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SILICOFCM

SILICOFCM Scope

SILICOFCM aims to develop a computational platform for in silico clinical trials of Familial
cardiomyopathies (FCMs) that would take into consideration comprehensive list of patient specific
features (genetic, biological, pharmacologic, clinical, imaging and patient specific cellular
aspects) capable of optimizing and testing medical treatment strategy with the purpose of
maximizing positive therapeutic outcome, avoiding adverse effects, avoiding drug interactions,
preventing sudden cardiac death, shortening time between the drug treatment commencement
and the desired result.

SILICOFCM is a multi-modular, innovative in silico clinical trials solution for the design and
functional optimization of whole heart performance and monitoring effectiveness of
pharmacological treatment, with aim to reduce the animal studies and the human clinical trials.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 777204 26/03/2021




SILICOFCM

The main vision of SILICOFCM project

The SILICOFCM platform is based on the integrated multidisciplinary and multiscale
methods for analysis of patient-specific data and development of patient-specific models
for monitoring and assessment of patient condition from current through the progression of
disease.

Risk stratification Data mining based modelling Numerical modelling of cardiomyopathy
component x of cardiomyopathy :

DATA MINING
| B
J):j‘

Bioinformatics analysis

Variant discovery m Variant annotation

This project has received funding from the European Union’s Horizon 2020
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SILICOFCM

Partners (Biolllﬂ_'

BIOIRC - Bioengineering Research and Development Center (RS) University of

lIT - lllinois Institute of Technology (US) 'Lumlsdﬁzgﬁrﬂgﬁam I@nt
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UOI - University of loannina (EL)
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SILICOFCM Impact

—

Reducing the size and the duration
of the human clinical trials

Innovative medical products on the
market with lower development costs
and/or shorter time-to-market

Improving prediction of human risks
for new biomedical products

A more effective human

clinical trials design
ni 1 18 Setting standards for in-silico trials

Leading to a
significant reduction

. ; ; Providing libraries of virtual
in animal testing

patients for re-use in pre- and
post-competitive testing of
biomedical products

26/03/2021
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Patient data (genetic, biological, pharmacologic, clinical, imaging and Medical
patient specific cellular aspects) doctor
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SILICOF

Patient data (genetic, biological, pharmacologic, clinical, imaging and
patient specific cellular aspects)

3D IMAGE USER 2: Pharmaceutical Virtual experiments
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SILICOF

Patient data (genetic, biological, pharmacologic, clinical, imaging and
patient specific cellular aspects)

3D IMAGE USER 3: Researcher Virtual experiments Experiments
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SILICOFCM

PAK module

» Example: Realistic models for electrical field and electromechanical coupling

t=0.05s t=0.3s t=0.35s t=0.5s =0.758 ...

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 777204
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PAK module

» Example: Realistic models for electrical field and electromechanical coupling
b

Boundary conditions in the model. (a) Orientation of the fibers in top (b) and side (c) view.

t=0.05s t=0.35s 1=0.5s

ST

0.0 05 1.0 15 20
E T S

Displacements in coupled electro-mechanical realistic model of biventricular heart.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 777204
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PAK module

» Example: Parametric structural model of Left ventricle
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a) Parametric heart model with structural mesh and valves, b) inlet and c) outlet velocities functions. Automatic calculation of fiber direction. d) One-layered
and e) three-layered solid wall representation.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 777204 26/03/2021
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» Example: Parametric structural model of Left ventricle
| | . of PAK module

Pressure vs Volume

140

120 +
=

L 100 -

t=0.1s t=0.3s t= 0.5s t=0.7s £ -
g

P
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20 -

0 184 291 388 482 581 678 775
0 - - - - v
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t=0.1s t=0.3s t= 0.5s t=0.7s t=1.0s LV Volume [ml]
d)
C) \ \ a) Pressure field, b) velocity field, c) displacements inside
parametric model of left ventricle (five different time steps)
157 225 301 378 451 526 &M and d) P-V diagram.
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SILICOFCM PAK module

P Scenario for creating PV Diagram

Velocity Pressure Velocity Pressure
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S PAK module

» Example: Realistic heart model
[mm/s; e+1]

2.0

t=0.1s

1.7

1- Inlet cross- section
2- Outlet cross- section Wad
3- Mitral valve cross- section §id it
4- Aortic valve cross- section

1.5
1.2
1.0
0.7
0.5
0.2

0.0

c)

a) Realistic heart FE model with representative cross-section, b) fibers direction in solid part of realistic model and c) fluid velocity field at 0.1s

This project has received funding from the European Union’s Horizon 2020
26/03/2021

research and innovation programme under grant agreement No 777204




SILIggreM PAK module

» Example: Torso model

1. Sinoatrial node

2. Atria

3. Atrioventricutar node
4. His bundle

5. Bundle branches

6. Purkinje fibers

7. Ventricular myocardium

a) Heart geometry and seven different regions of the model; b) Six electrodes (V1-V6) which are positioned at the chest to model the precordial leads;
c) Whole heart activation simulation from lead Il ECG signal at various time points on the ECG signal. There are 1-9 activation sequences which are
corresponding to ECG signal above. The color bar denotes mV of the transmembrane potential.

research and innovation programme under grant agreement No 777204 26/03/2021
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PAK module

> Body surface potential maps with heart activation simulation
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siLieeFcM The Heart Physiology as an Electro-Mechanic System
Electrophysiology

whole cell myocardium

Ca%*ion channels
o —-.i.i:
R R

B Je, g i NS
o=

Biomechanics
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SILICOFCM
Fluid-Electro-Mechanic Cardiac Model -

The Heart as a Multi-Physics Coupled System

Electrophysiology:
Electrical Linear anisotropic (fibers) diffusion + non-linear source terms
Propagation Rogers-McCulloch, O’Hara-Rudy, Ten Tuscher-Panfilov, Fenton-Karma,...

Electro-mechanical coupling, via Ca+ transient:
Hunter & McCulloch 1998, Land-Niederer 2017, Rice-Winslow 2006

Blood
Flow

Mechanical
Deformation

0
2
—
®
e,
c
=
O
m

Large deformations + non-linear, _
orthotropic material models: ALE + Immersed Navier-Stokes for

Holzapfel and Ogden 2009 Boundaries Incompressible Flow

26/03/2021
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SILICOFCM

Fully Coupled Electro-Mechanic-
Fluid simulation

Number of elements:
4M total
240 cores, 12 hrs, 400 ms

research and innovation programme under grant agreement No 777204

- This project has received funding from the European Union’s Horizon 2020




SILICOFCM

Boundary Conditions and
Physiological motion
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SILICOFCM

Human Biventricular Geometry Reconstruction gientricutar petaited

Octree
High Resolution MRI Segmentation and Surface Volumetric Meshes
Of Male and Female representation MAXIMUM ELEMENT SIDE LENGTH: 0.4
Human Hearts Endocardial structures included are > 1 mm? cross- mm —
section T

Courtesy of The Visible Heart ® Lab

n° elements: 8
Volume: 394.2
n° points: 14.99

‘ MESHMIXEN

l u i
® Male Heart '

® Female Heart

ReMESH

This project has received funding from the European Union’s Horizon 2020
26/03/2021
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siLieercMFemale Phenotype Male Phenotype

Wiollage (i
A7 50 -12 216 634

research and innovation programme under grant agreement No 777204 26/03/2021
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SILICOFCM Virtual Drug Testing
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SILICOFCM Tools - Specific impact on Medical doctors, Pharmaceutical
companies and Researchers

3D IMAGE ALYA | ;
SEGMENTIATION - Finite element solve
00

VIRTUAL EXPERIMENT PAK '\
database Finite element ‘
‘ - -
VIRTUAL POPULATION \ ‘
- cM BIOINFORMATICS
- \’ - -

DATA . e
ANALYTICS \ﬁ MUSICO -
tool tool qz

This project has received funding from the European Union’s Horizon 2020
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Follow us

Facebook: Silicofcm Project
Twitter: @silicofcm
LinkedIn: SILICOFCM Horizon EU project

L§
L 4
in
@ Visit our website: www.silicofcm.eu

SILICOFCM PROMO Video

Subscribe on our YouTube channel

SILICOFCM

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 777204
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http://www.silicofcm.eu/
https://www.facebook.com/Silicofcm-Project-1251898394967450/
https://www.facebook.com/Silicofcm-Project-1251898394967450/
https://www.facebook.com/Silicofcm-Project-1251898394967450/
https://twitter.com/silicofcm
https://twitter.com/silicofcm
https://www.linkedin.com/in/silicofcm-horizon-eu-project-73104a177/
https://www.youtube.com/watch?v=-jRY9yz88eE&ab_channel=SILICOFCMH2020
https://www.youtube.com/watch?v=TELI5PAK9AU&ab_channel=SILICOFCMH2020
https://www.youtube.com/channel/UC_FKNxFJYlD-y3pv-ed64WQ
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PREDICTIVE MODELLING IN STROKE

Dietmar Frey, Charité
Gunnar Cedersund,

LINKOPINGS . . . .
II." UNIVERSITET Department of Biomedical Engineering



Overview of the project partners and roles PRECISE4Q o8

PFREDCTIVE WODELLMG N STREOKE

P1 Charité (acute, prevention) P2: Empirica, health economy
P6: Guttman (recovery)

: P4: Zurich — Ethical implications
P7: Linkdping (prevention) \

@ . L

rﬁ. 3y AT
P8: Graz/Muria & P9: DFKI u,‘
Health informatics

\ P1 Charlte

10 LARGE CLINICAL STUDIES '/ P7/: Llnkopmg,
e o) | o3 Dubln

P3: Dublin - Statistical risk
and imputation models

P11: Qmenta — data warehouse



My own 20 year-long story of multi-level and multi-timescale modelling

Intracellular response Glucose uptake, fat Weight change
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Brdannmark 2013, JBC Casas 2017, 2018, Palmér 2014 Hall, Lancet, 2011
Nyman 2011, JBC  Lundengdrd 2016, Sten 2017 Nyman and Herrgardh, in ms

Organs, Tissue Whole-body

Brannmark 2010, JBC



Ethiology of an ischemic stroke

Diabetes drugs AIM 1: why do (only) Inflammation _ Unstable Increased Thrombosis Fig 2: stroke

SGLT2 inhibitors work & angiogenesis Plaque risk of
ruptures

ethiology

\--"‘"" for stroke?

P

Stroke = death or

\ loss of function
thromboembolism
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Metabolic syndrome, type 2
diabetes and obesity
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From motivation and
prevention to treatment,
rehabiliation, and re-integration

 NAFLD (liver fat) is connected to obesity,
diet, dyslipidemia, etc, and is a risk
factor for liver complications, stroke, etc
* By simulating different scenarios, we can
show how the liver fat is getting worse
or better depending on the persons diet,
exercise, etc. )
* Health conversation already lowers the
risk of a cardiac event with 30%. We
want to magnify this effect!
 Wearable sensors => home monitoring
* Bring the twin to cardiologist, B -
hepatologist, stroke surgery, re-hab, etc )

Liver fat (%) fold DNL (a.e)

Liver fat

wll
1

||:. |

100 B0 0 400 ) 00 00 30 &0

Mardinoglu Cell Metab 2018, Cedersund, submitted



Our digital twin software prototype

Digital Twin Schedule Varlables

Info
Mere you fnd Al indo about the Ggital tTmin
Dyvgital Lwin A1 Btes
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Evaluation version of MeVisLab SDK
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Artificial

Biomechanics and exercise modelling

Biomechanics

Motion- Ben.eflts.wnh our approach
capture * Nicer images in the end
e Connection to medical
benefits
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Gender 1
High bloodpressure 0
Hereditary 0
Length 179
Weight 7.5
Stressed 0
Smoking 0
Hemoglobin 158
Leukocytes 6,4
Thrombocytes 284
Glucose 64
Creatinine 43

Triiodothyronine
Cholesterol HDL
Cholesterol LDL 2.8

— W
Hybrid modelling — basic principle

L 4 0
LOAD S
— SCHEDULE
SAVE
SCHEDULE
= Measured/known
SHOW RISK
FACTORS
IMPUTE
. VALUES
} unknown CALCULATE
RISK




Mechanistic MNon-mechanistic

Omicsdata  Remaining data And another approach for

data covariates . . .
!l E.g. gender, oge D SlmUIathn OfSUCh hybr’d
¢ty Li.[lllL“L
¢ models
ML-mode| =———— QT 0.
@,?‘
‘Papulation - “r
skt Y
(NLME)

- Step 1: Blended hybrid modelling

Step 2: Sequential hybrid modelling

One hybrid approach for risk
calculation — combining
bioinformatics, mechanistic
multi-level population models,
and machine learning

Herrgardh et al, submitted
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a personalized birth
patient-centered interconnected healthcare

system

New cells when First donation of cells

needed \\
l/ first data

Experiments on your own cells o mpascn
in a little “mini-you” KT

. \ KA o Addition
Translation .of resul’fs to of new
your own digital twin (@_/7
Usage

Music, arts,

gaming, etc throughout your

Patient Journey  Actrazeneca
Cedersund, submitted



EU-STANDSZPM

stondards for in slicc models
tor personalised medicine

A European standardization framework for data
iIntegration and data-driven in-silico models
for personalised medicine

OActive workshop
26 March 2021

Marc Kirschner, coordinator on behalf of the EU-STANDS4PM consortium
m.kirschner@fz-juelich.de



3} EU-STANDS 4PV =

At a glance

= Type: Coordination and support action

4

EC H2020 Work Programme 2018-2020: Health, demographic change and

wellbeing
Budget: 2.0 Mio €
Project duration: 3 years (2019-2021)

Consortium: 16 partners, 8 countries

4 4 4 @

Coordinator: Forschungszentrum Julich GmbH, Project Management Julich
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EU STAN[JS PM -

From data to knowledge through in silico modelling

Clniol ol Guidance for
- = Data harmonization and integration
S 2 Model validation
) Big Data ’ .
-in health- = Legal and ethical challenges
High diversity biolagical,
clinical, snvironmental, = Data governance

and lifestyle intarmation

Development of
ok, = Recommendations and guidelines

muln ~ERFTIES 1

Maedical imogeng

‘ 3}-3 e
| Data integratian llnd-ut simubaticn Model vahidation

L Aeguiremenis for standardized procodurns J

Target communities

= European collaborative research, Funding

olle| mm :; organizations, Regulatory bodies

Predictive modelling Clinlcal applicobility
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Pro;ect structure and output

< Eomlla b

pan-European forum Project outputs
WP3- I
Legal&ethical frame Assessments
mfmma State of the art
.'n silico models Reviews
E“fta"’amssa_ Recommendations
governance (piot)
WP4- Dissemination
Awareness
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Selected project outputs, period Jan 2019 — Mar 2021
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WP1 — Data sources and models in personalised
medicine across Europe

Featuring

= EU-wide mapping of data sources relevant for
personalized medicine.

= Online survey with 92 questions regarding
> datasources and standards

> modeling methods and standards
> data access consent

Work in progress
= EU/Project report
= Manuscript

2 gt e

A

= mSe

5 tien T
a i

Ingrid Kockum  ‘idiies
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WP2 - White Paper on in silico models

ﬂ EU—ETTAN DEq P\ -

A& European standardization fromawork for dota
integration and data-driven in silice models For
pnrsnnnlis.nﬂ madicing - EL-5TAMDSAPM

White Papar

verthping and woidahing prediciive compudtahennl modaly in EL collaberpieres

raaich

Toreordn in slico approachss for persomalasd medicnes - Recormmendatices for

Featuring

= State of the art modelling
approaches for personalized
medicine

= Recommendations for data
integration and model validation

= Collection of use cases
Work in progress

= Manuscript for a review article

LMNIVERSITY ]

Catherine Collin ®_ o= i
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First article with guidelines published

YWorlshop

Zaren Brunak, Catherine Blerre Callin, EU-STANDSEPRM Consortium,
Katharina Ewa & Cathaair, Martin Golebievwski, Mar: Kirschner®, Ingrid Kaclium,
Helke Moser and Bagrar Waltemath

Towards standardization guidelines for
in silico approaches in personalized medicine

Wiy oo g I 181l Juby s

Hetbinps Fonery 18, 200000 spappeles By 220, 20080

ahstract: [msplls e ewd wnersssing e nan g sl oomnoes 1 predusing dalz In ws oo einlial w2
el o sy Mg wor e dlos ] senciee - enzah advans e ara el ags aehind s ol palseal,
Laspens fur Zoes ezl ape tee inhzrent e rcsenzity uf dinzscope s and doe s of sesad by e pled standzzds
Lurtboees hurcless spe zeeizoed wilk lord s st dzsuss sumsemainy the vee of peessenlpober o mesmes
dizoiplses amd buedees Donsequently. S i meed o by aonlckls slesscance oomplant wilk szl e
el mnlalioee Cal ol inlepael= oo a7 telesgeeso s bealil ol loeopgh b sl nellnebJeges
e cnw peescmlival cwle e Teoanils Pess ol slice v crmllaope, e FReiaan 230 Geelivaling a0s’
Sogue ol S e FITETAKTS- T i ke a0 Fw e o s ames beseslunbs strategies Teesd o inlsgmtian
wre duradresn &b medAlng sppesaches oo develan sandands, ornmnmeenidzrens and gukelings b
Ferstallznd merdivine & Aer A -owenes - vs aasl F a hma aakehakorr eosulmila wnoess Inlikare oF @
FLV S CAREGSECSEY wnrkshoo ol -he s v s CORBINE vesing CLTURENE 200D cavresbogs oot i anne BiucL Ths
burum b, e slzzs gqua of s und mudd saedicds and zsflecizdon pessbilitzs oo owell oo ckalennes for
cpoes-carmzin desn nbemadioo o Bizthilzoe oot —eddling appecazhes fur peesscalized madizins.

Keyweord s dans consnpie &2 vitze odelline peromalized medizns cpesdusisloy: som s,

Online in the Journal of Integrative
Bioinformatics

Contains first set of
recommendations addressing

= Funders, including the EU-
Commission

= Health care providers purchasing
and developing electronic health
care systems

= Journals
Research groups

= National and regional health data
providers

= Policy makers

4
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WP 3 - Legal and ethical review of in silico modelling

- EETT o

& Ei IFpaan slandardizahon ramework lor dala
integration and data- drl'-rr.rn in sitico modaels for
personalized medicine - ELI-5TANDS4PM

Lagu| and athical reviaw of

in silico modelling

Featuring
= Consent, GDPR and Patient’s rights

= Compact and comprehensive
version available

= www.eu-stands4pm.eu

= Manuscript accepted in Computer
Law & Security Review: The
International Journal of Technology
Law and Practice (2021)

LMNIYERSITY 0¥

Mette Hartlev @~ COPENHAGEN


http://www.eu-stands4pm.eu/

EU-STANDS4PM
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WP4 - New harmonized Data Access Agreement

ﬂ EU-ETH.NDEE.']PM -

4 European slandardizafion fromework for dota

inlagralisn and data-driven in dlico moedals for
parsonalized medicing - EU-STAMNDS4PW

Homonised Diota Access

for Centrolled Access Dalo

Shmrrmhea Lisal (UTL, Shaphan Back [LECL]

Featuring

= Better data flexibility across collaborative
projects

= Fully GDPR compliable

= On European Genome-Phenome Archive
website as a default template

= More: EU-CORDIS news release
www.eu-stands4pm.eu

Work in progress

= Manuscript in preparation

Stamatina Liosi m
Stephan Beck

10



https://ega-archive.org/submission/dac/documentation
https://cordis.europa.eu/wire/previewarticle_de/published/422180/MARCKIRSCHNER/news
http://www.eu-stands4pm.eu/

Work with ISO

ISO liaisons

= I1SO/TC276 Biotechnology, WG5S Data Processing and Integration
(established)

= |SO/TC 215 Health Informatics, SG 1 Genomics Informatics
(established)

Work in progress

= ISO Technical Report (ISO/TC276/WG5)

Requirements for in silico-models for personalized medicine —
Guidelines for verifying and validating predictive computational models in
EU collaborative research

11
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Some interactions with relevant projects

ECRIN 3 ERACO a2
.. ey ‘-t.w SYNCHROS  ovoMED ReallthE
PERM -T
CompBioiMed S e:Med ICPerMed
W st /0K 74 ciEsmbl RDAEZ

RESEARCH DATA ALLIANCE

= Invitation to project-specific events

= Review of reports and documents (hDAA, legal/ethical report)
= Co-authorship of reports, white papers, publications

= Recruitment of experts

12
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The players and their key tasks

H2020 core projects/
data governance pilot

i
i
il e
ELE | 5es

LIMIVERSIT A Ya |
Dl PARKL A

=i MultipleM
Karadinska .
Inskibutak

Standardization Data and models
IN E'h ”F 3 C 11 || 'u. :- IAEEH
:'::: T CLET T ] i ' FAT,
AN, Uniyersitht G
Legal/ethical frame Regulatory support  Coordination
9 famhp= ) JULICH
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Back-UP Project

Personalised Prognostic Models to Improve Well-being and Return to Work After
Neck and Low Back Pain

Cormartaam

.
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http://backup-project.eu/

Dimensions of neck and low back pain studied in Back-UP

o Self-efficacy
e Fear

¢ Beliefs

Workplace

¢ Conditions
¢ |Interventions

* Glycans

aclUP



Platform Demonstrators

First Contact Web app

Vocational Advice

wr
o -ll le

AMALYSE

o ’\\

\ \
N
Biomechanics in . NN Glycan Age Tool
whiplash (WAD) ' K s .@]

.
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N

Integrity evaluation Economic model

J

selfBACK app for
patients

aclUP



Clinical research: STarT MSK
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Use cases and information flow
waf

Physicians, patients, employers.

First Contact Web App

Professional
Platform

Research Self-Management
Platform

ga’ Back-UP System ‘ ‘O.B

Researchers & developers Patients

Diagram displaying the main users of each platform integrating the Back-UP System.



Key web app components/functions:

Users are first contact clinicians across
the EU (e.g. GPs, OH, PTs, OS).

First contact at clinic
3. Treatment selection

oo tool & self-management

1. Prognostic stratification
Using STarT MSK Tool——-

Clinician confirms eligibility and completes Back-UP Prognostic
Stratification & Treatment Selection tools.

Medium e
Consultation summary and self-management resources.

=» Patient invited to use Back-UP to monitor their pain, disability, and
time off work over time.

2. Individualised

predictioT graphs 4. Personalised care plan - -populated by

prognostic information and treatment choices made




Screenshots: Individual risk predictions

..
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e I

P
Calculate individual predictions
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https://back-upv1.multi-x.org/

Keele
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https://back-upv1.multi-x.org/

Recommended treatment options

Recommended treatment options
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Personalised care plan

. My Neck pain Care Plan
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Implications for OActive

* Think about possibilities for
— Validating our predictions models in OA patients
—Ensure prediction models work at the point-of-consultation

— Consider adding shared decision-making tools and personalised
care planning within the platform to add value

Keele

UNIVERSITY
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Thank you to everyone

Jonathan Hill (j.hill@keele.ac.uk)

Research Institute for Primary Care
and Health Sciences

Primary Care Centre Versus
Arthritis

David Weatherall Building

Keele University
Newcastle-under-Lyme
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InSilc:

An in silico platform for drug-eluting BVS
design, development and evaluation



Introduction

e Coronary Artery Disease (CAD) is caused by the build-up of atherosclerotic
plaques inside the coronary arteries.

* CAD is the leading cause of mortality worldwide and accounts for over 4 million
deaths per year.

* Percutaneous coronary intervention (PCl) with stents is the most widely
performed procedure for the treatment of symptomatic CAD.

_—

The stent Stents are acceptable Technology shifts
is conceptualised treatment option to Drug-eluting stents

FDA approves first
Bioabsorbable
drug-eluting stents

Investigational
implantation begins

Bare Metal Stents
approved in US

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 777119




Introduction

* The advent of drug-eluting bioresorbable vascular scaffolds (BVS have emerged
as a major breakthrough for treatment of coronary artery lesions.

* The scaffold is expanded to reopen the vessel, releases the drug, completely
dissolves by itself within 2 years, restoring normal arterial function, hence
preventing late stent blockage and new atherosclerosis formation.

* Currently, to ensure the safety and efficacy of a drug-eluting BVS is tested
* in the laboratory (in vitro - ISO standard)
* on animals (in vivo)
* on humans (clinical evaluation/trial).

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



Limitations of pipeline to design a new BVS

* |SO standard mechanical testing is slow and
expensive Different type &

. . .. . . . atherosclerosis progress
e Animal testing is idealized (and ethical issues) ey

* Clinical testing is expensive, unpredictable
& |

(e.g. ABSORB), not set up for precision
based upon a
Some patients

medicine.
“one-size-fits-all’
present adverse outcomes effects

approach
o (In stent restenosis, Stent thrombosis) or even die.

This project has received funding from the European Union’s Horizon 2020 research and

Cardiovascular
anatomy

Some patients are expected to
improve after implantation

Clinical studies are

innovation programme under grant agreement No 777119



INSilc consortium

% Outside the Consortium Stent Industry

* Interventional cardiologists

« Technical partners with extensive expertise in the field of @ vele D
computer modelling and simulation: (i) biomedical imaging : Rontis
ii) coronary fluid dynamics, (iii) mechanical modelling and
(i) y y (iii) g =32 .‘ —
biomechanics =

* Experts in the field of in vitro mechanical testing and animal
studies

* Biology experts

* CRO with significant experience in providing services for
regulatory authorizations and clinical trials for biomedical
products

* Cloud experts for platforms development and integration

» Stent Biomedical Industry.

| /4

@ Loy’

AP

2
FORATH
(e,

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



& The Project The Platform

InSilc project aimed to create an in silico trial InSilc platform includes
platform for designing, developing BVS, based multidisciplinary and multiscale models
on comprehensive biological and biomedical simulating the drug-eluting BVS in the
knowledge and advanced modelling acute/short & medium/long term.

approaches. \
‘ 0 InSilc Modules, Tools and Databases
1]

o b

P
&The Users ‘
Stent Industry

. . . T 3=+ s -
Interventional Cardiologist Use { } L
Researchers

Contract Research Organization

I riSalie

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



InSilc Vision and Value Proposition

Two ethical balances

Individual Collective
R  discomfort benefit
Animal
waollare
Human
wolfare

IW—I

The modified 3R

Reduce

* Supplement and accelerate ISO
standard mechanical testing

* Extrapolate animal testing results to

Maximise the usefulness of pre-clinical

virtual patient vasculature ol o oltate
geometries Reduce: reduce the number of subjects
involved in a trial, or its duration
* Supplement clinical studies with ?:é;g;sdf;ﬁii;‘“i bl
virtual patients while increasing the potential

collective benefits
Replace: run entire portions of a clinical
trial in silico rather than in vivo

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



Years 1% Test in Realisic Human Environment

........................................... SRR uuuu"-uu-uu"n-uu-u"-n“""-u"-nu"n-nn-u-uuut-i-'

in silico Animal : . . : :
Design Beneh o anch test - Cadaver ’i‘;r'?:_‘,l Candidate  Clinical Trial Patient

Population

Scheme taken from T. Morrison (FDA) presentation, Advancing in silico Medicine at the FDA: Perspectives on
Simulation in Medical Devices”, July 23, 2019

in silico Animal Animal Clinical Patient
Bench
Bench Test Tests Cadaver Trials Candidate Trials Population

Design Test

The same scheme applied to BVS design



Patient
Design Population

After
InSilc

Virtual
devices

Validated «digital twins»
of the various designing
solutions




l ‘ Dogboning Radial force
:' ' (™ B B
| | 0 it
REPLACE the S : <\ = —> .
be nch tests Local compression Three point bending Crush resistance with paraliel plates Fatigue
Patient
Population

Design

in silico
Bench Test
@

Mech
Module

After
InSilc

Virtual
devices




Total deformation

Enrichment of virtual population
creating virtual patients with different
characteristics
(morphological and clinical)

in silico
in silico Patient
Design  Bench Test Models Population
After Repres. Cal 0\
. M'\ﬁﬁﬂ}e Virtual L mj:’-.!!n--’ﬁ;
InSilc Cases G

Virtual
devices

Enrich the
Virtual
Population

Creation of virtual population &
selection of HUMAN representative cases
used in preliminary screening of the various BVS designs




REFINE data in ACUTE conditions
(risk of arterial wall or stent
damage)

in silico Animal & Human Tests

o in silico
in silico Coronary Patient
Bench Test Models ACUTE Population

Design

After
InSilc

Mech
Module

Virtual
devices

Enrich the
Virtual

Plaque -
growth Population

Tool

Predict ACUTE endpoints
related with Clinical trials Objective Performance criteria
(lumen gain, strut malapposition)

Provide inputs for subsequent
modules



REFINE data in SHORT term
(myocardial perfusion
under stress)

in silico Animal & Human Tests
Percentage uptake - perfusion

® LAD
L SHORT ® LCX E
in silico sfACAk = B B E & 8 £ 3 B B g
in silico Coronary Myocar. Patient
: Bench Test AcuTe |Perfusion Population
Design Models P

After Mech Repres. (CgC0®
. Module Virtual - % _
InSilc Cases

A

Predict how myocardial
perfusion improves after

Enrich the BVS implantation (SHORT)
Virtual

Population

Virtual
devices

Plaque
growth
Tool

Provide flow rate BCs to the
Fluid Dynamics module



[
-

WSS maps as AL <

additional clinical marker for §§i:5";§;$§-§§§§

in-stent restenosis >, g g'}; ;_
pEececedecele
in silico Animal & Human Tests
o SHORT
o in silico
in silico Coronary PMy;ocgr. Patient
erfusion .
Design BenchTest  pgogels  ACUTE Population

After Mech Repres.
. Module Virtual
InSilc Cases

A

Virtual
devices

Predict how the stent
Enrich the presence affects the

Virtual | lh d .
Population ocal hemodynamics



Wall drug content as
additional clinical marker for

suboptimal tissue healing and
excessive SMC proliferation

in silico Animal &
"Human Tests

o SHORT
in silico

in silico
Design Bench Test

Coronary
Models ACUTE

Myocar.
Perfusion

ratient
Population
After Mech - . G0 0
. Module Virtual
InSilc Cases

Virtual
devices

Enrich the

Virtual

Population .

Plaque
growth
Tool

Predict how drug is

released to the wall \
(in time & space) o




in silico Animal & Human Tests

SHORT MEDIUM-

o in silico LONG
in silico Coronary Myocar.
Perfusion
Design Bench Test Models ACUTE

After Mech Re.pres-
. Module Virtual
InSilc Cases
Drug-
release

Virtual Module

devices

Enrich the
Virtual
Population

Plaque
growth
Tool

Predict how stent
degrades and how this
affects the wall scaffolding

StentB

Day
300

MO
MO
Panie ©

rctcrcicicicire il §

Video

Population

f” .\\
| r* .-i"'"
N

e d_,.-""

Degradation variable
describes ratio of current
Von-mises stress (o,.) to
stress

current yield

(g, (t)).
6‘?
ay(t) 0

re

0.5 1

.~
~

Damage due to degradation initiated ~Day 600



After
InSilc

Predict how the coronary
wall responds (cellular
level) to the stent

n silico Animal & H Test
in silico Animal & Human Tests deployment and how the

in silico sy Mfgl'\'UG“"' local hemodynamics
insilico coronary Myocar. changes during restenosis Patient
Design BenchTest  pgogels  ACUTE Population

Repres.
Virtual
Cases

A

Mech
Module

Module

Virtual
devices

Enrich the
Virtual
Population

Plaque
growth
Tool




After
InSilc

Design

AR

\ 4

Virtual
devices

o in silico
in silico
Bench Test Models

Mech Repres.
Cases

A

Plaque
growth
Tool

in silico Animal & Human Tests

Coronary

Enrich the
Virtual
Population

SHORT MEDIUM-

Myocar.
Perfusion

Animal
Trials

Candidate

Clinical
Trials

»
b

~—~

—

Module

Patient
Population

—
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After
InSilc

Design

AR

\ 4

Virtual
devices

in silico Animal & Human Tests

in silico
in silico Coronary
Bench Test Models
Mech Repres.
Module Vlrtual
Cases

A

Enrich the
Virtual
Population

Plaque
growth
Tool

SHORT MEDIUM- REDUCE

Animal
Trials

Myocar.
Perfusion

Module

Candidate

Patient
Population

N7

Clinical
Trials

& Refine
modules

Patient-
specific
cases

in silico
Trials



Bench in silico Animal Animal Clinical Patient

Design Test  Bench Test Tests Cadaver Trials  candidate  Trials Population
Before
InSilc
REFINE data in
ACUTE/SHORT term
REPLACE the
bench tests in silico Animal & Human Tests REDUCE
- SHORT  MEDIUML animal tests
o in silico
in silico Coronary Pl\é%zg?or.n Animal Clinical Patient
Design BenchTest  pggels  ACUTE Trials  Candidate  Trials Population
After Mech Repres.
i iy e Module Virtual
InSilc Ca?es
. Module
Vlrt.ual modules | Modules
devices

Enrich the
Virtual
Population

Patient-
specific
cases

in silico
Trials

Plaque
growth
Tool




Platform =2 InSilc scenarios of use

Compare anatomy
configurations
and patient
conditions

Compare existing stents

For the selected virtual anatomy the stenfing
oulcomes are predicted for two stents (BRS
and partially degradable sfent, already
available in the Virtual stent database) and

suitably compared. For a specific stent, the stenting

oulcomes are predicted

. considering different virtual
Pre-clinical anatomies & patient conditions.
testing

assessment

To perform in
silico all the

standard .
Compare different mechanical Design
clinical stent testing new stents
according fo
procedures 1SO g For the selected virtual anatomy the

stenting outcomes are predicted,
when paramefers such as design or
material are changed in a specific
stent.

For a selected virtual anatomy and the
considered stent, the stenting outcome
when different implantation procedures are
simulated is predicted.

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



Scenario Nol - Compare existing stents

Deployment Module Degradation Module
I I I N I I N T T

3D reconstruction and plaque Fluid Dynamics
characterization tool Module

BVS 1

A ] A Al A A 1 d 1.4 4

BVS 2

e B B R T e T R T e M e B R, W
- ; - . ; _. ;

r -~ -~ -~ - — 1 - -
L LTk T & L LT b= £ L L %

b g
5 I

i ik -'\. ...:" iy = 1 Y 1] (i ) 5 1 .
B Bk B Bdh Bedh Bedd B Bt & N N N N N N e

In the same stenotic

artery... ARTERY 1

In vivo you can’t!

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



3D reconstruction & Deployment Module
plaque characterization Tool

BVS 2

Max Principal Strain [%) Max Prncipal Straim %)
[ A | oy | .
] 30 G0 ] 30 GO

ARTERY 1

Max Principal Stress [MPal) Max Principal Siress [MPa)
| |

Lumen Gain: 54% Lumen Gain: 40%
Malapposition: proximal and distal Malapposition: proximal and distal

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



Fluid dynamics Module Degradation Module

BVS 1 BVS 2
TAWSS | TAWSS

N FY,

A

A
A

2
58

$
%

7

5

F

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 777119



Validation strategy

Modules validation Validation ongoing according to “V&V40 - Assessing Credibility of
Computational Modeling through Verification and Validation:
Application to Medical Devices”.

Ending on April 2021.

Metrics used in validation Modules outputs correlation with real Clinical Trials Objective
Performance Criteria

Data used for validation and | Experimental data (in vitro validation)

virtual patient geometries Retrospective data (550 patients)

creation Prospective data (100 patients; 2 clinical centers in ERASMUS-
Netherlands, UOI — Greece).

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



InSilc Business strategy

 InSilcis a service oriented in silico cloud platform

* The pricing strategy depends on:
* Type of user
 Number of virtual patients employed in the in silico trial
* Modules employed in the in silico trial

* The computational time depends on:
* Complexity of cases (e.g. number of procedural steps, stent length,... )
* Modules employed in the in silico trial

Just to give an idea, the full pipeline required 10 days for the presented Scenario n.1

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119



Possible intended use of InSilc platform

1 Simulations as decision-support
system for Stent companies

As a tool for training/research

* No regulatory constraints

* Need proper validation and robust simulation results

3 Computer simulation results as
supporting digital evidence for the
regulatory evaluation of BVS

* Need for formally validated simulation results, based
on a risk-inform credibility assessment framework

* Formal reporting

* Preliminary consultation with EU regulatory bodies

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 777119
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MSCA-ITN: Training objectives Cal-gon

* train 14 high potential scientists

o to combine knowledge of cartilage & bone developmental biology,
pathobiology and tissue engineering with skills in cell culture, animal models,
proteomics, biomaterial development, bioreactors and computational
modelling.

* Exchange of knowledge and multidisciplinary collaboration between these
fields of research

o toraise the next generation of researchers with the skKkills,
multidisciplinary knowledge and on-the-job training experience necessary
to tackle all aspects of bone and cartilage disease and repair

26/03/2021 3
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Research Objectives

* understand the role and interplay of cell secreted factors, extracellular
matrix components and mechanical loading in cartilage and bone formation
and repair

* use the combined knowledge and skills of matrix biology and tissue
engineering to develop novel, biologically inspired biomaterials for the
formation of stable cartilage and vascularised bone

* use knowledge of cell biology, proteomics, mechano- and
pathobiology integrated by computational modelling to identify and to pursue
drug targetable components for bone healing and osteoarthritis

26/03/2021 4
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Joint OA c/‘;":’éﬁ“

* Disease-modifying drugs
o Raphaelle Lesage

Normal Knee Osteoarthritis

* Tissue Engineering
strategies

o Satanik Mukherjee

11
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Joint OA W

Normal Knee Osteoarthritis ‘ * Disease-modifying drugs
o Raphaelle Lesage

26/03/2021 7
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Literature derived networks

Growth factors,
signalling molecules

26/03/2021 5
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r
Network inference approach W

* Micro array studies > cross platform assembly pipeline (Combat) llumina

o Growth plate (chondrocytes) @ affymetrlx
o OA mouse models

: zu-'
—_ o . -
© 40- condition <
] . ® gse26475 = o
® gse33754 =)
S-‘HJ- ‘ ® gse53857 a o
oL ® gse79239 O -4 ®
o
»
-30- - . . - 8- -
60 -30 O 30 60 45 10 -
PC1 (78.3) PC1 (13.8)

Lesage et al., Front Bioeng Biotech, 2018; Lesage et al., in preparation
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Canalisation and perturbation w

. o
=@
20

ST

perturbation
Kerkhofs et al., PLoS ONE, 2015
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| | Predicted activity profile: a\'
Canalisation /,/ﬁﬂ

WNT 1 0
_ , BMP 09 O
Waddington's landscape.: FGF 1 0
IHH 1 03
PTHRP 0 1
IGF 0 1
“Potential'= TFGB 0 1
elevation MAPK/ERK 1 0
reflecting
stability of a Runx2 1 0
state | o Mmp1l3 1 0
Each point is a £ R Col-X 0.9 0
network state: & o Col-Il 0 1
Stable= mature cell type Another Stable
Sox9 0 1
Nkx3.2 0 1 g
Inflammation | 0,8 O =
From S.Huang et al. Seminar in Cell & Developmental Biology
(2009) CANALISATION| 2% |21%| 77%
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In silico confirmed by in vitro (ATDCS5) W

PKA activation + FGFR1 inhibition Erasmus MC
% remaining in Hypertrophy
1 ] o« oo [ ] "
0.9 AT
0.8 80 FC in ALP with respect to DMSO (0.0375%)
E - 0.7 S [ 315 =
— 1 H] o =
— p 06 o s — 5 123? 0.55 E -
-— 0.4 s | 40 o o 25 0.84 (]
O gl - g D 0.70 0.85 100 =
0.2 20 o 1000] 625 125 25 5| 0|
0.1 FGFR1 inhibitor (nM)
0 0

ON L™ B B A D O A [Fgfri]

QOO VTN DT
FGFR1 level

* Minimal amount of PKA required to see any positive effect
* The lower the PKA, the more we need to block FGFR1 to achieve equivalent effect
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Joint OA W

Normal Knee Osteoarthritis
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Next steps: in the human environment C/,;\/éﬁ\

Stresses,
strains

Knee Joint -l Articular Cartilage

Chondrocytes

Mukherjee et al., in preparation; Mukherjee & Lesage et al., in preparation
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r..
Zonal variation of chondrocyte micro-environment Ca._hBon

Gadjanski et.al. 2011

" l LifeTec
G rou p PCM fibril orientation
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Next steps: in the human environment W

Changes in ECM

Computational properties, cellular

Homogenization

Altered conditions hypertrophy.
Knee Joint dl Articular Cartilage Slresses, Chondrocytes Forceson o Intracellular
strains integrins regulatory networks

riml] Healthy
| i “ * fone
. er, S - bteniscactomy -

Mukherjee et al., in preparation; Mukherjee & Lesage et al., in preparation
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Conclusion & Impact C"g"fﬁﬂ

* Very succesful in achieving its goals

> Highly interdisciplinary training
» Very natural establishment of across-group collaborations for all ESRs
» (Good science

> Exploitable results

https://www.carbonresearch.eu/

26/03/2021
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