Which diagnostic test(s) to use? 
• Which therapy is best for this patient?

– Implies that alternatives exist and the outcome is different for
patients depending on which one is selected.

– Common problem: patients receive treatment that confers little or 
no benefit. 

• What’s the right dose? Schedule of 
treatment?

• Will a combination of therapies be more 
beneficial than one? 



Disease Phenotyping





FDA: March 2004 report



10-Year Trends in Biomedical 
Research Spending



10-Year Trends in Major Drug and 
Biological Product Submissions to FDA



Investment Escalation per Successful 
Compound



Research Support for Product Development

Translational Research

Critical Path Research







Inpatient Hospital Services per Medicare Enrollee

By Hospital Referral Region (1995)

From ~$1500 to $3750 per individual 

(More than 2X variation !!)





April 2000 July 2001

I N S T I T U T E   O F    M E D I C I N E



Institute of Medicine ReportInstitute of Medicine Report
To Err is Human: Building a Safer Health To Err is Human: Building a Safer Health 

SystemSystem

Preventable medical errorsPreventable medical errors
44,000 to 98,000 Americans die each year 44,000 to 98,000 Americans die each year 
Eighth leading cause of death in the United Eighth leading cause of death in the United 
StatesStates
Annual cost as much as $29 billion annuallyAnnual cost as much as $29 billion annually
IOM conclusion: The majority of these IOM conclusion: The majority of these 
problems are systemic, not the fault of problems are systemic, not the fault of 
individual providersindividual providers





Sources of Variability in Medical Sources of Variability in Medical 
ImagingImaging

Instrumentation differencesInstrumentation differences
Absence of meaningful comparisonsAbsence of meaningful comparisons
Missing standards or lack of adherence to Missing standards or lack of adherence to 
themthem
Inconsistent acquisition protocolsInconsistent acquisition protocols
Small sample size; selection biasSmall sample size; selection bias
Few controlsFew controls
Frequent use of human observers and Frequent use of human observers and 
subjective judgments (even when objective subjective judgments (even when objective 
measurements are possible)measurements are possible)
AND AND –– a pervasive lack of sharing (data, a pervasive lack of sharing (data, 
software, resources)software, resources)



Wild West of Medical ImagingWild West of Medical Imaging
Do your own thing Do your own thing 

Use different equipment, protocols, formatsUse different equipment, protocols, formats
Unselected or poorly documented subjectsUnselected or poorly documented subjects
Minimal, if any, controlsMinimal, if any, controls

Hide the data and don’t let anyone else Hide the data and don’t let anyone else 
use ituse it
Conceal the source code used in the Conceal the source code used in the 
analysis toolsanalysis tools

Create your own tools and keep them to yourselfCreate your own tools and keep them to yourself



Is this a good model for medical imaging science?



“Houston,
we have a 
problem.”



Genetics is MovingGenetics is Moving

To
The subject that

will impact nearly
every clinical decision

health care providers make

From
A week of usually
forgotten medical
school lectures





Dr. Fernando Martin-Sanchez - ISCIII – Jun. 2002 - Madrid

New opportunities

• Genome Project
– Interest for biologists
– One gene at a time
– Monogenic diseases
– Tedious genotyping
– DNA level
– Bioinformatics 

explosion

• Post-Genomics
–– ClinicalClinical interestinterest
– Hundreds or thousands of 

genes simultaneously
–– ComplexComplex diseasesdiseases
– High throughput

genotyping
– DNA, RNA, Proteins
–– IntegrationIntegration of of clinicalclinical

andand geneticgenetic informationinformation



Dr. Fernando Martin-Sanchez - ISCIII – Jun. 2002 - Madrid

Overview

Genome

Information

Individualised
healthcare

Genotyping

Haplotyping

Functional
genomics

proteomics

Individual
genomics 
(SNPs and 
mutations)

Gene 
Expression 
DNA arrays
MS, 2D ef

Disease 
classification
Pharmaco-
genomics

Diagnosis

Pharmaco-
genetics

Molecular 
medicine

Human
Genetic

Variation

Molecular 
causes of 
diseases

Technologies Data Applications

BIOINFORMATICS & MEDICAL INFORMATICS



Dr. Fernando Martin-Sanchez - ISCIII – Jun. 2002 - Madrid

A model for studying interactions

To apply IT to facilitate molecular medicine

To adapt medical 
informatics
systems to the
genetics paradigm

To foster the
application of  
bioinformatics in 
health



AssetsAssets
Computer and network technology, Computer and network technology, 
imaging systems, fundamental biosciences imaging systems, fundamental biosciences 
are improving at a rapid rateare improving at a rapid rate
There are already many tools for There are already many tools for 
biomedical informatics that can biomedical informatics that can 
substantially improve clinical decision substantially improve clinical decision 
makingmaking
We know how to build new tools and We know how to build new tools and 
improve existing ones that can address improve existing ones that can address 
persistent problems in clinical research persistent problems in clinical research 
and practiceand practice



BarriersBarriers
Ownership of information by multiple Ownership of information by multiple 
stakeholders stakeholders 

Individual, investigator, institution, sponsor; IRB, Individual, investigator, institution, sponsor; IRB, 
HIPAAHIPAA

Lack of consensus on riskLack of consensus on risk--benefitbenefit
Imposition of a general solution doesn’t workImposition of a general solution doesn’t work

Variability and qualityVariability and quality
Intrinsic variability in human populations and disease Intrinsic variability in human populations and disease 
processesprocesses
Lack of consistency in vocabulary, data formats, Lack of consistency in vocabulary, data formats, 
instrumentation and medical practice normsinstrumentation and medical practice norms

Few examples of mature successful Few examples of mature successful 
systems systems 

How do you measure progress?How do you measure progress?



EvaluationEvaluation
Technical benefitsTechnical benefits

Faster, easier, more reliable, less expensive, …Faster, easier, more reliable, less expensive, …

Reduce errorsReduce errors
Better outcomesBetter outcomes

More and better tools and therapiesMore and better tools and therapies
New drugs and devices become available soonerNew drugs and devices become available sooner
Reduce timeReduce time--toto--market and increase ROImarket and increase ROI

Vanguard projectsVanguard projects
Reuse of clinical trial data; combination of multiple Reuse of clinical trial data; combination of multiple 
trials; better trial designstrials; better trial designs
Combination therapiesCombination therapies
Persistent infrastructure (that transcends individual Persistent infrastructure (that transcends individual 
trials)trials)



SolutionsSolutions

Enable and encourage use of informationEnable and encourage use of information--
based tools to improve decisions (reduce based tools to improve decisions (reduce 
errors, optimize results)errors, optimize results)

Reuse experienceReuse experience
Dependence on human observers; data Dependence on human observers; data 
overloadoverload
Share information Share information 
Integrate sourcesIntegrate sources



Ongoing EffortsOngoing Efforts
At NIH:At NIH:

NCI =  NCI =  caBIGcaBIG, , caCOREcaCORE (Cancer)(Cancer)
NCRR = BIRNNCRR = BIRN (Neuroscience)(Neuroscience)
NECTARNECTAR (Roadmap)(Roadmap)

Not yet fully developedNot yet fully developed
Operational experience (especially in a Operational experience (especially in a 
clinical setting with integrated records and clinical setting with integrated records and 
images) is minimalimages) is minimal
These consortia will guide development These consortia will guide development 
and expansion of infrastructure, definition and expansion of infrastructure, definition 
of needs and provide proof of benefitof needs and provide proof of benefit



Archive
Modalities

(X-ray,
CT, US, MR,
SPECT, PET)

Images

Acquisition
Parameters

Identification
(name, SS #, 

exam code, date, …)

DICOM DICOM

TodayToday



What’s wrong?What’s wrong?

Too much variationToo much variation
Inability to collect and reuse experience in Inability to collect and reuse experience in 
a beneficial mannera beneficial manner
Information is incomplete, contradictory, or Information is incomplete, contradictory, or 
misinterpretedmisinterpreted
Avoidable mistakes are madeAvoidable mistakes are made
Experts are few, subspecialized and not Experts are few, subspecialized and not 
always availablealways available



Archive

Modalities
(X-ray,

CT, US, MR,
SPECT, PET)

Images

Acquisition
Parameters

Identification
(name, SS #, 
exam code, 

date, …)

DICOM DICOM

An ImageAn Image--Centric World ViewCentric World View



Archive

Biosensors 
(physiology, 
metabolism, 

serum, tissue, …)

Acquisition
Parameters

Identification
(name, SS #, 

exam code, date, …)

FutureFuture

Population-
Overall experience, trends
Best practices (efficient & efficacious)

Individual-
Most likely diagnosis?
Best outcome

Omics Entrez

Modalities
(X-ray,

CT, US, MR,
SPECT, PET)

Exogenous
Agents

Analysis & 
Modeling

Controlled Vocabulary
OntologyMetadata



FutureFuture

Population-
Overall experience, trends
Best practices (efficient & efficacious)

Individual-
Most likely diagnosis?
Best outcome

Analysis & 
Synthesis

Controlled Vocabulary
Ontology

Archive

Biosensors 
(physiology, 
metabolism, 

serum, tissue, …)

Acquisition
Parameters

Identification
(name, SS #, 

exam code, date, …)

Omics
Entrez

Modalities
(X-ray,

CT, US, MR,
SPECT, PET)

Exogenous
Agents

Metadata



Problem
/ Question

Tools

Results

•Medical & scientific literature
•Sequences
•Taxonomies
•Experimental observations
•Images
•Clinical data
•etc.

InvestigationInvestigation
Scientific Knowledge



Response Criteria for Imaging of Response Criteria for Imaging of 
Solid Tumors (RECIST)Solid Tumors (RECIST)

• Unidimensional size of tumor from CT 
scans or other images

• Mandatory for NCI clinical trials
• Measurements are made by human 

operator
• We can do a lot better…
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Improving RECIST

Time
Baseline
& treat

Assess
Response

1st
Detect

Follow
Up

-30%

+20%
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Human 2D 
Interpretation

3D Decision
Support 

Tools are 
Needed

11stst StepStep
Develop a Disease Develop a Disease 

MonitoringMonitoring
DatabaseDatabase

Erasmus et. al., Proc ASCO ‘03
http://www.asco.org

R. Avila, General Electric



Intelligent Workstation

(with 
known 
results)

Matched
Cases 
from 

Archive

Similarity
Measure

Current
Case



N Engl J Med, Vol. 347, No. 20, 1566-1575 November 14, 2002
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http://www.rand.org/publications/MR/MR954/







Image RepositoriesImage Repositories

Open access to image archives is rareOpen access to image archives is rare
Image archives are not organized for Image archives are not organized for 
research queriesresearch queries
Image archives are not linked to other Image archives are not linked to other 
forms of biological dataforms of biological data
In general, there is no equivalent of a In general, there is no equivalent of a 
“specimen repository” for images“specimen repository” for images
This is a major problem for imaging This is a major problem for imaging 
researchresearch



=

Silo of DataSilo of Data



www.sciencemag.org SCIENCE VOL 292 1 JUNE 2001



1(1):9-11; 2003

NIH Institute Directors
NIMH
NIDA
NIAAA
NIDCD
NINDS



IT Infrastructure to hasten the derivation of new understanding and 
treatment of disease through use of distributed knowledge

IT Infrastructure to hasten the derivation of new understanding and 
treatment of disease through use of distributed knowledge

BIRN NetworkBIRN Network



Testbed for a biomedical knowledge infrastructure

Creation and support federated bioscience databases

Data integration

Interoperable analysis tools

Datamining software

Scalable and extensible

• Driven by research needs pull, not technology push

Testbed for a biomedical knowledge infrastructure

Creation and support federated bioscience databases

Data integration

Interoperable analysis tools

Datamining software

Scalable and extensible

• Driven by research needs pull, not technology push

What is BIRN?What is BIRN?

http://www.nbirn.net



The Value of Tissue Banks 
to Drug and Dx Developers 

Barbara L. Handelin, Ph.D.
Conflicts of Interest, Privacy/Confidentiality, 

and Tissue Repositories: 
Protections, Policies, and Practical Strategies

From Columbia University Bioethics Workshop, May 2004



Tissue Banks for Tx and Dx
Developers:  What is the need?

Basic research: the biological revolution 
in the medicinal chemical industry

Drug targets
Molecular diagnostics
Biomarkers for clinical research

Clinical research: 
pharmacogenetic/genomic profiling

Toxicity
Drug responsiveness
Rescuing failed drugs

PGx will drive the collection and use 
of stored tissues into common 
practice involving millions of subjects



Cooperative Groups (such as the 
Cooperative Human Tissue Network)
Ardais
GeneLogic
International Genomics Consortium
IMPATH
Integrated Lab Services

Examples: Tissue Repositories





*



*





Protein sequences are available at

ENTREZ



Figure 1
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Entrez
PubMed



110101

NCBI Entrez: Pathway to DiscoveryEntrezEntrez: Pathway to Discovery: Pathway to Discovery

Amino acid 
sequence similarityCoding region 

features

Nucleotide 
sequence 
similarity

Term frequency 
statistics

Literature 
citations in 
sequence 
databases

Literature 
citations in 
sequence 
databases

MEDLINE 
abstracts

Nucleotide 
sequences

Protein 
sequences



110101

NCBI Entrez Increases Discovery SpaceEntrezEntrez Increases Discovery SpaceIncreases Discovery Space

Nucleotide 
sequences

Protein 
sequences

Taxon

Phylogeny 3-D 
Structure

MMDB

3 -D 
Structure

PubMed 
abstracts

Complete 
Genomes

PubMed Entrez
Genomes

Publishers Genome 
Centers

ImagesImages

X

X

X

X



IssuesIssues
Clinical trials sponsored by NIH and industry (for FDA Clinical trials sponsored by NIH and industry (for FDA 
review) are intrinsically differentreview) are intrinsically different
Inconsistencies in microarray studies of gene expression Inconsistencies in microarray studies of gene expression 
patterns across laboratoriespatterns across laboratories
Population studies are essential, but USA is very diverse Population studies are essential, but USA is very diverse 
and resistant to central collection of specimens and and resistant to central collection of specimens and 
medical datamedical data
Linking diverse sources of clinical and biological Linking diverse sources of clinical and biological 
information on a patientinformation on a patient--byby--patient basis is newpatient basis is new
Key standards organizations such as CDISC and Key standards organizations such as CDISC and 
DICOM are not linkedDICOM are not linked
PublicPublic--private collaboration may accelerate progress private collaboration may accelerate progress 
with “open” systemswith “open” systems



ChallengesChallenges
Preservation of clinical record collections (long term databases)

Access to archived clinical records, imaging, genomic/proteomic 
and related data

Tools that augment human performance (and provide measurable 
benefit), informed by current and archived data

Transparency; ease of use; quality of service; validity; 
reproducibility



RecommendationsRecommendations
Persistence and enthusiasm toward a focused 
community (? Clinical decision making ?) is essential
• Akin to the cell signaling community, for example

Ingredients are available (caBIG, BIRN, NECTAR, 
DICOM, CDISC, external consortia)
• These and other demonstration projects must 

succeed to ensure future support
• Emphasize benefits to individuals

Get buy-in of industry (medical instruments / imaging, 
pharma), gov’t agencies (FDA, NSF, NIST, DHHS, …) 
Humans are central: augment observers, human-
computer interaction, ethics and incentives to 
participants, patient advocates






