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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

ΧŜȄŎŜǇǘ ǊŜƎǳƭŀǘƻǊȅ ǘƻȄƛŎƻƭƻƎȅΗ



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

άtƭŀȅƛƴƎ ǎŀŦŜΧέ

άCǳƴέ ŦŀŎǘǎ
Å 10,000+ articles BPA  =>  ???
Å 5,000+ articles glyphosate  =>  ???
Å ~45% of drug side effects 

predicted by rodents
Å 20-80% false positive results



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

29 trichloroethylene 
carcinogen risk 
assessments 

пȄ άŎŀǊŎƛƴƻƎŜƴέ
мфȄ άŜǉǳƛǾƻŎŀƭέ
сȄ άƴƻƴ-ŎŀǊŎƛƴƻƎŜƴέ

Å average reference coverage            18%

Å average citation coverage of most relevant studies      80%

Å interpretation differences of most relevant studies in   27%

Å 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 
 όaƻƻǊŜΩǎ ƭŀǿύ
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 ς 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)
άǎǳƳƳŀǊƛȊŜΣ ǇǊŀƛǎŜΣ ŎǊƛǘƛŎƛȊŜέ ς very solid result
¢ǊŜƴŘ άǘƻ ǘƘŜ ƳƛŘŘƭŜέΣ ǘƘŜ Ƴƻǎǘ ǇǊƻōŀōƭŜΗ
 
CƻǊŎŜǎ ǳǎ ǘƻ ŦƻŎǳǎ ƻƴ ƛŘŜŀǎΣ ƛƴǎǇƛǊŀǘƛƻƴΣ ŜȄǇŜǊƛŜƴŎŜΣ ƻǇƛƴƛƻƴΧ
άCƻƻŘ ŦƻǊ ǘƘƻǳƎƘǘέ   
 



We have the tools 
Big Data & A.I.



9 most common toxicity tests
мфлΣллл ŎƘŜƳƛŎŀƭΩǎ ƘŀȊŀǊŘ 
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,
ƭƻƻƪ ŀƭǎƻ ŦƻǊ ƴŜƛƎƘōƻǊǎΩ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǎƪƛƴ 
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

ǒThe metabolism feature for 

OECD QSAR Toolbox offered 

no improvement in accuracy 

for this data set

ǒSuggests 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.

Å Unsupervised or self-
supervised learning

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

end-goal
Å Intended to serve as 
ϦŦƻǳƴŘŀǘƛƻƴέΣ ǘƘŜƴ ŦƛƴŜ-tune 

Å Trained on multimodal data


