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Outline

# Historical perspective

# Introduction to biomedical terminologies through
an example

& Biomedical terms as names for biomedical classes

& Terminological relations as a surrogate for
ontological relations
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Historical perspective

Why biomedical terminologies?

# To support a theory of diseases

# To classify diseases

& To support epidemiology

 To index and retrieve information
& To serve as a reference

Lister Hill National Center for Biomedical Communications 9

To support a theory of diseases

& Hippocrates
e Dismisses superstition
e Four humors
= Blood
= Phlegm
= Yellow bile
= Black bile
& Thomas Sydenham (1624-1689)

o Medical observations on the history
and cure of acute diseases (1676)

Lister Hill National Center for Biomedical Con

To classify diseases (and plants)

# Carolus Linnaeus (1707-1778)
e Genera Plantarum (1737)
e Genera Morborum (1763)
# Frangois Boissier de La Croix
a.k.a. F. B. de Sauvages (1706-1767)
o Methodus Foliorum (1751)
o Nosologia Methodica (1763/68)

+ William Cullen (1710-1790) :
e Synopsis Nosologiae Methodicae (1785) é

Lister Hill National Center for Biomedical Communications 11
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... to diseases

« Four categories (W. Cullen)
o Fevers
o Nervous disorders
e Cachexias

* Local diseases “The distinction of the genera of diseases,
the distinction of the species of each, and
often even that of the varieties, | hold to be
a necessary foundation of every plan of
physic, whether dogmatical or empirical.”
—William Cullen, Edinburgh, 1785
Synopsis Nosologia Methodicae

(Cited by Chris Chute)

Lister Hill National Center for Biomedical Communications 13

To support epidemiology

# John Graunt (1620-1674)
o Analyzes the vital statistics
of the citizens of London '
& William Farr (1807-1883)
o Medical statistician
o Improves Cullen’s classification
o Contributes to creating ICD
# Jacques Berthillon (1851-1922)
o Chief of the statistical services (Paris)
o Classification of causes of death (161 rubrics)
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London Bills of Mortality
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Limitations of existing classifications

“The advantages of a uniform statistical nomenclature, however imperfect, are so
obvious, that it is surprising no attention has been paid to its enforcement in Bills
of Mortality. [Each disease has, in many instances, been denoted by three or four
terms, and each term has been applied to as many different diseases: vague,
inconvenient names have heen employed, or complications have been registered
instead of primary diseases] The nomenclature is of as much importance in this
department of inquiry as weights and measures in the physical sciences, and
should be settled without delay.”
illiam Farr

First annual report.

London, Registrar General of England and Wales, 1839, p. 99.

Lister Hill National Center for Biomedical Communications 16

To index and retrieve information

& Biomedical literature
o MEDLINE (15M citations from 4600 journals)
e Manually indexed
o Medical Subject Headings (MeSH)
& Genome
e Model organism databases (Fly, Mouse, Yeast, ...)
o Manually / semi-automatically curated
e Gene Ontology

Lister Hill National Center for Biomedical Communications 17

MEDLINE and MeSH
rLIEst 2004 M 3191161 Rt atcles, U

Black hile and psy fom: chades of ia in Dante's Inferna.

Widmer DA

Memorial Sloas- Eeerng Cancer Cener, Hew Yerk, WY 10017, TSA widmera@msk=c og

The htory o

PublQed .EnM

Biomedical Ontology in Practice




Dr. Olivier Bodenreider University of Utah, Biomedical Informatics

Mouse Genome Database and GO To serve as a reference

Entrez Gene == # Reference terminology/ontology
CiNe | o Universally needed
o Developed independently of any purposes
o Reusable by many applications
& Examples
o VA National Drug File (NDF)
o Foundational Model of Anatomy (FMA)

e SNOMED CT
Lister Hill National Center for Biomedical Communications 19 Lister Hill National Center for Biomedical Communications 20
Anatomy in Biomedicine Administrative terminologies

 Coding patient records
e International Classification of Primary Care (ICPC)
e SNOMED
e Read Codes

# Reporting claims to health insurance companies
e Current Procedural Terminology (CPT)
e International Classification of Diseases (ICD-9 CM)
e Healthcare Common Procedure Coding System

Physiology Clinical medicine

Biomedical literature Biomedical research

(HCPCS)
Lister Hill National Center for Biomedical Communications 21 Lister Hill National Center for Biomedical Communications 22
[Bodenreider, BIB 2006] (courtesy of J. Rogers)
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History of Medical Ontologigg. ™ Biomedical ontology in PubMed
Synopsis EmTree
Nosologiae MesH
- [
ME[h(I)dICaE ICD ICD9 Number of articles in PubMed/MEDLINE on Ontology vs. Controlled vocabulary
i : 0 -
1603 1700 1785 1855 1900 1975 a0
1000
FMAL 800
GALEN DM&D - -
UMLS o) o] - =
brcs OPQSS OPCS4 OPCS4.3 - -
o o i | am | oo | am | wes | e | wes | e | o
ICPC NOMED . yeu
SNOMED-2 SNOMED-RT ..~
kNOP J 4 [Bodenreider, YBMI 2008]
CPT [
ESH |
ICD ¢ ; ] 1 . . . . ) -
ST LM Lister Hill National Center for Biomedical Communications 24
197! 1985 1995 2005 —

Biomedical Ontology in Practice 4



Dr. Olivier Bodenreider University of Utah, Biomedical Informatics

Biomedical ontologies in PubMed

Proportion of citations in PubMed/MEDLINE by ontology

et

Introduction to biomedical
e terminologies through an example

et

it

20

[Bodenreider, YBMI 2008]
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Guy’s Hospital, London Thomas Addison (1795-1860)
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Addison’s disease Adrenal insufficiency Clinical variants

& Addison's disease is a rare

- & Primary / Secondary
endocrine disorder 75 \\

e Primary: lesion of the

& Addison's disease occurs
when the adrenal glands
do not produce enough of
the hormone cortisol

& For this reason, the
disease is sometimes
called chronic adrenal
insufficiency, or
hypocortisolism
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adrenal glands themselves

e Secondary: inadequate
secretion of ACTH by the
pituitary gland

& Acute / Chronic

# Isolated / Polyendocrine
deficiency syndrome

11
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Addison’s disease: Symptoms

& Fatigue
& Weakness
# Low blood pressure

& Pigmentation of the skin (exposed and non-
exposed parts of the body)

...

Lister Hill National Center for Biomedical Communications
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AD in medical vocabularies

& Synonyms: different terms

o Addisonian syndrome ] eponym
e Bronzed disease
e Addison melanoderma symptoms

e Asthenia pigmentosa
o Primary adrenal deficiency
e Primary adrenal insufficiency clinical
o Primary adrenocortical insufficiency | variants
e Chronic adrenocortical insufficiency

# Contexts: different hierarchies

Lister Hill National Center for Biomedical Communications 32

Internal Classification of Diseases

CHAFPTER 4
Endocri itional and bolic di (E00-E80)

[ Disorders of other endocrine glands (E20-E35)

E27 Other disorders of adrenal gland
E279 Ocher adrenacartical sreractivity
CTH

Medical Subject Headings

MeSH Tree Structures

Lister Hill National Center for Biomedical Communications 34

SNOMED CT

Lister Hill National Center for Biomedical Communications

35

Biomedical terms as names
for biomedical classes
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Terms reflecting valid classes

= Pulmonary anthrax

= BRCAL protein

= Coronary artery

= Coronary artery bypass

Non-insulin dependent diabetes mellitus
Non-Hodgkin lymphoma

Non-steroidal anti-inflammatory drugs
Non-opioid analgesics

Non-invasive medical procedure

Lister Hill National Center for Biomedical Communications 37

Issues

& Multiple terms for a class

& Multiple classes for a term

# Presence of non-ontological features in terms
& Composite terms

Lister Hill National Center for Biomedical Communications 38

Multiple terms for a class

& Synonymy
= Left coronary artery = Addison’s disease
= LCA H = Primary adrenocortical
= Arteria coronaria sinistra insufficiency

+ “Clinical synonymy” (vs. identity)

= Addison’s disease
= Primary adrenocortical
insufficiency

= Posttransfusion hepatitis

= Posttransfusion viral hepatitis vs. Waterhouse-Friderichsen Syndrome

Lister Hill National Center for Biomedical Communications 39

Multiple classes for a term

& Polysemy
Cold
 Truncated terms
Ca**
)
Calcium Ty

Calcium :
= Calcium measurement :

s

Lister Hill National Center for Biomedical Communications 40

Non-ontological features in terms

+ Epistemological features

= Gallbladder calculus without mention of cholecystitis
= Diarrhea of presumed infectious origin
= Replacement of unspecified heart valve

Lister Hill National Center for Biomedical Communications 41

Ontology vs. Epistemology

+ Ontology & Epistemology
e Invariants in reality e Knowledge about such
= Classes (universals) entities

= Relations between them

e Theory of reality e Perception of reality

Bone metastasis

diagnosed by CT scan
Bone metastasis
Bone metastasis

diagnosed by Tc99m bone scintiscan

42
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Composite terms More composite terms
& Sentence-like terms = Nontraffic accident involving being accidentally pushed from motor vehicle,
B . except off-road motor vehicle, while in motion, not on public highway, driver of
o Several classes and their relations motor vehicle injured
e May contain epistemological features = Determine whether the elder patient and caretaker have a functional social

support network to assist the patient in performing activities of daily living and
in obtaining health care, transportation, therapy, medications, community
resource information, financial advice, and assistance with personal problems
= Telephone call by a physician to patient or for consultation or medical
management or for coordinating medical management with other health care
professionals (eg, nurses, therapists, social workers, nutritionists, physicians,
pharmacists); complex or lengthy (eg, lengthy counseling session with anxious
or distraught patient, detailed or prolonged discussion with family members
regarding seriously ill patient, lengthy communication necessary to coordinate
comnlex services of several different health professionals workina on different

= Tuberculosis of adrenal glands, tubercle bacilli not found (in sputum) by
microscopy, but found by bacterial culture

Lister Hill National Center for Biomedical Communications 43 44

Issues

# Lack of explicit classificatory principle
& Underspecification of the relations

& Thesaurus relations
Terminological relations as a o Limited depth in hierarchies “by design”

surrogate for ontological relations

Lister Hill National Center for Biomedical Communications 46

Explicit classificatory principle No explicit classificatory principle
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Certain infectious and parasitic diseases
Neoplasms

Diseases of the blood and blood-forming organs and certain disorders involving the
immune mechanism

Endocrine, nutritional, and metabolic diseases
Mental and behavioral disorders

Diseases of nervous system

Diseases of the eye and adnexa

Diseases of the ear and mastoid process
Diseases of circulatory system

. Diseases of respiratory system
11.
12.
13.
14.
15.
16.
17.
18.
19.
. External causes of morbidity
21.

Diseases of digestive system

Diseases of the skin and subcutaneous tissue

Diseases of the musculoskeletal system and connective tissue

Diseases of the genitourinary system

Pregnancy, childbirth, and the puerperium

Certain conditions originating in the newborn (perinatal) period

Congenital malformations, deformations and chromosomal abnormalities

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
Injury, poisoning and certain other consequences of external causes

Factors influencing health status and contact with health service

University of Utah, Biomedical Informatics

Attribute

Body structure

Clinical finding
Context-dependent categories
Environments and geographical locations
Events

Observable entity

Organism

Pharmaceutical / biologic product
Physical force

Physical object

Procedure

Qualifier value

Social context

Special concept

Specimen

Staging and scales

Substance

Lister Hill National Center for Biomedical Communications 50

Fully specified relations

Viral meningitis in SNOMED CT
Fully defined by

w}-mvwra\ infections of the central nervous system
\f} D |nfE:t|ve meningitis

Lister Hill National Center for Biomedical Communications 51

Underspecification of the relations

Diseases

isa ?

| CNS diseases |

| Virus diseases |

| Meningitis | | CNS viral diseases |

Viral meningitis

Lister Hill National Center for Biomedical Communications 52

Thesaurus relations

& Addison’s disease
o Due to auto-immunity in 80% of the cases
o Other causes include tuberculosis

N{immune dis/earyp/'s/r

| Autoimmune diseases |

.ddison’s diseasy

Addison’s disease

Relations used to create hierarchical structures
vs. hierarchical relations

Lister Hill National Center for Biomedical Communications 53
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A ar Basement Membrane Dicease [C20 111.190]

Sublype hierarchy

=

e due Lo autoirmmunity
.Addlsun = dlsease with adrenoleucodystrophy
[® polyglandular autoimmune syndrome, type 1
[®tuberculous Addison's disease
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Accidents in MeSH

Environment and Public Health [G03]
Public Health [G03.850
P Accidents [G02.850.110

Lister Hill National Center for Biomedical Communications 55

Limited depth in hierarchies “by design”

& Term identifier (code) used to record the position
in the hierarchy
e Limited number of digits available
o May hide part of the structure

& Terminologies: ICD, SNOMED, ...

EB4 Cystic fibrosis

ES45

Lister Hill National Center for Biomedical Communications 56

Cystic fibrosis in ICD

Meconium ileus
inCF

Lister Hill National Center for Biomedical Communications 57

Conclusions

Conclusions ®

& Biomedical terms

o reflect some aspects of biomedical reality
= Although the primary concern of terminology is naming, not
reflecting reality

o often convey additional features (e.g., epistemology)
« Biomedical terminology tends to offset part of the
complexity
e but often reflects utility

Lister Hill National Center for Biomedical Communications 59

Conclusions ©

« Biomedical terminologies can help populate
biomedical ontologies
# Resources needed
o Linguistic analysis of terms
o Statistical analysis of terms in a corpus / annotation
database (dependence relations)
o Manual curation

Lister Hill National Center for Biomedical Communications 60
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Short course — Summer 2008
Biomedical Ontology in Practice

June 9, 2008 — Session #2

Design Principles, Formalisms and Tools
for Biomedical Ontologies

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Definitions

Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
Lister Hill National Center for Biomedical Communications 61
Overview
# Definitions
e Ontologies vs. other artifacts
o Kinds of ontologies
& Some principles of formal ontology
o Top-level categories
e Categories of relationships
# Formalisms and tools
Lister Hill National Center for Biomedical Communications 63
Introduction
Concept
Symbol Object
Ogden-Richards
Lister Hill National Center for Biomedical Communications 65

Definitions

& The What question

e Objects in the world
= With their properties
= With their relations to other objects

o Also: events, processes, and states
+ Explicit specification of a conceptualization
e Support software applications
& Domain ontology reflects
o Underlying reality
e Theory of the domain

Lister Hill National Center for Biomedical Communications 66
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Examples of use
+ Natural language processing
& Access to heterogeneous sources of information
(e.g., Semantic Web)
# Systems engineering

# Interoperability

Lister Hill National Center for Biomedical Communications 67

Ontology vs. other artifacts

 Ontology
e Defining types of things and their relations
& Terminology
o Naming things in a domain
& Thesaurus
o Organizing things for a given purpose
# Classification
e Placing things into (arbitrary) classes
* Knowlegge bases [Smith, KR-MED 2006]
o Assertional knowledge [Chute, JAMIA 2000]

Lister Hill National Center for Biomedical Communications 68

(Controlled) Terminology

# Objective: naming things
& Example: Current Procedural Terminology (CPT)

# Shared understanding
o Agreement on what terms to use
o Utility-driven (arbitrary)

Telephone call by a physician to patient or for consultation or medical management or for
coordinating medical managementwith other health care professionals (eg, nurses,
therapists, social workers, nutritionists, physicians, pharmacists); complex or lengthy (eg,
lengthy counseling session with anxious or distraught patient, detailed or prolonged
discussion with family members regarding seriously ill patient, lengthy communication
necessary to coordinate complex services of several different health professionals working
on different

Lister Hill National Center for Biomedical Communications 69

Thesaurus

& Objective: organize things for a purpose

e e.g., information retrieval
= Organization by relatedness

& Example: Medical Subject Headings (MeSH)
o Indexing/retrieval of biomedical articles

& Relations used in hierarchies
vs. hierarchical relations

Lister Hill National Center for Biomedical Communications 70

Thesaurus vs. ontology

-~ Autoimmune Diseases

isgenerallya

Addison’s disease

71

Classification

# Objective: placing things into classes
# Characteristics
e Single inheritance (tree)
e Idiosyncratic inclusion/exclusion criteria
GINE  tnsuin-depandent dinhtos maliitus

efore 110 for subsdiy
Inchedas: diabetes (mallitus):

& (P72
ey, childbirth and the puerpenum { 024.- )

.

72

NLM postsurgeal hypoinsulnaseia { GAZ.1 )
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Classification

# Characteristics (continued)

= When there is no specific slot (NEC)

Cystic fibrosis
Includes: mucoviscidosis
E84.0 Cystic fibrosis with pulmonary manifestations
E84.1 Cystic fibrosis with intestinal manifestations
Meconium ilsus+ ( P75* )

known not to be present { P76.0 )
E84.8 Cystic fibrosis with other manifestations
Cystic fibrosis with combined manifestations

E84.9 Cystic fibrosis, unspecified

NLM

o Everything must be classified, including

= When there is insufficient information (NOS)

Excludes: meconium ohstruction in cases where cystic fibrosis iz

Lister Hill National Center for Biomedical Communications 73
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Knowledge Bases

# Objective: represent knowledge needed for a given
application
& Example: drug knowledge bases
& Assertional knowledge
o Vs. definitional knowledge in ontologies
o Often probabilistic
& Examples of assertions
e Indications of a drug
o Signs and symptoms of a disease

Lister Hill National Center for Biomedical Communications 74

Fuzzy borders

& Some ontologies also collect names
o FMA

definitions
e SNOMED CT

e SNOMED CT

& Some terminologies also provide formal

& Some terminologies/ontologies include both
definitional and assertional knowledge

Lister Hill National Center for Biomedical Communications 75

Types of resources

# Lexical resources
o Collections of lexical items
o Additional information
= Partof speech
= Spelling variants

& Ontological resources
e Collections of
= kinds of entities
(substances, qualities,
processes)
= relations among them
o Useful for entity e Useful for relation
recognition extraction
 UMLS SPECIALIST A o UMLS Semantic Network,
Lexicon, WordNet BioTop

& Terminological resources
o Collections lexical items + identifiers
o Useful for entity resolution
e UMLS Metathesaurus

TAMBIS

Medication Lists
DDl Lists

Thesauri:
BT/NT,
Parent/Child,
Informal Is-A /pg schema

The Knowledge Semantics Continuum

BioPAX

Catalog ontylog
erms/
Value
glossary lue
instances  Restriction
MeSH,
Gene Ontology, Snomed
UMLS Meta I:’
Simple

Terminologies

Biomedical Ontology in Practice

Ontology Dimensions based on McGuinness and Finin

Expressive
~ Ontologies

Kinds of ontologies

Upper Level
Ontology

\ Application ontologies
General v
Ontology \\

Lister Hill National Center for Biomedical Communications 78
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Ontology-related issues

# Creation
& Merging
& Alignment
+ Validation

Lister Hill National Center for Biomedical Communications

79
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Formal Ontological Principles

Formal ontological distinctions

# Universal vs. individual
+ Continuant vs. occurent
# Independent vs. dependent

Lister Hill National Center for Biomedical Communications
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Universal vs. Individual

# Universal = category + Individual = instance

& Synonyms & Synonyms
e Kind, Type, (Class) e Particular, Token
& Examples & Examples
o eyeball e my right eyeball
e blood pressure e my blood pressure (132/79)

o conference e AMIA Annual Symposium
2003

instantiation

Lister Hill National Center for Biomedical Communications 82

Continuant vs. Occurrent

& Continuant = Continuesto & Occurrent = Unfolds
exist through time through time
& Synonyms & Synonyms
e Substance e Process
& Examples & Examples
o tennis racquet e tennis tournament
e mitochondrion e metabolism
e insulin production e producing insulin

Lister Hill National Center for Biomedical Communications
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Biomedical Ontology in Practice

Independent vs. Dependent

# Independent = Can exist & Dependent = Require
without support from support from other entities

other entities for its existence
& Examples & Examples

® virus e viral infection

e molecule e DNA binding

e plant o food

Lister Hill National Center for Biomedical Communications 84
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Formal ontology Upper level

Universals ‘ Continuant ‘ | Occurent |
(classes)

Independent Dependent
continuant continuant

Particulars E é
(instances)

Lister Hill National Center for Biomedical Communications 85
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Formal ontological distinctions

# Basic distinctions in many top-level ontologies
e Generic: BFO, DOLCE
o Biomedical: BioTop, UMLS Semantic Network
+ Condition the relations between various types of
entities

e Relations
= Between instances (e.g., part_of [at time])
= Between classes (e.g., isa, part_of [atemporal])
= Between one instance and one class (instance_of)

[Smith, Genome Biology 2005]

\_r“ Lister Hill National Center for Biomedical Communications 86

Formal ontology in practice

# Provides foundational classes and relations
e Upper level ontologies
e Relation ontology

# Provides a framework for analyzing entities and
relations

Lister Hill National Center for Biomedical Communications 87

Examples

General ontologies

& OpenCyc
e General ontology
e Cycorp, Inc (D. Lenat & al.)
e Over 1M hand-coded assertions
e http://www.opencyc.or
& WordNet
o Electronic lexical database
o Princeton University (G. Miller & al.)
e Over 100,000 synsets
o http://wordnet.princeton.edu/

vt |

2JordNel

Lister Hill National Center for Biomedical Communications 89
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Top level in OpenCyc

PartiallyTangible
Tangible thing

Mathematical or
computational thing

Intangible individual
% CSetor collection

0 #sgents
[ e Y

Lister Hill National Center for Biomedical Communications 90
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Top level in WordNet

Abstraction

Activity

Entity

Event

Group

Location

Natural phenomenon
Possession
Psychological feature
Shape

State

Lister Hill National Center for Biomedical Communications 91
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GALEN OpenGALEN

# Generalised Architecture for Languages,
Encyclopaedias, and Nomenclatures in Medicine

« European Union project (A. Rector & al.)

& Over 25,000 concepts (primitives)

« hitp://www.opengalen.org

Lister Hill National Center for Biomedical Communications 92

Top level in GALEN

DomainCategory

Arbitrarily
Conjuncted
Phenomenon,

Phenomenon

Generalised
Structure
Generalised
Process
Generalised
Substance
SubstanceOr
PhysicalStructure

ModifierConcept

Geare5

Lister Hill National Center for Biomedical Communications 93

UMLS Semantic Network !

# Definitional knowledge in the biomedical domain
& NLM (A. McCray & al.)
& Content
e 135 semantic types
e 54 types of relationship
e 6700 semantic relations
# http://semanticnetwork.nlm.nih.gov

Lister Hill National Center for Biomedical Communications 94

Top level in the Semantic Network

Conceptual Entity > Physial object > (Actvity

Lister Hill National Center for Biomedical Communications 95
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Differences between ontologies

Examples
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Granularity, plesionymy

UMLS WordNet

Epilepsy, Generalized
Seizure Disorder, Generalized

"generallzed epilepsy |
< grand mal epilepsy _|;

Epilepsy, Grand Mal
Tonic-Clonic Epilepsy
Seizure Disorder, Tonic Clonic

Lister Hill National Center for Biomedical Communications 97

Differing categorization
UMLS WordNet

Health
disorder

Dental Caries
Dental cavity, NOS
Tooth caries
Dental Decay

Lister Hill National Center for Biomedical Communications 98

Formalisms and Tools

Ontology and Formalism

& Frames

# Description logics
e OWL DL

# First-order logic

& OBO Format
e Conversion to OWL DL

Lister Hill National Center for Biomedical Communications 100

Tools for ontology developers

& Protégé A o
o Publicly available ﬁprotege

Fram(::‘S. and DL http:/protege.stanford.edu/
Classifier

L]
L]
e Supports many file formats (import/export)
e Large community of users
o Well supported
o http://protege.stanford.edu/
& OBO-Edit
o Specific to the biomedical/OBO community
e Simpler than Protégé (“tool for biologists™)
o http://oboedit.org/

Lister Hill National Center for Biomedical Communications 101

Agenda

Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration

Lister Hill National Center for Biomedical Communications 102
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Short course — Summer 2008
Biomedical Ontology in Practice

June 9, 2008 — Session #3

“High-Impact” Biomedical Ontologies
A Structural Perspective

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Overview

# Structural perspective [3. Cimino, YBMI 2006]
o What are they (vs. what are they for)?

+ “High-impact” biomedical ontologies

International Classification of Diseases (ICD)

Logical Observation Identifiers, Names and Codes (LOINC)

SNOMED Clinical Terms

Foundational Model of Anatomy

Gene Ontology

RxNorm

Medical Subject Headings (MeSH)

NCI Thesaurus

Unified Medical Language System (UMLS)

Lister Hill National Center for Biomedical Communications 104

International Classification of
Diseases

ICD Characteristics (1)

« Current version: ICD-10
& Type: Classification
& Domain: Disorders
 Developer: World Health Organization (WHO)
& Funding: WHO
& Availability
e Publicly available: No
e Repositories: UMLS [ICD9-CM in NCBO BioPortal]

& URL.: http://imww.who.int/classifications/icd/en/

Lister Hill National Center for Biomedical Communications 106

ICD Characteristics (2)

& Number of
e Concepts: 12,318
e Terms: 1 per concept (tabular)
& Major organizing principles:
e Tree (single inheritance hierarchy)
o No explicit classification criteria
= ldiosyncratic inclusion/exclusion mechanism
o .8 slots for Not elsewhere classified (NEC)
o .9 slots for Not otherwise specified (NOS)

& Formalism: Proprietary format

Lister Hill National Center for Biomedical Communications 107

ICD Top level
.clioptl.‘r Blocks Title

A00-B2G Cartan infectious and parasitic disaases
CO0=048 Heoalasms

ieuna macharism

Endocnne, nutntional and metabolc dispases

nabties

Codes for special purposes

Lister Hill National Center for Biomedical Communications 108

Diseases of the blaod and blaod-foerming argans nd cartain dsorders invalving the

sewhiere classifed

Biomedical Ontology in Practice
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ICD Example

# Idiosyncratic inclusion/exclusion criteria

- brittle

- neanatsl (8
- pragnancy, ©

6 talorance { 730
hypainsulnaseia [ §R9.1 )

Lister Hill National Center for Biomedical Communications 109
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ICD Example

& Not elsewhere classified (NEC)
# Not otherwise specified (NOS)

ES4 Cystic fibrosis
Includes: mucoviscidosis
E84.0 Cystic fibrosis with pulmonary manifestations
E84.1 Cystic fibrosis with intestinal manifestations
Meconium ileus+ ( P75* )
Exchdes: meconium obstruction in cases where cystic fibrasis is
known not to be present { P76.0 )
E84.8 Cystic fibrosis with other manifestations
Cystic fibrosis with combined manifestations
E84.9 Cystic fibrosis, unspecified

Lister Hill National Center for Biomedical Communications 110

Logical Observation Identifiers,
Names and Codes (LOINC)

(@) LOINC®

LOINC Characteristics (1)

« Current version: 2.22 (Dec. 2007)
& Type: Controlled terminology*
& Domain: Laboratory and clinical observations
 Developer: Regenstrief Institute
 Funding: NLM
& Availability
e Publicly available: Yes
e Repositories: UMLS
& URL: www.regenstrief.org/loinc/loinc.htm

Lister Hill National Center for Biomedical Communications 112

LOINC Characteristics (2)

& Number of
o Concepts: 50k active codes (2.18)
e Terms: nfa*
& Major organizing principles:
o No hierarchical structure among the main codes
o 6axes
= Component (analyte [+ challenge] [+ adjustments])
= Property
= Timing
= System
= Scale
= [Method]
& Formalism: “DL-like”

Lister Hill National Center for Biomedical Communications 113

Biomedical Ontology in Practice

LOINC Example

# Sodium:SCnc:-Pt:Ser/Plas:Qn
[the molar concentration of sodium is measured in
the plasma (or serum), with quantitative result]

Axis Value

Component Sodium

Property SCnc - Substance Concen-tration (per volume)
Timing Pt— Point in time (Random)

System Ser/Plas — Serum or Plasma

Scale Qn - Quantitative

Method -

Lister Hill National Center for Biomedical Communications 114
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SNOMED Clinical Terms
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SNOMED CT Characteristics (1)

« Current version: January 31, 2008 (2 annual
releases)

& Type: Reference terminology / ontology

& Domain: Clinical medicine

# Developer: IHTSDO

# Funding: IHTSDO

& Availability
o Publicly available: Yes* (in member countries)
o Repositories: UMLS

¢ URL: http:/www.ihtsdo.org/

Lister Hill National Center for Biomedical Communications
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SNOMED CT Characteristics (2)

& Number of
e Concepts: 311,313 active concepts (Jan. 31, 2008)
e Terms: 794,061 active “descriptions”
& Major organizing principles:
o Utility for clinical medicine (e.g., assertional +
definitional knowledge)

e Model of meaning (incomplete)
e Rich set of associative relationships
e Small proportion of defined concepts (many primitives)

& Formalism: Description logics (KRSS)

Lister Hill National Center for Biomedical Communications 117

SNOMED CT Top level

Hant

M
M3t

007
115008
T

bt
fact
o ity
nit or geographical kacaton
specimen
staging and scales
bedy structure
event
piwgsical force
chnical finding
trysical object

aceutical / biolgic product
shuation with explicit contest
substance

Lister Hill National Center for Biomedical Communications
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SNOMED CT Example

*Defmition: Fully defined by

Hmscly [Subtype hirarchy
7010001 partial excizion of large intestine

[8613002 operatian on appendo:

incidental appendectony
appendactomy with drainage

- Direct
ctorry '
appendectomy
irnvErsion appendectony
1298000 exrision of appendiceal stump

apoendeciorny - Delndon

v tatus: Current
ions
lectorrry (procedure)
[dsppendectorrny
Hexcision of appendix
Mappendicectonmy

Lister Hill National Center for Biomedical Communications 119
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FMA Characteristics (1)

# Current version: ? (no fixed release schedule)
& Type: Ontology
& Domain: Anatomy (anatomical structures)

« Developer: U. Washington, Department of
Biological Structure
# Funding: NLM (grants and contract) and others
& Availability
e Publicly available: Yes
o Repositories: [UMLS] / OBO / NCBO BioPortal

& URL: http://fma.biostr.washington.edu/

Lister Hill National Center for Biomedical Communications 121

University of Utah, Biomedical Informatics

FMA Characteristics (2)

& Number of

e Concepts: ~72k

e Terms: ~1.5/ concept
& Major organizing principles:

o Explicitclassificatory criteria

e Distinct isa and part_of hierarchies

o Additional spatial relations (e.g., adjacency)

e Multiple levels of granularity (organism to sub-cellular)
& Formalism: Frames (Protégé)

e Conversion to OWL Full and OWL DL available

Lister Hill National Center for Biomedical Communications 122

FMA Top level

Anatomical Entity
| Physical H Hon-Physical
| Anatomical Entity -5 Anatomical Enti
Anatomical
Relsticnship

Material Physical Hon-material Physical
Entity A Entity
T

T
Body Anatomical
Substanes

Structure

(Courtesy of C. Rosse)

Lister Hill National Center for Biomedical Communications 123

FMA Example

(Courtesy of C. Rosse)

11
NLM

Gene Ontology

Biomedical Ontology in Practice

Gene Ontology Characteristics (1)

« Current version: n/a (daily/monthly releases)
 Type: Controlled vocabulary

& Domain: Molecular biology

# Developer: GO Consortium

# Funding: NIH (grants)

& Availability
e Publicly available: Yes
o Repositories: UMLS / OBO / NCBO BioPortal

& URL.: http://www.geneontology.org/

Lister Hill National Center for Biomedical Communications 126
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Gene Ontology Characteristics (2) Gene Ontology Top level (MF)

& Number of
e Concepts: 22,546 (Jan. 2, 2007)
e Terms: 2.15 per concept
& Major organizing principles:
o 3 major hierarchies
= Molecular function
= Cellular component
= Biological process
e Relations (within hierarchies): isa, part_of, regulates
e No relations between concepts across hierarchies
& Formalism: OBO format

Lister Hill National Center for Biomedical Communications 127 Lister Hill National Center for Biomedical Communications 128

Gene Ontology Top level (CC) Gene Ontology Top level (BP)

166605 gene products] &
X _process [168505 gerw products] 586 gene products]
GOEOD0S57S ; celhdar_component [169014 gene products] kb

o

EESREEEEEEEEERER
@

130
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sl fion

Gene Ontology E> |

T

gans products]

e rogducts]

RxNorm

we scuvity [
protein sennefthreon

hotransferase actiity
tanase sctivity [
B a ATLZ ¢ ErObEN SEnndthreoning Ty

= B RN ¢ MAP kinase kinase activit] T

. " . . . P ki i
Lister Hill National Center for Biomedical| "7 Hmse scthaty

Biomedical Ontology in Practice 22



Dr. Olivier Bodenreider

University of Utah, Biomedical Informatics

RxNorm Characteristics (1)

# Current version: June 2, 2007 (monthly releases)
# Type: Controlled terminology
& Domain: Drug names
 Developer: NLM
& Funding: NLM
& Availability
o Publicly available: Yes*
e Repositories: UMLS
& URL: http://www.nlm.nih.gov/research/umis/rxnorm/

Lister Hill National Center for Biomedical Communications 133

11
NLM

RxNorm Characteristics (2)

& Number of
e Concepts: 93k
e Terms: 105k
& Major organizing principles:
e Generic vs. brand
e Combinations of Ingredient / Form / Dose
o No hierarchical structure
e Links to all major US drug information sources
e No clinical information
& Formalism: UMLS RRF format

Lister Hill National Center for Biomedical Communications 134

RxNorm Normalized form

4mg/ml Fluoxetine Oral Solution

Semantic clinical drug component

Semantic clinical drug form

Semantic clinical drug

Lister Hill National Center for Biomedical Communications 135

Rx Norm Generic vs. Brand

& Generic & Brand

o Ingredient e Brand name
(IN) (BN)

e Clinical drug form <————— e Branded drug form
(SCDF) (SBDF)

e Clinical drug component <—— e Branded drug component
(SCDC) (SBDC)

e Clinical druy «———— o Branded drug
(SCD) (SBD)

tradename_of

Lister Hill National Center for Biomedical Communications 136

RxNorm Relations among drug entities

Medical Subject Headings (MeSH)

Biomedical Ontology in Practice
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MeSH Characteristics (1)

« Current version: 2008 (yearly releases)
& Type: Thesaurus / Controlled vocabulary
4 Domain: Biomedicine
 Developer: NLM
# Funding: NLM (Library Operations)
& Availability
e Publicly available: Yes
o Repositories: UMLS / NCBO BioPortal
¢ URL: http://www.nlm.nih.gov/mesh/

Lister Hill National Center for Biomedical Communications 139

MeSH Characteristics (2)

& Number of
o Concepts: 24,767 descriptors (2007)
e Terms: 7.5 per descriptor
& Major organizing principles:
e Descriptor + entry terms
(also: Qualifiers, Supplementary concepts)
o Thesaurus relations (RB/RN/RO)

& Formalism: Thesaurus / Proprietary XML DTD

Lister Hill National Center for Biomedical Communications 140

MeSH Top level

1. B Anatomy [A]
2. B Organisms [B]
3. B Diseases [C]
4. Bl Chemicals and Drugs [D]
5. B Analytical, Diagnostic and Therapeutic Techniques and Equipment [E]
6. Bl Psychiatry and Psychology [F]
7. Bl Biological Sciences [G]
3. Bl Natural Sciences [H]
9. B Antlwopelogy, Education, Sociology and Social Phenomena [I]
10, Bl Technology, Industry, Agriculture [J]
11, Bl Humanities [K]
12, Bl Information Seience [L]
13, BlNamed Groups [M]
14, Bl Health Care [N]
15, Bl Publication Characteristics [V]
16, Bl Geographicals [Z]

Lister Hill National Center for Biomedical Communications 141

MeSH Example (terms)

MeSH
Heading
Tree
Nussber

Hydrocortisone

D0 05 745 745 634 €00

Tres
Dusmber

Tree
Nusaber

Srope Note

Entry Tesm
Ewary Tenm
Fuery Tesmn

Enery Tenmn

Futry Tesmn  Epse

Enery Tenwn  Hydr (11 alpha)-Isomer
Entty Tesmn  Hydrocortisone, (9 beta, 10 aipha, 11 alpha)-Iromer

Lister Hill National Center for Biomedical Communications 142

MeSH Example (hierarchies)

Chemicals and Drugs

‘ Polycyclic Compounds | | Hormones, Hormone Substitutes, and Hormone Antagonists

Adrenal Cortex Hormones
Hydroxycorticosteroids

| Pregnenediones | ‘ 11-Hydroxycorticosteroids | | 11-Hydroxycorticosteroids

Hydrocortisone

Lister Hill National Center for Biomedical Communications 143

NCI Thesaurus

Biomedical Ontology in Practice
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NCI thesaurus Characteristics (1)

< Current version: 08.04d (~monthly releases)
& Type: Controlled terminology / ontology
& Domain: Cancer
# Developer: NCI Center for Bioinformatics
# Funding: NCI
& Availability

e Publicly available: Yes

o Repositories: UMLS / OBO / NCBO BioPortal

@ URL.: http://nciterms.nci.nih.gov/
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NCI thesaurus Characteristics (2)

& Number of
e Concepts: 58,868 (2007_05E)
e Terms: 2.68 per concept
& Major organizing principles:
e Subsumption hierarchy
o Rich set of associative relationships
o Small proportion of defined concepts (many primitives)
o Links to many external resources
& Formalism: OWL Lite

Lister Hill National Center for Biomedical Communications 146

NCI thesaurus Top level

MCI_Thesaurus Taxonomy

& Abaocmal Cell
B Actity
B @ Anatorse Struchars, System, or Substance
B Riechemical Pathway
B@ Budogeal Process
B Chemotherapy Regmen o Ageat Combinabion
Bric ntity
herapeutic, and Besearch Equpmen
TProgrosse Factor
B @ Disease, Disordar or Frding
Cherseal or Biesnedeal Material
Organism Anatomical Concept
aital Organisen Disgosis

[Cfs
B @ Dingnest
B3 Dingneati

B & Melecular Abrormality
BE NCT Adnersstrative Contept
B8 g
11 . B Property or Attribute .
Lister b @ powed Concept sations 147

NCI thesaurus Example

Cancept Detalls

Lister Hil National Cente{ hs 148

Unified Medical Language System
(UMLS)

Biomedical Ontology in Practice

UMLS Characteristics (1)

# Current version: 2008AA (2-3 annual releases)
& Type: Terminology integration system

& Domain: Biomedicine

# Developer: NLM

# Funding: NLM (intramural)

& Availability
e Publicly available: Yes* (cost-free license required)
e Repositories: UMLS

& URL.: http:/fumisks.nlm.nih.gov/

Lister Hill National Center for Biomedical Communications 150
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& Number of
o Concepts: 1.5M (2008AA)
e Terms: ~6M

e Concept orientation
o Source transparency

UMLS Characteristics (2)

& Major organizing principles (Metathesaurus):

o Multi-lingual through translation
& Formalism: Proprietary format (RRF)

Lister Hill National Center for Biomedical Communications 151
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UMLS Integrating subdomains

Clinical

repositories .
P Genetic

knowledge bases

Other SNOMEDCT
subdomains OMIM

Biomedical
MeSH
UMLS literature

NCBI
Taxonomy
Model 6o
organisms FMA

Genome
Anatomy annotations
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Semantic Types

Anatomical
Structure
Fully Formed

Anatomical
Structure

Embryonic
Structure

Pharmacologic

Disease or

Syndrome

Population Semantic
Group Network

Substance

Medias-
tinum

A

[Saccular
Viscus

...,/ Cardiotonic
/pa7Agents
./ Tissue
/3 Donors

y Metathesaurus

Angina
{7aq Pectoris

Addison’s Disease: Concept

ADRENAL INSUFFICIENCY (ADDISON'S DISEASE)
ADRENOCORTICAL INSUFFICIENCY, PRIMARY FAILURE
Hypoadrenalisms, Primary

Melasma addisonii

Primary adrenal deficiency

Asthenia pigmentosa

Bronzed disease

Insufficiency, adrenal primary

Primary adrenocortical insufficiency

Addison's, disease

Disease or Syndrome

Maladie d'Addison - French
Addison-Krankheit - German

Morbo di Addison - Italian

Doenga de Addison - Portuguese
ICOHOBA BONE3Hb - Russian

Addison’s Disease

SNOMED CT

SNOMED Intl An adrenal disease characterized by the progressive destruction
MeSH of the adrenal cortex, resulting in insufficient production of
aldosterone and hydrocortisone. Clinical symptoms include
o o s

MedDRA

hyperpigmentation of the skin due to increase in circulating
levels of ACTH precursor hormone which stimulates
melanocytes.

Lister Hill National Center for Biomedical Communications 154

¢ Concept (~1.4M) CUI

e Set of synonymous
concept names

&Term  (~5.3M) LUI
o Set of normalized names

& String (~5.9M) SUI
e Distinct concept name

& Atom  (~7.2M) AUI

e Concept name
in a given source

Metathesaurus Concepts (oras)

A0066000 Headache (MeSH)
A0065992 Headache (ICD-10)
S0046854

A0066007 Headaches (MedDRA)
A12003304 Headaches (OMIM)
S0046855

10018681

A0540936 Cephalodynia (MeSH)
S0475647

L.0380797

C0018681

Lister Hill National Center for Biomedical Communications 155

Recap

Name Scope #concepts | Median | Subs. Hier | Version
Clinical medicine

SNOMED CT | o ordy 310,314 2 yes July 31, 2007

Version 2.21

Clinical observations

LOING i leboratany o5t 46,406 3 no (no “natural language
names)
Fuman anatomical
B B
FMA e 72,000 yes | (notyet in the UMLS)
Gene Ontology | Fonetional annotation 22,546 1 yes Jan. 2, 2007

of gene products

RxNorm Standard names for 93,426 1 no Aug. 31, 2007
prescription drugs

Cancer research,

Biomedical Ontology in Practice

NCI Thesaurus clinical care, public 58,868 2 yes 2007_05E
information
Diseases and

ICD-10 conditions 12,318 1 no 1998 (tabular)
(health statistics)
Biomedicine

MesH (descriptors for 24,767 5| o |Aug 27,2007
indexing the literature)
Terminology

UMLS . integration in the life 14M 2 a ngy;AC (English
sciences

Crsr T eToTTar G e Tor DloTTeTTCaT

[Bodenreider, YBMI 2008]
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Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
Lister Hill National Center for Biomedical Communications 157

Short course — Summer 2008
Biomedical Ontology in Practice

June 9, 2008 — Session #4

Biomedical Ontologies in Action
A Functional Perspective on Biomedical Ontologies

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Overview

 Functional perspective

e What are they for (vs. what are they)?
& “High-impact” biomedical ontologies
& 3 major categories of use

ontologies)

applications, knowledge discovery).

[Bodenreider, YBMI 2008]

o Knowledge management (indexing and retrieval of data and
information, access to information, mapping among

o Data integration, exchange and semantic interoperability

e Decision support and reasoning (data selection and
aggregation, decision support, natural language processing

Lister Hill National Center for Biomedical Communications 159

Knowledge management

Knowledge management

Annotating data and resources

Terminology in ontology

 Ontology as a source of vocabulary
o List of names for the entities in the ontology
(ontology vs. terminology)
& Most ontologies have some sort of terminological
component
o Exceptions: GALEN, LOINC
« Not all surface forms represented
o Often insufficient for NLP applications

e Large variation in number of terms per concept across
ontologies

Lister Hill National Center for Biomedical Communications 162

Biomedical Ontology in Practice

27



Dr. Olivier Bodenreider University of Utah, Biomedical Informatics

Annotating data GO Annotations for Aldh2 (mouse)

& Gene Ontology
e Functional annotation of gene products

—_ GO Annotations in Tabular Form  (Text View) (GO Grap) M: E || |

in SeVeral dOZen model Organisms - : Category Classification Term Evidence
Molecular Function abiehyde dehvdrogsns AL Aoty 1EA
+ Various communities use the same controlled Molecular Function | pudoreductass actty 1A
vocabularies Malecular Function oxidoreductase activity IEA
. . . Cellular Component mitochondrion DA
# Enabling comparisons across model organisms Biological Process metabolic proess =
’ AnnOtationS Binlogical Procass owxidation reduction 1EA

o Assigned manually by curators bt worwinformatics jax.orgl

o Inferred automatically (e.g., from sequence similarity)

Lister Hill National Center for Biomedical Communications 163 Lister Hill National Center for Biomedical Communications 164

GO ALD4 in Yeast GO Annotations for ALDH2 (Human)

GO Annotations ATALDE GO ewideree and references Tunction
View Compulaonal GO annolatons for ALDS GO0 34E1  cxidoreducase activily irterpro ICA IPRO15590 UriProt 9603
| P R T QO.00153481  waidureduease aclinily irlerpro IEA IPRO13160 UriFrul 9603
M I aled I el oo CEl B At (L oo, e =5) GLIOO054871  cxidorequcase acthi Irterpro IEA  IPRO1316Z uriFrot 8603
el £n T ere AemyHrosshase TADIE 1Tl actvity (IDA) GQTEET | exidoreduciase 3ty irterom IEA IPROTS161 UriProt 8603
GOOM54CG1  exidoreducase activily <ok IEA  IA-D£6] UriProt 8605
N GC:000103 hoeits e FING 8603
Manualty curated = ethannl metsholic process (P
Callular Component G0.0004020  sldehvde dahydrogerage 2230333 TAS PINC 8B0Z
[MAD(=; ] aclivily
" I: LTt = mitnchondrial nuckeold (IDA)
Rt o Gl + mitochondrion (IMP |S€[J ' GLIUUUAUES  EleCTron Carre actnity BAUZEL 1A% uriFrot Y6Us
. ar 11l GONONANGA  zldehyie d2hydmoerase (NADY) Aaryme IF2 1217 UriPrat 8RNA
High-throughput minchonarion (D) % scivily
http://db.yeastgenome.org/ http://www.ebi.ac.ukIGOA/
LM Lister Hill National Center for Biomedical Communications 165 LM Lister Hill National Center for Biomedical Communications 166

Indexing the biomedical literature MeSH MEDLINE indexing

Ok A
& MeSH | Full Text
. . . i B damts Al
o Used for indexing and retrieval Free cortisal in sepsis and septis shock.
of the biomedical literature (MEDLINE) MeSH Eendel 5. Eatbssan 5. Pettli V. Loisa B, Varpada b1, Ruokonen E. Finnsepsis Stdv Grenp

# Indexing

o Performed manually by human indexers

= With help of semi-automatic systems (suggestions)
e.g., Indexing Initiative at NLM

e Automatic indexing systems

Lister Hill National Center for Biomedical Communications 167 !
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MeSH MEDLINE indexing

rug therapy
freoetaliry

» Funlandfepidemsology
» Hospital Mortabty

University of Utah, Biomedical Informatics

MeSH MEDLINE indexing

[1: Expert Cpm Invesng Deuge 2008 Ape, 17(4)457. 509

Replacement therapy for Adilison's disease: recent developments.

Levis B Husebyve FS

Ursressty of &

sas(Bhelse-bergen no

gen, [natinse of Medseme, Secsen of Endocrmology, 9021 Bergen, Norway

ufficiency) are conventionally
spues de not restore the

phymickipal hormone levels and beorhythm. T
cqualty of e (HRQeL) snd recens sesesch b
the Berature and recent dew
P PP———
ghacocoracods should be
.

seotortieonds have
Tuered-release
g e treatmens mmedal

et hat the syrdhrss
h ke them bess nutable af Srit-bne

the adrenal amvirogen dehydrospiamdrosters

ol DHEA, o poasbly tertorterces replacement is Eeeh
roups of patients with Addmoe's disease bt this remins to be shown. We bere give our opmion of the best
weammers and fiture direction of reseach o this area

169
Substances.
+ Androgens
# Diosage Forms
* Ghieotarheowds
= Mmeralecorcoids
* Dinag Admnstranon Schedid
» Olucocorticoideladministrasion & dosage™
= Cluzecemiceadaladverse effects
*
*
.
.
* Minsralocome,
* Mingralocomte,
* Mineralo el defi
= Cuality of Life
* Trostment Outosme Communications 171

ICD9-CM Coding clinical data

¢ ICD9-CM
e Used for coding clinical data
e.g., for billing purposes
& Other uses of ICD

e Morbidity and mortality
reporting worldwide

Lister Hill National Center for Biomedical Communications 172

Knowledge management

Accessing biomedical information

Biomedical Ontology in Practice

Resources for biomedical search engines

& Synonyms }
 Hierarchical relations Mo SH

& High-level categorization
& Co-occurrence information
& Translation

Lister Hill National Center for Biomedical Communications 174
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MeSH “synonyms” MEDLINE retrieval

& MeSH entry terms
o Used as equivalent terms for retrieval purposes
o Not always synonymous

# Increase recall without hurting precision

MeSH

Heading \Addison Disease

Entry Term :Add.isan‘s Disease
Entry Term Primary Adrenal Insufficiency
Entry Tenn |Primary Adrenocortical Insufficiency

Lister Hill National Center for Biomedical Communications 175

University of Utah, Biomedical Informatics

MeSH “synonyms” MEDLINE retrieval

-
<> NCBI

Search PubMed

Limits eviewindix | History | Cipboard | Details

Cmery Translation:

"addincn dissass=|Madl Terma] OR ("Addison®[All Fislds] AND
“dizeaze”[All Fields)) O “addison disease”[All Fields] OR

("primary”(ill Fields] AND "hypoadresalism"[All Fields]) OR
"peimary hyposdeenalism®[ALl Fields)

Search
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MeSH hierarchies MEDLINE retrieval

& MeSH “explosion”
e Search for a given MeSH term
and all its descendants
e A search on Adrenal insufficiency
also retrieves articles indexed with
Addison disease

Adrenal insufficiency
Addison disease

Lister Hill National Center for Biomedical Communications 177

PublfQed

- pubmed. gav

Search Putied P Go | [Clear | Advanced Search (bets)
Seach
Display | Summeary ¥ Show 2 v SonBy *  Sendio ~
AN 8993 | Review 1069 (2
Page 1 of 450 Maut
Jun VOSEN 19135
4. indeand for MECLINT)
robds for septic shock
od 200EE Moagy 8.350019) 2069, wusthion poply 20701, N absitenst wvduble
7975 [P . e fo MECLS
L B |
setens drerlopmente
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Cychouxygensse 2 inhibdors |289]
Prostagianding |15U]
Prolagardn Erdoperunide Syrdhases (667]
WF-kngpn B [135]
FIGE, Me s erer | 0
Antlirfiumennnry Agents [414]
http://www.gopubmed.com/ - mors
= bickugezal_process [651]
Eycn0kygRNASE AAthwy [
- mare

Bkogiend Seinnee [960]

W E> I "M:ulerqmnn:'l-.

Disensea [751]
inflarmmation |152]
- mare:

Organigms [
Techrigaes ad Equpment (503
mekecular_function [400]

Ml Seciewrcmns: [551]
Technokdy, Ivdustry, Agriculiure [147

Lister Hill National Center for E
NLM Peyuhisiry and Peychokgy |55

Biomedical Ontology in Practice

Knowledge management

Mapping across biomedical ontologies

30



Dr. Olivier Bodenreider University of Utah, Biomedical Informatics

Reusing information Reusing tools

« For noun phrases extracted from medical texts,
map to UMLS concepts [Aronson & al., AMIA, 2000]

 Then, select from the MeSH vocabulary the
concepts that are the most closely related to the

original concepts

# Clinical information coded with SNOMED CT
e Mapped to ICD9-CM and CPT for billing purposes
e Mapped to ICD-O for epidemiology purposes

+ Existing mapping tables crated by terminology
developers as an incentive to use SNOMED CT

Medical text

UMLS

Lister Hill National Center for Biomedical Communications 182
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Terminology integration systems Integrating subdomains

Clinical

repositories .
P Genetic
knowledge bases

& Terminology integration systems (UMLS,

RxNorm) help bridge across vocabularies
Other SNOMEDCT

& Uses )
L. ) subdomains OMIM
o Information integration
e Ontology alignment o
s e UMLS MeSH Biomedical
e Medication reconciliation literature
NCBI
Taxonomy
Model o
organisms FMA
Genome
Anatomy annotations

Lister Hill National Center for Biomedical Communicatiori$4 184
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Integrating subdomains Trans-namespace integration

Clinical Addison's disease Clinical
repositories . 363732003, repositories
P Genetic ¢ ) P
knowledge bases
Other
subdomains
Biomedical Biomedical
literature literature
Addison Disease (D000224)
Model
organisms
Genome

Anatomy annotations

Lister Hill National Center for Biomedical Communicatiori$5 185
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Data integration, exchange and
semantic interoperability

University of Utah, Biomedical Informatics

Data integration, exchange and
semantic interoperability

Information exchange
and semantic operability

“Standards”

& Ontologies help standardize patients data
o Facilitate the exchange of data across institutions
e Help connect “islands of data” (silos)

¢ LOINC
o Exchange of laboratory data
o In conjunction with HL7 messaging

Lister Hill National Center for Biomedical Communications 189

Semantic interoperability projects BRIDG

& Biomedical Research Integrated Domain Group
o Information model for clinical research

o Interoperability between clinical trials information
systems

e Ontologies provide value sets to the information model

Lister Hill National Center for Biomedical Communications 190

Semantic interoperability projects CDA

# Clinical Document Architecture (CDA R2)
o Formal representation of clinical statements
= Clinical observations
= Medication administration
= Adverse events
e Associate an information model (HL7 RIM) with
terminologies (LOINC, SNOMED CT, RxNorm)

Lister Hill National Center for Biomedical Communications 191

Biomedical Ontology in Practice

Semantic interoperability projects caCORE

& Cancer Common Ontologic Representation
Environment

o Infrastructure developed to support an interoperable
biomedical information system for cancer research

o Uses the NCI Thesaurus as a component

Lister Hill National Center for Biomedical Communications 192
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Data integration, exchange and
semantic interoperability

Information and data integration

Approaches to data integration

& Warehousing & Mediation
e Sources to be e Local schema (of the
integrated are sources)
transformed into a o Global schema (in

reference to which the
queries are made)

common format and
converted to a common

vocabulary
e Ontologies help define

L the global schema and
o Normalization through map between local and

ontologies (e.g., GO global schemas
annotations) (OntoFusion, ARIANE)

Lister Hill National Center for Biomedical Communications 194

Ontologies and integration

& Terminology integration systems help bridge
across terminolgies and the domains they
represent

& Mappings across ontologies enable the integration
of namespaces in the Semantic Web

Lister Hill National Center for Biomedical Communications 195

Trans-namespace integration

Addison's disease Clinical
(363732003) repositories

Biomedical
literature

Addison Disease (D000224)

Decision support and reasoning

Data selection

# The structure of biomedical ontologies helps
define groups of values from a high-level value
e Vs. enumerating all possible values
& Useful for data selection in clinical studies
# ICD is used pervasively for this purpose

o E.g., Study on supraventricular tachycardia (SVT),
based on 2 high-level ICD codes

« Similarity with the definition of value sets for use
in the information model

Lister Hill National Center for Biomedical Communications 198
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Data aggregation

# Ontologies help partition/aggregate data in data
analysis

o Clinical studies: Study a variable in groups of patients
corresponding to the top level categories in ICD

o Biology studies: Functional characterization of gene
expression signatures with high-level concepts from the
Gene Ontology

= Recent trend: co-clustering

Lister Hill National Center for Biomedical Communications 199

Decision support

# Clinical decision support
o Ontologies help normalize the vocabulary and increase
the recall of rules
e Ontologies provide some domain knowledge and make
it possible to create high-level rules (e.g., for a class of
drugs rather than for each drug in the class)
# Other forms of decision support
e Based on automatic reasoning services for OWL
ontologies (e.g., grading gliomas with NCIt)

Lister Hill National Center for Biomedical Communications 200

Natural language processing applications

# Ontologies provide background domain
knowledge for NLP applications
e Question answering
e Document summarization
e Literature-based discovery
& The UMLS is often used, but other specific
resources have been developed

Lister Hill National Center for Biomedical Communications 201

Knowledge discovery

# By standardizing the vocabulary in a given
domain, ontologies are enabling resources for
knowledge discovery through data mining

# Less frequently, the structure of the ontology is
leveraged by data mining algorithms

& Example of available datasets

e ICD-coded clinical data (in conjunction with non-
clinical information, e.g., environmental data)

e Annotation of gene products to the GO (function
prediction)

\_r“ Lister Hill National Center for Biomedical Communications 202

Barriers to usability of biomedical
ontologies

Availability

# Many ontologies are freely available
& The UMLS is freely available for research
purposes
o Cost-free license required
# Licensing issues can be tricky
e SNOMED CT is freely available in member countries
of the IHTSDO
# Being freely available
o |s a requirement for the Open Biomedical Ontologies
(OBO)
o |s a de facto prerequisite for Semantic Web applications

Lister Hill National Center for Biomedical Communications 204
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Discoverability

« Ontology repositories

o UMLS: 143 source vocabularies
(biased towards healthcare applications)

e NCBO BioPortal: ~100 ontologies
(biased towards biological applications)

o Limited overlap between the two repositories
& Need for discovery services

Lister Hill National Center for Biomedical Communications 205

Formalism

# Several major formalism
e Web Ontology Language (OWL) — NCI Thesaurus
e OBO format — most OBO ontologies
o UMLS Rich Release Format (RRF) — UMLS, RxNorm

& Conversion mechanisms
e OBO to OWL
e LexGrid (import/export to LexGrid internal format)

Lister Hill National Center for Biomedical Communications 206

Ontology integration

# Post hoc integration , form the bottom up

e UMLS approach

o Integrates ontologies “as is”, including legacy

ontologies

o Facilitates the integration of the corresponding datasets
+ Coordinated development of ontolgoies

e OBO Foundry approach

e Ensures consistency ab initio

e Excludes legacy ontologies

Lister Hill National Center for Biomedical Communications 207

Quality

# Quality assurance in ontologies is still imperfectly
defined
o Difficult to define outside a use case or application
# Several approaches to evaluating quality

o Collaboratively, by users (Web 2.0 approach)
= Marginal notes enabled by BioPortal

o Centrally, by experts
= OBO Foundry approach
« Important factors besides quality
e Governance
o Installed base / Community of practice

Lister Hill National Center for Biomedical Communications 208

Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration

Lister Hill National Center for Biomedical Communications 209

Short course — Summer 2008
Biomedical Ontology in Practice

June 10, 2008 — Session #1

Interfaces to Biomedical Ontologies

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Biomedical Ontology in Practice
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Overview

# Graphical interfaces
e UMLS Knowledge Source Server
o NCBO BioPortal
o NCI Thesaurus
e MeSH browser
o Foundational Model of Anatomy (FMA) Explorer
e Gene Ontology AmiGO
e |CD-10 online
o RxNav (RxNorm)
& Application Programming Interfaces

Lister Hill National Center for Biomedical Communications 211

University of Utah, Biomedical Informatics

Graphical interfaces

UMLS Knowledge Source Server

UMLS Knowledge Source Server (UMLSKS)

http://umlsks.nlm.nih.gov/
Lister Hill National Center for Biomedical Communications 213

UMLS Semantic Navigator

S Comcepts Clasest MeSH
Terms
ce Mo Hesdimgy
LT - = L
http:/mor.nim.nih.gov/perl/semnav.pl
Lister Hill National Center for Biomedical Communications 214

NCBO BioPortal

----"'"Biapo'}‘;al -
monse [EEEEN Home Sink Bete Hepe

Omtologies

htp://www.bioontology.org/tools/portal/bioportal.htm
Lister Hill National Center for Biomedical Communications 215

Biomedical Ontology in Practice

NCI Thesaurus (EVS Server)

Locouy
Concept Detals
kmark B pa

Pristable Faar  Maleer Goash

oooo@oo
EEEERER

http://nciterms.nci.nih.gov/NCIBrowser/SearchConcept.do
Lister Hill National Center for Biomedical Communications 216
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MeSH Browser

http://www.nlm.nih.gov/mesh/MBrowser.html
Lister Hill National Center for Biomedical Communications 217

University of Utah, Biomedical Informatics

Foundational Model of Anatomy

Foundational Model Explorer |Options| | Halp

— FREFERRED MAME &

Sebect mariguten e oy i

=| moeema

http://sig.biostr.washington.edu/projects/fm/FME/
Lister Hill National Center for Biomedical Communications 218

Gene Ontology AmiGO

Term Information

R AmiGO

ORGSR moscdar hancon

SNOMED CT University of Sydney

"3 Vit meningitis itdsonder)

comaapt
Ty Spected Comcopt

o S cvm e D I Pr——

nngts

Cumetm s - [Iep—

http://www.it.usyd.edu.au/~hitru/sct/Al.cqi
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P st curiac st
etmion
oy
v htp://www.geneontology.org/
ey Lister Hill National Center for Biomedicar communicauons Z19
SNOMED CT CliniClue
www.cliniclue.com/ ||
|'m
chacal cowrs
]
Lister Hill National Center for Biomedic "“‘"

Biomedical Ontology in Practice

SNOMED CT SNOB

puatitiors

Cund £y composte encept maps ta 3
DE00  as o

a0

STt

http://snob.egabird.eu/
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ICD-10 RxNav (RxNorm)

http://mor.nim.nih.gov/download/rxnav/

I 22t g 1 0050

http:/fwww.who.int/classifications/appsficd/icd10online/
f—
Lister Hill National Center for Biomedical Communications 223 ! Ll 1 4

Application Programming Interface

# Expose resources in such a way that they can be
integrated in programs
e Programming “against” a resource
App"cation programming Interfaces + Standard protocols for communication
e Web services (SOAP, REST)
« Standard libraries for programming
 Focus on content, not message

Lister Hill National Center for Biomedical Communications 226

UMLSKS Web Service API UMLSKS Web Service APl Example
& UMLSKS http://umlsks.nlm.nih.gov/ °°“°°(‘;“IdG’°‘:p ﬁ“"c‘”.ay""ms"i:iquest) .
o Developer's Guide > Webservice Operations q i I
Argument: ConceptidhlommStringReguest

& WSDL available
& API give access to all 3 knowledge sources

# Licensing issues
e Granting ticket and Single-use tickets

Lister Hill National Center for Biomedical Communications 227 Lister Hill National Center for Biomedical Communications 228
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Other APIs to terminology systems

4 NCBO BioPortal
http://www.bioontology.org/docs/bioportal/development/
web_services.html

4 OLS - Ontology Lookup Service
http://www.ebi.ac.uk/ontology-lookup/WSDLDocumentation.do

& RxNorm
http://mor.nim.nih.gov/download/rxnav/RxNormAPI.html
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Applications based on WS APIs

& UMLSKS API
e UMLSKS
http://umisks.nlm.nih.gov/
¢ RxNorm API
o RxNav
http://mor.nim.nih.gov/download/rxnav/rxnav.jnlp
o MyMedicationList

Lister Hill National Center for Biomedical Communications 230

Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
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Short course — Summer 2008
Biomedical Ontology in Practice

June 10, 2008 — Session #2

Searching and Analyzing
Biomedical Concepts

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Exercise 1

& What are the Clinical Drug Components for
Zyrtec? (RxNav)

Lister Hill National Center for Biomedical Communications 233

Exercise 2

& What are the parts of the Aorta? (FMA)

Lister Hill National Center for Biomedical Communications 234

Biomedical Ontology in Practice
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Exercise 3

& What are the parents of Hodgkin’s disease in
SNOMED CT?
o Try SNOMEDCTID: 118599009

& What is its associated morphology?

Lister Hill National Center for Biomedical Communications 235

Exercise 4

& What are the various meanings of IL-2? (UMLS)

Lister Hill National Center for Biomedical Communications 236

Exercise 5

& What are the pharmacologic actions of Zyrtec?
(MeSH)

Lister Hill National Center for Biomedical Communications 237

Exercise 6

& What are some synonyms for Schwannoma? (NCI
Thesaurus)

Lister Hill National Center for Biomedical Communications 238

Solutions

Exercise 1

& What are the Clinical Drug Components for
Zyrtec? (RxNav)

I Hiatarm Mavigaior OBAA_OR06321

240

Lister Hill National Center for Biomedical Commul

Biomedical Ontology in Practice
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Exercise 2

& What are the parts of the Aorta? (FMA)

Foundational Model Explorer  Options | | Help

Search

Lister Hill National Center for Biomedical Communications 241
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comcart

Exercise 3

& What are the parents of Hodgkin’s disease in
SNOMED DT?
o Try SNOMEDCTID: 118599009

& What is its associated morphology?

Conce s IR g CTVOD D E P

Joarsurs.

Comcopt K1 1S Tot P ond Cotmcogd | Fhis Comeopt IS B0

Jurmomanis

oo TSI Tt ety

LTI e o Conptn s O e (el syt by Cole b B G4 ot gt

Exercise 4

& What are the various meanings of IL-2? (UMLS)

Lister Hill National Center for Biomedical Communications 243

P, ——"
otcoms S st a8 e e e oot
s R it e o
= Reradeana

Exercise 5

& What are the pharmacologic actions of Zyrtec?
(MeSH)

Pharm. Action |Anti-Allergic Agents
Pharm. Action Histarnine H1 Antagonists, Mon-Sedating

Lister Hill National Center for Biomedical Communications 244

Exercise 6

& What are some synonyms for Schwannoma? (NCI
Thesaurus)

Preferred_Name Schwannoma

semantic_Type Neoplastic Process

synonym Neurilemmoma
Synanym Neurinoma
Synonym Schwannoma
Synonym schwannoma

Lister Hill National Center for Biomedical Communications 245

Biomedical Ontology in Practice

What to look for

# Search modalities
o Spelling correction / auto-completion / normalization
e Word combinations (AND/OR)

 Visualization
e Graph vs. (forest of) trees

# Navigation

& What properties are displayed

Lister Hill National Center for Biomedical Communications 246
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Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
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Short course — Summer 2008
Biomedical Ontology in Practice

June 10, 2008 — Session #3 / June 11, 2008 — Session #1

Contrasting and Critiquing
Biomedical Ontologies

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Exercise #1

& Hodgkin’s disease
e NCI Thesaurus
e SNOMED CT

Lister Hill National Center for Biomedical Communications 249

Exercise #2

& Prostate
o FMA
e SNOMED CT

Lister Hill National Center for Biomedical Communications 250

Exercise #3

& Cetirizine
o MeSH
e SNOMED CT

Lister Hill National Center for Biomedical Communications 251

Solutions

Biomedical Ontology in Practice
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Solutions

Exercise #1

Exercise #1

& Hodgkin’s disease
o NCI Thesaurus
= Using the NCI browser (EVS)
e SNOMED CT
= Using the online browser from U. Sydney

http:/fwww.cs.usyd.edu.au/~hitru/sct/A3.cqi

Lister Hill National Center for Biomedical Communications 254

Hodgkin's disease in NCIt (1)

Belatinnships to othe

Lister Hill National Center for Biomedical Communications 255

Hodgkin’s disease in NCIt (1)

Information sbout this cancept:

ALT_DEFINITION

amests

Comments on Hodgkin's disease in NCIt (1)

# Search term: “Hodgkin’s disease”
o Not found, although “Hodgkin’s disease” is listed as a
synonym
e Search on “hodgkin”, select “Hodgkin lymphoma”
# Parent classes
e Common hematopoietic neoplasm
= Notan ontological category

= Would be better represented through an associative relation
(e.g., along the lines of “has_prevalence high prevalence™)

= Isa overloading

Lister Hill National Center for Biomedical Communications 257

Comments on Hodgkin's disease in NCIt (2)

# Associative relations
o For cancers, anatomy and morphology are foundational
relations
e Here
= Anatomy : Disease_Has_Primary_Anatomic_Site
Hematopoietic and Lymphatic System

= Morphology: not directly represented
(indirectly through Disease_Has_Normal_Cell_Origin Mature

Lymphocyte)

Lister Hill National Center for Biomedical Communications 258

Biomedical Ontology in Practice
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Hodgkin's disease in SNOMED CT (1)

CONCERT

Conceptip | FUIV Specitied

Wakre Concept Status.

o (HODGEINS disease N
118880000 |t e Current (0}
PARCNTS
Concent I} FSHTor Parent Concept (This Concept
1 TIREDANNT [i= Maligrim| hyrnphorma (disoeder)

ATTRIDUTES
Concapt I FSHfor Target Relationship
Loncep L]
- = Episadictias 1= Fpsniicity
1 ROUSIO004 | ifervalon) ||catiibaule)
= Hoggkin
fmphoma- Tz Azsocisted
1 126930002 |catagory mamhology
(rorphologic Cattribute)

Aty
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Hodgkin's disease in SNOMED CT (2)

L | Hodgkin's disease (divorder)

CONCEPT
Concoptin | SPEEI e onapt Staws CTVaID
e
& HOAgAIrs disas ™ "
nasasona | Cument(l) B4t
DESCRIPTHMNG aiwl SYHONYMS
Description Dascription "
o Tetm loraras Descaiption Type
rrovtors |Fodgkn's disease [ ——
1 1rrmrms esnieany urnent () Pristered (1)
2 (1220409010 :__‘:_:r":r':‘“ 1039MMS | rnent gy Smonym ()
Ja0ageorg MO -Hodgiins [ .
1 1720402019 i urrent (1) Synoryrn (1)
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Comments on Hodgkin's disease in SNOMED CT (1)

& Search term: “Hodgkin’s disease”
o Not found, although “Hodgkin’s disease” is listed as a synonym

= Search result: “Hodgkin lymphoma, nodular sclerosis, grade 1
(morphologic abnormality)”

e Search on “lymphoma”, navigate down from “Malignant
lymphoma™

e “hodgkin’s disease” is ambiguous
= Hodgkin lymphoma, no ICD-O subtype (morphologic abnormality)
= Hodgkin's disease (disorder)

o “Malignant lymphoma, Hodgkin's”
= NB: lymphoma is always malignant

# Parent classes
o Malignant lymphoma (clinical) [OK]

Lister Hill National Center for Biomedical Communications 261

Comments on Hodgkin's disease in SNOMED CT (2)

& Associative relations

e For cancers, anatomy and morphology are foundational
relations
o Here

= Anatomy : not directly represented
(indirectly through descendant concepts, e.g., Hodgkin's
disease of intrathoracic lymph nodes)

= Morphology: Associated morphology Hodgkin lymphoma -
category

Lister Hill National Center for Biomedical Communications 262

Hodgkin’s disease NCIt vs. SNOMED CT (1)

# Shared synonyms: NCIt 1/2, SNOMED CT 1/3
o Hodgkin’s disease
# Shared relations
e |sa
= NCIt: Lymphoma
— Definition: “malignant (clonal) proliferation of B-
lymphocytes or T- lymphocytes which involves the lymph
nodes, bone marrow and/or extranodal sites. This category
includes Non-Hodgkin lymphomas and Hodgkin
lymphomas.”
= SNOMED CT: Malignant lymphoma
= Same UMLS concept (CUI: C0024299)

Lister Hill National Center for Biomedical Communications 263
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Hodgkin's disease NCIt vs. SNOMED CT (2)

# Shared relations: Associative relations

e Anatomy

= In NCIt, but not in SNOMED CT
o Morphology

= InSNOMED CT, but not in NCIt

— Only indirectly, though cell type

e Cell type

= Only in NCIt

Lister Hill National Center for Biomedical Communications 264
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Exercise #2
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Exercise #2

& Prostate
o FMA

= Using the Foundational Model Explorer
http://sig.biostr.washington.edu/projects/fm/FME/

e SNOMED CT

= Using the online browser from U. Sydney
http:/fwww.cs.usyd.edu.au/~hitru/sct/A3.cqi
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Prostate in FMA (1)

Foundational Model Explorer Options ~ Help

Search |

Select mavigation twee tvpe:  subclass k3

it ol ToTr eymelarory e

PART OF: 4
=Farenchymatous organ

=Lobulir cegan
+Lwg
* Laver
* Pancreas

#Tesms
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Prostate in FMA (2)

Foundational Model Explorer | Gptions| | Help

Serch PREFERRED NAME: ¢
Sebece navigation tres tpe: | rubclass - Proctuee

_Tgan symem sunaraRcn .| WON-ENGLISH EQUIVALENT. &

name language
=Zokd crgan —
= Farenetmatous organ Frostata ((andula prostanca) Latm
=Lobular organ Prostats Latm

Prémar

Spanish

Fatatm: &

+Falivaey gland g '|
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Comments on Prostate in FMA

# No synonyms in English

e Latin and Spanish synonyms
« Hierarchies

e Isa: Lobular organ

e Part_of: Set of pelvic viscera
# Associative relations

e Lymphatic drainage

e No spatial relations

Lister Hill National Center for Biomedical Communications 269
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Prostate in SNOMED CT (1)
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Prostate in SNOMED CT (2)

ATTRIDUTES
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eo urinarytract hody structure)

naln infeenal gontaka (hody

+ 36228700
36271700, ee minor petvis fody siruchura)
6 [s5z0m0m "
7 |amzac0n Farot
8 (302563000 a Entee abdomen bedy smatture)
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Comments on Prostate in SNOMED CT

& “Ambiguous” term
e Entire prostate
o Prostatic structure
# Structure-Entire-Part representation of anatomical
entities in SNOMED CT
o Reification of part_of
e Enables mereological inference through isa hierarchy
e Not intuitive
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Structure-Entire-Part (SEP) triples

# S —The entity or any of its parts
4 E - The entire anatomical entity
P — Any parts of the anatomical entity

[Schulz & al., 1997]
[Schulz & al., 1998]
[Bodenreideret al, 2006]

Kidney structure

Kidney part part_of
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Mereological inference through isa

Kidney stricture

~

Structure of
layer of kidney
A

part_of

Structure of
region of kidney

~
I 1
1 1
Entire cortex Entire pole | ...
of kidney ofkidney [ .

FMA mapping goes to Entire

& FMA & SNOMED CT

Kidney part part_of
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Prostate FMA vs. SNOMED CT

# Shared synonyms: FMA 1/1, SNOMED CT 1/2
e Prostate
# Shared relations
e [sa: no
= FMA
— Lobular organ
= SNOMED CT
— Prostatic structure
— Male internal genital organ
— Entire male genital organ

Lister Hill National Center for Biomedical Communications 276

46



Dr. Olivier Bodenreider

Prostate FMA vs. SNOMED CT

# Shared relations
o Part of: almost
= FMA
|=_Genital system F
[ Content of male pelvis |\ ©

— Set of male pelvic viscera Y ‘1

— Set of pelvic viscera : :

« SNOMED CT A
[= Entire minor pelvis ‘)

[= Entire male genital system |/
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Solutions

Exercise #3

Exercise #3

& Cetirizine

e MeSH
= Using the MeSH browser
e SNOMED CT
= Using the online browser from U. Sydney
htp://www.cs.usyd.edu.au/~hitru/sct/A3.cgi
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Cetirizine in MeSH (1)

Futry Torm |(2-(4-((4-Chinrophenslip

neshy)- | -prperazimsllethoas)acetic Acid
Futry Tern | Alehsm

Futry Tesn | Abisd Bran

iz Dihipdeachlersde
Fntiy Term | Alpharma : rochlonde

Entry Term |AWD pharma Braed of Cetrneme Ditdrochlonde

drecbloside
Fury Torm [ and of Cetinane Dihydrochionde

Furry Tenin | Crralesg

Enny Tevm Valize

Fntry Terw Wolf Brand of Cetriane Dibydrocklonds
Entry Tevm Worwag Brierd of Cetirigne Difrdrochlorids
Futry Tenm Zetr

Enny Teom Zutck

Futry Term Zitec

Cetirizine in MeSH (2)

Heterocyclic Comgounds [D0F
Compennds, 1 Ring [D07 383

Heterocy

P Catirizine [TI03 327 06 515 2007

Phaom, Action Anti-Aller; ks

Fham. Action Histarune H1 & ts, Mon-Sedanng
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Comments on Cetirizine in MeSH

45 entry terms
o Various generic and brand names
e Chemical formula
e Code (P-071)
« Hierarchy
o |sa: Piperazines [chemistry]
& Pharmacologic action
e Anti-Allergic Agents
e Histamine H1 Antagonists, Non-Sedating

Lister Hill National Center for Biomedical Communications
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Cetirizine in SNOMED CT (1)

15 resais fostid for eetirisine:

Cetirizine in SNOMED CT (2)
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2 Cetirizine (sbstance) Comceptl SN ot Paent Concopd (TTis Concept 1S &)
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1100656004 %= Cetin

e hydrochloride (substance)
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Comments on Cetirizine in SNOMED CT Cetirizine MeSH vs. SNOMED CT (1)

4 Ambiguous term
e Cetirizine (product)
o Cetirizine (substance)
& Hierarchy

it ) T ——

# Shared synonyms: MeSH 1/45, SNOMED CT 1/1
e Cetirizine

: et & Shared relations: none

abservable antity o MeSH:

qualfier value
linkage eancept

o Isa: Non-sedating

ermaronmment or geograghical lacaton
specimen

= Isa: <chemistry>

antihistamine e » Associative: <pharmacologic action>
(substance) o
[pharmacologic physical force e SNOMED CT
action] (@ 260781004 :.::E:II:T.:!‘:IJE:| = Isa: < pharmacologic action>
& No associative 410907005 » Associative: none
relations

SRuabon with explicit conest
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Cetirizine MeSH vs. SNOMED CT (2)

Hierarchy

drus

|Substype hierarchy hd |
7 anbalergic =
allergen

chiprphencearing

slemmizole
rrine derivateae antihistarming

H1 arshistaning
ermedassing
e
non-sadating anbhistamine

pinastine

scrivasting - chemical
asternzole
arelastng
cetrizing
deslaratading
feacfenadine
Ievacetinzing
loratadine
mizolastng
terfenadine
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Summary

« Differing representations
o Not necessarily inconsistent
e Consistency may be difficult to assess automatically
< Often due to idiosyncratic representation in one
ontology

+ Hindrance to ontology alignment and evaluation
methods relying on shared relations

Lister Hill National Center for Biomedical Communications 288
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Agenda

Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
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Short course — Summer 2008
Biomedical Ontology in Practice

June 9, 2008 — Session #2

Extending Biomedical Ontologies

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA

Overview

# Corpus terminology

# Identify terms in biomedical text (in reference to
the UMLS)

# Identify additional terms
& Place these terms in UMLS hierarchies

[Bodenreider, ACL 2002]
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Tiny corpus One MEDLINE abstract

CI1: Aneeth Analp 2003 Jor 106(8) 18135

o
Free cortisol in sepsis and septic dhock. PMID: 18499615

Bewdel 5. Kalsson 5. Permnills V. Loasa B, Vaapala M. Enokonen E, Fumsepsis Study Grong.

Identify UMLS concepts with MetaMap

antic Knowledge Representation
Be [ pew Mpoy ook Jodk e

- & A% | it i o o 2 o (B K

Semantic
Knowledge
Representation

http://skr.nlm.nih.gov/
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Interactive mode

Roeorie Suam ‘To use ths appheation, you trus have signed the UMLS aereement The UMLS agreement requres
those who use the UMLS to 8o & brief report once a yras to sussmanise thes use of the UMLS. B
Home sl mequires the ackeowledgment that the TTMLS contains copyrighted material and that thoss
SRR T e respecsed. The UMLS agrersnent requares wsers be agree to obtan

agrremests for EACH copyrighted source price o s use wikin  commercial o produstion
pphcanon

[ Ue o all the sources is permitied if the apphicaion is used for resnarch purpases andy, |

Lister Hill National Center for Biomedical Communications 294

Biomedical Ontology in Practice

49



Dr. Olivier Bodenreider University of Utah, Biomedical Informatics

Interactive MetaMap Paste abstract

Interactive MetaMlap

et are eesponssible for complince wih the UMAS copymght reitrctios

Interactive Mode _‘ﬁ ————

BACKGAOIND: Severe sepsis activates the hypotbalemopituitary axis, iscressing &
raa [ ars ST P ——

TSN LM » LHMCEC » KR » ntaracas

FipsetFom

Home Flease NOTE;
Home Eleate NOTIL: © o orpon of Ovaons oo

The Interactive made is only iutended for the testing of the varions programs
andl thelr aptions.
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Select options Run MetaMap
I fvrtmeterey O ot ) (=)
[ Shaw AcrssymAbbrevianons (4) [ Trascase Candbdates Magpeegg (-0 Exrhude Sources () [Ea]
Use Werd Sense Dutarbaguaten (-¥)
o i
= Festnct %2 Semantc T) T [ Eae |
[ Exchide Semarnc Typeis) () [Eae )
[(RasstFom |
) Farmal Tgger Cusget (-F) [ Crmamic Vaniank Generation (-4}
[0 Foekled MM suspz {-H)
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Output Suggest term candidates
Processing 0O000000.wx, Lt BACKGGUND! Severs 3epsis sctivates the hypochalesspituitary ¢ Not recognized by MetaMap ay all
=ila, Incressing cortasel prodestion.
R # Partially identified by MetaMap
s Fcase
& Missing terms in a concept
2313
epsis (Sepricesta) isease or Syndreme]
Cayaremic LIt ——
[Invercebrat
(Funcriosal © pt]
[Tualicative ept]
(Severe Advel Event] [Findisg)
G4d C15645015 Severs (ALlergy Sevricy - Gevere) [Finding]
Supain (Biamase or Smdzose]
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Suggest placement in UMLS

& Use a browser
# Identify close parent
& Examine its children

& Assess placement by comparing with potential
siblings

Lister Hill National Center for Biomedical Communications 301

Possible new terms (1)

& Hypothalamopituitary axis
e Concept exists: C0678897, but missing exact
(neoclassical) synonym
= hypothalamic pituitary axis
= hypothalamus hypophysis axis
= hypothalamus-pituitary axis
& American College of Chest Physicians
e Similar to other American Colleges
(e.g., American College of Physicians ())
o Integrate as a child of Professional Organization or
Group (C1522486 )
e NB: instance, cannot be a child of ACP

k1
ML
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Possible new terms (2)

 Free cortisol
o Identified as a substance (C0443476 ), not a laboratory
procedure / test result
= Cortisol, free measurement (C0236401)
& Coolens method
e Missing term / concept
e Method for estimating (not measuring directly) the free
fraction of cortisol
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Possible new terms (3)

# Electrochemiluminescence immunoassay
e Missing concept
e Create as a child of Chemiluminescence assay
(C0201709)
& Nonsurvivors
e Survivors exists as a concept (C0206194)
e Create as a child of Patients (C0030705)
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Agenda
Monday, Introduction to Design Principles, | Biomedical
June 9 Biomedical Formalisms and Ontologies
Ontologies Tools for - Content and
Biomedical structure
Ontologies - Function
Tuesday, Interfaces to Searching and Contrasting
June 10 Biomedical Analyzing Biomedical
Ontologies Biomedical Ontologies
Concepts
Wednesday, Critical Analysis Extending Using Biomedical
June 11 of Biomedical Biomedical Ontologies
Ontologies Ontologies for Data
Integration
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Short course — Summer 2008
Biomedical Ontology in Practice

June 11, 2008 — Session #3

Using Biomedical Ontologies
for Data Integration

Olivier Bodenreider

Lister Hill National Center
for Biomedical Communications
Bethesda, Maryland - USA
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Overview

& Motivation
& Some practical considerations and issues
e Integration approaches
e Concept repositories
e Using existing mappings
e Creating mappings through the UMLS
e Comparing semantic descriptions
# Thinking outside the integration box

Lister Hill National Center for Biomedical Communications 307
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Motivation

Motivation Translational research

+ “Bench to Bedside”
# Integration of clinical and research activities and
results
# Supported by research programs
e NIH Roadmap
e Clinical and Translational Science Awards (CTSA)
# Requires the effective integration and exchange
and of information between
e Basic research
o Clinical research

\_I'“ Lister Hill National Center for Biomedical Communications 309

Translational research NIH Roadmap

Strategic Initiatives

NIH Roadmap ros uroicar asseanc
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Motivation Translational research

Clinical

& ~

<€ > Research
and

Practice

Basic
Research
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Terminology and translational research

TN T
N A N
Cancer s -~ EHR
Basic o~ - Cancer
Research Patients

R

NCI Thesaurus =3y SNOMEDCT
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Some practical considerations
and issues

Integration approaches

Approaches to data integration

& Warehousing & Mediation
e Sources to be e Local schema (of the
integrated are sources)
transformed into a o Global schema (in
common format and reference to which the
converted to a common queries are made)
vocabulary
e Ontologies help define
L the global schema and
. Normal!zatlon through map between local and
ontolog_les (e.0., GO global schemas
annotations) (OntoFusion, ARIANE)
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Some practical considerations
and issues

Concept repositories

(Integrated) concept repositories

# Unified Medical Language System

& NCBO’s BioPortal
http://www.bioontology.org/tools/portal/bioportal.html

& Open Biomedical Ontologies (OBO)
http://obofoundry.org/

& caDSR
http://ncich.nci.nih.gov/NCICB/infrastructure/cacore_ove
rview/cadsr

Lister Hill National Center for Biomedical Communications 316

k1
NLM

Integrating subdomains

Clinical

repositories .
P Genetic

knowledge bases

Other SNOMEDCT

subdomains OMIM

Biomedical
MeSH
UMLS literature
NCBI
Taxonomy
Model GO
organisms FMA
Genome
Anatomy annotations

Lister Hill National Center for Biomedical Communications

Trans-namespace integration

Addison's disease Clinical
(363732003) repositories

Biomedical
literature

Addison Disease (D000224)

Biomedical Ontology in Practice
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Mappings
Some practical considerations OMLS
and issues Lo §
NCI Thesaurts = = = — — = = - SNOMED CT
Lister Hill National Center for Biomedical Communications 320

Mappings Quality of mappings
# Created manually # Created for a purpose
e UMLS e Reusability issues
# Created automatically & Generally unidirectional
o BioPortal

e Mapping from ontology 1 to ontology 2
o Not necessarily reversible
+ Key to enabling semantic interoperability

+ Enabling resource for the Semantic Web

Lister Hill National Center for Biomedical Communications 321
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Semantic descriptions Consistent

S:Pancreatic structure

N:Pancreas

N:disease assoc.

S:finding site anat. site

Some practical considerations
and issues

S:Disorder of pancreas [¢========-= N:Pancreatic disorder

Siis_a N:subClassOf
owl:sameAs
Comparing semantic descriptions S:Disorder of endocrine pancreas |(-----)| N:Endocrine pancreas disorder
U:hasCUI U:hasCUI
C0030286 C0030286

Lister Hill National Center for Biomedical Communications 324

Biomedical Ontology in Practice 54



Dr. Olivier Bodenreider

SNOMED CT/NCI Thesaurus
Limited consistency

Any (N=20363)
Superclass (N=20360)

Whole (N=1004)

Direct

Subclass (N=3699) -

(-
| |
| |
| m1
‘ ‘ m3

Part(N=76)

Superclass (N=20360)

Indirect

Whole (N=1004)

Associative (N=6548)
T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

University of Utah, Biomedical Informatics
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Comparing formal definitions

# Relatively small proportion of relata in common
between equivalent concepts from NCIt and
SNOMED CT

& Large number of primitive concepts in NCIt and
SNOMED CT (70-80%)

+ Insufficient for effectively comparing definitions

e Could not be used for validating the mapping provided
by the UMLS

[Bodenreider, KRMED 2008]
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Exercises

Exercise #1

# Check the equivalence (shared relata) between
these 2 concepts:
e NCI Thesaurus: N:Endocrine pancreas disorder
e SNOMED CT: S:Disorder of endocrine pancreas
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Exercise #2

# Find a correspondence in SNOMED CT for the
LOINC term: Sodium:SCnc:-Pt:Ser/Plas:Qn
[the molar concentration of sodium is measured in
the plasma (or serum), with quantitative result]

Axis Value

Component Sodium

Property SCnc - Substance Concen-tration (per volume)
Timing Pt - Point in time (Random)

System Ser/Plas — Serum or Plasma

Scale Qn - Quantitative

Method

Lister Hill National Center for Biomedical Communications 329
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Comments on exercise #2

«# Difficult in the absence of a search mechanism on
the values of the relations

# Large number of underspecified descriptions in
SNOMED CT

# 2 separate concepts for plasma and serum
concentrations of sodium in SNOMED CT

# Property, time and scale not represented in
SNOMED CT

Lister Hill National Center for Biomedical Communications 330
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Integrating genomic and clinical data

L -

Clinical
data

Genomic
data

Thinking outside the integration box

e - - d d
The Butte approach - N di(;gh:rge Laboratory

— 5 = summaries data

Upregulated Diseases
genes (extracted from text)
A
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