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Cancers : their representation
in the NCI Thesaurus

• Morphology
– Neoplastic cell,  Ringed sideroblast

• Location
• Stage: a measure of how much the cancer has grown and

spread.
– TNM (Tumor, Nodes, Metastases)

• Grade: degree of malignancy
– Low grade tumors

•  the tumor cells tend to be slow growing, are well differentiated, tend
to be less 'aggressive' ,and are less likely to spread quickly.

– High grade tumors
•  the tumor cells tend to be fast growing, are poorly differentiated,

tend to be more 'aggressive', and are more likely to spread quickly.
• Cytogenetic abnormalities, genes
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Limitations

• Knowledge representation
– Description Logics : grades, relation D-G
– Genes + physio-pathological mecanisms

• Limited usage of NCIT
– NCI Thesaurus : cancer, clinical trials, DL
– SNOMED CT : medicine, patient records, DL
– ICD-O : cancer, registries, terminology
– Mapping between NCIT and other DO

• Coverage
– Automatize acquisition (link between disease and gene)
– Integrate DO and Pathway Ontologies through KB
– Integrate Disease information and Gene information through

ontologies
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Mapping between DO
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Terminology integration  NCI Metathesaurus



Assess shared descriptions
• Associations of NCI Metathesaurus concepts
• 366 associations strictly equivalent
• ICD-O (22,881 associations) to NCIT

– <2% complete matching
– 87% partial matching
– 11% none of the entities is found in NCIT

• NCIT (19,028 associations) to ICD-O
– <2% complete matching
– 53% partial matching
– 45% none of the entities is found in ICD-O

Burgun A, Bodenreider O. Issues in Integrating Epidemiology and Research Information in Oncology:
Experience with ICD-O3 and the NCI Thesaurus. AMIA Conf, Chicago, ILAMIA Conf, Chicago, IL - Nov, 2007 - Nov, 2007

Bodenreider O, Burgun A. Oncologic pathology in biomedical terminologies. Challenges for data
integration. APIII conference onAPIII conference on““Anatomic Pathology Informatics and Imaging Support forAnatomic Pathology Informatics and Imaging Support for
Translational MedicineTranslational Medicine””Pittsburgh, PA - Sept 10, 2007Pittsburgh, PA - Sept 10, 2007
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Candidate ontologies
KEGG Orthology (KO) hierarchy

• Organization of metabolic pathway and disease maps
• DAG, four levels



3 hierarchies :

- Molecular Function

- Cellular Component

- Biological Process

Gene Ontology (GO) the Gene Ontology

Candidate ontologies



SNOMED-CT
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Overview
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Chabalier J, Mosser J, Burgun A. Integrating biological pathways  into disease ontologies, 
Medinfo 2007, 791-5



Integration

•  Aligning: define relationships between terms (is-a, part-of, etc.)

• Mapping: equivalence relationships between terms



Mapping GO processes – KO pathways
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Aronson, A.R. (2001) Effective mapping of biomedical text to the UMLS
Metathesaurus: the MetaMap program, Proc. 2001 AMIA Symp., 17-21



Mapping & aligning GO processes – KO pathways
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Mapping KO diseases to SNOMED diseases
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Integration
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Integration

KO: Metabolism
KO: Carbohydrate metabolism

KO: Glycolysis/Gluconeogenesis
KO: gene1
KO: gene3

KO: Human diseases
KO: Neurodegenerative disorders

KO: Alzheimer's disease
KO: gene1
KO: gene2 hasPathway



Integration : results

BioMed Ontology

13,982 classes:

• 13,555 classes from GO

• 281 classes from KO
- 252 pathways classes
- 19 disease classes

• 146 classes from SNOMED

http://www.ea3888.univ-
rennes1.fr/biomed_ontology/
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Query results
• Which pathways are shared by 2 neurological disorders : glioma &

Alzheimer’s disease?
•  37 pathways:

• MAPK signaling pathway
• Focal adhesion
• Insulin signaling pathway
• Melanogenesis
• B cell receptor signaling

pathway
• heart development
• central nervous system

development
• axon guidance
• peptidyl-serine phosphorylation
• protein amino acid

phosphorylation
• cell cycle
• cell-cell signaling
• cell cycle arrest
• lipid catabolic process
• lipid metabolic process
• ubiquitin cycle
• transport

ErbB signaling pathway
Wnt signaling pathway
protein tetramerization
intracellular signaling cascade
protein modification process
glycogen metabolic process
anagen
induction of apoptosis
negative regulation of apoptosis
apoptosis
anti-apoptosis
Natural killer cell mediated cytotoxicity
cell proliferation
DNA replication
chromosome organization and
biogenesis calcium ion homeostasis
signal transduction
response to UV
negative regulation of cell growth
cytoskeleton organization and biogenesis



hasPathway

Benefits of ontologies

• pathway hierarchy

Alzheimer disease Intracellular protein
transport

Protein transport into
nucleus, translocation Glioma

hasPathway



Pathways related to glioma
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UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated

Database Environment [A. Butte]

• Objective: finding trends between genes and clinical measurements
• Subset of GEO datasets related to a given disease

Gene Expression Data

Patient Data

GEO

HIS



UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated

Database Environment [A. Butte]

• Objective: finding trends between genes and clinical measurements
• Subset of GEO datasets related to a given disease

Gene Expression Data

Patient Data

GEO

HIS

UMLS



UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated

Database Environment [A. Butte]

• Objective: finding trends between genes and clinical measurements
• Subset of GEO datasets related to a given disease

Gene Expression Data

Patient Data

GEO

HIS

UMLS

ICD9-CM

MeSH



UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated

Database Environment [A. Butte]

• Objective: finding trends between genes and clinical measurements
• Subset of GEO datasets related to a given disease

Gene Expression Data

Patient Data

GEO

HIS

UMLS

ICD9-CM

MeSH

UMLS CUI
MRCONSO

MRMAP
SNOMED CT



UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated

Database Environment [A. Butte]

• Objective: finding trends between genes and clinical measurements
• Subset of GEO datasets related to a given disease

Gene Expression Data

Patient Data

GEO

HIS

UMLS

ICD9-CM

MeSH

UMLS CUI
MRCONSO

MRMAP
SNOMED CT

MEDLINE



UMLS-based integration of patient data and GEO
information : Stanford Translational Research Integrated
Database Environment [J. Dudley, DP Chen, A. Butte]

• Results
• 737 GEO datasets (out of 7,264 experiments) related to human

diseases
• 238 disease concepts
• 13,452 patients (out of 49,000) mapped to 211 disease concepts

• Integrate patient clinical data with microarray data at a population
level

Dudley J., Chen D.P., Butte A. Using SNOMED CT for translational genomics 
data integration, KR-MED 2008, Phoenix, AZ, 31 May-2 June 2008



UMLS-based medical annotation of genes : BioMeKE [G.
Marquet, A. Burgun]

• Objective : Adding medical (disease) annotation to GO annotation of
genes

• UMLS Metathesaurus relations

genes

diseases

Microarray experiments
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UMLS-based medical annotation of genes : BioMeKE [G.
Marquet, A. Burgun]

• Objective : Adding medical (disease) annotation to GO annotation of
genes

• UMLS Metathesaurus relations

genes

diseases

Gene ID (HUGO)

UMLS CUI

UMLS CUI
RO in MRREL, MRCOC

UMLS Semantic Types



UMLS-based medical annotation of genes : BioMeKE [G.
Marquet, A. Burgun]

• Results
– Validation on 43 genes involved in iron metabolism
– 17% HGNC identifiers have « BioMeKE annotation »

• Average 5.7 MTH concepts (1-336)
•  MRCOC : terms that index the same articles
• Text mining

Guérin E, Marquet G, Burgun A et al. Integrating and warehousing liver gene
expression data, LNCS 2005, 3615, 158-174
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Perspectives
• Address Knowledge Representation issues

• Relations between diseases and genes

• Associate a degree of confidence to the Disease/Pathway
relationships

• Mapping, aligning terminologies

• UMLS

• Ontology alignment

• Cross validation

• Combination of resources (e.g. OMIM, BioPax, Medline)

• Combination of techniques (alignment, mediation, text
mining)




