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Umied Statee - cuon BaCkgr'Ound & definitians

-Read-across describes one of the data gap filling techniques used
within analogue and category approaches

- “"Analogue approach” refers to grouping based on a very limited
number of chemicals (e.g. target substance + source substance)

- "Category approach” is used when grouping is based on a more
extensive range of analogues (e.g. 3 or more members)
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SERR ... Category Workflow
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- National C gpe Patlewicz et al (2015)
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the data matrix



SEPA Selected Read-Across Tools
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Analogue X X X X X X
identification

Analogue NA X X X X X
Evaluation by other For
tools Ames &
available BCF
Data gap NA X X X NA NA
analysis Data Data

matrix matrix
can be viewable

exported
Data gap NA X User X X X
filling driven
Uncertainty NA NA NA X NA NA
assessment
Availability Free Free Free Free Free Free

- National Center for
Computational Toxicology
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ARTICLE INFO ABSTRACT

Article history: Read-across is a popular data gap filling technigque used within analogue and category approaches for 5
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G Sources of Uncertainty

- Analogue or category approach? (# analogues)
-Completeness of the data matrix - no. of data gaps

-Data quality for the underlying analogues for the target
and source analogues

- Consistency of data across the data matrix -
concordance of effects and potency across analogues

- Address the dissimilarities and whether these are
significant from a toxicological standpoint

- Toxicokinetics
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SEPA  Uncertainty assessment

Environmen tal Protectior

- There are several frameworks which aim to identify, document and
address the uncertainties associated with read-across
inferences/predictions
- Blackburn & Stuard (2014)

- Patlewicz et al (2015)
- Schultz et al (2015)
- ECHA RAAF (2015)

- However read-across acceptance relies on a subjective expert
assessment

- There is no objective measure of read-across performance and
acceptance

- National Center for
Computational Toxicology



SEPA  Quantifying Uncertainty & Assessing

United States
Environmental Protectionr

Performance of Read-Across

‘GenRA (Generalised Read-Across) is a “local validity” approach

Predicting toxicity as a similarity-weighted activity of nearest
neighbours based on chemistry and/or bioactivity descriptors

‘Generalised version of Chemical-Biological Read-Across (CBRA) developed
by Low et al (2013)

6oal: to systematically evaluate read-across performance and
uncertainty using available data
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SEPA GenRA - Approach

~l Protection

|. Data II. Define Local neighbourhoods lll. GenRA

1,778 Chemicals Use K-means analysis to group Use GenRA to predict toxicity
3,239 Structure descriptors (chm) chemicals by similarity effects in local neighbourhoods

820 Bioactivity hitcall (bio) ToxCast Use cluster stability analysis Evaluate impact of structural

~ 100 local neighbourhoods and/or bioactivity descriptors on
574 toxicity effects (tox) ToxRefDB prediction

Quantify uncertainty
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vﬁ!ﬁ’é&s . GenRA - Insights and Next Steps
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- The approach enabled a performance baseline for read-across
predictions of toxicity effects within specific study outcomes to be
established but was still context dependent on the endpoint and the
chemical

- Ongoing analysis:

- Consideration of other information to refine the analogue selection -
e.g. physicochemical similarity, TK similarity, metabolic similarity,
reactivity similarity...




SEPA  From research to implementation
GenRA prototype

Agency
Advanced Se
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Diethylene glycol (DEG) is an erganic compeund with the formula (HOCH2CH2)20. Itis a coleriess, practically oderless, peisoncus, and hygroscopic liquid with a swestish taste. It is
miscible in water, alcehol, ether, acetone, and sthylene glycol. DEG is a widely used solvent. It can be a contaminant in consumer preducts; this has resuited in numeraus epidemics of
poisoning since the early 20th century. . Read more
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SEPA ... Current Category Workflow in GenRA
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- National Center for
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SEPA Selected Read-Across Tool

Environmental Protectior
Agency

Analogue X X X X X X X
identification
Analogue NA X X X X X NA
Evaluation by other For
tools Ames
available BCF
Data gap NA X X X NA NA X
analysis Data Data Data
matrix matrix matrix can
can be  viewable be
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Data gap NA X User X X X X
filling driven
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< EPA Ongoing research
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Structure V
similarity

screening level Physicochemical Subject of this study

assessment of
hazard based on

toxicity effects BiOGCTiViTY e. g o -
from ToxRef
ToxCast
Reactivity -
Metabolic -
Toxicokinetic -
Assess prediction and

uncertainty using AUC
and p value metrics

- National Center for
Computational Toxicology
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EPA Physchem Similarity Context

e
Environmen tal Protectior
Agency

Important context of similarity in read-across

Models “bioavailability”

Properties selected: Lipinski Rule of 5 (LogP, MW, # HB
donors/acceptors)

Two approaches investigated as a means to identify source analogs and
evaluate their predictive performance relative to GenRA:

Approach 1: “Filter” Approach 2: "Search
Expansion”

Subcategorise from a set

of analogues identified "Frontload” both structure

based on structural and physchem into analogue

similarity identification

Common approach Novel approach

20
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Approach 1: Filter

Similarity search using Jaccard
distance of Morgan chemical
fingerprints to find source analogues.
(Default of 10 nearest neighbours
(k=10))

Calculate physchem similarity between
target and source analogues using a
generalised Jaccard similarity metric

Reduce neighbourhood based on the
physchem similarity threshold

National Center for
Computational Toxicology
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Approaches considered

Approach 1: Filter

This approach did not perform as well
as GenRA for the entire dataset, nor
did it significantly improve any target
organ predictions.
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Approach 2: Search Expansion

This approach shows a small
improvement over baseline for entire
dataset, but large improvement in

certain organs.

Target organ predictions that were significantly
improved: Intestine Large, Intestine Small, Mammary
6land, Pancreas, Ureter, Urinary Bladder

Kidney

|

Liver

| 1 | |
0.0 0.2 0.4 0.6 0.8 1.0
Weight of Physchem Similarity

Target organ toxicity predictions aggregated over study type to organ level



SEPA . Case Study: Butyl Benzyl Phthalate

GenRA: Baseline

o « Chronic studies
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SEPA Case Study: Butyl Benzyl Phthalate

United States
Environmental Protectior

ad Approach 1: Filter
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New
Analogues identified
to add to the overall

heighbourhood o /
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- National Center for
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Clinical Chemistry
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Urinary Bladder

Case Study: Butyl Benzyl Phthalate

Approach 2: Search Expansion

N0 Y?
J) 0

.78 79
27 60

Adding phys-chem to
similarity search
overturns incorrect
predictions for 2

endpoints
Improves many
others

0 0
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- Many challenges still remain in read-across
- Quantifying the uncertainty of read-across prediction is a critical issue

- Work in NCCT is focused on systematic and objective approaches to read-
across development, evaluation and application

- Established a “"baseline” GenRA approach and highlighted progress to
implement this approach into a practical tool

- Illustrated the impact on performance that physicochemical similarity can
have on analogue identification & evaluation as part of ongoing research
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