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Conventional regulatory approach to chemical safety assessment
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A.3 Global Comparison of POD and BEPOD
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Figure 14. Comparison of the Most Sensitive Apical ¥ Log Potency Range to the Aost Sensitive GO
Biological Processes BEFOD
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Data from Figumre 1-Figure 13 in this document were compiled to allow a larger scals comparison of apical and gene set-based Iy
biolomical potancy estimates. The most sensitive apical pateacy valuss (NOAEL or BMD) from guidaline toodicity sssessments. P ===
are plotted on the x-axis and the BEPOD ranse (EMD)-BMD-BMDy) from the GO Biological Processes analysis fom 4 or ¢ :
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5 day rodent test * Exposure to stressors alters gene expression

* A gene expression not necessarily adverse (e.g., adaptive responses)

Whole transcriptome . : :
P * If no concerted change in gene expression, unlikely to be hazardous,

even over much longer exposure durations.

Johnson KJ, Auerbach SS, Stevens T, Barton-Maclaren TS, Costa E, Currie RA, Dalmas Wilk D, Haq S, Rager JE, Reardon AJF, Wehmas L, Williams A, O'Brien J, Yauk C,
LaRocca JL, Pettit S. A Transformative Vision for an Omics-Based Regulatory Chemical Testing Paradigm. Toxicol Sci. 2022 Sep 27:kfac097. doi: 10.1093/toxsci/kfac097.



Log,, Transcriptomic BMD

(mg/kg-day, HED mg/kg-day, ppm, or mg/m?)

Scientific Support Document: Comprehensive literature review supports dose concordance

between disruption of gene activity and toxicity
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Literature review identified 140 chemicals in 32 studies

The transcriptomic BMD was highly correlated with the chronic,
apical BMD

The concordance RMSD (0.561) is similar to the range of inter-study
standard deviation estimates for the lowest observable adverse
effect levels (LOAELSs) for systemic toxicity in repeated dose studies

(Pham et al. Comp Toxicol., 2020)

The concordance was robust across exposure durations, exposure
routes, species, sex, target tissues, physical chemical properties,
toxicokinetic half-lives, and technology platforms

Slide courtesy of Alison Harrill
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What about Eco?

* Ecological risk assessments face a similar need to estimate
exposure concentrations that would not represent appreciable risk
of adverse effects following chronic exposure.

* Additional challenge of protecting taxonomically diverse species.
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Eco-HTTr: Generalized workflow
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1. Load organisms

Small organisms exposed in 96 well plate format tPOD Utility:

* Genomically, physiologically, trophically diverse * |dentify a concentration below which gene expression is not

* Globally harmonized system for classification and labeling of ecological markedly affected.

hazard » “Safe level” = predicted no effect concentration (PNEC,,ic)

96 well plates

* Accommodates large array of concentrations x replicates Gene Expression profile Utility

« Laboratory automation * Grouping: Insights into relationships between structure

» Standardized format/exposure conditions — repeatability / comparability and function

« Chemical masses, extract volumes required are small * Read-across: Inference based on similarity to better
Rapid (24 h), avoids need to feed, avoids need to solution renewals studied chemicals

Phenotypic endpoints can be assessed * Mode of action inference




Comparing tPODs to apical PODs
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There are taxonomic dlfferences In sensmwty to different chemlcal classes
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Villeneuve et al. 2025a - doi: 10.1002/etc.5825
Flynn et al. 2025a - doi: 10.1093/etojnl/vgaf022

Villeneuve et al. 2025b - doi: 10.1002/etc.5838
Flynn et al. 2026 (in review)

Single taxa is not protective
of all.

Human cell lines are not
protective of ecological taxa.

Most sensitive taxa varies by
chemical class.

How many taxa = enough
representation



Evaluating Assay Performance — False discovery

Number of concentration-responsive genes (CRGs)
detected for controls assigned to “mock treatments”
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Evaluating Assay Performance — tPOD reproducibility
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Exposure verification
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On-going R&D:

Adaptations for difficult-to-test (DTT) substances

Headspace Passive Dosing
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Reactive (non-volatile) Analytical characterization, potentially including non-

targeted analysis.
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On-going R&D: Mode of Action Inference

Interest in using gene expression profiles %M
1. Infer mode(s) of action and MIE’s in relevant
AOPs

2. Biologically-based read-across to chemicals
causing specific effects /\
3. Attribution of mixture effects to certain chemical ’
classes/groups

stochastlc gene set 1

Results to date suggest this may challenging:

 Considerable variability/heterogeneity in the identity stochastic gene set 2
of CRGs and DEGs in repeated assays (despite fairly mode of action gene set
stable tPOD) and chemicals with common MoA.

11-12 repeated assays for the same chemical

e >65% of CRGs occurin only one trial

* Nonetheless, a small fraction (e.g., 5-9% of
CRGs) detected in all trials



On-going R&D: Considerations for use in specific programmatic contexts

Pesticide risk assessments
under FIFRA

Hypothesis: Minimum tPOD across 4 taxa will
yield POD < pesticide benchmarks derived
from traditional approaches.

 OPP Aquatic Life Benchmark table

* Tested 24 ai across four species

* Includes mix of most potent to f.w. vertebrates,
non-vascular plants, f.w. invertebrates

* Bioassays complete and data in-hand

* Exposure verification on archived samples in
progress

Criteria/Benchmarks under CWAW

Hypothesis: Minimum tPOD across 4 taxa will
yield POD < species sensitivity distribution
(SSD)-based aquatic life criteria or

Aquatic Life

benchmarks (HCS5).

* Provide insight into whether 4 taxa is enough
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° 3 o

Limits

1000
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Conclusions:

Strong interest in NAMs in both the regulatory and regulated community

Eco-HTTr efforts to-date suggest tPODs are protective relative to apical adverse outcomes
Key performance metrics to determine assay acceptance and fit-for-purpose determined
Exposure verification and optimized strategies for challenging chemical classes are needed
Mode-of-action inference & grouping will require distinguishing consistent vs stochastic
responses

More tailored analyses of fit-for-purpose and limitations for specific application domains are
underway
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Performance x Experimental Design

REFLICATES

Sequenced an entire plate (n=96) controls for each test species.
Assigned in silico to “mock treatments” to examine effect of different design strategies on FDR.
Tested n=100 random assignments for each design.

Mean FDR (CRGs) for different rep/trt x concentration combinations
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One organism per sample

Pooll Pool3

Three organisms pooled per sample

Pooling (n=3/pool) reduces false discovery of CRGs by a factor of 5.
Effective experimental design strategy for controlling FDR without
inflating sequencing costs.




Performance x Analysis settings

e Stringency in defining differentially expressed/concentration responsive genes has to be balanced
against inflating tPOD uncertainty due to sparse CRG distribution.
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