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Virtual human digital twin and Al agentiCtntegration: Will it
change the health prevention paradigm?
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Digital Twins in Healthcare
BSR4

From prediction to personalised simulation and decision-making: not simply predicting the future, but helping us explore

alternative futures
MIIERMECIEIUS AR : FRETMNKREK - MEBBFEITIREZERRBIEREK

Healthcare is becoming increasingly data-rich — and increasingly complex.
EFETRAEEFE - IEEX

EHR Imaging Wearables Genomics Environment Lifestyle
EBFImh 1R AR E HEREHF R AJETIR
Digital twins are evolving from DYNAMIC DIGITAL #=m 25 AE TE MAL SR « S8
models of machines, organs or .
processes towards incregasingly HEANEIENIEY IO BURARRE, REANT
7S FRAL AAREEERIE

comprehensive representations of
individual people.

More data ® more chronic conditions ® more personalised decisions
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What exactly is a Healthcare Digital Twin?
HomETHFEE"

DIGITAL RECORD . Al MODEL . DIGITAL TWIN
HFicH AlRRES MFEE
What happened? What is likely to happen? What happens if we do something differently?
RETHA REREMTA MBR—FGE - SREFTA?

Representation e Continuous updating ® Prediction ® Simulation ® Feedback
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Where are we today? E(1MELAFHLMEE?
Maturity is very uneven across healthcare [E77 3R ER A&

RELATIVELY MORE MATURE * Cardiovascular o D)0
e Orthopaedics / musculoskeletal « BR/ILE RS
X B * Selected oncology applications o TR 4 Ach ez K7 FE
EMERGING . Bra.in / neurpdegeneration o B/ 2B T S
* Frailty / ageing o ZE5/E L
IEFE X e Chronic disease o 12155
RESEARCH FRONTIER e \Whole-person Digital Twins « & AT
¢ Virtual Human Twins o B ARZEAE
5 A

Whole-person representation remains much less mature than organ- or disease-specific twins.
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Where is the State of the Art? BRIERBLAHEENIE ?

Domain &g
Cardiovascular M E

Current maturity BT IE
. Relatively

advanced L XTI
a:vaR:clzzvely L XTI

L L BB AL/
Emerging/advanced in g
specific areas

© Research frontier © WEELA

Examples of DT use ¥ F§ 7~

electrophysiology,
intervention planning

joint/spine modelling

tumour growth, treatment
response

disease progression,
stimulation, diagnosis

mobility, falls, functional
decline

multimorbidity,
personalised trajectories

While truly promising we should not oversell the maturity of Virtual Human Twins.

Orthopaedics RS
Oncology b=
Brain/neurodege fx/#&Z BT
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Why is the human being the hardest Digital Twin?
NTAANREUENBFEE?

Physiology Medication
Biology IS 5L
£
Behaviour

Cognition

\ e

=

Care // Environment

e EZN

Social context
HEEE

Multiple interacting systems ® multiple data sources ® multiple timescales:

The challenge is not simply having more data. It is understanding how these different dimensions interact over time
SN HEEERZ o 25 A SLEE kg 2 MiNJIZI]AS Linked )
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Where could Digital Twins create the greatest
value? HFZEEpEMErEEEZANME?

Personalised treatment

Early detection N Progn03|s
RHEH mt\”r
PERSON
A
Continuous monitoring What-if simulation
M RiZEREN

From reactive care > proactive, personalised care
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The real breakthrough: “What if?”
RIERZRE : “WNR.....=EHF?”

Treatment A - trajectory A

JBITA > BVIDA
CURRENT PATIENT PATIENT
TRAJECTORY DIGITAL TWIN Treatment B > trajectory B
SLEEES BEHTEE e
What if: ,
* medication is changed? ?ﬂ% ; SR ?
* physical activity increases? . ERMBKED?
* rehabilitation starts? s JFUWREE?
e nutrition improves? - WEEFR? : . .
« home environment changes? E&QE\%&?E ? No mter;t’e;%)ll-;;;g:ctory C
* treatment is delayed? SERIBTY
Prediction tells us what may happen. Simulation asks what could happen.
Decision support helps us choose.
Linked [
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A Digital Twin is an ecosystem — not an Al model
BFEER—TESRY, MARZARE

REAL WORLD Patient * EHR ¢ Imaging ® Sensors ¢ Omics ® Environment
A SCit5? BE BRI e 18 o TRz « HF « IR
INTEGRATION Interoperability ® semantic harmonisation ¢ trusted access
o) HIZEME o BX G — o A[{E1710)
MODEL Patient-specific representation
i BERFEMRIL
SIMULATION + Al Prediction ¢ risk ® scenarios
I +AI TN o XIPQ o [H 5
DECISION Clinician ¢ patient ® care team
RE ImPREESE « B « BRIFEIRA
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The missing ingredient:

REBIXE : BS

EHR Lab

S Y] L0
Genomics Home

HERHEZE KIE

integration
Imaging Wearable
-7 R E

Patient-reported

BERE

INTEROPERABILITY + SEMANTICS + GOVERNANCE
HiBfrtt + B Y + A

COHERENT, LONGITUDINAL

PATIENT MODEL
ES -~ Y BEEE

Data quality determines twin qualit

(R e
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Al alone will not be enough XZEAIZALRTE

Al / MACHINE LEARNING

MECHANISTIC / KNOWLEDGE MODELS
Al/H 855 3] AL/ £0IR R B
Pattern recognition £ X, 17 5/ Physiology 4 =
Prediction I Disease mechanisms & & #1l
Personalisation ™41k

Causal relationships E & % %

\ /

HYBRID DIGITAL TWIN
ERRERFEE

Data-driven + knowledge-driven
& 1=k XE + 31 - ALL Linked )
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What does a clinician actually need?
IREEEIEFTZTA?

RELEVANT RELIABLE UNDERSTANDABLE
LEPS BIE: o IR fiE

Answers a real clinical question Validated against real outcomes Clinicians can interpret the output

[ & 5K |lm PR o] & KELEFWIIE I PR 2 BE AR R4 L

ACTIONABLE INTEGRATED
EIEsE) B

Supports a possible intervention Fits the clinical workflow

32 $ AT SR A T 3 A A llm PR TAE7m

The best Digital Twin is not the most sophisticated one. It is the one that improves a decision.

BIFHNBFEEAZRHERD - MIBAENZRRH
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And what does the patient need?

BEANTEMN

CLINICIAN . PATIENT
EPRE & i oot — BE
“Which intervention is most appropriate?” “What does this mean for me?”
“WHFNHFTE?” “INEERETA ?”

Personalised information ¢ shared decision-making e Preve ntion e self-management e feedback
TMELER e LRIRK « Tiifh e BEREE « RIT
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Trust is the real gateway to adoption
sEFERAMNEIEAR

Privacy Ethics Explainability
B2 A R o R

Uncertainty

EME

\ TRUST / /

—
B
Security Human oversight Accountability
Zet ATEE [8] 3%

No trust 2 no adoption

g gy ZAEE->RERA
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The “valley of death”: from prototype to healthcare
“BETZ2A” : MRBEFEMEITSEER

Research Prototype
R — R
T L. Nl

g =
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Technical Clinical Real-world Health-economic Routine care
validation — validation ~"implementation—  evidence T EAEST
RIS UE I RYS IE EXtHRE 2 DELFRIER
THE GAP
b=

The hardest step is not building the twin.
It is proving its value in the real world.
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Five priorities for Europe BN R IN{LEIESS

01 02 03 04 05
DATA MODELS VALIDATION TRUST SCALE
Bz CXid] I B AR
Interoperable longitudinal health data ~ Independent clinical & real-world evidence Infrastructure, interoperability & sustainability
Al B2 EMN OB REIE I Im RSB FRIERE Rt - GEFEESolEst
Open, robust, reusable approaches Privacy, ethics, transparency & accountability
Fk. 2R oERMNAA f2Ah ~ 238 - BEBE S0
Europe's opportunity is to build a trusted ecosystem in which Digital Twins
| | can work across healthcare systems.
European Virtual Human Twins Ekim H@ﬁ%ﬁ**ﬂﬁ—ﬂ\ﬁﬁi%ﬁfﬁﬁ ,
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PDT Architecture & Data Integration ' §
PDTE 4 5 KR 8 & COMFORTage

L &

Data Collection Data Integration Al Engine Digital Twin

BHERE e Al 5| HFE

Wearables, Clinical FHIR/HL7, ETL ML Models, Deep Patient Model,
Assessments, Genomics Pipelines, Quality Learning, NLP Simulation, Prediction
AIZEE. ImPR FHIR/HL7. ETL MBI E - RE BEER,
ML~ ERAEF ke, & =>] ~ NLP FRHL -~ FIUN

Key Standards & Technologies % 81 E S A

FHIR R4 HL7 v2 OMOP CDM SNOMED CT REST APIs Linked fJ
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Contmuous Monitoring Data
=I-'.II )ﬂ“:l-ﬁz

24/7 data streams from wearable devices and smart home sensors

X BRI REHIRFMNE X EE I 724/ E IR R
®
e % o

Sleep Patterns BEEAR {5 = Physical Activity B4 ;E 5/ Vital Signs 2 #R {81

J Sleep duration & quality

P

COMFORTage

. Step count & distance Heart rate variability

o ERNKSHRE . %4 5 gE . INELFH
* Sleep stage distribution . Activity intensity levels . Blood pressure trends
- BRSO . EEREKTE . ME#EB
o Night-time awakenings o Sedentary time tracklng o SpO; monitoring
. WEHE «  ALWNEEER e SpO
. Clrcadlan rhgﬁqu? cxhanges * Gait spe%ﬁ%%ab@ty e  Body temperature
Data is collected passively and non-intrusively, ensuring patient comfort and compliance * wim
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Genetic Markers Integration €
BERSHYES COMFORTage

Z APOE-g4: The Key Genetic Risk
Factor RIBIZ(E XS EZE

The APOE-€4 allele is the strongest known genetic

Personalized risk scoring calibrated to genetic

risk factor for late-onset Alzheimer's disease. Its profile

integration into the PDT enables personalized risk ETRERHERAEMMEN LT
stratification. APOE-e4%5 i £ PR 2 p & U [o] /R 35 8 B4 2 4] Refined trajectory predictions combining
RIRBENKREZR - WAPDTAISSIMAMERE D B genetics + lifestyle

Eaite+AFA XD I

€3/€3 - Baseline E 4 Earlier intervention triggers for high-risk
genotypes

A= N B E R BY IR B k&
€3/€4 3x increased 3{& Tailored monitoring frequency based on

genetic susceptibility
RIBIERE S UM E R S S

€4/c4 _8-12>< increased 8-124% Pharmacogenomic considerations for

treatment planning
B[P ERAFRNA R X
A isgm~
)
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Multimodal Al for Trajectory Prediction €

AT 3030 50 Y 22 12 7S Al

Al Pipeline

‘ Data Fusion HiEpE&

Merge clinical, sensor, and genomic streams

SR - TR MERALIER
‘ Feature Engineering  }3H{E T8

Extract temporal patterns & biomarkers

RN BRI SEYIREY) |
‘ Deep Learning Models ZEES>]{ERY |

LSTM, Transformer, GNN architectures
LSTM. Transformer. GNNZE#j

. Trajectory Forecasting %1, 75 $5i ;1|

6-24 month progression predictions
6241 R REFUN

i I—EL
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COMFORTage

Prediction Capabilities Ml BE

Cognitive Decline IAED B

MMSE/MoCA score trajectory over time
MMSE/MoCA 73 BB Y [E] A9 41 20

Frailty Progression REF9IHE

CFS score evolution with confidence intervals
CFSE D TE AR EEXIE

Fall Risk X £ X1 e
Probability estimation using gait & balance data
ETFTLSMEEEIRETHTER

Intervention Impact 35 22/

Simulated outcomes of treatment modifications

BRI B ENER ked )



Clinical Validation: Parallel Examination

/\' A h ° /.
IS RIEUE : 1T
Comparing traditional clinical assessment with PDT predictions on synthetic patient cases

£ & BUEE F= 5 LRSI RS SPOTIN

(,g) Clinical Assessment [l R I fdh PDT Analysis PDT%fT

. Standardized battery tests (MMSE, MoCA, CDR) . Continuous monitoring data aggregation
o FRAEEEFRMIE (MMSE. MoCA. CDR) o ESWNEIELER

. Physical examination & frailty screening

¢« FBNESRERHHE

. Medical history & medication review

. Al-driven trajectory prediction (6-24 mo)
o AIXENRIEFDIN ( 6-241A)
o Genetic risk factor integration (APOE-€4)

e RELSRAANEE e EEMNMEAZRZES (APOE-c4)

. Functional assessment (ADL/IADL) . Anomaly detection & early warning alerts
e  DhEEWML ( ADL/IADL) o FREWISEHME

J Care planning based on clinical judgment J Intervention simulation & optimization
o  ETFlmPRAETHERIF T o  FIURILSMIE
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Real Life AIGENT Compute Platform (ACP) |

ISAS o
ﬁ Living
HIEIRE Environment Al Factory AT ‘ﬁ
o e

(r

E DT Simulation DT%‘*U;‘%%
Eyr R ;5 T — \{ AIGENT Nexus (ANX)
\ J
h f Orchestrator ZzHERE
\
=)= User [(( Edge Twin Node (ETN) . Tool repository Knowledge base
I.\ User consent ‘g é r—
a 1 S : : £ ode
‘§I1 5 ‘= Privacy & security é PPN o & synthetic repository
I o \_ Confidential computing 2 data repository [y a0
7S B SRe D Ll
N 2 )

\ METHE k No-code Scenario Studio
J

' t
a I 9 e m Scenarios Stakeholders Training Documentation

ECOSYSTEM
NESE  FaEEn/s55 & AR
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The destination: Virtual Human Twins

BiR : EUARESE

NEXT FUTURE
TODAY PATIENT DIGITAL TWIN UGSUEATS LSS TN
diction o P lisation » Simulati Continuous ® Multimodal ® Predictive
DIGITAL HEALTH DATA ——Prediction ersonalisation imulation e Simulative » Trusted
&% T—% X
B B SR BEYRFEE EIAANEZESE
FIM o 1AL o FRHA LT o ZAEZS o TN M4

o A[HRIA o AI{E
BETTER DECISIONS e BETTER PREVENTION ¢ BETTER OUTCOMES

EHFRIR o BBIFTIFS « BHFLS A

The goalis not a perfect digital copy of a human being — but a sufficiently trustworthy model to make better decisions for that person.

BirAZelE— M= ARHFEGE - MEBEU—MEBOUENERE - AP AMEEHFRRSR -
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Thank you |
T |
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