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Background

• Term recognition: identification of lexical units (generally noun phrases) 

that are related to domain concepts. (Krauthammer et al 2004)

• Differentiate between terms and non-terms. 

• Concept recognition:  mapping of text strings to an ontology or 

thesaurus of inter-related, classified concepts (Shah et al 2009) 

• Need to provide an unambiguous semantic representation of what the 

string denotes – not enough to say that a text string is a gene or a 

disease (Baumgartner et al 2008)



1. Recognise the text string as being a (possible) term

2. Classify the text string (e.g. disease, drug)

3.  Map the term to a concept(s) within an agreed data source 

(ontology, thesaurus) by assigning concept identifier from the data source

Three steps to term identification: Krauthammer et al 2004, p. 513



 • United Medical Language System (UMLS) Metathesaurus is one of the 

most comprehensive and widely used thesauri in the biomedical 

domain.

• Integrates and cross-references a number of source vocabularies, 

such as SNOMED-CT (clinical terms), LOINC (lab observations), FMA 

(anatomy), RxNorm (drug names) and many others

• Concepts are categorised according to a set of broad semantic types 

• Each concept has a 'concept unique identifier' CUID (although the 

concept may exist in many source vocabularies with their own interal 

IDs)



http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?

book=nlmumls&part=ch05&rendertype=figure&id=ch05.F1



• National Library of Medicine MetaMap software is considered to be the 

'gold standard' for recognising UMLS concepts

+ full text parsing (sentence, phrase, token, POS)

+ NegEx algorithm (Chapman et al 2002)

+ can limit annotation to specific vocabularies and specific semantic 

types

+ Java API

- ASCII input text only

- *Nix binaries only

- performance, memory requirements, input (MEDLINE abstracts)



Example MetaMap mapping: noun phrase to noun phrase

Phrase: "lung cancer"

Meta Candidates (8):
  1000 C0242379:Lung Cancer (Malignant neoplasm of lung) [Neoplastic Process]
  1000 C0684249:Lung Cancer (Carcinoma of lung) [Neoplastic Process]
  861 C0006826:Cancer (Malignant Neoplasms) [Neoplastic Process]
  861 C0024109:Lung [Body Part, Organ, or Organ Component]
  861 C0998265:Cancer (Cancer Genus) [Invertebrate]
  861 C1278908:Lung (Entire lung) [Body Part, Organ, or Organ Component]
  861 C1306459:Cancer (Primary malignant neoplasm) [Neoplastic Process]
  768 C0032285:Pneumonia [Disease or Syndrome]

Meta Mapping (1000):
  1000 C0684249:Lung Cancer (Carcinoma of lung) [Neoplastic Process]
Meta Mapping (1000):
  1000 C0242379:Lung Cancer (Malignant neoplasm of lung) [Neoplastic Process] 

Semantic typePreferred NameCUID Concept Name



Example MetaMap mapping: noun phrase to individual terms

Phrase: "Severe upper limb laceration"

Meta Mapping (861):
   645 C0205082:Severe [Qualitative Concept]
   694 C1269078:Upper limb (Entire upper limb) [Body Part, Organ, or Organ 
Component]
   812 C0043246:Laceration [Injury or Poisoning]

Meta Mapping (861):
   645 C1519275:SEVERE (Severe Adverse Event) [Finding]
   694 C1269078:Upper limb (Entire upper limb) [Body Part, Organ, or Organ 
Component]
   812 C0043246:Laceration [Injury or Poisoning]

This can be useful for post-coordination of terms already identified, but 
problematic for generating annotations from free text as a single noun phrase 
can generate > 1 annotation (one for each MetaMap mapping)

severity finding site

morphology



Demonstration of MetaMap GATE plugin







Idea ...

• If we could pre-identify 'candidate' biomedical noun-phrase terms, we 

could pass each of these to MetaMap for validation, addition of 

metadata (UMLS CUID, preferred name, semantic type etc), and post-

coordination

• Useful for large texts where biomedical terms are quite sparse

• Useful for disambiguation (text might contain non-biomedical terms, e.g. 

organisations, people, places)



Term identification – differentiate the drug names

How did you decide?

oxymycin

oxymoronzaclovir

triumvir

bactiflox

orthodox

propanolol

protocol

xylocaine

xylophone



Term identification – prefixes and suffixes?

• oxy-mycin

• oxymoron

• zaclo-vir

• triumvir

• bacti-fl-ox

• orthodox

• propan-ol-ol

• protocol

• xyl-o-caine

• xylophone



Neoclassical combining forms (NCF)

• Since 16th C, naming of scientific terms (chemical, biological) has 
involved use of Latin and Greek morphemes (linguistic unit that has 
semantic meaning)

• Leukocytosis: leuk- (white) -cyte (cell) -osis (disease)
• Computational analysis of NCF has been around since early 1980s

- can narrow range of possible meanings
- provide semantic classification (e.g. -itis, inflammation => disease)
- can help identify unknown words
- provides a 'best guess' (i.e. provide candidate terms) for human 
review 
 (McCray 1988)



Source of Latin/Greek morphemes for NCF

• Wikipedia:
http://en.wikipedia.org/wiki/List_of_medical_roots,_suffixes_and_prefixes

• NLM Specialist Lexicon Database (NC.DB) 
http://lexsrv3.nlm.nih.gov/SPECIALIST/index.html

- separates NCF morpheme types into prefix, root, terminal
- prefix (normally) precedes root and cannot attach directly to a terminal

abdomin(o)|abdomen|root 
ab|away from|prefix  
desis|binding|terminal 

http://en.wikipedia.org/wiki/List_of_medical_roots,_suffixes_and_prefixes
http://lexsrv3.nlm.nih.gov/SPECIALIST/index.html


Strategy for NCF term identification in GATE

• Create gazetteer of NCF morphemes

• Write JAPE rules to identify Tokens that contain them in the correct 

order (prefix*, root+, terminal?)

• Annotate the surrounding NP that contains the candidate NCF Token

• Pass the candidate NPs to MetaMap

• Convert the MetaMap output to GATE Annotations and features

• Use Corpus QA tools to measure recall and precision by comparing 

candidate NCF annotations with MetaMap annotations



Gazetteer with features; wholeWordsOnly=false, longestMatch=true

dipl;rel=two;type=root
dipso;rel=thirst;type=root
dips;rel=thirst;type=root
disco;rel=disk shaped;type=root
disc;rel=disk shaped;type=root
disko;rel=disk shaped;type=root
disk;rel=disk shaped;type=root
dis;rel=negate;type=prefix
diverticulo;rel=diverticulum;type=root
diverticul;rel=diverticulum;type=root
di;rel=two;type=prefix



JAPE rules

Simple approach:

{Token.category == NN, Lookup.majorType == neoclassical_forms, 
Lookup.type == prefix,
Token contains {Lookup.type == root}, 
Token contains {Lookup.type == terminal} 
} |
{Token.category == NN, Lookup.majorType == neoclassical_forms, 
Lookup.type == root,
Token contains {Lookup.type == terminal}
} |
...



JAPE rules

Better approach: create new JAPE operators startsWith and endsWith

{Token startsWith {Lookup.type == prefix}, Token contains {Lookup.type 
== root}, Token endsWith {Lookup.type == terminal} }

Or use Java on the RHS to check for the correct positioning of prefix, root 
and terminal Lookups within the Token 



Implementation issues

• Overlapping lookups:
      leuko-cyte 

 nano-particle
 
• Morphemes have multiple roles (sometimes a root, sometimes a suffix)
 ad (prefix: adduction) ad (suffix: dorsad, monad)

• Some roots are common non-NCF morphemes:
 em (blood)  oo (egg) or (mouth)
 embolism  oocyte orifice
 emphasis  oozing orchestra



Results

MetaMap

Neoclassic combining forms



Results



Results: NCF NP terms vs MetaMap mappings

Annotation Match Only A Only B Overlap Rec.B/A Prec.B/A F1.0-
lenient

Lookup 0 0 142807 0 1.00 0.00 0.00

Medical_Term 5694 82726 890 6922 0.13 0.93 0.23



Results: NCF NP terms validated against MetaMap

Annotation Match Only A Only B Overlap Rec.B/A Prec.B/A F1.0-lenient

Lookup 0 0 142807 0 1.00 0.00 0.00

Medical_Term 6317 19498 812 6377 0.39 0.94 0.56



Further work

• Classify NCF morphemes into 'strong' and 'weak' roots and terminals

 - Strong roots: presence on their own strongly indicates a term, 

e.g. 'cyte', 'cyto' → cytoplasm, leukocyte

 - Weak roots: requires a strong terminal or a co-occurring strong root to 

indicate a term, e.g. 'oo' + 'cyte', 'cyto' → oocyte, oocytosis

• Classify NCF morphemes into semantic types: parts of body, 

symptoms, procedures. E.g. -ectomy (excision → procedure), hepat- 

(liver → organ), -phyma (swelling → symptom)



Further work

• Combine NCF patterns with Hearst patterns (NP, such as NP*) 
• Combine NCF patterns with abbreviation-matching heuristics, e.g. 

ALICE (Ao & Takagi 2005)

 gastro-oesophageal reflux disease (GORD)
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