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BACKGROUND & OBJECTIVES APPROACH
* Traditional approaches to chemical categorization are based on accumulated * Classify narcotic and specific-acting mechanisms for a set of ~7000 ToxCast
data and past decisional precedents. chemicals based on a consensus Mode-of-Action (cMOA) methodology*
* Many new chemicals across various regulatory jurisdictions cannot be developed by Kienzler et al., 2019.
categorized using existing in silico models and methods. * Use classified cMOA data to develop predictive models based on ToxPrint
* How do we incorporate new approach methodologies (NAMs) and (TxP) chemotypes.
cheminformatic approaches to assist in identifying new chemical categories * Identify and use targeted dichotomized NAM bioassays hit calls to improve
(or classes), and to create more robust models at predicting chemical characterization and comparisons with existing Envirotox database aquatic
toxicity? toxicity data.

*  Primary focus of this work: Identification of narcotic (N) and specific-acting
(S) chemicals for aquatic (fish) toxicity using a consensus Mode-of-Action
(cMOA\) classification dataset.

RESULTS SUMMARY/IMPACTS
* Development of a robust N/S classification model for aquatic toxicity. * Increase the available chemical space of EnviroTox w/ cMOA classifications.
* Known limitations regarding unclassified cMOA chemicals were identified. * Develop a robust N/S classification structural ToxPrint based model.
* Chemotype enrichment suggests targeted use of NAM information — * Identify challenges in unclassified cMOA chemicals —i.e., metal & metalloids,
suggested use of specific assay data. as well as amino acids and polydentate ligands .

* Using chemotype enrichments to identify potential bioassays with bioactivity
to provide support of NAM data in category development.

For more information, contact: Daniel T Chang, (chang.daniel@epa.gov)
This work does not reflect EPA policy.
Acknowledgments: ILS (contractor support) and Kristan Markey (USEPA)
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BACKGROUND & OBIJECTIVES

Primary focus of this work: Identification of narcotic (N) and
specific-acting (S) chemicals for aquatic (fish) toxicity using
a classified consensus Mode-of-Action (cMOA) dataset.

“A chemical category is a group of chemicals whose physicochemical
and human health and/or ecotoxicological properties and/or
environmental fate properties are likely to be similar or follow a
regular pattern, usually as a result of structural similarity.” - OECD

Applications of chemical categorization include first tier assessment
efforts and read across from structurally similar analogs — ECOSAR?

US EPA ECOSAR chemical classifications
* Class-based SAR to predict aquatic toxicity
« Classification scheme identifies excess toxicity

« Estimates acute and chronic toxicity based on
accumulated data and past decisional precedents

Acute Effects: Chronic Effects:

Fish 96-hr LCs, Fish Chv
Daphnid 48-hr ECs, Daphnid ChVv
Algae 72/96-hr ECs, Algae Chv

« Profiler in OECD QSAR Toolbox
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Regulators consider MOA information to
determine the size of assessment factors



Revisiting and updating chemical categorizations using chemicalg=’ =-'.\
fingerprint and high-throughput screening data

APPROACH - Datasets, Classification and Fingerprints

* Current NAM datasets: ToxCast/Tox21 Inventory?
* All ToxCast/Tox21 chemical data is publicly available

* ToxCast has data on over 4500 chemicals from a broad range of sources l
* Tox21 has screened over 8500 chemicals on over 80 assays
* Aquatic toxicity In vivo datasets: EnviroTox database? ] —
* Establish confidence in applying Threshold of Toxicological Concern (TTC) concepts - L Chemicals with in vivo eco-data — from the
g o g EnviroTox! database — 4016
in an eco (multispecies) concept.
. 5.0 g 0 < . b-selection for chemicals with d
« >91k aquatic toxicity records, >4k chemicals, >1500 species 2 oA ©oaTonl) 160a T A dete (Toxcest
0 o a0 a N: Narcofic 3. Chemicals with consensus MOA predictions — 8686
* Includes data from ECHA (REACH), USEPA ECOTOX & Pesticide, METI, FET, AiiDA S MOAfgredi“Zéiomdesed‘;Mpub.idy.‘av'ai.aue
. . g B u: unciassified classification models
* Classify data: Consensus Mode-of-Action (cMOA)* S CVERHAM ATRLORSSTEST
. . ® Each preaicts Narcotic, specitic-Acting or Unclassitie
* Establish confidence/performance of several MOA models through a consensus =
approach: TEST, OASIS, ASTER and Verhaar I I l
* Towards a more harmonized approach to MOA classification models Jn
 Differences exist across the classification models used " 5%5°| Consensus MOA (cMOA) with confidence scores?
* Fingerprint/feature set: ToxPrints® FouRe 3: Poceriocolvencaf |- Examples: Results:
. uating Risk; TEST=Ta stima NNNN = N, score =3 i
* 729 chemical features NNSN = N, score=2 3041 Narcotic
. ) SUSS = 5, score= 2 1315 Specific-acting
*  Chemically interpretable NUNS = U, score=0 3763 Unclassified
* Coverage of diverse chemistry includes scaffolds, functional groups, chains, rings,

bonding patterns and atom-types
* Survey of ToxPrint chemotypes across ToxCast chemical space® (Richard et al., 2016)
* Provides a link to the High-Throughput Screening (HTS) assay through chemical structure archetypes
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APPROACH - Model development

e Additional 6215 chemicals with NAM data and cMOA calls
(compared to Envirotox db: Unclassified, Specific-acting, Narcotic)

00 [ Invitrodb v3.2

3500 B EnviroToxw/ NAM

3000
-I =
) U

Consensus MOA

 Random Forest (Boosted Gradient Method) provided

the best model results:

e Split data into 80% training and 20% hold out
(test) sets

* Hyperparameter tuning with 5-fold cross validation,
square-root sampling, etc.

* Training set: “balanced” down-sampled subset
(2104 chemicals w/ cMOA = Narcotic or Specific-acting)
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MAIN RESULTS

Prediction Confidence across the Training, Test and Unclassified Sets

* High accuracy in both training and test sets

L. s Training set N S Test set N s cMOA = U set N
training = 99.7%; test = 95.8%) | —— =
» Total Accuracy on all N + S data set = 97.6%
(4356 cMOA =N orS)
 Across all N +S chemicals -> 105 chemicals misclassified:
* 24F J{predicted S}
* 81F{predicted N}
* Lower prediction confidence in N/S classification of the
. . a1 S Training Set Test Set Unclassified Set
U Set may be attrIbUtabIe to appllcablllty domaln ISSUES Median: 0.999 0.993 Median: 0.996 0.989 Median: 0.958 0.941
Mean: 0.988 0.982 Mean: 0.970 0.962 Mean: 0.892 0.877
p— Heatmap representation of ToxPrints * Good overlap of existing ToxPrint (TxP) features between

all 3 cMOA classes: Unclassified, Specific-acting, Narcotic

75 =
E Missing structural » Potential applicability domain issues for Unclassifed cMOA
" o3 full dataset: « ~7x more unique features in U (than in N or S)

o E; e * Potential for additional categories based on structure:
fl Propyleneoxide e 2 atom TxPs (metal group lll)
14 2 12 I % o e 38 bond TxPs (metalloid: silane and siloxanes...)
(N:3s8Txps) (5435 TNPs) Dstaset | | Undlassfied] spedfic] [CIGGHE]  rocres: « 8 chain TxPs (ethyleneoxide alkanes C10 — C20)

e 19 group TxPs (amino acids, polydentate ligands)
# ToxPrints: Dataset > Unclassified > Specific-acting > ' arcotic e 8 ring TxPs
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MAIN RESULTS

* Chemotype enrichment workflow identified o
ToxPrint (TxP) features that might be useful Criteria: Results: o Specificacting
oxPrint (TxP) features that might be usefu - >3chemicalsper - Ketones M Narcotic
For refining chemical categories and “ chemotype « Alkyl-Tri-halo
Potential NAM assays ” * Ratioof S:N >3 * Sulfide, sulfonate, sulfonic acids
.. ) ) 0 * OrnoN * Benzopyran, benzopyrone
* Example S(=0)_sulfonyl ToxPrint is enriched in jg I - 1.1.s1l I I I I I i
. . . nilalnlinliing il nli.l Bun Binn
the specific-acting MOA space and 47 assays | l--l' --------- BRI A L B
 E 5 ZEEEEEIEEEEEETEIRNESSAASEE S I PEEETEESEEEEELERT
SFELRNEE SEEFREEER AN R EER R O AR S
T32EEES¢% 823 53F5E¢dE33££88g3¢8¢8 3
SERRELE SEES R ERES RN R I
§323382:3 S SEFFEREEEEREE R R
Assay platform identification: g STTsg2ys 2 3 § $: g £§5FEE £ f=co
§§E3 giz2% §8f ¥i: Ts: B &Y
273 $I°%: R ER 3 5% § 2
[ ] At [] sk [] co [ ] nvs [] ot [ Toxa1 i Pig i 188 -
\ : Y 2 \ Y J
e Potential to use the specific assay platfoms to Bond Chain Ring
Improve existing classification of unclassified cMOA chemicals [prefiminary s feature model |
RS T CETEEEE : — .. Before... -l — After s
P e, . g ,»"/ g /j
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TxP model class prediction s [ model predicted specific-acting 0 model predicted narcotic
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IMPACT/SIGNIFICANCE

* Increased the available chemical space of EnviroTox w/ cMOA classifications
* Developed a robust structural TxP model

* Robust N/S classification

* Challenges in unclassified chemistries
* Investigated model predictions to inform ECOSAR preliminary set of unclassified chemicals

* Majority of unclassified chemicals predicted to have a specific acting MOA

* |dentified primary chemotypes for specific-acting MOAs
e Continued work to explore methods to fold in NAM data streams

* Using chemotype enrichments to identify potential bioassays with bioactivity to provide support of NAM data in category

development
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