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Slides available:Big Data/AI and their 
role in regulatory 
decision-making



The 
toxicological 
world

Large parts unknown

A few known and 
imagined monsters



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 industry expected to 
increase by over 13x over 
the next 7 years (CAGR 
of 38%).

GPT-3 fastest technology 
roll-out in history



Unsupervised vs. supervised AI

Human  <->  Dog
Toxic  <->  Non-toxic

Need good training data

Autonomous 
clustering
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“Medicine is a science of uncertainty 
and an art of probability”
Sir William Osler (1849-1919)

“Evidence-based medicine: A science of 
uncertainty and an art of probability”
Rysavy (2013)

Archie Cochrane (1909 – 1988)
British physician and epidemiologist

Forrest Plot of
probabilities



The question is only 
who sorts the garbage



Data extraction 
and mining as 
key part of ONTOX



https://www.youtube.com/channel/U
CoUbMAvxBSZpOlqKjOkxNzQ/videos

Machine learning

Semi-automated systematic review:
• Auto-extract /annotate papers
• Auto-analyze clustering of papers
• Learn from manual inclusion / exclusion
• Automated inclusion / exclusion suggestions
• Natural Entity Recognition & Causal 

Relationship Extraction
• Feed into ontologies and AI
• chatGPT -> bioGPT -> toxGPT (?)



Models improve 
rapidly until 300 
articles have been 
reviewed.



Data Mining for Ontologies & AI

Progress Dashboard Visualization: Number of labels in each ONTOX project over time



https://analyticsindiamag.com/10-useful-
resources-to-access-ai-ml-research/

Pre-trained Large Language 
Models outperform human 
annotators of scientific 
papers…



https://www.youtube.com
/c/SysRev?app=desktopLiterature

Databases

http://chemchart.com
Internet

DATA

https://www.biopharmatrend.com/post/
103-introducing-sysrev-the-intelligent-
platform-for-document-review-and-
automated-data-extraction/



Data Fusion

When looking for eye irritants,
look also for neighbors’ information on skin 
irritation, chemical reactivity etc.

Output:
probabilities

The different 
way of 
evidence 
integration



Ongoing RASAR developments
79% (n=131) and 80% (n=375) accuracy in predicting 
HUMAN skin sensitization (Golden et al., ALTEX, 2020)

https://www.dreamstime.com/photos-images/
sky-limit.html

Accepted for Australian Industrial 
Chemical Legislation 2020

79% (n=131) and 80% (n=375) accuracy in predicting 
HUMAN skin sensitization (Golden et al., ALTEX, 2020)

38,250 predictions for 4,729 food-relevant substances
83% accurate (n=139) (Fu et al., 2022)

= 38,000 animal studies 
at $250+ million 

https://www.dreamstime.com/photos-images/


1215 of 4729 chemicals 
had use categories 

Substantial number 
of hazards



Small subset compared to 
literature findings:

83% correct



Conditional variational autoencoder

Create property-specific additive 
modifiers that update embeddings 
for each of the 152 properties

~ 80% AUC 

Biological similarity

Limited at this moment by 
computational power:
- Used only 1.2 of 200 million 

datapoints
- Only 152 properties considered

Property specific embeddings for 
combinations of properties 

= additive CVAE
Can create compounds based on 
the 152 properties!



Goals Data
Integration
Toxicology



For every complex problem there 

is an answer that is clear, simple, 

and wrong.

Henry L. Mencken 

(Baltimore, 1880-1956)

The best description of traditional toxicology I know



toxic

non-toxic

reality
= uncertainty

The problem



Ignorance Certainty

Irreducible
uncertainty

Imprecision

Knowledge

Future Work

The Present
Observations, Predictions & Decisions 

The Past

Information Gain

Time

“Probability is expectation founded upon partial 
knowledge. A perfect acquaintance with all the 
circumstances affecting the occurrence of an 
event would change expectation into certainty, 
and leave neither room nor demand for a theory 
of probabilities” George Boole (1815-1864)



Novel tools in toxicology
require evidence integration

Probability-changer



QSAR

Descriptive statistics

Dynamic modeling

Systems Toxicology

RASAR

Big Data mining

Machine Learning, AI

???  Systems ToxAIcology



ALTEX 2022

2 Workshops 2022 & 2023
Ranco, Italy



ProbRA only becomes 
beautiful through AI



DATA

RASAR
+ QSAR

Quantification:

Biology/physiological maps:
AOP network:

Chemical/

clinical data: 

example of 

plug-in table

PMDEP App
https://youtu.be/YG0gjm&GD5K

Probability of hazard
From perturbation of physiology

From chemical structure and properties
including biological ones (!)

Marc Teunis

https://youtu.be/YG0gjm&GD5K


Do we really want an A.I. tool 
predicting (animal) toxicology?
• Ends a $4 billion industry

So long and thanks for all the feed

Chemophobia
Legal liabilities

• Carcinogenicity testing has 52% pos.
(n ~3,500, Ames & Gold 2000, Gold et al. 2005)

Drugs on market: 44% of 282 (FDA), 
49% of 241 (PDR)
Ingredients of coffee: 72% of 32



Slides available:

Co-pilot not 
autonomous – we 
need the human-in-
the-loop!
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