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AI in Healthcare
Planned 5-7 December 2023 (virtual)



LD50 test 28d study Eye & skin test ReproTox Cancer bioassay

Technological progress everywhere

…except regulatory toxicology!



180 million chemicals synthesized
350 thousand registered in 19 countries
>10 thousand substances in 1 biological
Metabolites and breakdown products?
Some chemicals in 50,000+ products
~3 thousand well tested substances

“Playing safe…”

“Fun” facts
• 10,000+ articles BPA  =>  ???
• 5,000+ articles glyphosate  =>  ???
• ~45% of drug side effects 

predicted by rodents
• 20-80% false positive results



Rudén C. Regul. Toxicol Pharmacol 2001; 34: 3-16.

29 trichloroethylene 
carcinogen risk 
assessments 

4x “carcinogen”
19x “equivocal”
6x “non-carcinogen”

• average reference coverage            18%

• average citation coverage of most relevant studies      80%

• interpretation differences of most relevant studies in   27%

• study/data quality: assessment not documented in      65% 

AI retrieves
information

 

   18-24 months

   $1 million 

   4-600 animals 

   53% positive

   ~57% reproducible

   (rat to rat, rat to mouse)

Animal test Cancer



The different way of evidence 
retrieval and integration ?



https://duiliogf.medium.com/how-to-
correctly-use-a-deus-ex-machina-and-not-
die-trying-85dd73166784

dAIus ex machina
for toxicology



AI Data: +60% per year 
 = 90% in last three years
Computer: +40% per year 
 (Moore’s law)
AI: +700% per year since 2010

Together increase
>1 billion-fold
over last 60 years



335,000 AI publications in 2021

AI in 2.5% of all 
publications in 2021



AI journal citations

AI patents



15 March 2023
Launch of GPT-4
Instantly open

Variables trained on

2020-22

2023





A.I. use cases



1. There is a better way 
to play chess

2. The structure of all proteins
can be predicted from 
gene sequence

3. A computer is better than (most) lawyers

4. A computer exceeds computational capacity of a human brain

5. AI can design drugs

6. AI wins art contests

2022 DeepMind: AlphaZero

2022 DeepMind: AlphaFold

2023 OpenAI: GPT-4

2022 Frontier Computer exceeds 1 exaflop

2022 – 18 AI-first drugs in clinical trials

2022 Midjourney



AI is making Big Sense of Big Data

Volume
Variety
(multi-modal)

Velocity
https://www.e-marketing.fr/Thematique/data-1091/big-data-2223/Breves/Tout-faut-
savoir-big-data-363012.htm



Researchers per million inhabitants

8.8 million researchers 
world-wide



Data extraction from 
literature, reports & 
databases

Multi-modal



https://lifearchitect.ai/gpt-4/

Variables 
trained on

14 March 2023 Launch of GPT-4



https://lifearchitect.ai/gpt-4/





https://www.sequoiacap.com/article/generative-ai-a-creative-new-world/

Nature 20 Apr 2023



Test case: GPT-4 written response (included as supplement)
“summarize, praise, criticize” – very solid result
Trend “to the middle”, the most probable!
 
Forces us to focus on ideas, inspiration, experience, opinion…
“Food for thought”   
 



We have the tools 
Big Data & A.I.



9 most common toxicity tests
190,000 chemical’s hazard 
cross-validation:

87% correct
https://sfmagazine.com/technotes/february-2019-wipo-u-s-and-
china-lead-the-world-in-ai-innovation/



Data Fusion

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

The power of 
transfer learning



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



In preparation

Excellent prediction 
of Tox21c assays

Astonishingly good 
prediction of 
complex systemic 
hazards

#3704
Tue CompTox II

1152

950

8606

8492

8771



Metabolism Did 
Not Improve 

Model Accuracy

● The metabolism feature for 

OECD QSAR Toolbox offered 

no improvement in accuracy 

for this data set

● Suggests there are specific 

areas of chemical space where 

metabolism is more useful 

than others
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Under revision

In silico tools such as metabolite prediction software, QSAR- ready structural conversion 
workflows, and molecular standards databases can aid in identifying novel compounds in 
untargeted mass spectral investigations, permitting the assessment of a more expansive 
pool of compounds for human health hazard.

The vast majority of 
flame retardants 
(95%) and their 
metabolites (99%) 
are not present in 
spectral databases.



History of Machine Learning / A.I.

• Unsupervised or self-
supervised learning

• Large (deep) neural networks
• Not intended for any particular 

end-goal
• Intended to serve as 

"foundation”, then fine-tune 
• Trained on multimodal data



Doubling every
seven years

Watershed moment
2007 NRC report

Arch Toxicol 2019

2.0



Co-Chairs

Ana Navas-Acien, Weihsueh A. Chiu & 
Thomas Hartung

ALTEX 2023

Call for a Human 
Exposome Project

1. Exposure-driven
2. Technology-enabled
3. Evidence-integrated



ALTEX 2020, 37, 3-23 

Fenna Sillé

Exposome 
& AI
= EI
(Exposome
Intelligence)

AI & exposure



EU ONTOX project ($20 
million, 2021-2026) to 
address liver, kidney and 
developing brain



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 (?)



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/



Establishment of a big data platform and data 
gap filling for integration of collected data

• Biobricks toolset for hosting, querying, and 

distributing big data for predictive tox

• ~50 BioBricks constructed to date

• ChemHarmony: 

integrates chembl, pubchem, ctdbase etc.:          

200 million triplets of substance/property/result

• Building querying functionality

• Public release of toxicology BioBricks upcoming

42ChemHarmony



Set-up and application of machine learning/deep learning 
approaches to predict probability of chemical hazard and potency

Figure 5.2A. Similarity 

heatmap for chembert 

embeddings on 1k chembl 

compounds

Dark red = highly similar, 
White = not similar

Figure 5.2B. Heatmap for 

inhibition assay supervised 

embedding

Dark red = highly similar, 
White = not similar

We can do 1 trillion 
comparisons per 
hour on a “normal” 
computer!

structural biological



DATA

Quantification:

Biology/physiological maps:
AOP network:

Chemical/

clinical data: 

example of 

plug-in table

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

RASAR
+ QSAR

Probability of hazard
From perturbation of physiology

From chemical structure and properties

https://youtu.be/YG0gjm&GD5K


toxic

non-toxic

reality
= uncertainty

The problem



ALTEX 2022

2nd Workshop 4-6 July 2023
Ranco, Italy



Exposure levels
(population given chemical)

Tissue levels    
(individuals)    

PBPK
Probabilistic Risk

(individual or 
cumulative population)

Probability
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tyinternal
TTC

TTC

ADME testing

Hartung and Leist, 2008

Probability 
of hazard



Probability hazard
(given chemical) More 

Testing?
Risk

Management
Minimal

risk

Susceptibility
(individuals)

Probabilistic Risk
(individual or 

cumulative population)

Read-
across

Mechanistic
alerts

Probability

U
n
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rt

ai
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ty

Information economics
vs. precautionData

Concentration response

Probability 
of exposure

OntologiesRASAR

RASAR
Workshop
July 2023



Paul Anastas and John Warner, 
the  Fathers of Green Chemistry

Includes
toxicology

Nick Anastas, EPA, (2012): “Green Toxicology”



Concept from Pharma:
Frontloading toxicology “fail early, fail cheap”



ALTEX 2014, 31:243-249. 



Green toxicology 
– the toxicology aspects of green chemistry

Another use of 
alternatives methods

Alex Maertens



• Integrating Scientific 
Knowledge

• Accelerating Drug 
Development

• Optimizing Prevention
• Democratizing Healthcare 

Access

The Smart Path Forward
• Open access, machine 

readable
• Identify bias in data
• Explainable AI

Generated with DALL-E and LeiaPix



The difficulty lies not in the new ideas, 

but in escaping from the old ones.

John Maynard Keynes 

(1883 - 1946)
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