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What is the cancer Biomedical 
Informatics Grid - caBIG™ ?
� A voluntary network or grid connecting individuals 

and institutions to enable the sharing of data and 
tools thus creating a World Wide Web of cancer 
research 

� A project with the goal to speed the delivery of 
innovative approaches for the prevention and 
treatment of cancer 

� An implementation of infrastructure and tools with 
broad utility and reusability outside the cancer 
community

� A development effort under the leadership of the 
National Cancer Institute's Center for Bioinformatics
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Ability of a system to 
access and use the 
parts or equipment of 
another system

Semantic
interoperability

Syntactic
interoperability

Courtesy: Charlie Mead

Interoperability
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Some Data on the Grid

<Agent>
<name>Taxol</name>
<nSCNumber> 007</nSCNumber>

</Agent>
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Taxol

007

Value

Code name given to 
intelligence agents by the 
Central Intelligence Agency 
(CIA)

Name of a chemical 
compound given by the 
NCI Cancer Therapeutics 
Evaluation Program 
(CTEP)

Name

Identifier given to a 
chemical compound by 
the US Food and Drug 
Administration (FDA) 
Nomenclature Standards 
Committee (NSC)

A chemical compound 
administered to a human 
being to treat an existing 
disease or condition, or 
prevent the onset of a 
disease or condition

NCI Metadata

A sworn intelligence agent; a 
spy

Agent

Identifier given to an 
intelligence agent by the 
National Security Council

nSCNumber

CIA MetadataAttribute
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Cancer Common Ontologic 
Representation Environment 
(caCORE)
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Characteristics of caCORE 
Components

� Model Driven Architecture
� All caCORE components designed in UML and appropriate 

APIs generated from this information model

� n-tier Architecture and Open APIs
� All caCORE components publish a series of well-described 

APIs (Java Beans and Web Services) that provide open read 
access to data

� APIs implemented in an n-tier architecture that allows for 
flexibility in the persistence layer and shields end users from 
implementation details

� Registered Metadata
� All caCORE components register detailed descriptions of their 

object APIs in a repository - this ‘data about data’ is called 
metadata

� Controlled Terminology
� All caCORE components use controlled terminology to describe 

metadata and (where appropriate) data
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Cancer Bioinformatics Infrastructure 
Objects (caBIO)
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caCORE Design Artifacts – UML Class Diagrams
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Open APIs and n-tier Architecture

Data Access
Objects

Web Application Server

Java 
Applications

Interfaces

Java

SOAP

XML

Web Clients 
(Browsers)

SOAP 
Clients

DataClients

Perl  
Clients

Genomics

Model
Organisms

Gene
Expression

Clinical

Biomedical
Objects
[Gene, 

Disease, etc.]

Data 
Access
Objects

Data 
Access
Objects

Middleware

A
P
I

A
P
I

A
P
I

A
P
I
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Cancer Data Standards Repository 
(caDSR)
� Enterprise-class system for storing metadata, 

with APIs that give runtime access to both 
metadata and semantics

� Implements the ISO 11179 standard, a flexible 
model for describing arbitrary metadata

� Basic caDSR unit of metadata information to 
describe a datum  - a Common Data Element 
or CDE 

� Used to describe metadata associated with 
clinical case report forms and UML Models
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Object Class
Chemopreventative Agent

Property
Name

Conceptual Domain
Agent

Data Element Concept
Chemopreventive

Agent Name

Data Element
Chemopreventive

Agent Name

Value Domain
CTEP Drug Names

Representation
Name

Valid Values
Cyclooxygenase

Inhibitor
Doxercalciferol

Eflornithine
…

Ursodiol

caDSR Implementation of
ISO/IEC 11179 Model
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Enterprise Vocabulary Services

� Controlled vocabulary resources for caCORE and the 
cancer research community

� Vocabulary Products and Services
� NCI Thesaurus

� NCI Metathesaurus

� External vocabularies

� NCI Thesaurus - controlled vocabulary source for 
metadata
� Has excellent coverage of cancer terminology

� Expands based on needs for additional terminology

� Based on concepts rather than terms

� Each concept has a unique identifier or CUI with definitions 
and synonym
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Preferred Name

Synonyms

Definition

Relationships

Concept Code
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Semantic Integration in caCORE
� UML Class = ISO Object Class

� Example: Agent = C1708 (Agent)
� UML Class Attribute = ISO 

Property
� Example: nSCNumber = C41243 

(NSC Code)
� UML Class + UML Class Attribute 

= ISO Data Element Concept
� Agent:nSCNumber = 

C1708:C41243
� UML (Java) Datatype = ISO

Value Domain (at least initially)
� Example: java.lang.Integer

� UML Class + UML Class Attribute 
+ Datatype/Valid Values = ISO 
Common Data Element
� Example: Agent:nSCNumber: 

java.lang.Integer
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Utilizing CDEs for
Interoperability

Agent (C1708)

name

nSCNumber

FDAIndID

CTEPName

IUPACName

Drug (C1708)

id

NDCCode

approver

approvalDate

fdaCode

= CDE 15654

= CDE 15654

C1708 Agent

id

NDCCode

approver

approvalDate

nSCNumber

name

FDAIndID

CTEPName

IUPACName
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Compatibility Guidelines
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Crosscutting Workspaces

Architecture Activities
� Develop caBIG™ compatibility guidelines in the area of interface integration.
� Provide mentors to caBIG™ funded development projects in the area of 

interface integration
� Create caGrid, the caBIG™ Grid
� Perform interoperability reviews of caBIG™ funded development projects to 

ensure compliance with caBIG™ compatibility guidelines for interface 
integration

The Architecture workspace is charged with building the 
caBIG™ Grid and ensuring syntactic interoperability.

VCDE Activities
� Develop caBIG™ compatibility guidelines in the areas of information modeling, 

metadata and vocabularies
� Provide mentors to caBIG™ funded development projects in the area of 

information modeling, metadata and vocabularies
� Facilitate development of caBIG™ data standards, both vocabularies and 

CDEs
� Perform interoperability reviews of caBIG™ funded development projects to 

ensure compliance with caBIG™ compatibility guidelines

The VCDE workspace is charged with ensuring semantic 
interoperability.
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Data Standards in caBIG™
� The V/CDE workspace is responsible for facilitating the 

development and ratification of Data Standards for caBIG™
� Data Standards can be Vocabularies or Common Data 

Elements (CDEs) with their associated controlled 
terminology

� A caBIG™ Data Standard is, in effect, a ‘pre-approved’
mechanism for semantically modeling an attribute or series 
of attributes in a data object. Ideally, having a standard 
available shortens development time for other projects that 
need to present such data.

� Whenever possible, caBIG™ adopts standards that are 
derived from other standards bodies (HL7, ISO, USPS, 
UPU, W3C, etc.) and in general use within our community

� In the last year, the V/CDE workspace has developed a 
consensus driven mechanism for approving Data Standards 
and applied it to an increasing number of CDEs
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Data Standards Process

Proposed
Standard

Acceptance by 
V/CDE Workspace

Review By 
V/CDE Committee

Standard

caBIG-Wide
Comment Period

Final Approval
From V/CDE Workspace
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caBIG Development and Governance Model

CDE Approval Standards MaintenanceCDE Submittal and Review

Submitters

caBIG
Space

NCICB
Context

Context 
Admin

V-CDE

CDEs designated by 
multiple contexts

Nominate Subject 
Area for 

Standardization or  
External Standards 

for Adoption

Review existing CDEs in 
caDSR

Suggest existing 
CDE for potential 

standard

Initiate Review of 
CDEs of Subject 

Area

Update workflow 
status to allow for 

sharing

Review relevant external 
standards

Develop List of 
Proposed Standard 

CDEs

Register New 
CDEs

Review proposed CDEs 
for Quality and 
Completeness

Curator  Assigns 
Qualified Registration 

Status

Context Admins Review 
and Comment Period

Propose for 
Standard?

Yes

No

Return for 
Modification or 

Clarification

Assign Candidate 
Registration Status

No Further 
Action

60 Day Clock Begins

caBIG Review and 
Comment Period

Promote to Standard?

No Yes

No Decision within 
60 Days

No Further 
Action

Assign Standard 
Registration Status

Propose Review of 
Standard CDE

caBIG and Context 
Admins 

Review and Comment

Need for a Change?

Yes

No

Propose the Change to 
the Owning Context

Owning Context – 
Approve Change?

Yes

CDE is Versioned

No

Proposer Creates 
New CDE

Goes to CDE 
Submit and Review

Proposal Sent to 
V-CDE

No Further 
Action

Specific 
Workflow can be 
seen on V-CDE 

Process Tab
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Submitter  Sends 
Package to V-CDE 

Workspace

V-CDE Process

Package Received by 
VCDE WS Lead (Brian)

VCDE WS Lead 
Review of Package for 

Completeness

VCDE WS Lead posts package to VCDE Listserv  
and Submitter  Presents to entire VCDE WS. 

Beginning of process indicated on caBIG website.

VCDE WS Lead Sends Package to 
Review Subgroup .

Complete?

Yes

No

Subgroup  prepares written 
Recommendation as to whether data 

standard is appropriate for caBIG

Yes

Subgroup’s 
Recommendation is 
Presented to Entire
VCDE Workspace

Yes

No

Comments are Received 
by Review Subgroup

Review Subgroup
Analyzes comments and 
revises recommendation

V-CDE Workspace
Considers Subgroup’s 

Recommendation

Yes

No

Standard is Represented 
in caDSR

Entire V-CDE WS  
Considers Subgroup’s 

Recommendation

V-CDE Agrees to Standard

Submitter

Return for 
Modfication/
Clarification

No Further 
Action

                
           Promotion to Standard

           Can also occur if 
           there is no Decision

           by the V-CDE 
           within 60 days

5 Days

10 Days Begins

30 Days

15 Days

10 Days
Continued

60 Day 
Clock 

Begins

Subgroup  conducts 
technical review of proposed data 

standard.

Announcement and 
Supporting 

Documentation sent to 
caBIG Community for 

Review
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Enabling Technology

� The NCI provides freely available enabling 
technology for caBIG™ compatibility

� These technologies are distributed under a ‘non-
viral’ open source license

� caCORE
� Enterprise Vocabulary Services (EVS)
� Cancer Data Standards Repository (caDSR)

� caCORE Software Development Kit
� When complete process is followed, the 

outcome is a caBIG™ ‘Silver’ compliant data 
system
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� UML Modeling Tool
� Not supplied as part of the toolkit
� Using Enterprise Architect (EA) at NCICB, but any modeling tool that 

supports XMI 1.1 with the Rose/Unisys extensions should work
� Semantic Connector

� Assists with the semantic integration component by searching for
concepts and annotating the XMI representation of a UML model

� Available on the caDSR web site; coordinate with EVS staff for 
semantic assignments 
(http://ncicb.nci.nih.gov/NCICB/infrastructure/cacore_overview/cadsr)

� UML Loader
� Takes the semantically annotated XMI file, creates appropriate CDEs 

from the UML model and loads them into the caDSR
� The UML loader is not included in this distribution; for now, all UML 

loading will be done at NCICB
� Code Generator

� Input an XMI representation of a UML model 
� Creates the ‘caCORE-like’ software system
� Distributed with the toolkit

Semantic Integration Tools
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Semantic Integration Process
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Grid Technology in caBIGTM

� Grid Technology supplies two useful components to a network 
of computers:
� Advertising: Inform the network about the capabilities of new 

systems
� Discovery: Allow users to find resources that meet their needs.

� The caGrid project is the ‘Grid in caBIGTM’; the actual 
infrastructure that data and analytical services will use to 
interoperate.

� The current caGrid is version 0.5; construction of caGrid 1.0 is
underway.

� The combination of data and analytical service nodes in 
caBIGTM produced a design that utilizes a variety of standard 
Grid technologies including the Globus Toolkit and OGSA-
DAI, DQP, GRAM, etc.

“A Grid is a system that coordinates resources that  are not subject 
to centralized control using standard, open, genera l-purpose 

protocols and interfaces to deliver nontrivial qual ities of service.” 
Ian Foster Grid Today, July 20, 2002 

What is a ‘Grid’
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caBIG
caGrid 0.5

NCICB

Firewall

caBIO / caArray

HTTP

Georgetown

PIR

HTTP

caArray

HTTP

Pittsburg

caTIES

HTTP

Reference Implementation caCrid Core Services

Web Portal

Index service / Registry

Cache / GirdFTP

caGrid Security

GME / EVS / caDSR

HTTP

HTTP
HTTP

Duke

Reference Implementation

HTTP

caBIG
caGrid 0.5

NCI

Firewall

caBIO / caArray

HTTP

Georgetown

PIR

HTTP

caArray

HTTP

Pittsburg

caTIES

HTTP

SNP 500

caCrid Core Services

Web Portal

Index service / Registry

Cache / GirdFTP

caGrid Security

GME / EVS / caDSR

HTTP

HTTP
HTTP

Duke

Reference Implementation

HTTP

caBIO / caArray
HTTP

NCI Core
Genotyping

Facility
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caGrid 0.5 Services
� Data Services

� caBIO: Gene-centric 
bioinformatics objects

� NCICB-Rockville, MD

� caArray: MAGE-OM compliant 
microarray repository

� NCICB-Rockville, MD

� Lombardi Cancer Center-
Georgetown, DC

� gridPIR: Protein Information 
Resource

� Lombardi Cancer Center-
Georgetown, DC

� caTIES: Text Information 
Extraction System for 
pathology reports

� UPMC-Pittsburgh, PA

� SNP500: Polymorphism 
database with population 
frequencies

� NCI Core Genotyping 
Facility-Gaithersburg, MD

� caMOD II: Cancer Model 
Organism Database

� NCI Mouse Models of 
Human Cancer 
Consortium (MMHCC)

� Analytical Service
� RProteomics: Statistical analysis of proteomics data

� Duke-Durham, NC
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