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Outline

•What is Chem(o)informatics
•Decision contexts and Applications
•Screening level hazard identification and 
how this impacts current and emerging 
(Q)SAR development and application

•Chemical categories and associated read-
across

•Issues with read-across
•Practical strategies to refine and enhance 
existing read-across approaches

•Take home messages
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What is Chemoinformatics?

• Chemoinformatics or Cheminformatics?
• “..the mixing of those information resources to 
transform data into information and 
information into knowledge for the intended 
purpose of making better decisions faster in 
the area of drug lead identification…” Brown 
(1998)

• ..”combining the scientific working fields of 
chemistry, computer science and information 
science….”
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Cheminformatics – a continuum 
from data to knowledge

DATA MODELS

Storage
Retrieval

Manipulation
Visualisation

Analysis
Application

Packaged knowledge for 
effective re-use
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Cheminformatics tools add value 
to most regulatory decisions

• Screening level hazard assessment
• Category formation for read-across
• Prioritisation
• Risk Assessment
• Exposure Assessment
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Applications where 
Cheminformatics tools add value

• Screening level hazard assessment
• Category formation for read-across
• Prioritisation
• Risk Assessment
• Exposure Assessment
• ……

A Data gap analysis is 
typically the first step 
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Tier I (identifies data 
including C&L flags & 
associated information)

In silico
evaluation 
(Q)SARs etc.

Literature search              

Data gap analysis
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Step 1

Step 2

Step 3

Sufficient 
Tier I Data 
Available

No Data Available 
or Data is 
insufficient for the 
decision context

Data Available 

Assessment request
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Step 1: Tier I – Preliminary data search

From M Chen, DuPont

Data gap analysis

Flags C&L information from EU, NZ, etc, Public perception lists (re: 
Green chemistry type considerations..)
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Data gap analysis

• ACToR -http://actor.epa.gov/
• ECHA dissemination database
• eChemPortal http://www.echemportal.org/
• Scifinder
• OECD Toolbox
• Leadscope – www.leadscope.com

Step 2: Tier II – More extensive data search 
(typically traditional toxicity information)

http://www.leadscope.com/
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Step 2: In vitro - Bioactivity data

Data gap analysis
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Step 3 – in silico evaluation

•Three approaches – depending on decision context 
and outcome of data gap analysis

•TTC approach if exposure is very low and is 
supported by use case

• or
• (Q)SARs to identify the likely endpoints of concern 
to help select more relevant analogues to address 
those endpoint data gaps

• and/or use 
• Investigate an analogue/category approach

Data gap analysis
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START

Identify 
structures of 
interest

TTC track
(Q)SAR profiling

TTC value
Further 
evaluation by 
Toxicologist

Matrix of 
estimates

Consider, Category 
approach  (Q)SAR

Further 
evaluation by 
Toxicologist

Feedback 
learnings to 
improve (Q)SARs

STOP

STOP
STOP

Track 1 Track 2

Impurities, 
novel chemicals 
for CMO, food 
additives
Food contact 
ingredients

Everything else!
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TTC via Toxtree
12

Cramer assignment 
via OECD TB
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(Q)SAR profiling

• (Q)SARs structured as “IATA” Pipelines 
informed by mechanistic understanding where 
feasible
–Endpoint specific

• e.g. Skin sensitisation informed by AOP
• or 
• Various IATA coupled together to address 
several endpoints concurrently..

• Extend the approach to extract new SAR 
insights from bioactivity data
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Adverse 
Outcomes

Parent
Chemical

Black Box: Not transparent but fast…

Conceptual approach for non-testing 
development and application 

current

Initial
Molecular 

Events

Speciation

and

Metabolism

Measurable
System 
Effects

Adverse 
Outcomes

Parent
Chemical

QSAR

Systems 
Biology

Chemistry/
Biochemistry

QSAR

emerging

1. Identify plausible MIEs
2. Explore Linkages in Pathways to Downstream Effects

3. Develop QSARs to predict MIEs from 
Structure or characterise other KEs as SARs

Parent
Chemical

emerging
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Metabolism
Penetration

Electrophilic
substance

Direct Peptide 
Reactivity Assay 
(DPRA)

QSARs

• human Cell Line 
Activation Test 
(h-CLAT)

• Mobilisation of DCs

• Activation of inflammatory 
cytokines 

• KeratinoSens

• Histocompatibility 
complexes presentation 
by DCs

• Activation of T cells
• Proliferation of activated 

T-cells

• Inflammation upon 
challenge with 
allergen

Dendritic Cells (DCs)

Keratinocyte responses

Key Event 1 (KE1) 

Key Event  2

Key Event  3
Key Event  4 Adverse 

OutcomeT-cell proliferation 

AOP for skin sensitisation (SS) 
and assays mapped to KEs

Chemical 
Structure 
& Properties

Molecular 
Initiating Event

Cellular 
Response

Organ Response Organism 
Response        

15



National Center for
Computational Toxicology

16

IATA for SS

Patlewicz et al, 2014
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Implementing the IATA-SS into a OASIS Pipeline 
tool for systematic re-use
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Mechanistic basis – SAR Profiler for 
cysteine depletion
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TIMES-SS predictions
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Endpoint specific IATA represent 
components within an expanded 
OASIS pipeline that aims to address 
several endpoints
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Chemical category and read-across:
Workflow

• Data gap analysis
• Overarching hypothesis
• Analogue identification
• Analogue evaluation
• Data gap filling 
• Scientific justification
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Overarching hypotheses -
“similarity rationales”

•Similarities may be based on the following: 
– common functional group(s) e.g. aldehyde
– common constituents or chemical classes, similar 
carbon range numbers e.g. UVCB substances

– an incremental and constant change across the 
category e.g. a chain-length category for boiling 
point range; 

– the likelihood of common precursors and/or 
breakdown products, via physical or biological 
processes, which result in structurally similar 
chemicals

–The rationale underpinning the category/analogue 
approach might be based on 1 or more of these 
rationales

NB: Rationales extracted from the OECD & REACH Technical guidance
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Pyromellitic 
dianhydride

(PMDA)
89-32-7

Pyromellitic acid
(PMA)

89-05-4

Trimellitic 
anhydride
(TMA)

552-30-7

Trimellitic acid
(TMLA)

528-44-9

Phthalic 
anhydride
85-44-9

Phthalic acid
88-99-3

Target substance

Source 
substance

Source 
substance

Source substanceSource substance

Source substance

Overarching category rationale: the likelihood 
of common precursors and/or breakdown 
products, via physical or biological processes, 
which result in structurally similar chemicals

Hydrolysis

Hydrolysis
Hydrolysis

Read-across

Read-across
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Analogue Identification - tools

• ChemID plus – structure searching for similar 
analogues with/without data

• eChemPortal – CAS, Name
• Leadscope – CAS, Structure (similar/exact)
• OECD Toolbox – structure, profilers..
• AMBIT v2- http://cefic-
lri.org/lri_toolbox/ambit/

• ACToR – through DssTox
Search may be uninformed or informed by an 
overarching rationale
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Analogue Evaluation
• Evaluating on the basis of reaction chemistry 
and mechanistic knowledge..to substantiate a 
proposed hypothesis or to establish a rationale 
for the grouping proposed

• OECD Toolbox
• Leadscope
• Toxtree
• Derek Nexus
• Meteor
• ..
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Data gap filling approaches & 
tools

•Read-across can be:
•Qualitative read-across
•Quantitative read-across
•Trend-analysis
•External QSARs

• Tools may include:
• OECD Toolbox
• Toxmatch
• AMBIT
• Qualitative inferences using the data matrix 
directly
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Name Pyromellitic 
dianhydride

Pyromellitic acid Trimellitic anhydride Trimellitic acid Phthalic anhydride Phthalic acid

Role in category Target Source Source Source Source Source

Abbrev PMDA PMA TMA TMLA

Cas 89-32-7 89-05-4 552-30-7 528-44-9 85-44-9 88-99-3

Structure

Physicochemical 
properties

X X X X X ND

Toxicological 
endpoints e.g. acute 
oral toxicity

Read-across X X ND X ND

Ecotoxicological 
endpoints

X ND X X ND ND

Environmental fate 
properties

Read-across ND ND X ND X
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Key challenges associated with 
read-across

• ‘Negative read-across’ – reading across the ‘absence’ 
of toxicity – burden of proof is higher

•  what is the mechanism of action for the absence of 
toxicity…

•How to estimate uncertainty?
•Not possible to remove uncertainty entirely 
• how much residual uncertainty is acceptable?
• or what type of uncertainty is acceptable and does this 
differ for different endpoints and for different decision 
contexts?

• Can Uncertainty be addressed without (additional) in 
vivo testing?

• Read-across remains a subjective expert judgement 
assessment
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How to address the challenges 
with read-across?

•Several publications that guide the 
construction and assessment of categories 
and use of read-across
–Guidance and examples (OECD, 2014; 
ECHA, 2008; ECETOC TR 116, 2012)

–Frameworks for identifying analogues 
e.g. Wu et al, 2010, Patlewicz et al, 
2013

–Frameworks for assessing read-across 
(ECHA – RAAF, Blackburn and Stuart, 
2014, LERAT (Patlewicz et al, 2015)

SCIRADE
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• Reliance on prior knowledge and expertise 
regarding structure and function
–Does not work as well with data poor 
substances

• No clear guidance on what to do to decrease 
uncertainty – what studies, data, etc. 

• Although activities/projects are ongoing: 
LERAT, SEURAT, CAAT, AIMT-4 

•  to target Uncertainty 

How to address the challenges 
with read-across?
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SCIRADE proposals

Patlewicz et al, 2015 (SCIRADE)
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SCIRADE proposals

Using AOPs to provide the roadmap for 
mechanistic information

Using bioactivity information
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Most Chemicals are Promiscuous
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Number of Assays Activated by a Chemical

~80% with < 3-fold ratio ~80% with >10 
cellular targets

Nonselective
Nonselective

Selective Selective

Thomas et al, 2013
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Using Selectivity to address a 
practical strategy in enhancing 
read-across and to define PODs

Selectively Activated 
In Vitro Assays

Selective Chemical

Define
Mode-of-Action

Confirm Human 
Relevance and Derive 

Point-of-Departure

Key Events

Bioactivity

Nonselective Chemical

Define Point-of-
Departure BMR

BMDBMDL
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Objectifying read-across

• Addressing uncertainty in read-across and promoting 
a more systematic approach to evaluating read-
across performance

• Using AOPs
• Using biological activity data

1. Local validity approach – hybrid “QSAR” 
nearest neighbour similarity distance to 
establish a baseline performance and quantify 
uncertainty i.e extension of CBRA approach

• Extend and refine by codifying expert insights
2. Explore bioactivity data as a means of 

enhancing existing chemical categories
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CBRA (Low et al, 2013)

 Chemical Biological Read Across
 Predict RA activity of chemical as similarity-

weighted activity of neighbours: 
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“GeneRA”

 Generalised Read Across (GeneRA)
 Predict chemical activity as similarity-weighted 

activity of neighbours across different descriptor 
spaces:

Jaccard similarity: 

Shah et al, in prep
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GeneRA: Clustering chemicals

Shah et al, in prep
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GeneRA: Nominal cluster
Infer AUC for chronic effects 
Using chemical
/bioactivity or hybrid descriptors

Shah et al, in prep
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Prototype Implementation –
within a Dashboard

UNDER DEVELOPMENT
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Change 
Similarity
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UNDER DEVELOPMENT

Prototype Implementation –
within a Dashboard
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Take home messages

•Scope of cheminformatics is very broad
•Focused on specific tools which facilitate 
screening level hazard assessments and read-
across within chemical categories

•Illustrated how mechanistic information from 
AOPs can be helpful to derive new (Q)SARs
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Take home messages

•Highlighted the issues with read-across and 
suggestions for how in the absence of 
adversity or AOPs, in vitro bioactivity data 
could be helpful in quantifying performance 
and shifting read-across away from a 
subjective expert driven assessment (at least 
for specific decision contexts) 
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