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• Basics of Risk Assessment

• Historical Approach to Mechanistic Data in Risk Assessment

• Adverse Outcome Pathways

• Key Characteristics of Chemical Carcinogens

Outline



• Purpose – To estimate an exposure for a given duration to the human 
population (including susceptible subgroups) that is likely to be without an 
appreciable risk of adverse health effects over a lifetime 

• Review of Toxicological Data
– Subacute toxicity study

– Chronic toxicity and carcinogenicity study

– Developmental toxicity study

– Etc….

• Perform Dose Response Analysis of statistically altered endpoints

• Identify the effects that occur at the lowest doses

Environmental Risk Assessment (EPA focused)
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Point of Departure (POD) - The dose-
response point that marks the beginning of 
a low dose extrapolation. 

NOAEL – No Observable Adverse Effect

Benchmark Dose (BMD) – Dose that 
produces a predetermined change in 
response rate of an adverse effect.

Benchmark Response (BMR) -
Predetermined change in response rate 
used to determine the BMD/BMC 

Benchmark Dose Lower Bound (BMDL) -
Statistical lower confidence limit on the 
BMD/BMC 

Dose Response Analysis and Points of Departure



• Reference Dose
– Reference Value = Dose (POD) ÷ Uncertainty Factors 

– An estimate an exposure for a given duration to the human population 
(including susceptible subgroups) that is likely to be without an appreciable 
risk of adverse health effects over a lifetime 

• Uncertainty Factors (10X)
– Animal To Human  

– Human Variability

– Data Base Insufficiency



•For both Animal to Human and Human Variability
–The factor of 10 is divided into 

•Toxicodynamics (3X)
•Toxicokinetics (3X)

Toxicodynamics vs Toxicokinetics



• Non-Cancer
– Mechanistic data is used to replace the 10X uncertainty Factor for 

• Animal to human extrapolation

• Human variability extrapolation

• Cancer
– Quantitative risk assessment that assumes a linear dose response 

relationship

– Virtually Safe Dose – dose that increases cancer risk by < 1 in a 
million

– Mechanistic data is used to address the assumption of linearity

– Also used to exclude certain rodent tumors  

How is Mechanistic Data Used



• Mechanism of Action –
– Refers to the molecular interactions of a substance through which it induces its biological 

effects.  This will include specific molecular targets such as receptors or enzymes. 

• Note that this is rarely available

• Mode of Action –
– Refers to a defined sequence of key cellular and biochemical events (measurable 

parameters) that result in a toxic effect.

• Higher level than mechanism

• Chemical specific

• Adverse Outcome Pathway –
– A model that identifies the sequence of  biochemical events required to produce a toxic 

effect.

• Chemical independent

Mechanism vs Mode vs Adverse Outcome



• AOP – Adverse Outcome Pathway

• KE – Key Event 

• MEI – Molecular Initiating Event

• KER – Key Event Relationships

• AOP-KB – Adverse Outcome Pathway-Knowledge Base

Terminology used in Adverse Outcome Pathways
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Adverse Outcome Pathways as a Unifying Concept for TDCs
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• Rats and Mice
– Decreasing serum thyroid hormones results in increases in TSH

– Increased TSH leads to thyroid follicular cell proliferation

– Prolonged thyroid follicular cell proliferation leads to follicular cell adenomas and 
carcinomas.

Mode of Action for Thyroid Tumors in Rodents



• Rodent thyroid tumors are presumed to be relevant to humans

• Nonlinear thyroid cancer dose-response considerations are applied to 
chemicals that reduce thyroid hormone levels, increase TSH and 
thyroid cell division, and are judged to lack mutagenic activity

• Required 
– Mutagenicity data

– increases in follicular cell growth (cell size and number)

– thyroid gland weight 

– thyroid-pituitary hormones (serum T4, T3 and TSH)

– Site of action (liver, thyroid gland, etc.)

USEPA Policy (Hill et al 1998)

Rodent Thyroid Tumors Mediated by Thyroid Axis Disruption



Perchlorate Risk Assessment 

National Research Council 2005.
Health Implications of Perchlorate Ingestion.
Washington, DC: The National Academies Press. 
https://doi.org/10.17226/11202.



• EPA typically uses adverse effects as the point of departure for risk 
assessments.

• Challenge for thyroid hormone disruptors
– How much can thyroid hormones change and not result in subtle developmental delays?

Perchlorate Risk



• Hypothyroidism
– Low serum T4 and T3 and High TSH

– Associated with cretinism  (Stunted Physical and Mental Growth)

– T4 replacement necessary to attenuate the effect.

• Hypothyroxinemia
– Lower serum T4

– Associated with cognitive dysfunction (only during first trimester)

– T4 replacement therapy ineffective.

Hypothyroidism vs Hypothyroxinemia During Development 



Perchlorate Risk Assessment 

National Research Council 2005.
Health Implications of Perchlorate Ingestion.
Washington, DC: The National Academies Press. 
https://doi.org/10.17226/11202.

EPA regulates on inhibition of iodide uptake
Based on human data (Greer et al 2003)



• Male rat kidney tumors associated 
with chemically induced α2u-
globulin nephropathy are not 
considered relevant to humans

• Humans do not express this 
protein 

• Criteria for Exclusion
– Only occurs in male rats

– Increased number and size of hyaline 
droplets in renal proximal tubule cells 

– Protein in the hyaline droplets is α2u-
globulin

– Subchronic lesions include granular casts 
and linear papillary mineralization

– Chemically-induced tumors meeting these 
criteria are not considered relevant to 
humans

α2u-Globulin Nephropathy and Renal Tumors



• The mechanism should occur prior to the development of the toxicity

• The mechanism should begin to occur at the same dose or lower than the 
observed toxicity.

• These seem like simple concepts but are often included in the development of 
mechanistic proposals.  

Important Concepts for Mechanistic data



• Too many chemicals.
– Thousands of chemicals on the market with significant toxicological data gaps

• Too many commercial mixtures.
– Botanicals

– Pesticide formulations

– PAHs

– PFAS – per and polyfluorinated alkyl substances

• Too many co-exposures.
– We are exposed to mixtures of mixtures

• We cannot use traditional methods to test our way out of this!

Toxicological Challenges in the 21st Century
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Activation of Toxicity Pathways

NAS Report, 2007



The World of AOP’s

https://aopkb.org/)

https://aopkb.org/


• Publication from International Agency for Research on Cancer (IARC)
– Uses these key characteristics to organize mechanistic data

– Uses the mechanistic data as support for their hazard assessment of chemical 
carcinogens

– This has become an influential paper and approach.

– This is a developing approach that needs further evaluation

Key Characteristics of Carcinogens as a Basis for Organizing Data on 
Mechanisms of Carcinogenesis. Environ Health Perspect. 2016



• 1) act as an electrophile either directly or after metabolic activation; 

• 2) be genotoxic; 

• 3) alter DNA repair or cause genomic instability;

• 4) induce epigenetic alterations;

• 5) induce oxidative stress;

• 6) induce chronic inflammation; 

• 7) be immunosuppressive; 

• 8) modulate receptor-mediated effects; 

• 9) cause immortalization; and 

• 10) alter cell proliferation, cell death, or nutrient supply.

Key Characteristics of Carcinogens



• 1) alters hormone receptor signaling; alters reproductive hormone production, 
secretion, or metabolism; 

• 2) chemical or metabolite is genotoxic; 

• 3) induces epigenetic alterations; 

• 4) causes mitochondrial dysfunction;

• 5) induces oxidative stress; 

• 6) alters immune function; 

• 7) alters cell signal transduction; 

• 8) alters direct cell–cell interactions; 

• 9) alters survival, proliferation, cell death, or metabolic pathways; and 

• 10) alters microtubules and associated structures. 

Key Characteristics of Female Reproductive Toxicants



• Alters germ cell development, function, or death

• 2. Alters somatic cell development, functions, or death

• 3. Alters production and levels of reproductive hormones

• 4. Alters hormone receptor levels/functions

• 5. Is genotoxic

• 6. Induces epigenetic alterations

• 7 Induces oxidative stress

• 8. Induces inflammation

Key Characteristics of Male Reproductive Toxicants



• Represents the physiology of the sytem through a series of differential 
equations.

• Organ size, blood flow, body weight, body composition and other physiological 
parameters are included in the model

• Also describes the enzymes that are involved in the metabolism of the 
chemical

• Advantage is that you can scale up rodent data to humans using know 
biochemical and physiological parameters

Physiologically Based Pharmacokinetic Models



Toxicological Sciences, Volume 115, Issue 2, June 2010, Pages 330–343, https://doi.org/10.1093/toxsci/kfq051
The content of this slide may be subject to copyright: please see the slide notes for details.

Basic PBPK model structure representation. 



• Mechanistic data
– Predict production rate and tissue concentration of active metabolites

– Can include tissue sequestration

– Receptor binding 

• Population Variability
– If metabolizing enzymes are identified can include known population variability in 

expression and activity

– Can include population variability of body composition.

Mechanistic Data and PBPK Models



• Mechanistic data has been used in several risk 
assessments

• AOPs is the latest attempt to use mechanistic data in 
both hazard and risk assessment

• Acceptance of the data is actually quite difficult.
– Partly due to “proving the hypothesis” vs “testing the 

hypothesis”
– Partly due to reticence of regulators to be not be health 

protective.

Summary

Mechanistic Data and Risk Assessment
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