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L’IA è in continua evoluzione, 
trovando ogni giorno nuove 

applicazioni



La medicina di precisione costituisce ad 
oggi l’evoluzione naturale dell’evidence 

based medicine 



Sustainability

Therapeutic Failures
(> 40%)



Intelligenza artificiale Medicina di Precisione
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SPOKE 4

Obiettivo dello Spoke: Creare nuove pathway diagnostiche al fine di 
ottenere una diagnosi:

Rapida Precoce Precisa
Accessibile Costo-efficace

In quali patologie?

Rare Oncologiche Cardiovascolari Metaboliche
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FORUM NAZIONALE SULLA 
MEDICINA DI PRECISIONE

WP 2
Nuovi strumenti di diagnosi 

biologica avanzata 
nell’inquadramento di patologie 

complesse e oncologiche

WP 1
Ricerca di nuovi markers mini-
invasivi e avanzati di diagnosi 

precoce

WP 3
Ricerca di nuove soluzioni 

basate sull’AI per l’analisi e 
acquisizione di immagini 

digitali

WP 4
Verso una nuova frontiera 

network-based nel 
management delle patologie 

poligeniche e tumorali



What we are doing…

o Nuovi algoritmi MRI basati su IA per guidare 
la biopsia prostatica per una rilevazione 
più efficace del tumore

o IA applicata alla TC per rilevare 
metastasi polmonari e differenziare i 
sottotipi istologici

300 pazienti

o Modelli di AI → predire il rischio di morte 
cardiaca improvvisa nello scompenso cardiaco 
→ Uso più efficiente dei defibrillatori cardiaci 
impiantabili

Ricerca di nuovi markers 
mini-invasivi e avanzati di 
diagnosi precoceWP1



What we are doing…

o Radiomica per una diagnosi di 
precisione nel carcinoma 
mammario e pancreatico

o Approccio multi-omico + AI 
(istopatologia, radiologia, 
genomica) nei tumori ematologici 
→ stratificazione e prognosi

o Software per analisi 
automatizzata delle cellule 
tumorali circolanti nel carcinoma 
mammario e polmonare

250 pazienti

Nuovi strumenti di diagnosi 
biologica avanzata 
nell’inquadramento di patologie 
complesse/oncologicheWP2



What we are doing…

Creazione di un’infrastruttura di 
ultima generazione per la raccolta e 

l’analisi di immagini digitali, 
attraverso:

Nuovo scanner di ultima 
generazione

Sistema di standardizzazione 
AI-assisted

Nuova WorkStation Sistema di archiviazione 
automatizzato

WP3
Ricerca di nuove soluzioni 
basate sull’AI per l’analisi e 
acquisizione di immagini digitali



Tutto integrato in un sistema informatico di laboratorio 
(LIS)

Nuovo scanner di ultima 
generazione

Sistema di standardizzazione 
AI-assisted

Nuova WorkStation

Sistema di archiviazione 
automatizzato



Network e decision-curve analysis  per identificare 
biomarcatori RMN e miRNA nei pazienti con 
sospetto carcinoma prostatico → diagnosi 
precoce e individualizzata 400 pazienti

WP4

Verso una nuova frontiera 
network-based nel management 
delle patologie poligeniche e 
tumorali

Analisi computazionale network-based 
dei dati clinici → diagnosi precoce e 
previsione dell’ aggravamento

70 pazienti

What we are doing…



SPOKE 4
Precision Diagnostics Alcuni esempi di applicazione pratica 

della diagnostica di precisioneLa biologia molecolare come 
strumento di medicina 

personalizzata

Il micro-RNA 494 ha dimostrato un ruolo 
cruciale nella riprogrammazione metabolica 

in cellule di carcinoma epatocellulare

Ruoli potenziali:
o Biomarcatore di risposta alla terapia con 

sorafenib
o Bersaglio terapeutico per strategie 

combinate con sorafenib o altri farmaci 
oncologici
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Analysis of RNA from MTC samples versus

healthy allowed to identified  2 microRNA 

High in MTC patients vs Healthy

microRNA-26b-5p and microRNA-451a

novel diagnostic markers

Besharat ZM et al 2023 doi: 10.1007/s40618-023-02115-2.

(can be added to the current use circulating biomarkers 

calcitonin and CEA to increase diagnostic sensitivity in a 

patient with thyroid nodule)

Analysis of cfDNA Fragmentation from 

MTC samples versus healthy allowed to 

identified  2 microRNA High in MTC patients 

vs Healthy

Analysis of cfDNA methylation of specific 

genome region  from MTC plasma samples 

Citarella A et al .Biomark Res. 2023 doi: 10.1186/s40364-023-00522-4.

(Kavish et al. 2021))

(Wise et al. 2016))
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Fragmentation

measurement can distinguish MTC patients 

from healthy controls 

NOVEL DIAGNOSTIC BIOMARKERS
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AUC 0,89

P val

0,0087

detection of CG dinucleotic

methylation levels in the MGMT gene identifies 

MTC patients at diagnosis and is significantly higher in 

patients with more aggressive tumors

NOVEL DIAGNOSTIC 

and PROGNOSTIC BIOMARKERS

(can be added to the current use circulating biomarkers 

calcitonin and CEA to increase diagnostic sensitivity in a 

patient with thyroid nodule)



- Promised transformative cancer care

- Failed due to poor alignment with clinical 
workflows

- Highlight The need for clinician-AI 
collaboration



- Strong performance in trials, 
struggled in real-world clinics.

- Challenge: Variability in imaging 
conditions.

- Lesson: The importance of 
rigorous real-world validation.



"the production of an analysis that 

corresponds too closely or exactly to 

a particular set of data, and may 

therefore fail to fit additional data or 

predict future observations reliably"

David J. Leinweber
The Journal of Investing Spring 2007

AI is currently very good at finding patterns and relationships within big datasets

Which of those are actually meaningful?



• Precision Medicine is a step towards Personalized medicine, in 
that it uses more variables to stratify patients, but is not 
completely individualized

• “Personalized” medicine would individualize treatment for each 
patient, changing not only types of agents but doses and 
regimens based on purely individual characteristics

PRECISION VS. PERSONALIZED MEDICINE

Thanks to Manuela Petti



Hub: proteins with a relevant 

biological role

→ Centrality measures in a 

network

Local hypothesis: the proteins 

involved in the same disease tend 

to interact with each other forming 

a disease module

→ Network modularity
A.-L. Barabási et al, Nat. Rev. Genet., 2011

Network Medicine



Human Disease Network

Goh et al, PNAS, 2007

Joseph Loscalzo, Chairman of the 
Department of Medicine, Harvard 
University



Can Drug/Biomarker Repurposing Accelerate Precision Oncology?



A breakthrough in CRF1 antagonist pharma history



SPOKE 4
Precision Diagnostics

La sfida 

Nelle malattie Rare

Dal laboratorio alla pratica clinica

Andrea M. Isidori, M.D., Ph.D., et al.
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Results: machine learning analyses – classification algorithms

Effective separation between patients and 
controls. (using the “se vede” criterion)

K-Nearest Neighbor

Color
Shape
Taste

1. Training (90-10)
2. Testing 

3. Efficiency

Color
Shape
Taste

You can “blind” variables

Color
Taste

Shapevs.Or compare the 
effectiveness of different 
groups of variables



Results: machine learning analyses

Group A 

Group B 

1. Comparing immune profiling and circadian genes to 
other parameters routinely used in CS diagnosis

8 AM 8 AM

AllAll

k-NN model: group B achieved a 97% 
accuracy, +20% compared to group A

Group A: variables commonly 
associated with CS (hormones, 
concomitant medications, lipid and 
glucose profile, vital parameters…)
Group B: circadian variables (immune 
profiling, circadian genes expression)

ML models (k-NN and SVM) showed 
that Immune profiling (left) variables 
had a high accuracy at any time point 
(top panels), while circadian genes 
expression (right) achieved  better 
results in identifying CS If taken all 
together

Visual representation by t-SNE

2. Comparing immune profiling to circadian genes at 
different time-points

Immune profiling Circadian genes



Bandi a cascata

And we don’t work 
«alone»!

Collaborazione con partners esterni

Obiettivo principale: aumentare i livelli di maturità tecnologica (TRLs)

Assessing causal heterogenous biomarkers 
mapping of HFpEF patients for early diagnostic 
and risk stratification.

Uso di una IA dedicata per combinare:
o Dati clinici eterogenei
o Immagini diagnostiche

o Biomarkers (anche liquidi)
Per scoprire collegamenti causali tra le informazioni biomediche 

e scompenso cardiaco



SPOKE 4 - Challenges of AI  in Precision 
Diagnostics

DATA
• Data Quality: Limited, biased datasets skew AI predictions.
• Privacy and Security: GDPR, HIPAA complicate data sharing.
• Generalizability: Overfitting limits applicability across populations.
BLACK-BOX 
• Many AI models lack transparency (black box issue).
• Example: Heart disease predictions without explainability.
• Challenge: Balancing trust with usability.



SPOKE 4 - Challenges of AI  in Precision 
Diagnostics

ETHICAL
• Accountability: Liability for AI-driven errors remains unclear.
• Bias: AI can reinforce healthcare inequities.
• Autonomy: Ensuring patients understand and consent to AI decisions.
REAL WORLD 
• Workflow Disruption: Integrating AI into clinical practice.
• Cost: Financial burden of AI tools in resource-poor settings.
• Resistance: Overcoming skepticism among healthcare professionals.



Innovation on the Road

2026
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