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A.I. = Making big sense of

https://theamericangenius.com/editori
als/big-data-is-watching-you-some-
will-panic-others-will-rejoice/

If data is the 
new oil (Clive 
Humby, 2006), 
AI is the new 
combustion 
engine!



AI Data: double every 18month
= 90% in last three years

Computer: double every 24 
months (Moore’s law)

AI: double every 3 months 
since 2010

Together increase
>1 billion-fold
(since we engaged in AI 
ten years ago)



Plagiarism?

Bias

Data gaps

Black box

Hallucination

Autonomous AI

Productivity

Information 
retrieval

Evidence 
integration 
of Big Data

Multi-modal

Toward xAI

Human-in-
loop





Big Data
• High-content (~omics 

& imaging)
• High-throughput 

(Robotized testing, 
e.g., Tox21 & ToxCast)

• Sensors
• Literature, Internet
• Legacy studies

Big Computer
AI & Machine Learning

• Natural Language Processing 
(Large Language Models)

• Blockchain
• Foundational models
• Federated Learning

Big Sense
• Data retrieval
• Evidence integration 

(systematic reviews, 
risk assessments)

• Predictive toxicology
• Digital pathology
• Reporting

ToxAIcology



• Combining read-across 
with machine-learning

• Very large database
• Nine OECD test predicted
• 87% accuracy for 190,000 

chemicals with known 
classifications

• 81% reproducibility of 
respective animal testsBoosted accuracy by ~10%

Tom Luechtefeld

Uses chemical similarity 
(network effect)
Uses transfer learning 
(74 labels)



2018: Nine most used animal tests
AI predicted 190,000 chemicals 87% correctly
Animal reproducibility 81%

2020: Human Skin Sensitization
AI predicted 506 chemicals 80% correctly
Animal 74% correct

2022: Nine most used animal 
tests predicted by AI
AI predicted 4700+ food 
chemicals 83% correctly in 1h
= 38,000 animal studies at 
$250+ million 

2023: Systemic toxicities
AI predicted 75% cancer risk 
of 950 chemicals and 82% 
reproductive tox of 1152 
chemicals correctly



AI as copilot for toxicology    
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Can we make a better similarity metric?

Structural similarity
(e.g., Morgan fingerprints)

Biological similarity
Test run:
• 1 million data points 

for 152 properties
• ~70% accuracies 

with chemical 
similarity

• ~ 80% accuracy for 
combined chemical 
and biological 
similarity 



RASAR
+ QSAR

Biological & 
physiological maps

AOP networks

Probability of hazard
From perturbation of physiology

From chemical structure and properties



ProbRA only becomes 
beautiful through AI



• Integrate Disruptive Technologies 
with Existing Knowledge

• Accelerate Drug Development
• Optimize Prevention and 

democratize Healthcare Access

The Smart Path Forward
• Open access, machine readable
• Identify bias in data, 

explainable AI
• Mechanistic and evidence-

based approaches
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Discussion Questions

1. What was the risk assessment that was possible with these data in 2014? What could be done to 
support decisions with in vivo and in vitro tests? 

2. How can AI help information retrieval in such cases nowadays? What are the problems?
3. Information is often contradictory and comes from very different sources. How does this impede 

emergency risk assessments? How can AI help to integrate information?
4. How can AI fill data gaps and assist in predicting toxicity by automated read-across in such cases? 
5. Why are big data and transfer learning superior to traditional computational methods?
6. What are hallucinations in AI? How can these be mitigated? What would this mean in an emergency 

case?
7. What is the black box problem of AI and how can it be mitigated? Is this important in an emergency 

risk assessment?
8. Can AI support mechanistic and systems toxicology? Is this important for emergency situations?
9. How fast can we expect AI to develop in toxicology? How can it be used already?
10. What are the bottlenecks for AI use? How can we overcome them?


