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THE DIGITAL TRANSFORMATION 

Digital Health
Technologies, platforms and systems that engage users for purposes related 
to lifestyle improvement, well -being and health. Other objectives may be to 

acquire, store or transmit health data , or to support clinical activities. To be 

deployed, applications in this area do not require clinical trials , nor 

regulatory supervision from any type of national or international body
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AI&HEALTH DOMAINS



Surveillance : AI can help identify specific demographics or 
geographical locations where the prevalence of disease or 
high -risk behaviours exist; it can also help to implement digital 
epidemiological surveillance

Public health

Global health : AI may provide opportunities to address health 

challenges in low -and middle -income countries (LMICs); these 

challenges include acute health workforce shortages and weak 

public health surveillance systems;

DOMAINS FOR AI IN HEALTCARE

Drug discovery : recently developed AI approaches provide new 
solutions to enhance the efficacy and safety evaluation of 
candidate drugs based on big data modelling and analysis;



Clinical research : mainstream medical knowledge resources 
are already using ML algorithms to rank search results, including 
algorithms that learn from usersõsearchbehaviour ;

Biomedical reserach

Personalized medicine : strongly relies on a scientific understanding 

of how an individual patient's unique characteristics, such as 

molecular and genetic profiles, make this patient vulnerable to a 

disease and sensitive to a therapeutic treatment;

DOMAINS FOR AI IN HEALTCARE



Healthcare systems are characterized by a heavy administrative 
workflow with a wide range of actors and institutions, 
comprising patients (e.g. management of billing), health 
professionals, healthcare facilities and organisations(e.g. 
patient flow), imaging facilities, laboratories (e.g. supply chain 
of consumables), pharmacies, payers, and regulators.

AI can perform routine and burocratictasks in a more 
efficient, accurate and unbiased fashion

Applications to scheduling, patient flow management, 
identification of fraudulent activities

Health administration

DOMAINS FOR AI IN HEALTCARE



Radiology and digital pathology : segmentation with 
limited human supervision to automatically localise and 
delineate the boundaries of anatomical structures or lesions;

Clinical Practice

Emergency medicine : improve patient prioritisation during 

triage; organisational planning and management within the 
emergency department;

Surgery : integration of diverse sources of information (patient 

risk factors, anatomic information, etc.) in the development of 

better surgical decisions;

Home care : self-management of chronic diseases and diseases 
that affect the elderly;

DOMAINS FOR AI IN HEALTCARE



AI&Health  @Unical

Carlo Adornetto Pierangela Bruno Gianluigi Greco Giuseppe Covello Vincenzo Rizzuto



DRUG/MOLECULE DESIGN



In fields such as Engineering, Chemistry and Physics, the design of device 
structures is progressively supported by Deep Learning methods

Objective: design materials, devices or tools based on the properties they 
should exhibit

Conventional Approach

Inverse Design

Properties

INVERSE DESIGN



PROPERTIES OF INTEREST

Functional Properties:

ÁBind to a specific target receptor or enzyme  

Physicochemical Properties: 

ÁMolecule's chemical structure and behavior, such as solubility, stability, 
boiling point, melting point, and chemical reactivity

Toxicity and Safety: 

ÁIn a biological or environmental context, it's important to consider 
molecules toxicity and safety profile

Specific Target or Application-Related Properties:

ÁFor instance, if you're designing a molecule for use in a particular type of 
semiconductor, you would need to focus on properties relevant to that 
application, like charge carrier mobility or bandgap
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× Feasibility constraints on the design
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FEASIBILITY CONSTRAINTS

Chemical Feasibility:
Adhering to valence rules, satisfying octet rules for most atoms, and avoiding strained 
or unstable configurations.

Synthetic Accessibility: 
The designed molecule should be synthesizable using available or reasonable 
synthetic methods. Complex or exotic reactions and reagents may be impractical, 
costly, or impossible to implement.

Reaction Conditions:
Extremely high temperatures, pressures, or toxic reagents can be prohibitive.
Hazardous or toxic materials and reactions should be avoided or properly managed.
Short shelf life or chemical instability can be problematic.

Cost:
High production costs can make a molecule economically unviable.

Regulatory and Compliance Constraints:
Compliance with safety, environmental, and legal regulations is essential. 

Purity and Characterization:
The designed molecule should be synthesizable with a high degree of purity, and 
methods for characterizing and quality control should be established.



STATE OF THE ART
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Fine tuning on 

Adjoint

Train on Dataset of pairs

cVAE

GLOnets

Discriminator

Encoder/Decoder

Most architectures work at the level of the original (highly 
dimensional) design space

No feasibility constraintconsidered in the design process

Random init to start the exploration/optimization in the 
design space
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representations going beyond plain numerical values
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We restrict the latent design space to feasible regions

Reconstruction Loss To enforce constraints

Softmax
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GIDnet ς IJCAI 2023

We embed the design space into a suitably-defined latent space to deal with complex 
representations going beyond plain numerical values 

Rather than using a «blind» generator that tries to compute the solution by starting 
from some random initialization, we start the exploration of the latent space by first 
looking at the dataset and identifying educated guesses called seeds: 



GIDnet ς IJCAI 2023

We provide an exploration mechanism togheder with a mechanism (Selection Layer) such that the network can 
automatically choose a starting point for the exploration, as one of the given seeds, or alternatively, as a linear 
combination of the seeds

Push the selection layer towards a 
single choice

Regularization term for constraints
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e
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GIDnet ς IJCAI 2023

graphene

5 layers thin film metamaterials
Á each layer with thickness within the range 1-60 nm 

Á material can be Ag, Al2O3, ITO, Ni, or TiO2

Á we have to represent its thickness plus the material as a one-
hot encoding over 5 alternatives. 

Á Each  structure is associated with reflectance and transmittance 
spectra, obtained via the transfer matrix method simulated on 
an infinite glass substrate, for two polarizations, at the incident 
angles of 25, 45, and 65 degrees, for 200 equally spaced points 
over the range 450-950 nm

Transfer Matrix
Method



GENES SELECTION



ÁIn disease, cells genes are often under-expressed
or over-expressed.

ÁHigh-throughput sequencingand Microarrays 
are efficient techniques to gather data that can 
be used to determine the expression pattern of 
thousands of genes
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SETTING

Course of Dimensionality

Thousands of genes for few patients (Linear dep. between genes)

Noise and redundancy
Data collection is often multi -centric and carried out with 

heterogeneous devices

Class Imbalance
Sequencing mostly takes place on pathological patients

patients
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SETTING

ÁChronic Lymphocytic Leukemia (CLL)is a hematologic neoplasm characterized by 
an accumulation of lymphocytes in the blood, bone marrow, and lymphatic 
organs (lymph nodes and spleen)

ÁIn more than half of the patients, CLL is diagnosed incidentally, and some 
patients can remain stable for more than 10 years, while others may experience 
rapid worsening

ÁCurrently, it is not possible to establish precise rules for the prevention of CLL, as 
its causes are not completely clear

DIAGNOSIS EVENT
Worsening of the disease:

Death or Need of Trearment

TTFT

Time to first treatment



FEATURE SELECTION

ÅMain Ideas:

Å Iterative Procedure which selects a set 
of meaningful genes at each iteration

Å Neuralapproach to filter redundant 
genes into the genes space

Å Ad-hoc defined EXPLAINABLE AI-
based method to select the most 
impactful genes 

Correlation Clustering

Neural Filtering

Neural Network for 

prediction

SHAP XAI Selection

Theprocessof selectinga subsetof relevant features(variables,predictors)to usein
predictivemodels,to reducethe computationalcostand to improvethe performance



A CLOSER LOOK AT THE STEPS

Correlation Clustering

Neural Filtering

Neural Network for prediction

SHAP XAI Selection

(of genes)
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A CLOSER LOOK AT THE STEPS

Correlation Clustering

Neural Filtering

Neural Network for prediction

SHAP XAI Selection

Select and Savethe most meaningful genes according an 

ad-hoc defined 

SHAP-based score

Filter the genes according to the correlationbetween 

SHAP values and genes values

Clusters k1 ... kq

q Genes



APPLICATION TO CLL

Genes Selection using Deep Learning and Explainable Artificial Intelligence for Chronic

Lymphocytic Leukemia Predicting the Need and Time to Therapy
Fortunato  Morabito,  Carlo  Adornetto,  Paola  Monti,  Adriana  Amaro,  Francesco  

Reggiani,  Monica  Colombo,  Yissel Rodriguez -Aldana , Giovanni  Tripepi,  Graziella  

D'Arrigo,  Claudia  Vener,  Federica  Torricelli, Rossi Teresa, Manlio  Ferrarini, Giovanna  

Cutrona , Antonino  Neri, Massimo  Gentile  and  Greco  Gianluigi

O-CLL Dataset

TTFTEVENT19.367 GENES

Pz1

Pz 217

Yes

Yes

No

No

< 24

> 24

Χ
Χ

Χ

Χ
Χ

97 patients

months



APPLICATION TO CLL

EVENT
GENE XAI score % Corr.

SL4A1 11,79 -0,98

CAES 9,78 -0,97

VS20 6,91 -0,97

CT1 6,16 0,97

HTD4 5,94 0,96

FADD 3,83 0,95

GNE 3,35 0,97

PIGP 3,25 0,96

Eight of the top ten genes selected by the algorithm were found in the Reactome 
pathway database, showing an involvement in various pathways such as signal 
transduction, gene expression (transcription), protein metabolism, immune 
system, cell cycle and apoptosis. 

7 of them are involved in protein-protein interaction (PPI)

Iteration C.I. 95% 

1 77.2 ï 92.7

2 74.7 ï 91.2

3 68.6 ï 89.3

4 64.3 ï 83.6

Final 79.1 ï 92.9

TTFT



OPHTALMOPLASTIC SURGERY



Howto quantify the effect of blepharoplastyon rejuvenation?

OPHTALMOPLASTIC SURGERY



In the evaluation and management of ptosis(by blepharoplasty), measurements of MRD1, 
MRD2, and LF are time-consuming, subjective, and prone to human error.

OPHTALMOPLASTIC SURGERY

Correlation up to   



AI to quantify proptosisand identify patients to be treated surgically

Case study of 56 paediatric patients (31 of whom were surgically treated)

OPHTALMOPLASTIC SURGERY



Generative AI to predict the aesthetic outcome of surgery

109 Pazienti

Pre-op Post-opDataset of patients undergoing Orbital 
Decompression for Thyroid-Associated 
Ophthalmopathy (TAO)

OPHTALMOPLASTIC SURGERY



Å Thereareno toolsgeneratedto predictPost-op
Å Requiresa precision,patient-tailoredapproach
Å Lotsof individualvariablesto consider

Å AI-based rendering to generate post-operative
imagesfrom pre-operativephoto

Å Explorethe resultsfor different surgicalvariables

The Problem
The Idea

How?
Pre-op Post-op

Tipo Intervento

Tipo Sututa

Pre-op

Post-op

Post-op

Pre-op

1. Data Collection (smartphone + clinical data)

Post-op

2. Generative .AI

OPHTALMOPLASTIC SURGERY @Unical



Utilities and Advantages:

To allow ophthalmoplasticsurgeons to have patients who have to undergo surgery see a prediction of 

surgical outcomes through a rendering generated on the basis of the data provided. Each rendering will 

have the ability to be customized by changing the surgical variables.

Features & Functionality :

- Mobile platform

- Ability to take images with AI support to standardize photo

- Possibility to customize the intervention sheet for each individual patient

- Obtain more renderings of the surgery according to the surgical plan

- Iniziali:

-Età:

-Etnia

-Anno di nascita:

-Quadro clinico:

-Tipologia di ptosi:

-Causa della ptosi:

Dati relativi allôintervento:

-Tipologia di intervento:

-Tipologia di sutura:

OPHTALMOPLASTIC SURGERY @Unical
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Digital Health
Technologies, platforms and systems that engage users for purposes related 
to lifestyle improvement, well -being and health. Other objectives may be to 
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Digital Medicine
Software and hardware for clinical measurements and/or to intervene 

directly on health. They require clinical efficacy trials and are typically 

classified as medical devices

DTx
Software that delivers therapeutic interventions to prevent, manage or treat a 

medical disorder or disease. Clinical evidence and Real World Evidence are required
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Lenire [FDA 03/2023]

Treating  Tinnitus Symptoms

It uses the principle of bimodal neuromodulation : it 

provides mild electrical impulses to the tongue 

combined with sound reproduced through 

headphones to drive long -term changes or 

neuroplasticity in the brain to treat tinnitus.

Clinical trial on 112 patients and RWE of 204 users, 

with 79.4% improvement

The frequencies of the sounds played by the 

headphones must be customized



Tinnitracks [non-FDA]

Treating  Tinnitus Symptoms

Filter music based on the specific tinnitus frequency

Clinical trial on 98 patients , with 65% improvement

The application filters the music played in real time , 

optimizing it according to the frequency of tinnitus



CognICA [FDA 10/2021]

Assessment of cognitive functions

Implement a rapid test, based on displaying images 

at a rapid pace on the iPad screen and asking you 

to identify them as animals or non -animals

Clinical trial on 91 patients , with 94% accuracy

The classification of the patient, based on 

response speed and accuracy, takes place with 

a regression system


