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Artificial Intelligence

What do we mean by AI?

One useful definition of AI: 
«the science of making machines do things that
would require intelligence if done by man»

There are several ways to create AI 

One popular and widespread option: MACHINE LEARNING



Machine Learning

• Huge models with billions of 
free parameters, calibrated with
millions of samples
(often even more…)

• The king of ML methods: neural networks

• Computational models vaguely
inspired by biologic neurons



Our work, AI & Medicine



Acute Myeloid Leukemia
AML is characterized by high mortality rate and relapse

• About 60–85% of patients below the age of 60 respond to therapy and 
initially achieve complete remission. 

• Nevertheless, most patients will relapse within 3 years after diagnosis

• Intra-tumor heterogeneity in AML is thought to play an 
important role in disease recurrence 

• In particular, a subpopulation of cell-cycle restricted cells appears to 
play a pivotal role in both tumor initiation and maintenance

We investigated the existence of multiple sub-populations, characterized by 
different proliferation activity, in human AML cells



The experimental protocol
• Human AML cells xenotransplanted in mice (NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ strain)

• AML cells are marked with green fluorescent proteins (GFP) by means of lentiviruses

• Flow cytometry used to collect fluorescence histograms (at 𝑡 = 0, 𝑡 = 10, 𝑡 = 21 days)

• Expression of GFP is inducible: it can be shut-off by the administration of doxycycline (𝑇 = 0)



Investigating proliferation of AML cells

• Given the experimental fluorescence distributions at 𝑡 = 0 and 𝑡 = 10 days 
what can we say about AML proliferation?

• Some assumptions
• GFP binds to H2B histon: fluorescence level halves at each cell division
• Mice are immunocompromised: no immune response from lymphocites, NK cells, etc.
• Basal fluorescence level: if fluorescence goes below a threshold

it becomes «GFP-negative»

• We created a novel modeling/simulation framework to study cell proliferation named ProCell

Basal



ProCell

• Stochastic modeling and simulation of cell proliferation
[Nobile et al., IEEE J Biomed Health Inform 2020]

• A simulation requires the following information
• Number of sub-populations and their ratio
• Mean and standard deviation of the cell division interval 

for each sub-population

• By specifying the GFP-positivity threshold and the simulation 
time (in hours), ProCell can perform a stochastic simulation
• A stack of cells is maintained: new cells, generated by

(random) division events, are dynamically added to the stack

• GFP-negative cells are removed from the stack
• The algorithm returns the stack of fluorescent cells at 𝑡 = 𝑡max

 



Results of the PE
We tested four competing models

• Model #1: simple proliferation

• Model #2: proliferating cells + quiescent cells

• Model #3: slowly proliferating + fast proliferating + quiescent cells

• Model #4: slowly proliferating + fast proliferating cells

We used techniques of AI to identify the
optimal parameters of each model 

Our results suggest that Model #3 can explain 
the observed experimental fluorescence data

• Lowest error across all the tested models

• The validation at time 𝑡 = 21 days also shows a good fit with the experimental fluorescence data



Investigating melanoma with ProCell

• Melanoma exhibits high intratumoral heterogeneity

• These adaptive changes enable melanoma cells to survive in the 
harsh tumor microenvironment, acquire drug resistance, and metastasize

• One such state, quiescence, has been linked to both 
relapse and drug resistance, but its underlying biology and 
molecular mechanisms remain poorly understood

• We leveraged ProCell again to investigate this topic

• [Lotti et al., EMBO Reports 2025]



ProCell on melanoma

• Again, presence of quiescent sub-population 
was necessary to fit data (models #2 and #3)

• Transmembrane glycoprotein GPNMB identified 
as a biomarker of quiescence

• GPNMB-positive cells exhibit a pro-metastatic 
behavior and it is enriched in metastatic sites: 
quiescence seems to play a role in tumor dissemination 

• [Lotti et al., EMBO Reports 2025]



De novo evolutionary drug design

• One of the bottlenecks of drug design is to determine whether 
the drug will bind correctly to the right pocket

• Traditionally, this step is performed using Moleculary Dynamics (MD)
and/or docking, which are  computationally intensive

• We developed an alternative method based on Deep Learning and molecular encoders, 
combined with an evolutionary approach



Evolutionary structure-based drug design

• We perform a multi-objective optimization to evolve the 
optimal molecule for a target protein
• Maximize affinity assessed with the molecular encoder

• Minimize synthetic accessibility (assessed with RDKit)

• Automatic process end-to-end, can be tailored on a specific patient

• We tested the method on the VEGF receptor: it evolved molecules that 
are «better» (→MD) than existing drugs (Sunitinib), in a few seconds

• [Multari et al., submitted]
Deep

Learning



Digital Pathology & AI

Digital Pathology (DP) is the idea of 
scanning pathology slides, 
obtaining hi-resolution images

These hi-resolution images can be 
shared and interpreted by 
domain experts

Interpretation in DP can be 
assisted by Artificial Intelligence



MiThyCA: thyroid diagnostics 
MiThyCa: twin AIs, working on different scales, to segment a 
whole-slide images and discriminate tumor type
- The first NN identifies the neoplasies
- The secondary NN discriminates between malign (PTC) and 

benign neoplasies (NIFTP) 
- Semantic segmentation to highlight different populations
 [Bacciu et al., Endocrine Pathology 2025]



ML as “Black boxes”

ML methods (notably, neural networks) 
are generally considered black-boxes

• Data-in, answers-out

• The rationale of answers is encoded in the “weights” 
and it is difficult to decode

Lion: 0.55

Lynx: 0.12

Cat: 0.33?
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Tumor: 0.93

No tumor: 0.07

?



ML as “Black boxes”

ML methods (notably, neural networks) 
are generally considered black-boxes

• Data-in, answers-out

• The rationale of answers is encoded in the “weights” 
and it is difficult to decode

Remove thyroid

Send patient home

?



EU AI Act
European Law for the harmonization of rules on AI

Bans applications posing unacceptable risks

Defines and regulates high-risk applications

Strives for positive effects of AI
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• Art. 13, Transparency and Provision of Information to Deployers
«High-risk AI systems shall be designed and developed in such a way as to 
ensure that their operation is sufficiently transparent to enable deployers 
to interpret a system’s output and use it appropriately (…)»

• Art. 86, Right to Explanation of Individual Decision-Making
«Any affected person subject to a decision which is taken by the deployer 
on the basis of the output from a high-risk AI system (…) which produces 
legal effects or similarly significantly affects that person in a way that they 
consider to have an adverse impact on their health, safety or fundamental 
rights shall have the right to obtain from the deployer clear and 
meaningful explanations of the role of the AI system in the decision-
making procedure and the main elements of the decision taken»



A new problem: Generative AI

• In recent years, a novel disruptive approach to AI emerged: 
instead of performing tasks, the AI generates new content

• This kind of models are named Generative AI (GenAI)
• The content to be generated is specified with a textual prompt

• We can create anything: text, images, music, video, programs

• Even molecules, peptides, proteins, new drugs! 

• Well-known example: ChatGPT, a chatbot exploiting GPT, 
a large language model (LLM) based on a neural architecture named Transformer



The issue of «hallucinations» 

• ChatGPT, and LLMs in general, learn to concatenate tokens to form the 
most likely sequence  of words to correctly react to the prompt 

• Thus a LLM does not rely on truth nor trusted sources: 
it creates text that is formally flawless but can be false

• A LLM can cite false documents, make up facts and 
statements, cite inexisting papers, lie, be contradictory, 
and so on: so-called «hallucinations»

• I find it misleading, confabulations is a bit better

• Hallucinations are intrinsic to the technology and thus cannot be solved

23



LLM make up facts: why?

LLMs are bad at declining to answer questions 

• Especially when they cannot answer accurately

• They offer speculative / made up answers instead

• Not nice for diagnosis!

Premium chatbots tend to be sychophants, 
which is harmful for scientific disciplines 
[Naddaf, Nature 2025]



Some LLMs are wrong, some are… wronger



LLMs gives a link to the source of the answer. 
Is that link even real?



Why should we care (a lot)?

AIs are replacing search engines: people prefer 
a pre-digested answer (even if hallucinated!) rather 
than retrieving a page, reading, and understanding 

• People do not investigate further, just trust AI

• (Google’s «AI Overview» was introduced to stop the bleeding)

• Students will learn on biased Ais!

Whoever controls the AI controls information and education
(medical in particular: think of vaccines, autism, dysphoria, etc.)



Manipulating Aligning the AI



A subtler and even worse issue: AI fairness

• Article published on Lancet Digital Health in June 2024
• What happens if we tell our symptoms to GPT-4 and ask for a diagnosis?
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Fair AI

• AI: gigantic models with billions of 
free parameters, calibrated with
millions of samples
(often even more…)

• Computational models vaguely
inspired by biologic neurons

• Trained with backpropagation algorithm



Fair AI

• AI: gigantic models with billions of 
free parameters, calibrated with
millions of samples
(often even more…)

• Computational models vaguely
inspired by biologic neurons

• Trained with backpropagation algorithm
completely novel and multi-objective ML approach 

WHAT IF THE ANSWERS ARE WRONG OR UNFAIR?!



Conclusion

• AI is a powerful tool that can assist both scientific investigation, drug design, and 
clinical practice

• However, patients have the right to receive meaningful explanations, not just 
mere decisions taken by black boxes, and must have the «right of rebuttal» 
in case of AI-assisted decisions

• Generative AI and LLMs introduce new risks, biases, unfairness, might lead to 
large scale discrimination, and might break the trust between doctors and 
patients
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LLMs should not be able to read paywalled 
articles and react accordingly… and yet


	Diapositiva 1
	Diapositiva 2: AI in medicina: prospettive e limiti
	Diapositiva 4: Artificial Intelligence
	Diapositiva 5: Machine Learning
	Diapositiva 6: Our work, AI & Medicine
	Diapositiva 7: Acute Myeloid Leukemia
	Diapositiva 8: The experimental protocol
	Diapositiva 9: Investigating proliferation of AML cells
	Diapositiva 10: ProCell
	Diapositiva 11: Results of the PE
	Diapositiva 12: Investigating melanoma with ProCell
	Diapositiva 13: ProCell on melanoma
	Diapositiva 14: De novo evolutionary drug design
	Diapositiva 15: Evolutionary structure-based drug design
	Diapositiva 16: Digital Pathology & AI
	Diapositiva 17: MiThyCA: thyroid diagnostics 
	Diapositiva 18: ML as “Black boxes”
	Diapositiva 19: ML as “Black boxes”
	Diapositiva 20: ML as “Black boxes”
	Diapositiva 21: EU AI Act
	Diapositiva 22: A new problem: Generative AI
	Diapositiva 23: The issue of «hallucinations» 
	Diapositiva 24: LLM make up facts: why?
	Diapositiva 25: Some LLMs are wrong, some are… wronger
	Diapositiva 26: LLMs gives a link to the source of the answer. Is that link even real?
	Diapositiva 27: Why should we care (a lot)?
	Diapositiva 28: Manipulating Aligning the AI
	Diapositiva 29: A subtler and even worse issue: AI fairness
	Diapositiva 30: A subtler and even worse issue: AI fairness
	Diapositiva 31: Fair AI
	Diapositiva 32: Fair AI
	Diapositiva 33: Conclusion
	Diapositiva 34: Acknowledgements
	Diapositiva 37: LLMs should not be able to read paywalled articles and react accordingly… and yet

