Tecnologia Digitale e Precision
Medicine

Gianfranco Gensini

IRCCS MultiMedica



JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 66, NO. 13, 2015

© 2015 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 0735-1097/%36.00

PUBLISHED BY ELSEVIER INC. http://dx.doi.org/10.1016/j.jacc.2015.08.006

THE PRESENT AND FUTURE

TECHNOLOGY CORNER

Moving From Digitalization to Digitization |

In Cardiovascular Care ©

Why Is it Important, and What Could it Mean for
Patients and Providers?

Steven R. Steinhubl, MD, Eric J. Topol, MD



Un Universo di dati
Definizione di dati

« Qualsiasi descrizione iniziale di qualsiasi
cosa, inclusi eventi, attivita e transazioni
registrate, archiviata e classificata ma non
organizzate in un modo che vada oltre il
significato originale, € chiamata dato.

* | dati possono essere costituiti da lettere,
numeri, nomi, suoni 0 immagini




Definizione di metadati

| dati sono la descrizione
grezza di tutto (inclusi il
risultato di un’analisi, un
evento, un’azione aziendale o
una serie di transazioni
finanziarie).

» Se i dati riguardano altri dati
(Data about Data), si parla di
metadati.




| metadati

| metadati non sono nati nell’era digitale e
persino le biblioteche tradizionali, che
mettevano delle etichette sui libri per
catalogarli, utilizzavano una sorta di
metadati.
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| metadati

Ma nell’era digitale, 'uso dei metadati e
diventato molto diffuso.



Sensori

Fascicolo S anitario

Persona. Health record (GPs)



The Zettabyte Era or Zettabyte Zone is
a period of human and computer science history

that started in the mid-2010s, when

the global IP (Internet Protocol Address) Traffic first
exceeded one Zettabyte, which happened in 2016, or when the
amount of digital data in the world first exceeded a zettabyte,
which happened in 2012. A zettabyte is a multiple of the

unit byte that measures digital storage, and it is equivalent to
1000x107, 1,000,000,000,000,000,000,000 [10%"] bytes.!]

Il prefisso zetta deriva dal termine greco sept a indicare la

settima potenza di 1000.

I’era del multi-zettabyte é vicina (uno zettabyte corrisponde a 180 milioni di volte i
tutti i documenti conservati nella Biblioteca del Congresso di Washington)



Big data : passato e presente

Il termine “big data” e stato usato per la prima volta
nel 1997 da Michael Cox e David Ellsworth durante
una conferenza dell’|lEEE (Institute of Electrical and
Electronics Engineers) per indicare la sfida posta per i
sistemi di computer da grandi quantita di dati per |l
loro utilizzo e visualizzazione

(Cox and Ellsworth, 1997).

Technological Forecasting & Social Change 126 (2018) 3



Big Data
Provenienti prevalentemente dall’amministrazione.

La cardiologia ha sempre misurato i suoi parametri, la medicina di precisione per la
cardiologia € un’attitudine naturale con dati

e dairegistri clinici,

¢ dairecord elettronici,

¢ dalla biometrica,

¢ dai patient-reported outcome,
¢ dalla medicina per immagini,
e dai biomarcatori e

e dai sensori indossabili

Il modello Data Lake eideale per gestire informazioni strutturate e non strutturate: trai
vantaggi vi € la possibilita di conservare i dati senza doverli strutturare al momento
dell’acquisizione, dato che la sua strutturazione avviene in modo dinamico nel momento della
successiva analisi e elaborazione.




“Big data” is (3v-5V)

1. high-volume,

2. velocity and —

3. variety information assets that demand cost-
effective, innovative forms of information
processing for enhanced insight and decision
makin

. +Veracity

. +Value
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In an integrated
circuit
the number of

transistor

components doubles

every other year

Transistor count

Microprocessor Transistor Counts 1971-2011 & Moore's Law
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Moore’s Law Dead by 2022, Expert
Says

By Rick Merritt 08.27.2013 [ 42

«2 Share Post f Share on Facebook 3 Share on Twitter m

é'* Adobe Creative Cloud
Adobe

Scopri nuovi ambiti creativi per le tue idee.

PALO ALTO, Calif. — Moore's Law — the ability to pack twice as many transistors on the same sliver of
silicon every two years — will come to an end as soon as 2020 at the 7nm node, said a keynoter at the Hot
Chips conference here.
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‘The Explosion of Alternative Processing Power (Ex: A9-A14)

The historical outcome of Moore's
law is actually accelerating!

Operations per Second |:TF

1015

every 24 mns = -40“«1: annually. It's now

down to =30%

But...We're now seeing 100%+
processing power improvements
annually for SoC

2016 207
mCPU (THz) = GPU (TFLOPS)
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Facial recognition
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Rendering

Audible assistance
Augmented reality

2020 30 imaging



Although the historical annual improvement of
about 40% in central processing unit
performance is slowing,

the combination of CPUs packaged with
alternative processors Is improving at a rate
of more than 100% per annum.




Key tools of non-evidence based
medicine in 1990

+ Ex cathedra pronouncements by prestigious
opinion leader

+ Editorials
+ Non -systematic reviews

+ Professional society guidelines done for the glory
of the profession

+ Pamphlet from drug reps

+ Other marketing material disseminated in medical
"scientific" meetings

J.loannidis #Evidencelive Oxford 22 June 2016 Oral presentation



1992: Evidence Based Medicine

Evidence-Based Medicine

A New Approach to Teaching the Practice of Medicine

Evidence-Based Medicine Working Group

2420 JAMA, Novemnber 4, 1992—Vol 268, No. 17




g centre for :
Evidence-Based Medicine
TORONTOQ

http://ktclearinghouse.ca/cebm/

EBM is the integration of

-best research evidence from high

quality randomized controlled trials and
observational studies
In combination with
clinical expertise and
patient values (whishes and needs of patients)



EBM: independent assessment of evidence

100

B - Pre-appraised summaries - Secondary literature

C — Guidelines literature

% preferences to approach EBM
(Guyatt GH & al.BMJ 2000; 320: 954-5)




nature International weekly journal of science

Home ‘ N [ Research ‘ Careers & Jobs ' Current Issue | Archive ’ Audio

Volume 527 Issue 7576 M

Informatics: Make sense of health data

Julian H. Elliott, Jeremy Grimshaw, Russ Altman, Lisa Bero, Steven N. Goodman
David Henry, Malcolm Macleod, David Tovey, Peter Tugwell, Howard White & Ida

04 November 2015

Title Type SJR ey
1 Nature j 17,313 890
2 Science j 10,107 851
3 Pr?ceedlngs of the.Natlonal Academy of 5781 566
Sciences of the United States
4 Scientific Reports i 1,754 42
5 Indian Journal of Science and i 1,302 18
Technology
6 Progress in Natural Science: Materials 0,923 30

International

lllustration by David Parkins




Once upon a time...
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Once upon a time... Book Processor?

One hundred years ago someone could have really
imagined that in the year 2000 we would learn,
acquire new knowledge connected to a “book
processor”




Once upon a time... Book Processor?

processor”
It was the telegraph era,
of the Victorian Internet.




EVIDENCE KART







5% @l centre for
=1 Evidence-Based Medicine
TORONTO

What kind of evidence-.

Simple, disease-related
eV|dence for the average patient

1992!!!




Importance of co-morbidity
Prevalence and age trends for selected co-morbidities

— 1 or More Severe Comorbidities
Comorbidities

® Hypertension

60 O Arthritis

A High-Severity Heart Disease

& Moderate-Severity Heart Disease

O Previous Malignancy .
- < Stroke/TIA
O Diabetes

/A COPD /

404

30+

Percentage
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0 T T v T ' \
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Age Group, y

Holmes 2003



The complex clinical phenotype

ATRIAL
FIBRILLATION

Heart Failure :
Periprocedural
complications
Kidney Pulmonar
Failure

Embolis
Device
infections




thebmj

The BMJ SIS

Richard Smith: Stratified, personalised, or precision
medicine

The end of diseases as we know them

Precision medicine is a good term because current medicine is imprecise. For
centuries medicine classified diseases by what could be seen, felt, and smelt,
and then about a century ago we began to move to defining diseases
anatomically, physiologically, and biochemically. ...in 1944 the cardiologist
Thomas Lewis said that “Diagnosis is a system of more or less guessing in
which the outcome is a name.”

...We can now do better using molecular biology and genetics, and relatively
soon we will move to individualised computer prediction.



The BMJ ISISSSRSENoN

Richard Smith: Stratified, personalised, or precision

E
Doctors know that many of the patients they treat with drugs will
not benefit. Many patients know that too, which may be why some
don’t take their drugs.

The simple concept behind stratified medicine is that we

become smarter at identifying the patients who will benefit. Stratified
Medicine could be seen as personalised medicine, which | had heard of,
rebranded—because personalised medicine has got a bad name through
being oversold. It's perhaps fairer to say that stratified medicine (identifying
groups of patients who will benefit from treatments) is a step towards
personalised medicine, when treatments will be tailored to individuals...



FORUM

Academy of Medical Sciences

Stratified, personalised or P4 medicine: a
new direction for placing the patient at
the centre of healthcare and health
education (May 2015)

Summary of a joint FORUM meeting held on 12 May 2015.

Supported by the Academy of Medical Sciences, the University of Southampton, Science
Europe and the Medical Research Council.



An Evolving Scenario

Integrated Care supported by ICT

 From Disease-oriented Medicine to Personalized Medicine (4Ps)
* Predictive

* Preventive
* Partecipatory
* Personalized (superconvergence of data)
- A shift from the disease and speciality-oriented disciplinary silos

to knowledge hybridation (specific answers to complex
individual problems)

- Changes in the extent (holistically-oriented widening), depth
(hyperspecialism), renewal rate of knowledge basis




Reducing Uncertainty:
A fifth P : PRECISION MEDICINE

very large sets of health and disease-related data
linked to individual patients.

These data are also critical for the development of
the Information Commons, the Knowledge Network
of Disease, and the development and validation of
the New Taxonomy, different from the usual
Disease-based Taxonomy.

Toward Precision Medicine NCR 2011
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Precision medicine™ iIs

* The tailoring of medical treatment to the individual
characteristics of each patient... to classify individuals
iInto subpopulations that differ in their susceptibility to
a particular disease or their response to a specific
treatment. Preventative or therapeutic interventions
can then be concentrated on those who will benefit,
sparing expense and side effects for those who will
not”

* * President’s Council of Advisors on Science and Technology in 2008



Current Medicine
One Treatment Fits All

/ Il l ' II Effect
No effect
Therapy
Cancer patients with F :

e.g. colon cancer
Adverse effects

Future Medicine
More Personalized Diagnostics

I A @ 1 "
T _=_-;ir_. B
— 4 o »,—’7;33
Cancer patients with Blood, DNA, ,Zi
e.g. colon cancer Urine and Tissue Analysis

Effect



The time is right because of:

Sequencing Improved New tools
of the human technologies for for using large

genome biomedical analysis datasets

0




Watson and healthcare

How natural language processing and semantic search could revolutionize clinical decision support

HTL High Threshold Logic - NLP Natural Language Processing



A3

oie NEW ENGLAND ]OURNAL_of-MEDICINE

FEBRUARY 26, 2015

A New Initiative on Precision Medicine
Francis S. Collins, M.D., Ph.D., and Harold Varmus, M.D.



enabling the provision of the
right drug at the right dose to the right patient.



The NEW ENGLAND JOURNAL of MEDICINE

SOUNDING BOARD

Precision Medicine — Personalized, Problematic,

and Promising
J. Larry Jameson, M.D., Ph.D., and Dan L. Longo, M.D.

This article was published on May 27, 2015, at NEJM.org.



NATURE, APRIL 2015

IMPRECISION
MEDICINE
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COMMENT
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Time for one-person trials

Precision medicine requires a different type of clinical trialthat focuses on
individual, not average, responses to therapy, says Nicholas J. Schork.

NMATURE | VOL 520 | 20 APRIL 2015



Digital twins,
I gemelli digitali in medicina

51
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055:52:58 Lousma: 13, we've got one more item for you, when you get a chance.
We'd like you to stir up your cryo tanks. In addition, | have shaft and trunnion...
055:55:19 Swigert: Okay, Houston...
055:55:19 Lovell: ...Houston...
035:59+26-SwigeTt. ..-we' ve had a problem here. [Pause’]
096:22:28 Lousma: TRis is.fHou g A3y again, please. el
055:55:28 Fenner (GINBOWWeRE &0 a Haraware Restart. | don't know what it
was.

055:55:30 Kranz (FLIGHT): Okay. GNC, you want to take a look at it? See if you
see any problems?

ﬁ. 30 Lovell: [Garble.] Ah, Houston, we've had a pT6'b1'e111>
i It

055:55:41 Kranz (FLIGHT): You see an AC Bus Undervolt there, GUIDANCE -
ehhhm EECOM?

055:55:42 Lousma: Roger. Main B Undervolt. [Long pause.]

055:55:46 Liebergot (EECOM): Negative, FLIGHTO

55:55:48 Kranz (FLIGHT): | believe the crew reported it.

055:55:50 Lousma (CAPCOM): We've got a Main Bus B undervolt.

53



Apollo 13

Anrile 19 /0

SPLASHDOWN I 11:43 a.m. Apr. 17 8.15a.m. Apr
08 p.m. Apr. 17
Pacific. Sofe aboard to Command Module, their | and photographs

Iwo Jima ot 1:53 p.m. lifeboat Aquarius is jettisoned.| | decd Ser Module Shown at true Earth-Moon scale

All times cre E.S.T.

n South | After astronauts transfer Apollo jettisons

LIFT-OFF 2nd mid-course correction
3 p.m. Apr

Scturn's 3rd stage

S-4B) fires Apollo on |
SR bl | with Aguarius,
transiunar course.



Apollo 13
Aprile 1970

mond Module
3:43 a.m. Apr. 14 er Ot
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Com
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Apollo changes back to
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3l p.m. A
P B ervice Module
Mid-course correction N ¢ 2
free return tr

refines oim at Earth

4Vs-minute burn
by Aquari engine
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course toward Earth

llo on
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La storia del digital twin

L'idea del digital twin appare per la prima volta nel 1990 nel libro di
David Gelernter “Mirror Worlds”

Nel 2002 Michael Grieves introdusse il modello concettuale del digital
tween

Nel 2010 viene realizzata la prima applicazione pratica che ha dato
origine al digital twin come viene inteso oggi. Il digital twin viene usato
dalla NASA per creare simulazioni digitali di veicoli spaziali

Fonte: Maged N, Boulos K, Zhang P. Digital twin: from personalised medicine to precision public health. J Pers Med
2021;11:745 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8401029/pdf/jpm-11-00745.pdf

56



Metaverso - Definizione Accademia della
Crusca

Definizione
Insieme di ambienti virtuali tridimensionali in cui le persone
possono interagire tra loro attraverso avatar personalizzati.

Etimologia

Parola macedonia modellata sull’inglese metaverse, formato
dal prefisso meta- ‘con, dietro, oltre, dopo’ e il sostantivo
(uni)verse ‘universo:.

Fonte: https://accademiadellacrusca.it/it/parole-
nuove/metaverso/21513
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Il primo a definire il metaverso € stato Neal Stephenson nel suo romanzo Snow
Crash (genere cyberpunk) nel 1995.

"Sul retro segni impronunciabili che spiegano come contattarlo: un numero di
telefono. Un codice di reperibilita universale via segreteria telefonica. Casella
postale. Indirizzo in una mezza dozzina di reti di comunicazione elettroniche. Un
recapito nel Metaverso. «Che nome stupido» dice lei, infilando il biglietto in uno

degli innumerevoli taschini della tuta. «Ma non riuscirai a dimenticarlo» dice Hiro".
(Neal Stephenson, Snow Crash, Milano, Shake editore, 1995, p. 26)

58



| potenziali del metaverso in medicina

e Maggiore efficacia dei training di formazione e
aggiornamento del medico.
L'immersione in una realta virtuale consente di rendere
realistica la formazione

e Medicina sempre piu personalizzata, il medico puo
studiare le caratteristiche di quel paziente e capire in
quali condizioni i sintomi si accentuano e/o quando &
preferibile assumere la terapia e quale terapia

e Miglior monitoraggio del paziente cronico 59

e Miglior tutela dei dati grazie alle tecnologie NFT (non
fungible token) e blockchain



Gli ambiti di applicazione in medicina

Le aree per le quali si prevede un maggiore sviluppo del metaverso sono:

e (li interventi chirurgici - le nuove tecnologie consentono una
visualizzazione 3D del corpo del paziente cosi da interpretare e
pianificare meglio la tipologia di intervento

e la salute mentale, gia ora I'uso della telemedicina si & mostrato
particolarmente utile nei pazienti psichiatrici perché in molti casi
hanno piu facilita a parlare con il medico stando davanti al video
piuttosto che in uno studio medico

e la radiologia, con le nuove tecnologie si avra sempre piu la possibilita
di visualizzare immagini piu dettagliate che consentiranno diagnosi
sempre piu accurate

e la formazione, il metaverso consente di simulare situazioni reali *
cosi da rendere la formazione sempre piu pratica e priva di rischi



Digital twins - | gemelli digital

E’ un modello virtuale (dati e algoritmi) di un’entita fisica con collegamenti bidirezionali dinamici
tra I'entita fisica e il corrispondente gemello digitale.

Il modello concettuale & costituito da tre componenti:

e [l'oggetto fisico esistente nel mondo reale
e la rappresentazione digitale dell’oggetto reale
e la connessione tra oggetto reale e prodotto digitale

Fonte: Maged N, Boulos K, Zhang P. Digital twin: from personalised medicine to precision public health. J
Pers Med 2021;11:745 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8401029/pdf/jpm-11-00745.pdf
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Caratteristiche del digital twin

Real World ¢ Digital Twin [ 100 . - .
— S oo Da notare la connessione bidirezionale tra

mondo reale e il corrispettivo digitale

Digital Thread

Fonte: Maged N, Boulos K, Zhang P. Digital twin: from personalised
medicine to precision public health. J Pers Med 2021;11:745

https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC8401029/pdf/jpm-11-
00745.pdf

62



Il digital twin consente di predire sk
come evolvera un certo processo.
Tale predizione sta diventando sempre o

. s . . ] The Digital Twin in Medlcmg: A Key
piu accurata grazie allo sviluppo di to/the Futors'okHsathoare;

Tianze Sun'?, Xiwang He*, Xueguan Song’, Liming Shu** and Zhonghai Li'**

Department of Cithopedics, First Affilared Hospial of Dalian Medical University, Dailan, Ching, * Key Laboratory

L] L] L
’ of Motacuiar Mech: Remodaking of Orthopeaic Diseases, Dallan, China, * School of Machancal
e( :r ] O O I e asa e S l | I r ] e | e r ] Za Engineeing, Defan Unbersty o Techrology, Do, Chin, * Fesearch i Atact, Cantrfor Engiesting. St
of Engheering, The Uiniversity of Takyo, Bunkyo, Japan, ° Department of Mechanical Engineening. The Linversity of Takyo,

Bunkyo, Japan

L] L] L]
There is a growing need for precise diagnosis and personalized treatment of disease in
a I I CI a e recent years. Providing treatment tailored to each patient and maximizing efficacy and

efficiency are broad goals of the healthcare system. As an engineering concept that

connects the physical entity and digital space, the digital twin {DT) entered our lives at
the beginning of Industry 4.0. It is evaluated as a revolution in many industrial fields and
has shown the potential to be widely used in the field of medicine. This technology can

: - . 1 offer innovative sclutions for precise diagnosis and personalized treatment processes.

O p p I O u S S O I I n O rI I I aZ I O n I ra Although there are difficulties in data collection, data fusion, and accurate simulation at
OPEN ACCESS this stage, we speculated that the DT may have an increasing use in the future and

Editedby:  Will Decome a new platform for personal health management and healthcare services.

Maca A=l \We infroduced the DT technology and discussed the advantages and limitations of its

soggetto fisico e prodotto virtuale puo s e e oo

Waidemar kawowst, 19 Data, the Internet of Things (loT), and artificial inteligence (Al) technology; the DT
Linwersiy of Cental Fionga, - will help establish high-resolution models of patients to achieve precise diagnosis and
Unitea St parsonalized treatment.

creare rappresentazioni digitali potenti i | e NN,
e complesse dell'entita fisica,
facilitando il processo decisionale Fonte: Maged N, Boulos K, Zhang P. Digital twin: from

personalised medicine to precision public health. J
Pers Med 2021;11:745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC840102
9/pdf/jpm-11-00745.pdf



Gemelli digitali e simulazione - similitudini e differenze

Sia le simulazioni sia i gemelli digitali utilizzano modelli digitali per replicare i diversi
processi di un sistema.

Il gemello digitale pero € effettivamente un ambiente virtuale.

Una simulazione di norma studia uno specifico processo, un gemello digitale pud esso
stesso eseguire qualsiasi numero di simulazioni utili per studiare piu processi.

Le simulazioni di norma non traggono benefici dal disporre di dati in tempo reale. | gemelli
digitali sono invece progettati intorno a un flusso bidirezionale di informazioni: prima i
sensori dell'oggetto forniscono dati pertinenti al processore del sistema, quindi gli insight
dal processore vengono condivisi nuovamente con l'oggetto sorgente originale.
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Digital twins e la medicina 4P

L’applicazione dei gemelli digitali in medicina pu0 aiutare a rendere la medicina sempre piu personalizzata.

Secondo quanto riportato dalla FDA la percentuale di pazienti che non risponde alla terapia varia dal 38 al
75% per numerose condizioni dalla depressione al cancro. Cio si verifica per la variabilita delle
caratteristiche individuali. La medicina personalizzata € un approccio in crescita nell'assistenza sanitaria
che mira ad affrontare proprio questo problema fornendo trattamenti per le malattie e interventi preventivi
adattati alle variabili, ad es. fattori ambientali, che rendono ogni paziente unico. In questottica il gemello
digitale si pone come uno strumento complementare alle strategie della medicina personalizzata.

Fonte: Maged N, Boulos K, Zhang P. Digital twin: from personalised medicine to precision public health. J Pers Med
2021;11:745 https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC8401029/pdf/jpm-11-00745.pdf
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Digital twins e la medicina 4P

La creazione di diversi prototipi del paziente con i
gemelli digitali pud aiutare a valutare gli effetti dei
diversi interventi terapeutici in funzione di altri
parametri esterni rilevanti per il paziente per
esempio I'inquinamento ambientale, gli effetti
negativi della terapia, lo stile di vita ecc

Fonte: Maged N, Boulos K, Zhang P. Dlgital twin: from
personalised medicine to precision public health. J Pers
Med 2021;11:745
https.//www.ncbi.nlm.nih.gov/pmc/articles/PMC8401029/
pdf/jpm-11-00745.pdf
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Attuali applicazioni del gemello digitale in medicina

Ortopedia: é stato creato un gemello digitale per predire le proprieta biomeccaniche della
spina dorsale lombare in differenti posture. Il calcolo é stato effettuato grazie all'utilizzo di
dispositivi wearable

Cardiologia: Sono stati creati dei modelli digitali del cuore del paziente, tramite immagini
CT é stato possibile studiare accuratamente il caso e definire come intervenire
chirurgicamente

Farmacologia: E’ stato creato un modello digitale del cuore e sono state studiate le
interazioni organo-farmaco (progetto SIMULIA)

Fonte: Sun T, He X, Song X, et al. The digital twin in medicine: a key to the future of healthcare?
https.//www.frontiersin.org/articles/10.3389/fmed.2022.907066/full
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| gemelli digitali: quale futuro?

| gemelli digitali possono aiutare a predire diverse situazioni
e quindi a ridurre i rischi e | costi ma attualmente
I'applicazione in medicina € ancora limitata

Lo sviluppo di big data, Internet of things e intelligenza
artificiale forse potra aiutare in futuro i medici anche a
rendere le diagnosi piu precise, i trattamenti piu accurati
e a predire gli effetti dei trattamenti
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