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Digital Twins for personalised treatment
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Digital Twins may not find any effective drugs in late disease
stages
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Dynamic Digital Twins for early personalised diagnostics and
therapeutics
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International Digital Twin Initiatives
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Event: Digital Twins for the Built
Environment
Our recent symposium explored how

digital twins could advance work in the
design, construction, and maintenance of

infrastructure systems and constructed
facilities.
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Swedish Digital Twin Consortium
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Challenges

1. Complexity and Heterogenerty
2. Measurement of disease-relevant variables

3. Organisation of those variables
4. Prioritisation of variables, biomarkers and drug targets

5. Clinical implementation




The same tumour can involve thousands of
genes across many cell types
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The same cancer diagnosis can differ between individuals




The same diagnosis changes over time
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The same tumour diagnosis can involve many types of variables




Challenges

1. Complexity and Heterogeneity

2. Measurement of disease-relevant variables

3. Organisation of those variables

4. Prioritisation of variables, biomarkers and drug targets
5. Clinical implementation




Single cell technology for multicellular
characterisation of tumours

B scRNA analysis
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Shalek and Benson. Science Translational Medicine 2017



Challenges

1. Complexity and Heterogeneity

2. Measurement of disease-relevant variables

3. Organisation of those variables

4. Prioritisation of variables, biomarkers and drug targets
5. Clinical implementation




Digital twins can be constructed using multi-layer network modules

Li et al Genome Med 2025




Challenges

1. Complexity and Heterogeneity

2. Measurement of disease-relevant variables

3. Organisation of those variables

4. Prioritisation of variables, biomarkers and drug targets
5. Clinical implementation




Machine learning can be used to infer biomarkers and drug targets

A. Network construction B. Disease MLDM C. Predictive markers D. Personalised
from different layers treatment
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Network tools can be applied to construct multicellular network models
and infer biomarkers and drug targets
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Multicellular network models can be computationally “treated” with
thousands of drugs
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Validation of “computational treatment” of multicellular network

models

a) Dilucnt === Low ion == Medium — High D) Proliferation
Survival Auranofin Adapalens

Auranofin Adapalene Amrinone
| = 1 : - I E e " ...
. o o Eﬂk _}*
Activation &1L4 ﬂ ﬂ
Anmnuf’n Adapalene —_——
d . -
Lps ) Immunoglobulin production
LPS + IL4
e . m]

frepn . . .

CD69 CD86 MHC-II

Live cells (%)

Live cells (%)
fr s
Live cells (%)

>
) E]

LI
|
oBeso
E
¥

{ -

,,
=4
2
2
A
g
Z
S
K4
=}
a
o
=4
2
3
A
=4
z
ES
4
=}
=

==

fad
1gG1

= Mock -4 Amrinene, 30 mg/kg - Mock — Amrinone, 30 mg/kg

EE 3
£ g
_ﬂ;) 25 é 4
=
3 20 ‘ * é 2 * i
b= T =3
H ~ gg"
e o %5 .
13 57 9 1113151719 1357 9111315171921 ~
Days post intervention Days post intervention e o sy v .
g Mok [CJAmrinonc h) i)
- . i wk i Amrinone. 30 mg/kg Mock Amrinone, 30 mg/kg
R ' ; ;
i3 T 4 ; \
£ae # g 3%
i<, E o ! .
3 B
B heR Schafer et al. Genome Med 2024
0 - B .

IgG 1gGl 1gGa

15/04/2025 20



Validation of computational treatment of multicellular network models
of individual patients’ diseases

Patient 1 - . Patient 10

Schafer et al. Genome Med 2024




Multicellular network models can be frameworks to construct and treat
digital twins
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Dynamic Digital Twins for early personalised diagnostics and
therapeutics
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Dynamic digital twins can be constructed by connecting multicellular
network models from different stages of a disease process
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Dynamic digital twins can be constructed based on
spatial transcriptomics
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Smelik et al. Cancer Research, in press




Dynamic digital twins can be constructed based on
spatial transcriptomics

A) Spatial analysis of prostate cancer samples

Smelik et al. Cancer Research, in press




Dynamic digital twins can be constructed based on
spatial transcriptomics

B) Pseudotime computation and gene prioritization

Malignant Transformations
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Smelik et al. Cancer Research, in press




Dynamic digital twins to find biomarkers

C) Prediction models

Cancer prediction S
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Dynamic digital twins to find early and late drug targets

Drug enrichment of migratory paths
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Challenges

1. Complexity

2. Heterogeneity

3. Measurement of disease-relevant variables

5. Organisation of those variables

4. Prioritisation of variables, biomarkers and drug targets
6. Clinical implementation




Clinical implementation




Summary

Network tools can potentially be used to
construct dynamic digital twins to predict
and prevent disease



1
S5 Vo

Seo: Karolinska
: . . .3 5 Institutet
Interested in a post doc to construct and treat digital twins?«o =

*

Mikael.benson@ki.se



Funding

RADIUMHEMMETS
FORSKNINGSFONDER Fb CANCERFONDEN

A

Vetenskapsradet europa.eu




Early diagnosis

T cells
constantly
@ patrol the 3
whole body to detect
and fight disease

T cells
2 detect
@ disease

early, before
symptoms
(yellow dots)

T cells
3 then fight
® diseases
and the patients
get symptoms

(blue dots)

lllustration: Antonio Lentini

Gustafsson et al. Science Transl Med 2015




Early diagnosis

We constr-
4 ucted a math-
® ematical model
of how T cells detect
and fight disease
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Cellular sensors for predictive and preventive
medicine, starting in childhood?
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