fondazione

Periplo

MILANO
INNSIDE by Melia M
Via Gustavo Fara /4



fondaziong
Periplo  SNESRR

Al in medicina: prospettive e limiti

Marco S. Nobile
marco.nobile@unive.it

Ca’ Foscari University of Venice
Bicocca Bioinformatics, Biostatistics and Bioimaging Research Center

Percorsi di Oncologia di Precisione:

Appropriatezza diagnostica e Molecular Tumor Board


mailto:marco.nobile@unive.it

Artificial Intelligence

What do we mean by Al?

One useful definition of Al: ARTIFICIAL INTELLIGENCE
«the science of making machines do things that s rer

would require intelligence if done by man»

MACHINE LEARNING

Algorithms with the ability to learn

without being explicitly programmed

There are several ways to create Al

DEEP LEARNING
Subset of machine learning
in which artificial neural
networks adapt and learn
from vast amounts of data

One popular and widespread option: MACHINE LEARNING
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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
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THIS 15 YOUR MACHINE LEARNING SYSTET?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJERS ON THE CTHER SIDE.

WHAT IF THE ANSLIERS ARE LURONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT
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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-Prkdcsi@l|2rgt™IWil/Sz) strain)

i 4
* AML cells are marked with green fluorescent proteins (GFP) by means of lentiviruses S \
* Flow cytometry used to collect fluorescence histograms (att = 0,t = 10, t = 21 days)

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

Infection with lentiviral vector carrying H2B-GFP transgene
and selection («sorting») of infected cells

Sampling from mice 10 days
after doxycycline administration

Data acquisition by FACS | o e
and analysis with FlowJo




Investigating proliferation of AML cells

* Given the experimental fluorescence distributionsatt = 0 and t = 10 days
what can we say about AML proliferation?
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* 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 ' y.
it becomes «GFP-negative» TR TTITTE

s B2 ¢

Normalized to made

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

° ° ) ® e o N\ e - '
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ProCell

* Stochastic modeling and simulation of cell proliferation - 1 >
[Nobile et al., IEEE J Biomed Health Inform 2020] o "

eeeeeee

* A simulation requires the following information _<@—>@
* Number of sub-populations and their ratio proferedn 0_»@

* Mean and standard deviation of the cell division interval
for each sub-population 0 X

* 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 @ 1

(random) division events, are dynamically added to the stack
» GFP-negative cells are removed from the stack e
* The algorithm returns the stack of fluorescent cells at t = t;,,«
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Model #3

Results of the PE

We tested four competing models = Target

* Model #1: simple proliferation

Cells frequency

* Model #2: proliferating cells + quiescent cells

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

Fluorescence

* Model #4: slowly proliferating + fast proliferating cells Model #3

[0 Predicted distribution
[ Target

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

Cells frequency

eyl B

Fluorescence

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

e Lowest error across all the tested models

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

Percorsi di Oncologia di Precisione:
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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]

Percorsi di Oncologia di Precisione:
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ProCell on melanoma

V@ ~2 weeks 1 week 5 2 weeks 5 3 weeks e
P s | o e | - w | o
% wo ‘ ! 1 i o
* Again, presence of quiescent sub-population EOm | qE s | cple s | s
Was necessary to fit data (models #2 and #3) , g
: : /\\ :: '\ 3w: ks D
. Transr.nembrane glyc?protein GPNMB identified ’ a \ "Jﬁ&j \ 1R / 1a A \"‘
as a biomarker of quiescence >
B C
 GPNMB-positive cells exhibit a pro-metastatic A G 1 (P [ T
behavior and it is enriched in metastatic sites: ¢ ¢ ¢ e B
quiescence seems to play a role in tumor dissemination e 1 gl 3

Model

* [Lotti et al., EMBO Reports 2025]

° ° ® ® e o \ = 3 N\ B
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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

° ° @ ° e o = - . N\
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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] :
MD Vina-GPU Deep

Method 1 earning
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Digital Pathology & Al

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 Als, 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]

WSI Grid

QuPath - TEST_005_LNPOS

Split

PTC heatmap Neoplasm heatmap

Mask

Read

Predict

AIRC

ASSOCIAZIONE ITALIANA
PER LA RICERCA SUL CANCRO




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

Cat: 0.33

Lynx: 0.12
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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

Tumor: 0.93

No tumor: 0.07
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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
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EU Al Act

European Law for the harmonization of rules on Al

Bans applications posing unacceptable risks

Defines and regulates high-risk applications

Art. 13, Transparency and Provision of Information to Deployers
«High-risk Al systems shall be designed and developed in such a way as to
ensure that their operation is sufficiently transparent to enable deployers
Strives for positive effects of Al 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 Al 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 Al system in the decision-
making procedure and the main elements of the decision taken»




A new problem: Generative Al

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

* This kind of models are named Generative Al (GenAl)
* 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

° ° ) ® e o N\ e - '
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il
The issue of «hallucinations» Y
319811734 1
Prediction
* ChatGPT, and LLMs in general, learn to concatenate tokens to form the e
most likely sequence of words to correctly react to the prompt 1 ey @8 &
2 7.55% 734 two
3 3.76% 1440 four
4 2.76% 393 or
5 2.18% 1936 five
* Thus a LLM does not rely on truth nor trusted sources: T
it creates text that is formally flawless but can be false 8 s 257 a
9 0.84% 3598 seven

OpenAl's Sam Altman:

* A LLM can cite false documents, make up facts and Hallucinations are part of the
s . 2 . . “magic” of generative Al
statements, cite inexisting papers, lie, be contradictory,
and SO On: So_ca”ed (( haIIUCinations)) :]Zii)‘ii:élmzh\efsaidther‘e\sx'albembeg!eanedﬂom
000

* | find it misleading, confabulations is a bit better

When you purchase through links on our site, we may earn an affiliate commission.

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

Percorsi di Oncologia di Precisione:
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LLM make up facts: why?

LLMs are bad at declining to answer questions Columbia Journalism Review. —

* Especially when they cannot answer accurately
Al Search Has a Citation Problem

d T h ey Offe r S p e C u I ative / m a d e u p a n Swe rs i n Ste a d We compared eight Al search engines. They’re all bad at citing news.

22222222222
By KLAUDIA JAZIWINSKA AND AISVARYA CHANDRASEKAR

* Not nice for diagnosis!

NEWS 24 October 2025

Premium chatbots tend to be sychophants, Al chatbots are sycophants —
which is harmful for scientific disciplines researchers say it’s harming science
[Naddaf, Nature 2025] Bleningafect e work - amdhat ey aredomgromtgatett

By Miryam Naddaf

Percorsi di Oncologia di Precisione:
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Some LLMSs are wrong, some are... wronger

e Futurism Q

BONEHEADED | MAR 15, 11:15 AM EDT by FRANK LANDYMORE

Study Finds That Al Search Engines
Are Wrong an Astounding Proportion
of the Time

These things are really good at being wrong.

NOT CONFIDENT/

CONFIDENT —

<« NO ANSWER

Generative search tools were often confidently wrong in our study

The Tow Center asked eight generative search tools to identify the source article, the publication and URL for 200 excerpts

extracted from news articles by 20 publishers. Each square represents the citation behavior of a response.

HEER
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EERIRERBERE
HENEEEEEmE
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106 [ (0 (00 O I T N i}
REAENEAREE ]
(S 3 [0 0 070 ) 6 ) CED OO juil
ibalslolskhlop] EREREE B
Emn (i 0 [ (8 I () [0 [ 0 il
HESEEEEGHSE [ ]
BEEEBEA (1 [0 5 (0 ) T D m
BEEERNEE
|| EREEHE
] SEEREHE
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1 ) D ) ) ERNOEREEER EENEEEE S B
R € D 0 O ) IR U DEENENEED ERENEEEEE DEEEENEODRE (SIS ]
CHATGPT SEARCH PERPLEXITY PRO DEEPSEEK SEARCH coPILOT GROK-2 SEARCH
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Iﬂl!lEEﬂ!= 1 =yl
|
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Correct Incomplete ~ Incorrect Incorrect

OGO REEEE
GROK-3 SEARCH
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Provided
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LMs gives a link to the source of the answer.
s that link even real?

Generative search tools fabricated links, and cited syndicated and plagiarized articles

The Tow Center asked eight generative search tools to identify the source article, the publication and URL for 200 excerpts extracted
from news articles by 20 publishers. Each square represents the citation behavior of a response.

WRONG ARTICLE IDENTIFIED CORRECT ARTICLE IDENTIFIED ARTICLE NOT IDENTIFIED

GROK-3 SEARCH - 9 117 |I
GEMINI -| 127
oo v ||
GROK-2 SEARCH _ 33 .
PERPLEXITY PRO _”ll
PERPLEXITY -uﬂ

36

104

38

More than half of responses from Gemini and Grok 3 cited
fabricated or broken URLSs that led to error pages. Out of the
18 200 prompts we tested for Grok 3, 154 citations led to error

pages. Even when Grok correctly identified an article, it often
46

linked to a fabricated URL. While this problem wasn't exclusive to
] Grok 3 and Gemini, it happened far less frequently with other
chatbots.

Publisher’s
Homepage

Unofficial
Copy

Wrong [::] Missing 404 Error
Article Link Page

Original Syndicated
Article Article
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Why should we care (a lot)?

Als are replacing search engines: people prefer Soogle users are less llkely to cick on 2 ink when
a pre-digested answer (even if hallucinated!) rather T et e
than retrieving a page, reading, and understanding e |

* People do not investigate further, just trust Al Fronete bosresessr

Leaving Google to

* (Google’s «Al Overview» was introduced to stop the bleeding) srowse oo st

e Students will learn on biased Ais!

PEW RESEARCH CENTER

Whoever controls the Al controls information and education

(medical in particular: think of vaccines, autism, dysphoria, etc.)

Percorsi di Oncologia di Precisione: 30-'<GENNAIO,2026
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MartpHatig Aligning the Al

Meta hires far- righ.l. influencer to help end "Woke Al Starbuck, a former music video director, has become a leading figure among

conservative social media influencers, gaining popularity for videos that attack
Starbuck has built his reputation by going after companies and individuals embracing inclusivity. '8 & bop y

companies with diversity initiatives and galvanize his followers to boycott or pressure
BEissbsGscTgETges ) X them to capitulate to right wing demands by removing DEI policies. Like many other

conservative influencers, Starbuck often shares alarmist comments about gender

affirming healthcare for trans youth, refers to liberal commentators as "mentally
challenged" and "lunatics," and has declared DEI policies a "war on men." He's also a
visiting fellow at the Heritage Foundation, the conservative think tank behind that

crafted the controversial Project 2025 movement.

DIGITAL ETHICS

DISCUTERE QF
PAOLO BENANTI =)

Grok 4 scambia per «verita»
Is;c:]r::;:k, known for his crusade against companies with DEI policies, has been brought into Meta's Al plans. Credit: Bess Adler / Bloomberg via Getty . la Versione di MUSk
E il punto di svolta: tecnico e filosofico

Nel frenetico scenario dell'innovazione tecno- Oltre alla questione della parzialita, emerge o
logica, ogni gigante della Silicon Valley coltiva il A un’altra sfida legata alla concentrazione di po- l—@

proprio vantaggio competitivo. Se per OpenAl tere fisico e digitale. A differenza di qualsiasi



A subtler and even worse issue: Al 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?

Assessing the potential of GPT-4 to perpetuate racial and
gender biases in health care: a model evaluation study

Travis Zack™, Eric Lehman*, Mirac Suzqun, Jorge A Rodriguez, Leo Anthony Celi, Judy Gichoya, Dan Jurafsky, Peter Szolovits, David W Bates,
Raja-Elie E Abdulnour, Atul | Butte, Emily Alsentzer

Summary
Background Large language models (LLMs) such as GPT-4 hold great promise as transformative tools in health care,
ranging from automating administrative tasks to augmenting clinical decision making. However, these models also
pose a danger of perpetuating biases and delivering incorrect medical diagnoses, which can have a direct, harmful
impact on medical care. We aimed to assess whether GPT-4 encodes racial and gender biases that impact its use in
health care.



Black White Hispanic Asian Other or not Female
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A S l I Sarcoidosis o — > L 2 L o *¢
HIV or AIDS oo s 4 [ L L 2 4
Systemic lupus erythematosus o — D @ e 4 4 = 4
Essential hypertension | ¢—@ 3 =2 3 & - —  >—o
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SU Proportion (%) Proportion (%) Proportion (%) Proportion (%) Proportion (%) Proportion (%) Proportion (%)
@ True prevalence (USA) @ GPT-4estimated
Bag
- Figure 1: Probing modelling by GPT-4 of the demographic diversity of medical conditions
ra 9 9 9 9
| We asked GPT-4 to create a clinical vignette for a patient presenting with each of 18 distinct diagnoses. We used ten independent prompts, each submitted
po 100 times. For each prompt, we explicitly asked the model to include the patient’s demographic information, as is standard practice for medical problem

m representations. The figure shows what proportion of the cases generated by GPT-4 for a given disease include each race and ethnicity and gender, compared with the
L true demographic distribution in the USA from the literature. Other or not available represents cases where race or ethnicity was not present or could not be parsed
e from GPT-4’s response.




Fair Al

 Al: gigantic models with billions of THIS 15 YOUR MACHINE LEARNING SYSTET1?
free parameters, calibrated with b ﬁﬁﬂﬁg&ﬁgﬁ%%
millions of samples THE ANSLERS ON THE OTHER SIDE.
(often even more...) WHAT IF THE ANSWERS ARE WRONG? J
JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

 Computational models vaguely
inspired by biologic neurons

* Trained with backpropagation algorithm

Percorsi di Oncologia di Precisione:
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phD student

. Topic of my "=
Fa T Al pMatteo Grazioso!
* Al: gigantic models with billions of THIS 15 YOUR FRCHINE LEPRNING SYSTENT?
. . [
free parameters, calibrated with DLt O NP AL oA 0 This e
millions of samples THE ANSIJERS ON THE. OTHER SIDE.
(often even more...) WHAT IF THE ANSWERS ARE WRONG OR UNFATR?! |
JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

 Computational models vaguely
inspired by biologic neurons

* Trained with backpropagation-algerithm

completely novel and multi-objective ML approach




Conclusion

* Al 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 Al-assisted decisions

* Generative Al and LLMs introduce new risks, biases, unfairness, might lead to
large scale discrimination, and might break the trust between doctors and
patients

Percorsi di Oncologia di Precisione:
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LLMs should not be able to read paywalled
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