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Objectives

¢ Learn about biomedical ontologies
e History
e Design principles, formalisms and tools
e What are they?
e What are they used for?

¢ Work with biomedical ontologies
e Search
e Analyze
e Extend
e Use for data integration
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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




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




To support a theory of diseases

¢ Hippocrates
e Dismisses superstition

e Four humors
= Blood
= Phlegm
= Yellow bile
= Black bile

¢ Thomas Sydenham (1624-1689)

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




To classify diseases (and plants)

¢ Carolus Linnaeus (1707-1778)
e Genera Plantarum (1737)
e Genera Morborum (1763)

¢ Francois Boissier de La Croix
a.k.a. F. B. de Sauvages (1706-1767)
e Methodus Foliorum (1751)
e Nosologia Methodica (1763/68)

¢ William Cullen (1710-1790)
e Synopsis Nosologiae Methodicae (1785)
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... to diseases

¢ Four categories (W. Cullen)

Fevers

Nervous disorders
Cachexias

|_ocal 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)




To support epidemiology
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¢ John Graunt (1620-1674) OBSERVATIONS
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e Analyzes the vital statistics Bills of Monliy,
of the citizens of London oy F0HN GRAVNT,
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+ William Farr (1807-1883) et

e Medical statistician
e Improves Cullen’s classification
e Contributes to creating ICD

¢ Jacques Berthillon (1851-1922)

e Chief of the statistical services (Paris)
e Classification of causes of death (161 rubrics)
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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.

— William Farr
First annual report.
London, Registrar General of England and Wales, 1839, p. 99.




To Index and retrieve information

¢ Biomedical literature
e MEDLINE (15M citations from 4600 journals)
e Manually indexed
e Medical Subject Headings (MeSH)

¢ Genome
e Model organism databases (Fly, Mouse, Yeast, ...)

e Manually / semi-automatically curated
e Gene Ontology




MEDLINE and MeSH

™ 1: T Hist Meurosci. 2004 Mar, 13(13:51-101. Related Adicles, Links

MetaPress

Black bile and psychomotor retardation: shades of melancholia in Dante's Inferno.

Widmer DA,
Metmorial Sloan-Fettening Cancer Center, Mew York, ITY 10017, US A widmerd@imskec. org

The history of melancholy depression iz rich with inages of movement retardation and mental dysfinction. The recent restoration
of peychomotor symptorms to the diagnostic termmnology of affective disorder 13 not novel to the students of medieval melancholia,
The mowve back to the biology of this psychomotor dysfunction with the technical advances m brain immaging in recent years only
echoes centunies-old writings on the centrality of movement changes in the deprezsive condiion. The Inferno, the first cantica of
Dante Alghien's Commedia, has a wonderful abundance of allusions to the inportance of psychomotor symptoms m describing
the depressed individual. Slowed steps, garbled speech, frozen tears, these and tmany other images keep the physical
manifestations of psychomotor suffering in the foreftont of the reader's mund. Considering Medieval and Eenaissance writings on
melancholy suffering, it 13 fithing that Dante shows a bodily illness reflected in the hellish torments wsited on the damned. From the
souls of the sullen to those of the wiclent, the panorama of psychomotor symptoms plays a promnent role in the poem as well as
i1 the medical and lterary prose of succeeding centunes.

MMeSH Terms:
* Depressive Disorder/tustory™®
¢ History of Medicine, Mediewal
¢+ Human
+ Ttaly
# Literature, IMedievalhistory™
¢ Medicine in Literature™

+ Poetrylustory™ NE%GMI :
¢ Paychomotor Disordersfhustory™ P u b Ed of M E::l iz?flg




Mouse Genome Database and GO

Entrez Gene

™ 1: Nf2 neurofibromatosis 2 [Mfis
GenelD: 18016 Locus tag
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To serve as a reference

¢ Reference terminology/ontology
e Universally needed
e Developed independently of any purposes
e Reusable by many applications

¢ Examples
e VA National Drug File (NDF)
e Foundational Model of Anatomy (FMA)
e SNOMED CT



Anatomy in Biomedicine

Physiology

Clinical medicine

Biomedical literature

Biomedical research




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
(HCPCS)




(courtesy of J. Rogers)

4¥n'o'pS|s— EmTree

Nosologiae
Methodicae MeSH

ICD ICD9
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Biomedical ontology in PubMed

Number of articles in PubMed/MEDLINE on Ontology vs. Controlled vocabulary

O Ontology or ontologies (*) As of
m Both 2008/02/20

Partial coverage
O Controlled vocabulary [excluding DSM] 1Eor 2007. due tg a

slight lag in the
indexing process)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
year

[Bodenreider, YBMI 2008]




Biomedical ontologies in PubMed

Proportion of citations in PubMed/MEDLINE by ontology

@ GO

B NCI Thesaurus
O FMA

B UMLS

B SNOMED

O MeSH

B LOINC

1998 1999 2000 2001 2002 2005 2006 2007

[Bodenreider, YBMI 2008]




Introduction to biomedical

terminologies through an example




Guy’s Hospital, London




Thomas Addison (1795-1860)




Addison’s disease

& Addison's disease IS a rare
endocrine disorder

& Addison's disease occurs

when the adrenal glands | Gorex medulis
gkt left
do not produce enough of adrenal /a el

the hormone cortisol

¢ For this reason, the
disease IS sometimes
called chronic adrenal
Insufficiency, or
hypocortisolism




Adrenal insufficiency Clinical variants

¢ Primary / Secondary

e Primary: lesion of the
adrenal glands themselves

e Secondary: inadequate
secretion of ACTH by the
pituitary gland

¢ Acute / Chronic

¢ Isolated / Polyendocrine
deficiency syndrome

Fitumtary gland

Parathyroid gland
Thyraid gland

'\_'II
i
l
1 Thymus gk:
5 ymus gland

Ovary
(femala)

Tests
imala}

adam.com




Addison’s disease: Symptoms

¢ Fatigue
¢ \Weakness
¢ Low blood pressure

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




AD In medical vocabularies

¢ Synonyms: different terms

e Addisonian syndrome

e Bronzed disease

e Addison melanoderma
Asthenia pigmentosa
Primary adrenal deficiency
Primary adrenal insufficiency
Primary adrenocortical insufficiency

Chronic adrenocortical insufficiency |
¢ Contexts: different hierarchies

%

NLM

eponym

symptoms

clinical
variants




Internal Classification of Diseases

CHAPTER 4

Endocrine, nutritional and metabolic diseases (E00-E90)

Disorders of other endocrine glands (E20-E35)

E27 Other disorders of adrenal gland
E27.0 Other adrenocortical overactivity
Overproduction of ACTH. not associated with Cushing's disease
Premature adrenarche
Excludes]:Cushing's syndrome (E24 -)
Primary adrenocortical insufficiency
Addison's disease
Adrenocortical msufficiency NOS
Autoimmune adrenalitis
Excludes]: Addison only phenotype adrencleukodystrophy (E71.428)
amyloidosis (E83)
tuberculous Addison's disease (A18.7)
Waterhouse-Friderichsen syndrome (A39.1)
Addisonian crisis
Adrenal crisis
Adrenocortical crisis
E27.2 Drug-induced adrenocortical insufficiency
Code first (T36-T20) to identify drug
E27.4 Other and unspecified adrenocortical insufficiency

Draft ICD-10-CM Tabular Page 180 June 2003




Medical Subject Headings

MeSH Tree Structures

Endocrine Dizeazes [C19]
Adrenal Gland Diseases [C19.053]
Adrenal Gland Hypofunction [C19 053 264]
P bddizon's Disease [(C19.053 264 263
Adrenoleukcodystrophy [(019.05% 264 270]
Hypoaldosteronsm [C19 053 264 450]

Trmunelogic Diseases [C20]
Autotnmune Dhiseases [C20.111]
P Lddison's Disease [C20.111 163]
Anermua, Hemeolytic, Autornmune [C20.111.175]
Ant-Clomenilar Basement Membrane Diseaze [C20.111.190]
Antphospholipid Svndrome [C20.111.197]
Arthritis, Bheumatotd [C20.111.199] +
Autonmtmune Dhiseases of the Mervous System [C20.111.258] +




SNOMED CT

| +m adrenal cortical hypofunction
-’rnnilnq site
enal cortex structure




Biomedical terms as names

for biomedical classes




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




Issues

¢ Multiple terms for a class

¢ Multiple classes for a term

¢ Presence of non-ontological features in terms
¢ Composite terms




Multiple terms for a class

¢ Synonymy

- Left coronary artery
;= LCA :
: = Arteria coronaria sinistra. :

- Abdominal swellingé
- Swollen abdomen

= Posttransfusion hepatitis
: = Posttransfusion viral hepatltls

= Addison’s disease
;= Primary adrenocortlcal

Insufficiency

= Addison’s disease
;= Primary adrenocortlcal

Insufficiency

vs. Waterhouse-Friderichsen Syndrome




Multiple classes for a term

¢ Polysemy

¢ Truncated terms

Calcium .
: = Calcium

: m  Calcium measurement :




Non-ontological features In terms

¢ Epistemological features

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




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

Sone metastasis < Bone metastasis

diagnosed by Tc99m bone scintiscan




Composite terms

¢ Sentence-like terms
e Several classes and their relations
e May contain epistemological features

= Tuberculosis of adrenal glands, tubercle bacilli not found (in sputum) by

microscopy, but found by bacterial culture




More composite terms

= Nontraffic accident involving being accidentally pushed from motor vehicle,
except off-road motor vehicle, while in motion, not on public highway, driver of
motor vehicle injured

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
complex services of several different health professionals workina on different




Terminological relations as a

surrogate for ontological relations




Issues

¢ Lack of explicit classificatory principle
¢ Underspecification of the relations

¢ Thesaurus relations

¢ Limited depth in hierarchies “by design”




Explicit classificatory principle

Foundational Anatomical entity
Model of

Anatomy

patia

: dimension ]
Physical L Non-physical
anatomical entity anatomical entity

Mass

Material physical + Non-material physical
anatomical entity anatomical entity

nheren

) D shape
Anatomical \ . _ Body Anat. Anat. Anat.
structure substance space/ \surface point
3D 2D 1D oD




No explicit classificatory principle |[&&

3. El Diseases [(]
= Bacterial Infections and M\
= Virus Diseases [C02] +
o Parasitic Diseases [C03] +
+ Neoplasms [C04] +
o Musculoskeletal Diseases [C05] +
o Digestive System Diseases [C06] +
¢ Stomatognathic Diseases [C07
r Tract Diseases [CO8] +
o Otorhinolarynoologic Diseases [C09] +
> Nervous System Diseases [C10] + |Ocati0n
¢ Eve Diseases [C11] +
2 Urologic and Male Genital Diseases [C12] +
= Female Genital Diseases and

agent/cause

2 Cardiovascular Diseases [C14
¢ Hemic and L ymphatic Thseaszes [C15] +

stage in life

< Skin and Connective Tissue Diseases [C17] +

¢ Nutritional and Metaholic Diseases [C18] +

¢ Endocrine Diseases [C19] +

o Immunologic Diseases [C20] +

o Disorders of Environmental Origin [C21] +

= Animal Diseases [C22] +

2 Pathological Conditions, Sions and Symptoms [C23] +




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

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

External causes of morbidity

Factors influencing health status and contact with health service




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




Fully specified relations

Viral meningitis In SNOMED CT
Fully cefined by
I%}IE: 3
I viral infections of the central nervous system
IMinfective meningitis
Causative agent
E-[]wirus
(70 LI
Associated maorpholooy
=W inflammation
Finding site
#-[]meninges structure




Underspecification of the relations

Diseases

PN

CNS diseases Virus diseases

Meningitis CNS viral diseases

~_—

Viral meningitis




Thesaurus relations

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

Autoimmune diseases

Isa

Addison’s disease Addison’s disease

Relations used to create hierarchical structures
vs. hierarchical relations




Endocrine Diseases [(C19]
Adrenal Gland Dhiseases [(C159.0535]
Adrenal Gland Hypofunction [C19. 053 264
P Addizon's Dizease [C19.053.264 263]
Adrenoleukodystrophy [(C19 053 264 270
Hypoaldosteromsm [C19 053 264 4807

Tmmunolooic Thiseases [(C20]
Automrmmune Diseazes [C20.111]
P i ddizon's Disease [C020.111.163]
Anerma, Hemolytic, Autotmmune [C20.111.175]
Anti-tFlomerilar Basement Membrane Dizeasze [(C20. 111 150]
Antiphospholipd Svwndrome [C20.111.1597]
Arthrts, Bhewmatord [C20.111.19%9] +

{

L2l 2vevely ISuI:ut_l,Ipe higrarchy | " \ ,-)

L adrenal cortical ypofunction -
Brliddison's disease.
-l Addison's disease due to autoimmunity

-l Addison's disease with adrenoleucodystrophy
-l8 polyglandular autoimmune syndrome, type 1
| tuberculous Addison's disease




Accidents in MeSH

Environmment and Fublic Health [(503]
Public Health [503 850]
P Accidents [(G03.850.110]
Accident Prevention [GOE 850 110.060] +
Arcidental Falls [(G03.850.110.0357
Accidents, Awation [G05 B50. 110 185]
Arcidents, Home [G03 850, 110.2057
Acoidents, Occupational [(G02 820, 110 2501 +
Accidents, Eadiation [(G03 250 110 285]
Accidents, Trathc [(G03 850 110 320
Drowring [G02. 850.110.500] +




Limited depth in hierarchies “by design”

¢ Term identifier (code) used to record the position
In the hierarchy

e Limited number of digits available
e May hide part of the structure

¢ Terminologies: ICD, SNOMED, ...

E84 Cystic fibrosis

Includes: mucoviscidosis
E84.0 Cystic fibrosis with pulmonary manifestations
Use additional code to identify any infectious organism present, such as:
Pseudomonas (B96.5)
Meconium ileus in cvstic fibrosis
Excludesl: meconium ileus not due to Cystic fibrosis (P75)
Cvstic fibrosis with gastrointestinal manifestations
Excludes2:meconium ileus in cystic fibrosis (E84.1)
Cystic fibrosis with other manifestations




Cystic fibrosis in ICD

E84 Cystic fibrosis

Includes: mucoviscidosis

E84.0 Cystic fibrosis with pulmonary manifestations
Use additional code to identify any infectious organism present, such as:

Pseudomonas (B96.5)

E84.1 Meconium ileus in cvstic fibrosis
Excludes]: meconium ileus not due to Cystic fibrosis (P75)

E84.2 Cystic fibrosis with gastrointestinal manifestations
Excludes?:meconium 1leus in cystic fibrosis (E84.1)

E84.8 Cystic fibrosis with other manifestations

CF
w. other

Meconium ileus CF Meconium ileus
in CF w. other in CF




Conclusions




Conclusions ®

¢ Biomedical terms

e reflect some aspects of biomedical reality

= Although the primary concern of terminology is naming, not
reflecting reality

e often convey additional features (e.g., epistemology)

¢ Biomedical terminology tends to offset part of the
complexity
e but often reflects utility




Conclusions ©

¢ Biomedical terminologies can help populate
biomedical ontologies

¢ Resources needed
e Linguistic analysis of terms

e Statistical analysis of terms in a corpus / annotation
database (dependence relations)

e Manual curation
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Overview

¢ Definitions
e Ontologies vs. other artifacts
e Kinds of ontologies

¢ Some principles of formal ontology
e Top-level categories
e Categories of relationships

¢ Formalisms and tools



Definitions




Introduction

Concept

Ogden-Richards




Definitions

¢ The What guestion

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

e Also: events, Processes, and states

¢ Explicit specification of a conceptualization
e Support software applications

¢ Domain ontology reflects
e Underlying reality
e Theory of the domain




Examples of use

¢ Natural language processing

¢ Access to heterogeneous sources of information
(e.g., Semantic Web)

¢ Systems engineering

¢ Interoperability




Ontology vs. other artifacts

¢ Ontology
e Defining types of things and their relations

¢ Terminology

e Naming things in a domain
¢ Thesaurus

e Organizing things for a given purpose
¢ Classification

e Placing things into (arbitrary) classes

¢ Knowledge bases .
] [Smith, KR-MED 2006]
e Assertional knowledge [Chute, JAMIA 2000]




(Controlled) Terminology

¢ Objective: naming things
¢ Example: Current Procedural Terminology (CPT)

¢ Shared understanding
e 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 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 complex services of several different health professionals working
on different

e

NLM




Thesaurus

¢ Objective: organize things for a purpose

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

¢ Example: Medical Subject Headings (MeSH)
e Indexing/retrieval of biomedical articles

¢ Relations used 1n hierarchies
vs. hierarchical relations




Thesaurus vs. ontology

]
I
|
I
I
I
I
I
¥

Autoimmune Diseases

Is generally a

\ 4

Addison’s disease

Tuberculous

Addison’s disease

Addison’s disease
due to autoimmunity




Classification

¢ Objective: placing things into classes

¢ Characteristics
e Single inheritance (tree)
e ldiosyncratic inclusion/exclusion criteria

Insulin-dependent diabetes mellitus
See before E10 for subdivisions ]
Includes: diabetes (mellitus):
- brittle
+Juvenile-onset
+ ketosis-prone
- type 1
Excludes: diahetes mellitus {in):
+ malnutrition- r|-|:|’r|-d { E12.- 3
' III-'IIII:|1':I|I PY0.2 ::I
+ pregnancy, c hlIrlLur’rh and the puerperium { 024.- )
glycosuria:
- NOS { BREL )
+ renal { E74.8
|rr|[_|:||r|—'|‘] glucose 1'||||—'r:|r|| e { R73.0)
postsurgical hypoins IJ||r|:||—'rr||:|| E 10.1 3




Classification

¢ Characteristics (continued)

e Everything must be classified, including
= When there is no specific slot (NEC)
= When there is insufficient information (NOS)

Cystic fibrosis

Includes: mucoviscidasis

Cystic fibrosis with pulmonary manifestations

Cystic fibrosis with intestinal manifestations

Meconium lleus+ { P7F5* 3

Excludes:meconium obstruction in cases where cystic fibrosis is
known not to be present { P76.0 )

Cystic fibrosis with other manifestations

Cystic fibrosis with combined manifestations

Cystic fibrosis, unspecified




Knowledge Bases

¢ Objective: represent knowledge needed for a given
application

¢ Example: drug knowledge bases
¢ Assertional knowledge

e Vs. definitional knowledge in ontologies
e Often probabilistic

¢ Examples of assertions
e Indications of a drug
e Signs and symptoms of a disease




Fuzzy borders

¢ Some ontologies also collect names
e FMA

¢ Some terminologies also provide formal
definitions

e SNOMED CT

¢ Some terminologies/ontologies include both
definitional and assertional knowledge

e SNOMED CT




Types of resources

¢ Lexical resources ¢ Ontological resources

e Collections of lexical items e Collections of

e Additional information = Kinds of entities
= Part of speech (substances, qualities,

: : rocesses
= Spelling variants P ) )
= relations among them

e Useful for entity e Useful for relation
recognition extraction

e UMLS SPECIALIST e UMLS Semantic Network,
Lexicon, WordNet BioTop

¢ Terminological resources
e Collections lexical items + identifiers

e Useful for entity resolution
e UMLS Metathesaurus




The Knowledge Semantics Continuum

Medication Lists TAMBIS
DDI Lists

Thesauri:
BT/NT,
Parent/Child,

Informal Is-A Sy ¥ RDF(S) Ontylog

Catalog

Ti /
sl OWL  IEEE SUO
glossary

MeSH,
Gene Ontology,
UMLS Meta

EcoCyc

Expressive

Terminologies Ontologies
Ontology Dimensions based on McGuinness and Finin




Kinds of ontologies

Upper Level
Ontology

Application ontologies

Domain
Ontology




Ontology-related issues

¢ Creation
¢ Merging
¢ Alignment
¢ Validation




Formal Ontological Principles




Formal ontological distinctions

¢ Universal vs. individual
4 Continuant vs. occurent
¢ Independent vs. dependent




Universal vs. Individual

¢ Universal = category ¢ Individual = instance

¢ Synonyms ¢ Synonyms
e Kind, Type, (Class) e Particular, Token

¢ Examples ¢ Examples
e eyeball e my right eyeball
e Dblood pressure e my blood pressure (132/79)

e conference e AMIA Annual Symposium
2003

Instantiation




Continuant vs. Occurrent

¢ Continuant = Continuesto @ Occurrent = Unfolds
exist through time through time

¢ Synonyms ¢ Synonyms
e Substance e Process
¢ Examples ¢ Examples
e tennis racquet e tennis tournament

e mitochondrion e metabolism
e Insulin production e producing insulin




Independent vs. Dependent

¢ Independent = Can exist ¢ Dependent = Require
without support from support from other entities
other entities for its existence

¢ Examples ¢ Examples
e Virus e Vviral infection
e molecule e DNA binding
e plant e food




Formal ontology Upper level

Universals
(classes)

Particulars
(instances)

Thing

/\

Continuant Occurent

N

Independent Dependent
continuant continuant




Formal ontological distinctions

¢ Basic distinctions in many top-level ontologies
e Generic: BFO, DOLCE
e 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]




Formal ontology In practice

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

¢ Provides a framework for analyzing entities and
relations




Examples




General ontologies

¢ OpenCyc @
e General ontology

e Cycorp, Inc (D. Lenat & al.)
e Over 1M hand-coded assertions
e http://www.opencyc.org

¢ WordNet
e Electronic lexical database
e Princeton University (G. Miller & al.)
e Over 100,000 synsets
e http://wordnet.princeton.edu/

2dordNel




Top level iIn OpenCyc

Mathematical or
computational thing

Set or collection

" Collection

Intangible individual

PartiallyTangible

A 4

Tangible thing

#$genls
#3isa




Top level iIn WordNet

Abstraction

Activity

Entity

Event

Group

Location

Natural phenomenon
Possession
Psychological feature
Shape

State




GALEN

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

¢ European Union project (A. Rector & al.)
¢ Over 25,000 concepts (primitives)

¢ http://www.opengalen.org




Top level in GALEN

DomainCategory

Arbitrarily

Conjuncted ModifierConcept

Phenomenon

Generalised
Structure

Generalised
Process

Generalised
Substance

SubstanceOr @ GeneralLevel
PhysicalStructure OfSpecification
@ StateOr @
Quantity




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




Top level In the Semantic Network

Conceptual Entity Physical object Phenomenon or P@




Differences between ontologies

Examples




Granularity, plesionymy

Epilepsy, Generalized

: Seizure Disorder, Generalized

Epilepsy, Grand Mal
: Tonic-Clonic Epilepsy

: Seizure Disorder, Tonic Clonic :

WordNet

generalized epilepsy




Differing categorization

UMLS WordNet

[Natural Phenomenon or Process] phenomenon

~. —

[Biologic Function] process

~ —

[Pathologic Function] natural process

o~ —

[Disease or Syndrome] decay

Falth
dis. dJder

Health

: Dental Caries :
i Dental cavity, NOS L

: : 5 : : caries
: Tooth caries = Dental Caries ——

: i dental caries
R : tooth decay




Formalisms and Tools




Ontology and Formalism

& Frames

¢ Description logics
e OWL DL

¢ First-order logic

¢ OBO Format
e Conversionto OWL DL




Tools for ontology developers

¢ Protege rotéaé
Publicly available protege

Fram?S_ and DL http://protege.stanford.edu/
Classifier

Supports many file formats (import/export)

Large community of users

Well supported

http://protege.stanford.edu/ )BO - Edi

¢ OBO-Edit [] The OBO Ontology Editor

e Specific to the biomedical/OBO community
e Simpler than Protégé (“tool for biologists™)
e http://oboedit.org/
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Overview

¢ Structural perspective [J. Cimino, YBMI 2006]
e 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 (UMLYS)




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://www.who.int/classifications/icd/en/
%
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ICD Characteristics (2)

¢ Number of
e Concepts: 12,318
e Terms: 1 per concept (tabular)
¢ Major organizing principles:
e Tree (single inheritance hierarchy)

e No explicit classification criteria
= ldiosyncratic inclusion/exclusion mechanism

e .8 slots for Not elsewhere classified (NEC)
e .9 slots for Not otherwise specified (NOS)

¢ Formalism: Proprietary format
e

NLM



ICD Top level

A00-B99 Certain infectious and parasitic diseases
Coo0-D48 Meoplasms

DEO0-DE9 Diseases of the blood and blood-forming organs and certain disorders invalving the
immune mechanism

EOO-ESO Endocrine, nutritional and metabolic diseases
FOO-F99 Mental and behawvioural disorders
G00-599 Diseases of the nervous system
HOO-HE9 Diseases of the eye and adnexa
HE60-H9E Diseases of the ear and mastoid process
I00-199 Diseases of the circulatory system
Joo-Jog Diseases of the respiratary system
KOO-K93 Dizeases of the digestive system
LOO-L99 Diseases of the skin and subcutaneous tissue
MO0-r99 Dizeases of the musculoskeletal system and connective tissue
MOO-N99 Diseases of the genitourinary system
Q00-099 Pregnancy, childbirth and the puerperium
POO-PO& Certain conditions originating in the perinatal period
00-099 Congenital malformations, deformations and chromosomal abnarmalities
ROO-R99 Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
S00-T98 Injury, poisoning and certain other consequences of external causes
VO1-v08 External causes of morbidity and mortality
Z00-299 Factors influencing health status and contact with health services
Loo-u9g Codes for special purposes
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ICD Example

¢ ldiosyncratic inclusion/exclusion criteria

Insulin-dependent diabetes mellitus

See before E10 for subdivisions ]

Includes: diabetes (mellitus):
- hbrittle
- Juvenile-onset
- ketosis-prone
- type I

Excludes: diabetes mellitus {in}:
+ malnutrition-related { E12.-
- neonatal { P70.2 0
- pregnancy, childbirth and the puerperium { 024.-
glycosuria:
- NOS { RB1 )
- renal { E74.8 )
impaired glucose tolerance { B73.0 )
postsurgical hypoinsulinaemia ( EG9.1 3




ICD Example

¢ Not elsewhere classified (NEC)
¢ Not otherwise specified (NOS)

Cystic fibrosis

Includes: mucoviscidasis

Cystic fibrosis with pulmonary manifestations

Cystic fibrosis with intestinal manifestations

Meconium ileus+ { PYE* 3

Excludes: meconium obstruction in cases where cystic fibrosis is
known not to be present { P76.0 3

Cystic fibrosis with other manifestations

Cystic fibrosis with combined manifestations

Cystic fibrosis, unspecified




Logical Observation Identifiers,

Names and Codes (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

%
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LOINC Characteristics (2)

¢ Number of
e Concepts: 50k active codes (2.18)
e Terms: n/a*
¢ Major organizing principles:
e No hierarchical structure among the main codes

e 0 axes
Component (analyte [+ challenge] [+ adjustments])
Property
Timing
System
Scale
[Method]

¢ Formalism: “DL-like”




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




SNOMED Clinical Terms




SNOMED CT Characteristics (1)

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

¢ Type: Reference terminology / ontology
¢ Domain: Clinical medicine

¢ Developer: IHTSDO

¢ Funding: IHTSDO

¢ Availability
e Publicly available: Yes* (in member countries)
e Repositories: UMLS

¢ URL.: http://lwww.ihtsdo.org/
e

NLM




SNOMED CT Characteristics (2)

¢ Number of
e Concepts: 311,313 active concepts (Jan. 31, 2008)
e Terms: 794,061 active “descriptions”

¢ Major organizing principles:

e 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)
e

NLM




SNOMED CT Top level

Hierarchy 1o ntype hierarchy

S3[128875005 SNOMED CT Concept
. a62981000  qualifier value
+. 106237007 Iiﬂl:aqe C IZII'IIZE'[II’[
T. 370115009
+[e43176007 SOC: 1| C |:|r|t|—' t
+ .4 19891008  record artifact
. _.L| 470 TIZIIZI_' observable entity
By 'Ir'l‘lr'|r'r'|F'r'|t or geographical location
'- : _'_HIZIIZIIZI 't1|:||ru1 1rui scales
03 body structure
event
| I physical force
T.4”4 64005 clinical finding
+ . 2 El I T- IT I I:I4 physical object
organism
procedure
pharmaceutical / biologic product
situation with explicit context
: (o 1 I:I'5'5'] 000 substance




SNOMED CT

Hisrarchy | &) btype hierarchy
[W 27010007 partial excision of large intestine
8613002 operation on appendix
S3]50146002  appendectarn
C P incidenta

O
e 1

+{a 174036004

}E 174045003

+{q B02a007
235413004

Inversion appendectomy
excision of appendiceal stump

appendectomy - Definition
Concept Status: Current
TDescriptions
appendectormy (procedure)
Id appendectomy
k=] excision of appendix
[¥] appendicectomy

gl - NN Lo | RPN JUIST. Y I BN
||_-'I|:-';'-|I |r-|I ||l |I Ll |r-||. ||_ II_-II |I ||_I!." l.-;":-‘;rll |r-|||:-'|_-|‘I l-r_-I_I!." e
L.

== 4
*;rmp:artial excizion of large intestine
Hoperation on appendi
=l roL
“method
‘ +[excision - action
-nrocedure site - Direct
+[appendix structure

—ICalifiers




Foundational Model of Anatomy




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
e Repositories: [UMLS] / OBO / NCBO BioPortal

¢ URL.: http://fma.biostr.washington.edu/
e

NLM




FMA Characteristics (2)

¢ Number of
e Concepts: ~72k
e Terms: ~1.5/ concept
¢ Major organizing principles:
e Explicit classificatory criteria
e Distinct isa and part_of hierarchies
e Additional spatial relations (e.g., adjacency)
e Multiple levels of granularity (organism to sub-cellular)

¢ Formalism: Frames (Protege)
e Conversion to OWL Full and OWL DL available




FMA Top level

Anatomical Entity
Physical . Non-Physical
Anatomical Entity -1s a- Anatomical Entit
Anatomical
Relationship

(Courtesy of C. Rosse)

Material Physical Non-material Physical
Anatomical Entity Anatomical Entity
Substance Space

Structure

Biological Cell
Macromolecule
Cell X Organ QOrgan Body Human




FMA Example

(Courtesy of C. Rosse)

Anatomical

Anatomical Space )
P Structure

A

Organ Cavity Organ
Subdivision Cavity

| —

’/_,.«-”'

Organ

Organ Part

Serous Sac
Cavity

Serous Sac
Cavity

Serous Sac

Organ
Component

Organ
Subdivision

Tissue

Subdivision

\ /é’ff’ﬂﬂ%’i// Pleural FI'IV
Plenral A
of Sac)
/ C rn ity / ,,,Jr E
/ Pﬁﬁe’i’:‘:;/ / """ /
Pleur / P:sce’r;;y/
/ Infe'ﬂﬂbﬂr / Pleur \
recess ‘Iffe'dmsfmaf .f/ *
Plewrn / ‘Irfﬂa.rhfhrmr 0

/
7

9

/

of Plenra




Gene Ontology




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
e Repositories: UMLS / OBO / NCBO BioPortal

¢ URL.: http://www.geneontology.org/
e

NLM




Gene Ontology Characteristics (2)

¢ Number of
e Concepts: 22,546 (Jan. 2, 2007)
e Terms: 2.15 per concept
¢ Major organizing principles:
e 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
e

NLM




Gene Ontology Top level (MF)

10005575 ¢ cellular_component [169 0
B B G0:0003674 : molecular_function [168558 gene productﬁ] E
1] GOO016209 0 an
GO:0015457 | 4

HEHH
[ |

H
O
& B

HEHHODEHBMNRHHE
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Gene Ontology Top level (CC)

LI all: all [250418 gene [::-r-:::--:ju-:::t:z:] E

FH EH A

S enwelope [3316 & products ]

[+

500021012 ¢ extracellular matrix [573 gene products]
glafa = trgcellular matrix part ene products]

3 2 B 3 23 3 3 [ £ R [ £

—




Gene Ontology Top level (BP)

(1 all : all [250418 gene products] B
=] G(:0008150 : biological_process [166605 gene products] E

3 I 2 2 2 2 2 2 2 3 7 23 3 [ 3 [ 23

IR ERPR4dRlRERERRRREEE

LET0
GO,
LET0
G0
[E10}
LET0
=0
GO,
LET0
G0
GO,
LET0 %
=0
GO,
LET0 %
G0
GO,
LET0 %
GO,
GO,
LET0 %
GO,

Q022610 :
QOs5007
Q001906 ¢
Qo095 |

Q032502

Qo4000°7

00511749

0032501
0048512

00485148

biological adhesion [1586 gene products]
biological regulation [31031 gene products]
cell killing [177 gene products]

cellular process [F9087 gene products]

: developmental process [19678 gene products]
Q051234 .

establishment of localization [15270 gene products]

cgrowth [4139 gene products]
QO0Z2376 .

immune system process [2517 gene products]

: localization [17811 gene products]
Qo40011
0008152
Q051704 .

locomotion [1251 gene products]
metabolic process [61127 gene products]
multi-organism process [4780 gene products]

» multicellular organismal process [20567 gene products]
: negative regulation of biological process [E0327 gene products]
Q043473 .

pigmentation [235 gene products]

: positive regulation of biological process [6585 gene products]
QOS0789 .
QoOO0003
Q022414 .
Q0S0896 ¢
Q043511 ¢
Q016032 .

regulation of biological process [28645 gene products]
reproduction [63242 gene products]

reproductive process [2535 gene products]

response to stimulus [16487 gene products]

riythmic process [404 gene products]

viral reproduction [536 gene products]




mol ecul ar_ fun ction

Gene Ontology E |

catalyti c activity

1 all; all [250418 gene products] l
B 30:0003674  molecular_function [188558 gene products] UGS EE ettty
B G0:0003824  catalytic activity [51856 gene products] l
B 300016740 ; transferase activity [15763 gene products

transferase activity,

B 500016772 transferase activity, transferring phospt transferring

phosphorus-containing groups

products]
B 500016301 ¢ kinase activity [6093 gene products] / \

B 500004672 @ protein kinase activity [3504 gene L e e

kinase activity

B 500004712 ¢ protein serine/threonine/tyrosir dcohol group as acceptor
B G0:0004708 : MAP kinase kinase activit \ /
B 30:0016773 : phosphotransferase activity, alcohol
H 500004872 ;0 protein kinase activity [3504 gene protein kinase activity

B 300004712 protein serine/threonine/tyrosir l
B [esFl[iEFil: : MAP kinase kinase activit

protein threonine/tyrosine
kinase activity

l

MAP kinase kinase activity




RXNorm




RxNorm Characteristics (1)

¢ Current version: June 2, 2007 (monthly releases)
¢ Type: Controlled terminology

¢ Domain: Drug names

¢ Developer: NLM

¢ Funding: NLM

¢ Availability
e Publicly available: Yes*
e Repositories: UMLS

¢ URL.: http://www.nIlm.nih.gov/research/umis/rxnorm/
e

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
e No hierarchical structure
e Links to all major US drug information sources
e No clinical information

¢ Formalism: UMLS RRF format




RxNorm Normalized form

Strength Ingredient

Amg/ml Fluoxetine Oral Solution

Strength Ingredient

Semantic clinical drug component

Ingredient Dose form

Semantic clinical drug form

Strength Ingredient

Semantic clinical drug




Rx Norm Generic vs. Brand

¢ Generic ¢ Brand
e 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 drug < e Branded drug
(SCD) (SBD)

tradename_of




RxNorm Relations among drug entities

Cetirizine
RXCUI=20E10

TTY=IN

has_ingredient

Cetirizing Dihydrochloride
RXCUI=203150
TTY=iN

precse ingrecsent_of

Catirizing 5 MG
RXCUI=3Z8387

RXCUI=315025
TTY=5CD

has_presica_ingredient
tradename_ofl

Cetirizine 5 MG [2yrtec]

has_tradename

constfutes

consists ol

tradename_of

hag_lradename

dose_form_of dosa_fom_of

Cotirizing 5 MG Oral Tablet [Zyrtec]

L RXCUI not available
TTY=SBDC

RXCUI=21053T
TTY=580

has_dose_form | |‘# has_cosa_form

S el Oral Tablet

IMErSE_IBa

Bl Cetirzine Oral Tablet
W RXCUI=371364
TTY=SCOF

m_maa_hm'

RXCUEI1T541
TTY=0F II has_dose form

Catirizine Oral Tablet [Zyrtec|
RXCUI=367925
TTY=S80F




Medical Subject Headings (MeSH)

a4




MeSH Characteristics (1)

¢ Current version: 2008 (yearly releases)
¢ Type: Thesaurus / Controlled vocabulary
¢ Domain: Biomedicine

¢ Developer: NLM

¢ Funding: NLM (Library Operations)

¢ Availability
e Publicly available: Yes
e Repositories: UMLS / NCBO BioPortal

¢ URL.: http://www.nIm.nih.gov/mesh/
%

NLM




MeSH Characteristics (2)

¢ Number of
e Concepts: 24,767 descriptors (2007)
e Terms: 7.5 per descriptor

¢ Major organizing principles:

e Descriptor + entry terms
(also: Qualifiers, Supplementary concepts)

e Thesaurus relations (RB/RN/RO)
¢ Formalism: Thesaurus / Proprietary XML DTD




MeSH Top level

. I Anatomy [A]

. [ Organisms [B]

. E Diseases [(]

. [ Chemicals and Drugs [D]

. I Analvtical, Diagnostic and Therapeutic Techniques and Equpment [E]
- [ Psvchiatry and Psvchology [F]

. Xl Biological Sciences [(]

. [ Natural Sciences [H]

. [ Antlwopology, Education, Sociology and Social Phenomena [I]
. Technology, Industry, Agriculture [J]

- ] Humanities [E]

. [ Information Science [L]

- B Named Groups [M]

. El Health Care [I¥]

. [ Publication Characteristics [V]

- [ Geographicals [Z]




MeSH Example (terms)

NeSH
Heading

Hydrocortisone

Tree
Number

D4 808745745 654 600

Tree
Number

D06.472. 040, 585,353 476

Tree
Number

D& 472 040 585 478 552

Scope Note

The main ghicocorticoad secreted by the ADEEINATL COETEZL Tts synthetic counterpart 15 used,
etther as an injection or topically, i the treatrnent of mflarmation, allergy, collagen diseases, asthma,
adrenocottical deficiency, shock, and some neoplastic conditions.

Entiv Term

11-Epicortisaol

Entiv Term

Cortifar

Entiv Term

Cottizol

Entiv Term

Cortrl

Entiy Term

Epicortiscl

Entiy Term

Hydrocortisone, (11 alpha)-Isomer

Entiy Term

Hydrocortisone, (9 beta, 10 alpha, 11 alpha)-Isomer




MeSH Example (hierarchies)

Chemicals and Drugs

/\

Polycyclic Compounds

Hormones, Hormone Substitutes, and Hormone Antagonists

A

Steroids

A

Pregnanes

Pregnenes
A

Pregnenediones

N\

A

Hormones

Adrenal Cortex Hormones

Hydroxycorticosteroids

/\

11-Hydroxycorticosteroids | | 11-Hydroxycorticosteroids

/

Hydrocortisone




NCI Thesaurus




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
e Repositories: UMLS / OBO / NCBO BioPortal

& URL.: http:/Inciterms.nci.nih.gov/
e

NLM




NCI thesaurus Characteristics (2)

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

¢ Formalism: OWL Lite




NCI thesaurus Top level

MNCI_Thesaurus Taxonomy

B @ Abnormal Cell

=l A ctrnty

B & Anate -mir- structure, Systetn, or Substance
8 B Biochemical Pathway

8@ Conceptual Entity
BE . I"'ikiﬂn- -"til Thrx Lq::-ﬁutil:-, and Eesearch Equipment

g edical Material

E Experunental Organism Anatorical Concept
= Expenmental Orgamsm Diagnosis
B E Gene
B [ Gene Product
8 @ Molecular Abnormality
B B NCT Administrative C oncept

[+] Cirgatusin
Bre opetty of Attribute
B [ Retired Concept




NCI thesaurus Example

Concept Details

URI: http:/fnciterms.nci.nih.gov: 80/NCIBrowser/ConceptReport. jsp?dictionary=NCI_Thesaurus&code=CZ2919
Version: June 2007 {07.06d)

Information about this concept:

DEFIMITION
Prostate Adenocarcinoma

Identifiers:
name Prostate_Adenocarcinoma
code cz919

Relationships to other concepts:

Cisease_Has_Finding Invasive Lesion

Disease_Has_Abnormal_Cell
Disease_Has_Mormal_Tissue_Origin
Cisease_May_Have_Finding
Disease_Has_Finding

Cisease_Excludes_abnormal_Cell

Adenocarcinoma Cell

Prostatic Epithelium

Serum Prostate Specific Antigen Increased
Carcinomatous Caomponent Present

Superconcepts:
Meoplastic Smooth Muscle Cell

Synonym with source data
Synanym with source data

Synonym with source data

_ _ Adenocarcinoma Preferred_Narne
Disease_Excludes_abnormal_Cell Malignant Sguarnous Cell

: : : : Cormrnan Carcinoma Semantic_Type
Diusease_Has_Primary_Anatomic _Sie Prostate Gland . .
) ) . . . Inwvasive Prostate Carcinoma Synonym
Disease_Has_Associated_Anatoric_Site Male Reproductive System
Subconcepts: Synenym
Cisease_Excludes_abnormal_Cell Malignant Strormal Cell
Acinar Prostate Adenocarcinoma Synonym
Disease_Has_Associated_Anatoric_Site Prostate Gland

] o ) . Metastatic Prostatic Adenocarcinoma Unified Medical Language System Concept
Cisease_Has_Mormal_Cell_origin Epithelial Cell Identifier

Moderately Differentiated Prostate Adenocarcinorma

Poorly Differentiated Frostate Adenaocarcinoma

Prostate Adenocarcinoma with Focal Neurcendocrine Differentiation
Prostate Ductal Adenocarcinoma

Stage III Prostate Adenocarcinoma

Stage II Prostate Adenocarcinorna

Stage I Prostate Adenocarcinoma

Well Differentiated Prostate Adenocarcinoma




Unified Medical Language System

(UMLS)

A
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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://lumlisks.nim.nih.gov/
%

NLM




UMLS Characteristics (2)

¢ Number of
e Concepts: 1.5M (2008AA)
e Terms: ~6M

¢ Major organizing principles (Metathesaurus):
e Concept orientation
e Source transparency
e Multi-lingual through translation

¢ Formalism: Proprietary format (RRF)




Integrating subdomains

Other
subdomains

Clinical
repositories

\

| SNOMED CT |

NCBI
Taxonomy

Model
organisms

OMIM

Genetic
knowledge bases

Biomedical
literature

Genome
annotations




Semantic Types Anatomical
Structure

Fully Formed

Anatomical Embryonic
Structure Structure

Disease or
Syndrome

Body Part, Organ o
Organ Component 2 harmacologic} Population Semantic

Substance Group Network

Metathesaurus
Saccular

Esophag

/ \
5 i Viscus ] ‘
/ Angina
’ /49 Pectoris

16

CardiotoniC/
/_ eft Phrenl
Nerve /
Tissue
Heart Fetal 3g Donors
13 Valves 5o Heart
Concepts




Addison’s Disease: Concept

: ADRENAL INSUFFICIENCY (ADDISON'S DISEASE)

] ADRENOCORTICAL INSUFFICIENCY, PRIMARY FAILURE
Disease or Syndrome . Hypoadrenalisms, Primary

: Melasma addisonii

. Primary adrenal deficiency

: Asthenia pigmentosa

| Bronzed disease

: Insufficiency, adrenal primary

: Primary adrenocortical insufficiency

. Addison's, disease

i Maladie d'Addison - French

: Addison-Krankheit - German

: Morbo di Addison - Italian

: Doenca de Addison - Portuguese

: AQONCOHOBA BOJIE3Hb - Russian
L 7YY VY5 - Japanese

Addison’s Disease

SNOMED CT

An adrenal disease characterized by the progressive destruction
MeSH of the adrenal cortex, resu!ting in ir)sgﬁicient prodU(_:tion of
aldosterone and hydrocortisone. Clinical symptoms include
MedDRA C0001403 anorexia; nausea; weight loss; muscle ewakness; and
hyperpigmentation of the skin due to increase in circulating
levels of ACTH precursor hormone which stimulates
melanocytes.




Metathesaurus Concepts ooras)

¢ Concept (~1.4M) CUI  i|[A0066000 Headache (MeSH)

A0065992 Headache (ICD-10)
o
Set of synonymous 0046854
concept names

A0066007 Headaches (MedDRA)
¢ Term (~5.3 M) LUI A12003304 Headaches (OMIM)

e Set of normalized names 50046855
¢ String (-~ 5.9M) SUI 10018681

e Distinct concept name A0540936 Cephalodynia (MeSH)
¢ Atom (~7.2M) AUI S0475647

e Concept name L0380797
In a given source C0018681




Name

SNOMED CT

LOINC

FMA
Gene Ontology

RxNorm

NCI Thesaurus

Scope

Clinical medicine
(patient records)

Clinical observations
and laboratory tests

Human anatomical
structures

Functional annotation
of gene products
Standard names for
prescription drugs
Cancer research,
clinical care, public
information

Diseases and
conditions

(health statistics)
Biomedicine
(descriptors for
indexing the literature)
Terminology
integration in the life
sciences

# concepts

310,314

46,406

~72,000
22,546

93,426

58,868

12,318

24,767

1,4M

Median

Subs. Hier

yes

\ersion

July 31, 2007

\ersion 2.21
(no “natural language”
names)

(not yet in the UMLYS)
Jan. 2, 2007

Aug. 31, 2007

2007_05E

1998 (tabular)

Aug. 27, 2007

2007AC (English
only)

[Bodenreider, YBMI 2008]
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Overview

¢ Functional perspective [Bodenreider, YBM| 2008
e What are they for (vs. what are they)?

¢ “High-impact” biomedical ontologies

¢ 3 major categories of use

e Knowledge management (indexing and retrieval of data and
Information, access to information, mapping among
ontologies)

e Data integration, exchange and semantic interoperability
e Decision support and reasoning (data selection and

aggregation, decision support, natural language processing
applications, knowledge discovery).




Knowledge management




Knowledge management

Annotating data and resources




Terminology In ontology

¢ Ontology as a source of vocabulary

e List of names for the entities in the ontology
(ontology vs. terminology)

¢ Most ontologies have some sort of terminological
component

e Exceptions: GALEN, LOINC
¢ Not all surface forms represented

e Often insufficient for NLP applications

e Large variation in number of terms per concept across
ontologies




Annotating data

¢ Gene Ontology

e Functional annotation of gene products
In several dozen model organisms

¢ Various communities use the same controlled

vocabularies
¢ Enabling comparisons across model organisms

¢ Annotations
e Assigned manually by curators
e Inferred automatically (e.g., from sequence similarity)




GO Annotations for Aldh2 (mouse)

G0 Annotations in Tabular Form  {Text View) (GO Grap M G -

| Category Classification Term | Bvidence

Molecular Function
Maolecular Function
Maolecular Function
Cellular Component
Biological Process

Biological Process oxidation reduction

http:// www.informatics.jax.orq/




GO Annotations

Molecular Function
tanually curated

Biclogical Process
hWanually curated
Cellular Component

hWanually curated

High-throughput

GO ALDA4 In Yeast

Al ALD& =0 evidence and references

Wiew Computational 30 annotations for ALD4

aldeyde defmydrogenase (NADY activity [(IDA, IMP, 155)
o Fldehyde debydrogenase [MAD(F)+] activity |IDH|

ethanol metabolic process (IMP)

ritochondrial nucleoid (IDA)
« mitochondrion (IMP, [55)
mitachondrian (1DA)

http://db.yeastgenome.org/




GO Annotations for ALDH2 (Human)

Function
GO001 6491 oxidoreductase activity interpro IEA  IPRO155%90 LIniProt
GO0016E491  oxidoreductase activity interpro IEA  IPROTET16D LIniProt
GO0016491  oxidoreductase activity interpro IEA  IPROTETRZ LIniFrot
GO0016E491  oxidoreductase activity interpro IEA  IPROTETET LIniFrot
GO:0016491 oxidoreductase activity S bty IEA KMW-05E0 LIniProt

GO:0004029 [aldehyde dehydrogenase (MADY 113061145 TAS PIMNC
activity

GO:0004030  aldehyde dehwdrogenase Ba03321 TAS FIrMC
[MADPY+] activity

GO:0008055  electron carrier activity 2903321 TAS LIniProt

GO:000402%  aldehyde debydrogenase (MADY enzyme IEA  1.2.1.3 LIniProt
activity

http://www.ebi.ac.uk/GOA/




Indexing the biomedical literature

a4

¢ MeSH

e Used for indexing and retrieval
of the biomedical literature (MEDLINE)

¢ Indexing

e Performed manually by human indexers

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

e Automatic indexing systems




MeSH MEDLINE indexing

[11: Anesth Analg. 2008 Jun; 106(6):1813-3. Related Articles,
Links

‘= | Full Text
% | Anesth Analg

Free cortisol in sepsis and septic shock.

Bendel §, Earlsson §, Pettlla V, Loisa P, Varpula M, Eunclkonen E; Fimsepsis Study Group.

P Collaharators [2A]
Departtment of Intensrre Care, Kuopto Untversity Hospital, PL 16222 Kuopio, Finland. Stepar Bendeli@lkuh f

BACEGEOUND: Severe sepsis activates the hypothalamopthitary ass, mcreasing cortisol production. In some
studies, hydrocortisone substitution based on an adrenocorticotropic hormone-stimulation test of baselne corhisol
teasuretnent has wnproved outcotme. Because only the free fraction of cortizol 15 active, measurement of free cothisol
tnay be more inpottant than total cortisol in crtically il patients. We measured total and free cortisol in patients wath
severe sepsis and related the concentrations to outcome. METHODS: In a prospective study, severe sepsis was
defined according the Amencan College of Chest Physicians/Society of Critical Care Medicine criteria. Blood
samples were drawn within 24 h of study entry. Serumn cortisol was analvzed by electrochermlurminescence
tnmunoassay. The Coolens method was used for calculating serum free cortisol concentrations. EESTILTS: Blood
samples were collected from 125 patients, of whom 62 had severe sepsis and 632 septic shock. Hospital mortality
was 21%. Calculated free serum cortisol correlated well with senum total cothisol (1= 090, F = 0.001). There was
no difference m the total cortisol concentrations m patients with sepsis and septic shock (728 +/- 286 nmolil ws 793
+- 439 nmolL, P =044 Nonsurvvors had lgher calculated serum free (202 H- 151 nmolL) and total (980 +/-
458 nmoll) cortisol concentrations than surwvors (119 +- 111 nmelL, P = 0,002, and 704 +H- 382 nmoll., P =
0.002). Depending on the definttion, the ncidence of adrenal meufficiency varied from 8% to 54%.
CONCLITEIONS: Chucally, calculation of free cortisel does not prowide essential mformation for identification of

patents who would benefit from corticoid treatment i sewvere sepsis and septic shock




MeSH MEDLINE indexing

Ile=H Terms:
Adrenal Cortex Function Tests
& drenal Insuthiciencyiblood®
Adrenal Insufficiencyidn -
Y 11: enal Insufficienciyime -IT..ﬂ.‘lT’.u
Biolomcal Markersiblood
+ Female

¢ Finland/epidemiclogy

1:I|*-11| ‘L‘1" Falue of Tests

SED 1I 111-'-1TE1]1 v

* & & & &+ * * + * + »

Treatment Cnutcotme

seutic use
* E a ::-1;-'111—1-1{&1&1'5 E-'E-t]ﬂ'lEitE substances:
cal Markers

:11- cottisone




MeSH MEDLINE indexing

[11: Ezpert Opmn Investg Drugs. 2008 Apr; 17(43:497-508, Related Aricles,
Links

E._HREH Full baxt articla a

O www sxparbopin.com

Replacement therapy for Addison's disease: recent developments.

Lovias K, Husebve ES.

Tversity of Bergen, Insttute of Medicine, Section of Endocnnology, 5021 Bergen, Norway.
Eristian lovasi@helse-bergen. no

BACE GEOUMND: The hormone deficiencies m Addison's disease (primary adrenal msufficiency) are conventionally
treated with oral glucocorticad and mineralocorticotd replacement but the avallable therapies do not restore the
physiological hormone levels and biorhythm. Despite such treatment these patients self-report impaired health-related
quality of lite (HEQoL) and recent research has mdicated increased mortality, OBJECTIVEMETHODS: We review
the literature and recent developments in replacement therapy. EESULTS/CONCLITSION: Patients wath Addizon's
disease require mineralocorticord replacement, e, fludrocortisone 0.05 - 020 mg once daly. Starting doses of
glucocotticaids should be 15 - 20 mg for hydrocortisone of 20 - 30 mg for cortisone acetate, dinded mto two or
three doses, and preferentially weight-adjusted. There are mdications that the synthetic glucocorticoids have
undesirable metabolic long-termn effects, which malce them less sutable as first-line treatment. Tined-release
hydrocortisone tablets and contimicus subcutanesus hydrocortisone infiision are protuising new treatrment modalities.
wtudies of replacement with the adrenal androgen dehvdroepiandrosterone (DHEA) in adrenal falure have shown
inconsistent benefit on HE QoL DHEA | or possibly testosterone replacement 13 likkely to be beneficial for selected
groups of patients with Addison's disease but this retnaing to be shown, We here give our opinion of the best
treatment and future direction of research in this area.




MeSH MEDLINE indexing

H T"IIIL mubstances:
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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 B;ﬁ o Mo.;;m .

For this Prefent Yea

B8 3o nin tI (fD ’ 156 4. and 4
; it . bFI] ing:




Knowledge management

Accessing biomedical information




Resources for biomedical search engines

¢ Synonyms
¢ Hierarchical relations }
¢ High-level categorization

¢ Co-occurrence information

¢ Translation




MeSH “synonyms” MEDLINE retrieval

¢ MeSH entry terms
e Used as equivalent terms for retrieval purposes
e Not always synonymous

¢ Increase recall without hurting precision




MeSH “synonyms” MEDLINE retrieval

& zervice of the 1.5, Mational Library of Medicine

= T Dot Tootiaon of Hedl
. and the Mational Institutes of Health
> NCBI PubNled —

Www.pubmed. gov
all Databases FubMed Mucleotide Protein Genome Structure

search | Pubbed viooadrenalism

About Entrez
Text Version

Entrez PubiMed JE "[A11 Fields] AND
Olverview = ="[L1l1l Fields]) OR "= 1 "[Lll Fields] OR
Help | FAL ("primary"[Ll]l Field LMD "h nalism™[All Fields]) CR
Tutonals

MewsMoteworthy B
E-Utilities

FubMed services

Journals Database
fMeSH Database

aingle Citation e
Matcher I mearch

%

NLM




MeSH hierarchies MEDLINE retrieval

¢ MeSH “explosion”

e Search for a given MeSH term
and all i1ts descendants

e A search on Adrenal insufficiency
also retrieves articles indexed with
Addison disease

Adrenal insufficiency
A

Addison disease




< o, [T
(-) NCBI PUb Ed R I Welcarne olivier_bodenreider. [Sign Out

wWww,.pubmed.gov

all Databases PubMed Mucleotide GENDME Structure QLM PMC Journals Books
Zearch  FPubhed v | for "adrenal insufficiency"MeSH Terms] [ Go ] [ Clear] Advanced Search (beta)

save search

| Limits | Previewfindex | History | Clipboard | Details

Display | Summary % | Bhow |20 % | SortBy ¥ Sendto b

e

| Al:8994 | Review: 1069 [

Items 1 - 20 of 8004 1 of 450 Next

[]1: Bendel3 Karlsson 3, Pettili ¥, Loisa P, Varpula M, Fuokonen E; Finnsepsis Study Group. Felated Articles, Links

Free cortisol in sepsts and septic shoclo

Anesth Analg, 2008 Jun, 104618139,
PLIID: 12499615 [Publded - indexed for MEDLINE]

Lubashitzkoy B Oupti . Felated Aricles, Links

Corticosterords for septic shoclk

N Engl I Med 2008 May 2,358(19:2069; author reply 2070-1. Mo abstract available.
PIIID: 12467975 [Publded - indexed for MEDLINE]

™
] »

[]12: Levis K Husebye B3

Felated Aicles, Links

Eeplacement therapy tor Addison's disease: recent developments.

Expert Opin Investig Drags. 2008 Apr, 17040 :497-509. Review.
FLIID: 15363515 [Fublied - indexed for MEDLINE]




what

C O - i n d eXi n g —||_, - Top categories

= Chemicals and Drugs [392]
o Cyclooxydgenase 2 [217]
Cyclooxygenase 2 Inhibitars [259]
Prostaglanding [555]
Prostaglandin-Endoperoxide Syrthaszes [E67]
MF-kappa B [1355]
_ RMA, Messenger [222]
Arti-Inflammatory Agerts [414]
http://www.gopubmed.com/ - more
- biological_process [551]
: cyclooxygenaszse pathway [303]
- more
Biological Sciences [960]
_ Up-Regulation [156]
- mare
Dizeazes [751]
_ Inflamimation [192]
- mare
Qrganisms [3595]
Technigues and Equipment [S09]
molecular_function [453]
Anatomy [77E]
Mamed Groups [255]
cellular_component [Z07]
Matural Sciences [661]
Technology, Industry, Agricutture [147]
Pzychiatry and Psychology [356]




Knowledge management

Mapping across biomedical ontologies




Reusing information

¢ 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




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

MeSH descriptor

Medical text

MetaMap




Terminology integration systems

¢ Terminology integration systems (UMLS,
RxNorm) help bridge across vocabularies

¢ Uses
e Information integration
e Ontology alignment
e Medication reconciliation




Integrating subdomains

Other
subdomains

Clinical
repositories

\

| SNOMED CT |

NCBI
Taxonomy

Model
organisms

OMIM

Genetic
knowledge bases

Biomedical
literature

Genome
annotations




Integrating subdomains

Clinical
repositories

Other
subdomains

Model
organisms

Genetic
knowledge bases

Biomedical
literature

Genome
annotations




Trans-namespace integration

Addison's disease Clinical
(363732003) repositories

| Biomedical
literature

— Addison Disease (D000224)




Data Integration, exchange and

semantic interoperability




Data Integration, exchange and

semantic interoperability

Information exchange
and semantic operability




“Standards”

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

¢ LOINC

e Exchange of laboratory data
e In conjunction with HL7 messaging




Semantic interoperabillity projects BRIDG

¢ Biomedical Research Integrated Domain Group
e Information model for clinical research

e Interoperability between clinical trials information
systems

e Ontologies provide value sets to the information model




Semantic interoperabillity projects CDA

¢ Clinical Document Architecture (CDA R2)

e Formal representation of clinical statements
= Clinical observations
= Medication administration
= Adverse events

e Associate an information model (HL7 RIM) with
terminologies (LOINC, SNOMED CT, RxNorm)




Semantic interoperability projects caCORE

¢ Cancer Common Ontologic Representation
Environment

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

e Uses the NCI Thesaurus as a component




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 e Global schema (in
common format and reference to which the
converted to a common queries are made)

vocabulary
e Ontologies help define

.. the global schema and
e Normalization through map between local and

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




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




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

e 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




Data aggregation

¢ Ontologies help partition/aggregate data in data
analysis

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

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

= Recent trend: co-clustering




Decision support

¢ Clinical decision support

e 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)




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




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)




Barriers to usability of biomedical

ontologies




Availability

¢ Many ontologies are freely available

¢ The UMLS is freely available for research
purposes

e Cost-free license required

¢ Licensing issues can be tricky

e SNOMED CT is freely available in member countries
of the IHTSDO

¢ Being freely available

e Is a requirement for the Open Biomedical Ontologies
(0]=]0)

e Is a de facto prerequisite for Semantic Web applications




Discoverability

¢ Ontology repositories

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

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

e Limited overlap between the two repositories
¢ Need for discovery services



Formalism

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

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




Ontology Integration

¢ Post hoc integration , form the bottom up
e UMLS approach

e Integrates ontologies “as Is”, including legacy
ontologies

e Facilitates the integration of the corresponding datasets
¢ Coordinated development of ontolgoies
e OBO Foundry approach

e Ensures consistency ab initio
e EXxcludes legacy ontologies




Quality

¢ Quality assurance in ontologies Is still imperfectly
defined

e Difficult to define outside a use case or application

¢ Several approaches to evaluating quality

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

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

¢ Graphical interfaces

UMLS Knowledge Source Server

NCBO BioPortal

NCI Thesaurus

MeSH browser

Foundational Model of Anatomy (FMA) Explorer
Gene Ontology AmiGO

ICD-10 online

RxNav (RxNorm)

¢ Application Programming Interfaces

e

/ I
NLM




Graphical interfaces




UMLS Knowledge Source Server

; Home @ Help | Log OFF
UMLS Knowledge Source Server (UMLSKS)

Metathesaurus Search

Entet kerm
Input type: @ Term C'cul O code

Release: Indesx:

200844 » || Mormalized String

i Please enter a Term, CUI or Code,

http://umlisks.nlm.nih.gov/




Siblings
Concepts & Tdeas

+ Clinical
Syndromes O

Disorders

Aarskog
syndrome O
Abstinence
Syndrome O
Achard
Syndrome O
Acroparesthesia
Syndrome O
ACTH
deficiency O
Acute coronary
syndrome O
Lddisorman
crisis O

Adie
Syndrome O
Ldrenal cortex
atrophy o

PN ROy |

<

UMLS Semantic Navigator

/ § Other Eelated
Concepts

lon-Neoplastic Endocrine Mon-Meoplastic Adrenal Gland ) . .
Disorder Disorder Disorder of immune function Aniatommy

+ Ahdominal
Other disorders of adrenal Cavity 0

gland s Llenol

3 Cortex 0

+ Adrenal
1al gland hypofunction | Hlands o

+ Endocrine

R P

<

|

Co-occmring
Addison's disease Concepts

Anatomy

* bdrenal
Cortex [13] &
¥ e Adrenal

Ea
i e Glands [16] T
ILStﬂ” sgain | [ Apply new parameters | Similar Concepts Closest MeSH T
strict to
vocabulary: Shav all Terms + Oral mucous

Highlight + Adrenal cortical mernbrane
Mothi :

vocabulary: s hypofunction O Main Headings atanbea 197

UMLS data: | LIMI S PO0744 W bt e dllh*

http://mor.nim.nih.gov/perl/semnav.pl

b




NCBO BioPortal

THE MATICMAL CEMTER FOR BISMEDICAL OMNTOLOGY

(o6 BioPortal Varsion 1.0

Browse BEEElN Home Signln Register Helpw

Ontologies
List Wiew Category Wiew

| Submit Ontology | Pending Subrnissions Download |- %isualize - Search

[Name Format Current Version [Content Location | Action
*

Aftican Traditional Medicine (n]=]0] 1.0.1 MCBO Likrary
Arnino Acid WL Full 1.2 WCBO Library
Armphibian gross anatormy ]=10] 1.7 WCBO Library
Anirmal natural history and life history Protege See Remote Site Remaote

Basic Wertebrate Anatomy oWy Full 1.1 MCBO Library
Biological imaging methods ORO 1.1 WCBO Library
Biological process ]=10] 1.208 MCBO Library
Biomedical Resource Ontology WL Lite 1.1 WCBO Library
BIRMLex WL DL 1.3.1 NCBOQ Likrary

Dane
[

[lwww.bioontoloqy.org/tools/portal/bioportal.html




NCI Thesaurus (EVS Server)

]&ﬁ#ﬁ“ﬁi National Cancer Institute 1.5 National Institutes of Health | www.cancer.gov

Vocabulary: NCI_Thesaurus HELP | RESULTS : CUSTOMIZE : ABOUT : BROWSE HIERARCHY @ LOGOUT

Quick Search [JEGEEDT R 104 Concept Details
Bookmark this page

Max Results: | 25 w
prostate adenocarcinoma @ E Prostate Adenocarcinoma Printable Page History Graph

Identifiers:

Prostate Adenocarcinomma .
name Prostate_Adenocarcinoma

code ZZ919

DQUICK LIMNKS
Relationships to other concepts:

Disease_Has_Mormal_Tissue_Origin Prostatic Epithelium

Disease_Has_Abnormal_Cell Adenocarcinoma Cell
Disease_Has_Associated_Anatomic_Site Prostate Gland
Disease_Excludes_abnormal_Cell Meoplastic Smooth Muscle Cell
Disease_Has_Finding Invasive Lesion

Disease_Has_Primary_Anatomic_Site Prostate Gland

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




Fuhv Term
Fntry Term
Fntry Term
Entry Term

MeSH Browser

http://www.nlm.nih.gov/mesh/MBrowser.html




Foundational Model of Anatomy

; FREFERRED NAME: €
Search P

Select navigation tree type: |part i_Prostate ﬂ
NON-ENGLISH EQUIVALENT: Lig
$Ions pubis - ; o |
Pebwis proper [ :
+Posterior part of pelvis gPro stata {Glandula prostatica) Latin
+Integument of pelwis f¥
4 Pelvc wall : r
= Compartment of pelvis EPT{’ stata éSpanish
Pelwic cavity
= Content of pelis _ FMAID: €&
Wasculature of compartment of pelvis
= Zet of pelwc wscera

name (langnage

\Prostata |Latin

+Thers

¥ Uterine fube DEFINITION: ¢
“ Bight ovary ;
+Left ovary \Lobular organ the parenchyma of which has as its parts glandular
4+ TTnnary bladder \acini which are continuous with the prostatic part of the urethra

- éExamples: There i3 only one prostate.
Vazculature of pels

Nerwous system of pelwis ROUNDED BY: ¢

s TTT 44~ 44




Gene Ontology AmIGO

Term Information

Accession GO:0008375

Ontology molecular function

Synonyms exact: Glchac transferase activity

Definition 5
Term Lineage

Comment Switch to viewing term parents, siblings and children

Subset ¥ Filter tree view B

Filter Gene Product Counts Yiew Options
Data source Species ’7Tree view @Ful O compact .
Remove all filers

naplasma phagocy...
rabidopsis thaliana
| [Bacillus anthraci...

[ all: all [250427 gene products] AHES

GC0003674 1 molecular_function [168568 gene products] Last action: Reset the
B G0:0003824 : catalytic activity [S1855 gene products] free
GO 0016740 ;0 transferase activity [15762 gene products] Wiew in tree browser
H 300016757 ¢ transferase activity, transferring glycosyl groups [2274 gene products] Download...
GOI0016758 ¢ transferase activity, transferring hexosyl groups [1073 gene products) gg?—xm
H G0:0008375 : acetylglucosaminyltransferase activity [121 gene products] GraphWiz dot

GO 0008194 . UDP-glycosyltransferase activity [598 gene products]

H G0:0008375 ! acetylglucosaminyltransferase activity [121 gene products]

Graphical Yiew

Bacl to top

http://www.geneontology.org/




SNOMED CT University of Sydney

=
CE Viral meningitis (disorder)

CONCEPT

Concept ID

53170007

Fully Specified
Mame

Yiral meningitis
(disorder

DESCRIPTIONS and SYNONYMS

Description

I
96672018

9E673011

9E674017

9EEYT012

9E6YE01S

6 96675016

PARENTS

Term

Yiral meningitis
Aseptic
rmeningitis, viral
Abacterial
meningitis
Aseptic
meningitis

Yiral meningitis
MOS

Yiral meningitis,
MEC

Concept
Status

Current (0}

Description
Status

Current (0}

Current (0}

Current (0}

Mon-Current
()
Mon-Current
()
Mon-Current

{1

Description Type

FPreferred (1)

Synonym (2

Synonym (2

Synonym (2

Synonym (2

Synonym (2

Concept ID  [FSN for Paremt Concept {This Concept IS A)

SNOMED 1D

DE-30020

Languaie Code
en

En

Is Primitive

Fully defined {0}

Inttial Capital Status
Capitalization meaningless (0}

Capitalization meaningless (0}

Capitalization meaningless (0}

Capitalization meaningless (0}

Capitalization meaningless (0}

Capitalization meaningless (0}

1 |302810003 |t=viral infections ofthe central nervous systern (disorder)
2 (312216007 |tz Infective meningitis (disorder)

http://www.it.usyd.edu.au/~hitru/sct/Al.c




SNOMED CT CliniClue

wiral meningitiz - D efinition
Concept Status: Current
~Descriotions
& viral meningitis (disorder)
& viral meningitis
Fi=] abacterial meningitis
=] aseptic meningitis, viral
W meningitis abacteriana
-] meningitis aseptica, viral
-[W] meningitis wiral
-[W] meningitis viral (trastorna)
-] meningitis virdsica
—Definition: Fully defined by .
Zlis &

+[Wviral infections of the central nervous system

W infective meningitis
“Icausative agent

[ virus
=IF roLi

Zassociated morphaology

+HWinflammation

Hierarchy

|Sut:|t3,.fpe hierarchy

(W 202510003  wiral infections of the central nervous system
[W312216007 infective meningitis
8355170007 viral meningitis
+[® 398136003 lymphocytic choriomeningitis

(e 10491005 Herpes zoster with meningitis

(e 3120715000 HI infection with aseptic meningitis
+[ 111850006  adencoviral meningitis
404234000 St Louis meningitis

404233006 West Nile meningitis

+[ 22192008 enterovirus meningitis
TESEEHIIIEIB Herpes simplex meningitis

+[e 442010035 mMuUMmps meningitis

W 404243009  Keystone virus meningitis

(W 404240007 |a Crosse meningitis
TEEEDMEDD‘I post measles meningitis

+[ 404233005  California serogroup viral meningitis

-[e 13225007 rubella meningoencephalitis -finding site
-[W 186561002 measles complicated by meningitis +[meninges structure
—Clualifiers
.. Jseverity
www.cliniclue.com/ [N EasiEs
“episodicity

) episodicities
-Iclinical course
P courses
-ICodes
tDr@:’naf Snormedid - DE-30020
Fead Code (Cledid] - XadBh




SNOMED CT SNOB

|viral meringitis Mare x5 SEE72018 FREF Current (0] 20070137
.||g.:tiue concepts = |F5170007 Viral meningitis

—| CLINICAL FINDIMNG (1) Fully Specified N (s}
-

Viral meningitis : : et ;
= Viral meningiti=s (disorder)

Synonymi =)
Abhacterial meningitis
bzeptic meningitis, wiral

Definition
thiz corncept Causative agent Virus

Group #1
thiz conrncept Associated worphology Inflamwmation
thiz corcept Finding site Meninges structure

Qualifiers
thiz corcept Clinical course Courses
this concept Episodicity Episodicities
thiz concept Severity Severities

Current (0] compozite Concept maps to
DE-30020 #a9B5

200703
20070131

/Isnob.eqgbird.eu/




List of Chapters
Chapter Introduction
List of Blocks
Previous Block

Mext Block

Search ICD-10
addison's disease

Full search

[ ok ] Help

Move to ICD code:

Chapter IV

Endocrine, nutritional and metabolic diseases
(EO0-ES0)

Disorders of other endocrine glands
{(E20-E35)

Excludes:galactorrhoea { NE4.3 3
gynaecaomastia { N62

Hypoparathyroidism

Excludes:Di George's syndrome  DB2.1 %
postprocedural hypoparathyroidism ( EB9.2
tetany NOS { R29.0 %
transitory neonatal hypoparathyroidism ( P71.4 7

Idiopathic hypoparathyroidism
Pseudohypoparathyroidism
Other hypoparathyroidism
Hypoparathyroidism, unspecified
Parathyroid tetany

http://www.who.int/classifications/a

slicd/icd10online/




RxNav (RxNorm)

; lh_gov/download/rxnav/

RxMorm Mavigator OBAA_OBO602F

[ Terminology |

rSearch

FEX

-Browse

Search By: %Strinu

|'.: [ Help | Enter Search String:i}_r;tec

[ | Search

ingredient _of

has_ingredierrt|

Ingredient
1 elements

Cetirizing

ingredient_of | has_ingredient

Clinical Drug Component
3 elements

Ingredient Variamt
1 elements

ingredient_of
‘ has_ingrediert

Brand Name
1 elements

! recise_ingr_of

farm_of
has_farm

|haz_precize_ingr Zyttec

precize_ingredient_of | has_precise_ingredisnt

tradename_of

ingredient_of | has_ingredient

Branded Drug Component
3 elements

Cetirizine 1 MGML

Cetirizine 10 MG

oLl o wae

constitutes | consists_of

Clinical Drug
5 elements

Cetirizine 1 MGML Oral Solution

hasz_tradename

constitutes | consists_of

Cetirizing 1 MGML [Syriec)
Cetirizine 10 MG [Zyrtec]

Al o e PTd 1

constitutes | consists_of

Branded Drug

tradename_of

A elements

Cetirizine 10 MG Chewahle Tablet

Al o A WA e T o0 i oL

has_tradenaime

doze_form_of

Dose Form

iz | inverse_isa

Clinical Drug Form
3 elements

haz_doze_farm

3 elements

Chewable Tahlet

Zyrtec 1 MGML Oral Solution
Zyriec 10 MG Chewahle Tahlet

B N e N Y

doze_form_of
haz_doze_farm

iz | inwerse_isa

Oral Solution

e T oL

tradename_of

Branded Drug Form
3 elements

Cetirizine Chewable Tahlet

Cetirizine Cral Solution

Al o e T o1 1

has_tradenaime

Retrieval Status or Detailed View of an RxNorm Entry { RxNorm Concept Unique Identifier (RXCUI) | UMLS Concept Unique ldentifier (UMLSCUI): 2008AA | RxNorm Sy

Retrieved "yrtec” for String "Zyrec”.

Cetirizine Chewahle Tablet [Zyrtec]
Cetirizine Oral Solution [Syrtec]

Y A




Application Programming Interfaces




Application Programming Interface

¢ EXxpose resources in such a way that they can be
Integrated In programs

e Programming “against” a resource

¢ Standard protocols for communication
e Web services (SOAP, REST)

¢ Standard libraries for programming
¢ Focus on content, not message




UMLSKS Web Service API

¢ UMLSKS http://lumisks.nim.nih.gov/
e Developer's Guide > Webservice Operations

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

¢ Licensing Issues
e Granting ticket and Single-use tickets




UMLSKS Web Service APl Example

ConceptIdGroup findCUIByNormString
(ConceptIdNormStringRequest request) ;

%Argument: ConceptldNormStringRequest

This cl ontains the arguments that further restrict the behavior of the call,

. returned by the AuthorizationFort webhserwvic

[String[] array)

reviations to search

ihoolean k)
- true if supp le ztrings are included in th
SetCVF (long 1)
- Bit flag for the content wiew to sSearch

’}Return: ConceptldGroup




Other APIs to terminology systems

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

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

¢ RxNorm
http://mor.nlm.nih.gov/download/rxnav/RXNormAPI.html




Applications based on WS APIs

¢ UMLSKS API

e UMLSKS
http://umisks.nim.nih.gov/

¢ RxNorm API

e RxNav
http://mor.nim.nih.gov/download/rxnav/rxnav.jnip

e MyMedicationL.ist
http://mml.nim.nih.gov/IMyMedicationList.jnlp
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Exercise 1

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




Exercise 2

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




Exercise 3

¢ What are the parents of Hodgkin’s disease In
SNOMED CT?

e Try SNOMEDCTID: 118599009
¢ What Is its associated morphology?




Exercise 4

¢ What are the various meanings of I1L-2? (UMLYS)




Exercise 5

¢ What are the pharmacologic actions of Zyrtec?
WiSig)




Exercise 6

¢ \What are some synonyms for Schwannoma? (NCI
Thesaurus)




Solutions




Exercise 1

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

B Rxiorm Navigator 0BAA_0BOG602F

l'_Termilmll_::'gy_|
Se

sarch
e, = o
m[\%a’u’ Search By: gﬂtring Help Enter Search Strin : Search

Browse -

iert _of

Ingredient Ingredient Variant
1 | . . 1

ingrediert_of | has_ingredient ingrediert_of | has_ingredient

Clinical Drug Component Branded Drug Component




Exercise 2

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

Foundational Model Explorer Options | — Help

Search |

Select navigation tree type: | part
Ascending aorta
IMeural networl of cardiovascular system b e
= Systerrc arterial tree :
& Descending aorta
4+ FRight coronary artery Wall of aorta

Flet BItery Lummnen of aorta

4 Brachiocephalic artery

T - Tl o —




Exercise 3

¢ What are the parents of Hodgkin’s disease In
SNOMED DT?
e Try SNOMEDCTID: 118599009

¢ What Is its associated morphology?

CONCEPT

Conceptip MV SPECHiEd eoncept status (cTv3ID SNOMED ID Is Primitive

Current (0 BT . DC-F1000 Fully defined (0)

FSH for Parent Concept {This Concept 1S A)
1 |17 = Malignant mphoma (disorden
ATTRIBUTES

FSH for Target Relationship Values

Concept ID
Concept IO Concept

004 :.,: : = JCLh {New episode; Ongoing episode; Old episode; Undefined episodicity; Other episode RCGP; First episode}

{Hodgkin ymphoma, I1_..rm|1I|m ytv rich; Hodgkin I]...rmpllnma nuli:[b O sul'ny]w Haodgkin I],,rmplmnm I1..r|n|lllm'yt:=

(attribute) .




Exercise 4

¢ What are the various meanings of I1L-2? (UMLYS)

Metathesaurus Search

Enter term

Input type: @ Term C'cul O Code

200844 || Marmalized String

erm:
I'_'— Release: Index:




Exercise 5

¢ What are the pharmacologic actions of Zyrtec?
WiSig)

Pharm. Action [Ant-Alleroic Aoents

Pharm. Action Histarmne H1 Antazomsts, Mon-Sedatine




Exercise 6

¢ \What are some synonyms for Schwannoma? (NCI
Thesaurus)

Preferred _Mame Schwannoma
Sermantic_Type Meoplastic Process
SV nonym Meurilemmoma
Synonym Meurinoma
=YNanyYm Schwannoma

=YNanyYm schwannoma




What to look for

& Search modalities

e Spelling correction / auto-completion / normalization
e Word combinations (AND/OR)

¢ Visualization
e Graph vs. (forest of) trees

¢ Navigation
¢ What properties are displayed
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Exercise #1

¢ Hodgkin’s disease
e NCI Thesaurus
e SNOMED CT




Exercise #2

& Prostate
e FMA
e SNOMED CT




Exercise #3

& Cetirizine
e MeSH
e SNOMED CT




Solutions




Solutions

Exercise #1




Exercise #1

¢ Hodgkin’s disease

e NCI Thesaurus

= Using the NCI browser (EVS)
http://nciterms.nci.nih.gov/

e SNOMED CT

= Using the online browser from U. Sydney
http://www.cs.usyd.edu.au/~hitru/sct/A3.cqi




URI:

Hodgkin’s disease in NCIt (1)

http://nciterms.nci.nibgoy: S0 NCIBrowser/ConceptRepart.jsprdictionary=MCI_Thesaurustcode=C9357

Yersion: gpril 2005 (08.04d)

Hodgkin Lymphoma

Identifiers:

narne

code

Relationships to other concepts:

Disease_Has_Primary_Anatomic_Site
Disease_Has_Maormal_Tissue_Origin
Disease_Excludes_Mormal _Cell_Crigin
Disease_Excludes MNormal _Cell_Origin

Disease_Has_abnormal_Cell

Hodgkin_s Lymphoma

357

Hermatopoietic and Lymphatic System
Lyrmphoid Tissue

My eloid Cell

Plasma Cell

Reed-Sternberg Cell

Disease_Has_fssociated_Anatomic_Site Hermatopoietic and Lymphatic System

Disease_Has_ Mormal _Cell_Qrigin Mature Lymphocyte

Superconcepts

Disease_Has_Primary_Anatomic_Site Lyrmphatic System

% E Cornmon Hematopoietic Meoplasm

% E Lymphoma




Hodgkin’s disease in NCIt (1)

Information about this concept:

ALT_DEFINITION MCI-GLOSS| A malignant disease of the lymphatic systern that is
characterized by painless enlargement of lymph nodes, the
spleen, or other lvymphatic tissue, It is sometimmes accompanied
by symptoms such as fever, weight loss, fatigue, and night
sweats,

DEFIMITION MCI|A Iymphoma, previously known as Hodgkin's disease,
characterized by the presence of Reed-Sternberg cells. There
are two distinct subtypes: nodular lymphocoyte predominant
Hodgkin Iyvmphorna and classical Hodgkin lymphoma., Hodglkin
lvraphorma has a bimmodal age distribution, and invaolves
primarily lymph nodes, Current therapy for Hodagkin lymphoma
has resulted in an excellent outcorme and cure for the majority
of patients,

ICD-0-3_Code QE50/3

Preferred_Mame Hodgkin Lyrnphorna

Semantic_Type Meoplastic Process

SYnonym HL

Synonym Hodglkin Lymphoma

SYROnYym Hodgkin's Disease

Synonym Hodgkin's Lymphoma

Synonym Hodgkin's disea

Unified Medical Language Systermn Concept CO00195829
Identifier




Comments on Hodgkin’s disease in NCIt (1)

¢ Search term: “Hodgkin’s disease”

e Not found, although “Hodgkin’s disease” Is listed as a
synonym
e Search on “hodgkin”, select “Hodgkin lymphoma”

& Parent classes

e Common hematopoietic neoplasm
= Not an ontological category

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

= Isa overloading




Comments on Hodgkin’s disease in NCIt (2)

& Assoclative relations

e 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)




Hodgkin’s disease in SNOMED CT (1)

CONCEPT

Fully Specified

Concept ID
| Hame

Concept Status
Hodgkin's disease
(disorder)

FSN for Target
Concept

pisodicity
ttritiute)
Hodgkin
Iyrmphoma - ssociated
\categary orphology
(morphologic \attribute)
abnormality




Hodgkin’s disease in SNOMED CT (2)

"% Hodgkin's disease (disorder)

CONCEPT

Fully Specified

Concept 1D
| Name

Concept Status |[CTV3ID
11 Hodgkin's disease
(disordet)
DESCRIPTIONS and SYNONYMS
Description . Drescription
0 Term Status
Hodgkin's dise
(clinical)

Current (0) BE1..

Description Type

177017014

Current (00 Preferred (1)

2 1220409010 Malignant Hodgkin's Current () Synonyim (2
Iyrphorms M, YR (2)

3 1220408018 Current (0) Synanyrm (2




Comments on Hodgkin’s disease in SNOMED CT (1)

¢ Search term: “Hodgkin’s disease”

e 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)

e “Malignant lymphoma, Hodgkin's”
= NB: lymphoma is always malignant
& Parent classes
e Malignant lymphoma (clinical) [OK]




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

& Assoclative relations

e For cancers, anatomy and morphology are foundational
relations

e Here

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

= Morphology: Associated morphology Hodgkin lymphoma -
category




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

¢ Shared synonyms: NCIt 1/2, SNOMED CT 1/3
e 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)




Hodgkin’s disease NCIt vs. SNOMED CT (2)

¢ Shared relations: Associative relations

e Anatomy
= In NCIt, but not in SNOMED CT

e Morphology
= In SNOMED CT, but not in NCIt
— Only indirectly, though cell type
e Cell type
= Only in NCIt




Solutions

Exercise #2




Exercise #2

& Prostate

e 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://www.cs.usyd.edu.au/~hitru/sct/A3.cqi




Prostate in FMA (1)

Foundational Model Explorer Options| Help

Search

Select navigation tree type: | subclass

T EJAN SWETELN SUDIVISIOHN
= (irgan
=old organ
= Parenchymatous organ
= Lobular organ
+Lung

Liver
Pancreas

+Teshs

Intraprostatic part ot lett ejaculatory duct

Prostatic stroma

Newral network of prostate

Vasculature of prostate

PART OF: &

Genital svstem

Content of male pels

Set of male pelvic viscera |

set of pelvic viscera




Prostate in FMA (2)

Foundational Model Explorer

Options | Help

Select navigation tree type:

Search |

subclass

F\ITZAN SYATELT SUDAVISIon
= (irgan
=old organ
= Parenchymatous organ
=T obular organ
+Lung
Liver
Pancreas

4 Testis
4 alrvary gland

PREFERRED NAME: ¢

éPro state |

NON-ENGLISH EQUIVALENT.: i 2

Iialne

language |

Prostata (Glandula prostatica)

Latin

Prostata

Latin

Prostata

Spanish




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




Prostate in SNOMED CT (1)

43 3 results found for prostate:

F Im Fully Specified Name Preferred Terms and Synonyms

1 19713002  |t= Prostatitis (disorder Inflammation of prostate- Prostatitis [PT]- Prostatitis, NOS
11441004 |t= Prostatism (disorder) Prostatism [PT]- Prostatism, MOS
41216001 |[t= Prostatic structure (hody structure) Prostatic structure [PT]- Prostate- Prostate, NOS
181422007 Tz Entire prostate (body structure) Entire prostate [PT]- Prostate

CONCEPT
Concept ID Fully Specified Hame
181422007 | Entire prostate (hody structure)
DESCRIPTIONS and SYNONYMS

Description
1]

280451017  |Entire prostate
2280452012 |Prostate
PARENTS
Concept I |FSH for Parent Concept {This Concept IS A)

Term

1 T= Male internal genital organ (hody structure)
2 41216001 = Prostatic structure (body structure)

3300443000  |t= Entire male genital organ (body structure)




Prostate in SNOMED CT (2)

ATTRIBUTES

Relationship
Type

= Part of
iattribiute)

Concept ID FSN for Target Concept

= Entire viscus (body structure)

= Entire urinary tract (hody structure) _ FI' fa_rT ”T
(attribute)

-::._: . Erl t”E‘ T E-IlE' ”TtE' I E-|| gE,r-”ta“a |:|::| i} |j'!||' -::-::l F' | rt |:|f
structure) iattribiute)
= Entire lower male genitourinary tract (body T2 Part of
structure) rattribute)
362717004 |t= Entire minar pelvis (hody structure) h FI.Ea-H D-T-
(attribute)

= Entire lower genitourinary tract (hody t= Part of

5 96 TI0R001 structure) (attribiute)

t= Part of
{attribute’
= Part of
(attribute)

3613 = Entire male genital systerm (body structure)

= Entire abdormen (hody structure)




Comments on Prostate in SNOMED CT

¢ “Ambiguous” term
e Entire prostate
e Prostatic structure

¢ Structure-Entire-Part representation of anatomical

entities in SNOMED CT
e Reification of part_of
e Enables mereological inference through isa hierarchy
e Not Intuitive




Structure-Entire-Part (SEP) triples

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

[Schulz & al., 1997]
Kidney structure [Schulz & al., 1998]
[Bodenreider et al, 2006]

Entire kidney

Kidney part




Mereological inference through isa

Kidney structure

Kidney part
ZT™N

Structure of Structure of
layer of kidney region of kidney




FMA mapping goes to Entire

¢ FMA ¢ SNOMED CT

Kidney structure

a Syn: Kidney

Entire kidney

Kidney part




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




Prostate FMA vs. SNOMED CT

¢ Shared relations

e Part of: almost
= FMA
— Genital system
— Content of male pelvis
— Set of male pelvic viscera
— Set of pelvic viscera
= SNOMED CT
— Entire minor pelvis
— Entire male genital system }




Solutions

Exercise #3




Exercise #3

¢ Cetirizine

e MeSH

= Using the MeSH browser
http://www.nlm.nih.gov/mesh/MBrowser.html

e SNOMED CT

= Using the online browser from U. Sydney
http://www.cs.usyd.edu.au/~hitru/sct/A3.cqi




Cetirizine in MeSH (1)

Entrv Termn

(2-(4-((4-Chlorophenyliphenylmethyl)- 1-piperaznyliethoxyacetic Acid

Entrv Termn

Alerlisin

Entrv Termn

Almd Brand of Cetintzine Dihydrochlonide

Entrv Termn

Alpharma Brand of Cetinzine Dihydrochlonde

Entrv Termn

AW D pharma Brand of Cetinmine Dihydrochlonde

Entrv Termn

Amphartma Brand of Cetinzne Dihydrochlonde

Entry Term

Basics Brand of Cetintzine Dihydrochloride

Entrv Termn

Cetalerg

Entrv Term

Woltric

Entrv Termn

Wollf BErand of Cetirtzine Dihydrochlonde

Entrv Term

Wérwag Brand of Cetintzine Dihrdrochlonde

Entrv Termn

Zetr

Entrv Term

Zirtek

Entrv Termn

Zyttec




Cetirizine in MeSH (2)

Heterocyche Compounds




Comments on Cetirizine in MeSH

¢ 45 entry terms
e Various generic and brand names
e Chemical formula
e Code (P-071)
¢ Hierarchy
e Isa: Piperazines [chemistry]

¢ Pharmacologic action
e Anti-Allergic Agents
e Histamine H1 Antagonists, Non-Sedating




Cetirizine iIn SNOMED CT (1)

13 results found for cetivizine:

[ Frewvious ][ e ]

F |C0n-:ept (1] |Fu||3.|r Specified Name Preferred Terms and Synonyims
1 (108655000 |t= Cetirizine (product) Cetirizine [FT]
2 [372523007 = Celirizine (substance) Cetirizine [FT]

]
L& Cefirizine (substance)

CONCEPT
Concept ID Fully Specified Name |Concept Status CTV3ID SNOMED ID Is Primitive
72523007 Cetirizine (substance) |(Current () AT F-B1523 Primitive (1)
DESCRIPTIONS and SYNONYMS
Description ID [Term Description Status Description Type [Language Code Initial Capital Status

11211087018 |Cetirizine zurrent (0 Preferred (1) en Capitalization meaningless (0}
PARENTS

Concept ID FSH for Parent Concept {This Concept IS A)
11372624008 t= Mon-sedating antihistamine (substance)
CHILDREN

Concept ID FSN for Child Concept
11108656004 = Cetirizine hydrochloride (substance)




Cetirizine In SNOMED CT (2)

CONCEPT
Concept ID Fully Specified Name Concept Status CTWV3ID
108655000 Cetirizine (product) Current (0 ®¥01 0
DESCRIPTIONS and SYNONYMS
Description I | Term Drescription Status Description Type
1173189012 Cetirizine Current (0 Freferred (1]
PARENTS
Concept ID F5HM for Parent Concept {This Concept IS A)
1 (349956006 = Mon-sedating antihistamine {(product)
ATTRIBUTES
Concept ID FSN Tor Target Concept |Relationship Type
1372523007 = Cetirizine (substance) 2 Has active ingredient (aftribute) |[{Cetirizine hydroc
CHILDREN
Concept ID FSHN for Child Concept
320818006 = Cetirizine dibydrochloride 10mig taklet (product)
32083200049 = Cetirizine dihydrochloride 1moH mb 5 liguid (product)
A7 746004 = Cetirizine dihydrochloride Smog takblet (product)
Araayion:z = Cetirizine hydrochloride Smg tablet (product)
Jraayzond = Cetirizine bydrochloride 10mg tablet (product)
Araa7y3a004 = Cetirizine hydrachloride Smofa mL syrop (product)
400462001 = Cetirizine hydrochloride+pseudoephedrine hydrochloride (product
409491005 = Cetirizine tydrochloride armg chewable tablet fproduct)
409482003 = Cetirizine hydrochloride 10my chewsable takblet (product)

L B o e I o Y O B T R L )




Comments on Cetirizine in SNOMED CT

Hierarchy 1o ntype hierarchy

¢ Ambiguous term £5]1265/5005_ SNOWED CT Concept]

Iri7i + . 26298100 gualifier walue
e Cetinizine (prOdUCt) +.1|Ih 37007 Iir'|l:3|:1E |:|:|ru:Ept

e Cetirizine (substance) Ei ']”}‘I;::”" il contedt
+ [} \ SOCIdl CONTE:

‘ H | erarc hy + .4 THE9T record artifact

+. 36 ."--.TIIII ohservable entity

e |sa: NOﬂ-Seda’[ing | .:':' 002 e ir||r|rr||-'r|t|:|r'gEElgr:a[:ll'H|:::a| location
antihistamine 254291000 staging and scales

body structure

(substance) ot

[pharmacologic : o T::: 5210 |E| B physical force
- T.J,H-H...-HIII 4 clinical finding
aCtlon] T. ‘6077004 physical object
- - +[!-—1]I:IE|I:ITI:II:IE| organism
¢ No assoclative +[g 1388002 procedure

pharmaceutical / biologic product

re|a'[i0nS l :' 960 :I?I situation 'n.-'-.n'itt'|-|é:: plicit context

-lF [ 100 "-'. o '_1 Qoo substance




Cetirizine MeSH vs. SNOMED CT (1)

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

¢ Shared relations: none

e MeSH:

= Isa: <chemistry>
= Associative: <pharmacologic action>

e SNOMED CT

= Isa: < pharmacologic action>
= Associative: none




Cetirizine MeSH vs. SNOMED CT (2)

Hierarchy | s1btype hierarchy

I8 272555007 antiallergic
(40646300 drug allergen
23372806008 antihistamine.
[W 109232002  chlorphenoxamine
e 1282 clemizole
g 1171520068  desmethylastemizole
nine derivative antihistarmine

J72R24008
G003 acrivastine - chemical
astemizole
azelastine
cetirizine
desloratadine
fexofenadine

loratadine
mizolastine
terfenadine




Summary

¢ Differing representations
e Not necessarily inconsistent
e Consistency may be difficult to assess automatically

¢ Often due to i1diosyncratic representation in one
ontology

¢ Hindrance to ontology alignment and evaluation
methods relying on shared relations
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Overview

¢ Corpus terminology

¢ ldentify terms in biomedical text (in reference to
the UMLYS)

¢ ldentify additional terms
¢ Place these terms in UMLS hierarchies

[Bodenreider, ACL 2002]




Tiny corpus One MEDLINE abstract

[11: Anesth Analg. 2008 Jun; 106(6):1813-3. Related Articles,
Links

‘ﬁ Full Text
2% | Anesth Analg

. 1. . . PMID: 18499615
Free cortisol in sepsis and septic shock.

Bendel §, Earlsson §, Pettlla V, Loisa P, Varpula M, Eunclkonen E; Fimsepsis Study Group.

P Collaharators [2A]
Departtment of Intensrre Care, Kuopto Untversity Hospital, PL 16222 Kuopio, Finland. Stepar Bendeli@lkuh f

BACEGEOUND: Severe sepsis activates the hypothalamopthitary ass, mcreasing cortisol production. In some
studies, hydrocortisone substitution based on an adrenocorticotropic hormone-stimulation test of baselne corhisol
teasuretnent has wnproved outcotme. Because only the free fraction of cortizol 15 active, measurement of free cothisol
tnay be more inpottant than total cortisol in crtically il patients. We measured total and free cortisol in patients wath
severe sepsis and related the concentrations to outcome. METHODS: In a prospective study, severe sepsis was
defined according the Amencan College of Chest Physicians/Society of Critical Care Medicine criteria. Blood
samples were drawn within 24 h of study entry. Serumn cortisol was analvzed by electrochermlurminescence
tnmunoassay. The Coolens method was used for calculating serum free cortisol concentrations. EESTILTS: Blood
samples were collected from 125 patients, of whom 62 had severe sepsis and 632 septic shock. Hospital mortality
was 21%. Calculated free serum cortisol correlated well with senum total cothisol (1= 090, F = 0.001). There was
no difference m the total cortisol concentrations m patients with sepsis and septic shock (728 +/- 286 nmolil ws 793
+- 439 nmolL, P =044 Nonsurvvors had lgher calculated serum free (202 H- 151 nmolL) and total (980 +/-
458 nmoll) cortisol concentrations than surwvors (119 +- 111 nmelL, P = 0,002, and 704 +H- 382 nmoll., P =
0.002). Depending on the definttion, the ncidence of adrenal meufficiency varied from 8% to 54%.
CONCLITEIONS: Chucally, calculation of free cortisel does not prowide essential mformation for identification of

patents who would benefit from corticoid treatment i sewvere sepsis and septic shock




ldentify UMLS concepts with MetaMap
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Interactive mode
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Interactive MetaMap

File Edit \Miew History  Bookmarks Tools  Help

]
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Please NOTE:

The Interactive mode is only intended for the testing of the various programs
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Paste abstract

-
%) Interactive MetaMap - Mozilla Firefox

File Edit Wiew History  Bookmarks  Tools  Help

P
|_E_: E htkp: fiskr.nlm, nib, govfinterackivemetamap, shkml

Interactive MetaMap

Users are responsthle for compliance with the UMLSE copyright restrictions

BESSSRRRIE RS NI = LHNCEC » SEE » Interactive Mode » Interactive Metablap

Text to be Processed:

BACEGROUND: 3evere sSepsis activates the hypothalamopituitary axis, increasing
cortisol production. In some studies, hydrocortisone substitution based on an

[ submit Interactive Metabdap ]

critically ill patients.

severe sSep3is and related the concentrations to outcome. METHODS: In a
prospective study, severe sepsis was defined according the Awmerican College of @Descriptinn Dpotil:lns (280 Kb
Chest Fhysicianzs/Zociecy of Critical Care Medicine criteria. Blood samples were
drawn within 24 h of study entry. Serum cortisol was analyeed by
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Run MetaMap
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00000, tx.1l: BACEGEOUND: the hypothalamopituitary

w13, 1n:reasing cortizol production.

Phraze
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Suggest term candidates

¢ Not recognized by MetaMap ay all
¢ Partially identified by MetaMap
¢ Missing terms In a concept




Suggest placement in UMLS

¢ Use a browser
¢ ldentify close parent
& Examine i1ts children

¢ Assess placement by comparing with potential
siblings




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 ())

e Integrate as a child of Professional Organization or
Group (C1522486 )

e NB: Instance, cannot be a child of ACP




Possible new terms (2)

¢ Free cortisol

e ldentified 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




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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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




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
e Clinical research




Translational research NIH Roadmap

OPASI Office of Portfolio Analysis and Strategic Initiatives search [ N =&

Mational Institutes of Health

OPASIHome | NIH Roadmap | Council | Governance | Divisions | News & Events | About OPASI

Back to: QPASI Home = Division of Strateqic Coordination (DEL

TRANSLATIONAL RESEARCH

OVERVIEW

IFY [EXIT Disclaimer




Motivation Translational research

Clinical
Basic Research
Research and
Practice




Terminology and translational research

Cancer EHR
Basic Cancer
Research Patients

NCI Thesaurus SNOMED CT




Some practical considerations

and 1ssues

Integration approaches




Approaches to data integration

¢ Warehousing ¢ Mediation
e Sources to be e Local schema (of the

integrated are sources)

transformed into a e Global schema (in
common format and reference to which the
converted to a common queries are made)

vocabulary
e Ontologies help define

.. the global schema and
e Normalization through map between local and

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




Some practical considerations

and 1ssues

Concept repositories




(Integrated) concept repositories

¢ Unified Medical Language System
http://umisks.nim.nih.gov

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

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

¢ caDSR
http://ncicb.nci.nih.qov/NCICB/infrastructure/cacore ove
rview/cadsr




Integrating subdomains

Other
subdomains

Clinical
repositories

\

| SNOMED CT |

NCBI
Taxonomy

Model
organisms

OMIM

Genetic
knowledge bases

Biomedical
literature

Genome
annotations




Trans-namespace integration

Addison's disease Clinical
(363732003) repositories

.| Biomedical
literature

— Addison Disease (D000224)




Some practical considerations

and 1ssues
Mappings




Mappings




Mappings

¢ Created manually
e UMLS

¢ Created automatically
e BioPortal

¢ Key to enabling semantic interoperability
¢ Enabling resource for the Semantic Web




Quality of mappings

¢ Created for a purpose
e Reusability issues

¢ Generally unidirectional
e Mapping from ontology 1 to ontology 2
e Not necessarily reversible




Some practical considerations

and 1ssues

Comparing semantic descriptions




Semantic descriptions Consistent

owl:sameAs

S:Pancreatic structure \g .)
S:finding site N:dlseqse assoc.
anat. site
owl:sameAs

S:Disorder of pancreas pputalataballa bl Ly 4 N:Pancreatic disorder

Sis_a N:subClassOf
owl:sameAs

S:Disorder of endocrine pancreas yJatadabd N:Endocrine pancreas disorder

U:hasCUI U:hasCUI




SNOMED CT/NCI Thesaurus
Limited consistency

Any (N=20363)

Superclass (N=20360)

Whole (N=1004)

Part(N=76)

Subclass (N=3699) L e

Superclass (N=20360) .

Indirect

Whole (N=1004) ]

Associative (N=6548) | | | | H |

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




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]




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




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
Component
Property
Timing
System
Scale
Method

Value
Sodium

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

Ser/Plas — Serum or Plasma

Qn — Quantitative




Ccomments 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




Thinking outside the integration box

The Butte approach




Integrating genomic and clinical data

Genomic Clinical
data data

Coded
discharge
summaries

Laboratory
data

Diseases
(extracted from text)
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