Generation of data and related
technologies: sensing, OoC,
microfluidic collectors, ....
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Data generators in DTs Roadmaps

Joint action of FET
Proactive Projects,
requested by the EiC:

* DIGIPREDICT
* Neurotwin
* OPTOMICS

Ecosystem
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* Timely = Unify Digital
Healthcare in Europe

* Expected benefits
* Impacts
* Ethical Considerations

RESPONSE TO HEALTHCARE NEEDS
{\ﬁ% Proactive Care ri?;é;ia Reactive Care
E 3 4

® Reduce/remove disease risk + Screening for disease

@ Strong lifestyle execution + Less lifestyle execution

@& Decreased cost + Increased cost

@& Pre-disease intervention + Post-disease treatment

& Deterrent, precautionary + Remedial, counteractive

& Preventive, protective + Palliative, urgent care



EiC DT Roadmap to be released in April 2024

Human Digital Twins for Healthcare:
a bridge between physical and virtual worlds

Key components to build
DTs for healthcare

Functional and

Collect clinical data predictive simulations

* Data
* Models
* Infrastructure

Optimize decision

* Clinical settings and Hardware Middleware

validations (Physical Twin) (Data platfog (Virtual Twin)
° Reg u |at0ry and eth |CS Genomics/Ohmics é)e{ﬁﬁg Models & algorithms
Edge to Cloud Comp. . Machine Learning
frameWOI'k i Q Data processing
Wearable sensors Artificial Intelligence
 Healthcare economic models s\t@\lrs e - Visualisation & XR
and SUStaInabI“ty | ans On Chip Interoperability &

standardization
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Implementation of an Inclusive Roadma

| Twins are making po:

ble a revolution in human model development by

rom multi-omics analyses, medical and imaging

mult

The Ist International Symposium
on

6-17, 2024 Cyprus

https://digitaltwinshealth2024.eu/

tal Twins Roadmaps tow

h personalized Human Digital Twins

EDITH leaders and partners involved/invited.

EPOS-lasis, Cyprus;

n lonescu (EPFL,
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Edge technologies for data collection in Digital Twins

* Requirements
© reakime e On-chip Neuromorphic ~ System/Application
* Energy efficient EEG Edge Computing
* Physical footprint =
* Robustness -
* Security and privacy Ivm!
* Functions
« Sense
* Extract
* Classify
» Reason and decide
* Act
* How? Think future platforms:
 CPU &digital accelerators
* In-memory
* |n-sensor

_ | Ecosystem

Human-machine interface
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Example 1: vital sign, OoC and dynamic
biomarker data integration in hospital setups
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Monitoring disease progression
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Example 2: Data complexity in cancer & role of DT

Disease complexity in the 21st century with a focus on cancer (similar complexities apply to other
translational domains) and the role that a citizen-centric Digital Twin can play in the future.

MICROBIOTA PATIENT'S PATHWAY

e - RESISTANCE
PREOR ibla s ta o
TUMOUR 3 . . « ADVERSE EVENTS

- DISEASE ARCHEOLOGY
GENETICS "y i & EPIDEMIOLOGY

Cn New EiC Project
OUTCOME Real Care!

_ EXTERNAL ENVIRONMENT

GENETIC AND.
EPIGENETIC IMPACT
MOLECULAR AND
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* https://www.siemens-healthineers.com/perspectives/digital-twin-cancer

Hi guys, it's Anna @). After being quiet for a while, | feel like writing to
you again to tell you about what's been happening over the past few
weeks. Hopefully writing about my iliness won't just help me, but also
other patients out there who are experiencing similar things.

My doctors recently found several liver metastases that needed urgent
treatment. The weird thing is, | wasn’t feeling ill or anything.

| just received a call from my health coach a couple of weeks ago
asking me to come in to have an ultrasound. Turns out, it was my
“digital self” who triggered the call

. i\ §- Foa% .
Genomics g -“ d { @ ) Behavioral
e o

Vital signs 'v
“ Lab data

| /ﬂ
" | !’. 7
/y‘;‘j [t

Social 88
determinants r-..

Introduction: Course on Wearables & Implantab
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Investigational studides for biomarker
discovery in biofluids

* Challenge: very little know-how on biomarkers and their dynamics in
other fluids than blood (gold standard).

 Carried out as an EPFL-Xsensio collaboration and within EDITH
* Focus on interstitial fluid (ISF)
* No new sensors used, only lab analysis

EUROOCS 8/11/2023




- ISF screening: Study design

EPFL/Xsensio internal study :

* 20 participants with over 55
biomarkers being screened in
ISF and blood.

EPFL HUMAN RESEARCH ETHICS COMMITTEE

* ISF and blood collection on 20
healthy subjects. The ISF
collector is applied for 1 hour
on the triceps. Capillary blood
is collected at the beginning of
the ISF collection (~5oul)

RESEARCH PROTOCOL AND ETHICAL ISSUES - SECTION C2

This document needs to be uploaded in section C2 of the on-line HREC application form

Name applicant Pr. Adrian M. lonescu and Yann C. Sprunger, Eng.

Title project The Interstitial Fluid Content: A Promising Active Source for Diagnostic
Biomarkers - Preliminary Investigation in Healthy Volunteers

» Skin damage was assessed by a

dermatologist for 6 subjects, L Total protein e
24hours after collection. ——— Lactate, IgG, Albumin, NT-
Subject fully recovered; no skin ' ' PBNP, Chglesterol anda
damage was observable. P panel of inflammatory

proteins
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m NT-pBNP levels comparison: -{\g___}
)

* We have demonstrated that NT-pBNP

<125 pg/ml >125 pg/ml

Pressure/

was present in ISF at levels similar than T
i n serum Natriuretic peptides, including NT-proBNP, are HF likely.
produced within cardiomyocytes in response to stress, HF unlikely consider confounding

and are released after clinical tn’ggers.1 factors

» Strong association (r = 0.74) between
ISF level and serum level.
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Correlation summary O-link

Correlation coefficient summary ISF vs Serum
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Very strong association ~ Strong association Moderate association

J

* Intotal, 27 markers were statistically
associated between ISF and blood.

The correlation here is “static” we

would need to see the dynamics: "Does
the evolution in ISF correlates with the
evolutionin blood ?"

Correlation Coefficient (r) (Rot?ge:(gmgzlr;ne )
+1.0 Perfect positive + association
+0.8 t0 1.0 Very strong + association
+0.6 t0 0.8 Strong + association
+0.410 0.6 Moderate + association
+0.2t0 0.4 Weak + association
0.0 to +0.2 Very weak + or no association
0.0 to -0.2 Very weak - or no association
-0.2to-04 Weak - association
-0.4 t0 -0.6 Moderate - association
-0.6 to -0.8 Strong - association
-0.8t0-1.0 Very strong - association
-1.0 Perfect negative association

* The Pearson’s corelation and the
p_values are calculated given the null
hypothesis (Ho) : « The slope of the
regression line is zero »




Future development trends of data-driven DT includes

- Maturity, integration and adoption of related technologies - The implementation of
DT technology relies on industrial information systems, loT sensors, artificial intelligence,
big data, and other technologies. In sensing and OoC the maturity of the technologies is
very heterogeneous.

- Discovery studies of hiomarkers and their dynamics can precede and specify
further sensors developments — OoC can play an important role.

* The evaluation criteria for DTs should be more rigorous - systems that evaluate the
degree of development of existing DTs and clarify the direction of DT construction to
guide upgrading and optimization, especially in healthcare applications, are still lacking.

- Improvements and validations of data generation technologies and models in
clinical settings driven by well-identified use-cases - long process, requiring large
amount of resources multidisciplinary teams - EDITH EU platform as enabler.
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http://www.edith-csa.eu

Deliverables available under tab ‘dissemination/material’
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