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The Release of the EPA Memo Provided Clear 
Agency Goals for Reduction in Animal Testing

o Goals:
 Reduce requests for, and funding of, mammalian studies by 

30% by 2025
 Eliminate all mammalian study requests and funding by 2035
 Come as close as possible to excluding reliance on 

mammalian studies from its approval process (subject to 
applicable legal requirements).

o Objectives:
 Evaluate regulatory flexibility for accommodating the use of 

NAMs
 Develop baselines and metrics for assessing progress
 Validation to ensure NAMs are equivalent to or better than 

the animal tests
 Demonstration that NAMs are applicable for use in risk 

assessment and protective of human health and environment
 Engage and communicate with stakeholders
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The Challenge… 
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ORD Research to Fill in “Step 2”

• Establish expectations on the variability of current 
toxicity studies

• Incorporate technological and data analysis 
advances to developing new alternatives

• Address limitations of in vitro test systems

• Build confidence through case studies
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Mandate to Evaluate the Reliability and Relevance 
of Traditional Toxicity Testing Models

• Section 4(h) in the new TSCA legislation requires –
• “…Administrator shall reduce and replace, to the extent 

practicable and scientifically justified…the use of vertebrate 
animals in the testing of chemical substances or mixtures…”

• Alternative approaches need to provide “information of 
equivalent or better scientific quality and relevance…” than the 
traditional animal models
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Evaluating Reproducibility of Traditional Toxicity 
Studies

Pham et al., Comp Toxicol., In Press

ToxRefDB Version 2.0

>1,200 chemicals

Using an RMSE=0.59, the 95% PI of an 
LEL/LOAEL is:

1 mg/kg/day  0.07 – 14 mg/kg/day.
10 mg/kg/day  0.7 – 143 mg/kg/day.

Watford et al., Repro Toxicol, 2019
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Comparing ‘Cellular Pathology’ With In Vivo
Pathology Responses
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Nyffeler et al., TAAP, 2020
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Adapting In Vitro Assays to Test Volatile Chemicals

Inlet
Nozzle

Sample 
Flow

Mode-of-Action 
Identification

Concentration Response 
Modeling

Whole Genome 
Transcriptomics (HTTr)

Chemical Name Gene Set Collection
BEAS-2B,

BMC of most sensitive 
gene set (ppm)

HBEC, 
BMC of most sensitive 

gene set (ppm)
ACGIH TLV

1-Bromopropane MSigDB_C2 2.49302 9.93639
1-Bromopropane MSigDB_H 2.97983 NA 10ppm
1-Bromopropane Reactome 2.664425 NA

Carbon Tetrachloride MSigDB_C2 9.23691 NA
Carbon Tetrachloride MSigDB_H 16.91345 NA 10ppm
Carbon Tetrachloride Reactome 11.0172 NA

Trichloroethylene MSigDB_C2 48.9539 27.9907
Trichloroethylene MSigDB_H NA 36.4984 50ppm
Trichloroethylene Reactome 69.6447 32.0725
Dichloromethane MSigDB_C2 136.124 269.865
Dichloromethane MSigDB_H 231.7465 394.894 100ppm
Dichloromethane Reactome 136.124 355

A.Speen (CPHEA), M. Higuchi 
(CPHEA), and J. Harrill, 
Unpublished
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Integrating In Vitro Assays to Predict 
Developmental Toxicity

• Bayesian logisitic regression to determine probabilistic model for DevTox
• Capability to tune model for increased sensitivity OR specificity

Metric* mean +/- sdev

ROC_AUC 0.91 +/- 0.03

Balanced 
Accuracy 0.82 +/- 0.04

NPV 0.80 +/- 0.05

PPV 0.90 +/- 0.08

Augmented DevTox prediction model uses Stemina + ToxCast assays

*80/20 split (train/test) of the 
“Med_plus” data set (CLEAR rat OR 
rabbit, NO rat AND rabbit)

• Application of the “high specificity” 
model to ~580 chemicals on TSCA 
non-confidential inventory

• 144 chemicals predicted with 
confidence to fall into DevTox 
positive or negative domains

Zurlinden et al., Toxicol Sci., 2020
T. Zurlinden, T. Knudsen, Unpublished
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Incorporating Xenobiotic Metabolism Into In 
Vitro Assays

AIME Method: S9 Fraction Immobilization in 
Alginate Microspheres on 96- or 384-well peg 

lids

Screening Window of VM7 (formerly BG1) 
ER Transactivation Assay 

  

  Metabolism 
 

   

  Neg Pos  
    

NRS 
Neg 0.91 0.89   

   
Pos 0.91 0.71     

  Z'      

         
   

 
   

     
    

 
     

   
       

        
 

C. Deisenroth, In Review
Collaboration with Unilever
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Developing Organotypic Culture Models to Identify 
Tissue/Organ Effects

Deisenroth et al., Toxicol Sci, 2020
Blue, Hoechst 33342 /DNA
Green, Phalloidin/Actin
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Putting Alternative Test Results in a Dose Context

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., In Press.
G. Honda and J. Wambaugh, 
Unpublished

Oral Dose Required to 
Achieve Concentrations 

Equivalent to In Vitro
Bioactivity

Liver 
Metabolism

Plasma Protein 
Binding

Population-Based  
IVIVE Model

R package “httk”
• Open source, transparent, and peer-

reviewed tools and data for high 
throughput toxicokinetics (httk)

• Allows in vitro-in vivo extrapolation 
(IVIVE) and physiologically-based 
toxicokinetics (PBTK)

• Human-specific data for 987 
chemicals

• Allows propagation of uncertainty

Tissue 
Partitioning

Incorporating Generic Inhalation PBPK Model
Improving Oral PK Models
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Case Studies to Build Confidence and Help 
Translate to Regulatory Application

Ongoing and New Case Studies
• OPP/ORD case study to use NAMs on selected pesticides with established MOAs
• OPP/ORD case study to develop a NAM for evaluating developmental neurotoxicity
• OCSPP/ORD case study on integrating NAM to screen candidates for prioritization 

under TSCA
• OW/ORD case study on application of in vitro bioactivity and HTTK for screening-

level assessments
• APCRA prospective case study on application of in vitro assays for hazard 

characterization
• APCRA case study on using NAMs to update chemical categories
• APCRA case study on computational approaches for rapid exposure estimates
• APCRA case study on modular integration of NAMs for identify endocrine activity
• APCRA case study on using in vitro bioactivity to information quantitative ecological 

hazard assessments
• APCRA case study on evaluating HTTK methods
• APCRA case study on using in vitro assays to evaluate volatile chemicalsRecently complete case studies 
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Take Home Messages…

• ORD is working on a diverse portfolio of research activities to meet the 
Agency’s animal testing reduction goals 

• Characterizing the variability and relevance of existing models will aid in 
establishing expectations for the performance of alternative methods

• Continued development and refinement of new technologies and analysis 
approaches will help comprehensively evaluate potential toxicological effects

• Systematically addressing technical limitations such as a lack of metabolism, 
testing challenging chemicals, and identifying organ/tissue effects will enable 
important information gaps to be filled

• Partnering with regulators and national and international partners on case 
studies will increase confidence in alternatives and accelerate application for 
a range of decision contexts
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