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Clinical and Translational Science Institute (CTSI) & 
Center for Clinical and Translational Informatics (CCTI)

• The Clinical and Translational Science Awards are part 
of a new NIH Roadmap Initiative – To transform current 
clinical research environment

• CTSA program emphasized the formation of new 
transformational structures
– Center for Clinical and Translational Informatics (CCTI)

• Pathology Informatics is key – structured 
• Tissue and Serum Banking is central to our strategy (U Pitt)
• Patient Safety Informatics is one key area we are developing

• Twelve newly funded sites include: Duke, Mayo, U Penn, 
Yale – all have significant Pathology strength
– Where is Pathology Informatics?  No evidence yet...
– How to get involved?
– 48 more sites will be funded over the next 5 years
– Pathology Informatics needs to get on board!!!
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NIH Roadmap – http://nihroadmap.nih.gov

http://nihroadmap.nih.gov/
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CTSA Awardees – 12 fully funded, 52 planning grants
https://www.ctnbestpractices.org/networks/nih-ctsa-awardees/
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Brief Chronologic History of Two 
Decades of Pathology Informatics

• Early 1980s: Tom Lincoln & Don Connelly define theoretical & 
technical basis for pathology info as subdiscipline of medical info

• 1987:  Ralph Korpman proposes that the pathologist can/should 
serve as ideal individual to fill role of “medical info specialist”

• 1990: Bruce Friedman coins term “pathology informatics” (PI); 
proposes that it should be viewed as 3rd subdiscipline with AP&CP

• 1993: Greg Buffone & Bob Beck propose subspecialty of path info 
& define major goal as optimization of info systems

• 2002:  Bruce Friedman hosts first meeting focusing on “pathology
bioinformatics” & begins to define subdiscipline as offspring of PI

Borrowed (without permission) from Bruce Friedman – APIII 2003
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Emphasis on fundamental disease processes because of 
alignment with academic pathology departments and pharma

Emphasis on patient security/confidentiality because of 
patient access/responsibilities in clinical domain

Emphasis on, and support for, tissue banks because of 
diagnostic mission of pathology; access to diseased tissues

Emphasis on data standards & data exchange because 
of bridging, translational, & interdisciplinary mission

Emphasis on large web-accessible databases based on 
longitudinal standards-based clinical and research data

Distinguishing Pathology Bioinformatics 
From the Larger Field of Bioinformatics

Borrowed (without permission) from Bruce Friedman – APIII 2003



Domain of Pathology Informatics and Its 
Skew toward Service & Applied Research
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Domain of Pathology Bioinformatics 
within General Biomedical Research
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Informatics Transformation Hypothesis: New 
Challenges Bridging Service/Research Chasm

Transformation hypothesis: Informatics disciplines that will develop 
unique identity must have following attributes:
• Critical pipeline across service/research chasm (e.g., new drugs

passing through clinical trials & into practice)

• Powerful financial drivers (e.g., research funding, big pharma)

• Drive high-margin services which can be delivered in stand-alone 
clinics, thus depriving hospitals of big-ticket lucrative procedures

• Mandated/unique data requirements (e.g., tumor registries, IRB)

• Require high-level strategic informatics planning/oversight to 
meet reporting, patient care, and research requirements

Classic medical disciplines (& informatics offshoots) not meeting these 
criteria must piggyback onto them in order to achieve influence/value

Borrowed (without permission) from Bruce Friedman – APIII 2003
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Criticality of Information Technology  
in Development of Tissue Banks

Pathology controls the flow of normal and diseased tissues and 
the handling of them when rapid processing is critical

Physical storage minor component of creation & maintenance of 
tissue banks; data management critical value-add feature

Development and maintenance of longitudinal databases, with 
images, also critical, and often neglected, components

Tissue banking also provides opportunity for academic pathology 
departments to develop relationship with pharma research

Web-based software with backend relational database can be used 
to present data/images on both service & research sides

Borrowed (without permission) from Bruce Friedman – APIII 2003
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Pathologists Need to Embrace/Pursue 
Data Sharing and Standardization

Structured data entry and documentation in surgical pathology results 
in uncompensated & greater work burden for labs/pathologists

However, integrated, retrievable, longitudinal clinical data provides new 
opportunities and new product lines for labs/pathologists

• Compensated clinical laboratory consulting on the “service side” of 
pathology

• Fundable translational research opportunities on the “research 
side” of pathology

CP data is already fully integrated into the CPR using HL-7 and LOINC; 
these changes have been driven by demands from clinicians

Next challenge is synoptic reporting and image capture and integration 
on the AP side; not just “marketing” issue which trivializes discussion

Borrowed (without permission) from Bruce Friedman – APIII 2003
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Lecture Take-Home Lessons

Pathology informatics evolved as a practical discipline with service 
responsibility for managing critical clinical information system

Pathology bioinformatics differs from other “bioinformatics” because of 
linkage to service side of pathology and ready access to tissue specimens

Pathology informatics becoming somewhat routinized/diminished by
funding restrictions and growing influence of other informatics disciplines

Oncology informatics, cardiovascular informatics, medical/theranostic 
informatics emerging as powerful informatics bridging disciplines

Pathology informatics/bioinformatics need to link to these bridging 
disciplines; this will be easy because of criticality of “lab” information

Complex sets of challenges still remain for pathologists to address; 
most important is the “integration” of genomic data into lab database

Borrowed (without permission) from Bruce Friedman – APIII 2003
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Center for Clinical and Translational Informatics (CCTI)
Specific Aim 1 – Toolkit Development

Specific Aim 1 – “…to develop, implement & maintain the most 
advanced, integrated informatics tools to support research 
throughout the life cycle of translational research.”

• Integration of Pathology (Bio-) Informatics into CCTI
• Deploy a system wide tissue & clinical data annotation system
• Use of caBIG Tissue Banking Tools in non-cancer areas
• Embed Clinical Trials tools and Tissue Banking tools vetted by 

U Pitt OOR & UPMC CTO for “enterprise” use (including 
financial modeling and billing support)

• CCTI integrates Clinical Research Information Service which 
houses our clinical data repository (MARS, data from 1982- )

• This is the ‘real’ IT goal of the CCTI transformation (from 
CTSI house analogy)
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Tissue Banking InformaticsTissue Banking Informatics
•• Managing Information on the Inventory Managing Information on the Inventory 

and Genotype on Biospecimens for and Genotype on Biospecimens for 
Biomarker Development (caTISSUE Core)Biomarker Development (caTISSUE Core)

•• Extracting Clinical Information & Extracting Clinical Information & 
Outcomes Annotation: Outcomes Annotation: 

–– caTIES for pathology reportscaTIES for pathology reports
–– caTISSUE CAE for fresh/frozen, serum and caTISSUE CAE for fresh/frozen, serum and 

other biospecimensother biospecimens

Tissue Banking Informatics in Translational ResearchTissue Banking Informatics in Translational Research

Genomics Proteomics

caTISSUE Core

Clinical Environment
Pathology Reports

Identified Data

Pathologic and Tissue Banking
(Annotation of Biospecimens)
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Honest Broker Environment
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Outcomes Information
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Clinical 

Annotation
Engine (CAE)

caTIES

Phenotype Inventory

(Genotype)

Research Environment
De-Identified Data
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Center for Clinical and Translational Informatics (CCTI)
Tools for the Health Sciences –

Tissue Banking Informatics

• caBIG caTISSUE Suite – Integrated suite of tools to manage all 
aspect of biobanking of blood, blood products, tissue, fluids

• caBIG – Cancer Biomedical Informatics Grid – see 
http://cabig.nci.nih.gov

• caTISSUE Components:
– caTISSUE Core – Inventory management and interface to genomics and 

proteomics data
– caTIES – Cancer Text Information Extraction System – allows millions of 

patient specimens in Lab Info Systems (LIS) to be automated coded and 
available for research query

– caTISSUE CAE – Clinical Annotation Engine – currently allows 
pathology and cancer registry to automatically annotate specimens and 
will eventually do the same for radiology and EMR systems

• U Pitt has been key developers of these tools for caBIG
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Using College of American Pathologists Cancer 
Checklists (Protocols) as Common Data Elements

• Define data elements expected in surgical pathology reports 
of cancer

• Defined by review of clinical/scientific merit
• 44 protocols describing wide range of tumors
• Represent a large fraction of all cancer cases
• Authored by committees of experts in the field

– Required by American College of Surgeons Commission on Cancer 
(ACS CoC) for program accreditation for required data elements)

• Are CAP Protocols amenable to informatics modeling?
– Grouped together in classification hierarchies
– Excellent detail including value domains
– Relatively precise definitions
– References and explanatory material
– Versioned
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U Pitt Workflow for CDE creation

create UML model

create vocabulary set

study multiple protocols

create general model

create individual packages  

derive superset of terms

search NCI Thesaurus

develop target list 

annotate UML Model run semantic connector

modify based on target list

submit to EVS

load model and post-curate

Iterative review and 
modifications of UML 
Model (NCICB, TBPT 
Developers, VCDE?)

Iterative review and 
modifications of 
vocabulary choices 
(EVS)

load model

post-curation (VD, CS)
CDE Review (TBPT, 
other stakeholders)
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New Publication on 
caTIES implementation of caCORE

NOTE:  E-mail becich@pitt.edu for PDF

http://www.biomedcentral.com/1472-6947/6/2

Tobias J, Chilukuri R, Komatsoulis GA, Mohanty S, Sioutos N, Warzel
DB, Wright LW, Crowley RS. 
The CAP cancer protocols--a case study of caCORE based data standards 
implementation to integrate with the Cancer Biomedical Informatics Grid.
BMC Med Inform Decis Mak. 2006 Jun 20;6:25. 

http://www.biomedcentral.com/1472-6947/6/2
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caTissue Information Extraction System (caTIES)

• Load surgical pathology reports
• De-Identify the reports
• Annotate/structure the data
• Share the data for query across the caGRID

Break 
Report into 
Parts

Extract 
Meaning 
from Text

Negation
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Example 
De-Identified 
Path Report

Removes HIPAA mandated
Personal Health Identifiers:
Ages
Report Numbers
Names
Initials
Locations
Dates (shifted not removed)

As well as 12 other PHI
data elements
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Simplified Use Case for caTISSUE Modules

Query for 
available 

specimens...

“Patient-matched 
frozen primary tumor 

and metastatic 
lymph node tissue...”
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Select Research Bank Specimens for Distribution 
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ug) and RNA (3 
ug) samples.”
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“Building” caTISSUE through 3 modules 
(caCORE, TIES and CAE)

• Automatically load all patient demographics (tens of 
thousands) with pathology reports of biopsies and 
prostatectomies along with accession #, dates, etc… with 
caTISSUE CAE AP Lab Info System loader

• Automatically annotate all pathology reports (tens of 
thousands) with caTIES

• Import data from legacy systems with CAE Data Mapping Tools
• Manage inventory (thousands of patients) (e.g. paraffin blocks 

and frozen tissue, serum, RNA and DNA) of prostate tissue 
bank with caCORE

• Annotate biospecimen inventory (initially hundreds of identified
cohorts) with therapy, progression and outcomes information 
with caTISSUE CAE

• Link research data (genomics, proteomics, etc…) with 
Experimental Annotation Module of caCORE

• Provide query to research community at large through caGRID 
with caTISSUE
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Specific Aim #2 – “…share, implement and support the “open 
source” tools utilizing the core architecture in an interoperable 
grid by using tools developed by the Cancer Biomedical 
Informatics Grid (caBIG) program.”

• Implementing an environment (network, hardware, 
software) to promote interoperability of translational 
informatics research tools:
– Core Architecture – Vocabulary, Ontology, Interoperability
– Tissue Banking, Clinical Research, Trials Tools that “talk”
– This may be all caBIG architecture or may be more linked to 

UPMC Interoperability efforts (dB Motion – see recent press 
release) or probably a hybrid of both approaches

– This is the ‘real’ Biomedical Informatics goal of the CCTI 
transformation

Center for Clinical and Translational Informatics (CCTI)
Specific Aim 2 – Infrastructure Development
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caBIG and Interoperability

•• caBIG and InteroperabilitycaBIG and Interoperability
––Common Data Elements, ISO11179 Common Data Elements, ISO11179 

and Enterprise Vocabulary Servicesand Enterprise Vocabulary Services
––Foundational or Reference Software Foundational or Reference Software 

ImplementationsImplementations
––Modular Software Design designed to Modular Software Design designed to 

“fill gaps” in clinical trials, tissue “fill gaps” in clinical trials, tissue 
banking and bioinformaticsbanking and bioinformatics
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What does caBIG offer
in terms of interoperability?

•• Three common threads for caBIG (grid) developmentThree common threads for caBIG (grid) development
–– #1 #1 -- Development of common data elements (CDEs) Development of common data elements (CDEs) 

using Enterprise Vocabulary Services (EVS)using Enterprise Vocabulary Services (EVS)
•• Depositing CDEs developed across systems in caDSRDepositing CDEs developed across systems in caDSR
•• caDSR caDSR –– Data Standards Repository as a CDE management toolData Standards Repository as a CDE management tool
•• Key is to use a common concepts/terms for data interchangeKey is to use a common concepts/terms for data interchange

Enterprise Vocabulary

Common Data Elements

Biomedical Objects
•• 3 3 –– “Information” objects enabled “Information” objects enabled 

which can be deposited in caBIOwhich can be deposited in caBIO

•• 2 2 –– Ensure data exchange via Ensure data exchange via 
ISO11179 compliant ISO11179 compliant CDEsCDEs

•• 1 1 –– EVS ensures all are “speaking” EVS ensures all are “speaking” 
the same language the same language 

Courtesy of Peter Covitz, NCICB
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ISO11179 Metadata Standard
courtesy of Peter Covitz, NCICB

Data Element
IMAGE CORONARY 

CALCIFICATION INDICATION

Conceptual Domain
MEDICAL IMAGING Values

YES
NO

Classification
FINDINGS

Context
CHEST CT SCREENING PANEL

Data Element Concept
IMAGE CORONARY CALCIFICATION 

Value Domain
YES_NO_INDIC

Property
CALCIFICATION

Object
CORONARY

Representation
YES_NO
Qualifier

INDICATIONQualifier
IMAGE



2007 Deparment of Biomedical Informatics Center for Clinical and Translational Informatics

New Publication on caCORE

NOTE:  E-mail becich@pitt.edu for PDF

http://www.biomedcentral.com/1472-6947/6/2

http://www.biomedcentral.com/1472-6947/6/2
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The Value of Pathology 
Informatics to Translational Medicine

Digital 
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• Pathology in partnership with 
Oncology has a great future.

• The importance of supporting 
Specialized Labs as distinct from 
AP and CP. 

• Too many pathologists consider 
themselves “experts who look at 
glass slides and test values” not 
“experts in analysis of tissue/serum 
in disease and customized 
theranostics”.  Need to change 
this!!!

• What could we accomplish if we 
could apply integrated data 
warehousing methods and 
standardized data capture to 
Pathology?

Clinical 
Pathology
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From John Gilbertson, MD (ala 1999)
Now at Case Western University

•• ““Information relationships “  in Information relationships “  in 
medicine are in silent upheaval. medicine are in silent upheaval. 
Ubiquitous access to information is Ubiquitous access to information is 
changing the fundamental changing the fundamental 
relationship between the physician relationship between the physician 
and patient.and patient.

•• This will impact pathology This will impact pathology 
informatics.informatics.

•• The way pathology, and its academic The way pathology, and its academic 
departments, position themselves departments, position themselves 
now in this emerging infrastructure now in this emerging infrastructure 
will determine the strength of our will determine the strength of our 
field twenty years from today.field twenty years from today.

•• This can be one of the ways we This can be one of the ways we 
reposition ourselves in pathology reposition ourselves in pathology 
(through) pathology informatics.(through) pathology informatics.

InfoCentric Networks InfoCentric Networks 
& Personalized Medicine& Personalized Medicine

InformationInformation

PatientPatient
ClinicianClinician

InformationInformation

PatientPatient

ClinicianClinician
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Resource.  BMC Bioinformatics. 2004 Feb 27;5(1):19. Resource.  BMC Bioinformatics. 2004 Feb 27;5(1):19. 

•• Melamed J, Datta MW, Melamed J, Datta MW, Becich MJBecich MJ, Orenstein JM, Dhir R, Silver S, Fidelia, Orenstein JM, Dhir R, Silver S, Fidelia--Lambert M, KadjacsyLambert M, Kadjacsy--Balla A, Balla A, 
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•• LyonsLyons--Weiler J, Patel SV, Weiler J, Patel SV, Becich MJBecich MJ, Godfrey T.  Tests for finding complex patterns of differential, Godfrey T.  Tests for finding complex patterns of differential expression expression 
in cancers:  towards individualized medicine.  BMC Bioinformaticin cancers:  towards individualized medicine.  BMC Bioinformatics 2004, 5:110s 2004, 5:110--116.116.

•• Mitchell KJ, Mitchell KJ, Becich MJBecich MJ, Berman JJ, Chapman WW, Gilbertson J, Gupta D, Harrison J, Lego, Berman JJ, Chapman WW, Gilbertson J, Gupta D, Harrison J, Legowski E, and wski E, and 
Crowley RS   Implementation and Evaluation of a Negation Tagger Crowley RS   Implementation and Evaluation of a Negation Tagger in a Pipelinein a Pipeline--based System for based System for 
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•• Gilbertson JR, Gupta R, Nie Y, Patel AA, Gilbertson JR, Gupta R, Nie Y, Patel AA, Becich MJBecich MJ. Automated Clinical Annotation of Tissue Bank . Automated Clinical Annotation of Tissue Bank 

Specimens. Proc MedInfo, 2004: 607Specimens. Proc MedInfo, 2004: 607--610.610.

Recent Publications by Our Team –
NOTE:  Please e-mail me at becich@pitt.edu for PDFs
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