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TECHNOLOGY FORESIGHT @ POLIMI

GOALS

® advance our path towards technology
Foresight activities to empower our

community and facilitate our industrial
partners

O challenge our vision on important matters

O promote and Increase awareness on
Politecnico di Milano’s expertise

In areas that can be further valorised

life sciences P health
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TECHNOLOGY FORESIGHT @ POLIMI

TECHNOLOGY FORESIGHT

detect “weak signals” of change
that might not be already part
of ongoing trends

explore possible futures
highlight pre-conditions and

necessary ecosystems to
facilitate new technologies

evaluate enablers & barriers
towards desiderable futures

support innovation and
technology transfer processes

highlight strategic

medium/ |ong-term choices




TECHNOLOGY FORESIGHT @ POLIMI

TECHNOLOGY FORESIGHT (@ POLIMI

o Ieverages POLIMI’s community independent expertise
» network of academic/industrial experts
O explores medium/long—term horizon to investigate technologies’ role

» opportunities, requirements, expected impact and risks

—> empowers a forward-thinking perspective

- informs key decision-makers
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TECHNOLOGY FORESIGHT AT POLIMI

PAST ACTIVITIES

TECNOLOGIE E INNOVAZIONI DIROMPENTI PER IL FUTURO

Quale impatto sugli obiettivi di sviluppo sostenibile?
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AREE DI IMPATTO

Bi i iali dell LEGENDA
isogni essenziali della persona

Sviluppo socio-economico TECNOLOGIE positi

Impatto atteso
S . 9
. . 'Xiy «— sigla categoria
sigla tecnologia — &
+ — ognipuntoindica
una tecnologia nellordine
riportato in elenco

BM — BIOTECNOLOGIE E MEDICINA EN — ENERGIA Md - Materiali 2D nessuno
Bs - Biostampa As . Alimentazione senza fili Me - Membrane per la cattura e negativo distribuzione percentuale
Lc - Lab-On-A-Chip Bu - Bioluminescenza potabilizzazione dellacqua delle opinioni
Mg Manipolazione del genoma Cc - CatturaCO: Mp - Metabolizzazione della plastica rispetto al totale
Oc + Organisuchip Em - Energiamarina Mt Materialitransitori per tecnologia e area
Pu - Potenziatori di capacita umane Fa . Fotosintesi artificiale Ne - Nanotubi di carbonio
Rm - Riconoscimento molecolare Rn - Recupero dell'energia Nn - Nanocellulosa - nanolegno Grlfants
Soddfes Sf - Somministrazione di farmaci Pt Pittura termoelettrica e e ot R
intelligenti IA — INTELLIGENZA ARTIFICIALE Qd - Stampa4D «— tecnologia evidenziata

Ti - Tatuaggiintelligenti Aa - Automazione Sc - Stampa 3D del cibo un collegamento evidenzia

Um  Umanoidi dellagricoltura al chiuso E Nome una tecnologia con marcata

Vs Vita sott'acqua Bc Blockchain Tg Transistor al grafene tecnologia - sinergia e/o competizione
suaree di impatto diverse

Cm - Interfaccia Cervello Macchina

Protezione dei valori universali "
DS — DISPOSITIVI E STRUMENTI Ra . Realta aumentata TR — TRASPORTI E MOBILITA

§ Ca - Cervello Artificiale Re - Riconoscimentodelleemozioni  Av - Automobili volanti o= exfienteaEti
) Cv  Comunicazione vegetale € Cittasenauto
I Imagingiperspettrale MA — MATERIALI Gs - Guida autonoma p
No -+ Nano-Optics Bp - Bioplastiche HI - Hyperloop
Governance Oe Optoeletptrcnica & Riilo CO. 14 ldrogeno 1 POLITECNICO
Og - Ologrammi Fi - Finestre intelligenti MILANO 1863
Qc + Quantum computer lg + Idrogel
Sb - Sensori biodegradabil Ma - Materiali auto-riparanti CENTRO DI TECHNOLOGY FORESIGHT

2020-2021

IL FUTURO DELLA MOBILITA URBANA SOSTENIBILE

Come ci muoveremo nel 20357

Categorie STEEP Traiettorie emergenti Tecnologie chiave

Impatto atteso per area di SDG

Sociale  Tecnologica Economica Ambientale  Politica TECNOLOGIA

Veicolia !

e veicoli a tecnologia avanzata

Veicoli a combustibile alternativo: batteria

— o

Veicoli a combustibile alternativo: idrogeno
Infrastrutture energetiche
e per la mobilita

Infrastrutture dati e
per aumentare la connettivita

|

Veicoli a carburanti alternativi

Strade elettrificate

| Smart Grid
— 5

Veicoli a guida autonoma di livello 4

POLITICA
Veicoli a guida autonoma dilivello 5
Privacy dei dati
Y
Mobilita guidata dall’analisi dei dati
S | bopptitedd Veicoli connessi all dellecosistema loT

Offerta di mobilita flessibile Trasporto pubblico surichiesta

— .
basata sulla domanda
Dispositivi i mobilit personale
CONFIGURAZIONE URBANA
Riconfiaurazione dell Sistemi di sharing/pooling di veicolisostenibil
struttura urbana
Avee urh ionidi
et HT !
rnelbrtiiiEiE Incentivifiscali per spostament sostenibil
SOCIALE Tassadi lcol: I livello di emissioni del mezzo
c—— Inclusivita Veicoli volanti urbani
Le motivazioni ' LB di mobiies mltimodale
h— per spostarsi
/ Esperienze di realts aumentata

Lo spostamento

come esperienza Esperienze di viaggio virtuali
Relazione tra categorie STEEP (Social, Technological, Economic, M goria di app delle traiettorie emergenti Livello di impatto espresso medio
Environmental, Pofitical) ¢ traiettoria emergente @ tecrologic @ politica @@ configurazione urbana @B sociale & negativo nessuno @D positivo

applicabile non applicabile — =
AREE DI IMPATTO
BEP SSE USR SPI PVU GOV “"\
Bisogi essential della persona Sviluppo socio-economico Uso sostenibile delle risorse Salute del pianeta Protezione dei valori universali Governance . POLITECNICO
s 2me 3EEL B OmE. 1 @ B Ul 15 K AT G 0EEA B 17 MILANO 1863
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CENTRO DI TECHNOLOGY FORESIGHT

2021-2022

IL FUTURO DELLE COMUNITA INTELLIGENTI E INCLUSIVE

Come vivranno ed interagiranno le persone nel 2035 per perseguire il proprio benessere?
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TRAIETTORIE EMERGENTI IMPATTO AREE DI COMUNITA SU SDG

Bisogni essenziali della persona

Le forze STEEP (Social, Technological,
Economical, Environmetal e Political)
O sono riportate al centro della

visualizzazione

© Economica

® Sociale * Eco-consapevolezza

" : * Economia locale
Uso sostenibile delle isorse + Abitudini lavorative flessibl * Generaione didse open-source

6mn s ¢ * Consapevolezza del benessere mentale Ridistribuzione del valore:
i * Formazione indipendente
* Nascita di living lab

* Ricerca di una comunita ® Ambientale
Salute del pianeta * Senso di solitidine

s © Espansione urbana diffusa
* Social street

© Gestione delle risorse
© Sharing economy

® Tecnologica
@ Politica

* Aumento della potenza di calcolo

* Bigdata * Coinvolgimento degli stakeholder

® Identita digitale * Democratizzazione della conoscenza

® Intelligenza artificiale potenziata © Diritti digitali

® Interfacce accessibili “ Governance decentralizzata

* Medicina decentralizzata * Megalopoli

® Micro-credenziali  Quartiere da 15 minuti

* Monitoraggio individuale della salute ~ * Riconfigurazione urbana

© Piattaforma di conoscenza * Servizi di supporto locali

® Sensori diffusi “ Smart rurban

P Ogni traiettoria & individuata In evidenza i 5 SDG pid influenzati dalle aree
‘6 . o da una forma univoca: di comunita
5 g . Comunita guidate dai dati
Sinergie per superare gli ostacoli interesse elevato
Cambiamento dei confini urbani
Servizi alla persona senza confini

Consapevolezza del sé
. Area di comunits
Educazione permanente
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Le 17 tecnologie chiave sono rappresentate da cerchi colorati Linfluenza delle

in base alla categoria e al possibile impatto atteso sulle traiettorie: LElckiopslems Eelt

sulle aree di comunita

@ Ambiente @ Digitalizzazione o forte o debole
1 Stampa 3D del cibo 11 Realta aumentata 7 o2
2 Agricoltura al chiuso 12 Blockchain 1 3
3 Recupero dellenergia 13 Riconoscimento delle [ 4
4 Comunicazione vegetale emotioni " s
14 Crowdfunding e -
e s 7 &
O & 15 Sistemi basati su " ,"\ .
5 Interfaccia cervello macchina intelligenza artificiale ; A 117 SDG sono ordinati
6 Poteniatori di capacitd umane 16 Ologrammi 0 9 in senso orario
7 Umanoidi 17 Assistenti intelligenti
8 Somministrazione di farmaci distribuiti
inteligenti \ POLITECNICO
9 Tatuaggi intelligenti pEte: . MILANO 1863
10 Coaching virtuale [ ) 5
O debole ¢
nessuna CENTRO DI TECHNOLOGY FORESIGHT
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WHAT TECHNOLOGICAL ADVANCES
WILL BE MORE TRANSFORMATIVE IN 2040?

HOW CAN OUR RESEARCH CONTRIBUTE TO
SUCH ATRANSFORMATION?

\_~ g - T

2040 PERSON
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TECHNOLOGY FORESIGHT @ POLIMI

THE FORESIGHT METHODOLOGY
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TECHNOLOGY FORESIGHT @ POLIMI

THE FORESIGHT METHODOLOGY

~__ REFRAMING,
~TACTING &

DISCUSSING
FACTORY

IMAGINATION

\FACTO RY .
\ JXT}. DED /- ~.
_L_,,H_S _——HR EXBE TS // /Top 10 TECHNOLOGIES
: Al TN B / INSIGHTS
W\ communiTy J F / ! \
SUR.LVEYS / TAKE-HOME E\SSAGES
o,\ //f // \\
< % N ry”
\ ®’) (‘/,).) \/ // P
\ 5 | % 2 X /./ \-\ / | /’/
experts SEl % -
INTERVIEWS PN § 8 \ SN / ///
\ . / N S / N
Mg N | / /””%”‘{\\
tes \ | / —  / \ O~
/ / - AN \ / _— /N \\\“\
\ * ’/,.,-/ o \
O \ \(\?\\5 / \\\ J / //// // \\ \\
=5 / Y / \ L
&asl ” \ .
% % /O / \ ™




TECHNOLOGY FORESIGHT (@ POLIMI

METHOD: INGREDIENTS

DO ITYOIIDCEIE

TECHNOLOGY STEEP force Te6

DAONDNOTICC

ENVIRONMENT STEEP force En2

ANITIAAIZ—~ADYANDILAL DICCICTANIAT

EcoNoMmY STEEP force Ec1

DDIN/ATIZATIANI

PoLiTics STEEP force Po1

50 STEEP forces SECURITY e

PEOPLE SIG

| . o UP TO HAVE
Global public health security is defined as the activities required, both
proactive and reactive, to minimize the danger and impact of acute public C H l P lM P LA

health ts that end le’s health hical regi
sieratonal basdars, N THEIR B NEW BIOMARKER

Population growth, rapid urbanization, environmental degradation, and B Y N E U RA LI P R E D I CTS ) B Y A N
the misuse of antimicrobials are disrupting the equilibrium of the — W H ET H E R ) N A L

microbial world. New diseases, like COVID-19, are emerging

at unprecedented rates disrupting people’s health and causing social and I N G E S T N E U R O N S w I L L ) M

economic impacts. Billions of passengers travel on airplanes each year,

Are you sure you are safe?

83 signals of change

5 O teC h NO | Ogl eS =i e cirlenbi i CAPSUl REGENERATE

24 POLIMI’s participants

(HEALTH) DIGITAL TWIN

_,”
Nt
@
S
i
O
PO A

3 physici

P y Health digital twins are defined as virtual representations (“digital
twin") of patients (“physical twin") that are generated from
multimedal patient data, population data, and real-time updates on
patient and environmental vaniables. With appropriate use, HDTs can
model random perturbations on the digital twin to gain insight into
the expected behavior of the physical twin—offering groundbreaking
applications in precision medicine, clinical trials, and public health.

Future applications?

References

bt/ wrew. nabure. comnlarticlen’yd 1746 0 22 - D05 -7

Ebtps: e nechi nlm ek poe e farticlpsl PAUCRIR 05 RS
hrm::.'llwww.l.im\.-hﬂmﬁnmc 5nrr|.'ﬂl.ﬁllﬂu‘&:ésd-ﬁt'ﬁgr-sﬁn
Fibtgs: iy, soieneedirect comfisiencelarticlelpa S FOL 072D 3OO0 065
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STEEP FORCES

SOCIAL

O “stable enough” major trends that
will possibly shape our future

TECHNOLOGICAL

O broadly recognised trajectories we

POLITICAL
observe today /

O referred to a broad spectrum, not
context-specific

ECONOMIC

ENVIRONMENTAL

desk research P 50 most relevant forces

TECHNOLOGY FORESIGHT @ POLIMI
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STEEP FORCES

SOCIAL

AGEING DEMOGRAPHIC CHANGES MENTAL HEALTH
NON-COMMUNICABLE DISEASES BEYOND GENDER MIGRATIONS
TECHNOLOGICAL
MEDCADCINE AUTONOMOUS SYSTEMS

AVATARS EXTENDED REALITY

ENVIRONMENTAL

PANDEMICS ANTIMICROBIAL RESISTANCE

EXTREME EVENTS ENVIRONMENTAL DEGRADATION

FOOD WASTE CIRCULAR ECONOMY BIODIVERSITY

ECONOMIC

NEW SPACES, NEW RELATIONS

PRIVATISATION

DATA EXPLOITATION

POLITICAL

INFORMATION & CONNECTION

SECURITY COLLAPSE OF DEMOCRACY

THE RISE OF ETHICAL QUESTIONS

PERMAFROST MELTING

E-COMMERCE

GEOPOLITICAL COMPETITION

ROBOTICS DIGITAL TWI

GLOBAL CLIMATE CHANGES

POLLUTION

LOSS

MORE PREVENTION, LESS CURE

(UNDPREDICTABLE INSTABILITY

WELFARE
NUCLEAR PATHS

STATES LIKE SILOS

LIFESTYLES

WORK FROM EVERYWHERE

COST OF LIVING INCREASE

DEEPENING DISPARITIES

DO ITYOURSELF

HYPER-CONNECTED HUMAN ENHANCEMENT

N CRYONICS GENETIC CONTROL

TECH GIANTS PERVASIVENESS

INSURANCE MARKET PLAYERS

LACK OF SKILLED WORKERS

(TRANS)NATIONAL IDENTITIES

GLOBAL COMMONS
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SOCIETY

STEEP force

AGEING

Are we all gonna be Dorian Grey?

Aging IS progressive physiological changes In an organism that lead
to senescence, or a decline of biological functions and of the

organism’s ability to adapt to metabolic stress.

Aging occurs in a cell, an organ or throughout the organism with
the passage of time. It is a process that goes on over the
entire adult life span of any living thing.
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TECHNOLOGY FORESIGHT (@ POLIMI

What do we know?

There is much debate among researchers about
the mechanisms that contribute to the ageing
process. However, it is widely accepted that
damage to genetic material, cells and tissues
that accumulates with age (and cannot be
repaired by the body) is the cause of the loss of

function associated with ageing.

Main causes of ageing are genomic instability,
telomere degradation, epigenetic changes, loss
of proteostasis, impaired perception of
nutrients, mitochondrial disfunctions, cellular
senescence, exhaustion of stem cells, altered
intercellular communication,

deteriorated autophagy.

References

https://www.who.int/health-topics/ageing#tab=tab_1

https://www.age.mpg.de/how-do-we-age

What do we not know?

What does ageing cause at the molecular level?
Why can it be repaired In young organisms
but not in old ones?

Clinical trials of senolytics might move toward

studies in presymptomatic individuals to delay
or prevent age-related conditions.

The remaining gaps in senescence research are
the study of the function of senescent cells in
other neurological disorders, including
traumatic brain injury, spinal cord injury,
chronic pain, epilepsy, etc.; the translation of
potentials of senolytics in neurological
disorders; the study of the dynamics of
senescent cell accumulation.

But what can senolytics do in the future?

https://www.nature.com/articles/s41587-020-00750-1

https://www.herl.pitt.edu/symposia/metabolic-pathways/presentations/MP-Zhu.pdf

|nspiring Examples

Unity Biotechnology was one of the darlings of
the nascent anti-aging biotech sector. It listed
big-name investors, such as Jeff Bezos and
Peter Thiel, an impressive lineup of academic
founders and a market valuation that once
reached $700 million. The company was, in
effect, the industry’s standard-bearer for the
therapeutic idea of destroying senescent cells
to blunt the ravages of aging.

Nov. 2023
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STEEP FORCES - MOST IMPACTFUL ONES

SOCIAL
AGEING DEMOGRAPHIC CHANGES MENTAL HEALTH LIFESTYLES DEEPENING DISPARITIES

NON-COMMUNICABLE DISEASES BEYOND GENDER MIGRATIONS WORK FROM EVERYWHERE DO ITYOURSELF

TECHNOLOGICAL
MED(AICINE AUTONOMOUS SYSTEMS HYPER-CONNECTED HUMAN ENHANCEMENT

AVATARS EXTENDED REALITY ROBOTICS DIGITAL TWIN CRYONICS GENETIC CONTROL

ENVIRONMENTAL
PANDEMICS ANTIMICROBIAL RESISTANCE GLOBAL CLIMATE CHANGES
EXTREME EVENTS ENVIRONMENTAL DEGRADATION PERMAFROST MELTING POLLUTION

FOOD WASTE = CIRCULAR ECONOMY BIODIVERSITY LOSS

ECONOMIC
PRIVATISATION MORE PREVENTION, LESS CURE TECH GIANTS’ PERVASIVENESS

NEW SPACES, NEW RELATIONS (UNDPREDICTABLE INSTABILITY INSURANCE MARKET PLAYERS

DATA EXPLOITATION E-COMMERCE COST OF LIVING INCREASE LACK OF SKILLED WORKERS

POLITICAL

SECURITY COLLAPSE OF DEMOCRACY WELFARE (TRANS)NATIONAL IDENTITIES

INFORMATION & CONNECTION GEOPOLITICAL COMPETITION NUCLEAR PATHS GLOBAL COMMONS

THE RISE OF ETHICAL QUESTIONS STATES LIKE SILOS




TECHNOLOGY FORESIGHT (@ POLIMI

SIGNALS OF CHANGE

O A small or local innovation
with the potential to scale In
size, Impact, and geographic
distribution

O Focus attention at the margins
of soclety rather than the core

O Concrete observations about
how the world 1s changing

today

THOUSANDS
OF PEOPLE
SIGNED UPTO
HAVE CHIP
IMPLANTED
IN THEIR
BRAIN BY
NEURALINK

N\ 4

NEW SMART

“I HAVE TOILET TECH
ANXIETY” TRACKS YOUR

INTO CHATGPT HEALTH STATS
HELPS YOU

IMMEDIATELY:

THIS HAPPENS

IN TAIWAN

images credits:
https://t.ly/95jsl

https://t.ly/Oshdy
https://shorturl.at/nVWNW




SELECTED LONG-TERM IMPACT TECHNOLOGIES

c MAPPING THE
LANDSCAPE:
DESK RESEARCH
ON THE FUTURE
OF HEALTH




FROM 50 TECHNOLOGIES

STEM CELL TECHNOLOGY

Replacement or regeneration of muscle, argans
tm-.ml.wn:kmwmw hﬂ't.lrlamlnz
m,,..m...

SMART PILLS OR PILL MONITORS

“Thve term “smart pills” refers to ministure electronic devices
that are thaped and desipned in the mald of pharmaceutical
capudes but perform highly advanced functions such as

seruing, imaging, and drug defvary, They may include

bmomwwwi.pﬂ.wchmulm

Oince they are swallowed, they travel slang the
el g W

TECHNOLOGY FORESIGHT (@ POLIMI

<o
M&M to obtmn and then sre eady shransted
rmuuwn

bl Loe tham gt

lmmwunumﬁhmm

NEUROTECHNOLOGY

Nourotechnology sesks ta underitand, enhance, and repair the
mmwu.i\wuhdmnlm

While a portion
aummnmmm»umwam«

 being used to o

Cﬂﬂmﬂmhupm‘ﬂﬂﬂnmfhww and
Mnmwmwmwmuwm
devices uied in all g ditions are of infirite value 1o
Itk Nticnib gy okdar, and e
mmmﬂnwfwlﬂmw'v

neirologieal disorders will chmb.

i oo b
2

Future opplications?

GENETIC TESTING
Genatic testing can provide a diagnesi for a
Mamfunmphhmkef
M“mmn(,m:mm.-

dene uning a blood or spit sample and results are
wiually roady in & Faw weeke

single gera v
et Future applications?
name genoma s
r— seuencing i

GENETIC EDITING (CRISPR,..)

Genetic aditing is a method for making specific changes to the
DNA of ol or argariam. I canbe used 10 add, remare, or her

DNAin the g Husman g hnelogies can be
e
et i gumﬁue;h" on).
CRISPR . . i :
ts) i wch soi s _n

Mwwam«mcmﬁnmw@
e in the laboratary from naturally eccurring genome editing
wyitemms Found in bacteris.

Future applications?

ARTIFICIAL WOMB

An anificial womb, or artificial uterus, is 3 device that
would allow for extracorporesl pregnancy by grawing a
Fetus cutside the body of an orgenism that would
rarmally carry the fatu to term.

Future opplications?

AR/NR/IMR/XR

Augmented Reality (AR) employs digital, visual, sudio, and sersory
elements to enhance the sppearance of something in the physical world
‘and provide real -ife interaction.

Virtual Reality (VR creates virtusl interactive

3. demensionsl (3D) ermironmants.

Nied Reality (MR) maviges real and virtual warkds to create unique
axperionces wher digital snd real cbyects cosnist.

Extended Reslity (XR) i the combination of all emvironments: real,

digital, man-made, natural, or computer- genarated.
[ — VRwrgesl | masieal pain AR asvinted
salf-care b engagemans | wurgeey trining | sewtion | managament | chacspy

Future applications?

e e e e

TRIBOELECTRIC NANOGENERATOR

The b bodvandi "l T

mnnwﬁnlmrymﬂw

TENG)-A

self-powered healthcare applications.
le.g, drug delivery, neural prosthesis, cell
medulation, circulatary system, microbial
Etinfast PP

; oot e
biodegradable electronic).

Future applications?

4
adm*nux.hulrgnw&utfmm

and pare volume, cantrollable pore-size
distribution, and regligible mass transfer resistance
inside the nanofibers. There have been many
reports on nanofibers a5 carren for

catabpt nancparticles of ensymes.

Future applications?

e i Err—

NANOTECHNOLOGIES

L hrology deals with th ineering of syiters at the
stomie nndml-whrhnllleanﬁ-»«wmlw?
molecular chemistry and physics with engineering to gain an

advantage over the unique changes to the propertes of
materish that cccur a1 a nancacale.

A major challenge facing the heslthears industry i the buman
Body's inabilty wmmmmﬁwﬂu

ik

unhmdm\tmpm hdmgmml’u:
enlly in the body, which not anly entures & mare precie
treatmaent but alsa reduces the chances of failure or rejection.

Future applications?
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GENOME SEQUENCING

The process of determining the entirety, or nearly the
erttiraty, of the DNA sequence of an arganium's genome st
2 ningle time. 5
=
e
R :
e e gep D

FLUID INTERFACES

Fhuid intarfaces arw ubi 4

cmmwm.nwmwzmm
The dynames

ndlnm:rm.nww:dwmndn ﬁud

intarface:
and n:bdim‘ e Pl e Rl s
and foams.

e Future applications?
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BIOIMAGING

Biomadical imaging methods are used for diagnestic and, in
temme cases, therapeutic purposes.
Bie-uwmmwﬁvn acros the

n.i wracen and Sppagatra m.-
contrast devion STapeg yviem d'
gt | bamedinl visunkrtion
Inuw WRD | dasase mapging | nd dats sugmantstion o6s

Future opplications?

APPLIED ARTIFICIAL INTELLIGENCE

B N beptutCgy T P
world of the metaverse to wark according to the rules

dufined by the creatce.
health batzer
monitoringdata [l 2 ebied astion
interpretation during surgery

improved data

making better
collection fram sensa of ‘?'ﬁ;‘""‘"
medical ettings I patientduta [ "N VE

Brfecce, Future opplications?

THERANOSTIC
Theranoatics s a combination of the term
dmpm-ww&gw:m& N - D‘

g identify (dhagn 1l

nmdmd’ucm d\agmd-ﬁm;h«w:elm
the main tumer and sny metastatic tumon.

Future applications?

ROBOTICS

Mnnamdwmﬂm
sciance that imvohes the conception,
manufactire, and operation of robats.
The objective of tha robotics ekl &

h\nﬂ‘ml machines that £an assst humars in a
variety of ways,

Robotics can take on several form. A robot might
resemble a human or be in the form of a rebotic
application, sch o robolic process sutomation,
which simulates how humans sngage with software
to parform rapetitive, rules- based tagks.

Future opplications?
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NANOMEDICINE

Branch of medicine that seeks to ok

apply

:ewmmo\'&mﬁwwmm
ﬂmmmw mdmmof

mﬂymen. ral nanomedscal applications have been
devaloped. Mduhw fnbwuﬂh

vehicles to administer vacci dicat d
therapy, inchuding the devel "
in cancer trestment.

HADRONTHERAPY

Radiation theragy is the medical use of ionizing radiation to treat
cancer. |n corvnitional radiation therapy, beams of X rays (high
photons) aos produced by accelerated sloctrons nd then
defivered to the patient to destroy tumar cells. The rext step in
radiation theragy is the use of carbon and other ions. These have
same clear sdvaritages even over protent in providing both a local
cantrol of very tumnons and a lower scuts o lite
touicity, In Europe, ummmnhdw-upyhuhcmgwwq
rapidiy and the first dual ian carts
Hdﬁng&mmﬂuum.pﬂmnnuhmdﬁmm

EXOSKELETONS

tachnologies
and fight systems, which can improve wearability and
scceptability.

rurershabditation Y5 ity :
ograntation gty x
..ppnhd.-vslu.«u,mdul ety Vi mctia. [ TS memd enbolinn
to mind cenrel

Future opplications?

BIOMATERIALS

function MWE—W?« pnpk-vﬁr M«m
[Biomaterials may be natural or synthetic and they ane used
medical applcations to support, enhance, o replace dimaged
tissue of & bichogical function.

2
& - -
sbvanced carbon-based conductive LN
e e b
R e s flexible sestranica

B Future applications?

ULTRASOUNDS
Traacrarial Ultrasensed Stimulation (TUS)
Tha s &) g e g s
& o e B it sch G T
aneiety, a new study suggests.
Ermargng Ultrasons Bucelestrorcs (UBEY)
UBES mth eearbe, implaniable, o highly toge health
gl B o o oy b et
m-d—nm«;&d«ﬂe«. b =
(T om— " UMF) & L 5, i F
Wsh
prone or i sl igh a g bor cemadicn haad
Mo . Future opplications?
PROSTHETICS

A artificial body part, swch i an arm, foot o
tooth, Mnﬁmoww'mwm-.

Evnu\dmh-o,mlnplxm
wide-range hearing aida, bionic eyes, and
wlectronic alfsction).

Buformen = i Future applications?
™
NANOMATERIALS

N srculite through the body by rmoving in #nd out of blood vessels, enter cell snd interict with
wb«hmlheduduowu&uhmmmmdunhmnwﬂm.m
m:hmdwmm and allow p ways. The main therapeutic

Follows: sobubilty (For otherwisa insoluble drugs), camriers for hydrophobic
entities, multifunctional capabii e and passh mpmwmummmmm

-
i

Future applications?
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IN VIVO CELL REPROGRAMMING

A “secand genaration” of callular Wr-m-‘ invobeas finsage-
peion factors NAs that directly
Wam one somatic cell to another. This technology was enabled
‘Mrm networks m n\. d-whpmm wht.h induces global

D P i :unnn sifu s
s 2 wauld not

nqmmlumlmulm

e 0 I

DRUG DELIVERY SMART SYSTEMS

Droa & refers to the i

el Ty i e th e
the body i needed 1o safely and efficiently achieve their
devired therspeutic effects. Drusg delvery smart yatems
can effectively reduce the dosage frequency while
maintaining the drug concentration in targeted
ergana/tissves for a longer peried.

I this sense,these contraled systers provide broad nsigh

Auctustion, reducing drug taxiciti proving Future applications?

BIOMETRIC SIGNALS

Abmmwwlum isa memmw q
S < :
-- - n Lo ain .

tima eod atzundance
nﬁm.m tracking

Future opplications?

WEARABLE 2.0

Waearabl ing e mwm

ey’ rascluti sth are liited by
digital technalagy.

Thve new frontier of wearable devices is deeply entangled with
anmwm

Anen type of fabei ic maleculbes

deenand for the user using a "cell-| Fno’wnll-m Eaclagy system.

Future applications?

PAIN BLOCKER

O i frve adults frves mith chrors s travel
da‘uwanﬁo&umwNohuwm
mbw“nmum,whﬁmdwn

mmmﬂn«w om.ldmmahp
portion of the populstion from debilitation.

: : swcrotoe [ wuprascopeier | ecopinal
- -

Future opplications?
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MODELING

Mn‘ntbwnma\‘aphpd.mmnd.w
that is difficult.
mnlmm«in:ll, Smmﬁcrmd-kmnuquhnmd
jpredict the behaviour of real obgects or yystems and are used in 2
Wym‘uw&&wﬂm
b such a5 the th onval double=halo: chodel oF
Mlmuﬂmdywmﬁumnh,oﬂumnﬁin —_—

todeseribe an batract or WWMHW =

compuLIts (wmuvul

Bafrince Future applications?
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IMPLANTABLE DEVICES

An Active Implantable Medical Device (AIMD]) is an sctive
madical device intendad to be totally or partially introduced

i’ AIAAD inchade a ik ;
and place. AIMD: range

designed in in di h the body for it T e
mHMdﬁrmnﬂ,ﬂmwa
Fequiremants to protect the health and safaty of patients. Future applications?
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BEd
(HEALTH) DIGITAL TWIN

Haalth digital tmi Safioad s virtued jon (“digital
mw‘lo‘whmf‘pﬁmﬂm'}ﬂmwwaudfm

m'wmdﬂpnmdﬂnpnplmdin and real-time updates on
patient and | variables. With sppropri .H‘Dhun
medal & hats
Hnnp«udb!hmwof piwdtm—nﬁum‘gmmu‘

d publc health

the digital twin to gain i it

BIOSENSORS

A bionenaar iv s device that measures biskagical or charical resctions by
gemerating signals proportional to the cancentration of an anshyte in the
reaction.

B . i ki g iaring drig
dacovery, MMmehuMMmm organivm,
and markers that are indicators of disease in bodily fluids
Subcatepories of sensars include wearables, portables, and digestibles.

mparature
Future applications? e
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WEB 4.0 TECHNOLOGIES

WEB3.00 d by technalogies such s i< wab, Al,
mhuudﬂbwwnfpolu.!Dmb(mlh'vnmnfU-Mhm
from "Secand Life")

1 and web i & databare.
& Viab £.0 i the set of sl technologies uch as ougemented
reality and big dato.
B k. sl e gt s g s el Kl el
o maore with new nterfaces, like intelfigent machines and brain-computer
Future applications? intarfacen.

3D PRINTING

3D bieprinting i a technology where bicirks, mioed with
Brving cells, are printed in 30 to tisswe-
Bt three-dimansional struetures. Currently, this

Mmhmﬁmmmmmmnmn

domiopog s e

trasmant syitem ks
“:‘m:’ dioging ipntarie [ roieivh oa it Future opplications?
ek salanies kgl Trotne

il A sy gt sedcl Sak

MICROPHYSIOLOGICAL SYSTEMS

A microphysiolagical system (MPS)is an
i d set of twa - or thee- &
callular constructs that are frequently referred to
a8 crgans-on-cheps or in vitre crgan constructs. The
constructs are made with immortafired cell Enes,
prinary eells from animals o humans, or, more
recanitly, organ-specific cells derived from nuive
cals, human embryoric stem celh, and induced
pluripatent stem cells.

Future applications?

Rfoecen :

1%
INTERNET OF MEDICAL THINGS

lmdhmﬂaﬁm&ddmnhrnmﬁ
in the hesltheare sector poasble,
uwwwuwwpmuﬁw
healthy, and empomwering ph
superlative care. It ha sl
i i
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% ramata patiom
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g of p
e A
re-admissions. loT alia has a majer & an
manitarng

treatment outcomes.

Future applications?

DIGITAL THERAPEUTICS

Digital tharapeuties (DTx) i
drwb;wﬁmwprwonk.mwwmﬂumﬁu‘dwd«orm
Dx uses digital implemants like mabile devices, apps, senaors, virtual reality,
mlumlﬂﬂmpu\dMnlMlowM‘w.npamm
DT well-cuatomzed

cae haove

haslth sernces s thaic h-gnmlulmd»l‘-e patients’ nneds.

wnd‘el .m..m..
paramatan moni

Future applications?
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CANCER VACCINE

Cancer vaccines are a form of immunatherapy that can belp
educate the immune systam about what cancer cells Tack
liks”™ 5o that it can recognize and eliminate them.

Future opplications?
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XENOTRANSPLANTATION

mi‘;mm.

OMICS TECHNOLOGY

uwwwm-\m-ﬁnw
cﬁnvub; p-mmm.dqmudwm

I¥'s 2 field ab
hurnan genome, nutrition and health. There is substantisl
dersty i the types of ‘omic, but the common

lunnmnlfomun(- class of beologieal mnlamluma

CAR. Taﬂnmmwmﬂﬂn%h

cell, tisue, of arganiam.

Future applications?

MICRO-ELECTROMECHANICAL

SYSTEMS
Nicr-ElectroMocharics Syt (MENS) s tho techrolgy o
e I unit that p dota (am intagrated
e e e —

Future applications?

ocgan-on-a-chip

IN VITRO FERTILIZATION METHODS

During IVF (in vitro fertiaation), an

removed from the woman's avaries and fertiized
with sperm in 3 liboratary. The fertilized egg,
called an embrys, is then returned to the
woman's womb to grow and develap. It can be
camed out using your eggs and your partner’s
sperm, or eggs and sperm from donars.

Future applications?

DATA SCIENCE
Big Data/Bio-informatics/Diata Hubs

Dita science is an interdiscipinany field that extracts
knowledge Muﬁwmmucmdn\d

dd ifc methods, data mining
tachnugoes, machine- hww‘,m bgdts.
The healtheare ind
md'ulmlmlmo«pmldmgnphy treatment
phmmhndmdwmummmnmnm

prevades aid to their procet, g
analysis, interpretation and assmilation,

Future applications?

CAR-T CELLS

mma;;;lumym

Mﬂimmw

miade by eallecting T ol from the patient and W e
m:‘thh&?ﬂnqln mmhhrnﬂ;
wnmwwhﬁlw

T culls can traat.
pationts with cancer

Future opplications?

X-RAYS

X-Rays are o Form of electromagnatic radiation, simdar te viuble light.
Unkke ight, hawever, x-rays have higher enargy 4nd can pas theeugh
st okgects, inchading the body,

images of tissues and

Madical x-rays are used to g
inide the body

|rxfm=rmwwth-b-4,dmp.umwm

¥-ray detector on the other side of the patient, an image wil be formed
that represents the “shadaws” farmed by the shjects insde of the bady.

Future applications?

Ohgonusleotides are a class of single- or
double-stranded small synthatic nucleie sed
jpolymers. They can huudln modilate gene
exprossion through  range of procesies
including RINA, target degradation by RiNase
H-madiated demvage, splicing modulation, non-
woding RNA inkbstian, gene activation, and
programmed gena editing, As wuch, these
molecules have potentil

spplication For myriad indcatons, with severl

Ly drag y ganing ape

e S Future applications?

METAVERSE

Ametaverse canbe any 3D virtual space poered by technologes
& Sty OARD, atiheil

-\uﬁpm (ALY, the Intermet al"l'l-n“{lah and blockshain -
that allows pacple o intersct with sach other (and in some cases,
with nen-human avatars),

impeang stcovi ta
b by Comractig.

LIQUID BIOPSY CHIP

S Ny o 5 " ple of
hlwd.m umhMMthmmhM
& tumar or small pieces of DNA, RNA, or ather molecules
relaasad by tumor ealls inta a parsen’s body fluids.

Liquid biopsy slows multiple samples t be taken aver time,
which may help doctors understand what kind of genetic o
mclecular changes are taking place in & tumer.

A ligid binpry may ba wsad to find cancer st an sarly stage. It

may also be used to help plan trestment or to find aut how e e
well trestment is working o if cancer has come back. e

Future applications?
""""": T

CTSCAN

A computarized tomography (CT) scan combines a sersm of
X-ray imagos takan from different angles around the human
ol :

body nptor processing sectional
images (dices) of the bores, blood vessels, and soft tissues
ivnide the body.

T seanis

X-rays do.

dagrase dnease or injury s well m to
plan readscal, surgetal o raduten treatreent

; Future opplications?

CRYONICS
Cryarics s the practice of reserving humans and srimals st
. cryogenic in the hape that i sence can
sy - ‘; rostore them to & healthy ving condition s well s repvenate
AL 87 them.
o b 7] At prasent eryonics can anly be parformed sfter
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DRUG DELIVERY SMART SYSTEMS
DATA SCIENCE

BIOSENSORS
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IMPLANTABLE DEVICES
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IMPLANTABLE DEVICES

An implantable device is an active medical device intended to be Fully or partially

inserted into the human body for diagnostic or therapeutic purposes, with the
intention of remaining in place. Due to their direct and long-term contact with
the body, implantable devices are subject to rigorous standards and requirements
to ensure the health and safety of patients.

Not only implantable, but also wearable technologies will play a central role. The
ubiquity of wearable computing elements is on the rise, albeit hindered by inherent
imitations in resolution and bandwidth imposed by current digital technology
paradigms. This evolution now intersects with biological frameworks and processes,
paving the way for a transformative era in healthcare.

EXAMPLES OF POTENTIAL FIELDS OF APPLICATION

Remote patient monitoring Glucose monitoring Heart rate monitoring

Connected contact lenses  Parkinson’s disease monitoring

Depression and mood monitoring |ngestib|e sensors connected inhalers

PHASES

TREATMENT REHABILITATION

PREDICTION PREVENTION DIAGNOSIS

OPPORTUNITIES

— Continuous monitoring of vital parameters

— Citizen-centred care and 6P medicine (Preventive, Predictive, Participatory,
Personalized, Psychosocial, Platforms)

— Development of new families of wearable sensors (smart rings, smart glasses)

REQUIREMENTS

— Massification of wearable and implantable technologies
— Availability and affordability

— Miniaturized batteries

— Data analysis

— Data management models

— Organisation of information campaigns

— Psychological stress, agitation and/or hypochondria due to control and
technological dependence on continuous measurement

— Over-diagnosis and obsession

— Invasiveness of drug delivery for implantable devices

— Possibility of self-determination and the choice to refuse continuous control

— Medicalisation of existence

— Lack of common platforms for data collection and analysis

IMPACTS

— Quasi-normal lifesyle for individuals requiring medications and continuous
monitoring

SECTION TECHNOLOGIES
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DIGITAL

CATEGORY

DIGITAL TWIN/MODELLING

A Digital Twin is a set of virtual information constructs that mimics the structure,

context, and behaviour of a natural, engineered, or social system. It is dynamically
updated with data from its physical twin, has a predictive capability, and informs
decisions that realise value. Health digital twins (HDTs) are virtual representations
of patients, derived from diverse patient data sources, population data, and
real-time updates concerning patient and environmental variables. Through
meticulous application, HDTs can simulate random deviations in the digital twin
to elucidate anticipated behaviours of the physical counterpart, thereby offering
revolutionary implications in precision medicine, clinical trial methodologies,

and public health initiatives.

EXAMPLES OF POTENTIAL FIELDS OF APPLICATION

Access to data-driven insights regarding operational
strategies, capacity, staffing and care models

N\onitoring Development of a unique model for each patient

PHASES

OPPORTUNITIES

— Prediction of disease progression

— |dentification of high-risk individuals

— Recommendation of preventive measures

— Monitoring without the implications of presence checks
— Relief for the healthcare system

— Personalised medicine

REQUIREMENTS

— Creation of predictive models

— Data collection and data availability

— Interoperability of data

— Development of decision models (with probabilistic formulation)

RISKS

— Lack of systems allowing for interoperability of data

— Privacy of data and non-medical uses

— Overconfidence in the adoption of the tool within the clinical decision-making
process

IMPACTS

— Reshaping industries to increase efficiency and identify issues

— Treatment of patients as virtualised standalone assets

— Improvement in treatment and diagnostics within hospitals and for individual
patients

TECHNOLOGIES
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IMAGING OUR FUTURE ...
ENVISIONING TOGETHER

Q alternative visions and futures’ analysis
O personal health paradigm
O opportunities and challenges’ discourse

O insights: in-depth analysis into possible
future developments
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EMERGENT ASPECTS: INSIGHTS

AUTO-MONITORING & SELF-TRACKING

FOR AN ACTIVE POPULATION ENGAGEMENT

ETHICS, PRIVACY, AND SECURITY
MORE PREVENTION, LESS CURE

MODELLING AND DATA

(RE)NEW(ED) RELATIONSHIPS: CAREGIVERS, FAMILY,
AND NEW COLLABORATIVE COMMUNITIES

MENTAL HEALTH AND WELL-BEING
NEW DISEASES AND NEW FORMS OF DISCRIMINATION
HEALTHCARE SUSTAINABILITY
A REMOTE ONLINE LIFE
EMPATHY AND THE NARRATIVE DIMENSION OF THE PATIENT
PERSONALISED MEDICINE

WIDESPREAD EDUCATION: HEALTH PROFESSIONALS’
EDUCATION, AND HEALTHCARE NETWORKS
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AUTO-MONITORING AND
SELF-TRACKING FOR AN ACTIVE
POPULATION ENGAGEMENT

The active involvement of patients, families, and the community at large

s essential to advance predictive models. The overall goal is to promote
autonomy and self-sufficiency by empowering people to effectively manage
their own care.

To this end, harnessing collective intelligence through information
crowdsourcing is crucial. It is necessary to promote awareness through
widespread dissemination and create care networks that incorporate
voluntary resources as additional support to the healthcare system.

Self-monitoring could support the maintenance of physical and mental
health through constant monitoring of vital parameters. Collectively,
continuous monitoring could benefit healthcare by providing data for
predictive and preventive modelling.

At the same time, the implications of self-monitoring are manifold. Sociality
could change and psycho|ogica| risks iIncrease in a context where existence is
pervaded by progressive medicalisation.

Technologies

Auto—monitoring and sehc—tracking for
an active population engagement

Digital Twin//\/\odelling
Digital Therapeutics
Web 4.0 Technologies

Internet of Medical Things/Wearable u

Biosensors

[/

Data Science @
Applied Artificial |nte||igence )

|mp|antab|e Devices @

[ ]
Next Generation Vaccines
STEEP SOCIAL AGEING DEMOGRAPHIC CHANGES MENTAL HEALTH LIFESTYLES
Forces DEEPENING DISPARITIES NON-COMMUNICABLE DISEASES

MIGRATIONS  WORKFROM EVERYWHERE DO ITYOURSELF

jISe\(olRelelleN\® MED(ADCINE AUTONOMOUSSYSTEMS  HYPER-CONNECTED
EXTENDED REALITY DIGITAL TWIN GENETIC CONTROL

SNVINONTISNIVNEY PANDEMICS  ANTIMICROBIAL RESISTANCE GLOBAL CLIMATE CHANGES
EXTREME EVENTS  ENVIRONMENTAL DEGRADATION POLLUTION
CIRCULAR ECONOMY  BIODIVERSIT LOSS

He@lNe)V\[6® PRIVATISATION  MORE PREVENTION, LESS CURE  TECH GIANTS’ PERVASIVENESS
NEW SPACES, NEW RELATIONS  (UN)PREDICTABLE INSTABILITY  INSURANCE MARKET PLAYERS
DATA EXPLOITATION E-COMMERCE  COST OF LIVING INCREASE ~ LACK OF SKILLED WORKERS

HOINN(oNRy SECURITY COLLAPSE OF DEMOCRACY  WELFARE
INFORMATION & CONNECTION
THE RISE OF ETHICAL QUESTIONS  STATES LIKE SILOS

SECTION INSIGHTS
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MODELLING AND DATA

The availability of data and the ability to analyse them are the new gold rush

to predict and prevent diseases. It is necessary to deve|op simulation systems
and tecnnologies to implement clinical research based on real world data
and define new criteria for predictive modeling.

Advanced predictive models and extensive data availability can enhance
health outcomes. However, due to the intimate nature of this data, data
protection and new privacy paradigms are essential to prevent
unauthorised use.

An information system for citizens must be developed so that tney are aware
of the use of monitoring systems.

Situations where individual narratives are depersonalised tnrougn the use of
models and data, as well as their inappropriate use for non-medical purposes,
raise signiﬁcant questions for the future.

Technologies

l
Digital Twin/Modelling Modelling and data

Digital Therapeutics
Web 4.0 Technologies . [ |

Internet of Medical Things/Wearable =

Biosensors ®

L/

Data Science ®.
Applied Artificial Intelligence ~ #.

Implantable Devices 4

STEEP YoldIN® AGEING DEMOGRAPHIC CHANGES ~ MENTALHEALTH  LIFESTYLES
Forces DEEPENING DISPARITIES ~ NON-COMMUNICABLE DISEASES

DO IT YOURSELF

jISe\(olRelelleN\® MED(ADCINE AUTONOMOUSSYSTEMS  HYPER-CONNECTED
AVATARS DIGITAL TWIN

SNVANONTNSNIVNEY PANDEMICS  ANTIMICROBIAL RESISTANCE ~ GLOBAL CLIMATE CHANGES
EXTREME EVENTS  ENVIRONMENTAL DEGRADATION

Heol\[o]'\[e® PRIVATISATION  MORE PREVENTION, LESS CURE  TECH GIANTS’ PERVASIVENESS
NEW SPACES, NEW RELATIONS INSURANCE MARKET PLAYERS

DATA EXPLOITATION E-COMMERCE LACK OF SKILLED WORKERS

HOINN(oNRy SECURITY COLLAPSE OF DEMOCRACY  WELFARE
INFORMATION & CONNECTION
THE RISE OF ETHICAL QUESTIONS

INSIGHTS

SECTION
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TRANSFORMATIVE PERSONAL HEALTH TECHNOLOGIES IN 2040

STEEP Forces, Technologies and Insights

STEEP FORCES

INSIGHTS

Auto-monitoring and self—tracking for an active population engagement

TECHNOLOGIES

Social

Ageing

Non-communicable diseases

Mental health
LiFestyles

Deepening disparities
Demographic changes
Beyond gender
Migrations

Work from everywhere

Do it yourself

Technological
Med(Al)cine
Autonomous systems
Hyper-connected
Human enhancement
Extended reality
Robotics
Digital twin
Cryonics
Genetic control

Avatars
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Extended Reality

More prevention, less cure
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TECHNOLOGIES’ ANALYSIS

O opportunities provided by technologies with
respect to the application contexts

O enabling factors, requirements necessary
for the technology to make an impact

O evaluating potential risks related to the use
of technology (often technological dual use)

O expected iImpacts the technology can
actually have In transtorming the personal
health scenario
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TAKE-HOME MESSAGES

DIGITAL HEALTH

humans as data In
hyper—connected
socleties
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PROACTIVE
HEALTHCARE

from cure to prevention
through prediction

MYDICINE

increasing\y

taillored medicine

SUSTAINABILITY
& EQUITY

challenges to reduce

the gaps
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NEXT STEPS

O How will new technologies change the
structures of the healthcare system?

O What new relationships will be
established with the advent of new
technologies at the ecosystem level?
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