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Predicting Chemical Carcinogenesis 
is a Tall Order

Relevance: High
Amt of Data: Low

Relevance: Low
Amt of Data: High
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Limited Predictivity Across 
Species

Hill et al., Tox Sci 2017
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Limited Predictivity Across Time

Hill et al., Tox Sci 2017
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Limited Reproducibility 
Between Studies

Gottmann et al., Env Hlth Perspect 2001

In ToxRefDB, 16 chemicals were run in repeat carcinogenicity studies for rat 
and mouse. Concordance for any tumor outcome was 69% (11/16 chemicals) 
for rat and 63% (10/16 chemicals) for mouse repeat studies.

Hill et al., Tox Sci 2017
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So Now What…
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Are Mechanistic and In Vitro 
Approaches the Answer?

Hanahan and Weinberg, Cell 2011 Smith et al., Env Hlth Perspect 2016
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Machine Learning and Simple Hit Counts 
of In Vitro Assays Do Not Seem Promising  

“Using the same assignments as IARC of 
ToxCast/Tox21 assays to the seven key 
characteristics of carcinogens, the ability to predict 
cancer hazard for each key characteristic, alone or 
in combination, was found to be no better than 
chance.”

Hill et al., Tox Sci 2017
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Analyzing Individual Assays in Terms 
of Relative Risk Provides More Nuance 

Kleinstruer et al., Tox Sci 2013



National Center for
Computational Toxicology

9

But, a Knowledge Based Approach 
May Ultimately Prove More Useful

https://aopwiki.org/aops/220
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Current In Vitro Assays Also Have 
Limitations Impacting Cancer Hazard 
Predictivity

• Limited or lack of relevant metabolism
• Incomplete coverage of important pathways (i.e., 

biological space)
• Limited higher order biological interactions (i.e., cell-cell, 

tissue, and organ-level)
• Limited chemical domain of applicability (e.g., volatiles, 

high logP)

(not a complete list)
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Current Strategy to Address Metabolic 
Competence

“Extracellular”
Approach

“Intracellular”
Approach

Chemicals metabolism in the media or 
buffer of cell-based and cell-free assays

Capable of metabolizing chemicals 
inside the cell in cell-based assays

More closely models effects of hepatic 
metabolism and generation of circulating 

metabolites

More closely models effects of target 
tissue metabolism

Integrated approach to model in vivo
metabolic bioactivation and detoxification

Collaboration with Unilever
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Extracellular Approach Shows 
Bioactivation In ER Assay 

10% Aroclor-induced Rat S9
BG1/VM7 ER Reporter Assay
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Intracellular Approach Shows 
Bioactivation in ER and Cytotox Assays 

Simmons et al., Unpublished
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What About Aiming for Protection 
Instead of Prediction?

Paul-Friedman, Unpublished
Collaboration with ECHA, EFSA, Health Canada, A*STAR, JRC, EPA

Subchronic
Chronic
Dev
Repro
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Bioactivity Provides a Conservative 
Estimate of a NOAEL/LOAEL
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 Total = 
380 chemicals

httk, ToxCast data, and POD 
value(s) currently available

For ~91.3% of the 
chemicals, 

PODToxCast was 
conservative.

(~130-fold with 
human HTTK

~40-fold with rat 
HTTK)

ExpoCast PODToxCast (PODTraditional PODEFSA PODHC)

Missing an 
important 

component 
of biology?



National Center for
Computational Toxicology

Is Bioactivity a Conservative 
Estimate for Cancer Responses?

• Chemicals with cancer slope 
factor from the IRIS program, 
and have httk and ToxCast data 
(15 chemicals)

• estBMDL10 = 0.1/cancer slope 
factor in mg/kg-day-1

• minBMD = for a subset of the 
chemicals where available, the 
min(BMD) value from any effect 
data in ToxRefDB that was 
BMDS-amenable (6/15)

• PODToxCast < estBMDL10  (11/15 
chems)

PODToxCast estBMDL10 BMDmin
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Take Home Messages…

• The prediction of cancer hazard is confounded by limited data 
in relevant species

• Using rodent cancer bioassay data as a benchmark is 
confounded by significant cross-species differences, temporal 
dependence, and limited reproducibility 

• Mechanistic approaches that use machine learning and simple 
assay count methods have shown little promise to predict 
cancer hazard

• Limitations in current in vitro assays related to cancer 
mechanisms are being addressed (e.g., metabolic competence)

• Estimating protective doses based on relevant biological activity 
may provide a feasible path forward for application to cancer 
risk assessment
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