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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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Assess prediction and uncertainty
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on the sources of the uncertainties

- National C gpe Patlewicz et al (2015)
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Several endpoints or

specific to one endpoint
specific may drive the

analogue search

Data gap

filling

Trend analysis,
Qualitative/Quantitative
read-across, External

Analogue
identification

If specific to one endpoint -
search on the basis of
parameters pertinent to that
endpoint

If several endpoints - search
on the basis of structural
similarity

Analogue
evaluation

Evaluate on the basis of physchem,
metabolism, reactivity, TK..etc

Also evaluate consistency and
concordance of experimental data of
the source analogues across the
endpoint or between endpoints using
the data matrix



SEPA Selected Read-Across Tools
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Analogue X X X X X X
identification
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analysis Data Data
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- National Center for
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Article history: Read-across is a popular data gap filling technigque used within analogue and category approaches for 5
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SEPA
Vit The Category Workflow
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- National Center for
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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




SER ... 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

-Presence vs. absence of toxicity
- Toxicokinetics




a5
-

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

- National Center for
Computational Toxicology



\,gfés  Quantifying Uncertainty & Assessing
" Performance of Read-Across

‘6enRA (Generalised Read-Across) is a “local validity” approach

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

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

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

I
A, O hemical
Jaccard similarity: | mm—— Similarity value
B Ek a B t.l!" - between ) and
I:I_ E chemical 2
yi =T il o = Zilxanx,) P
a i "M | Activity of chemical 2 |
Zj Sg Z(xqvxy) : e

b Most similar
chemical




a5

w

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

Use 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 - Performance in Each Cluster

- No preselection of descriptors was performed

- Tested and compared
- Chemical descriptors
- Bioactivity descriptors
- Hybrid of chemical and bioactivity descriptors

- Use GenRA to predict the similarity weighted toxicity scores for each
- Toxicity type ()
- Descriptor ={chm,bio,bc} (a )
- No. of nearest neighbors (k)
- Similarity score threshold ( sj; )

- Calculate performance by comparing predicted y*®* and true x'°* for all
chemicals using area under ROC curve (AUC)

- Bioactivity descriptors were often found to be more predictive of in vivo
toxicity outcomes

- National Center for
Computational Toxicology



SEPA . GenRA - Insights and Next Steps
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- 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. physicochemical similarity, TK similarity, metabolic similarity,
reactivity similarity...




SEPA  From research to implementation:
GenRA prototype

- Intent is to integrate objective read-across functionality as part of
ongoing dashboard efforts see https://comptox.epa.gov/dashboard

* A limited release of GenRA is currently available on EPA’s development
server

- National Center for
Computational Toxicology
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Integration via a GenRA tab

Chemistry Dashboard submt Comment | | Gopyw | | sav | Aa | Aaa

Diethylene glycol
111466 | DTXSID020462

(@ Searched by CAS-RN: Found 1 result for "111-45-5".

Q W B - Q-

Wikipedia

Diethylene glycal (DEG) is an organic compound with the formula (HOCH2ZCHZ2)20. It is a colorless, practically odorless, poisonous, and hygrescopic liquid with a sweetish taste. Itis
miscible in water, alcohol, ether, acetone, and ethylene glycol. DEG is a widely used solvent. It can be a contaminant in consumer preducts; this has resulted in numerous epidemics of
poisening since the early 20th century.... Read more
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Record Information
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- National Center for
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SEPA ... Current Category Workflow in GenRA

Agency

Data gap
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Analogue Analogue

target and
source
analogues

Decision

identification evaluation

context

Similarity context is Evaluate consistency and concordance

screening level structural characteristics of experimental data of the source
assessment of using chemical fingerprints Summary data coverage analogues across the endpoint or
hazard based on e.g. Morgan, forsion, for target and source between endpoints using the data
toxicity effects chemotypes substances matrix

from ToxRef

e =
assessment

Assess prediction and 5'"‘"“"”)_’ welgh1;ed
uncertainty using AUC and °Ve;°93 many To one
p value metrics read-across

- National Center for
Computational Toxicology



<vEPA

United Str+—-
Environm

Comments

Agency
GenRA (Beta) Chemical Properties Synonyms External Links Env. Fate/Transport Toxicity Values (Beta) Bioassays Exposure Literature Similar Molecules (Beta)
- —~  EEEEE——
NN Byg | chm_mrgn v | K} 10 v | Se @ v Summary \ G [tox txrf v | By [tox fp v
/y "
/ e 4
Similarity context o : .
imilarity contex cEgt . § vE:
2-Buasyattangl e <3 FE £z
| 2 Butoxyethano etnoysthznal e - | § g ;'; S % ‘E 7§- 5 % % é
e Triethylene ghycol .. ﬁi % g % 22533 % %
- N . = =l
| 2-Butoxyethanal .... £ = Z = % g ;!": %g §=
" Ethylzne glycal Ethylena ghycal .... 2 E_ 3 é EEEE23 E_
] Z-{Hexyloxy)ethanal .. . . ... .. .
\(\” Isapentyl aloohol .... DEV Body Weight .... . .
. i ) . Dimethylaminoethanal .... CEV:Bona .... .
2-Propylenz glycel e — .
ropylers glyeo o 2-Chisroztrarc! [ I sscineszigs | T [ |
g 2-I'._’e‘.hox_\let"a'-:-‘-.,__. 2 {Hexyloxyjethano 2-Methyl-1-propanal . SUE:Kidney ... . .
N / | y H,M-Digthylethanclam .. . SUB:Liver .. . .
"”’\IU_J'r | ™~ 1,2-Propylene ghyoal .... SUB:Martslity . .. .
= . ) pevmersity [ I B
I, M-Digthylethznal. .I \I’/\ DEW:Uterus ... .
, I oeviidney IR [ ]
Y\ ! FapEniysleans DEV Food Consumption .. . .
N cevcinieslSigns [ |
Z-Methyl-1-propanol L J
Dimethylaminoethana!
2-Chlaroethanaol
GenRA v | Min+ [0 ¥ | Min: |0 v | Filterby: |Enter text Sim w

Analogue identification:
Search for source analogues

on the basis of chemical

fingerprints, filtered by

availability of in vivo

National Center for
Computational Toxicology

data

L"*...-l-ﬂ.fuh'wq ’ Y e AT PR R

tng s SAAG L Am A N e A 4 AA

17



vEPA

o

1,2-Propylens glycol

’

2-Methoeyethandd-.

g T

2-[Hexyloxylethano

Dimethylaminoethanol
Z-Chloroethanol .
2-Methyl-1-propanal
N, N-Diethylethanclam

CHR
MGR

ont [l

AU

Unite
Envir Y
Agen ) _ - . ) : .
GenRA (Beta) Chemical Properties Synonyms External Links Env. Fate/Transport Toxicity Values (Beta) Bioassays Exposure Literature Si
To initiate data
p [ J [ J
NN By: |chm_mrgn v | K |10 v | Selby: |tox_fxrf v Summa Grp: | tox_txrf v | By: |study v matrlx v|ew
o gt 1
Trsthyizns glyeal 7 2 g5 o z
- T = g X} = R —_
| Z-Butoyethanol = g I;. Ig., . % . g_ . E g 1;_: J
! 2-[-.fathx5-etrar:ul. .. g 2 g L] 3 ‘%— -1 ‘g.— B8 (
Trigthylene ghycol . i ‘é = ?5 E‘l. El §_ = n=:I.|- %
a =
| N Z-Butaxyethanal . § ,,3 § ‘3 E. “S_‘ 225 E—, “3 i
- . EgESE585883+2 1
~ Ethylene glycel Etrylene giveel [PV c8cd33a3a33azd 3
i 2-{Hexyloxy)ethanol . “'.E. . .. . J
\l/\ N Isopantyl alcohol . . DEV ... ...
n — — F
| "
|
| 4

Data gap analysis

2-Methyl-1-propanol

T

2-Chleroethanol

View data quantity - (o« meo

|sopentyl alcohal
\r;.-u-\__,_.;

Dimethylaminoethano

|
1.2-Fropylene ghycal ...

SAC

by type
|

Data gap analysis - View data coverage across

Enter text

study type on the basis of toxicity effects

National Center for
Computational Toxicology

4]

h'h’—lm r’_d

Grp: | tox_txrf v | By: | tox_fip __Read-across
g
v E
IeFTE 2 E_. oo
sE§:2z95¢8t
T2z2:5322%8%
si3icifsss
2328833
238828833
EEEEE =R
SUB:Liver .. .. ..
sugciinicsi chemisry IR HE
peveedy weigh: [ I ||
peveor: I HE
suskioney I I [ | ]
sewensity [ A W
DEV-Reproductive Performance . ...
DEV:Uterus ..
crrskn [ [ ] HE
SUB:Hemstology . . ..
sugcinics Sign: (IR |

18



aa

<vEPA

United States
Environmental Protectior
Agency

Analogue evaluation using data

matrix view
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I S I I
I GenRA v | Min+: |1 v | Min= |0 v] Filterby: |bone Sim wt EXPOI"T to a csv file (
A c . D  E | F | & | H | 1 | K | °

cls ltarget analog analog analog analog analog analog analog analog f
label 2-Methoxyethanol Ethylene glycol 2-Butoxyethanol Triethyler 2-(Hexylo Isopentyl 2-Butyne- Ethylene ¢ 2-Methyl-1-propanol f
dsstox_cid DTXCID804182 DTXCID40557 DTXCID904097 DTXCIDe0: DTACIDEO DTXCIDT0 DTXCIDI0 DTACID30: DTXCIDB01TS9 o
casrn 109-86-4 107-21-1 111-76-2 112-27-6 112-25-4 123-51-3 110-65-6 629-14-1 78-83-1
jaccard 1 0.714285714 0.6666066667 0.6060667 0.6 0.444444 0428571 04238571 0.375 ,
CHR:Bone Marrow GenRA Meg Act=0 (0.326) AUC=0 p=0.5685 no_effect 125.000 ppm no_effect no_data no_data no _data no_data no_data )
DEV:Bone GenRA TP Act=1 (1) AUC=0p=1{ 50.000 ppm) 750.000 mg/kg/day = 100.000 ppm 5630.000 no_effect 0.500 ppno_effect 100.000tno_effect '
MGR:Bone GenRA Pos Act=1(0.517) AUC=0 p=0.51 1333.330 mg/kg/day no_data no_effect no_data no_data no _data no_data no_data ‘f
SUB:Bone GenRA FN Act=0 (0.483) AUC=0 p=0.66{ 546.000 mg/keg/day) no_effect 500.000 ppm no_data no_effect no_data no_data no_data no_data !
SUB:Bone Marrow GenRA FN Act=0 (0.483) AUC=0 p=0.65( 297.000 mg/kg/day) no_effect 62.500 ppm no_data no_effect no data no_data no_data no_data (
f
{
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- National Center for 20
Computational Toxicology



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

Beta for
Internal
testing

Availability Free Free Free Free Free Free

- National Center for
Computational Toxicology
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- Still many challenges remain in read-across

- 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

- National Center for
Computational Toxicology
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