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“""EPA tttttt .. Background & definitions

- 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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e Definition: Read-across

Agency

Known information on the property of a substance (source) is used to
make a prediction of the same property for another substance (target)
that is considered "similar” i.e. endpoint & often study specific

Source Target e Reliable data
chemical | chemical o
Property .f_xo O Missing data
"~ Acute fish ™
| toxicity? s
Known to be Predicted to be
harmful harmful

National Center for
Computational Toxicology
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Decision Context

* Prioritisation, e.g. PMN —
+ Screening level hazard assessment =
* Risk Assessment, e.g. PPRTV -

- Different decision contexts will dictate the level of
uncertainty that can be tolerated

- National Center for
Computational Toxicology
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Selected Read-Across Tools
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Analogue
identification

Analogue
Evaluation

Data gap
analysis

Data gap
filling
Uncertainty
assessment

Availability

NA

NA

NA

NA

Free

NA

Free

X
by other
tools
available

X
Data
matrix
can be
exported

User
driven

NA

Free

X
Data
matrix
viewable

X

X

Free

X X
X X
For
Ames &
BCF
NA NA
X X
NA NA
Free Free
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QSAR Toolbox 3.4.017 [Document]
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Similarity matrix for all source analogues

Source analogues
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<EPA 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 & BCF
available
Data gap NA X X X NA NA
ana'ysis Data Data matrix
matrix viewable
can be
exported
Data gap filling NA X User X X X
driven
Uncertainty NA NA NA X NA NA >
sessment
Availability Free Free Free Free Free Free

National Center for
Computational Toxicology
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Decision
context

target

Data gap Overarching Analogue
analysis for hypothesis identification

Uncertainty Data gap <: Analogue
assessment filling evaluation
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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
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Sy roeor Sources of Uncertainty (cont’d)

- Overarching hypothesis/similarity rationale - how to identify
similar analogues and justify their similarity for the endpoint
of interest

- Address the dissimilarities and whether these are significant
from a toxicological standpoint e.g. ToxDelta

-Presence vs. absence of toxicity

- Toxicokinetics
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Uncertainty Assessment

- A number of publications exist that can guide the construction

and assessment of categories and use of read-across

- Guidance and examples (OECD (2014), ECHA (2008), ECETOC (2012))

- Frameworks for identifying analogues (e.g., Wu et al (2010), Patlewicz et al
(2013))

- Frameworks for assessing read-across (Blackburn and Stuard (2014), Patlewicz et al
(2014), Patlewicz et al (2015), ECHA - RAAF (2015), Schultz et al (2015), Ball et
al (2016))

- National Center for
Computational Toxicology



G Uncertainty assessment

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

- There is no objective measure of read-across performance

- Different approaches have been explored to characterise
uncertainties both qualitatively and quantitatively

- E.g. Blackburn and Stuard, Molecular Networks, EPA NCCT




SE Uncertainty assessment

- Low - degree of uncertainty is judged to be comparable to having
direct data on a chemical

Regulatory Toxicology and Phamacokeygy 68 (2014] 353362
] ] Contents lists available at SciencelDirect A
2 o . Htiiod ama
BN Regulatory Toxicology and Pharmacology mera s
e '{G:,'g.l'_--a
jourmal home page: www . elsevier.com/locate /v riph —————
A framework to facilitate consistent characterization of read across l!)":hnﬂs!'-{ark

uncertainty

Karen Blackburn *, Sharon B. Stua1‘d|

Cenmral Prodiecr Safery Deparmment, The Procrer & Gamble Companey, Mason Besiness Cenrer, 8700 Mason Mon eomery Road, Cincienan, OH G500, Linired 5 raies

* High - degree of uncertainty Is judged tTo be significantly greater
than if direct data were used

-Read across is not actionable without additional information

I daiens Ganierdar * Courtesy of Karen Blackburn and Sharon Stuard, P&G

Computational Toxicology




Setting up the table
of reliability metrics

INFORMATION TYPE: Analogs, In vivo toxicity data, Knowledgebase

Target/Analog structure similarity logP molar volume
Experimental ,
data reproductive rotational bond
developmental
reliability Klimisch score TNFo, TGFf3
Analog similarity: Z-scores /
structure 05 |
properties
Blological aszays 15 -
Analog similarity: Polar surface area H-bond donors Demps"'er'
skyline profile H-bond donors -Shafer
Theory
Predictions alerts/QSAR): o v
endpoints reproductive Combination of evidence (DST gWoE)
developmental
Reliability PPV/NPV wget S
Odd ratio 00 01 02 03 04 05 06 07 08 09 1.0

N :
o h Moleculss Neteorks Courtesy of Chihae Yang ) 19
’%\b Firglerery Sl ol L ey h:i'l..ll-'”-f-ﬂln:li.'
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- Quantifying Uncertainty & Assessing
Performance of Read-Across
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‘GenRA (Generalised Read-Across) is a “local validity” approach

‘Predicting toxicity as a similarity-weighted activity of nearest neighbors
based on chemistry and bioactivity descriptors

-Systematically evaluates read-across performance and uncertainty using
available data

T e

A, O hemical

Ek a E Jaccard similarity: 7 — Similarity value

S o bEtﬂ'Et&ﬂ Q and

I:I_ i chemical 2

y!.l / _,f = E:{If_-'-'"" X _,-.':I' Ay prem——————
Zk a 5y= 3 "= | Activity of chemical 2 |

j ]_::Ir' i I: X i VX .'|':|I | I

b Most similar
chemical
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EPA
GenRA - Approach

|. Data

1,778 Chemicals

3,239 Structure descriptors (chm)
820 Bioactivity assays (bio)
ToxCast

574 Apical outcomes (tox)
ToxRefDB

Il. Define Local neighborhoods

Us K-means analysis to group
chemicals by similarity
Use cluster stability analysis

~ 100 local neighborhoods lll. GenRA

Use GenRA to predict apical
outcomes in local neighbor hoods
Evaluate impact descriptors (chm,
bio, bc) on prediction

Quantify uncertainty

- National Center for
Computational Toxicology



SEPA GenRA - Toxicity Data from ToxRefDB
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_CHR_

Liver |

Kidney |

Spleen
Adrenal GLIand

ung
Thyroid Gland
Testes

Stomach

Brain

Heart

Ovary

Eye

Uterus

Bone Marrow
Lymph Node
Pituitary Gland
Thymus

Skin

Pancreas
Mammary Gland
Urinary Bladder
Epididymis
Intestine Small
Blood

~ Bone
Intestine Large
Parathyroid Gland
Skeletal Muscle
Nerve
Gallbladder
Seminal Vesicle
Salivary glands
Harderian Gland
Spinal cord
Trachea

Ear

Blood vessel
Parathyroid
Vagina
Esophagus
Oral Mucosa
Penis

Lacrimal Gland
Mesentery
Coordination |----
Larynx f----
Placenta
Reflexes |-
Ureter f----- RN EERES SRR

=T T T T T T T T

B n_pos
E N neg

A T T T N S
T T T T T T T 1
T T T T 1T T T 1

o

o

o
b

100
200 |
300 |
a00 |-
s00 |
600
100 |
200 |
300 F
400 |
s00 |
600
100 |
200 |
300 |
400 ~
s00 |
600

100 |
200
300 |
400 H
500 H
600

National Center for
Computational Toxicology
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GenRA - Performance in Each Cluster

- Use GenRA to predict the similarity
weighted toxicity scores for each e
-Toxicity type (8 o S
-Descriptor ={chm,bio,bc} (a ) L0\ ‘
-No. of nearest neighbors (k) e .
- Similarity score threshold ( si; ) e e \\

- Calculate performance by comparing % / / \
predicted y*°* and true x!°* for all / \ -
chemicals using area under ROC curve \ 2
(AUC) A — e

-Results: {cluster, a, B k s, AUC}Y umw

yyyyy
hhhhhhhhh

- National Center for
Computational Toxicology
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GenRA - Analysing Local
Neighborhood of a Chemical

National Center for
Computational Toxicology
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vEPA GenRA - Insights and Next Steps

- The approach enabled a performance baseline for read-across
predictions of 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. TK similarity, metabolic similarity, reactivity similarity...
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From research to implementation
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Advanced Search

Chemistry Dashboard

* Inter
Ongo i Diphenhydramine

58-73-1|DTXSID4022949 o

€ Searched by Synonym: Found 1 result for ‘Benachlor'
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/

N
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Chemical Properties Synonyms External Links Product Compaosition

m Downloadas: | Tsv

LogP: Qctanol-Water
Property
Water Solubility
Density LogP: Octanol-Water
Water Solubility
Melting Point i
Density
Boiling Paint Melting Point

Boiling Point

National Center for
Computational Toxicology

Exce SDF

Experimental
327 (1)
168 (3)

Wikipedia

]

Submit Comment Share » Copy Aav Aa Al a

Diphenhydramine is an antihistamine mainly used to treat allergies. Itis also used for insomnia, symptoms of the commeon cald, tremor in parkinsonism, and nausea. Itis used by
mouth, injection into a vein, and injection into 2 muscle. Maximal effect is typically around two hours after a dose and effects can last for up to seven hours

Commaon side effects include sleepiness, poor coordination, and an upset stomach. Its use is not recommendad in babies. There is no clear risk of harm... Read more

Intrinsic Properties

Structural Identifiers

Record Information

Bioassays Exposure

Average
Predicted
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1.07e-02 (4)

Analytical Literature

Experimental
32710327
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Comments
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Predicted
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Experimental
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Bisphenol A
80-05.7 | DTXSID7020182

) Szarched by Approved Mame: Found 1 result for “bisphenol &7,

@ Ry & Q-
Wikipedia
Bisphenol A (BPA) is an aorganic synthetic compound with the chemical forn
HB-C CH; Insert GenRA Tab and soluble in organic soheents, but poorly soluble in water. |t has been in comme
Appr@pn ate bUb'tabS BRA i= employed to make certain plastics and epooy resins. BRA-based plast
Intrinsic Properties
Structural Identifiers
HO OH Record Informaticn
Chemical Properties External Links Synomyms Em. Fate/Transport Binassays Exposure Anahytics Literature Sirnilar Molecules Commments

— Download as: TEW

Fursl |SnF

- National Center for
Computational Toxicology
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GenRA prototype development

Decision e 9ap Overarching
context analysis :
for target pCHE

Analogue
identification
Uncertainty Data gap Analogue
assessment filling evaluation

- National Center for
Computational Toxicology
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“ 0 NN By: [chm_mrgn ¥ |K|7 ¥ |Selby/None v — || Summary of data for NN: ~ | Grp[tox_txrf ¥ [By{study v [Filter:
= GenRA ¥ | Min+: [0 ¥ |Min< [0 ¥ | Filter by: Simwt 0

6rid feature to allow windows to be moved
and dynamically updated in subsequent
windows

National Center for
Computational Toxicology



Working interface
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Analogue identification:
Search for source analogues
on the basis of chemical
fingerprints, filtered by
availability of in vivo data
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Analogue evaluation using data
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EPA Data gap filling using GenRA
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within data matrix
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- Still many challenges remain in read-across - what information is
relevant to integrate and ways in which that integration can be
performed

- Quantifying the uncertainty of read-across prediction is a critical
issue

- Have illustrated the research directions being taken within NCCT and
work to implement these into practical tools

- To see more - stop by the EPA booth in the ToxExpo for live
demonstrations of the CompTox dashboard, GenRA (Wed 1pm) and
more. .

- National Center for
Computational Toxicology
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