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A Crossroads

Evolving 
Needs

Growing 
Opportunity



Needs

National Academies Press, 2007

NRC Committee on Toxicity Testing and 
Assessment of Environmental Agents

“Toxicity testing is under increasing 
pressure to meet several competing 
demands:
• Test large numbers of existing chemicals, 

many of which lack basic toxicity data.
• Test the large number of new chemicals and 

novel materials, such as nanomaterials, 
introduced into commerce each year.

• Evaluate potential adverse effects with 
respect to all critical end points and life 
stages.

• Minimize animal use.
• Reduce the cost and time required for 

chemical safety evaluation.
• Acquire detailed mechanistic and tissue-

dosimetry data needed to assess human risk 
quantitatively and to aid in regulatory 
decision-making.



Opportunity

Molecular events
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Pathways
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Opportunity



Enabling Tools



Key Challenges ⎼ Pathobiology Is a Continuum

Magnitude and Duration

Quantitative Biological Measures

Normal 
physiology

Adaptive 
physiology

Maladaptive 
physiology

Pathology

• Transition from normal to abnormal is generally not binomial.

• Thresholds of biological perturbation that represent ‘toxicity’ are 
difficult to define and not generally well understood mechanistically.

• Contextualizing those perturbations in a myriad of possible individual 
susceptibilities is even more difficult.



ER pathway to breast cancer
Key Challenges ⎼ Predictive Toxicology Conundrum

This is the inflection 
point we need to 
model since it 
represents the bridge 
between observation 
and prediction

From Morgan et al., 2016, Pharmacology & Therapeutics 165: 79-92 
Appreciation to Cynthia Rider for 
introducing me to this.



Key Challenges ⎼ Validation-Qualification Continuum

Building confidence

Analytical 
validation

Translational 
qualification

Key Enablers
• Replicate biology
• Demonstrate pharmacology and 

toxicology
• Test for analytical reproducibility
• Conduct comparative studies
• Evolve use
• Learn to make decisions
• Understand clinical outcomes
• Build experience



Innovating the Paradigm

Translational Toxicology Pipeline

Hypothesis-driven 
Research

Bioactivity 
Screening

QSAR 
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Data / 
Knowledge 

Mining

Communicate

In vitro 
Studies

Short term 
in vivo 
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Human 
Health 
Effects

Knowledge 
Integration

Bespoke and 
human-relevant 
animal studies

Iterative learning

Human-relevant in 
vitro systems -
e.g., 3D complex

Fully leveraging 
‘pre-animal’ 
capabilities

Machine/Deep 
learning capabilities



Questions?
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