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Background: Chemical categorization

- “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

Not categorized - Traditional approaches to chemical categorization are based on
45% accumulated data and past decisional precedents.

- Many new chemicals across various regulatory jurisdictions
cannot be categorized using existing in silico models and
methods.

- Almost half of all New Chemical inventories across regulatory
jurisdictions cannot be categorized using NCC or ECOSAR.

| - Some chemicals fall into multiple categories.
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SEPA Case study objectives

« How do we incorporate new approach methodologies (NAMs) and cheminformatic
approaches to assist in identifying new chemical categories?

« Can we use a classified consensus Mode-of-Action (cMOA) dataset (supervised
learning) to develop a robust classification model to discriminate between narcotic
(N) and specific-acting (S) chemicals for aquatic (fish) toxicity?

Office of Research and Development
Center for Computational Toxicology and Exposure



SEPA Key case study accomplishments

1. ldentified the landscape of regulatory and bioassay chemical inventories based on
New Chemical Category (NCC) definitions and ToxPrints (TxP).

2. Developed of a robust N/S classification model for aquatic toxicity.
|Identified known limitations regarding unclassified cMOA chemicals.

4. Suggested targeted use of NAM information (i.e., use of specific assay data) with
Chemotype enrichment workflows.
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Environmental Protection
Agency

SEPA 1. |dentification of the chemical landscape

« Can we use existing NAM data rather than
traditional in vivo data?
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<EPA

United States

2. Classification model for aguatic toxicity

Environmental Protection
Agency

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

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 EC, Daphnid Chv
Algae 72/96-hr ECs, Algae ChV

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

2. Can we develop a viable model to use as a tool to
discriminate specific-acting & narcotic MOAs for
potential category development?



SEPA .
\’E:Vi%fsnizztﬁfa. TP model details

* Dataset: supervised learning via Consensus MOA (cMOA) dataset

* EnviroTox Database: Aquatic toxicity in vivo dataset with a consensus call based on 4 structure based models (Health and Environmental
Sciences Institute (HESI). 2019. EnviroTox Database & Tools. Version 1.1.0 Available: http://www.envirotoxdatabase.org/)

®* Features: ToxPrints

® Richard et al., Chem. Res. Toxicol. 2016, 29(8) 1225 — 1251; Strickland et al., Arch Toxicol. 2018 92(1) 487 — 500; Wang et al., Environment
International 2019, 126 377 — 386.

* Method: Random Forest (Boosted Gradient Method) Random Forest Simplified

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

Random Forest _— | ~——__

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

P ' B N
* Training set: “balanced” down-sampled subset (2104 chemicals w/ a cMOA = N or S) o R "/OQ‘:%\ &
. - - B Ow e »
dﬁo 09; f N d{?‘b dq"; %gb oO;O} Oaf:qo
* High accuracy in both training and test sets (training = 99.7%; test = 95.8%) renad Tree2 Tnn
* Total Accuracy on all N + S data set = 97.6% (4356 cMOA =N or S) 1 s Class.B
Class-A 5= i
. . . - |
® Across all N + S chemicals -> 105 chemicals misclassified: | | Majority-Voting |
* 24F,{predicted S} [Final-Class|
https://medium.com/@williamkoehrsen/random-
° 81 Fneg{predicted N} forest-simple-explanation-377895a60d2d

Office of Research and Development
Center for Computational Toxicology and Exposure



EfAL . Distribution of prediction confidence [0,1] by (N,S) class
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“EPA  Prediction confidence across the cMOA=Nor S

» Distribution of prediction confidence (PC) tends to Distribution of Prediction Confidence
be > 0.8 for the classified data (c(MOA =N or S) 4065 Chemicals
» Model has fewer # misclassificationsin S (>9g..2cylzcofdata)
—Mlisclassifications for 93 cMOA confidence = 2, 73 4225 Chemicals
. = >0.8 PC
and .12 with 1,3 scores (recall 3>2>1 for I 197.0% of data)
confidence) -
—~46% of the misclassifications can be attributed
to the chemicals with PC< 0.8 L
—~67% of the misclassification can be attributed ' '
to chemicals with PC < 0.88 131 Chemicals
< 0.8 PC
(3.0% of data)
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SEPA 3. Analysis of unclassified consensus MOA chemicals:
s Characterization of TxP coverage per consensus MOA class

(U: 540 TxPs) Heatmap representation of ToxPrints
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<EPA . . -
Unique TxPs in the unclassified set

Agency

Frequency of TxPs per consensus MOA class

« ~¥7x more unique features in U (than in

N or S) 2000 Narcotic & Specific-acting |en @s eu

« Could explain the lower prediction
confidence in N/S classification of the
U set

« Potential for additional categories
based on structure:
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e | XP MOdel predicted MOAs of the EnviroTox unclassified set

« 674 subset chemicals in the EnviroTox dataset that had low confidence or ambiguous
consensus (unclassified)

« Applied TxP model to the unclassified set and compared predictions to ECOSAR
classification

361 predicted as Narcotic 313 predicted as Specific-acting

ECOSAR Classified

ECOSAR Not Classified
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wEPA Cumulative distribution function:

United States

s L og molar toxicity, (LC50, 96h, FISH) for cMOA classes (N,S,U)
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« cMOA classification is sufficient
to discriminate N,S

« U presents some challenges
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4. Targeted use of NAM information and Txp/Chemotypes

« Use chemotype enrichments to inform potential NAM
data streams

« Example: sulfonyl TxP enrichments across NovaScreen
(NVS) assay platform

« “...assays measure chemical binding to nuclear
receptors, G-protein-coupled receptors (GPCR),
transporters, and ion channels, and enzymatic
inhibition or activation for a range of proteins
including kinases, phosphatases, CYP450s, proteases,
and histone deacetylases.”

« ldentified 47 assays due to sulfonyl TxP enrichment

Assay platform identification:

Triasulfuron

* N-sulfonylurea herbicide rH\ . 1
* Model prediction: Specific-acting 155 LA,
* EnviroTox consensus MOA: Narcotic
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Example: Differences in model prediction vs. cMOA:
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wEPA Enriched TxPs: Unclassified chemicals, TxP model predicted specific-acting

United States
Environmental Protection
Agency
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Summary and Final Steps

« Developed a robust structural TxP model
—Good N/S classification
—Challenges in unclassified chemistries

* Investigated model predictions to inform ECOSAR subset of unclassified chemicals
—Some unclassified chemicals predicted as potentially specific-acting MOAs
—|dentified primary chemotypes for specific-acting MOAs

» Explored 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

« Developing a manuscript on the existing TxP model and analyses
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Thank you!
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