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New approach 
methodologies: 
The brave new world 
in toxicology & risk 
assessment



Drivers Transforming the Chemical 
Safety Evaluation Paradigm
• Knowledge of biology
• Technologies to evaluate biological systems
• Animal welfare concerns
• Product stewardship & regulatory drivers
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1970’s  today (microelectronics)
Scientific Advances
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1970’s  today (biology / toxicology)
Scientific Advances
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Adapted from R. Kavlock 2015



Strategic Research 
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Harness 21C Knowledge & Technologies    
(more relevant & efficient safety evaluations)

Slide adapted from K. Crofton 2016
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Strategic Research 
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National Academy  Reports



Toxicity Pathway
NRC: Scientific Advances
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• Definition: Cellular response pathways that, when sufficiently 
perturbed, are expected to result in adverse health effects are 
termed toxicity pathways (NRC 2007).
– Stimulus for systems biology approaches, Adverse Outcome 

Pathways, etc. 

NRC, 2007



Nexus of knowledge, technologies                
and strategic research
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Knowledge

• Systems 
biology

• Toxicology
• Exposure
• Dosimetry
• Dose -

Response 

Technologies

• High 
Throughput

• High Content
• Computation-

al Profiling
• Bioinformat-

ics

Strategic
Research  

• Vision / collab-
orations

• Data-driven
• Tiered / risk 

based frame-
work

Scientific Advances
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Evaluate New Tools for 
Chemical Safety 
Assessment

Advance Interpretation 
of Data from New 
Technologies

Initiate LRI Exposure 
Science Research 
Portfolio

Initiate Collaborations 
with EPA & Other 
Agencies

Advance 
Understanding 
of Exposures
Improve 21st

Century 
Chemical Safety 
Testing 
Technologies

Innovate Tiered 
Integration of 
Bioactivity with 
Exposure (21C 
Safety Eval.  
Framework) 

New Tools for Chemical 
Safety Assessment

Biomonitoring

Endocrine Disruptors: 
Environmental & Health 
Impacts

Measuring Indoor and 
Outdoor Air Toxics

Evolution of ACC’s LRI 
Research Program
https://lri.americanchemistry.com

2001 2014 2015 - Today 10



Today: unprecedented opportunities 
to apply these advances

Scientific Advances
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 To measure / predict bioactivity for 1,000’s – 10,000s of 
compounds

 To infer/predict toxicity by comparing biological profiles of 
less studied substances to well characterized chemicals

 To model fate, transport and exposure to 1,000’s – 10,000s of 
compounds

 To conduct timely and cost effective risk evaluations (margin 
of safety)

 If/when in vivo testing is required, to conduct focused and  
tailored testing 



Shared 
Responsibility

within 
Regulatory 

Science 
Community

• To work towards ensuring 
these approaches are 
actualized in chemical 
safety evaluation  
programs (where they fit) 

• Determine and 
communicate strengths 
and limitations

• Promote understanding of 
why there is / is not 
confidence of these 
approaches for specific 
uses / decisions
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Traditional Approach Methodologies
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Methods that have been used to develop toxicology 
data and information – in vivo studies  using 
laboratory animal models; may include:

• acute toxicity (oral, dermal, inhalation), irritation 
(skin, eye) sensitization (the so-called “six pack” 
tests)

• repeat dose / subchronic studies (28-day or 90-day)
• developmental toxicity (2 species in many cases)
• reproductive toxicity which may include 

developmental neurotoxicity
• chronic toxicity / carcinogenicity

Test Guideline studies (e.g. EPA see: https://www.epa.gov/test-
guidelines-pesticides-and-toxic-substances/series-870-health-effects-test-guidelines

https://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-870-health-effects-test-guidelines


New Approach Methodologies (NAMs):
Definitions
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Defined broadly as:

Any technology, methodology, approach, 
or combination thereof that can be used 
to provide information on chemical 
hazard and risk assessment that avoids 
the use of intact animals. 

Why such interest in NAMs now? 



NAMs in the New TSCA
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The Frank R. Lautenberg Chemical Safety for the 
21st Century Act (June 2016)

• Amended the Toxic Substances Control Act (TSCA) 
-- June 22, 2016, effective immediately

• Passed with overwhelming bipartisan support in 
both the U.S. House (403 to 12) and Senate 
(unanimous)

• Received broad support (industry, downstream 
users of chemicals, ENGOs, etc.) 



NAMs in the New TSCA
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Section 4(h)(1) -“The Administrator 
shall reduce and replace, to the 
extent practicable, scientifically 
justified, and consistent with the 
policies of this title, the use of 
vertebrate animals in the testing of 
chemical substances or mixtures…” 



NAMs in the New TSCA
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Section 4(h)(1) “…prior to making a request or adopting a 
requirement for testing using vertebrate animals… taking into 
consideration ….reasonably available existing information, 
including:

i. Toxicity information;
ii. Computational toxicology and bioinformatics; and
iii. High -throughput screening methods and prediction models 
of those methods; and

Encouraging and facilitating …
i. scientifically valid test methods and strategies that reduce 

or replace the use of vertebrate animals while providing 
information of equivalent or better scientific quality…..;

ii. GGrouping chemicals into categories…..; and
iii. Formation industry consortia to avoid unnecessary testing



NAMs in the New TSCA
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For voluntary testing of chemicals:
Section 4(h)(3)(A) –“Any person developing 
information for submission…shall first attempt 
to develop the information by means of an 
alternative test method or strategy…”

3Rs need to be considered right from the start 
by companies if there’s even a chance that the 
data will be submitted to EPA under TSCA



NAMs in the New TSCA
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Section 4(h)(2)(A) states EPA shall develop a strategic 
plan to promote development & implementation of 
alternative methods/strategies to reduce, refine, or 
replace vertebrate animal testing and provide 
information of equivalent or better scientific quality and 
relevance for assessing risks through e.g., 
(i) computational toxicology and bioinformatics;
(ii) high-throughput screening methods;
(iii) testing of categories of chemical substances;
(iv) tiered testing methods;
(v) in vitro studies;
(vi) systems biology;
(vii) new or revised methods from validation bodies (e.g. ICCVAM, OECD; or
(viii) industry consortia that develop information submitted under this title



NAMs in the New TSCA
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Candidates 
for 
Prioritization

De-Prioritized 
Substances

Pre- Prioritization

From GlobalChem 2018 presentation of Tala R. Henry, 
PhD (Director, Risk Assessment Division, EPA OPPT)

See: EPA’s DISCUSSION 
DOCUMENT Possible 
Approaches and Tools for 
Identifying Potential 
Candidate Chemicals for 
Prioritization 

https://www.epa.gov/assessing-and-
managing-chemicals-under-
tsca/possible-approaches-identifying-
potential-candidates

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/possible-approaches-identifying-potential-candidates


NAMs in the New TSCA

21 2121

New Chemicals: Evaluations Typically Based on Prediction Modeling
https://www.epa.gov/reviewing-new-chemicals-under-toxic-
substances-control-act-tsca/epas-review-process-new-chemicals
Manufacturers or importers of new chemicalasubmit a Pre-
Manufacture Notification PMN - (one PMN per chemical)
• PMN: info on chemical, its structure, byproducts, use, manufacturing, & 

any test data or info on impacts in possession or reasonably ascertainable 
(no specific test data required)

• EPA then has 90 days to review: can request more data, prohibit or limit 
manufacture or halt review process.  

Hazard 
Ecological Structure-Activity Relationships 
Program (ECOSAR), Oncologic, Read 
Across: Non-Cancer Health Assessment, 
EPA's New Chemical Categories Document, 
Across Analog Identification Methodology

Fate and Exposure
Consumer Exposure (CEM), ChemSTEER, 
Estimation Programs Interface (EPI Suite)™, 
Exposure and Fate Assessment Screening 
Tool (E-FAST),  Internet Graphical Exposure 
Modeling System (IGEMS) 

https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/epas-review-process-new-chemicals
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NAMs in the New TSCA
EPA’s Strategic Plan for NAMs

Issued June 22, 2018 
https://www.epa.gov/assessing-and-managing-chemicals-under-

tsca/strategic-plan-reduce-use-vertebrate-animals-chemical )

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/strategic-plan-reduce-use-vertebrate-animals-chemical
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https://www.epa.gov/aboutepa/about-national-center-computational-toxicology-ncct
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Progress in Developing NAMs
PLEASE SEE EPA’s ORD Research

https://www.epa.gov/aboutepa/about-national-center-computational-toxicology-ncct

https://www.epa.gov/aboutepa/about-national-center-computational-toxicology-ncct
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Progress in Developing NAMs
PLEASE SEE: ICCVAM / NICEATM

https://ntp.niehs.nih.gov/pubhealth/evalatm/index.html

ICCVAM Activities Include:
• Prediction modeling 

acute oral toxicity
• Alternatives for eye & 

skin irritation
• Alternatives for acute 

inhalation tox testing 
• Alternatives for skin 

sensitization
• Starting to explore 

alternatives to 
traditional eco testing

https://ntp.niehs.nih.gov/pubhealth/evalatm/index.html


TSCA Implementation: 
Use of NAMs for TSCA Prioritization

• TSCA requires EPA to prioritize chemicals to identify 
high-priority substances for eventual in depth risk 
evaluation (final rule published September, 2017

• EPA has developed a strategy to use NAMs for 
prioritizing existing TSCA chemicals “A Working 
Approach for Identifying Potential Candidate 
Chemicals for Prioritization” 
https://www.epa.gov/sites/production/files/2018-
09/documents/preprioritization_white_paper_9272018
.pdf
– Utilizes 21C risk-based NAMs to integrate info on 

bioactivity / hazard with exposure
– EPA is developing a Proof of Concept paper (coming soon)
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https://www.epa.gov/sites/production/files/2018-09/documents/preprioritization_white_paper_9272018.pdf


Risk Based Applications of NAMs
in the New TSCA
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Bioactivity
Tox 21 Methods

Exposure
High Thruput Exposure Modeling
Deterministic Exposure Models

Measurements

Risk-Based Decision 
Making
Prioritization

Screening Level Risk Evaluation
Comprehensive Risk Assessments



Integrating ToxCast HTS, Dosimetry, 
and Exposure (Wetmore et al 2015)

Risk Based Applications of NAMs
in the New TSCA
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IVIVE
Convert in vitro 
bioactivity conc. 
to the oral equiv. 
dose

Human Oral 
Exposures
From prediction 
modeling

MOE

Toxicological Sciences, Volume 148, Issue 1, November 2015, Pages 121–136, 
https://doi.org/10.1093/toxsci/kfv171



Contributions to Risk Assessment 
Science & Practice                  

(research support provided by ACC’s LRI)
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Incorporating exposure into 
high throughput screening

Tiered risk assessment strategies

In Vitro to In Vivo 
Extrapolation

Fit-for-purpose in vitro assays

Bioinformatic tools for 
understanding big data

Systems biology and 
network modeling
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J. Arnot (PI    )                                    
Improving Chemical Exposure 

Evaluation: A New Framework to 
Encompass the “Production-to-Dose 

Continuum”
Figure 1. Integrated exposure estimation framework simulating 
the “production-to-dose” continuum 

 

Figure 2. RAIDAR model (ver.3.0) combines mass balance fate and 
bioaccumulation models to link chemical emissions to exposure 

 

 Figure 3. RAIDAR-ICE 
(ver.1.0) combines mass 
balance indoor fate and 
PBTK models to link 
chemical and product use 
to exposure 
https://pubs.acs.org/doi/abs
/10.1021/acs.est.8b04059

https://pubs.acs.org/doi/abs/10.1021/acs.est.8b04059
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T. Cox  (PI)                    
Predictive Analytics 

Toolkit
The replacement of traditional toxicity testing with prediction modeling for determining 
hazards and risks is rapidly advancing. 
• However, to establish scientific confidence in these prediction methods, robust statistical 

and analytical tools need to be used to document prediction model performance
• The Prediction Analytics Toolkit (PAT) a point-and-click interface for conducting advanced 

prediction analysis from datasets assembled in Excel using R packages, even if the user 
does not know R

https://lri.americanchemistry.co
m/Science-and-Research-
Highlights/Predictive-Analytics-
Toolkit.pdf

https://lri.americanchemistry.com/Science-and-Research-Highlights/Predictive-Analytics-Toolkit.pdf


ACC Research Catalog
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https://lri-researchcatalog.americanchemistry.com/

https://lri-researchcatalog.americanchemistry.com/


Tiered Risk-Based Framework
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Exposure:Activity 
Profiling

HTS – Molecular 
Screening  Assays for 

Mechanistic Pathways 

Targeted In Vivo 
Testing

Exposure:Activity 
Profiling

In Vitro Omics 
Screening

Low 
Priority

Define Zone of Safe Exposure

Acceptable  
MOE

Targeted
Cell-Based Assays

Exposure:Activity 
Profiling

Acceptable  
MOE

Low 
Priority

ID Mechanistic 
Pathways That Are 

Selectively Activated

Focus on Pathways 
That Are Selectively 

Activated

Exposure:Activity 
Profiling

Computational Tox 
Approaches

Low 
Priority

Acceptable  
MOE



Tiered Risk-Based Framework
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Exposure:Activity 
Profiling

HTS – Molecular 
Screening  Assays for 

Mechanistic Pathways 

Targeted In Vivo 
Testing

Exposure:Activity 
Profiling

In Vitro Omics 
Screening

Low 
Priority

Define Zone of Safe Exposure

Acceptable  
MOE

Targeted
Cell-Based Assays

Exposure:Activity 
Profiling

Acceptable  
MOE

Low 
Priority

ID Mechanistic 
Pathways That Are 

Selectively Activated

Focus on Pathways 
That Are Selectively 

Activated

Exposure:Activity 
Profiling

Computational Tox 
Approaches

Low 
Priority

Acceptable  
MOE



Threshold of Toxicological Concern (TTC)

34

What is the TTC? 

Proof of Concept 
Patlewicz et al. 2018. Utilizing Threshold of Toxicological Concern 
(TTC) with high throughput exposure predictions (HTE) as a risk-
based prioritization approach for thousands of chemicals Comp 
Toxicology 7: 58-67, 2016.

Illustrating use of TTC for risk-
based priority setting



Threshold of Toxicological Concern (TTC)
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TTC – based on accumulated tox 
data & knowledge re: the 
distribution of potencies od 
relevant chemicals (and classes) for 
which there is solid, empirical data

TTC – is a health protective human 
exposure reference value for daily 
exposure over a lifetime below 
which there would be no 
appreciable risk (similar to an EPA 
Reference Dose or a Tolerated Daily 
Intake)

TTC = 5% NOAEL/100 (UF)



Threshold of Toxicological Concern (TTC)
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Type of substance TTC μg/person/day (µg/kg-day 60 kg  
adult)

Alerts for potential genotoxic 
carcinogenicity

Kroes: 0.15 (0.0025 μg/kg-day)                        
ICH: 1.5 (0.025 μg/kg-day)

Acetylcholinesterase inhibitors 
(AChEI) Organophosphate/carbamate

18 (0.3 μg/kg-day )

Cramer Class III 90 (1.5 μg/kg-day)

Cramer Class II 540 (9.0 μg/kg-day)

Cramer Class I 1800 (30 μg/kg-day)

Exclusions: Aflatoxin-like, Azo-compounds, Nitroso-compounds, 
Benzidines, Metals and Organometallics, Proteins, Steroids, 
Substances with a potential for bioaccumulation, Nanomaterials, 
Radioactive substances, Mixtures of substances containing unknown 
chemical structures



Threshold of Toxicological Concern (TTC)
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Kroes et al (2004) Using the TTC for Safety Evaluations

In a safety 
evaluation, use the 

TTC in the same way 
as a Reference Dose

Margin of Safety

TTC
Exposure



Threshold of Toxicological Concern (TTC)
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Integrating the TTC with HT exposure for Risk-Based Prioritization

Wambaugh and EPA 
colleagues (2014) 
developed a rapid 
heuristic high throughput 
exposure (HTE) model 
that enables prediction of 
potential human 
exposure to thousands of 
substances for which little 
or no empirical exposure 
data are available (almost 
8000 chemicals)



Threshold of Toxicological Concern (TTC)
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Threshold of Toxicological Concern (TTC)
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Threshold of Toxicological Concern (TTC)
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Results: 6800 Chemicals - Risk-Based Prioritization   

Note: if the TTC Cramer Class III value of 3 μg/kg-day were to be used (the re-calculated Cramer Class III TTC developed by Munro et al. [31] following removal of 
organophosphates from the dataset) then the predicted UCI modeled exposures for less than 1% of the 3214 substances (specifically 28 chemicals) would be 
exceeding this TTC.

Patlewicz et al. 2018. Utilizing Threshold of Toxicological Concern (TTC) with high throughput exposure predictions (HTE) as a risk-
based prioritization approach for thousands of chemicals Comp Toxicology 7: 58-67, 2016. 
https://www.sciencedirect.com/science/article/pii/S2468111318300689

https://www.sciencedirect.com/science/article/pii/S2468111318300689


Shared 
Responsibility

within 
Regulatory 

Science 
Community

• To work towards ensuring 
these approaches are 
actualized in chemical 
safety evaluation  
programs (where they fit) 

• Determine and 
communicate strengths 
and limitations

• Promote understanding of 
why there is / is not 
confidence of these 
approaches for specific 
uses / decisions

42



Need to Develop & Implement a 
Scientific Confidence Framework

4343

• Must have confidence to rely on NAMs for decision making in 
product stewardship & regulatory actions

• Problem Formulation / decision context is key –the degree of 
confidence will depend on intended use:

• E.G., priority setting could require less confidence than in 
depth risk assessment

43



Evolved Scientific Confidence Framework 
(‘Fit for Purpose Validation’)
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1) Problem Formulation and decision context (start by identifying the 
desired application)

2) Select the NAM (e.g., IATA, AOP, TTC-based, ToxCast/ omics + HT 
exposure, cell-based assays POD + HT exposure, biomonitoring etc.)

3) Review & document confidence in underlying methods /assays 
4) Review & document model performance (qualitative & quantitative 

inference, as applicable)
6) Transparency: document references/links to all necessary datasets, 

model parameters, algorithms, etc., to enable full independent 
verification 

7) Explicitly justify desired application: narrative explaining why the data 
and analyses indicate sufficient  scientific confidence for the specific 
decision

8) Scientific peer review

44



Thank You
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Tremendous progress is being made in actualizing the 
vision of 21st century tiered risk-based testing and 
decision making for chemical safety evaluations in TSCA 

My acknowledgments:
• PI’s & research staff supported by ACC’s LRI

• Scientists from ScitoVation (current & former) 
• All other LRI supported researchers

• ACC’s Strategic Science Team: scientists from ACC member 
companies – guidance on overall design of the ACC LRI research 
strategy & implementation

• ACC Leadership – vision & commitment so LRI can play a key role 
in transforming safety assessment methods 
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