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Information sources and terminologiesInformation sources and terminologies

Multiple terminologies for oncologyMultiple terminologies for oncology
International Classification of DiseasesInternational Classification of Diseases--Oncology Oncology 
(ICD(ICD--OO--3)3)

Cancer registriesCancer registries
Epidemiology, Public healthEpidemiology, Public health

SNOMED CTSNOMED CT
Patient recordsPatient records
Clinical careClinical care

NCI ThesaurusNCI Thesaurus
Annotation of research dataAnnotation of research data
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SNOMED CTSNOMED CT

http://www.clinicalhttp://www.clinical--info.co.ukinfo.co.uk//
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NCI ThesaurusNCI Thesaurus

http://http://nciterms.nci.nih.govnciterms.nci.nih.gov//



7
Lister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical Communications

ICDICD--OO--33

MorphologyMorphology
[[……]]
814814--838838 Adenomas and Adenomas and adenocarcinomasadenocarcinomas

8140/38140/3 AdenocarcinomaAdenocarcinoma, NOS, NOS

AnatomyAnatomy
[[……]]
C60C60--C63C63 Male genital organsMale genital organs

C61C61 Prostate glandProstate gland
–– C61.9C61.9 Prostate, NOSProstate, NOS

Prostate glandProstate gland

Adenocarcinoma
of prostate
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Integrating terminologiesIntegrating terminologies

ICDICD--OO

NCINCI
ThesaurusThesaurus

SNOMED CTSNOMED CT

Prostate adenocarcinoma
(C2919)

Adenocarcinoma of prostate 
(399490008)

Adenocarcinoma of prostate 
(8140/3 + C61.9)
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Integrating subdomainsIntegrating subdomains
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Information integration
in biomedicine

Some issues: naming, normalization, mapping
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NamingNaming

Many biomedical entities have several names Many biomedical entities have several names 
(synonymy)(synonymy)

Drug namesDrug names
Gene namesGene names
Disease namesDisease names
……

A given name may refer to several different A given name may refer to several different 
entities (polysemy)entities (polysemy)

Nail (body part)Nail (body part)
Nail (medical device)Nail (medical device)
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Brand names for Brand names for paracetamolparacetamol (acetaminophen)(acetaminophen)
http://en.wikipedia.org/wiki/List_of_paracetamol_brand_names
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Names for Names for dystrophindystrophin

http://www.ncbi.nlm.nih.gov/sites/entrez
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Names for Names for renal cell carcinomarenal cell carcinoma

http://www.clinical-info.co.uk/
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Entity recognitionEntity recognition

Identifying biomedical entities in textIdentifying biomedical entities in text
Names entity recognitionNames entity recognition
Tagging Tagging ““mentionsmentions””
Semantic annotationSemantic annotation

Supported by terminologySupported by terminology
Collects the names used in the domainCollects the names used in the domain
Often incompletelyOften incompletely

Example: Example: BioCreativeBioCreative
1A 1A –– Gene name identificationGene name identification
2GM 2GM –– Gene mention taggingGene mention tagging
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NormalizationNormalization

Biomedical entities are identified by unique Biomedical entities are identified by unique 
identifiers in various terminology systemsidentifiers in various terminology systems
Resolve names into identifiers (in a given Resolve names into identifiers (in a given 
namespace)namespace)
Supported (in part) by terminology resourcesSupported (in part) by terminology resources
Example: Example: BioCreativeBioCreative

1B and 2GN 1B and 2GN –– Gene NormalizationGene Normalization
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Identifier for Identifier for paracetamolparacetamol (acetaminophen)(acetaminophen)

Master Drug Data Base. Medi-Span 5005 Acetaminophen

FDA National Drug Code Directory 50612 PARACETAMOL

FDA Structured Product Labels 362O9ITL9D ACETAMINOPHEN

First DataBank NDDF Plus 001605 Acetaminophen

SNOMED Clinical Terms 90332006 Acetaminophen (product)

SNOMED Clinical Terms 387517004 Acetaminophen (substance)

VA National Drug File 4017513 ACETAMINOPHEN

Source: RxNorm database (5/3/2007)
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Identifier Identifier for for dystrophindystrophin

http://www.ncbi.nlm.nih.gov/sites/entrez
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Identifier Identifier for for renal cell carcinomarenal cell carcinoma

http://www.clinical-info.co.uk/
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Mapping / IntegrationMapping / Integration

Identify equivalent entities across systemsIdentify equivalent entities across systems
(across namespaces)(across namespaces)

Shared identifiersShared identifiers
Existing mappings (e.g., SNOMED CT to ICDExisting mappings (e.g., SNOMED CT to ICD--99--CM)CM)
Ontology alignment techniques (lexical + structural)Ontology alignment techniques (lexical + structural)

Align equivalent entitiesAlign equivalent entities
Pairwise: mappingPairwise: mapping
More broadly: integrationMore broadly: integration

Forms the basis for information integration in the Forms the basis for information integration in the 
Semantic Web (Semantic Web (mashupsmashups))



21
Lister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical Communications

Identifier for Identifier for paracetamolparacetamol (acetaminophen)(acetaminophen)

Master Drug Data Base. Medi-Span 5005 Acetaminophen

FDA National Drug Code Directory 50612 PARACETAMOL

FDA Structured Product Labels 362O9ITL9D ACETAMINOPHEN

First DataBank NDDF Plus 001605 Acetaminophen

SNOMED Clinical Terms 90332006 Acetaminophen (product)

SNOMED Clinical Terms 387517004 Acetaminophen (substance)

VA National Drug File 4017513 ACETAMINOPHEN

RxNorm 161 Acetaminophen



22
Lister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical Communications

Identifier Identifier for for dystrophindystrophin

http://www.ncbi.nlm.nih.gov/sites/entrez
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Identifier Identifier for for renal cell carcinomarenal cell carcinoma

645875019
379798014
379801015
379800019
379797016
379803017
379802010

http://www.clinical-info.co.uk/



Bottom-up terminology integration

Unified Medical Language System
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MotivationMotivation

Started in 1986Started in 1986
National Library of MedicineNational Library of Medicine
““LongLong--term R&D projectterm R&D project””

«[…] the UMLS project is an effort to overcome two significant 
barriers to effective retrieval of machine-readable information.

• The first is the variety of ways the same concepts are expressed
in different machine-readable sources and by different people.

• The second is the distribution of useful information among many 
disparate databases and systems.»
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Source VocabulariesSource Vocabularies

141 source vocabularies141 source vocabularies
17 languages17 languages

Broad coverage of biomedicineBroad coverage of biomedicine
6.1M names6.1M names
1.5M concepts1.5M concepts
8M relations8M relations

Common presentationCommon presentation

(2007AC)
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Biomedical terminologies in UMLSBiomedical terminologies in UMLS

General vocabulariesGeneral vocabularies
anatomy (UWDA, anatomy (UWDA, NeuronamesNeuronames))
drugs (drugs (RxNormRxNorm, First , First DataBankDataBank, Micromedex, , Micromedex, ……))
medical devices (UMD, SPN)medical devices (UMD, SPN)

Several perspectivesSeveral perspectives
clinical terms (SNOMED CT)clinical terms (SNOMED CT)
information sciences (MeSH, CRISP)information sciences (MeSH, CRISP)
administrative terminologies (ICDadministrative terminologies (ICD--99--CM, CPTCM, CPT--4)4)
data exchange terminologies (HL7, LOINC)data exchange terminologies (HL7, LOINC)
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Biomedical terminologies in UMLSBiomedical terminologies in UMLS

Specialized vocabulariesSpecialized vocabularies
nursing (NIC, NOC, NANDA, Omaha, PCDS)nursing (NIC, NOC, NANDA, Omaha, PCDS)
dentistry (CDT)dentistry (CDT)
oncology (NCI Thesaurus, PDQ)oncology (NCI Thesaurus, PDQ)
psychiatry (DSM, APA)psychiatry (DSM, APA)
adverse reactions (COSTART, WHO ART, adverse reactions (COSTART, WHO ART, MedDRAMedDRA))
primary care (ICPC)primary care (ICPC)
genomics (Gene Ontology, HUGO, OMIM)genomics (Gene Ontology, HUGO, OMIM)

Terminology of knowledge bases (Terminology of knowledge bases (AI/Rheum, AI/Rheum, 
DXplainDXplain, QMR, QMR))
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Integrating subdomainsIntegrating subdomains

Biomedical
literature

Biomedical
literature

MeSH

Genome
annotations

Genome
annotations

GOModel
organisms

Model
organisms

NCBI
Taxonomy

Genetic
knowledge bases

Genetic
knowledge bases

OMIM

Clinical
repositories

Clinical
repositories

SNOMED CTOther
subdomains

Other
subdomains

…

AnatomyAnatomy

FMA

UMLS
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TransTrans--namespace integrationnamespace integration

Genome
annotations

Genome
annotations

GOModel
organisms

Model
organisms

NCBI
Taxonomy

Genetic
knowledge bases

Genetic
knowledge bases

OMIM
Other

subdomains
Other

subdomains

…

AnatomyAnatomy

FMA

UMLS
Addison Disease  (D000224)

Addison's disease 
(363732003)

Biomedical
literature

Biomedical
literature

MeSH

Clinical
repositories

Clinical
repositories

SNOMED CT

UMLS
C0001403
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Integrating subdomainsIntegrating subdomains

Biomedical
literature
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Top-down terminology integration

OBO Foundry ontologies
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Open Biological Ontologies (OBO)Open Biological Ontologies (OBO)

Extended family of the Gene Ontology (GO)Extended family of the Gene Ontology (GO)

Collaborative developmentCollaborative development
http://obo.sourceforge.net/http://obo.sourceforge.net/

National Center for Biomedical OntologyNational Center for Biomedical Ontology
http://bioontology.org/http://bioontology.org/

OBO FoundryOBO Foundry
http://obofoundry.org/http://obofoundry.org/
Promote best practices in ontology development Promote best practices in ontology development 
10 inclusion criteria10 inclusion criteria

http://obo.sourceforge.net/
http://bioontology.org/
http://obofoundry.org/
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Open Biological Ontologies (OBO)Open Biological Ontologies (OBO)

http://http://obo.sourceforge.netobo.sourceforge.net//

http://obo.sourceforge.net/
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Integrating subdomainsIntegrating subdomains

(Barry Smith)(Barry Smith)
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OBO ontologies  OBO ontologies  ExamplesExamples

Gene OntologyGene Ontology
Cell typesCell types
Sequence OntologySequence Ontology
ChEBIChEBI
Foundational Model of AnatomyFoundational Model of Anatomy
PATO PATO –– phenotypic qualitiesphenotypic qualities
Relationship typesRelationship types
Ontology for Biomedical InvestigationsOntology for Biomedical Investigations



Applications
Biomedical Semantic Web
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W3C Health Care and Life Sciences IGW3C Health Care and Life Sciences IG

http://www.w3.org/2001/sw/hcls/http://www.w3.org/2001/sw/hcls/
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Biomedical Semantic WebBiomedical Semantic Web

IntegrationIntegration
Data/InformationData/Information
E.g., translational researchE.g., translational research

Hypothesis generationHypothesis generation
Knowledge discoveryKnowledge discovery

Clinical dataClinical data
Aggregation, sharing, exchangeAggregation, sharing, exchange
Support for clinical decisionSupport for clinical decision
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HCLS HCLS mashupmashup of biomedical sourcesof biomedical sources

NeuronDB

BAMS

NC 
Annotations

Homologene

SWAN

Entrez 
Gene

Gene 
Ontology

Mammalian 
Phenotype

PDSPki

BrainPharm

AlzGene

Antibodies

PubChem

MeSH

Reactome

Allen Brain 
Atlas

Publications

http://esw.w3.org/topic/HCLS/HCLSIG_DemoHomePage_HCLSIG_Demohttp://esw.w3.org/topic/HCLS/HCLSIG_DemoHomePage_HCLSIG_Demo
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Shared identifiers  Shared identifiers  ExampleExample

GO
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HCLS HCLS mashupmashup NeuronDB

Protein (channels/receptors)
Neurotransmitters
Neuroanatomy
Cell
Compartments
Currents

BAMS
Protein
Neuroanatomy
Cells
Metabolites 
(channels)
PubMedID

NC 
Annotations

Genes/Proteins
Processes
Cells (maybe)
PubMed ID

Allen Brain 
Atlas

Genes
Brain images
Gross anatomy -> 
neuroanatomy

Homologene

Genes
Species
Orthologies
Proofs

SWAN

PubMedID
Hypothesis
Questions
Evidence

Genes

Entrez 
Gene
Genes
Protein

GO
PubMedID

Interaction (g/p)
Chromosome

C. location

GO

Molecular function
Cell components

Biological process
Annotation gene

PubMedID

Mammalian 
Phenotype

Genes 
Phenotypes

Disease
PubMedID

Proteins
Chemicals

Neurotransmitters

PDSPki

BrainPharm
Drug

Drug effect
Pathological agent

Phenotype
Receptors
Channels
Cell types
PubMedID
Disease

AlzGene

Gene 
Polymorphism

Population
Alz Diagnosis

Antibodies
Genes 
Antibodies

PubChem

Name
Structure
Properties
MeSH term

MeSH
Drugs
Anatomy
Phenotypes
Compounds
Chemicals
PubMedID
PubChem

Reactome

Genes/proteins
Interactions
Cellular location
Processes (GO)
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Some unresolved issuesSome unresolved issues

FormatFormat
RDF/S, OWL, SKOS vs. OBO, RRF, etc.RDF/S, OWL, SKOS vs. OBO, RRF, etc.
ConvertersConverters

Permanent identification of biomedical entitiesPermanent identification of biomedical entities
Syntax: URI vs. LSIDSyntax: URI vs. LSID
Semantic: TransSemantic: Trans--namespace identificationnamespace identification

Availability, opennessAvailability, openness
Governance, trustGovernance, trust
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SummarySummary

Terminologies/Ontologies provideTerminologies/Ontologies provide
Lists of entitiesLists of entities
Names for entitiesNames for entities
Identifiers for entitiesIdentifiers for entities

AdditionallyAdditionally
Information model for integrationInformation model for integration
TransTrans--namespace resolutionnamespace resolution
Support for inferenceSupport for inference
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Future directionsFuture directions

Information integrationInformation integration
Knowledge extracted from textKnowledge extracted from text
Knowledge in structured knowledge basesKnowledge in structured knowledge bases

Ontologies for relationsOntologies for relations
In complement to ontologies for entitiesIn complement to ontologies for entities
To support reasoningTo support reasoning
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