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Digital twins in clinical trials

Patient Data

———_Validation

In vitro/in vivo data
for intervention

e.g. factors for disease

progression, demographics, N W
retinal scans Disease in silico

\ Model - | \
. ‘
"'('9 e parameterised by 6 | E ‘
Model | > | —
_ ra development e.g. development of nAMD Model Validation
z N4 development
_E B d p— | e \
Qo e |
£ Virtual Population \ |
s Generation \ |

Intervention in
silico Model

e.g. Patient 1- 84, patient 2 - 8,

In Silico -y © e
Clinical Trial l 'ﬁﬁw
v

Control Arm ﬁj 'ri Intervention Arm
Outcomes & Analysis e
e

Hernandez et al., Progress in Biomedical Engineering, 2023

-Arteries

Capillaries

VIRTUAL VASCULAR HUMAN



About me and my group

| A74)
Dumfrie:
o

- 3 years into Lecturesh

- PhD in biomedical engs
UOxf

Vel
\ v Luton [
ansea 7 L]
M4 caiff 'B,ngt { Lon.don

Weston-super-M m K




Key Points

0 @

There Is more In silico clinical
than one ‘type’ trials will not
of digital twin replace real-world

clinical trials




What is a digital twin?

* Adigital twinis a virtual model designed to accurately reflect a
physical object

* Sensors attached to a real-world system inform a virtual
environment where predictions can be made
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Types of Digital Twin

In healthcare, there are two main ‘types’ of digital twin:

1. Personalised Digital Twins
Personalised
For an individual

Unique

AccuCities

2. Digital Twins for in silico clinical trials

Represent the average of a population or group
of people

Not unique to an individual

Statistically correct

SmartCitiesWorld



Two examples




In silico clinical trials of iIschaemic stroke
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In silico clinical trial modules

V. (K, Vp, + .Bcv(pc - pv) =0
V.(KVpg) — Bac(Pa—pc) =0
V. (Kchc) + ﬁac(pa - pc) - ﬁcv(pc - pv) =0

R. M. Padmos et al.,
Interface Focus 2021
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In silico clinical trial outcomes
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Two examples
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Digital Populations of the eye
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Statistical shape modelling

* Creatingan image-based backbone

1. Manualsegmentation of the major retinal

arcades

2. Learnthe position of inflection points of the

arcades

3. Align all shapes using SVD (‘Procrustes analysis’)

* Generate new shapes
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Digital Populations of the eye
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Simulating the disease

Develop a disease and treatment model so thatwe canrunin silicoclinicaltrials as well as determine
personalised treatment responses.

V- Vepiooa = —T'(Chiood — Ctissue)
V- (DVctissue) + T(Chivoa — Cissue) — Qo,Ctissue = 0
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Building up /in silico vascular digital twins

Continual improvement of the model with clinical
data in turn drives what data will be requiredto
further improve the model
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Unknown unknowns...

“Reports that say that something hasn't happened are always
interestingto me, because as we know, there are known
knowns; there are things we know we know. We also know
there are known unknowns; that is to say we know there are
some things we do not know. But there are also unknown
unknowns—the ones we don't know we don't know.” - Donald
Rumsfeld

The unknown unknowns are not modelled —therefore will
never appear in our in silico clinical trials
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An example...

THURSDAY EE[]

( RN/ - / '~

J
o . -

N
(=
¥

(




However...

* Digitaltwins can be used to augment real-world clinicaltrials reducing time and costs
* Excellentin prototyping medical devicesin simulated real-world use cases
* Cantest‘edge’ orrare cases effectively

* Early successesseemto be inthe pre-clinicaland animal model testing phases
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Key Points
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There Is more
than one ‘type’
of digital twin
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In silico clinical
trials wil4r6t can
replace real-world
clinical trials [in
some cases]



Key Points

Digital twin technology is rapidly
developing and will revolutionise clinical
trials and personalised healthcare
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Thanks for listening!
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