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“E%__ Where do read-across approaches fit
within IATA?

 Integrated Approaches to Testing and Assessment
(IATA)

* "A tiered approach to data gathering, testing, and
assessment that integrates different types of data
(including physicochemical and other chemical properties
as well as in vitro and in vivo toxicity data). When
combined with estimates of exposure in an appropriate
manner, the IATA provides predictions of risk.”




“E%._.  General framework of an IATA

Problem formmalation. Definition of the regulatory need (e g hazard
identification, hazard characterization, safety assessment etc) and
the mformationparameters that are relevant to satisfy the need,
mcluding consideration of existing constramnts and, if applicable,
consideration of the level of certainty required.

L

Gather and evaluate existing information (in wivo, in vitro, in siicao
(e.g ((NSAR), read across and chermical category data).

Srailable infortmation
provides sound
— | conclusive evidence for
the specific regulatory
l need

k.

IWlake a weight of evidence assessment or apply predefined decision
criteria (e.g ITS, 5TE)

If awailable information does not prowide sufficient ewvidence
consider what additional information from non-testing, non-atimal
testing methods and, as a last resart, fom ammal methods would be
needed to generate sufficient evidence.

l

Ilake a weight of evidence assessment or apply predefined decision
criteria (ie [T3, 3TE)

Airailable information
provides sound
conclusive evidence for

nth;;peciﬂc regulatory Fr‘om OECD 4




sePA  Definitions: Chemical grouping
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)

A chemical category is a group of chemicals whose physico-
chemical and human health and/or environmental

toxicological and/or environmental fate properties are likely
to be similar or follow a regular pattern as a result of
structural similarity (or other similarity characteristics).




SEPR What is Read-across?

» Read-across describes the method of filling a data gap whereby a
chemical with existing data values is used to make a prediction for a
'similar’ chemical.

« A target chemical is a chemical which has a data gap that needs to
be filled i.e. the subject of the read-across.

« A source analogue is a chemical that has been identified as an
appropriate chemical for use in a read-across based on similarity to
the target chemical and existence of relevant data.

Source Target 0 :
chemical chemical | Acute Pt
Property .f— @) | toxicity? S
® Reliable data

Known to be Predicted to be

O Mo
Missing data harmful harmful




SEPA Selected read-across tools

Agency
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L - Read-across workflow

4 ) 4 N 4

Data gap analysis
for target and
source analogues

Analogue

Decision Context identification

Uncertainty Data gap filling:

assessment Read-across

Analogue evaluation




SE™. A harmonised hybrid read-across workflow
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A harnvmmAanienA lf\\llf\n;f\, rlead_acr‘oss Wor'kflow

Determine the scope of the e
1. Decision

assessment needed conlet

e.g. screening level hazard

assessment ﬂ

= ) e.g. Skin
Determine number and 2. Data gap the data gap for Consider Defined sensitisation,
rg analysis for E> an endpoint for Approaches in the cestrogenicity
type o a gaps target ahich thare inia context of an IATA

The number of data gaps and for which
endpeints will drive the appreach teo fill
the data gaps. e.g. using defined
approaches or QSARS

Custom search specific to endpoint specific
parameters OR

Search on the basis of structural similarity and/or
other similarity contexts to address a breader
number of endpoints

Evaluate on the basis of physchem, metabolism,
reactivity, TK, texicological ete

Also evaluate comsistency and concordance of
experimental data (both effects and potency) of the
source onalogues across the endpoint, between
endpoints (temporal and dose response relationship)
and relative to the target using the data matrix .

Assess  prediction and  uncertainty  relative
(prediction uncertainty and underlying data
variability) to the decision context (Shah et al
(2016) - refine analogue identification as required
Generate new information depending on the seurces
of the uncertainties see Patlewicz et al (2015) &
Schultz et al (2015)

defined pathway or
AQP?

Nog

Is/are the data

P N Where do other new approach data
physicochemical, approaches . R .
—— streams fit? E.g. mechanistic data from

)
3. Overarching
similarity rationale

SN —

4. Analogue
identification

4

5. Analogue
evaluation

?

v

6. Data gap filling

7. Uncertainty
assessment

J
|

an endpoint

Rationale(s) are either more broadly
defined on the basis of functicnal
groups, reactivity etc. or specific to

Fig. 9. A harmonised hybrid development and assessment framework.

Qualitative/ Quantitative read-acroess,
Trend analysis, External QSAR

ToxCast

How should we transition to data-driven
approaches? moving away from subjective
expert driven assessments.

What about characterising the
uncertainty of the predictions made?

Patlewicz et al., 2018



e GenRA (Generalised Read-Across)

-Predicting toxicity as a similarity-weighted activity of
nearest neighbours based on chemistry and bioactivity
descriptors (Shah et al, 2016)

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

Goal: To establish an objective performance baseline for
read-across and quantify the uncertainty in the predictions

made
a {chm, bio , bc}
Zk < a 5 B Jaccard similarity: B {bio. fox )
o g T
yzB — / k J . / = Z;( Xt N\ xﬂ) y,= predicted activity of chemical (c;)
Z] SU ! zi(xﬂv xﬂ) xﬁ= activity of ¢ ;i 3

a . . . a a
s, = Jacccard similarity between x; , x ;

- k= up to k nearest neighbours
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Decision Context

Screening level assessment of
hazard based on toxicity effects
from ToxRefDB v1

\ )

Uncertainty
assessment

Assess prediction and
uncertainty using AUC and p
value metrics

/

-

Analogue
identification

Similarity context is based on
structural characteristics

~

)

-

Read-across

Similarity weighted average -
many to one read-across

~

Read-across workflow in GenRA v1.0

-

\_

Data gap analysis
for target and
source analogues

J

/

.

Analogue evaluation

Evaluate consistency and
concordance of experimental
data of source analogues across
and between endpoints

\

)




SEPA : :
GenRA tool in reality

* Integrated into the EPA CompTox Chemicals dashboard
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SER. ... GenRA tool in practice

GenRA

Step Two: Data Gap Analysis & Generate Data Matrix

Neighbors by:  Chem: Morgan Fgrpris ¥ Filter by: | invivo data Sum%wDataGapAnalysis o L\\T Group:| ToxRef By: Tox Fingerprint Generate Data Matrix (1]

-
o
v Ean & &
i it y ¥
o of £ a4
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SE... GenRA tool in practice

Step Three: Run GenRA Prediction
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i e GenRA - Next Steps

 Ongoing research:

- Summarising and aggregating the toxicity effect predictions to guide end
users - what effect predictions are we most confident about (digesting &
interpreting the predictions more efficiently)

* Consideration of other information to define and refine the analogue
selection & evaluation - e.g. physicochemical similarity, metabolic
similarity, reactivity similarity, mechanistic similarity (transcriptomics
similarity, phenotypic profiling similarity)

* Transitioning to quantitative predictions of toxicity e.g. LOAEL, LD50

* Read-across to predict other in vitro endpoints to supplement in vitro-in
vivo extrapolations




SEPA GenRA Current Workflow (within
Dashboard)

Wor'kflow Screening  Similarity  Evaluate Evaluate Similarity = ROC AUC  Assessment

level based on availability  consistency weighted and p-value of global
assessment morgan of data for of source  activity based on and local
of hazard  fingerprint analogues  analogues cross- landscape
based on and (i.e. data (eg. to validation in of
ToxRefDB  Jaccard matrix deselect local structure
index summary)  analogues) neighbourh clusters

ood
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GenRA Proposed Workflows

Workflow Decision Landscape Analogue Data Gap Analogue Read-across Uncertainty Comments
Priority Context evaluation Identification  Analysis Evaluation Prediction Assessment
(user need) (global) (local)
Workflow #2 Screening level  Distribution of  Similarity Evaluate Evaluate Similarity RMSE, R%and Done
assessment of  analogues in based on availability of consistency of  weighted p-value based
POD based on “global” morgan and ct  data for source activity on cross-
ToxRefDB v2 inventory fingerprint and  analogues (i.e. analogues validation in
Jaccard index  data matrix (eg. o local
summary) deselect neighbourhood
analogues)
Workflow #3 Screening level Distribution of  Similarity Evaluate Evaluate Similarity RMSE, R%and Done
assessment of  analogues in based on availability of consistency of  weighted p-value based
LD50 based on  “global” morgan and ct  data for source activity on cross-
AcuteTox data inventory fingerprint and  analogues (i.e. analogues validation in
Jaccard index  data matrix (eg. to local
summary) deselect neighbourhood
analogues)
Workflow #4 Screening level  Distribution of  Similarity Evaluate Evaluate Similarity ROC AUC and In progress
assessment of  analogues in based on availability of consistency of  weighted p-value based
hazard based “global” morgan, ct, data for source activity on cross-
on ToxRefDB inventory gene(ltea) analogues (i.e. analogues validation in
v2 fingerprint and  data matrix (eg. o global and local
Jaccard index  summary) deselect neighbourhood

analogues)
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Workflow
Priority

Workflow
#5

Workflow
#6

Decision
Context
(user need)

Screening
level
assessment
of POD
based on
ToxRefDB
ve

Screening
level
assessment
of hazard
based on
ToxRefDB
v2e

Landscape

evaluation
(global)

Distributio
n of
analogues
in “global”
inventory

Distributio
n of
analogues
in "global”
inventory

Analogue
Identificat
ion

(local)
Similarity
based on
metabolites
/ metabolic
pathways

Similarity
based on
morgan,
fingerprint
and p-chem
properties

Data Gap
Analysis

Evaluate
availability
of data for
analogues
(i.e. data
matrix
summary)

Evaluate
availability
of data for
analogues
(i.e. data
matrix
summary)

Analogue
Evaluation

Evaluate
consistency
of source
analogues
(eg. to
deselect
analogues)

Evaluate
consistency
of source
analogues
(eg. o
deselect
analogues)

Read-
across
Prediction

Similarity
weighted
activity
based on
metabolism

Similarity
weighted
activity

Uncertaint
Y
Assessmen
.I.

RMSE, R2
and p-value
based on
Cross-
validation
in local
neighbourh
ood

ROC AUC
and p-value
based on
Cross-
validation
in global
and local
neighbourh
ood

GenRA Proposed Workflows (continued)

Comments

In progress

Done
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Workflow
Priority

PFAS
Workflow
#1

GenRA Tentative PFAS Workflow

Decision
Context
(user
heed)

Screening
level
assessme
nt of POD
based on
ToxVal

Landscap
e
evaluation

(global)

Distributi
on of
analogues
in PFAS
universe
and/or
PFAS
Categorie
s

Analogue
Identific
ation
(local)

Similarity
based on
chemical
and/or
bioactivit
Y ...
(research
ongoing)

Data Gap
Analysis

Evaluate
availabilit
y of data
for
analogues
(i.e. data
matrix
summary)

Analogue
Evaluation

Evaluate
consisten
cy of
source
analogues
(eg. to
deselect
analogues

)

Read-
across
Prediction

Similarity
weighted
activity

Uncertain
Ty
Assessme
nt

RMSE, R2
and p-
value
based on
Cross-
validation
in local

heighbour
hood

Comments

Revise
PFAS
categorie
s based
onh rules
derived
from
analogue
identifica
tion and
evaluation
steps
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GenRA - Overall goal

* Quantify the contribution that different similarity contexts
play in toxicity prediction and how that differs depending on
the toxicity endpoint of interest and the chemical of
interest

* Quantify level of confidence for prediction made

=> objective, reproducible read-across assessments

21
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« Defined where read-across fits within an IATA
* What read-across is in practice

« Read-across tools (selection) and where they fit within a read-across
framework

* Evolving the framework for read-across to provide opportunities for
NAM data

« How this is being developed within the context of Generalised Read-
across (6enRA) can been applied in practice

« Highlight ongoing research in extending the GenRA approach by

investigating how other contexts of similarity can be implemented and
with what data streams




fee - Acknowledgements

* Imran Shah

* George Helman (former student)
* Tia Tate

* Tony Williams

* Lucina Lizarraga

« Jason Lambert




	�Reaching for the summit of read-across: a brief journey through frameworks, tools and new approaches.
	Slide Number 2
	Where do read-across approaches fit within IATA?
	Slide Number 4
	Definitions: Chemical grouping approaches
	What is Read-across?
	Selected read-across tools
	Slide Number 8
	Slide Number 9
	A harmonised hybrid read-across workflow
	GenRA (Generalised Read-Across)
	Slide Number 12
	GenRA tool in reality
	Slide Number 14
	Slide Number 15
	Slide Number 16
	GenRA Current Workflow (within Dashboard) 
	GenRA Proposed Workflows 
	GenRA Proposed Workflows (continued) 
	GenRA Tentative PFAS Workflow
	GenRA – Overall goal
	Summary
	Acknowledgements

