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• 17th Century • 21st Century

Scientific information and data exchange in practice for over 

400 years

• Most scientific data is still published in unstructured format

Royal Society of London
Oldest learned society (1660)
Oldest scientific journal (1665)
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• More than 1M new citations/year in Medline – HOW TO KEEP UP?

Scientific literature is exploding



If only we knew what is known…

Image Source: http://www.thesocialleader.com/wp-content/uploads/2011/03/paper-piles.jpg

Text mining: analyzing text to extract information that is useful for particular purposes

Text 

mining

Amorphous information

• Hard to deal with

• Hard to deal with algorithmically

• Not scalable

Structured information

• Search

• Visualize

• Network analysis

• Scalable

• Compressed

20km
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Human

Mouse

Rat

• 2001- Ariadne Genomics 

developed MedScan – a tool to 

extract information for bio-

molecular networks from 

literature

• 2012 - Elsevier acquired

Ariadne Genomics and 

continued to develop MedScan

and PATHWAY STUDIO

• 2017- MedScan engine can be

used within PATHWAY STUDIO

and also independently

History of  MedScan Technology
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From text to fact

Our results suggest that a natural immune response mediated by 

γδ T lymphocytes may contribute to the immunosurveillance of 

melanoma

gamma delta T cell melanoma

text

fact

negative 

regulation

sentence

5.6 M facts

24 M abstracts

3.5 M full texts

standard 
name

standard 
link

standard 
name
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• Staged Processing:

 Sentence tokenizing

 Word recognition

 Morphological analysis

 Recognition of compound 

lexemes

 Syntactic parsing

 Semantic interpretation.

Processing of Text using MedScan Technology



Natural Language Processing

The central idea of MedScan´s NLP algorithm is decomposing natural language 

sentences into semantic relationships (which we will also call semantic triplets). 

Each triplet is designed to represent a single semantic relationship between two 

singular noun phrases (NPs). 

Triplets identified:
Axin2 associate beta-catenin 

abundance

Axin2 inhibit beta-catenin function

Axin2 associate beta-catenin 

abundance

Axin2 inhibit beta-catenin function

Axin2 affect MEF cell line proliferation

Axin2 work negative feedback 

pathway

Axin2 regulate Wnt signaling

Axin2 control apoptotic process

Text Mining with MedScan Technology
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Data Extraction using Elsevier NLP

How MedScan Identifies “Entities” and “Relationships”

“Axin binds beta-catenin and inhibits GSK-3beta activity in hepatocytes.”

Entity Relationship Entity

Axin binds beta-catenin

Axin inhibits GSK-3beta activity

Text Mining recognizes 

“Semantic Triplets”

Axin - beta-catenin, relation: Binding  celltype: hepatocyte

Axin -> GSK-3beta, relation: Regulation, effect: Negative  celltype: hepatocyte

Stores this 

information in 

the database…

Pathway Studio visualizes the 

information in graphical 

format
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Solution overview

Pathway Studio®

ToolsKnowledgebase

Manually 

curated 

pathways

Ontologies

Annota-

tions

Biological 

relations 

extracted 

from 

literature

Variation 

annotation

from public 

sources

Experiment analysis:
• Gene expression

• Proteomics

• Metabolomics

• NGS

Search 

Summarization

Navigation

Visualization

24M abstracts

3.5M full texts

6.2M relations

Structural 

similarity 

for 

chemicals

Text mining 

pipeline

Easy to use 

text mining 

interface

>1800 

pathways
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Pathway Studio databases

Mammal

Chem

Effect

Disease

FX

Cells

Protein 

centered

Chemical

centered

Disease

centered

Cell

centered

• Target interactions data

• Expression regulation

• Transport

• Synthesis

• Protein modification

• Functional characterization

• Chemical-target interactions

• Adverse events

• Drug repurposing

• Biomarkers

• Drug repurposing

• Clinical trials

• Cell expression

• Cells role in the disease

• Cells as biomarkers
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Types of objects (Entities) in the database

Entity Example

Protein, Complex, Functional class PARP1, miR133b, IL23, cytokine

Drug, Metabolite, Ion, Chemical glucose, aspirin, estradiol, cetuximab

Disease malaria

Clinical Parameter heart rate, lesion size, Gleason score

Cell Process apoptosis

Treatment heat shock

Cell regulatory T cell
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Integrating text with other resources

All recognized terms have identifiers:

• Linking to other databases

• Mapping

• Integrating external data

• Use of ontologies
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Rich pathway collections for modeling and experiment 

analysis

Over 1,800 pathways manually built by PhD level scientists (ongoing project)

• Signaling

• Metabolic

• Cell processes

• Disease

• Immunological

• Expression targets

• Toxicity

• Nociception

• As starting points to build 

pathways

• In experiment analysis

• In analysis of groups

To use
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• Visualization

• Summarization

• Intersect, subtract, and union facts and 

lists

• Filter by

 Identifiers

 Bibliography

 Tissues, organs, cells, cell cultures, 

organisms

 Drugability

Interface and tools to find answers to complex biological 

questions
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• Upload experimental data 

or a list of concepts

• Calculate differential values

• Gene-Set Enrichment 

Analysis: interpret the data 

using Pathway Studio 

ontologies and pathway 

collections

• Sub-Network Enrichment 

Analysis (causal 

reasoning): interpret the 

data using 6.2 M biological 

relations extracted from the 

literature

Interface and tools to upload and analyze experimental 

data
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Elsevier R&D Solutions: data, software, capabilities

Research & 

Discovery
Pre-clinical Clinical Post-launch

Lead ID & 

Valid

• Monitoring adverse 

events

• Lead prioritization for safety, delivery and efficacy

• Translational medicine

• Lead identification 

and characterization

• Synthesis 

optimization

• Disease modeling

• Target identification

• Biomarker discovery

• Drug repositioning

Elsevier and non-Elsevier 

textual information

Public and proprietary 

databasesContent & Data

Databases

Software

Use-case 

centered 

integration 

and 

customization

Capabilities
• Data extraction

• Data normalization

• Data integration

Elsevier Text Mining



Literature-extracted biology data: from disease 

mechanisms to targets

• What causes the disease of interest?

• What is the disease mechanism?

• What is it similar to?

Information 

published by 

researchers

1 2 3

SOURCE

Abstracts and 

full texts of 

relevant 

publications

EXCERPTION

Natural 

language 

processing

PRESENTATION

Data is presented 

in structured and 

normalized format

>7

MILLION
Relations between 

biological concepts

>1,800
Manually built 

pathways, including 

disease models

>285,000
Biological concepts

Pathway Studio database contains:

The unique collection of data is sourced from:

>4

MILLION
Full text articles

>38

MILLION
Supporting sentences

>10,000
Journals, including

>1,700
Full text journals



Rare diseases – when every piece matters

Nick Sireau at TEDx ImperialCollege

https://www.youtube.com/watch?v=B4UnVlU5hAY

• No support

• No funding

• No treatments

is a UK charity that is building the rare disease community to raise 

awareness, drive research and develop treatments.

is partnering with Findacure scientists to help identify and evaluate 

treatments for congenital hypersinsulinism

• Patients community

• Collaboration with medical 

researchers

• Drug repurposing candidate

• Fundraising

• Clinical Trial



• A rare genetic disease

• Permanently excessive level of

insulin in the blood

• Develops within the first few days

of life

• Can lead to brain injury or even

death

• In the most severe cases the only

viable treatment is the removal of

the pancreas, consigning the patient

to a lifetime of diabetes

Congenital hyperinsulinsm (CHI)

https://res.cloudinary.com/indiegogo-media-prod-

cld/image/upload/c_limit,w_620/v1440424745/uzvnqzhvbpsrtthzxqpu.jpg

How can we help?



Congenital hyperinsulinism library

In support of Findacure’s mission of education and knowledge sharing:

• Access to all Elsevier’s ScienceDirect full-text publications covering CHI

• Collection of papers focused on different aspects of CHI

• Collection of papers focused on effects of sirolimus on CHI



• CHI Library

• Disease, Target, Pathway, and Compound

Analysis

• Research Landscape Analysis

Information Assets Applied

• Content

Elsevier’s vast set of literature and patent data

• Data normalization

Taxonomies and dictionaries to normalize author

names, institutions, drugs, targets, and other

important terms

• Information extraction

Finding semantic relationships, targets, pathways,

drugs, and bioactivities

Creating a comprehensive view of CHI with Elsevier 

R&D Solutions



CHI: summarization and visualization of the findings

• Visualization and summarization of >7M 

literature findings

• Linking to non-literature sources



Building and refining the disease model

Relevant pathways
(from a collection of 1800 models)

• Diseases

• Cell processes

• Signaling

• Metabolism

• Toxicity

Disease 

overview

Literature-

extracted data



CHI: Building and refining the disease model

• Insulin secretion steps 

affected by CHI

• Role of mutated genes

• Drug targets

• Drugs



Approved compounds that may treat CHI 

• Each binds to one or more 
targets related to the 
disease

• Can easily be obtained 
and tested in preclinical 
studies

• List includes compounds 
known to treat 
hyperinsulinism
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Automated analysis to combine disease data with drug data

• 88 targets related to 

hyperinsulinism with ≥3 

literature references

• Full relationship 

information

Find all targets that 

could be used to affect 

the disease state

Step 1

From pathways to treatments



Mean of activities 

among these 

targets

Mean of activities 

among these 

targets

Targets and 

activities for each 

compound

Drug-likeness 

metrics for 

sorting/classification

• All compounds that were 

observed to bind to targets in 

pathway

• Sorted by number of active 

targets. 

• Too many  targets may 

suggest lack of specificity.

Find all targets that 

could be used to affect 

the disease state

Query for each protein to find 

compounds that target it (>6 

log units)

Collate data by compound to summarize the 

targets/activities related to disease that the 

compound hits

Compute geometric mean of activities for ranking

Rank by number of targets and geometric mean of 

activities against targets

Step 1 Step 2
Step 3

Automated analysis to combine disease data with drug data

From pathways to treatments



From pathways to treatments:

PipelinePilot implementation combines data sources

Automated analysis combines bioassay data with text-mined data

Find all targets that 

could be used to affect 

the disease state

Query for each protein to find 

compounds that target it (>6 

log units)

Collate data by compound to summarize the

targets/activities related to disease that the

compound hits
• Compute geometric mean of activities for ranking

• Rank by number of targets and geometric mean of

activities against targets

Step 1 Step 2
Step 3



From pathways to treatments: adjusting workflow

TARGETS DRUGS

• Types of connections to a disease

• Place in a disease model

• Supporting evidence (good or bad)

• Adverse events

• Target class/localization

• Overall connectivity

• Biomarkers

• Signature-based

• Role in processes associated with 

a disease

• Drugs approved/passed safety

• Potential off-target activity

• Metabolism/transport

• Polypharmacology

• New drugs 



• Used extensive Elsevier’s content, tools and capabilities to provide information about 
a rare disease:

 Literature-extracted biology data to find targets and summarize what is known about the 
disease mechanism

 Bioactivity data to find drugs that target those targets

 Normalized names of authors and institution to find collaborators/research centers

• Once the output of interest is decided, answer generation can be automated:

Provide a disease name and get:

 List of targets with supporting information

 Sorted list of approved drugs with supporting information

 KOLs and institutes

Summary



Presented by: Anton Yuryev

Title: Professional services, Director

Wednesday, September 27, 2017

PATHWAY ANALYSIS FOR 

PERSONALIZED ONCOLOGY
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Central dogma 2017: How to measure protein activity?

Protein 

activity

Biological 

processes

Copyright: RSC Publishing -

Royal Society of Chemistry



SNEA: sub-network enrichment analysis 
- Calculates protein activity from the observed changes of its downstream targets 

36

Molecular networks in microarray analysis. 

Sivachenko A, Yuryev A, Daraselia N, Mazo I.  J Bioinform Comp. Biol. 

2007

SNEA Reverse Causal Reasoning 

Mann-Whitney enrichment test Fisher’s overlap test



www.wakeforest-personalized-hemonc.com

11635 Northpark Drive, Suite 250, Wake Forest, NC 27587

Gene expression profiling 
for targeted cancer treatment

Luminita Castillos1, PhD, MBA, Francisco Castillos1, III, MD and Anton Yuryev2, PhD

1Personalized Hematology-Oncology of Wake Forest, PLLC, NC 27587, USA

2Elsevier, MD 20852, USA

http://www.wakeforest-personalized-hemonc.com/


Example of expression regulators and Cell processes identified 

by SNEA in lung cancer patient
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Common misconception:

Differential Expression of its componentsPathway activity

Pathway activity Differential Expression of its expression targets

Pathway targets
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Pathway Activity signatures identify targets for anti-cancer drugs

Hanahan & Weinberg. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646-74



1. Calculates major expression regulators from the expression of 

their targets

2. Maps major expression regulators on cancer pathway 

collection

3. Calculate pathway activity signature

1. Pathway activity signatures are short and therefore can classify patients 

better

2. Pathway activity allow selection of drugs inhibiting the active pathway(s) 

instead of inhibiting single target

41

Major steps to calculate pathway activity signature
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Cancer pathways: Insights to cancer biology

EGFR activation by apoptotic clearance (wound healing pathway)

Red highlight 

–

Major 

expression 

regulators in 

cancer patient

Apoptotic debris
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How to select anti-cancer drugs in Pathway Studio



Targets

Precision Oncology

Biopsy Transcript
omics

Drugs
Data 

analysis

No lung met 

after treatment
Lung met 

before treatment

Patient

Empowerment

Targets

Drugs

Disease 
mechanism 

Rare diseases

Publications

Experts
Network

Congenital 

hyperinsulins

m

http://www.jimmunol.org/content/vol176/issue6/cover.shtml
http://www.jbc.org/content/vol281/issue11/cover.shtml
http://www.pnas.org/current.shtml
http://mcb.asm.org/current.dtl


www.elsevier.com/rd-solutions

Thank you


