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Overview

� Agile Text Mining

� Extraction from large documents

– Case study on extracting quantitative information 
from compound safety reports

� Semantic Insights via

– Linking information extracted from different 
documents

– Linking structured and unstructured knowledge

– Linking chemical and biological knowledge
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Knowledge Discovery Challenges

� Need to use available 
information to make better 
decisions

� Integrate knowledge from 
different sources

– External 

� literature

� news

� web

– Internal 

� experimental data

� reports

� databases

– Automatically derive insight

– Get to weak signals

Medline citations
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Search, Information Extraction and Agile 
Text Mining

� Document search 

– Provides the most relevant 
documents for a query

� Information Extraction 

– Finds specific assertions using 
Natural Language Processing 

� Agile Text Mining 

– Provides answers to ad-hoc 
questions

company activity company

Sanofi bid Aventis

Roche partner Antisoma
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“Which, What, Who?”

� Go directly to answers, e.g. 
find all the genes associated 
with a specific disease

� “Which gene” searches for 
>10,000s genes and all their 
synonyms 

� Provides highlighted evidence 
and link to the document:

– Read a sentence or a single 
document to convince you that 
the gene is relevant (or not)
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“Which, What, Who?”

� Find which gene 
mutations are 
mentioned specifically 
related to the disease, 
e.g. breast cancer
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“Tell me about X”

� Search would provide documents most about X

� Here, profiling X by summarising information 
from millions of docs



9

Interactive Information Extraction (I2E)

� Natural Language Processing 
(NLP): using linguistics to interpret 
the meaning of unstructured text 
sources.

� Structured Output: presenting 
extracted information with drill-down 
to supporting evidence.

� Search Engine Approach: returning 
results in real time. 

� Domain Knowledge Plug-in: ability 
to provide semantic search capabilities 
with domain knowledge such as 
thesauri and taxonomies

� Graphical User Interface: users can 
define, share, and adapt queries 

I2E

Information Extraction

NLPNLP

Taxonomies/ 

Ontologies

Taxonomies/ 

Ontologies

SearchSearch

Structured 
Output

Structured 
Output

Graphical Query 
Builder

Graphical Query 
Builder
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Extracting Data from Safety Reports

� Extracting toxicity data for structure-activity modeling

� Reports in PDF format, up to 1000 pages, often as 
scanned electronic images

� Complex sentence construction

� Necessary data may be within text or within tables

� Inconsistent identifiers, e.g. for compounds, both in 
format and over time

Ref.: Nigel Greene, Pfizer Inc.; David Milward, Linguamatics; Richard Williams, 
Lhasa Ltd. (2009) Unlocking Toxicity Data for Structure-Activity Modeling By 
Semi-Automated Extraction from Study Reports, Bio-IT World 2009
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Semi-Automated Approach

OCR/PDF conversion

I2E Text Mining

Results Curation

Example PDF from  EPA
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Extracting Quantitative Information 

� Clinical chemistry, e.g. serum chemistry, hematology, 
urinalysis

� Clinical signs, observations

� Complex, precise patterns used to extract from  
“respectively” constructions, e.g. for exposure
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“How does A relate to B”
Potential Mechanism of Action of Compound on Disease

<Cyclosporine>-<relation>-<Gene>-<relation>-<Psoriasis>
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“Which B relate to A and C?”
Potential Biomarkers found in Serum/Plasma

<Disease>-<relation>-<Gene>-<location>-<Serum/Plasma>
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Linking Candidate GWAS Genes with Diseases:    
Case Study with InforSense: Parkinson’s Disease

Cytoscape

Interaction

Network

<GWAS>-<relation>-<Gene>* -<relation>-<Parkinson’s>
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Merging Structured and Unstructured:
Case Study with GeneGo: Liver Fibrosis

Identifying 
disease pathways 

with more 
confidence by 
combining 

information from 
GeneGo and I2E

Blue: 12 GG 
genes

Green: 8 LM 
genes

Black: 2 common 
in both sets
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Linking Chemical and Biological Knowledge: 
Integrated Substructure Search from ChemAxon with I2E Text Mining 

<Structure>-<is-substructure>-<Chemical> -<relation>-<Target>

N(C1=CC=CC=C1)C1=*C=*C=N1
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Semantic Insights using Agile Text Mining

� Derive structure from unstructured 
and semi-structured text

� Text treated as a database
– With dynamic relationships

� Query results are structured, allowing

– Further analysis

– Visualisation

– Gaps to be filled in structured 
knowledge 

� Derive new insights by combining 
information from multiple
– Documents

– Data types

– Disciplines
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