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The 3Rs are Over 60, but the New Generation of 
Alternative Approaches are Relatively Young…
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Despite the Range in Ages, the Underlying Drivers 
Continue to Be the Same…
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Ethical and Societal 
Considerations
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Five Keys to Growing Up and Leaving Home for 
Computational Toxicology and NAMs

• Know where you want to go and how to get there

• Set expectations for success

• Continue developing and improving the science

• Start small and build on successes

• Communicate, communicate, communicate
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Knowing Where To Go and How to Get 
There Requires a Plan…

Focused on TSCA Focused on researchFocused on Agency-wide action

1
Know Where You 
Want to Go…
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The Plans Contain Similar Strategic 
Directions and an Operational Blueprint 

Primary Objectives
• Evaluate Regulatory Flexibility
• Develop Baselines and Metrics
• Establish Scientific Confidence and 

Demonstrate Application
• Develop NAMs to Address Information 

Gaps
• Engage and Communicate with 

Stakeholders

Core Components
• Identifying, Developing, and Integrating 

NAMs 
• Building Confidence that NAMs are 

Scientifically Reliable and Relevant
• Implementing the Reliable and Relevant 

NAMs

SAR/QSAR

TTC

HTS
Organotypic 
models

Computationa  
modeling

AOPs

HTTK

IVIVE

1
Know Where You 
Want to Go…
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Setting Expectations for NAMs Requires 
Data

Different statistical methods Different study types

Evaluating LEL/LOAEL Variability in Traditional Toxicity 
Studies by Mining Legacy Data for ~1,200 Chemicals

Using an RMSE=0.59, the 95% Prediction Interval of an 
LEL/LOAEL is +/- 10-fold (e.g., 1 mg/kg/day, 0.07 – 14)Pham et al., Comp 

Toxicol., 2020

Organ Species Repeated 
negative

Mixed
effects

Repeated 
positive % Concordance

Liver
dog 20 26 46 71.7

mouse 30 40 69 71.2
rat 42 71 132 71.0

Kidney
dog 49 33 10 64.1

mouse 61 51 27 63.3
rat 60 105 80 57.1

Spleen
dog 64 21 7 77.2

mouse 93 31 15 77.7
rat 132 84 29 65.7

Testes
dog 65 20 7 78.3

mouse 110 20 9 85.6
rat 135 87 23 64.5

Adrenal 
gland

dog 76 12 4 87.0
mouse 109 23 7 83.5

rat 142 83 20 66.1

Evaluating Target Organ Variability in Traditional Toxicity 
Studies by Mining Legacy Data for ~1,200 Chemicals

Paul-Friedman, Unpublished
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Set Expectations for 
Success…
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Literature Review and Expert Committee 
Report to Inform Expectations for NAMs

2
Set Expectations for 
Success…
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High-Content Technologies are Being 
Applied to Increase Biological Coverage

Broad-Based Testing Using 
High-Content Technologies

Lots of 
Chemicals

Multiple Cell 
TypesX

Phenotypic 
Profiling

Transcriptomics

Concentration 
Response

MIE KE

AO

Molecular Target 
Identification 
and Grouping J. Harrill et al., Unpublished

3
Continue Improving 
the Science…
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Improving Organotypic Culture Models to 
Translate Molecular Events into Tissue Effects

Deisenroth et al., Toxicol Sci, 2020
Blue, Hoechst 33342 /DNA
Green, Phalloidin/Actin

3
Continue Improving 
the Science…
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Toxicokinetic NAMs for Extrapolating In Vitro
Concentrations to Administered Doses

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
Wambaugh et al.,Tox Sci., 2018
Wambaugh et al.,Tox Sci., 2019
Linakis et al., J Expo Sci Environ 

Epidemiol. 2020

Liver 
Metabolism

Plasma Protein 
Binding

HT-TK and PBTK 
models

Tissue 
Partitioning

Generic PBTK Model for Inhalation 
Exposure

Experimental Models for 
Bioavailability

Wambaugh et al., 
Unpublished

HTTK R-package
V.2.0.4

Linakis et al., 2020

3
Continue Improving 
the Science…
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Case Study to Demonstrate Application of 
NAMs To Screening Level Assessments 

Goal:  Determine whether in vitro bioactivity from broad-based NAMs can 
be used as a conservative point-of-departure and when compared with 
exposure estimates serve to prioritize chemicals for future study or as 
lower tier risk assessment.

Paul-Friedman et al., 2020

4
Start Small and Build 
on Successes…

11



Center for Computational
Toxicology & Exposure

12

Case Study to Demonstrate Application of 
NAMs To Screening Level Assessments 
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For ~89% of the 
chemicals, PODNAM
was conservative.

(~100-fold on 
average), but less 
conservative than 

a TTC

ExpoCast PODNAM (PODTraditional PODEFSA PODHC)

Chemicals where 
PODNAM was not 

conservative 
enriched in 

OPs/carbamates

4
Start Small and Build 
on Successes…
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Building on the Concept for Regulatory and 
Product Development Decisions

4
Start Small and Build 
on Successes…
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Case Study on Application of NAMs for 
Developmental Neurotoxicity

Key Question: How do NAMs for key cellular events and processes relevant to developmental 
neurotoxicity compare to in vivo AChE changes in rats on an administered dose basis for 
organophosphate pesticides (i.e., is AChE protective of potential DNT effects)?

4
Start Small and Build 
on Successes…
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Case Study on Application of NAMs for 
Developmental Neurotoxicity
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Administered dose equivalents for NAMs relevant to developmental neurotoxicity are general 
higher or in some cases approaching the doses associated with significant in vivo changes in 
AChE activity.

Human Rat Human Rat

4
Start Small and Build 
on Successes…
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Communicate and Share the Results With 
the Broader Community

Tailored Training for Specific 
User Groups

https://www.epa.gov/nam

Public Websites with Consolidated 
Information on NAMs

Scientific Conferences and Webinars

Data Dashboards and 
Decision Support Tools

https://comptox.epa.gov/dashboard

5
Communicate, 
Communicate…
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Take Home Messages…

1 Know Where You 
Want to Go…

2 Set Expectations for 
Success…

3 Continue Improving 
the Science…

4 Start Small and Build 
on Successes…

5 Communicate, 
Communicate…



Center for Computational
Toxicology & Exposure

18

Acknowledgements

Tox21 Colleagues:
NTP 
FDA
NCATS

EPA Colleagues:
CEMM
CPHEA
CESER
OCSPP

Collaborative Partners:
Unilever
A*STAR
ECHA
EFSA
Health Canada

Research Triangle Park, NC

Cincinnati, OH

Duluth, MN

Washington, DC

Gulf Breeze, FL

Athens, GA

Center for Computational Toxicology and Exposure (CCTE) Staff


	Slide Number 1
	The 3Rs are Over 60, but the New Generation of Alternative Approaches are Relatively Young…
	Despite the Range in Ages, the Underlying Drivers Continue to Be the Same…
	Five Keys to Growing Up and Leaving Home for Computational Toxicology and NAMs
	Knowing Where To Go and How to Get There Requires a Plan…
	The Plans Contain Similar Strategic Directions and an Operational Blueprint 
	Setting Expectations for NAMs Requires Data
	Literature Review and Expert Committee Report to Inform Expectations for NAMs
	High-Content Technologies are Being Applied to Increase Biological Coverage
	Improving Organotypic Culture Models to Translate Molecular Events into Tissue Effects
	Toxicokinetic NAMs for Extrapolating In Vitro Concentrations to Administered Doses
	Case Study to Demonstrate Application of NAMs To Screening Level Assessments 
	Case Study to Demonstrate Application of NAMs To Screening Level Assessments 
	Slide Number 14
	Case Study on Application of NAMs for Developmental Neurotoxicity
	Case Study on Application of NAMs for Developmental Neurotoxicity
	Communicate and Share the Results With the Broader Community
	Take Home Messages…
	Acknowledgements

