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Outline

¢ Part 1: Introduction

¢ Part 2: “Anatomy”™

e Structural perspective
What do they look like?

¢ Part 3: “Physiology”™

e Functional perspective
What are they used for?



.'\,

Introduction



Outline

¢ Definitions

¢ Historical perspective

¢ Example

¢ Biomedical terms as names for biomedical classes

¢ Terminological relations as a surrogate for
ontological relations
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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

¢ KnOWIeC_Ige 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 Ultility-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

s
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Thesaurus

¢ ODbjective: organize things for a purpose

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

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

& Relations used In hierarchies
vS. hierarchical relations



Thesaurus vs. ontology
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Autoimmune Diseases

Tuberculous
Addison’s disease

A 4

Addison’s disease

IS generally a

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):
- hrittle
- Juvenile-onset
+ ketosis-prone
- type I
Excludes: diabetes mellitus {in):
- malnutrition-related { E12.-
+ neaonatal { P70.2 )
- pregnancy, childbirth and the puerperium { 024.- 3
glycos u ria:
cNOS { RBL
- renal { E74.8 Y-
Irr|[_|:||r|—'|'] qllu ose 1'||I|-r=|r|| e { R73.0)
postsurgical hypoins IJ||r|:||—'rr||:|| E 9.1 )




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: mucoviscidosis

Cystic fibrosis with pulmonary manifestations

Cystic fibrosis with intestinal manifestations

Meconium ileus+ { P75*

Excludes: mecaonium nLu truction in cases Iu-ru 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 \/s. 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
o 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,
) . Processes)
= Spelling variants )
= 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
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Kinds of ontologies

Domain
Ontology

Upper Level
Ontology

\\ Application ontologies
General'|

Ontology »



Historical perspective
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Why biomedical terminologies?

To support a theory of diseases

"0 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)

o
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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)

s
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From plants

CAROLI LINNZEI 4 L AN TS ICUL A S ST

Dall
Tlorefcentia plantarum profert _LJ]'CE, vel

Vifibiles cuiqie; qui fuat ve
!\ f Herma:hroditi cum (Ban
-

; ulla [l parie mrer

1 O N I I b i i e gl | .
T . F ’\ l{ 1 R MO R A e
] : | I \ | 1 JNANDR A flamen :
:\‘ r = '!vli |4 2 DEANDRI Alamina dus in f‘i:rt'lwrr:l:q\hu' o
FRIA flaming wiz in flore hermaphrodit,

1A nmn\ql.’lll.nl in flore lien
e in flore her

CHAR AC L i L NATURALES AT AN T s in’flore he ]‘p,"w”m
TANDR A llaming ot in s hermuphrodito,
ENNEANDILA flamine nevesin '{J--\_
LCA NDER| A (hamiga decem in flore ]1L|rn1.|1h.(
: ] i DODECA % dupdecim in rraphirdieo. S i .
1GUR AM, : COSANDRIA Hawin ducde nlira , calye iri { inzerio, nonreeeptaclo, infidertia in 0, herm.
: Liz POLYANDRIA ftamine ducdecim Nu-» lmrm. ulo adoata , in £l hermaphuodico.
% PROPORTIONEM {ftaminibus duobus reliqus brevic
- [ DD YNAMLA flar i ifua longlcra,
\‘ ille"]lt"];Yi'-\M]A flar geatuor longiaca,
coharentibus vel inger fe inyicem aliqne I ree, vel cum nifliilo,
Fré MONADELPHL A fiama filimentis o unum cor
17 DIADELPHLA {tamira filame dua eorpora coali
13 POLYADELPHIA i entis in trig vel plura corpora coalina.
i 9 SYNGENESTA (kimina wis ey indrum coclica,
| e GYNANDR|IA flamina o, non receptaculo ,inficentia.
L.'.-'Inl'm'.'lin'l & feminind in eadem [jecie. ;
[2t MONOLC] & Ze eerpalfenling & Feminini in eadem planta,
{22 DIOEG 1A flores mafeulini & feminini in dilindla plarita.
{23 POLYGADMIA flor. hermaphroditi & malculini ve! feminin in cadem (pe.

arl

L(Jr:ulls vix E)h\"l[h i - 2
(24 CRYPTOGAMIA florent vel intea fultam vulye didtum, vel parvitate ceulos tofltos lubterfugiunt,

()rd:m, a 'I'-mmnic 1 piftillis defi
C MONOGYHNIALT Trigynia &e. id eft, pillilfum unicum, duo, tdia &e
* Numervs feminarum: deftmion fiyli: G flylys adtem deficiet, a numero (i rarm caleulys it
TN ide T gesd‘mlunw Ivicthodi nofire nhlu ide explicatas in Syfemare noliro Nagre, Liugd, Bt 173440,

- mpre(lb, L




... to diseases

¢ Four categories (W. Cullen)
e Fevers
e Nervous disorders
e Cachexias
e Local diseases

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

(Cited by Chris Chute)



To support epidemiology

M atural and Polivical

¢ John Graunt (1620-1674) OBSERVATIONS
e Analyzes the vital statistics B]-u;"L?"L'f;iﬁ.ZLZ]-.3,.-__ |

of the citizens of London oy J0HN GRAVNT,

& William Farr (1807-1883) et b

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.
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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 Neurosct. 2004 Mar; 13(13:21-101. Related Aricles, Links

MetaPress

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

Widmer DA,
Memeonal Sloan-Eettering Cancer Center, Mew York, NT 10017, USA widmerd@mskec. org

The history of melancholy depression 1 nch with inages of mowvemnent retardation and mental dysfinction. The recent restoration
of peychomotor symptoms to the diagnostic terminology of affective dizorder 15 not novel to the students of medieval melancholia.
The mowe back to the biology of this peychomotor dysfunction with the technical advances in brain inaging in recent years only
echoes centunies-old wntings on the centrality of movement changes in the depressive condiion. The Inferne, the first cantica of
Dante Alighien's Cortnedia, has a wonderfil abundance of allusions to the importance of peychomotor symptoms in describing
the depressed mdividual Slowed steps, garbled speech, frozen tears, these and many other images keep the physical
manifestations of peychomotor suffering in the foreffont of the reader's mind. Considering IMedieval and Eenaissance writings on
melancholy sulfening, it 15 thing that Dante shows a boddy dlness reflected m the hellish torments wsited on the damned. From the
souls of the sullen to those of the wiolent, the panorama of peychomotor symptoms plays a prominent role in the poemn as well as
i1 the medical and hterary prose of succeeding centunes.

IMeSH Terms:
+ Depressive Disorderhistory™®
+ History of Medicine, Medieval
+ Human
* Ttaly
+ Literature, IMedievalllustory™
+ MMedicine m Literature™®

¢ Poetryflustory™® National g
* Peychomotor Dizordersitustory™ P u b W ed of Mléi:ﬁz?g




Mouse Genome Database and GO

Entrez Gene

" 1: Nf2  neurofibromatosis 2 [1fiis |
GenelD: 18016 Locustag M

P General gene information

GeneOntology

Evidence

n
b

IFT  Fubkhded

Pubhded

FPubhded




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)



[Bodenreider, BIB 2006] (courtesy of J. Rogers)
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e

Biomedical ontology in PubMed

[Bodenreider, YBMI 2008]



Biomedical ontologies in PubMed

[Bodenreider, YBMI 2008]



Introduction to biomedical
terminologies through an example
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Thomas Addison (1795-1860)




Addison’s disease

& Addison's disease Is a rare
endocrine disorder

7
>

.-”'- /—‘

& Addison's disease occurs

when the adrenal glands cortex medulla

d q h of right left
0 not produce enough o v

__/ adrenal

the hormone cortisol

& [or this reason, the
disease 1S sometimes
called chronic adrenal
Insufficiency, or
hypocortisolism




Adrenal insufficiency Clinical variants

¢ Primary / Secondary

e Primary: lesion of the
adrenal glands themselves o
o Secondary: inadequate e :E”"d‘"l”” 'z'ﬂ"f'
secretion of ACTH by the T
pituitary gland memus gland
# Acute / Chronic e
# Isolated / Polyendocrine SN -B

deficiency syndrome

Owary
(femala)

" Testis
imale}

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

e Chronic adrenocortical insufficiency
& Contexts: different hierarchies

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 mnsufficiency NOS
Autoimmune adrenalitis
Excludesl: Addison only phenotype adrenoleukodystrophy (E71.428)
amyloidosis (E83)
tuberculous Addison’s disease (A18.7)
Waterhouse-Friderichsen syndrome (A39.1)
! Addisonian crisis
Adrenal crisis
Adrenocortical crisis
Drug-induced adrenocortical insufficiency
Code first (T36-T30) to identify drug
Other and unspecified adrenocortical insufficiency

Draft ICD-10-CM Tabular Page 180 June 2003

01-a)l

i m ol el
Haiolcal
Choow! lon




Medical Subject Headings

Autormmune Ths

MNMeSH Tree Structures

ges of the Nervou

Systemn [C20.111.258

MeSH
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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

:» |eft coronary artery = Addison’s disease

:= LCA : = Primary adrenocortlcal
: = Arteria coronaria sinistra. : . Insufficiency

: = Abdominal swelling : : = Addison’s disease

;= Swollen abdomen : = Primary adrenocortical :
............... : |n5uff|c|ency ;

§ - POSttranSfUS|0n hepa'[ltIS E %ececceccsceccsceccsccscsccscsccsccscsces

= Posttransfusion viral hepatl'[IS vs. Waterhouse-Friderichsen Syndrome
A~



Multiple classes for a term

4 Polysemy
Cold
‘ Truncated terms §°:"6;Iglur}; ..................
= Ca™ :
| : = [Coagulation factor IV}
Calcium TP A
: = Calcium
: = Calcium measurement :
3 e



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

Bone 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 p— _

z S — : -
% lLicier Hill Neticnael Centeriar Biomeoicz]l Communicalicone
NLM



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 f patlg
_ imension ]
Physical L Non-physical
anatomical entity anatomical entity
Mass
Material physical + . Non-material physical
anatomical entity anatomical entity
Inheren
) D shape
Anatomical \ , _ Body Anat. Anat. Anat.
structure substance space/ \ surface point
3D 2D 1D 0D
—_— A
7NN



No explicit classificatory principle [=&

MeSH

3. El Diseases [C]
= Bacterial Infections and IvI
o Virs Diseases [C02] +
= Parasitic Diseases [C03] +
= Neoplasms [C04] +
= NMusculoskeletal Diseases [C05] +
o Digestive System Diseases [C0O6] +
> Stomatognathic Diseases [CO7
r Tract Diseases [CO8] +
= Otorhinolaryngologic Diseases [C09] +
o Nervous System Diseases [C10] + location
¢ HEye Diseases [C11] +

2 Urolooic and MMale Genital Diseases [C12] +

agent/cause

¢ Female Genital Diseases and Pregnancy Complications [C13] +
o Cardiovascular Digseases [C14] +

¢ Hemic and Lymphatic Diseases [C15] +

o Neonatal Diseases and Abnormalities [C16] + Stage in life
= Skin and Connective Tissue Diseases [C17] +

¢ Nutritional and Metaholic Diseases [C18] +

< Endocrine Diseases [C19] +

2 Immunologic Diseases [C20] +

o Disorders of Environmental Origin [C21] +
o Animal Diseases [C22] +
¢ Pathological Conditions, Siegns 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

01—
if
4

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

- |8 Y . -—.—' I ;
||_II_-|I|I|II!|"I |I_-;||:-'T|I|r-|||:-'|_-;| I__I}.- A

[ILJIZ A
Iwiral infections of the central nervous system
M infective meningitis
Causative agent

- virus

oL
-Associated morpholooy
Z #-IYinflarmmation
‘Finding site
sl meninges structure




Underspecification of the relations

i

MeSH

parent

1Isa ?

BIERES
CNS diseases Virus diseases
Meningitis CNS viral diseases

~—

Viral meningitis

child




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

Autoimmune diseases

Addison’s disease

Relations used to create hierarchical structures
vS. hierarchical relations




Endoctne Diseases [C19] ~ :'-"':.
Adrenal (Jland Diseases [(C19 0535]
Adrenal (Gland Hypofunction [C19 0535 264
P Addizon's Disease [C12.053 264 263
Adrenclenlcodystrophy [C1% 053 264 270]
Hypoaldosteromsm [(C19 053 264 450]

Tmmuneolomc Diseases [C20]
Autormrmune Diseases [(C20.111]
P Addizon's Disease [C20.111 163]
Anera, Hemolvtic, Autornmmune [C20.111.175]
Ant-Glomeralar Basement embrane Dizsease [C20.111.190]

Antiphospholipid Syndrome [C20.111.157]
Subtype higrarchy | "0 ,-)

Arthritis, Rheumatoid [C20.111.199] +
L adrenal cortical hypofunction :|
1

)

Hierarchy

(| Addizon's disease due to autoimmunity

(| Addizon's disease with adrenoleucodystrophy
-[| polyglandular autoimmune syndrome, type |
s tuberculous Addison's disease




Accidents in MeSH

Environment and Fubhe Health [(G03
Public Health [G05 850
P Accidents 850,110
Accident Prevention [GO3 850110060
L850 110,085

Aeooidents, A - 25

Arooidents,

Aeocidents.

LI o =y L I =y

Arecidents, Eadiation [(0=2. 550,110,285
Aeoidents

Dirowrming




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:
Psendomonas (B96.5)

Meconium ileus in cvstic fibrosis

Excludes]: meconium ileus not due to Cystic fibrosis (P75)

Cystic fibrosis with gastrointestinal manifestations
Excludes2:meconium ileus 1n 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
Excludesl: meconium ileus not due to Cystic fibrosis (P75)

E84.2 Cystic fibrosis with gastrointestinal manifestations
Excludes2:meconium ileus 1n cystic fibrosis (E84.1)

E84.8 Cystic fibrosis with other manifestations CF

CF CF CF
w. Pulm. w. Gl W. other

—

CF CF

Meconium ileus CF Meconium ileus
w. Pulm. w. Gl ‘

in CF W. other in CF




Part 2

A structural perspective on some
“high-impact™ biomedical ontologies



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

RxXNorm

Medical Subject Headings (MeSH)

NCI Thesaurus

Unified Medical Language System (UMLS)



International Classification of
Diseases

ool
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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/ica/en/
e

NLM



http://www.who.int/classifications/icd/en/�

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
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Blocks

AQO-p99
Coo0-D48
DEO-DE29

EOO-ESO
FOO-FS9
H00-9Y
HOO-HEY
HE0-H95
100-199
Joo-J199
EO0-KS3
LOO-L9%3

rMO0-MS9

NOO-M99

o00-099

POO0-PA&
00-999

Title

ICD Top level

Certain infectious and parasitic diseases
Meoplasms

Diseases

of the blood and blood-forming organs and certain disarders involving the

immune mechanism
Endocrine, nutritional and metabolic diseases
Mental and behavioural disorders

Diseases
Diseases
Diseases
Diseases
Diseases
Diseases
Diseases
Diseases
Diseases

of the nervous system

of the eye and adnexa

of the ear and mastoid process

of the circulatory system

of the respiratory system

of the digestive system

of the skin and subcutaneous tissue

of the musculoskeletal system and connective tissue
of the genitourinary system

Pregnancy, childbirth and the puerperium
Certain conditions originating in the perinatal period

Congenital malformations, deformations and chromosomal abnarmalities

ROO-R99
Ss00-T98
YO1-%98
Z00-2949
Lgo-u9y

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

External causes of morbidity and mortality

Factors influencing health status and contact with health services

Codes for special purposes




ICD Example

¢ ldiosyncratic inclusion/exclusion criteria

Insulin-dependent diabetes mellitus
See before E10 for subdivisions |
Includes: diabetes {mellitus):
 brittle
- Juvenile-onset
+ ketosis-prone
Ctype I
Excludes: diabetes mellitus {in):
- malnutrition-related { E12.-
+ neonatal { P70.2 3

- preghancy, child hirth and the puerperium { 024.- 3
glycosuria:
cNOS { RBL

- renal { E74.8 )

Imp aired glucose tolerance { R73.0 )
postsurgical hypoinsulinaemia { EE9.1 )




ICD Example

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

Cystic fibrosis

Includes: mucoviscidosis

Cystic fibrosis with pulmonary manifestations
Cystic fibrosis with intestinal manifestations
Meconium ileus+ { P75* )

Excludes: meconium uLn truction in cases hn-'rn:e cystic fibrosis is
known not to he I‘_IrE'__E'rl'l' | P76.0 |

Cystic fibrosis with other manifestations
Cystic fibrosis with combined manifestations
Cystic fibrosis, unspecified




Logical Observation Identifiers,
Names and Codes (LOINC)

@; LOINC®



LOINC Characteristics (1)

¢ Current version: 2.27 (July 2009)
¢ Type: Controlled terminology*
Domain: Laboratory and clinical observations

2
¢
2

Developer:

~unding: N

Regenstrief Institute

_M

& Availability

e Publicly available: Yes

e Repositories: UMLS

& URL: www.regenstrief.org/loinc/loinc.htm

e
I|' o

NLM



http://www.regenstrief.org/loinc/loinc.htm�

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 6 axes

Component (analyte [+ challenge] [+ adjustments])
Property

Timing

System

Scale

[Method]

& Formalism: “DL-lhike”

e~
1IN

NLM



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, 2009 (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://www.Ihtsdo.org/
e

NLM



http://www.ihtsdo.org/�

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)

—_— /¢
7%;1@ N

NLM



SNOMED CT Top level

Higrarchy |5 htype hierarchy

-
JEZ98" gualifier value
linkage concept

+[§ 3701 l,nIZIIZI'Zi special concept
+.4 quI:II:IT __|:I-1| |:|:|r|t|-' d
: E 41E =
; . a6 ._uT"I_uTIZI I:I: ohservable E!f'ltit'j,-"
: . :. I:I 8916002 BNy ir'rl nment ar geagraphical location

'tmnu] 1ru1 scales
body structure

: [! ZB0 .' . -T|:||:|-1

organism

procedure

pharmaceutical /f hiologic product
| i situation with explicit context
+{a 1055590001 substance




SNOMED CT

L N T
||_-'I|:-'I|I|r-|||||.|||_-||r-|l. ||_II_-|I|I|I_I!|" I_Jl:-'nﬂ 20 I__|-'!'_.

Hierarchy .

Subtype hierarchy ie o
W 27010001 partial excision of large intestine M partial excision of large intestine
G roue
“method
| +[excision - action
+[e 174036004 1 -procedure si
} 174045003 +[W appendix structure
+{dB025007 ; —CIaifiers
13004 : oo
14005 1 . : ’LEE: urgical access values
=lpriarity
[ priorities

=] excision of appendix
¥l appendicectormy




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

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

NLM



http://fma.biostr.washington.edu/�

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
Material Physical Non-material Physical
Anatomical Entity Anatomical Entity

(Courtesy of C. Rosse)

Body Anatomical Anatomical
Substance Space
Structure

Biological Cell
Macromolecule
Cell ) Organ Organ Body Human




FMA Example

(Courtesy of C. Rosse)

Anatomical

Anatomical Space -
P Structure

Serous Sac
Cavity
Subdivision

="/ Pleura

4 F  a*
// Plenral ,‘{ﬂ‘

A F

LI
i / L
/ Parietal { ~ f.=*"
; ry

Pileur =
- A Visceral

S X / / Pleur
/' Interlobar & pann 4
T i iF-.'.l-. *
recess — / K'H Mediastinal °/ / :
i Pleura /Y., . r"f Mesathelitm xf
A L Fy
f,f of Pleura  /
A




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



http://www.geneontology.org/�

Gene Ontology Characteristics (2)

¢ Number of
e Concepts: 27,800 (July 22, 2009)
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
==

NLM



Gene Ontology Top level (MF)

1 all: &

H H G
H B g

HEONHBEBHEEDAOIEHEEBEBE

H EH

1418 gene products] &
S0 biol R .
p cellular_component [169814 gene products]

B B G0:0003674 : molecular_function [168553 gene productﬁ] B

ctivity [5185 > products]

: n:':t‘|a[::n-:'~'.r'n:':nr'|-:'~: regulator FI'Z'ZT'i""it'j [73 gene products]

¥ [14 gene products]

oir activity [49

5 © protein tag [158 gene products]

structural molecule activity



Gene Ontology Top level (CC)

=

H

[~~~ — I — I —

(— |

=

e products]

. macromolecular complex [14 ene products]
» membrane- 2] lumen [5290 gene products]

ene products]
Wirion [::uarf [1F:n.'—';. gens [::u roducts




Gene Ontology Top level (BP)

[ all: all [250418 gene products] B

E B G0:0008150 : biological_process [166605 gene products] E
G0 0022610 ¢ biological adhesion [1586 gene products]
G0 0065007 ¢ biological regulation [31031 gene products]
G0:0001206 ¢ cell kiling [177 gene products]
300009987 ¢ cellular process [79087 gene products]
300032502 ¢ developmental process [19678 gene products]
300051234 ;. establishment of localization [15270 gene products]
GO 0040007 ¢ growth [4139 gene products]
GO0002376 ¢ immune system process [2517 gene products]
GO0051179 ¢ localization [17811 gene products]
GO 0040011 ¢ locomotion [1251 gene products]
G0 0008152 © metabolic process [61127 gene products]
G0:0051704 0 multi-organism process [4780 gene products]

HEHHHEHEEHAEEA

3]

E0:00322501 0 multicellular organismal process [20567 gene products]

3]

30:0048519 ;. negative regulation of biological process [E037 gene products]
3000432473 ¢ pigmentation [235 gene products]
300048518 positive regulation of biological process [6585 gene products]

HEH A

300050789 ¢ regulation of biological process [28645 gene products]
GO 0000002 ¢ reproduction [6242 gene products]
G0:0022414 1 reproductive process [3535 gene products]
GO0050896 ¢ response to stimulus [16487 gene products]
G0 0048511 ¢ rhythmic process [404 gene products]

GO 0016032 ¢ wiral reproduction [5326 gene products]

HEH B E

(1]
H
H
H
H
(1]
(1]
(1]
(1]
(1]
(1]
= H
H
Vg
H
@
]
(1]
(1]
(1]
(1]
(1]

3]




rolecul ar_ function

Gene Ontology E |

catalytic activity

] all ; all [250418 gene products] l
G0 0003674 molecular_function [168558 gene products] LG S i
B 3000035824 catalytic activity [51856 gene products) l
B G0:0016740 ¢ transferase activity [15763 gene products

transferase activity,

B 300016772 ¢ transferase activity, transferring phosph transferring

phosphorus-containing groups

products]
B Go:o0163201 ¢ kinase activity [6093 gene products] / \

B 500004672 ¢ protein kinase activity [3504 gene
G 0004712 ¢ protein serine/threonine/tyrosir
00004708 : MAP kinase kinase activit \ /

B G0:0016773 . phosphotransferase activity, alcohol |
H 500004672 @ protein kinase activity [3504 gene Lol P i &

GO 0004712 ¢ protein sering/threonine/ tyrosir l
B e HDIEFALE : MAP kinase kinase activit

phosphotransfer ase activity,

kinase activity alcohol group as acceptor

protein threonine/tyrosine
kinase activity

l

MAP kinase kinase activity




RXNorm



RxNorm Characteristics (1)

¢ Current version: July 6, 2009 (monthly releases)
¢ Type: Controlled terminology

¢ Domain: Drug names

¢ Developer: NLM

¢ Funding: NLM

¢ Availability

e Publicly available: Yes*
e Repositories: UMLS

& URL: http://www.nlm.nih.gov/research/umis/rxnorm/
s

NLM



http://www.nlm.nih.gov/research/umls/rxnorm/�

RxNorm Characteristics (2)

¢ Number of
e Concepts: 93k (June 2008)
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

Dose form

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 «<——— o Branded drug component
(SCDC) (SBDC)

e Clinical drug < e Branded drug
(SCD) (SBD)

tradename_of



RxNorm Relations among drug entities

Catirizine E Cetirizine Dihydrochloride
RXCUI=20810 RXCUI=203150
TTY=IN TTY=IN

I {
precise_ingredient_o 4 of| | has_ingredient

has_presice_ingredient
tradename _of Gotirizine 5 MG [Zyrtec]
d RYCUI not avallable
TTY=8BDC

Cetirizine 5 MG
RXCUI=328287
il has_tradenamea

G paubun sy

Consiiules

consists aof

Cotirizine 5 MG Oral Tabbet [Zyrtec]
tradename_of — RXCUI=210587
> TTY=580

2 Cetirizing 5 MG Orai Tablet
RXCUI=315025 L

THY=acD has lradename
dase. form af dose_fomn_of

nas dose form '+| |* has_dose_form

54 | |imverse 53 Oral Tabbot
i {
dosa foem ol RXCUII1TS41 | dose_form_o

&3]
‘*’ [ has_dose form TTY=DF has_dose_form I 4’
Catirizine Oral Tablet L Catirizine Oral Tablet [Zyrtec]

> RXCUI=IT1364 RECUR36TI25

TTY=5CDF l' TTY=5BDF




Medical Subject Headings (MeSH)

LY




MeSH Characteristics (1)

¢ Current version: 2009 (yearly releases)
¢ Type: Thesaurus / Controlled vocabulary

2
¢
2

Domain: Biomedicine
Developer: NLM

~unding: NLM (Library Operations)

& Availability

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

¢ URL: http://www.nlm.nih.gov/imesh/
e

NLM



http://www.nlm.nih.gov/mesh/�

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

. Anatomy [A]

. Orgamisms [B]

. Bl Diseases [(]

. Cherncals and Dimgs [D]

. Analyvtical, Dhagnostic and Therapeutic Techniques and Equipment [E]
. Psvchiatry and Psvchology [F]

. Biological Sciences [(5]

. Natural Sciences [H]

. Anthropology, Education, Sociology and Social Phenomena [I]
. Technology, Industiy, Ammiculture [J]

. B Humamtes [K]

. Information Science [L]

. B Named Groups [M]

. Bl Health Care [I¥]

. B Publication Characterstics [V]

. Geographicals [Z]




MeSH Example (terms)

MeSH
Heading

Hydrocortisone

Tree
Number

D04 806745745 654,600

Tree
Number

D06 472040 585 355 476

Tree
Number

D06 472 040 585 478 352

Scope Note

The tmamm glicocorticotd secreted by the ADEENAT, CORTEI Tts synthetic counterpart 12 used,
either as an mjection of topically, m the treatment of inflammation, allergy, collagen diseases, asthina,

adrenocortical deficiency, shock, and some neoplastic condiions.

Entry Termn

11-Epicortizol

Entry Termn

Cortifair

Entry Termn

Cortisol

Entry Termn

Cortril

Entry Termn

Epicortisol

Entry Termn

Hydrocortisone, (11 alpha)-Isomer

Entry Termn

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




MeSH Example (hierarchies)

Chemicals and Drugs

/\

Polycyclic Compounds

Hormones, Hormone Substitutes, and Hormone Antagonists

A

Steroids

Pregnanes
A

Pregnenes
A

Pregnenediones

A

N

Hormones

Adrenal Cortex Hormones

Hydroxycorticosteroids

/

\

11-Hydroxycorticosteroids

11-Hydroxycorticosteroids

e

e~
1IN

NLM

Hydrocortisone




NCI Thesaurus

i
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NCI thesaurus Characteristics (1)

¢ Current version: 09.04d (~monthly releases)
¢ Type: Controlled terminology / ontology

2
¢
2

Domain: Cancer
Developer: NCI Center for Bioinformatics

~unding: NCI

& Availability

e Publicly available: Yes
e Repositories: UMLS / OBO / NCBO BioPortal

& URL: http://bioportal.nci.nih.qov/
e~

NLM



http://bioportal.nci.nih.gov/�

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

MCI_Thesaurus Taxonomy

B @ Abnormal Cell
B E Activity
B & an t-:-mir- Structure, System, or Substance

'11 F Lil'h'-.'h Y

B & Gene Product
B & Molecular Abnormalit yi
B8 @ NCI Administrative Concept
B (] Oroams
or Attribute
cept




NCI thesaurus Exam

Concept Details

URI: http:/fnciterms.nci.nih.gov: 80/NCIBrowser/ConceptReport.jsprdictionary=NCI_Thesaurus&code=C2919
Version: June 2007 (07.06d)

Information about this concept:

CEFINITION
Prostate Adenocarcinoma

Identifiers:

name
code
Relationships to other concepts:

Disease_Has_Finding

Prostate_Adenocarcinoma

Cz9a19

Invasive Lesion

Disease_Has_abnormal_Cell Adenocarcinoma Cell

Disease_Has_Mormal_Tissue_Origin Prostatic Epithelium

. o . . Synonym with source data
Disease_May_Have_Finding Serurn Prostate Specific Antigen Increased
. - . Synonym with source data
Disease_Has_Finding Carcinormatous Component Present

. . S P EREDOEE Synonym with source data
Disease_Excludes_abnormal_Cell Meoplastic Smooth Muscle Cell

. . Adenocarcinoma Preferred_Marne
Disease_Excludes_abnormal_Cell Malignant Squarmous Cell

. . . . Comron Carcinoma Semantic_Type
Disease_Has_Primary_Anatomic_Site Prostate Gland . .
) ) ) . . Invasive Prostate Carcinorma Synonym
Disease_Has_Associated_Anatomic_Site Male Reproductive System
Subconcepts: Synonym
Disease_Excludes_abnormal_Cell Malignant Strarmal Cell
Acinar Prostate Adenocarcinorma Synonym
Disease_Has_Associated_Anatomic_Site Prostate Gland ) ) )
) N ) ) Metastatic Prostatic Adenocarcinora Unified Medical Language Systern Concept
Disease_Has_Mormal_Cell_Origin Epithelial Cell Identifier

Moderately Differentiated Prostate Adenocarcinoma

Poorly Differentiated Prostate Adenocarcinoma

Prostate Adenocarcinoma with Focal Meuroendocrine Differentiation
Prostate Ductal Adenocarcinorma

Stage III Prostate Adenocarcinoma

Stage II Prostate Adenocarcinorna

Stage I Prostate Adenocarcinoma

Well Differentiated Prostate Adenocarcinorma




Unified Medical Language System
(UMLS)




UMLS Characteristics (1)

¢ Current version: 2009AA (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://umlsks.nim.nih.gov/
e

NLM



http://umlsks.nlm.nih.gov/�

UMLS Characteristics (2)

4 Number of
e Concepts: 2.1M (2009AA)
e Terms: ~8M

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

¢ Formalism: Proprietary format (RRF)



UMLS Integrating subdomains

Other
subdomains

Model
organisms

Clinical
repositories

\

| SNOMED CT |

UMLS
NCBI
Taxonomy
FMA
Anatomy

OMIM

GO

Genetic
knowledge bases

MeSH Bl_omedlcal
literature

Genome
annotations




Semantic Types

Anatomical
Structure

Fully Formed
Anatomical
Structure

:"--.,_[Body Part, Organ o

...............................................

Embryonic
Structure

Disease or
Syndrome

Organ Component | "™~ | Pharmacologic Population
Substance Group
Medias- Saccular \
5 tinum Viscus

(

Esophag
16

Left Phrenl
Nerve

e

Angina

%9 Pectoris

"/

".'-...' oooooooooooooooo CardiOtoni

Tissue

Donors

/

7L

Concepts

Semantic
Network

Metathesaurus



Addison’s Disease: Concept

Disease or Syndrome

Addison’s Disease

SNOMED CT

MeSH
MedDRA C0001403

...........................................................................................................................................................................

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

. Melasma addisonii

i Primary adrenal deficiency

: Asthenia pigmentosa

i Bronzed disease

i Insufficiency, adrenal primary

Primary adrenocortical insufficiency
Addison's, disease

Maladie d'Addison - French
Addison-Krankheit - German

Morbo di Addison - Italian

Doenca de Addison - Portuguese
AOONCOHOBA BOJIE3Hb - Russian
7 Y V¥R - Japanese

An adrenal disease characterized by the progressive destruction
of the adrenal cortex, resulting in insufficient production of
aldosterone and hydrocortisone. Clinical symptoms include
anorexia; nausea; weight loss; muscle ewakness; and
hyperpigmentation of the skin due to increase in circulating
levels of ACTH precursor hormone which stimulates
melanocytes.




Name

SNOMED CT

LOINC

FMA
Gene Ontology

RxNorm

NCI Thesaurus

ICD-10

MeSH

UMLS .

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

14M

Median

Subs. Hier

yes

\Version

July 31, 2007

\ersion 2.21
(no “natural language”
names)

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

Aug. 31, 2007

2007_05E

1998 (tabular)

Aug. 27, 2007

2007AC (English
only)

[Bodenreider, YBMI 2008]



Part 3

Biomedical ontology ““in action”

A functional perspective
on biomedical ontologies



Overview

# Functional perspective [Bodenreider, YBMI 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)

Category | Pudence

Molecular Function aldehyde dehydrogenase (MAD) activity IEA,

Molecular Function ; IEA,

Molecular Function zidoreductase activity IEA,
Cellular Component
Bialogical Process

Biological Process oxidation reduction

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

Molecular Function

Manually curated
Biological Process
Manually curated
Cellular Component

tanually curated

High-throughput

GO ALDA4 In Yeast

ATALD4 O evidence and references

wWiew Compuigtional 50 annotations for ALD4

« aldehyde defwdrogenase (MADY activity ((1IDA, IMP, 155)
o aldehyde detrydrogenase [NAD(F)+] activity (1DA)

ethanol metabolic process (IMP)

o mitochondrial nucleoid (10A)
mitochondrion (IMF, [55)
mitochondrion (1DA)

http://db.yeastgenome.org/
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GO Annotations for ALDH2 (Human)

GO:00TE491
GO0016491
GO0016491
GOO0016491
GOO0016491

GO:0004029

GO 0004030

GO:00040249

Function

oxidoreductase activity

oxidoreductase activity

oxidoreductase activity
oxidoreductase activity
oxidoreductase activity

aldehyde dehydrogenase (MAD)
activity

aldehyde dehydrogenase
[MAD{F+] activity

electron carrier activity

aldehyde dehydrogenase (MAD)
activity

interpro
interpro
interpra
interpro
S by

13061195

ENIYITe

LIniFProt &
IPRO16160 LIniProt | S
IPRO16162 LIniFrat &
IPRO16T61 LiniFrot 96
LIniFrot 96086
PIMC

[}
(7]

(7]

[ ]
(3]

(3]

[ ]
(3]

(3]

(L}
(7]
(7]

(L}
(7]
(7]

[ ]
(3]

(3]

FIMNC

LIniFrot 96
LIniFProt 9606

http://www.ebi.ac.uk/GOA/
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Indexing the biomedical literature

¢ MeSH
e Used for indexing and retrieval |%
MeSH

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(63:1813-%. Related Articles,
Links

= | Full Text
% | Anesth Analg

Free cortisol in sepsis and septic shock.

Bendel S, Karlsson 8§, Pettila V, Loisa P, Varpula M, BEuolionen E: Fimsepsis Study Group.

P Collaborators (20
Department of Intenstve Care, Kuopto Untversity Hospital, PL 16222 Kuopto, Filand, Stepant Bendeli@louh £

BACEGEOTND: Severe sepsis activates the hypothalamopituitary asis, mcreasing cortisol production. In some
studies, hydrocottisone substitution based on an adrenocorticotropic honmone-stnulation test or baseline cortisol
measurement has inproved outcome. Because only the free fraction of cortisol 15 active, measurement of free cortisol
may be more mportant than total cortisol in crtically il patients. We measured total and free cortisol in patients with
severe sepsis and related the concentrations to outcome. METHODS: In a prospective study, severe sepsis was
defined according the Amenican College of Chest Physicians/Society of Critical Care Medicine criterta. Blood
samples were drawn within 24 h of study entry. Senum cortisol was analyzed by electrochemiturminescence
wnmuneoassay. The Coolens method was used for calculating serum free cortizol concentrations. EESTULTS: Blood
samples were collected from 125 patients, of whom 62 had severe sepsis and 63 septic shock. Hospital mortality
was 21%. Calculated free serum cortisol correlated well wath serum total cortisol (r=0.90, P = 0.001). There was
no difference i the total cortisol concentrations m patients with sepsis and septic shock (728 - 386 nmolL vs 793
+- 439 nmolL, P =044, Monsurvivers had higher calculated serum free (209 H- 151 nmelL) and total (980 +/-
458 nmolL) cortizol concentrations than surmvers (119 +/- 111 nmoelL, P =0.002, and 704 +/- 383 nmol., P =
0.002). Depending on the definttion, the moidence of adrenal msufficiency vaned from 8% to 54%.
CONCLTTSIONS: Chrucally, calculation of free cortisol does not prowde essential mformation for identification of
patients who would benefit from corticoid treatment m severe sepsis and sephic shocl




MeSH MEDLINE indexing
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MeSH MEDLINE indexing

[11: Ezpert Opin Investiz Drugs. 2008 Apr, 17(40:4597-509, Related Aicles,
Links

Emﬂ Full text articla at
mﬂfﬂ.ﬂ‘ W S rhopin, com

Replacement therapy for Addison's disease: recent developments.

Lovias K, Husebve ES.

TTiwversity of Bergen, Institute of MMedicine, Section of Endocrinology, 2021 Bergen, Motrway.
Eristian lovas@helse-bergen no

BACEGEOTUND: The hormone deficiencies in Addison's disease (primaty adrenal insufficiency) are conventionally
treated with oral glucocorticoid and mineralocorticoid replacement but the avalable therapies do not restore the
phvsiological hormone levels and baorhythin, Despite such treatment these patients self-report impatred health-related
quality of ife (HEQol) and recent research has ndicated increased mortahty, OBJECTIVEMETHODS: We rewiew
the literature and recent developments i replacement therapy, EESTLTS/CONCLITEION: Patients with Addison's
disease require mineralocorticoid replacement, 1e., fludrocortisone 005 - 020 mg once daly. Starting doses of
glucocotticotds should be 15 - 20 mg for hydrocortisone or 20 - 30 mg for cortisone acetate, dinded mto two or
three doses, and preferentially weight-adpsted. There are indications that the synthetic glucocorticeids have
undesirable metabolic long-term effects, which malkce them less switable as first-line treatment. Tined-release
hydrocortisone tablets and contiuous subcutaneous hydrocortisone mfusion are promising new treatment modalities.
wtudies of replacement wath the adrenal androgen dehvdroepiandrosterone (DHEA) i adrenal falure have shown
mnconsistent benefit on HE. QoL DHEA, or possibly testosterone replacement 15 likely to be beneficial for selected
groups of patients with Addison's disease but this remains to be shown, We here give our opinion of the best
treatment and future direction of research in this area.
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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

o Morbidity and mortality
reporting worldwide Blﬁb of'MorFtllhr\




Knowledge management

Accessing biomedical information



Resources for biomedical search engines

MeSH

4 Synonyms } % =
& Hierarchical relations

I
¢ High-level categorization L %ﬁ@@
4 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
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MeSH hierarchies MEDLINE retrieval

¢ MeSH “explosion”

e Search for a given MeSH term
and all 1ts descendants

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

Adrenal insufficiency

Addison disease
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Free cortisol m sepsis and septic shocle

Anesth Analg 2002 Ton, 10608112139
FPLIID: 18459615 [Fublded - indexed for MEDLINE]

[]2: Luhoshitzey B Oupti G, Related Aricles, Links

iZCorticosteroads for septic shock

N Engl J Wed. 2008 Way 83531912069, author reply 2070-1. Mo abstract available.
PLIID: 12467975 [Publded - indexed for MEDLINE]

[]12: Levis K Husehye ES. Felated Aricles, Links

Eeplacement therapy for Addisen's disease: recent developments.

Expert Opin Investig Dirags. 2008 Apr; 17(0:497-509. Eeviewr.
PLAID: 12363515 [Publled - indexed for MEDLINE]




what

C O - I n d eXI n g —||_, - Top categories

== 0 Chemicalz and Drugs [592]
o Cyclooxygenase 2 [517]
Cyclooxygenase 2 Inhibitors [259]
Prostaglandins [355]
Prostaglandin-Endoperoxide Synthases [E67]
MF-kappa B [1355]
_ FML, Meszenger [222]
Arti-Inflammatary Agents [414]
http://www.gopubmed.com/ L = more
biological_process [551]
_ cyclooxygenase pathway [205]
- mare
Biological Sciences [360]
_ Up-Regulstion [166]
- more
Dizeazes [701]
_ Inflammation [192]
- more
Drganisms [295]
Technigques and Equipment [S09]
molecular _function [453]
Anatomy [775]
Mamed Groups [2535]
cellular_component [207]
Matural Sciences [BE1]
Technology, Industry, Agricutture [147]
Paychiatry and Peychology [35E6]
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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

UMLS



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

Model
organisms

Clinical
repositories

\

| SNOMED CT |

UMLS
NCBI
Taxonomy
FMA
Anatomy

OMIM

GO

Genetic
knowledge bases

MeSH Bl_omedlcal
literature

Genome
annotations

149



Integrating subdomains

Clinical
repositories

Other
subdomains

Model
organisms

Genetic
knowledge bases

Biomedical
literature

Anatomy

Genome
annotations
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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 interoperability 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 interoperability 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 interoperabllity 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

ontolog_ies (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)
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.To linked biomedical data

[Tim Berners-Lee TED 2009 conference]
http://www.w3.0rg/2009/Talks/0204-ted-tbl/#(1)
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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 |s a requirement for the Open Biomedical Ontologies
(0]=]0)

e |s a de facto prerequisite for Semantic Web applications

_‘\v_’:::



Discoverabillity

¢ 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 i1s”, 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 (GGovernance
e Installed base / Community of practice

= 2=



Medical
Ontology
Research

Contact: olivier@nim.nih.gov
Web: mor.nim.nih.gov

Olivier Bodenrelider

NATIONAL Lister Hill National Center
LIBRARYOF for Biomedical Communications
MEDICINE Bethesda, Maryland - USA
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Some bio-ontology courses online

¢ Bodenreider O.
Biomedical ontologies in practice
Short course at the University of Utah,
Department of Biomedical Informatics, Salt Lake
City, Utah, June 9-11, 2008.

e http://mor.nlm.nih.gov/pubs/pres.htmi
¢ Barry Smith, U. Buffalo / NCBO
e hitp://ontology.buffalo.edu/smith/Ontology Course.html

¢ Stefan Schulz, U. Freiburg, Germany / KR-MED
2008 tutorial

e hittp://www.kr-med.org/2008/index.html
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