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« 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 AN
Property .f— o) | toxicity? 7
® Reliable data
O Missing data Egr?r:,flllto be Predicted to be

harmful




- Ongoing issues with read-across

+ Although there is much guidance for developing read-across assessment,
acceptance remains an issue, not helped since read-across still remains a
subjective, expert driven assessment.

- One issue thwarting acceptance relates to the “uncertainty of the read-
across prediction”.

- As such there have been many efforts to identify the sources of
uncertainty in read-across, characterise them in a consistent manner and
identify practical strategies to address and reduce those uncertainties.

- Notable in these efforts have been the development of frameworks for
the assessment of read-across, evaluating the utility of New Approach

Methods (NAMs).

- Quantifying uncertainty and performance of read-across is still a need as
are ways to better characterise different similarity contexts
f metabolism, reactivity etc.)
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e Read-across workflow

4 N 4 ) 4

Data gap analysis
for target and
source analogues

Analogue

Decision Context identification

Uncertainty Data gap filling:

assessment Read-across

Analogue evaluation
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e A harmonised hybrid read-across workflow

Determine the scope of the -
assessment needed 1. Decislen
context
@ I T o e.g. screening level hazard
ontents lists available at ScienceDirect assessment
Journal
0 o c
Computational Toxicology Image YES : . e.g. Skin
Consider Defined
Determine humber and 2. Data gap the data gap for |::> Appraaches in the sensitisation,
journal homepage: www.elsevier.com type of data gaps m:_'::; "For' |:> ::I::m: :::l cantext of an TATA oestrogenicity
defined pathway or
ACP? U
The number of data gaps and for which NO
Navigating through the minefield of read-across frameworks: A commentary endpoints will drive the approach to fill g
. the daota gaps. e.9. using defined
perspective approaches or QSARS
Grace Patlewicz® *, Mark T.D. Cronin®, George Helman® ¢, Jason C. Lambert?, Lucina E. Lizarraga‘, Imran Shah? Is/are the data YES -
gap(s) for ﬁ) Consider QSAR
2 National Center for Computational Toxicology (NCCT), Office of Research and Development, US Environmental Protection Agency (US EPA), 109 TW Alexander Dr, Research Triangle Park physicuchemiml, nppmches
(RTP), NC 27711, USA ecotox or e-fate
® School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Byrom Street, Liverpool L3 3AF, UK roperties?
© Oak Ridge Institute for Science and Education (ORISE), 1299 Bethel Valley Road, Oak Ridge, TN 37830, USA prop
4 National Center for Evalt (NCEA), US Envi 1 Protection Agency (US EPA), 26 West Martin Luther King Dr, Cincinnati, OH 45268, USA
N
3. Overarchi Rationale(s) are either more broadly
- . i similarity m'i‘;:’;h defined on the basis of functional
Custom search specific to endpeoint specific groups, reactivity etc. or specific to

parameters OR

e Where do NAM data fit? SHE 8 s bek o st Aty e 3

number of endpoints
et 4. Analogue

« How should we transition to data-driven dentifcarion
approaches? e o e o g, i,

an endpaoint

. . ° o Also evaluate consistency and concordance of 5. "-I""':_E“G
evaluation
* Quantifying the uncertainty in the read- scprimatel dbe (ot offcts e pelocy) of the
endpoints (temporal and dese response relationship) @ o o
Qualitative/Quantitative read-across,

Trend analysis, External QSAR

acr‘oss predictions made? and relative to the target using the dota matrix . m

g

Assess prediction and uncertainty relative

(prediction  uncertainty and underlying data 7. Uncertainty
variability) to the decision context (Shah et al assessment
(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)

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

Patlewicz et al., 2018
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journal homepage: www.elsevier.com/locatelyrtph

Systematically evaluating read-across prediction and performance (!)omlm
C ro S S using a local validity approach characterized by chemical structure

and bioactivity information

=

Imran Shah
* Mational (enter for
TEN, A
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-Predicting toxicity as a similarity-weighted
activity of nearest neighbours based on
chemistry and bioactivity descriptors (Shah
et al, 2016) | e
-Goal: To establish an objective

performance baseline for read-across and

quantify the uncertainty in the predictions
made

ABSTRACT

a{chm, bio, bc}
kK a P Jaccard similarity:
B.a— 2

BO{bio, tox}
= 5% S (xonx) i
yi r o ¢ = AT i v,= predicted activity of chemical ( c;)
Z] SU ’ zi(xiiv le) x5= activity of ¢ ;i B

- . a a
sy = 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

- J

Uncertainty
assessment

Assess prediction and
uncertainty using AUC and p
value metrics

/

\_

Analogue
identification

Similarity context is based on
structural characteristics

~

J

/

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
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Analogue evaluation

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

~
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* GenRA v1.0 Integrated

GenRA tool in reality

o Group:| ToxRef ¥
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GHR Bile duct

GHR Blood
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CHR:Brain
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Filter: |
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Similarity Weight:
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Monobenzyl ph.

020+

Benzophenone

Download:

019

Naphthalene

into the EPA CompTox Chemicals Dashboar

Filetype ¥



SE.... GenRA tool in practice

Agency

~ |p,p'-DDD
T LL172-54-8 | DTXSID4020373

Searched by DSSTox Substance Id.

e Generalized Read-Across (GenRA)

EXECUTIVE SUMMARY

ENV. FATE/TRANSPORT

Step One: Analog Identification and Evaluation

HAZARD
Meighbors by: Chemn: Morgan Fgrpris v Filter by: invivo data o
» SAFETY
» ADME
b EXPOSURE 1,4-Dichloroben... & _.\-._

» BICACTIVITY

‘ / = Radial plot with Target chemical of interest in the
o~ e centre and source analogues (similar) ordered clockwise

— oo _ by decreasing similarity (Jaccard)

SYNONYMS

P
Chlorophacinone
b LITERATURE / \ \

LINKS

1-Chioro-4-nifro.... . .
# of Analogs 4.4'-Dichlorodip... m




S .. GenRA tool in practice

Agency

Step Two: Data Gap Analysis & Generate Data Matrix

Meighbors by: Chem: Morgan Fgrpris Filter by: A (1] Summary Data Gap Analysis [ ] Group: A

« How data poor is my
target and what data EE Ry
CXiSTS for' The source op0DD 42 Xl o0 CHR:Adrenal Gland

1,4-Dichlorobenzene T 14 B E CHR Artery (General)

analogues identified 4-Chlorpaniline 6 14 -

i

* Do they address the data “*“"“"" | @. @ = i

CHR:Bile duct

gaps Of in.rer‘es.r for‘ The 4-Dich crodlmertsdﬁm ;U ;? f CHE Elood
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) Monuron 12 [AEW7 163 _ I
/ \ CHR:Body Weight
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Chlorophacinone 51 B3 19 95
4-Chlorophenoxyacefic . 9 ESAL [0 CHR:Bone
Monuron
Dicafal CHR:Bone Marrow
CHR:Bran

1-Chloro-4-nitro... : .
# of Analogs 4:4-Dichirodip.. CHR:Bronchus

=}
. »
7
W
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SE.. GenRA tool in practice

What is the consistency and concordance across my source analogues?
Should T deselect analogues from consideration from the entire set of predictions?
Should I consider subcategorising the analogues selected?

Toxicity data represented as binary outcomes - red (positive), blue (negative), grey (no data)

Run Read-Across senRA v Min+: 0 Min: 0 W Filter: Similarity Weight{_] Download: Filstype v o

1.00 @ 0.38 031 0.30 0.30 0.2% 0.26 0.26 024 0.234 021 Y
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CHR:Abdominal Cavity s
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CHR:Audtory Startle Re. | ]
R Bl e L 1]
e B0 Il
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CHR Body Weight |

=
Q
E
c
a
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Run Read-Across GenRA W

CHR:Abdominal Cavity

Tadl L B o T PR AP |

Run Read-Across GenRA W

First column is
updated with
predictions

CHR:Abdominal Cavity

CHR Bile duct
CHR:Blood

CHR:Elood vessel

Min+: 0 W Min—: 0 W
1.00 (@ 0.39 0.31 4 0.30
Y
2R W — Y
LT — Q =/
p.p-DDD 1,4-Dichlorobe...  4-Chloroaniline 4-Chloroaniline. _.

1 ] |
Min+: 0 v Min-: 0 W
1.00 @ 038 0314 030
:
7% N — W
LT T . <; -
p.p'-DOD 1.4-Dichlorobe...  4-Chloroaniline 4-Chloroaniline...

Filter:

0.30

o,p-0D0OT

Filter:

030

Ly

o,p-00T

0.2%

Dicofol

028

Dicofol

026+

.,. ,-:~_\.. 3 WaV

4 4-Dichlorodip... 1-Chloro-4-nitr...

026+

GenRA tool in practice

Similarity Weight:_ Download: Filstype
0.26 0.26 0.24 0.234 0.21+
O o
iy ._’_a =5 Fa —4 a-
4 4-Dichlorodip._ .. 1-Chloro-4-nitr.... Monuron Chiorophacinone 4-Chloropheno._..

Similarity Weight:_ Download: Filetype W
0244 0234 0214
& y _r _\—:_ ~
Monuron Chlorophacinone 4-Chloropheno...




=7 GenRA Tool in practice

 Database underpinning GenRA v1.0: ToxRefDB v1

 Different study types and effects within them are predicted e.g.
chronic_liver is annotated as CHR_liver

* Negative results - assume that if a particular guideline study was
conducted but the effects were not reported than a chemical would
be negative for that particular effect for that type of guideline
study

* Positive results - min dose at which toxicity effects are observed in a
study

* Prediction: Similarity weighted activity

* Performance is categorised by the AUC of the ROC

 The significance was empirically estimated by constructing a null
distribution by permuting the toxicity values 100 times and calculating
the fraction of times the AUC was more extreme than what would be

observed by chance (this is reported as the p-value).
]
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GenRA Tool in practice

* Ability to export the predictions as an excel file
* Output can be analysed in different ways

role

preferred name
dsstox_sid

molecular weight
similarity
CHR:Abdominal Cavity
CHR:Adrenal Gland
CHR:Artery (General)
CHR:Auditory Startle Reflex Habituation
CHR:Bile duct
CHR:Blood

CHR:Blood vessel
CHR:Body Weight
CHR:Bone

CHR:Bone Marrow
CHR:Brain
CHR:Bronchus

_|ta rget

p,p'-DDD
DTXSID4020373
320.03
1

GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Pos Act=1 (0.546) AUC=0 p=0.975
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Neg Act=0 (0.386) AUC=0 p=0.95
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Pos Act=1 (0.832) AUC=0 p=0.8
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Neg Act=0 (0.168) AUC=0 p=0.85
GenRA Neg Act=0 (0) AUC=0 p=1
GenRA Neg Act=0 (0) AUC=0 p=1

analog

1,4-Dichlorobenzene

DTXSID1020431

147

0.391304348

no_effect
600mg/kg/day
no_effect
no_effect
no_effect
150mg/kg/day
no_effect
300mg/kg/day
no_effect
no_effect
no_effect
no_effect

CHR:Adrer GenRA Po:
CHR:ArterGenRA Ne
CHR:AuditGenRA Ne
CHR:Bile dGenRA Ne
CHR:BloocGenRA Ne

CHR:BloocGenRA Ne
CHR'‘RAdv GanRA Pnu

alog
1-Dichlo
XSID10:
147
391304
_effect
600mg/kg,
no_effect
no_effect
no_effect
150mg/kg,

no_effect
2NNmallea

analog
4-Chloroal
DTXSID9O0:
127.57
0.310345
no_effect
no_effect
no_effect
no_effect
no_effect
no_effect

no_effect
275malla

analog
4-Chloroal
DTXSID40:
164.03
0.3
no_effect
18mg/kg/c
no_effect
no_effect
no_effect
3mg/kg/d:
no_effect

nn affart

analog
o,p'-DDT
DTXSID60:
354.48
0.295455
no_data
no_data
no_data
no_data
no_data
no_data
no_data

nn data
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* Rank order positive results based on AUC and p values
* Look at the distribution of positive vs negatives predictions

 Explore what effects are being identified for the source
analogues - consider identifying the underlying data for
source analogues (elsewhere on the Dashboard) - is there a
critical effect that is driving the toxicity that should be
compared with the target chemical predictions?

 Depends on the decision context and the level of uncertainty
that can be tolerated.
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* Efforts are underway to update the
underlying data sources of the webapp
GenRA for a summer release™

 An alternative and programmatic batch
means of using GenRA is available
through genra-py*, a standalone python
library to enable user specific datasets
to be analysed - see
https://github.com/i-shah/genra-py
(Shah et al, 2021)

Bivinformatics, 2021, 1-2
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Data and text mining
Generalized Read-Across prediction using genra-py

Imran Shah © *, Tia Tate and Grace Patlewicz

Center for Computational Toxicology and Exposure, Office of Research and Development, United States Environmental Protection
Agency, Research Triangle Park, NC 27709, USA

*To whom cor d should be add d.
Associate Editor: Jonathan Wren

Received on December 14, 2020; revised an March 15, 2021; editorial decision on March 24, 2021; accepted on March 25, 2021

Abstract

Motivation: Generalized Read-Across (GenRA) is a data-driven approach to estimate physico-chemical, biological or
eco-toxicological properties of chemicals by inference from analogues. GenRA attempts to mimic a human expert’s
manual read-across reasoning for filling data gaps about new chemicals from known chemicals with an interpret-
able and automated approach based on nearest-neighbors. A key objective of GenRA is to systematically explore dif-
ferent choices of input data selection and neighborhood definition to objectively evaluate predictive performance of
automated read-across estimates of chemical properties.

Results: We have implemented genra-py as a python package that can be freely used for chemical safety analysis
and risk assessment applications. Automated read-across prediction in genra-py conforms to the scikit-learn ma-
chine learning library's estimator design pattern, making it easy to use and integrate in computational pipelines. We
demonstrate the data-driven application of genra-py to address two key human health risk assessment problems
namely: hazard identification and point of departure estimation.

Availability and impl, ion: The pack is available from github.com/i-shah/genra-py.

Contact: shah.imran@epa.gov



https://github.com/i-shah/genra-py

=+ GenRA - Current research

» Consideration of other information to define and refine the
analogue selection & evaluation
* physicochemical similarity (Helman et al 2018)
- metabolic similarity (Patlewicz in prep),
* reactivity similarity (Nelms et al 2018)
* transcriptomics similarity (Tate et al, under review)*

» Transitioning to quantitative predictions of toxicity
« Using GenRA to predict LOAEL, acute oral LD50 (Helman et al 2019aq,b)

* Developing a compendium of expert driven read-across examples
to investigate how data driven read-across with NAM data can
mirror expert assessments (Jenkins et al in prep)*




“i-Acute oral toxicity : 'Global' performance

« Search for a maximum of 10 nearest neighbours on entire
dataset on the basis of Morgan chemical fingerprints
« Use a min similarity threshold of 0.5

True vs. Predicted

¢ R2 score for 100 75-25 train-test splits

25

Predicted LD50 {log molar)

4
3
2
1
H
1
Z

T T L} T L} L} L} I}
2 -1 0 1 2 3 4 046 048 050 052 054 056 058 060 062 064
True LDS0 {log malar)

* Linear regression used to fit

predicted and observed : : .
LD50 values Estimate confidence in R2

. R2 =061 75-25 train-test splits
B . RMSE = 0.58 Helman et al. 2019 RZ values range from 0.46 to 0.62 ,

Monte Carlo CV



e LOAEL prediction : 'Global’ performance

T T T I GenRA Predictions using Morgan
. 3’ i fingerprints with k=10 and s=0.05
. o YT (mean aggregated LOAELs)
Sl . Linear regression used to fit
predicted and observed LOAEL
ol o values

(c) . reproductive LOAEL Predictions (d) systemic LO.&.EL Pr:_-dictions —-

L R 2% Cholinesterase 0.43

1 45 * . 2%
N Developmental 0.22
i fa Reproductive 0.14
s Systemic 0.26

Helman et al.,

2019b

22
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Parent DTXSID

Characterising metabolic similarity

Frag

Parent_smiles

Metabolite smiles

DTXSID20375106

[#6](=[#8])(-[#8])-[#6]> >[#6]

O=C(O)C(F)(F)OC(F)(FIC(F)(F)OC(F)(F)C(=0)0

O=C(O)C(F)(F)OC(F)(F)C(F)(F)OC(F)F

DTXSID7027831

[#6]-[#7]> »[#7]

CN{CCO)S(=0)(=0)C(F)(F)C(F)(F)C{F)(F)C(F)
(F)CI...

O=5(=0)(NCCO)C{F)(F)C(F)(F)C(F)(F)C(F)
(FICIF)(...

2| DTXSID7027831

[#6] > » [#8]=[#6]

CN(CCQ)S(=0)(=0)C(F)(F)C(F)(F)C{F)(F)C(F)
(F)C...

CN(CC(=0)0)S(=0)(=0)C(F)(FIC(F)(F)C(F)
(FIC(F)(...

3| DTXSID7027831 | [#6](-[#6] metab fp 0| metab fp 1|metab fp 2 |metab fp 3 | metab fp 4 |[metab fp 5 mE“F}C{F}{F}C{F}{F}C{F}{F}.._
DTXSID00190950 |0 0 0 0 0 0 0
4 | DTXSID8051419 %ﬁg:}giﬂ DTXSID00192353 |0 0 0 0 0 0 0 SFIRICRIEICE)
DTXSID00194615 |0 0 0 0 0 1 0
DTXSID00379268 | 0 DTXSID00120950 | DTXSID00192353 | DTXSID00194615 | DTXSID00379268 | DTXSID0037
DTXSID00379884 |0 DTXSID00190950 | 1.0 0.0 0.0 0.0 0.0
NTYSINNN162382 | n n 11 0.0 0.5 0.0
Creating custom fingerprints to ) 1.0 0.0 0.0
characterise metabolic transformations 0.0 1.0 0.0
| DTXSID00379884 | 0.0 0.0 0.0 0.0 1.0




“r 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, the chemical of interest
and whether it mirrors expert driven read-across

* Quantify level of confidence for prediction made

=> objective, reproducible read-across assessments
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TS GenRA Summﬂl"y

* GenRA is an attempt to move towards an objective read-across approach
where uncertainties and performance can be quantified. Provides
opportunities for NAM data to be incorporated.

* GenRA v1.0 establishes a baseline in performance. The approach relies on
chemical descriptors to predict binary toxicity values but work continues to
characterise other contexts of similarity (e.g. mechanistic, reactivity,
metabolism) and quantify their contribution in predicting in vivo toxicity
outcomes.

* GenRA v1.0 exists as an app within the Dashboard to facilitate a workflow
approach to make read-across predictions. An updated version is anticipated
this summer. A python package (genra-py) has been released (March 2021)
to facilitate batch processing using user specific datasets.

« Items™ will be presented at QSAR2021 - see gsar2021.org




SEA .. ICCVAM Read-Across Workgrou

AAAAAA

* In 2018 US Agencies established a read-across workgroup (RAWG) under
ICCVAM to develop and implement a plan to build capacity in the
development and application of read-across approaches and to harmonise
them.

* Initially, the RAWG summarised current experiences and needs, and
catalogued the different tools applied (Patlewicz et al (2019)

* More recent RAWG efforts have been focused on developing a compendium
of member agency read-across case studies to inform guiding principles for
different read-across decision contexts.

« Several case studies were discussed ranging from the utility of metabolic
data in categories, the FDA Extended Decision Tree for TTC to the
qualitative use of ToxCast data to characterise bioactivity similarity of a
target and candidate analogues.

A short manuscript is in preparation to summarise the case studies and
extract any general guiding principles that will be informative as part of
ongoing efforts to refine existing guidance e.g. OECD grouping guidance.
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