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Goal Statement
Advance the characterization of exposure and dose metrics required to 
translate advances and findings in computational toxicology to 
information that can be directly used to support exposure and risk 
assessment for decision making and improved public health.  
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Mandate to Assess Thousands of Chemicals 


• CEPA Prioritization Program (DSL)
• REACH
• HPV
• Endocrine Disruptor Screening 


Program (EDSP)
• Chemical Assessment and 


Management Program (ChAMP)


Clear need to develop methods to evaluate a large number of 
environmental chemicals for their potential toxicity
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Transforming Toxicology


Science, Feb 15, 2008


Robert Kavlock
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Toxicity Testing in the Twenty-first Century


• The key aspect of the NRC vision and the proposed paradigm shift in 
Toxicity Testing is that new tools are available to examine toxicity 
pathways in a depth and breadth that has not been possible before.  


• Efforts underway to apply high-throughput-screening (HTS) approaches 
for chemical prioritization and toxicity testing have been accelerated in 
response to NRC reports.


• An explosion of HTS data for in vitro toxicity assays will become available 
over the next few years. 
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Toxicity Testing in the Twenty-first Century: A Vision and a Strategy
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Extrapolation Modeling in NRC Vision


• Three primary components of extrapolation modeling critical for vision.


– Toxicity-pathway models to provide quantitative, mechanistic 
understanding of dose-response relationship for perturbations by 
environmental agents. 


– PBPK modeling to predict human exposures leading to tissue 
concentrations comparable to concentrations causing perturbations in 
vitro.


– Human data on background chemical exposures and disease 
processes that affect the same toxicity pathways and provide a basis 
for addressing host susceptibility.  
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Exposure Science in NRC Vision


• Population-based data and human exposure information required at 
each step of vision; critical role in both guiding development and use of 
the toxicity information. Components include:


– Use of information on host susceptibility and background exposures 
to interpret and extrapolate in vitro test results.


– Use of human exposure data to select doses for toxicity testing so 
we develop hazard information on environmentally-relevant
effects.


– Use of biomonitoring data to relate real-world human exposures with 
concentrations that perturb toxicity pathways to identify potentially 
important (biologically-relevant) exposures.
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ToxCast ™ Program for Prioritizing Toxicity Testing of Environmental 
Chemicals


• In 2007, EPA launched ToxCast™ in order to develop a cost-effective 
approach for prioritizing the toxicity testing of large numbers of chemicals 
in a short period of time. 


• Using data from state-of-the-art high throughput screening (HTS) 
bioassays developed in the pharmaceutical industry, ToxCast™ is 
building computational models to forecast the potential human toxicity of 
chemicals. 


http://epa.gov/ncct/toxcast/







Office of Research and Development
National Center for Computational Toxicology 10


Source to Outcome Continuum


Source/Stressor Formation


Environmental Conc.


External Dose Target Dose


Biological Event


Effect/Outcome


ToxRefDB


ToxCast


ToxMiner


rTK


ACToR


ExpoCast


V-Tissues


Expo DB







Office of Research and Development
National Center for Computational Toxicology 11


Exposure Science for Toxicity Testing


• How can we characterize exposure efficiently and support development 
of toxicity information to facilitate prioritization of thousands of 
compounds?


• Paradigm shift in exposure science required 
– From resource and time intensive measurement and modeling 
– To rapid, inexpensive approaches for characterizing and predicting 


biologically-relevant exposure.
– Leverage advanced and emerging technologies and approaches
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EPA Community of Practice:  Exposure Science for 
Toxicity Testing, Screening, and Prioritization


• The primary purpose of the EPA Exposure Science Community of 
Practice (ExpoCoP) is to provide a forum for promoting the advancement 
and utilization of exposure science to address Agency needs for 
chemical screening, prioritization and toxicity testing.  


• Membership of well over 40 individuals from over 15 public and private 
sector organizations 


• http://epa.gov/ncct/practice_community/exposure_science.html
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ExpoCoP Presentations


• Chemical selection for ToxCast, Richard Judson, NCCT
• Exposure categorization of the Domestic Substances List: current status, 


future activities, Bette Meek, University of Ottawa
• Exposure data: structure annotation for improved access and linkage, 


Ann Richard, NCCT
• ECETOC Targeted Risk Assessment Tool for REACH, Rosemary Zaleski , 


ExxonMobile Biomedical Sciences
• Using Publicly Available Information to Prioritize Chemicals (ComET 


plus), Michael Jayjock, The LifeLine Group
• Characterizing Exposure to Volatile and Semi-Volatile Contaminants in 


Indoor Sources using Simple Mass-Transfer Models, John Little, Virginia 
Tech


• Assessing the Exposure-Dose-Toxicity Relationship within the EPA’s 
ToxCast Program, Rusty Thomas, The Hamner  
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ExpoCoP Presentations


• Chemical Assessment and Management Program (ChAMP), Cathy 
Fehrenbacher, US EPA/OPPT


• Multimedia Multipathway Modeling of Emissions to Impacts: screening with 
USEtox and advanced spatial modeling with IMPACT, Olivier Jolliet, University 
of Michigan


• GExFRAME – a Web-Based Framework for Accessing Global Exposure 
Data, Scenarios and Models, Muhilan Pandian, Infoscientific


• Genomics Applications: Detecting Human Exposures and Predicting 
Inter-individual Susceptibilities, Rebecca Fry, UNC Chapel Hill


• Biological Equivalents (BEs) and Their Use in Risk Assessment Screening 
and Risk Management Prioritization, Shawn Hays, Summit Toxicology


• Integrated Strategies for Exposure and Toxicity Assessment of Chemical 
Substances and Mixtures, Denis Sarigiannis, European Commission - Joint 
Research Centre


• PReParE:  Physiologically Relevant Parameter Estimation for PBPK 
Modeling, Rocky Goldsmith, NERL
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A Path Forward: Anchoring Stressors to Real-World Human Exposure


• The NRC Vision of a shift to characterizing toxicity pathways requires a 
commensurate shift to characterizing exposure across all levels of 
biological organization.  


• Interpretation of toxicogenomic hazard data requires contextual 
relevance.  Pathways identified using HTS approaches are being 
anchored to apical endpoints using conventional toxicity data.  


• Similarly, understanding relevant perturbations leading to these 
toxicogenomic endpoints requires anchoring stressors to real-world 
human exposure.


• New approaches to risk assessment require exposure science to predict 
exposures down to the molecular level.  Requires systems-based 
consideration of interactions between exposure and effect. 
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Systems-Based Exposure Science


“…systems biology will progressively complement the conventional mode 
of study by facilitating the understanding of biological networks and 
mechanisms in terms of their dynamic system behavior on different 
levels of organization.” Dubitzky, 2006







Office of Research and Development
National Center for Computational Toxicology 17


Stressor
Biological 
Receptor OutcomePerturbation Perturbation


Population


Individual


Tissue


Cell


Biological 
Molecules


Environmental  
Source


Ambient 
Exposure


Environmental  
Source Personal 


Exposure


Internal Exposure 
(Tissue Dose)


Dose to Cell


Dose of Stressor 
Molecules


Disease 
Incidence/Prevalence


Disease State
(Changes to Health Status)


Dynamic Tissue Changes
(Tissue Injury)


Dynamic Cell Changes
(Alteration in Cell Division, 


Cell Death)


Dynamic Changes in 
Intracellular Processes


Figure 1 JESEE, 2008





		�Improving Exposure Science and Dose Metrics for Toxicity Testing, Screening, Prioritizing, and Risk Assessment

		Acknowledgements

		Goal Statement

		Slide Number 4

		Slide Number 5

		Toxicity Testing in the Twenty-first Century

		Slide Number 7

		Extrapolation Modeling in NRC Vision

		Exposure Science in NRC Vision

		ToxCast ™ Program for Prioritizing Toxicity Testing of Environmental Chemicals

		Slide Number 11

		Exposure Science for Toxicity Testing

		EPA Community of Practice:  Exposure Science for Toxicity Testing, Screening, and Prioritization�

		ExpoCoP Presentations

		ExpoCoP Presentations

		A Path Forward: Anchoring Stressors to Real-World Human Exposure

		Systems-Based Exposure Science

		Slide Number 18






Absorbed
Dose


Systemic
Tox


In Vivo


In Vitro


Biomonitoring


ng/mL 


R
es


po
ns


e


Exposure Dose-Response


mg/kg-day 


R
es


po
ns


e


N
O


E
L


E
X


P
O


S
U


R
E







Triazolam effects on psychomotor and cognitive 
skills in humans


Gupta et al 1990


A pharmacokinetic model was 
used to predict effect-site 
concentrations for DR 
characterization
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Dosemetric Issues in Standard 
Toxicity Testing


• Uncertainty
• Variability
• Absorbed dose not used
• Time is of the essence
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Dosemetric Issues in Standard 
Toxicity Testing


• Uncertainty
• Variability
• Absorbed dose not used
• Time is of the essence
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Dosemetric Issues in Standard 
Toxicity Testing


• Uncertainty
• Variability
• Absorbed dose not used
• Time is of the essence
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Dosemetric Issues in Standard 
Toxicity Testing


• Uncertainty
• Variability
• Absorbed dose not used
• Time is of the essence
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Challenges…
• How can ADME data be collected and used in a 


fashion that will decrease uncertainty?
• What is the best and most useful expression of 


dose?
– AUC? Cmax?


• How can in vitro data be related properly to 
human tissue dosemetrics?


• Can tissue dosemetrics help describe 
thresholds?


• More???







What Can HESI Do?


• Form core panel
• Look at former and current programs
• Identify critical questions
• Form focused subgroups
• Publish findings/recommendations
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