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Abstract. Artificial intelligence has the potential to revolutionize healthcare and machine learning approa-
ches are able to be the catalyst for transformation of health systems to improve efficiency and effective-
ness, warrant universal health coverage and improve outcomes. The paper shows some of the most rele-
vant results emerged for the prediction of the most popular neurodegenerative diseases, and in particular a
pipeline implemented for brain age prediction, exploiting deep learning. Some strategies to exploit these re-
sults are analyzed in order to create value for the society and the population, through a new service of He-
althcare 4.0 based on the prediction of the most important neurodegenerative diseases, such as Alzheimer
and Parkinson diseases.
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Introduction

The health sector is particularly interesting for artificial intelligence (AI) applications, gi-
ven the ongoing digitalization of health data and the promise for an improved quality of
health and prevention (WHO Focus Group on Artificial Intelligence for Health).

By 2050, one in four people in Europe and North America will be over the age of 65 —
this means the health systems will have to deal with more patients with complex needs.
The management of these patients is expensive and requires systems to “shift from an
episodic care-based philosophy to one that is much more proactive and focused on long-
term care management” (Transforming healthcare with Al, 2020).

Artificial intelligence has the potential to revolutionize healthcare and help address
some of these challenges, above all those related to neurodegenerative diseases which
nowadays represent the challenge for Healthy and Active Ageing.

Al and machine learning will be the catalyst for transformation of health systems to
improve efficiency and effectiveness, warrant universal health coverage (UHC) and impro-
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ve outcomes (Panch, Szolovits et al., 2018).

The COVID 19 pandemic has highlighted the pressing need for improved data collec-
tion and exchange to better monitor and manage public health issues and health systems
(Health at a Glance: Europe 2020).

With the creation of the European Health Data Space (EU 2020), the European Com-
mission is currently developing a governance framework to promote a better use of health
data, as well as a digital health infrastructure supporting such access. It will allow better
use of data for health care, research, innovation and more evidence-based health policy-
making (Health at a Glance: Europe 2020).

Fundamental transformation of health systems is critical to overcome these challen-
ges and to achieve universal health coverage by 2030. Machine learning, the most tangible
manifestation of artificial intelligence — and the newest growth area in digital technology
— could be the catalyst for such a transformation (Panch, Szolovits et al., 2018).

The paper is organized as follow: Section 1 shows the important results emerged for
the prediction of the most popular neurodegenerative diseases, and in particular a pipe-
line implemented for brain age prediction, exploiting deep learning; Section 2 presents
some attempts for the valorization of these research results and their transfer in order to

create impact on society. The conclusion of the paper is summarized in Section 3.

1. Deep learning approaches for neurodegenerative diseases
Neurodegenerative diseases affect a vast portion of the aging population and, of course,
as life expectancy increases, this percentage is going to continuously grow. The onset of a
neurodegenerative disease is usually related to several supportive features, among them
an anomalous aging of the brain is particularly suitable for the early diagnosis pathologi-
cal conditions. In brief, studying the structure, the organization and the functionality of
the brain across the lifespan yields quantitative markers which can accurately discriminate
the normal aging process from a pathological one. For example, measuring the difference
between the chronological age of a patient and the brain age (usually referred to as “brain
gap”) (Franke, Gaser, 2018; Bellantuono et al, 2021), estimated on the basis of specific
age-related features such as cortical atrophy, allows the early detection of neurodegenera-
tive processes.

The number of features which can be extracted to characterize a brain is huge, this is
especially true when considering Magnetic Resonance Imaging (MRI) which capture the
brain anatomy in millions of three dimensional voxels; therefore, the use of machine le-
arning and deep learning approaches has become a necessity, both for computational and
modelling purposes. Besides, several studies have demonstrated how such approaches can
accurately predict the early onset of neurodegenerative diseases (Ashburner, 2007; Erus,
Battapady et al, 2015; Konukoglu, Glocker et al, 2013; Sabuncu, Van Leemput, 2012).
More recently, specific studies have explored the adoption of graph theory to model the
brain a lay the foundations for novel characterizations of the brain and the possibility to
add graph-based features to the standard (anatomical-based) ones (Amoroso et al, 2018 a;
Amoroso et al, 2018 b; Amoroso et al, 2018 ¢).
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To manage the computational complexity of these strategies and fully exploit their in-
formative content, the role of computer facilities has gained a paramount importance. A
simple pipeline for the analysis of brain connectivity could require 24-48 hours of CPU
time, therefore the investigation of a medical database which can include thousands of
subjects would be just unfeasible using a laptop or even a workstation. On the contrary,
the use of computer farms composed by thousands of CPU, the adoption (when possible)
of parallel computing paradigms and, more recently, the technological development due
to GPU processing, make these analyses affordable.

Finally, a not secondary aspect to mention is the possibility offered by learning algo-
rithms to explain how the features used to feed the adopted models affect their accuracy.
There is an increasing attention towards explainable machine learning, intended as an
effort to make machine learning algorithms (in some cases considered and used as “black
boxes” by physicians and clinical practitioners) more interpretable and easier to under-
stand [Lombardi et al, 2020; Roscher et al, 2020; Binder et al, 2021). This aspect is funda-

mental to deepen our understanding of pathological conditions and their etiology.

2. Transfer of research results

In order to generate an innovation process based on the concept of Value Based Healthca-
re and on the quadruple helix model, it is necessary that all of the following Entities work
together: Regions; Large public and private hospitals, also organized in networks; Private
Life Science companies; Academies, University and Research Centers. In particular, the
“Academy” has a key role in developing and disseminating methods and tools to support
implementation. The Universities can play as a catalyst and "super-partes” coordinator in
the innovation process for Healthcare 4.0 (Harvard Business Review Italia, 2021).

Through Knowledge transfer or research results valorization the Universities promote
the dissemination and use of new technologies developed at the research organizations
in order to increase the impact of the research for all the stakeholders (Scanlan, 2018); in
fact, the researchers could be able to design new solutions or discover new methodologies
useful to mitigate long-lasting healthcare issues.

The pipeline implemented for neurodegenerative diseases using Al and deep learning
approach, illustrated in the previous Section, could be valorized and transferred in order
to become a tangible innovation for the society in terms of predicting neurodegenerati-
ve diseases. Thus, the research results could be exploited through a variety of complex
channels including research conversion to [P and its patenting and licensing activity, col-
laborative research with private sector firms or contract research consulting with Public
stakeholders, creation of academic start-ups or entrepreneurial entities, etc.

Similarly to what is done by the best universities in the world such as MIT, Stanford
University, California Institute of Technology, Berkeley University, Oxford University,
Harvard, Imperial College London etc, ... which use different ways and channels to en-
hance their research and create impact on the territory for the promotion of a positive
and sustainable social impact, the authors, in collaboration with the Technology Transfer

Office of their university, are planning the most fruitful strategy to exploit these results
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in order to create value for the society and the population. In fact, these results could be
transformed into a new service of Healthcare 4.0 based on the prediction of the most
important neurodegenerative diseases, such as Alzheimer and Parkinson diseases.

3. Conclusion

In this paper some aspects related to Technology Transfer in Healthcare 4.0 are presen-
ted. In particular, according to the requested digitalization of health, the use of machine
learning solutions for neurodegenerative disease prediction is analyzed in order to create
benefits and impact on the society and the territory.
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