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Average time between first symptoms and further steps of the diagnostic odyssey
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A Centre of Expertrse is o hospital unit specialised mn the rare disease or group of rare disenses

Difficulties associated with the diagnostic odyssey

. 7 O have been misdiagnosed with
Key findings from a Rare d\*‘" T BD another physical disease.
Barometer Survey, EURORDIS

y ix} 60% have been misdiagnosed
EE!,’.I“"{ with another psychological
. disease or had their symptoms
nat taken seriously

NBS dimension in EU (2020 EU data source)
EU Inhabitants: 447.000.000

* Newborn/Year: 4.000.000
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RDs: 6-8% of EU population
27-36 million persons
72 % are genetics

O have NOT been referred
to & Centre of Expertise.

Oy had 8 consultations
or more with healthcare
professionals before their
diagnosis was confirmed.



NBS:WHERE ARE WE TODAY IN EU?

DK-UNB-21-0002 | March 2022

Newborn Screening: 1 heel prick test has the potential to diagnose 50 diseases

SIGNIFICANT VARIATIONS EXIST ACROSS COUNTRIES

Italian Health Ministery Decree -

48 9 2

Number of diseases screened at birth
as part of a national testing programme
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Disease Abbreviations (used overleaf...)

ALD Adrenoleukodystrophy
ASA Argininosuccinic aciduria

More than

IVA Isovaleric acidemia
LCHAD Long-chain hydroxyacyl-CoA

Italy
Poland
Austria
Portugal
Hungary
Sweden

[ Ranking.

Screening for...
48 Diseases

29 Diseases
29 Diseases
29 Diseases
27 Diseases
26 Diseases

Decreto Legge n. 162 del 2019:
de inition of 48 mandatory
diseases (SNE or Extended

newborn screening) to be

ARG Arginase deficiency dehydrogenase deficiency Norway 26 Diseases

A-T Alpha Thalassemia MADD Multiplex acyl-CoA .

BIOPT (BS) Biopterin cofactor dehydrogenase deficiency Netherlands 25 Diseases o .
biosynthesis deficiency MAL Malonic aciduria Finland 23 Diseases SC ree n e d ( m eta bo I I C a n d ge n etl C

BIOPT (REG) Biopterin cofactor
regeneration deficiency

BKT Beta-ketothiolase deficiency
B-T Beta thalassemia

BTD Biotinidase deficiency
CACT Carnitine-acylcarnitine
translocase deficiency

HCU Homocystinuria (CBS deficiency)
HMG 3-Hydroxy 3-methylglutaric
aciduria

H-PHE Benign hyperphenylalaninemia
IBG Isobutyryl-CoA dehydrogenase
deficiency

MAT Methionine adenosyltransferase
deficiency

MCAD Medium-chain acyl-CoA
dehydrogenase deficiency

MCD Multiple carboxylase deficiency
MLD Metachromatic Leukedystrophy
MMA Vitamin B12 deficiency

2M3HBA 2-Methyl-3-hydroxybutyric
aciduria

3MGCA 3-Methylglutaconic aciduria
3MCC 3-Methylcrotonyl-CoA
carboxylase deficiency (also known
as 3-MCC deficiency)

Screenshot

Germany
Estonia
Slovenia

C Charles River

Research supported by Novartis AG

21 Diseases
20 Diseases
19 Diseases

(077:T | W2T=Tol ][l 19 Diseases

CAH Congenital Adrenal Hyperplasia MPSI Mucopolysaccharidosis Type | Denmark 18 Diseases
LATVIA Cbl A Methylmalonic acidemia (Cbla) M/ SCHAD Short / medium chain Slovaki .
Cbl B Methylmalonic acidemia (CblB) 3;%:::](;};-00.'& dehydrogenase ovakia 13 Diseases
LITHUANIA Cbl C Methylmalonic Acidemia with ) _ Belgium 11 Diseases
Homoeystinuria (CbIC) MSUD Maple Syrup urine disease : )
Chl D Methylmalonic Acidemia with m;:l':g g'f;_m_OCYST'”U”a due to Switzerland 10 Diseases
Homocystinuria (CbID; SUIEENE) F
- Cy;t’ic Fibros(is ) MUT Methylmalonic acidemia (Mut) UK 9 Diseases
CHT Congenital Hypothyroidism gt?::):;’zfeg:g':igzr:::;;fymte Croatia 9 Diseases
CIT Citrullinemia type | - - h s :
oI il Citrullinemiaytpype Il Gitrin PA Propionic Acidemia Spain 8 Diseases
deficiency) PKU Phenylketonuria Ireland 8 Di
- ; POMPE Pompe Disease ISeases
CPT | Carnitine palmitoyl-transferase . .
(L) deficiency SAHH S-Adenosylhomocysteine France 6 Diseases
2. . hydrolase deficiency )
CPT Il Carnitine palmitoyl-trans- SCD Sickle cell disease Latvia 6 Diseases
ferase |l deficiency ; i
CUD Carnitine uptake defect Sl i et Luxembourg 5 Diseases
FABRY Fabry Disease immunodeficiency .
ROMANIA Y Diseas SMA Spinal Muscular Atrophy Malta 5 Diseases
GA | Glutaric acidemia type |
. . latyp TFP Trifunctional protein deficiency -
GAZ2 Glutaric acidemia type || TYR | Type | tyrosinemia Greece 4 Diseases
e Salactokinase deficlency  TYR Il yrosinemia type | Lithuania 4 Diseases
BULGARIA aucher disease TYR Il Tyrosinemia type Il ) )
GNMT Glycine N-methyltransferase VLCAD Very long-chain acyl-CoA Bulgaria 4 Diseases
deficiency deh - .
- ydrogenase deficiency Cvprus 2 Diseases
: gl EL e 2MBG 2-Methyl butyryl-CoA o
dehydrogenase deficiency dehydrogenase deficiency Romania 2 Diseases

Associates

screening)



CHALLENGES AND GAPS TO BE ADDRESSED

TO ENHANCE THE ROLE OF GENETIC NEWBORN SCREENING (gNBS)

WHY GENETIC NEWBORN
SCREENING

Novel therapies for RDs getting

beyond metabolic diseases

Novel methods as high-

throughput genetic strategies
Applicable to “hundreds” RDs

Avoiding diagnostic odyssey

CHALLENGES

Treatability VS Actionability

concepts
High scale genetic screening

Standard of care and

prevention

GAPS

Data ownership

Data storage

Genetic strategies

Ethical issues

Turnaround reporting time

Costs

Neonatal screening is an important preventive measure
for the wellbeing of newborns and their families
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Shortening the path to rare disease diagnosis by using
newborn genetic screening and digital technologies

AN EU-IHI FUNDED RESEARCH PROJECT
2021-2026
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SCREEN4CARE PROJECT

The Screen4Care
Dual approach

YEARS OF MIO EURO

DURATION BUDGET Genetic Newborn Virtual Solutions
Screening (NBS)

Screen4Care
Virtual Platform
(Virtual Clinic)

COUNTRIES PARTNERS

Shortened diagnosis journey
for people living with rare diseases



SCREEN4CARE PROJECT: PILLARS AND MILESTONES

Knowledge about NBS EU ecosystem (landscaping RDs initiatives)

*  Champion a sustainable genetic NBS framework for RD early diagnosis (Treatable and
Actionable) in about 18.000 newborn in EU countries
*  Offering Whole Genome Sequencing to all early symptomatic babies (post-screening,

two-tier approach)

vAde
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* NEW!!!l Whole genome screening for gNBS

Improve accuracy & speed of patient diagnosis using innovative digital tools

-




MILESTONE: GENETIC NEWBORN SCREENING

« Champion a sustainable genetic NBS framework for early diagnosis (Treatable and Actionable) in about 18.000 newborn in EU
countries

Targeted gene panel and WGS “in silico” (panel in silico with WGS backbone)

Offering Whole Genome Sequencing (WGS) to all early symptomatic babies (post-screening, two-tier approach)

Countries involved:

France (Dijon), Italy (Rome, Ferrara), Germany (Freiburg, Gottingen, Erlangen, Berlin”), Greece (Thessalonica)*, Czeck Republic (Brno)*,
Ireland (Dublin) *

*Material Transfer Agreement signing in progress

WP3 studies ethical applications:
TREAT-panel and WGS: approved in Italy, France and Germany: 18.000 infants
NBS WGS (in silico TREAT panel) approved in Italy (Ferrara): about 1000 infants

ACT-panel: rejected (revisions requested) in Italy (Ferrara)



TREAT PANEL: PHENOMICS

M Blood and coagulation disorders (EuroBloodNet)

Cardiological disorders (GUARD-HEART)

Endocrinological disorders (Endo-ERN)

m Immunological disorders (ERN RITA)

Kidney diseases (ERKNet)

B Metabolic (including mithocondrial disorders, oxidation disorders,

lysosomial disorders, etc...) (MetabERN)

B Neurolologic/neurodegenerative and neuromuscular disorders (ERN-
RND, EURO-NMD, ITHACA)

B Syndromic (ITHACA)

W Others (ERN-BOND, ERN-LUNG, ERN-EYE)




TREAT PANEL: CUSTOM DESIGN

The design of TREAT panel is based on:
A system of robust criteria and scoring for prioritization

(from O to 2)

TREATability: approved treatment by EMA (yes or no)

Disease onset: Prioritized pediatric-onset versus adult-
onset diseases

Disease severity: Prioritized diseases with higher
probability of causing significant health problems
Penetrance: Prioritized diseases with >

80% of penetrance

Clinical validity: Prioritized genes with known
pathogenic variants and a clear genotype-phenotype

correlation

(Fleyers et al, Orphanet J, under revision)

Custom design : TREAT PANEL capture target

Human (GRCh37/hg19) All
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SMAS5q locus
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TREAT PANEL: THE SMA COMPLEX LOCI

TREAT panel captures the entire region including SMN2 - intergenic - SMN1 genes

a6V
File Genomes View Tracks Regions Tools
Human (GRCh37/hg19) v | | chrs
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Ethical approvals

Recruitment

Information to parents
through videcs, flyers,
FAQs at checkpoints
(CKPTs)

«Early» CKPT:
15t half (manifestation

of interest)

AND/OR

«Majors CKPT:
pre-delivery meetings

(manifestation ofi
nterest)

AND/OR

FA
'= Genetic &
-aET-

DBS dedicated
Card

Genomic NBS (gNBS)
Pipeline

Birth Sites

Dried blood spot
sampling

Scientific report

Mdn—mmwﬁm‘ﬂmm Report
DBS sample To Birth Center

DBS card delivery
to OPBG HUB

Pseudo-anonymized

DB5 Sample

S4C card

Diagnosis
confirmation

Variants' evaluation
and technical

validation

e WGS
HUB Sequencing OPBG Rome ™70

I Positive

ScreendCare line

-

Diagnostic
Report and
diagnosis
communication
Follow up

Access to Therapy
Standard of Care

NEGATIVE gNBS
SYMPTOMATIC

- Tl = BABIES
wRescues CKPT: | e W g o I |
Post-birth DBS 1§
collection 1 :. 0000 . -
infromed cosent I_ Y - I—)
. — ’ lvus
L
[ PARENTS/INFANTS .
| PREGNANCY | | BIRTH | NEWBORNS | | PAEDIATRIC PATIENTS




OPERATIONAL PROCEDURES FOR S4C-ERN INTERACTION

Involved ERN for TREAT panel

SCREEN °*
4CARE % : .
- In all infants resulted positive at TREAT-panel and

TREAT PANEL: PHENOMICS WGS technical validation of the panel result will be

carried out within S4C

T e All infants with validated results at TREAT-panel and
Cardiological disorders 4 - GUARD-HEART WGS will be referred to the competent ERN
Endocrinological disorders 29 - Endo-ERN ( phenomics) to get access to the standard of care
Immunological disorders 26 - ERN RITA d linical di . dt t t
Cm— T procedures, clinical diagnosis and treatmen
Metabolic (including mithocondrial disorders, oxidation 106 - MetabERN

deoeles hecsomildsonders e Aims of these operational procedures are:
Neurolologic/neurodegenerative and neuromuscular 25 - ERN-RND, EURO-NMD, ITHACA

disorders * to define modalities and strategies to address
2yneRmie i patients to ERN center

Others 7 - ERN-BOND, ERN-LUNG, ERN-EYE

* to clarify responsibilities/tasks of S4C and ERN
centers

S4C-ERN collaborating paper (Genetic newborn screening: ERNs’ transversal operational pipelines) in
preparation (to be submitted to PlosOne by end of June)



OPERATIONAL PROCEDURES FOR S4C-ERN INTERACTION

Form Name ScreendCare DBS Front of Form: Face of Parts 1 & 2 o Q O S
S e Operational procedures with Unit of Obstetrics and
Design Date 101923 TN Glue lines are between parts 1,2, 8 3

Datted Cyan lines signify perf lines.
= —  Solid Cyan lines signify die cut window.

Diecut window is 15/16" x 3 1/2°

o e e L Gynecology and Neonatology finalized, in particular:

Piggy back labal:
i 1 38
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1) What are genetic diseases?

Rare diseases are genetic in origin (about 85%) and are caused by the presence of alterations ("errors”) in
DNA.

The genetic heritage of each of us is written in our DNA seguence, which is contained in the nucleus of cur
body cells and is packaged in particular structures called chromosomes. These chromosomes contain genes,
which are specific portions that are used to make the proteins we are made of.

Monogenic hereditary diseases are caused by mutations in a single gene; examples include Mediterranean

anemia, cystic fibrosis, and Duchenne muscular dystrophy. Monogenic di are studied with lecular
genetic analyses.

2) How frequent are genetic diseases?

Genetic diseases are rare... but not that rarel In fact, there are more than 7,000 of them.

Each genetic disease is rare (found in less than 1in 2000 people), but overall they affect 1 in 17 people. They
involve 36 million people in the European Union.

Most rare diseases have a pediatric onset.

The average time to reach a diagnosis is 5 years!

The goal of the ScreendCare Project is to accelerate the diagnosis of rare diseases through neonatal genetic
screening which means screening babies shortly after birth for the early identification of some monogenic
diseases.

3) Which newborn (metabolic) screening is currently available for all newborns in Italy?

Extended newborn screening is currently available and mandatory in Italy: it checks for more than 40 diseases
[genetic, endocrine and metabolic) which, if not recognized early, could negatively affect the child's
development. Italy is first in Europe for the number of diseases included in the screening.

Within 48-72 hours of birth, zll babies are given a small puncture in the heel in order to collect a few drops of
blood on a special absorbent card (DBS), which allows a simple screening test to be carried out at a laboratory
of the region's reference screening center.

4) What is the European ScreendCare Project? What does it propose?

The ScreendCare Research Project, created in 2021, is a European Consortium, which will last 5 years.  The
ScreendCare project involves universities and pharmaceutical companies from all over Europe as well as
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WGS BACKBONE: SUB-STUDY

* The objective is the application of WGS as a technical validation tool of a NGS custom panel (TREAT panel) in a separate cohort (1000
newborns)

* |n this “sub-study”, the same information, dissemination and technical methods of the TREAT panel will be adopted

* The application of WGS as a technical validation tool represents an absolute novelty in the NBS panorama
* This type of approach minimizes the amount of data generated and the presence of VUS

* |t significantly reduces the risk of “incidental findings”, thus proving to be ethically acceptable

* Compared to targeted gene panels, this approach offers the great potential to revisit genomic data in the future with improved screening

algorithms or as new treatments become available

WGS will be carried out with the sole purpose of validating the technical “accuracy” of a targeted gene panel



IN SILICO

® Technical assessment of the TREAT panel in silico with WGS backbone
® Comparison of feasibility and detection rate

® Comparison of gene coverage

® Evaluation of number and type of reported variants

® Assessment of couples/expecting parents’ compliance to a WGS based

screening test (assessed through parent’s decision to accept/decline D@( ]><[I]><E ]><[[D<[
_ Panels /\ WES /., WGS |
the TREAT panel when WGS as testing method is proposed) M Y’ M

To demonstrate the feasibility and sustainability of WGS as a
technical validation tool of a targeted gene panel could be the first

step in a wider application, not limited to gNBS

Study approved by Emilia-Romagna (Italy) Ethical Committee on January 2025



TAKE HOME MESSAGES

* Screen4Care (S4C) focuses on accelerating RD diagnosis through two central pillars: genetic NBS (gNBS) and Al-based tools

* |t aims at planning, designing, testing and validating a comprehensive scheme for gNBS

* gNBS will be carried out by a two-tier step:
» Targeted gene panel and WGS “in silico” in 18.000 infants

> Post-gNBS whole genome sequencing in early symptomatic infants

* The use of innovative digital tools will improve accuracy & speed of patient diagnosis

* European Reference Networks may have the high added value to facilitate patients’ referral to expertise and quality services
* Through coordinated work between Screen4Care and ERNs members, operational procedures are in progress to ensure timely

access to the optimal standard of care and available treatments for RD patients

ERN collaboration and interaction with S4C project is vital for screened infants



FOLLOW #screen4care

— - https://www.screend4care.eu/
|
- https:/twitter.com/screen4care

https://www.linkedin.com/company/screen4care/

EYoulube - https://www.youtube.com/channel/screen4dcare

THANKS FOR YOU ATTENTION!


https://www.screen4care.eu/
https://twitter.com/screen4care
https://www.linkedin.com/company/screen4care/
https://www.youtube.com/channel/UC3IrYuW7h1HqrDbFxt8Dyvg
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