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Das S4C Konsortium ist eine integrierte public-private Partnership,

das gemeinsame Ziele verfolgt und patientenrelevante Ergebnisse produziert.
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Unsere VISION ist es, das Leben von Patienten mit seltenen Krankheiten

durch 3 Saulen zu verbessern:

1. Bundelung der Kompetenzen in der Diagnose seltener Erkranungen und Aufbau
eines europiischen Okosystems fiir das Neugeborenenscreening

2. Forderung eines nachhaltigen Rahmens fiir genetische Neugeborenen-Screenings
auf seltene Krankheiten

gi 3. Verbesserung der Genauigkeit und Geschwindigkeit der Diagnose durch innovative
digitale Tools

Sechs Arbeitspakete, um
a e Auf seltene genetische Krankheiten bei Neugeborenen zu screenen,

O * Maching Learnung Algorithmen zu entwickeln, die Daten elektronische Patientenakten
nutzen und

* Symptom-Checker flir Hausarzte und Patiente zu verbessern.
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Die Odyssee zur Diagnose von Patienten mit seltenen Krankheiten

Nachhaltige
Strategie fiir das
genetische
Screening von
Neugeborenen

-

J

ML-Algorithmen
zur ldentifikation
von Patienten mit
seltenen
Krankheiten

\

4 )
U
Nutzung von
artifizieller

Intelligenz zur
Verbesserung von
Symptom-Checkern

o

_/
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S4C Governance und Projektorganisation

Focus groups

dissemination Working Innovation Board (IB)
Groups (CWG + DWG)

Ethical, Legal and Safety

Team (ELST)

’ General Assembly 1 representative per partner

Scientific Advisory Board

Executive Project Management Team
Coordinating Team (CT) (EPMT)
Project Leader + Coordinator + PMO WP leaders + Coordinating Team + all EFPIA
partners

Board (MSEB)

WP 3
Patient Advisory Board (PAB)

Chaired by EURORDIS

Multi-Stakeholder Engagement

10 represen.ta.trv.es.fr.orzr Pgtjent organisations
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Uberblick tber die Screen4Care-Arbeitspakete

WP1  Systematischer Uberblick tiber die RD-Ressourcen und Initiativen

= Setzen des geschaftlichen, rechtlichen und ethischen Rahmens

WP2/4 WP3 WP5

* Erstellung einer 5 klinische Studien * Verbindung
Metadatenbank fiir foderierte | * Screening von 18'000 Babies bestehender
ML-Analyen (whole genome) an 6 StaO Symptom-

* (Weiter-)Entwicklung von ML- | e Strategien fur genetische NBS Checker
Algorithmen, um Patienten zu | * Kosteneffektivitat
identifizieren

WP6

Projektleitung

* Kommunikation
e \Verbreitung
* Exploitation

Co-Creation und Open Innovation

<

Patienten (kirzere Zeit bis zur Diagnose), Gesundheitssystem (digitaler Wandel), Forschung (bessere

Datenverfligbarkeit) Gesellschaft (geringere Belastung fiir Familienangehdrige und Pfleger)
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WP1

G Landscape Recht und Ethik Regulatorlk una ° Beteiligun
P Business Modell 5Ung

Laufende RD- * Datenschutz- * Inverkehrbringung ¢ Einbeziehung
Initiativen Folgenabschatz (CE) von Patienten

* Datenquellen fir ung * Vergltung und Experten
EHR-Screening * Ethischer Kodex e Erstattung und * Strategische
e Symptomchecker Finanzierung Empfehlungen

WP2/4 - Féderiertes ML WP3 -
: WPS5 - heck
& EHR-Screening Neugeborenenscreening 2= BT

14.11.2022 .
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Digitale Technologien fir seltene Erkrankungen (SE): Wandel in der

Patientenversorgung & im medizinischen Fortschritt

unzahlige seltene Erkrankungen (SE) existieren

Experten sind selten

% EURORDIS

RE DISEASES ELROPE

MESEEER (rlaub mit dem 9€ Ticket.
OVER Touristen:

6000 . Westerland (syu)

Wenn wir langer warten, wird
die Kombination aus der

distinct rare Weesteridn / S8l

diseases howledge, '
diseases and Vielfalt der SE und der
........................ \ces are scarce Fortschritt in der
.to access

Wissenschaft unser
Gesundheitssystem wie das
9€ Ticket treffen.

Few experts,

Rare, complex, chro -
' PIEX, Bically scattered

disabling, progressi /
degenerative, oftq

? v ‘ is fragmented
life-threatening i
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Rationale fur den Einsatz von digitalen Technologien bei SE?

Spektrumserkrankungen | |I\/Iu|tisystemerkrankungen |

it Bsp. Myositis

Type 1 SMA g Neck flexors weaker l

h \
Onset: Before 6 months than extensors
Milestones: no sitting

Cardiac involvement
S MA ' Febrile and subfebrile states

CLINICAL SUBTYPES Type 2 SMA Symmetric weakness '

There are four primary . ‘ ' - of proxnmal extremmes : ,"
types of SMA. Type is based on Onset 6 - 18 months / /
the age of onset symptoms and Milestones: Slltlng
the highest physical milestone :

achieved. SMA Type | is most not Walk'ng
severe, and also the most
common, representing over '

60% of cases. Type 3 SMA Dysphagia L/
Onset: Childhood Myalgia
after 12 months 9

Milestones: Walking .Il
|
Type 4 SMA

Onset: After 30 years old »
Milestones: Normal

Interstitial lung disease

3l | S
> o

b

~

Cutaneous lesions (DM)

n Intestinal motility disorders Proximal muscles of the lower

Arthralgia
e extremity weaker than distal muscles

10
Opinc et al., Heart Failure Reviews (2021) 26:111-125
Zschiintzsch: 2022 © UMG
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Potential medizinischer Informationen

Die komplette und kontinuierliche Aufzeichnung individueller medizinischer Daten
ist medizinisch moglich.

Die Technologie kann auf verschiedene Bereiche ausgedehnt werden

Das hochqualitative Monitoring von grof8en Patientengruppen wird moglich.
,Entsprechende Algorithmen konn(t)en medizinische Dienste ersetzen!?!

11

Zschiintzsch: 2022 © UMG
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Prozessieren von Daten: Die Beurteilung erfolgt durch Algorithmen

Training datasets

Die Performance der Algorithmen hangt
. von der Grofle und Qualitat
§- 4444 von Datensatzen ab

t—n t-3 -2¢t-11¢

Sequential dermoscopic images

Feed data through time

-9 'K 'J
w dd d d

=¥ t—=2t¢t=1 ¢t

Sequential clinical images A8 T

Biomarkers g

12

Whole-skin image capture Histopathology images Esteva et al., Nature, 2017 Dermatologist-level classification of skin cancer with deep neural networks
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Digitale Vorbereitung

Landschaftsanalyse

* Laufende SE Initiativen

* Vorhandene Datenquellen & deren
Nutzbarkeit

* Vorhandene Algorithmen

NHS EHR

, | e ’\ +/ > 600 Krankenkassendaten

-«-a i~ \}n
y x ‘ 2 DIFFERENT REGISTRIES L .
} > 3 O x> Y across Europe at national, Personliche Patientenkrankenakten= EPR
million * L 4 regional and local level 7 (e.g. ELGA in AT oder ePA in D)
PEOPLE IN EU are affected i " e

by rare diseases

HIS (institutional EHR)

Pharmaindustriebasierte Datenbanken

EUROPEAN PLATFORM ON RARE DISEASES REGISTRATION

Zschiintzsch: 2022 © UMG
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Digitale Vorbereitung

Landschaftsanalyse

* Laufende SE Initiativen

* Vorhandene Datenquellen & deren
Nutzbarkeit

* Vorhandene Algorithmen

i

Interoperabilitat

Metadatenrepositorien

* Entwicklung einer Infrastruktur fur * Entwicklung bzw. Nutzung eines
Metadatenrepositorien “European Common Data Model”
Einhaltung von GDPR-Prinzipien * "Mapping” und Integration von

Ermoglichen einer Kohortenselektion & Datenquellen

Aufbau eines nutzerfreundlichen
Interface 14

Zschiintzsch: 2022 © UMG
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Interoperability: layers

npj Digital Medicine (2019)2:79; https://doi.org/10.1038/541746-019-0158-1

PERSPECTIVE OPEN
Why digital medicine depends on interoperability

Moritz Lehne(®', Julian Sass(®', Andrea Essenwanger (', Josef Schepers(®' and Sylvia Thun'*3

,lnteroperability is the ability of two or more systems or components to exchange
information and to use the information that has been exchanged”

Technical interoperability:
ensures basic data exchange capabilities between systems

Semantic interoperability:
is the domain of medical terminologies, nomenclatures, and ontologies

Syntactic interoperability: specifies the format and structure of the data

Organizational interoperability
15
Zschiintzsch: 2022 © UMG



Welche Datensets sind

verfligbar?

e.g.

ERDRI-CDS
SDM-MR (F)

U-Heft (D)

Zschiintzsch: 2022 © UMG

Datenqualitat

Common Data Set for European Rare Diseases Registration Infrastructure (ERDRI-CDS)

functioning/disability

according to International
Classification of Functioning
and Disability (ICF)

GROUP |E. No. ELEMENT NAME ELEMENT DESCRIPTION CODING COMMENT
= 1.1. Pseudonym Patient's pseudonym O String The JRC is working on
.= E_ providing a
- & g pseudonymisation tool to
the registries
=c 2.1, Date of birth Pat!ents date of t—urlh O Date (dd/mmiyyyy)
= .9 2.2 Sex Patient's sex at birth O Female
g E O Male
o uE O Undetermined
A= O Foetus (Unknown)
3.1 Patient's status Patient alive or dead O Alive If dead then answer
E o 0 Dead question 3.2
- 3
E B O Lost in follow-up
- @ 0 Opted-out
3.2 Date of death Patient's date of death O Date (dd/mm/yyyy)
o 4.1 First contact with Date of first contact with 0 Date (dd/mm/yyyy)
(‘?; é E- specialised centre specialised centre
©
<2
5.1. Age at onset /Age at which symptoms/signs |O Antenatal
first appeared O At birth
8 > O Date (dd/mm/yyyy)
§ S 0 Undetermined
842 G20, Age at diagnosis /Age at which diagnosis was O Antenatal
< made O At birth
O Date (dd/mm/yyyy)
0 Undetermined
6.1. Diagnosis of the rare |Diagnosis retained by the Orpha code (strongly http://mww.orphadata.org
disease specialised centre recommended — see link) / /cgi-
o |Alpha code/ ICD-9 code/ ICD-9- |bin/inc/product1 inc_ php
'g CM code / ICD-10 code
c 6.2 Genetic diagnosis Genetic diagnosis retained by |International classification of http://www hgvs_org
g the specialised centre mutations (HGVS) (strongly
(=] recommended — see link) /
D HGNC / OMIM code
6.3 Undiagnosed case How the undiagnosed case is |0 Phenotype (HPO)
defined 0 Genotype (HGVS)
71, Agreement to be Patient's permission exists for |O YES
contacted for being contacted for research |0 NO
= research purposes __ |purposes
2 7.2 Consent to the reuse [Patient's consent exists for OYES
3 of data his/her data to be reused for |0 NO
4 other research purposes
n:. 2L Biological sample Patient's biological sample O YES If YES
~ available for research 0O NO answer question 7 4
7.4 Link to a biobank Biological sample stored ina |0 YES (if appropriate use link) |https://directory.bbmri-
biobank O NO eric.eu
8.1..18.1 |Classification of Patient's disability profile O Disability profile / Score http//www who.int/classif

ications/icf/whodasii/en/

16
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Pilot fir SE: Wie bringt man die Algorithmen in das wahre Leben ?

vaiderung

Pilotierung

cToTTT o T * Inform WP5
l :
1 1
— Use existing :
E h,:,,'g;'i:'{:ss;c . ] Clinical testing
1
- CDM, and adjust/ | Prospective pllots
=— retrain as needed [
-— Retrospective | Test algorithms in real-
Q Validation on general X life scenario — Flag
= Train datasets ' | patients with likely RD
-— — @ syndromic —— diagnosis
Correlation algarithm e - e.g. EHDEN, ELGA, '
— Analyses/ ' thd || EHR Implementation in
] Feasibility I ! 4 German sites
Metadata Federated Evaluations Train | .
I~ Repository ML | disease | .
— specific | i
algorithm [+ - :
| I
4 | 3
+ i
wp2 . | Facilitate Feature Interpret and "Sanity"-check, ! |
) | Selection/Prioritization data-driven Algorithms, ! |
| | | | :
| | | ' |
1
i fomemes % Literature-Evidence-Based Algorithms |- —'- - - -« - - - o oo oo oo P 4
i
l}
e e i Confirm Diagnosis
lterate algorithms with new data

17

Nachweis der Kosteneffizienz
Deep phenotyping mit neuen
Effekt auf Teilnehmer bildgebenden Verfahren

Zschiintzsch: 2022 © UMG
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Neue bildgebende Verfahren

Nicht-invasive Bildgebung

MSOT Hochauflosende Bildgebungsverfahren

Week 1 Week 2 Week 3 Week 4
Optical imaging

UNIVERSITATSMEDIZIN *
IJ!I Transfer Oncology / GOTTINGEN = UMG

S0 00 00 0000000000000 0RR00RPPRORRORNROBOERNONLES

Translational Molecular Imaging
From bench to bedside

—~

Collagen
Hemoglobin
Lipid

Patient
.

° Probe/drug
development

Vi .
/ Animal models

Target e
identification i

. Cell culture
Magnetic resonance

imaging

High resolution imaging methods

Lightsheet microscopy Multi-photon microscopy Live cell imaging tumor-cell Nanoparticle exchange X-ray based — virtual histology
Regensburger, .. Knieling, Nature Medicine 2019
Arbeitsgruppe , Translationale molekulare Bildgebung”, Prof. Frauke Alves, MPinat Gottingen, DE
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Zusammenfassung

Die diagnostischen Optionen fur SE andern sich.

Hervorragende Leistungen bei digitalen Technologien sind nur moglich mit
Interoperabilitat und guter Datenqualitat.

Die Geschwindigkeit der Umsetzung ist ein entscheidender Faktor.

Nur interdisziplinare Arbeit wird Erfolg haben.

. E NEUROMUSCULAR ZSEG
(b ez 8 Rien Q| DGM :
L4

/ initiativ Deutsche Gesellschaft o .
nitiative L C. Networks e fiir Muskelkranke e.V. GOTTINGEN éﬁ?&ﬁ;?nf”' Seltene Erkrankungen

Zschiintzsch: 2022 © UMG
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S CCLINICAL STUDIES

Newborn screening pilot study for TREATable Rare Diseases

Newborn screening pilot study for ACTionable Rare Diseases

Early symptomatic whole genome sequence screening

Piloting algorithmic EHR Screening Model

Phenotyping imaging with multispectral optoacoustic tomography

14.11.2022




3.1 Stakeholder preference assessment for a sustainable and ethical NBS

CURRENT STATUS:

- Systematic Literature Review
- Survey of patient preference

14.11.2022

From Fall 2022 to
Spring 2023 T

2d Ethical approval em =

From Spring 2023 to
Fall 2023 —=<}

Italy

2 focus groups with patisnts
coming for genetic
counselling
n=10 individuals by UNIFE

n=10 individuals by OPMG

2 focus groups with expecting
parents from general
population

n=10 individuals by UMIFE
n=10 individuals by OPMG

Online survey

Expecting parents coming for
genetic counselling

n=500 by UMIFE and OPMG

Online survey

Expecting parents fraom
general population

n=500

LGermany

2 focus groups with patients
coming for genetic counzelling

n=10 individuzls by UHE
n=10 individuals by UKLR

2 focus groups with expecting
parents from general
population

n=10 individuals by UHE
n=10 individuals by UKLR

Online survey

Expecting parents coming
for genetic counselling

n=500 by UHE and UKLR

Online survey

Expecting parents fram
generzl population

n=500 by UHE and UKLR

Czek Rep.

M/A

Survey Engine
— Ranking task Survey
n=20

Online survey
N/A

Online survey

Expecting parents from
general population

n=500

L1
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TREATability

14.11.2022

Selection criteria for TREAT panel

Scoring

Definition

YES

Approved drug treatment (EMA) incl. gene therapy and/or other
treatment/intervention (drug, diet, bone marrow
transplantation, supplements, vitamins, etc) that is
recommended by guidelines (at least for a subgroup of the
disease)

and

Treatment available in Germany and Italy

NO

All genes/diseases not fulfilling the criteria above

22
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Selection criteria for TREAT panel

disease onset penetrance
2 Predominantly paediatric onset of disease p) Penetrance > 80%
1 Spectrum of onset across age groups, difficult to 1 Intermediate penetrance (20-80%)
predict onset/limited knowledge about natural 0=No Low penetrance (< 20%)

0=No Mainly adult onset (> 18 years)

clinical validity

disease - 2 known pathogenic variants with clear phenotype-
2 Most likely to cause significant health problem EEI‘IGWD? S - - -
1 Spectrum of severity, difficult to predict 1 genes with known pathogenic variants and partial

penotypephenotype correlation (as in ultrarare
0=No genes with only benign variants or variants of

unknown significance, no established genotype-

0=No Not causing significant health problem

Genetic feasibility

Scnring Definition

YES significant number of pathogenic variants annotated in database,
detectable by our comprehensive NGS approach
NO Non-mendelian inheritance, not identifiable by chosen NG5S

approach
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Applying further S4C treat criteria

Standardized gene names and disease terms
Identifying duplicates

Adding gene size

Alignment with heat map from application

A S

Alignment with existing NBS programmes and approved
orphan drugs

6. Applying missing scoring criteria manually
7. Genetic feasibility (Illumina)

14.11.2022 24
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Thank you very much for your attention!
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. Vi S i t u S O n WWW' S C r e e n 4 C a r e ) e u = ‘ The Proje People living with Rare Diseases ~ Research& Innovation ~ Meetthe Partners  News & Events Contact

- Follow us on
- LinkedIn: @Screen4Care
- Twitter: @Screen4dCare

SHORTENING THE PATH TO RARE DISEASE DIAGNOSIS
USING NEWBORN GENETIC SCREENING AND
)IGITAL TECHNOLOGIES

- Visit IMlI on www.imi.europa.eu THE PROJECT
ScreensC; N inno earch approach to accelerate rare
ise: two central pill: neti

All communication in this presentation reflect the authors’ views and neither IMI, nor the EU, EFPIA or any
associated partner are responsible for any use made of the information presented
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