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Digital Twins
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DT = virtual representation of a 
physical object or system across its life-
cycle. It uses real-time data and other 
sources to enable learning, reasoning, 

and dynamically recalibrating for 
monitoring, diagnostics and 

prognostics

Concept from Industry 4.0 
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Digital Twins in 
Healthcare
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The direct use of individual-specific 
models for the prevention, prediction, 

screening, diagnosis and treatment of a 
disease, as well as the evaluation, 

optimization, selection and 
personalisation of intervention options 

Consensus definition from EC workshop on human digital twin
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NASEM report on DT 2024



Components of a Digital Twin

Hardware

Sensing
Imaging

Computing

Middleware 

Integration
Communication

Management 

Software

Virtual twins
Simulations
(RT) analysis
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Cell
Tissue
Organ
System

Manufacturing

Therapy

Y. Feng, OSU O. Camara, UPF

Geris lab 

Medical Facility
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In Silico technologies for Digital Twins
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Black box, driven by data
AI, machine learning

White box, driven by knowledge
Physics/physiology-based models
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www.fda.gov (CDRH report)



10www.fda.gov (CDRH report)
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Example 1: MyDigitwin

11ICES 3/10/2024
11

https://doi.org/10.1016/j.hjc.2024.06.001V. Asselberghs, Amsterdam UMC
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T. Desaive, U.Liège; V. Uyttendaele, InSiliCare

Example 2: ICU



Example 3:
LAAOD
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O. Camara, UPF

O. Camara, UPF
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Y. Feng, OSU

Example 4:
Lung DT
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Y. Feng, OSU



Y. Feng, OSU
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Y. Feng, OSU
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In silico clinical trials
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The product was released 2 years 
earlier

2 years

Reduction of the number of 
patients involved in the clinical trial

256

Cost reduction due to the reduced 
number of patients

$10M

Number of patients treated during 
these 2 years with the product

10,000

Courtesy of Medtronic
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From an engaged ecosystem…
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Important role for ecosystem organisations

Policies

Incentives

Community

User experience

Technical implementation

Academia, HTA, hospitals VPHi + industry
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In silico medicine in regulatory science

Reduce, refine & replace traditional sources of evidence to establish 
safety and effectiveness

24

Tina Morrison, FDA
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From the computer screen to the patient
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Standards related to Digital Twins
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https://fairsharing.org/4787



Translation towards the patient

GMP

Policy makers 
EU/national

Regulatory 
bodies

QSRGCPGLP Standards Certification

Quality Management System
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OECD, WHO,...

ISO, ASME,…

ICH

Standard Operating Procedures
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Translation towards the patient

GMP

Policy makers 
EU/national

Regulatory 
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OECD, WHO,...

ISO, ASME,…

ICH

Standard Operating Procedures

GSP
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Good Simulation Practice

• Community effort
• Academia

• Industry

• Regulators

• HTA

• Ethics & social sciences 

• Used GCP as basis

• Each chapter reviewed by FDA
29
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Clinical survey on in silico medicine

Lesage+, Front. Med Tech, 2023
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Clinical survey on in silico medicine
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Lesage+, Front. Med Tech, 2023
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ELSI challenges: social acceptance & trust

• Trustworthiness vs trust

• Important role for clinician
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Educational videos

Educational material

Coming soon! 

VPHi Info Kit

A DIY guide for 
stakeholder engagement 

and outreach 
on In Silico Medicine

All material combined
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… to an incipient infrastructure
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EDITH-CSA objectives

Ecosystem Roadmap Repository Simulation
Platform  
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Virtual Human Twins – pragmatic definition

The Virtual Human Twin (VHT) is 

a systematic, ever-growing digital and quantitative representation of 
the actionable knowledge available on human pathophysiology. 

The European VHT platform will enable 
the pooling of resources and assets (data, models, algorithms, 

computing power, storage etc.) to develop digital twins in healthcare and 
assess their credibility. 

It entails the development of a federated public infrastructure and the 
collection of appropriate resources, driven by the engagement of a 

collaborative ecosystem.
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Virtual Human Twins
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you can run all those models on 
every digital dataset available in 

Europe on human health

What could the VHT look like? 
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you can access every digital twin 
developed so far by anyone in 

Europe, including your own

𝐼 𝑥, 𝑡 = න
0

1

𝑥𝑦ln(𝑡) 𝑑𝑥

you can search catalogue by data 
type, anatomical location, age of the 

patient, and many other attributes

you can match any digital twin with 
any available dataset that is a valid 

input for that model

# Program adds two numbers

num1 = 1.5; num2 = 6.3

sum = num1 + num2

You can script the whole VHT, and 
save your scripts for automation or 

reuse by you or others

you can orchestrate multiple digital 
twins to build multiscale or 

multisystem models
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Uptake in Industry & Clinics

• Industry
• Access to resources (data, models, 

compute infrastructure, storage 
networks,..) 

• Sand box

• Benchmark

• Technology development

• ELSI clarity & certainty

• Find partners

• New commercial opportunities

• Clinicians
• Train on virtual patients

• Test hypotheses  on pathologies

• Clinical decision support

• Investigate comorbidities

• Integration in clinical workflow

• Access

• Data & annotation
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Pre-selected use cases
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Partner Topic Model Data Computation Integration Use case(s)

BSC Cancer 
(PerMed
Coe)

Multiscale, agent-based Single cell sequencing, 
images

HPC Workflow in development Personalised health 
forecast

U.Liège & 
UKA

Intensive 
Care (MII, 
STAR)

Pharmaco- dynamics Nutrition intake, glucose 
measurements, 
mechanical ventilation

Bedside, 
realtime

Parameter sensitivity In silico clinical trials, 
Personalised
treatment

QMUL & 
EPFL 

Cardio-
vascular 
(CVDHub)

mechanistic 
electromechanical 
model + with ML 
algorithm 

Medical images (CT, 
MRI), electroanatomic 
mapping

HPC, GPU Single-organ workflow 
established; integration 
with cancer use case

In silico clinical trials, 
Personalised
treatment planning

UNIBO Osteo-
porosis 
(BBCT)

Mechanical model Medical images HPC Single-organ workflow 
established

Personalised health 
forecast

JFZ + 
QMUL

Brain 
(BigBrain)

Data-driven model Very large data-sets 
(1TB)

Distributed Single-organ workflow 
established,  integration 
with CV use case

Personalised 
treatment planning

HITS Platform 
(SEEK)

Repository Repository Cloud Development of API to link 
to EDITH repository

Linking EDITH to 
existing repositories
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Possible 
architecture 
simulation 
platform 
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Digital Europe program: procurement for 
simulation platform (24 mio€) – DL 7/6/2024
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To realise the VHT, work is required on:

• Technology
• Individual resources: data, 

models, algorithms
• Integration of resources
• APIs
• Infrastructure, networks
• Hardware: imaging, sensing…
• Connection EHDS, SIMPL 

• ELSI
• Access, privacy
• Ethics, code of conduct
• Legal & policy aspects
• Regulatory considerations
• Standardization 

ICES 3/10/2024

• Users
• Different profiles
• Access & workflows
• Interaction with other platforms & 

repositories

• Sustainability
• Clinical uptake
• Large companies
• Start-ups
• Marketplace
• business modelling
• ERIC, EDIH
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Integration 

• Integration of models
• Different levels (tissue & intracellular)

• Different organ systems (e.g. heart & lung)

• Orchestration : strongly vs loosely coupled

• Integration of data
• Different types of data (e.g. images & wearables, omics & wearables)

• Integration of model & data [when data and models are not co-located]
• Bring data to the model > data replication services 

• Bring model to the data > model containerization
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Complementary to existing RIs

+ VHT
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Roadmap for the Virtual 
Human Twin



Roadmap writing & validation

• Design phase (1/10/2023-31/7/2023)
• Consortium, industry advisory board, expert meetings (covering all elements of ecosystem)
• Public writing 1st draft

• Develop phase (1/8/2023-16/7/2024)
• Manifesto, boards, expert meetings, ecosystem meeting
• Public writing 2nd draft

• Deliver phase (17/7/2024-31/12/2024)
• Ecosystem: public endorsement
• Advisory boards: expert / political endorsement
• EPF: patient endorsement
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Roadmap writing & validation

• Design phase (1/10/2023-31/7/2023)
• Consortium, industry advisory board, expert meetings (covering all elements of ecosystem)
• Public writing 1st draft

• Develop phase (1/8/2023-16/7/2024)
• Manifesto, boards, expert meetings, ecosystem meeting
• Public writing 2nd draft

• Deliver phase (17/7/2024-31/12/2024)
• Ecosystem: public endorsement
• Advisory boards: expert / political endorsement
• EPF: patient endorsement
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Manifesto for the Virtual Human Twin

• Driven by EC, facilitated by EDITH 

• Why?
• Way of demonstrating support from ecosystem

• Increase visibility of VHT-related activities 

• High-level entry into the VHT

• http://www.virtualhumantwins.eu 
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http://www.virtualhumantwins.eu/
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Sustainability & Ecosystem involvement

• Develop and promote specific (policy) recommendations to further the
development of the VHT ecosystem, infrastructure and uptake.

• Develop incentive mechanisms for developers/researchers for
uploading and/or making their resources available on the federated
infrastructure.

• Promote buy-in in the community, targeting resource developers
(modellers, infrastructure providers, data collections) and users, but also
regional & national initiatives in EU27.
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Roadmap writing & validation

• Design phase (1/10/2023-31/7/2023)
• Consortium, industry advisory board, expert meetings (covering all elements of ecosystem)
• Public writing 1st draft

• Develop phase (1/8/2023-16/7/2024)
• Manifesto, boards, expert meetings, ecosystem meeting
• Public writing 2nd draft

• Deliver phase (17/7/2024-31/12/2024)
• Ecosystem: public endorsement
• Advisory boards: expert / political endorsement
• EPF: patient endorsement
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http://www.edith-csa.eu 

Deliverables available under tab ‘dissemination/material’

Sign up for updates under ‘get involved/contact form’

Access roadmap files for providing input/feedback under tab ‘roadmap’

@EDITH_CSA_EU

@EDITH_CSA

http://www.edith-csa.eu/
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