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Welcome = Technical points

* We are please to be numerous
« Webinar being recorded

* Thank you for
 Turn off your microphone and disconnect your camera
 Use the chat for your questions
* Raise your hand at the time of the questions and discussions
« We will try to answer most of your questions
> A satisfaction survey : https://forms.office.com/e/kF13wdXEvk

* Webinar will be available on ITHACA's Website
https://ern-ithaca.eu/documentation/educational-resources/

* Anne Hugon Project Manager ERN ITHACA - anne.hugon@aphp.fr

April 9, 2024 webinar #14 ERN ITHACA
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Welcome and Introduction
« Chaired by Pr Laurence FAIVRE, Workgroup Teaching and Education

The teaching and Training working group have proposed in March 2023 a webinar entitled
"ERN ITHACA Innovation in Newborn Screening across Europe”, which was a great success.

ERN members requested that we organize another one to have better knowledge on the
genomic initiatives NBS across Europe.

With this webinar, we will present four additional European pilot programs to extend NBS

with a genomic approach We will also present the voice of patients issued from Eurordis
rare barometer.

Finally, we will discuss the technical, clinical, and ethical aspects of such projects.

* Public: all, mostly professionals

‘:'.-"--?.\
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* Welcome and Introduction
* Pr. Laurence Faivre, Centre de Génétique, Dijon (France)

* Topic 1 - Presentation of 4 European genomic NGS pilot projects in Europe

. '(I'he NEW I)_IVES German program, Dr. Nicola Dikow, Institute of Human Genetics, at Heidelberg University.
Germany

. {ge Firs’;Steps Greek program, and its interaction with Screen4Care and BeginNGS, Pr. Petros Tsipouras
reece

* The Danish approach: Targeted Genetic Analyses: Reducing False Positives and Enhancing Performance in
Danish Newborn Screening, Alberte Lundquist, MD, Department of Paediatrics and Adolescent Medicine,
Copenhagen University Hospital (Denmark)

* The GenNatal Spanish program, Pr. Francesc Palau, Genetic Medicine Service of the Hospital Sant Joan de Déu,
Barcelona (Spain)

* Topic 2 - The Rare Barometer survey on the opinion of people living with a rare disease on NBS
» Jessie Dubief, Social Research Director, EURORDIS-Rare Diseases Europe

* Discussion and Conclusion with speakers and moderator

o:'_."..?‘\ European i;g";‘a:: ’
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The NEW LIVES German program

Dr. Nicola Dikow, Institute of Human Genetics, at Heidelberg University. (Germany)

April 9, 2024 webinar #14 ERN ITHACA
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NEW LIVES

Balancing Opportunities and Challenges in Genomic
Newborn Screening:

Ethical, Legal, Social and Technical Aspects

Heidelberg University | April 2024 | | Nicola Dikow
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Newborn screenin
in Germany (2024

Newborn screening
programs are among the
most effective programs of
public healthcare of the 20t"
and 215t century

currently 19 diseases in Germany

Gramer et al., Medizinische Genetik, 2022

22 = (. Gramer and G.F. Hoffmann, Second-tier strategies in newborn screening - potential and limitations DE GRUYTER
Table 1: Current target disorders of born sc ing in Germany (as of October 2021) and screening markers used.

Disorders Primary screening markers Second-/third-tier markers

Endocrine disorders Congenital hypothyroidism TSH

Congenital adrenal hyperplasia

17-OH-progesterone

Steroid profile (used in single German
laboratories)

Metabolic disorders Biotinidase deficiency Biotinidase activity
Galactosemia (classical) GALT activity Total galactose
Phenylk ia/hyperphenylalaninemia Phenylalanine
(including cofactor deficiencies)
Tyrosinemia type | Succinylacetone
Maple syrup urine disease Xle (leucine + isoleucine + Alloisoleucine - in principle available
alloisoleucine + OH-proline) as second-tier test but not routinely
used in German laboratories [6)
Glutaric aciduria type | Glutarylcarnitine
Isovaleric aciduria Isovalerylcarnitine (C5)
Medium-chain acyl-CoA dehydrogenase Octanoylcarnitine (C8) -
deficiency
Long-chain 3-OH-acyl-CoA C160H, C18:10H
dehydrogenase deficiency
Very long-chain acyl-CoA dehydrogenase C14:1
deficiency
Carnitine palmitoyltransferase | C0, decreased long-chain
deficiency acylcarnitines
Carnitine palmitoyltransferase Il Long-chain acylcarnitines
deficiency (C16-C18:2)
Carnitine acylcarnitine translocase Long-chain acylcarnitines
deficiency (C16-C18:2)
Cystic fibrosis IRT PAP (second tier)
31 CFTR mutations (Germany) or CFTR
sequencing (second or third tier [7])
Severe combined o o ~ TREC (qPCR) o o
immunodeficiencies
(SCID)
Sickle cell disease HbS
(5CD)
-S;i;al muscular SMN1, homozygous exon 7
atrophy (SMA) deletions (gPCR)

Abbreviations: C, = respective chain length of acylcarnitines; CFTR = cystic fibrosis transmembrane conductance regulator; GALT = galactose-
1-phosphate uridyltransferase; TREC = T-cell receptor excision circles; IRT = immunoreactive trypsine; TSH = thyroid-stimulating hormone;
HbS = hemoglobin S; PAP = pancreatitis-associated protein; SMN = survival motor neuron; qPCR = quantitative polymerase chain reaction.

Heidelberg University | April 2024 | | Nicola Dikow

LC



There are over 7000 Rare diseases

1/17 OO
people develop &2 5
a rare disease

25%
adults
75%

childzxen

400m

people with
rare diseases

o/

28%

neonatal intensive
care deaths

/
30%
of affected children

never reach their
5th birthday

https://blog.congenica.com/why-a-diagnosis-is-so-important-for-rare-disease-patients

>7000

different types

/
80%
are genetic
In origin

byears

on average
to diagnose
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Better understanding of the
genetic causes of disease
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But which findings should we report?



And which arguments should we consider?

Medical .

Ethical

Legal

Technological

Heidelberg University | April 2024 | | Nicola Dikow
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NEW LIVES:
Genomic NEWborn Screening Programs
Legal Implications, Values, Ethics and Society

NEW LIVES

TP1: Ethics — Section of Translational Medical Ethics, National Center for Tumor Diseases (NCT) Heidelberg
TP2: Law — Department of Law, University of Mannheim

TP3: Medical Psychology — Institute of Medical Psychology, Heidelberg University

TP4: Human Genetics — Institute of Human Genetics, Heidelberg University

TP5: Pediatrics —Section for Neuropediatrics and Metabolic Medicine, Heidelberg University Hospital

UK

Heidelberg University | April 2024 | | Nicola Dikow HD




Research Question:

1. Which criteria should be considered when choosing
diseases for future gNBS-programs in Germany?

NEW LIVES

Harm

— reduce uncertainty Test, Investigation, Treatment,
—> Criteria for choosing gene-disease pairs Financial, Psychological distress

Heidelberg University | April 2024 | | Nicola Dikow HD )




(1) Clinical Criteria

(1) Analytic-Diagnostic Criteria

(111) Therapeutic Criteria

(IV) Program Design Criteria

1)
2)
3)
4)

5)
6)
7)
8)

9)
10)
11)

12)
13)
14)
15)
16)
17)
18)

Gene-Disease-Association
Penetrance

Severity of Disease
Disease Onset

Advantage over alternative methods

Quality parameters of test
What to Report
Confirmatory diagnostics
Availability of Intervention

Benefits and Burdens of Intervention

Early Intervention Better
Equal Access and Acceptability

Informed Consent: When and Who

Informed Consent: What and How

Sample Collection and Analysis

Communication of Positive Test Result, Further Procedure
Data and Sample Storage

Central Coordination of Program

Heidelberg University | April 2024 | | Nicola Dikow
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Gene-Disease-Association

ClinGen Gene curation Expert Panels on Gene-Disease
Validity: ,The role of the gene in this particular disease”

Semiguantitative measurement for the strength of evidence of a gene-disease relationship that correlates

to a qualitative classification:
Definitive,

Strong,

Moderate,

Limited,

No Reported Evidence, or

Conflicting Evidence

https://clinicalgenome.org/curation-activities/gene-disease-validity/ Strande et al., 2017, PMID: 28552198 UK)

Heidelberg University | April 2024 | | Nicola Dikow HD



What to Report

Only variants of class 4 (likely

pathogenic) and 5 (pathogenic) according
to the ACMG classification are reported.
Carriers and variants of unclear
significance (VUS) are not reported.

Heidelberg University | April 2024 | | Nicola Dikow HD)



What to Re port VUS not reported!

wahrscheinlich ]

wahrscheinlich
pathogen

benigne

pathogen

[ benigne

D

Heidelberg University | April 2024 | | Nicola Dikow
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What to re PO r{ Carriership not reported!

Autosomal recessive

Carrier
parent parent

| Y
o

Unaﬁected Carner Carner Affected
child child child

Carrier

U
H
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What to re po r{ Carrier status not reported!

gesunder Vater . O

gesunde Mutter
Konduktor
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gesunder Sghn gesunde Tochter  gesunde Tachter  kranker Sohn
Fonduktor
http://www.wikimedia.org How to Diagnose Muscular Dystrophy: (wikihow.health) UK

Heidelberg University | April 2024 | | Nicola Dikow HD


https://www.wikihow.health/Diagnose-Muscular-Dystrophy

Penetrance will it even occur?

Likelihood of onset (at any time) of a specified health condition

The penetrance of disease-associated genes that require
therapeutic intervention is at least 80%.

 Genomics England: ,, A high proportion of individuals (...) to have symptoms”
 BabySeq PMID: 28079900: High (High: > 80%, Low: < 20%) + evidence level

(A: substancial evidence to D: poor or conflicting evidence and N: non-systematically identified or expert contributed evidence)

 Kingsmore et al., 2022, PMID: 36007526: high likelihood of rapid progression without treatment
e Bergetal., 2016, PMID: 26270767

Likelihood of disease: “What is the chance that a >50% 3 Most individuals develop the severe outcome
enetrance v R
P ) 1-5% 1 Few individuals develop the severe outcome
<1% 0 Outcome is very rare or cannot be reasonably estimated \
Heidelberg University | April 2024 | | Nicola Dikow HD



Penetrance

Will it even occur?

The penetrance of disease-associated genes that require
therapeutic intervention is at least 80%.

The penetrance of disease-associated genes requiring only
recurrent monitoring is at least 50%.

Heidelberg University | April 2024 | | Nicola Dikow HD)



Penetrance

Cancer predisposition syndromes (CPS)

APC — FAP ClinGen Definitive Actionability 10CA

1/70000 - 1/30000

20%-30% de novo
Cancer Lifetime risk almost 100% (med. AO CRC 39 years)

by 15 yrs, 50% of pat. have adenomas
Colonoscopy beginning at age 10 yrs

Heidelberg University | April 2024 | | Nicola Dikow HD)



Penetrance

RB1 — Retinoblastoma ClinGen Strong Actionability 10CB
1/15000-1/18000 live births

Childhood-onset (most < 5 yrs)

With few exceptions, RB1 null alleles show complete penetrance

Surveillance: from birth

Good prognhosis when diagnosed and treated early, lethality <5%,
but when left untreated lethality > 99%

Metastasized retinoblastomas have a bad prognosis
)
Heidelberg University | April 2024 | | Nicola Dikow HD




Penetrance

Adolescent with multiple basal cell carcinoma

PMID: 34570363

U
H

Heidelberg University | April 2024 | | Nicola Dikow



Penetrance

Adolescent with multiple basal cell carcinoma and squamous cell carcinoma

POLH (NM_006502.2):

c.(660+1 661-1) (764+1 765-1)del, p.?
c.1189 1196del;p.(His397llefs*8)

- Xeroderma Pigmentosum

XP: Nucleotide excision repair (NER)
POLH: DNA polymerase eta

PMID: 34570363

Heidelberg University | April 2024 | | Nicola Dikow
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Disease Onset N

The average age of onset of the disease is before school age (up to 7 years). «+

<
CA\A U \J
100+ 100+
80 80+
& 60 ety Z g
E" BRCAZ carriers 5
< > & 401 S 40
3 BRCAI carriers =
@ 3 BRCAI carriers
20+ 20
BRCA2 carriers
\ 0ZIOII‘-I3I0IIII4IOIIII5I0IIIIGIOIIII7‘0IIII3I0 0ZIO‘HI3‘0HH4I0‘H‘SIOHHS‘OIIH?IOHHS‘O
Age,y Age,y
BRCA1 Kuchenbaecker et al., JAMA. 2017; 317:2402-2416
BRCA1 : PV BK (80 J.): 72%

OK (80 J.): 44%

 BabySeq:in 3,5% adult onset diseases (PMID: 30609409)

Flaticon.com UK

Heidelberg University | April 2024 | | Nicola Dikow HD




Availability of Intervention

A therapeutic intervention is established and available that has a
beneficial effect on the natural course of the target disease, i.e.
alleviates disease symptoms or prevents or delays their
occurrence.

W&J: There should be an accepted treatment
BeginiNGS PMID: 36007526 , Effective treatment”
Babydetect Belgien , Treatable”

Heidelberg University | April 2024 | | Nicola Dikow HD )




What to Communicate

Non - “actionable”

Dikow et al., 2011

,Actionability is a continuum, not a binary state.”
(Berg et al., 2016)

,Disease association and penetrance could be considered a
priority above actionability” (Downie et al., 2021)

X

O |x
X%

Flaticon.com

Heidelberg University | April 2024 | | Nicola Dikow
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When to communicate (and what)?

NGS at birth, screening; severe disease, treatable, early onset

1. a) gNGS opt in for parents (2-6 weeks), screening; pathogenic results, medical actionable at childhood

1. b) gNGS opt in for parents: (i) adult onset highly actionable (ii) carrier status (reproductive issues)
(iii) childhood onset, no medical intervention

2.) Data from gNBS at diagnosis of symptoms, diagnostic; (likely) pathogenic results

3.) Reconsent; adult onset disease, carrier status

T 1

Birth 2 weeks Adult age Age

Dikow et al. 2022, https://doi.org/10.1515/medgen-2022-2113

Heidelberg University | April 2024 | | Nicola Dikow
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Thank you very much! Vielen Dank!

NEW LIVES:
Genomic NEWborn Screening Programs
Legal Implications, Value, Ethics and Society

) )

NEW LIVES

TP1: Ethics — Translationale Medizinethik, Nationales Centrum fur Tumorerkrankungen Heidelberg
Prof. Dr. Dr. Eva Winkler, Karla Alex, Sascha Settegast M.A.

TP2: Law — Abteilung Rechtswissenschaft, Universitat Mannheim
Prof. Dr. Ralf Muller-Terpitz, Hannah Straub

TP3: Medical Psychology — Institut fir Medizinische Psychologie, Universitatsklinikum Heidelberg:
Prof. Dr. Beate Ditzen, Dr. Julia Mahal, Elena Sophia Doll M.Sc., Seraina Lerch M.Sc., Carlotta Mayer M.SC.

TP4: Human Genetics — Institut fur Humangenetik, Universitatsklinikum Heidelberg
Prof. Dr. Christian Schaaf, Dr. Nicola Dikow, Dr. Heiko Brennenstuhl

TP5: Pediatry — Sektion Neuropéadiatrie und Stoffwechselmedizin, Zentrum fir Kinder-und Jugendmedizin,
Universitatsklinikum Heidelberg

Prof. Dr. Stefan Kélker, PD Dr. Ulrike Mlitze, Elena Schnabel -
UK

Heidelberg University | April 2024 | | Nicola Dikow HD




The FirstSteps Greek program, and its
interaction with Screen4Care and BeginNGS

Pr. Petros Tsipouras (Greece)




¥ FirstSteps

NEWBORN GENOME SCREENING

Newborn Genome Screening: Opportunities and
Challenges Setting up a National Program in Greece

Petros Tsipouras, MD

ERN Ithaca Webinar # 2
April 9, 2024



NATIONAL NETWORK

MANAGER
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NEWBORN GENOME SCREEI
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Real World Evidence
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!i 15t Academic Department of Obstetrics-Gynecology

SITES

AUTH-Papageorgiou Hospital, Thessaloniki

Prof. G. Grimbizis
Department of Neonatology
Prof. C. Tsakalidis

PN University of Thessaly-University Hospital, Larissa
'-%" Department of Obstetrics-Gynecology

. Prof. A. Daponte

v . Department of Neonatology
-t Prof. I. Grivea

,‘ EKPA Alexandra Hospital, Athens

15t Academic Department of Obstetrics-Gynecology
Prof. G. Daskalakis

Department of Neonatology
Prof. I. Loukatou



Newborn Genome Screening| International Projects

Several initiatives on newborn genomic screening have been launched globally. The guiding principle for all programs is

early detection & intervention which lead to better health outcomes, signaling a clear shift to preventive medicine.

~-

a4,

RERD BABYSEQ

A%%UARDIéTﬂ

Genomms
Baby Detect ==

\. 04”3151 e

NEWBORN GENOME SCREENING

PERIGEN(%-)IVIED

PERINATAL GENOMIC MEDICINE

SCREEN %
4CARE 7

IC3:NS

An international consortium under which
global projects share the vision of
responsibly implementing newborn
sequencing to accomplish early diagnosis
and accurate treatment.

Source: Deloitte Research

© 2023 Deloitte Central Mediterranean. All rights reserved.

J

LLLLLL

Newl?ﬁi'nslnSA

T~

Screen+ ==

Actively

enrolling

families

35




FirstSteps IS UNDERWAY

FirstSteps Greece Growth & Scale === Cumulative Database FirstSteps G Site L h

Number of newborns irstSteps Greece Site Launches
Bl ewborns Added Date Recruiting Started

225 000

Phase 1 Sites

Recruiting Start

EKPA-Alexandra
Hospital, Athens

150 000
AUTH-Papageorgiou
Hospital, Thessaloniki
75 000
@ University of
Thessaly-University
0 Hospital, Larissa

Year 1 Year 2 Year 3 Year 4 Year 5

Launched

2H 2023

July 2023

August 2023

September 2023



OPERATIONAL WORKFLOW

Report >

Educate Enroll Sample Sequence > Analyze >

IDI

Confirm >Counsel > Refer >




PROGRAM DASHBOARD

Enrol/Consent Positive Cases l

Processed/Reported Participant Feedback

73 17




SCREEN POSITIVES

Gene Variant Disease Diagnosis & Intervention
e F8 c.4825dup Hemophilia A e Factor VIII: 0.64% (rv: 50-150%)
P.Thrl609fs e Referred to ped. hematologist for managmt.
NM_000132.4 e Genetic counselling to parents & aunt
e Family trio testing (parents + mat. aunt)
e TCF3 ¢.219+1G>C A-gamma- e Orthogonal testing
NM _00320.5 globulinemia e Referred to ped.immunologist for managmt.
e Genetic counseling
e CBS c.341C>T Homocysteinour e Metabolic testing
p.Alall4Val ia e Genetic counseling
NM_000071.3 e Referral for managmt.



FEDERATED DATABASES FOR DATA INTEGRITY AND PROTECTION

Better, Faster Diagnosis
Accelerated Drug Discovery
More Impactful & Translational Research, Faster

 lifebit

EASE ISE ISF 3

Biobank Data OMOP Data Drug Discovery
& Analytics Platform Standardization Nextflow Pipelines



FirstSteps| Ecosystem

A dynamic and growing group of international and Greek partners to deliver the FirstSteps program.

2

=== SEQUENCING & INTERPRETATION =

Variant
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The Danish approach: Targeted Genetic
Analyses: Reducing False Positives and
Enhancing Performance in Danish Newborn
Screening

Alberte Lundquist, MD. Department of Paediatrics and Adolescent Medicine,
Copenhagen University Hospital (Denmark)




Rigshospitalet
The Juliane Marie Centre

Danish Approach on Newborn Screening

ERN ITHACA - Innovation in Newborn Screening across Europe: Part 2
April 9, 2024

Alberte A. Lundquist, MD, PhD student
Department of Paediatrics and Adolescent Medicine, Rigshospitalet, Denmark
Danish Center for Neonatal Screening, Statens Serum Institut, Denmark




Rigshospitalet

The Juliane Marie Centre NeWborn Screening
in Denmark

* The Kingdom of Denmark, the Faroe
Islands, and Greenland
« 60.000 newborns/year (99% uptake)
« 25 disorders
* Screening
« 2-3 days after birth
 Guthrie cards
* Since 1975
» Stored since 1982
* Screened at Statens Serum Institut
\
(Fadsler - Danmarks Statistik (dst.dk)) (latest accessed 07-04-2024)
(Notat-om-organiseringen-af-neonatal-biokemisk-screening-af-nyfoedte-2021.ashx (sst.dk)) (latest accessed 07-04-2024)
(Lund, Allan et al. “Danish expanded newborn screening is a successful preventive public health programme.” Danish medical journal vol. 67,1 (2020): A06190341)
(Screening for medfgdte sygdomme (ssi.dk)) (latest accessed 07-04-2024)

(Opbevaring og brug af blodprgven efter screeningen (ssi.dk)) (latest accessed 07-04-2024)



https://www.dst.dk/da/Statistik/emner/borgere/befolkning/foedsler
https://www.sst.dk/-/media/Viden/Graviditet-og-f%C3%B8dsel/Unders%C3%B8gelse-af-barnet-under-graviditeten/Screening-af-nyf%C3%B8dte/Notat-om-organiseringen-af-neonatal-biokemisk-screening-af-nyfoedte-2021.ashx
https://www.ssi.dk/sygdomme-beredskab-og-forskning/screening-for-medfodte-sygdomme
https://nyfoedte.ssi.dk/opbevaring-og-brug-af-proeven

SCID
SMA
BTD
CF
CPT1
MCD
MPS1-H
CTD
HCU
GALT
IVA
LCHAD
MCAD
VLCAD
ALSD
CAH
CH
GA1l
MMA
MSUD
PA

PKU
TT1
CPT2/CACT
MADD

Severe Combined Immunodeficiency

Spinal muscle atrophy

Biotinidase deficiency

Cystic fibrosis

Carnitine palmitoyltransferase | deficiency
Holocarboxylase synthetase deficiency/multiple carboxylase deficiency
Mucopolysaccharidosis type |

Carnitine Transporter Deficiency/Systemic Primary Carnitine Deficiency
Homocystinuria (classic)

Galactosemia

Isovaleric acidemia

Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency
Medium-chain acyl-CoA dehydrogenase deficiency

Very long-chain acyl-CoA dehydrogenase deficiency
Argininosuccinate Lyase Deficiency

Adrenogenital syndrome/Congenital adrenal hyperplasia
Congenital hypothyroidism

Glutaric acidemia type 1/Glutaric aciduria type 1
Methylmalonic acidemia

Maple syrup urine disease

Propionic acidemia

Phenylketonuria

Tyrosinemia Type 1

Carnitine-acylcarnitine translocase deficiency

Multiple Acyl-CoA Dehydrogenase Deficiency

First tier l
Second tier ]

Third tier |

Parallel tiers l,

)
1

Genetics at follow-up

(Lund, Allan et al. “Danish expanded newborn screening is a successful preventive public

health program.” Danish medical journal vol. 67,1 (2020): A0O6190341)
https://www.sst.dk/da/udgivelser/2008/biokemisk-screening-for-medfoedt-sygdom-hos- 47
nyfoedte (latest accessed 07-04-2024)

(Screening for medfgdte sygdomme (ssi.dk)) (latest accessed 07-04-2024)

Internal reports



https://www.ssi.dk/sygdomme-beredskab-og-forskning/screening-for-medfodte-sygdomme

Rigshospitalet
The Juliane Marie Centre

Challenges




Rigshospitalet
The Juliane Marie Centre

Targeted Genetic Analyses: Reducing False
Positives and Enhancing Performance in
Danish Newborn Screening

Alberte A. Lundquist1-2, Jonas Bybjerg-Grauholm?2, Marie Baekvad-Hansen?,

Rikke K. J. Olsen3,Morten Dung?, Lone G. Stensballel, and Allan M. Lund?

1Department of Paediatrics and Adolescent Medicine, Rigshospitalet, Denmark.
2Danish Center for Neonatal Screening, Department of Congenital Disorders, Statens Serum Institut.
3Research Unit for Molecular Medicine, Department of Clinical Medicine, Aarhus University, Denmark.

4Molecular Genetic Laboratory, Department of Clinical Genetics, Rigshospitalet, Denmark.

*Subject to ethical approval

49
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Investigation of Molecular
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Desigh & Methods

« Retrospective (2002-2023)
e 3000 Guthrie cards

« Targeted molecular genetic
analyses

« WES
* 84 genes
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Expected Outcomes

Aim 1
* An evaluation of suitability of targeted genetic analyses

» 1. tier approach
« 2. tier approach

Aim 2

» Screening algorithms for reduction of false positives
Aim 3

 Increased understanding of pathogenicity of markers
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PREDiISPOSED

Population-based Retro- & prospective Evaluation
of Diagnostic Sequencing for Pediatric & Oncogenetic Syndromes’ Early Detection

« Double-Batch Sequencing (DoBSeq)
Homepage:
2https://sites.google.com/view/pr
edisposed/the-predisposed-

project

* Exploring:

* Cost-effective

* Genotype-first
* Population-wide genomic sequencing

T T
ANNEEEEER
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« 2,304 patient samples

column batches
lllllll.ll.l IIIIIIIIIIIIIlllllll.llllll.ll..lll
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« Use of only 96 tests g FEHE
« >20-fold reduction :

* Proved method at medium scalel

Individual with monogenic diabetes
Mature-Onset Diabetes of the Young (MODY).
Correct diagnosis leads to correct treatment.

* Plan to scale fully

32
Individual with heritable retinoblastoma
Over 90% risk of retinoblastoma during the first 5
years of life. Early diagnosis improves outcomes.

1Stoltze, U.K., Hagen, C.M., van Overeem
Hansen, T. et al. Combinatorial batching of
DNA for ultralow-cost detection of pathogenic
variants. Genome Med 15, 17 (2023).
https://doi.org/10.1186/s13073-023-01167-6

row batches

150 1 A D
g

"Rare disease detection so low cost, we

can'’t afford not to do it
Individual with Fabry disease

Boys and men develop multi-organ failure.
Early diagnosis improves survival.

I~
2
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https://sites.google.com/view/predisposed/the-predisposed-project
https://sites.google.com/view/predisposed/the-predisposed-project
https://sites.google.com/view/predisposed/the-predisposed-project
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-023-01167-6
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SJ Sant Joan de Déu
Barcelona - Hospital

OBJECTIVES

GenNatal is a pilot project on genomic sequencing in neonatal medicine
and newborn screening

= Explore how genomic information can help to better know and understand
diseases identified in the neonatal and childhood period

= Analyze the medical-care, family and social, and economic impact of
genomic sequencing in the health care of newborns and infants.

= Study the possible benefits of genetic screening compared to the current
biochemical NBS

Airil 9, 2024 webinar #14 ERN ITHACA
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SCOPE

Reasons for accepting/rejecting participation in the study

= Perception and knowledge about neonatal screening (biochemical vs genetic)
= (Qpinions on genetic screening

= Feelings and perception of possible results and their family implications

= What type of results would you like to know depending on whether they are

actionable, by age of onset, carrier status...Impact of different results

=  Family impact r )

= Evaluation of teaching material 1. Pre-recruitment session: motivation
2. Pre-test session: before delivery. Informed Consent

3. Post-test session: delivery of results

. J

Airil 9, 2024 webinar #14 ERN ITHACA
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INCLUSION/EXCLUSION CRITERIA

INCLUSION CRITERIA EXCLUSION CRITERIA

* Healthy couples * No parental samples

* Third trimester * Fetal pathology detected
prenatally

* Controlled pregnancy
* Pregnancy per gametes from

* Absence of ultrasound findings, maternal ,
donors or single-parent

pathology, or family history of genetic disease

- Both members of the couple e Lack of Informed Consent

Airil 9, 2024 webinar #14 ERN ITHACA
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WORKFLOW DESIGN

INFORMATIVE SESSION PRE-TEST SESSION
= QObstetrics - =  Educational/informational material

= Brochure delivery = Genetic counselling

= 28-36 preghanc
pregnancy = Form = Pregnancy weeks

weeks

= Data analysis forms
* |nformed consent

!

NEWBORN RECRUITMENT

= Sequencing and interpretation - = Neonatal screening consultation
= Results meeting =  Sample collection (dried drop of blood from the heel, also shows oral mucosa
= Report making of the parents)

POST-TEST SESSION

= Genetic counseling
= Post-test form

Airil 9, 2024 webinar #14 ERN ITHACA




INFORMATIONAL MATERIAL FOR COUPLES

Sant Joan de Déu
Barcelona - Hospital

SJ

* RECRUITMENT BROCHURE

Pt
|'f :fiéé S-.'r_‘ |

SSCBM
OSID iz . S

EN LOS (LTIMOS AHDS SE HA PRODUCIDO UNA GRAN
REVOLUCIGN DE LA TECNOLOGIA EN EL CAMPD DE LA
GENETICA. ;COMO PODEMOS APLICARESOTS AVANCES EW EL
DIAGNGSTICO PRECOZ DE ENFERMEDADES GENETICAS.

PROYECTO
GenNatal

i0ué queremos saber?
Queremas evaluar los beneficios y el impacto que puede tener
implementar estudios genéticos avanzados en el cribage neonatal.

;Quién puede participar?
Parejas con un embarazo en curso entre las 30 y 36 semanas, con
und evolucidn normal del feto.

FQué implicard vuestra participacign?
-Tomé adicional de muestra de sangre de taldn del behé
-2 sesiones presenciales antes y después del test
-lumplimentar formularios online

51 QUIERES PARTICIPAR:
PUEDES PEDIR INFORMACION A TU GINECOLOGO/A O COMADRONJA, 0
ESCRIBIRNOS UN CORRED ELECTRONICO EN
gennatel@sjdhaspitalbarcelong org

() | mamoe, Ciberer

i@

s .
L & 3 *CBM
€ VSID tomdomnn - R9d=.

5

EN LOS ULTIMDS ANOS SE HA PRODUCIDO UNA GRAN
REVOLUCION DE LA TECHOLOGIA EN EL CAMPO DE LA
GENETICA. ;CGMO PODEMOS APLICARESOTS AVANCES EN EL
DIAGNOSTICO PRECOZ DE ENFERMEDADES GENETICAS.

PROYECTO
GenNatal

;0ué objetivos tiene el estudio?

« Analizar el impacto y los beneficios que pueden tener los
estudios genéricos avanzados como cribage neanatal.
. Evaluar |a aceptacidn de las parejas a la realizacion de
pruebas genéticas predictivas o presintomaticas a su bebé
recién nacido.
o Estudiar los beneficios del cribage mediante estudio genético

respecto al cribage bioguimico que se realiza actualmente.

tiberer

<TH
-

GenMatal

¢Quién puede participar?

Farejas con un embarazo en curso entre las 30 y 3b semanas,

con und evolucidn normal del feto.

;Qué implicara vuestra participacion?

- Tama adicianal de muestra de sangre de talén del hebé
- 2 sesiones presenciales antes y después del test
- Autorizar a la realizacidn de un estudio genético de
secuenciacian masiva, en el que podremos analizar un gran
namero de genes, canociendo que puede Tener Tepercusiones ranto
personales camo familiares.

- Cumplimentar formularios online

Ventajas de participar en el estudio

- Colaborar en los avances de medicing personalizada
- Se entregard un informe sobre los hallazgos relevantes del
estudio genético

- Recibird un informe de asesoramiento genética personalizado

Para mas informacidn: gennotal@sjdhospitalbarcelono.org

Airil 9i 2024 webinar #14 ERN ITHACA
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INFORMATIONAL MATERIAL FOR COUPLES

El secuenciador es una maguinaria que va leyendo y comparando cada una
de las letras del ADN con la secuencia que se emplea como referencia.
Aquellas letras que son diferentes de la referencia (variantes) quedan
anotadas y seran después analizadas mediante programas bioinformaticos
e interpretadas para clasificarlas y determinar si alguna puede ser causante de alguna

enfermedad.
[ técnica de uede detect bi les, de una letra por o
Est ud 10 de exoma neon atal :-e:raa, pero no deteclz con precision si falta o sobra algin Fragn:ntop mncwgaranr::

material genético.
En el estudio de exoma podemos encontrar los siguientes resultados:

.
RESULTADO POSITIVO O PATOGENICO: se identifica un cambio en la secuencia
« por el cual encontramos suficiente evidencia de su asociacion con una enfermedad
RESULTADO NEGATIVO: no se identifica ningtin cambio que se considere asociado
« 2 Una enfermedad.
RESULTADO INCIERTO: se identifica un cambio del cual se desconoce su
posible implicacién con una enfermedad, pero no se puede establecer tampoco que
sea benigno con evidencia.

Si se encuentra alguna alteracion en los genes estudiados se contrastaran los resultados
analizando la muestra de los padres, para saber si es un cambio nuevo o heredado.

Quedaran reflejados en el informe de ltados solo ! bioa/mut: que se

consideren patogénicas, por lo tanto, que haya bastante evidencia de su asociacion a una
enfermedad, en genes con elevada penetrancia’'.

SE INFORMARA DE ENFERMEDADES CON:
* Inicio en edad pediatrica y con un tratamiento médico o dietético disponible
* Riesgo elevado que la enfermedad aparezca en un futuro hijo de la pareja, u otros
miembros de la familia, aunque no afecte el neonato.

LOS PADRES PARTICIPANTES PUEDEN ELEGIR SI SER O NO INFORMADOS DE:
* Enfermedades de debut en edad pediatrica sin tratamiento, pero con seguimiento
preventivo o atencién temprana.
* Enfermedades de inicio en edad adulta con posibilidad de aplicar medidas preventivas
o de deteccion temprana.

NO SE INFORMARA aquellas enfermedades de debut en edad adulta que hoy en dia no haya
ningin tipo de accion que permita prevenir, retrasar o mejorar el prondstico de la
enfermedad.

GRACIAS POR VUESTRA PARTICIPACION

L/ 5
Sant Joan de Déu
“ SJ Borcelona - Hospital UML C EDEM

_ csic < CB
o ° | Fanoacion Ciberer isciii R0
P 2
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INFORMATIONAL MATERIAL FOR COUPLES Borosana.- oogital

* PRE-TEST VISIT BROCHURE

INTRODUCCION

Actualmente, cuando nace un bebé se realizar un cribado neonatal o
prueba del talén, que en el programa de Cataluna, permite detectar
mediante estudio bioquimico 24 enfermedades de manera precoz. El
objetivo de este programa es poder iniciar actuaciones sanitarias para
prevenir complicaciones graves de estas enfermedades.

El proyecto GenNatal pretende evaluar cual es el impacto y las posibles mejoras de un *I—l—l—H—I—'—I—l—H—I—I—l—I—I—I—I—I—B—I—I—.f v
estudio genético neonatal en comparacion al programa de cribado bioguimico que se

Y3 3 4 s 4 1 a4 s mom o omew w ® o ow oW oW ow o omow owm
realiza actualmente.

Cada uno de los libros corresponde a un CROMOSOMA, tenemos 23 pares, donde de cada par
recibimos uno del padre y uno de la madre. Los cromosomas sexuales X e Y son los gue
diferencian biolégicamente hombres y mujeres.

El estudio genético incluido en el proyecto permite evaluar un nimero mucho mas
grande de enfermedades que no son detectables por valores bioquimicos. Los
potenciales beneficios del estudio son la deteccion temprana de enfermedades no
incluidas en el programa actual, y el asesoramiento genético de la familia.

FASES DEL ESTUDIO L I

1 i & &l a (6. I
& @ B @

En las instrucciones genéticas hay regiones codificantes, que serian los GENES, y que se
traducen a las proteinas que son las que realizan una funcién especifica en el cuerpo

El resto son regiones no codificantes, y que contienen informacion importante, como por
ejemplo, como la célula lee e interpreta cada gen. Cada gen tiene trozos que se traducen y

formaran parte de la proteina, los EXONES, y otros que ayudan en el proceso de preparacion de
Visita Rellenar Toma Analisis e Visita de Revision . . .
antes del test cuestionarios de muestras informe resultados  de control la proteina pero no forman parte, que serian los INTRONES.
L L )
ANTES DEL NACIMIENTO DESPUES DEL NACIMIENTO

{

GENETICA

Los individuos estamos formados por muchas células y cada una de
ellas contiene toda nuestra informacién genética, que esta
constituida por una cadena muy larga de ADN, formada por un codigo

g

= o«
de 4 letras en diferente orden %

-4

ey

s o (o) =
B eapoa-@e-GHeode .
= =

. .

TECNICA DE EXOMA 7~

Lo podriamos visualizar como una biblioteca con todos los libros de
instrucciones que explican com tiene que funcionar nuestro cuerpo, La técnica de exoma consiste en el analisis del conjunto de todoe los exones de todos los
a la que denominamos Genoma.

genes. El exoma corresponde solo a un 1% de todo el genoma, pero se estima que se pueden

) encontrar hasta un 80% de las alteraciones que dan lugar a enfermedades genéticas.
= =" =
e B En el estudio Gennatal se han seleccionado 3200 genes y
b el Al - .'“LL St clasificado en categorias segun la penetrancia’, la edad
i\ (i |y de inicio y la accionabilidadz.
i E I \-.‘ .
P 1 =
= 2 o
-— -

1. PROBABILIDAD QUE ANTE UNA ALTERACION GENETICA PATOGENICA SE EXPRESEN SIGNOS DE LA ENFERMEDAD
1. POSIBILIDAD DE APLICAR ACCIONES QUE CONTRIBUYAN A MEJORAR EL IMPACTO DE LA ENFERMEDAD EN EL INDIVIDUO O SU FAMILIA

April 9, 2024 webinar #14 ERN ITHACA
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INFORMATIONAL MATERIAL FOR COUPLES
* VIDEO CONSULTATION GENETIC COUNSELLING

' "PORTADORES |
| NOAFECTOS | |AFECTADO

50%  25%
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INFORMATIONAL MATERIAL FOR COUPLES

Hérericks reteaiva ligada al cromsiesms T

01 GEMMATAL PRESEMTATION 02 GEMMATAL GEMETICS - INTRQDUCTION 03 GEMMATAL INHERITAMCE PATTERMS

‘Bcnica exoma y sus imitaciones

04 GEMMATAL EXOME MNGS TEST 03 GEMMATAL MICROARRAY TEST 06 GEMMATAL POSSIBLE RESULTS

Oué comunicaremos & las familing?

07 GEMMNATAL AMALYSIS OF RESULTS GEMMATAL

April 9, 2024 webinar #14 ERN ITHACA
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METHODOLOGY

* PREPARATION OF LIST OF GENES (initial)

We planned to define entry criteria for the genes to be analyzed in the project

Genomics England PanelApp OMIM®

A crowdsourcing tool to allow gene panels to be shared, downloaded, viewed and evaluated by the
Scientific Community

Online Mendelian Inheritance in Man®

=  (lassification of genes according to their evidence of association with
pathology for different panels = OMIM’

* We verified that all genes with
phenotype “?” were not in PanelApp

Phenotype “?” * .
or they were in the amber or red

Susceptibility “{}”

RED ] categories

No associated phneotype

=  Each reviewed by three reviewers

= Redundant (same gene in different categories, depending on the panel) CONTRAST OF GENES WITH OMIM’ + INCLUSION OF
PANELAPP SYNONYMS

=  Genes with high evidence not analyzed because they are associated

with pathologies not included in any of the PanelApp panels CONTRAST, REVIEW AND REINCLUSION OF BabySeq, HSJD-

DB WITH AND RED GENES

Airil 9, 2024 webinar #14 ERN ITHACA
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METHODOLOGY

* PREPARATION OF LIST OF GENES (initial)

Analysis of a total 3245 genes
High evidence genes associated with pathology according to the
OMIM and PanelApp databases, enriched with genes associated
with metabolic disorders

Airil 9, 2024 webinar #14 ERN ITHACA
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METHODOLOGY

*  Whole Exome Sequencing (WES)

Figure 1 lllumina DMNA Prep with Enrichment Workflow

Hards-on: 20 minutes Hands-on: 20 minutes
Total: 40 minutes Total: 40 minutes
Reagents: BLE, PK1, EtOH Reagents: AMPure XP Beads, EtOH
ILLUMINA TECHNOLOGY AMPurs %P Baaris
safe Stopping P safe Stopping Poi

“ Iumlna® | 6 MAIN STEPS ARE PERFORMED

@ oz seomnzion coan e QUALITY CONTROL
@ /ity Tectsd ONA ALIGNMENT
VARIANT CALLING
VARIANT ANNOTATION
FILTERING
ANALYSIS AND INTERPRETATION

Hands-an: 15 minutes
Total: 45 minutes
Reagents: EPM, Index Adapters

Paint
° Clean Up Libraries

Hards-an: 10 minutes
) Total: 20 minutes
Safe Stopping Point Reagents: RSB, AMPure XP Beads, EIOH

o Pool Libraries
Reagents: RSB

oOuhswWNRE

Netseq 500 o Hybridize Probes

Hands-on: 10 minutes

Total: 125 minutas

Reagents: Enrichment Probe Panel, NHB1, EHB2, RSB
o Capture Hybridized Probes

Hands-on: 25 minutes

Total: B5 minutes
Reagents: SMB, EEW, EE1, HP3, ET2

o Amplify Enriched Library

Hands-on: 5 minutes

- Total: 40 minutes
Afe Stopping Point Reagents: PPC, EPM
o Clean Up Amplified Enriched Library
Hands-on: 10 minutes

Total: 20 minutes
Reagents: AMPure XP Beads, RSB, EtOH

@ FreFCR @ Post-PCR
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METHODOLOGY

e ANALYSIS AND INTERPRETATION OF VARIANTS
Flowchart. Variant filtering

WES

Whole Exome Sequencing (lllumina)

GenNatal in silico panel

3245genes
Variant effect
(LoF, missense, intron variant) INHERITANCE
MAF<0.01 OTHER VARIANTS IN THE
Revised European non Finnish frequency SAME GENE
Quality control HGMD DATABASE
(NCALLED>2) —
HSJD: DeepVariant, Octopus, GATK
ClinVar interpretation PHENOTYPE

B anf LB variants are deleted

Predictor of pathogenicity
Score: CADD>15

ACMG/AMP Criteria

P and LP variants are selected are candidate
variants

Airil 9, 2024 webinar #14 ERN ITHACA
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REPORTABILITY OF RESULTS

Disease list
Evidence High
Fixed or determined variable
Penetrance High/Moderate
Age of onset Combination for each Pediatric/Adult Type of Actionability:

1. Medical/nutritional treatmetn only
Actionability* category Yes/No 2. Preventive follow-up OR Early care (i.e., CDIAP healthcare provider)
3. Reproductive measures or actions

. CATEGORY A CATEGORY B

Reporting Pediatric age X-linked carrier status
Actionable 1 Actionable 3

To be decided CATEGORY C CATEGORIA D . g

O be aeciae Pediatric age Adult age

Actionable 2 Actionable 2 ACMG
CATEGORY E

No reporting E1l. Adult age CATEGORY F
E2. Status Carrier AR Low penetrance
No actionable Low evidence

Airil 9, 2024 webinar #14 ERN ITHACA
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RECRUITMENT OF PARTICIPANT COUPLES

More than 250 couples expressed interest in the project

Couple contacts 181

Visit accepted 67

Visited 63 Post-test genetic counselling | No.

Participants 53 — Already informed 17

Canceled after pre-test session 10 Cited 0
Pending results/citation 30

¥
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RECRUITMENT OF PARTICIPANT COUPLES

INCLUDED PROPOSALS
VISITED PREGNANT WOMEN

/'21% m No participan
® Participan

m Aceptan visita
® No visita

\37%

79% N

63%

CAUSES OF CANCELATION
Premature delivery
They don’t come to the clinic/logistic problems
We cannot contact them
Delievery before the planned visit
COVID-19

April 9, 2024 webinar #14 ERN ITHACA
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SAMPLE STATUS
Current situation No. Muestras analizadas N
Sequenced and analyzed |32 | — | pending of validation + parental |9*
Sequenced and analysis |21 segregation (Sanger)
In progress Normal result 23
Pendinf of sequencing 3 —
Total

* No pathogenic/likely pathogenic
variants have been detected in the

" Secuencladay genes analyzed.

m Secuenciada, e VUS and carrier status have been

Analizdndose
detected.

Pendiente de
secuenciar

Airil 9, 2024 webinar #14 ERN ITHACA
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LABORATORY (WES) REPORT Barcelona - Hospital

R Servei de Medicina Genética i Molecular — IPER

SJ Sant Joan de Déu Laboratori de Neurogenética i Medicina Molecular — IPER
Baorcelono - Hospital Hospital Sant Joan de Déu

Pe Sant Joan de Déu, 2

085950 — Esplugues de Liobregat

TIf: +34932532100

INFORME DE LABORATORIO. SECUENCIACION MASIVA

Paciente Analisis SECUENCIACION EXOMA
COMPLETO

Sexo NHC

Fecha de nacimiento Tipo de muestra  SAMGRE SECA EN PAPEL

Madre

Padre

Motivo de estudio

Participacidn en el proyecto GenMatal: un proyecto piloto sobre secuenciacion gendmica en medicina neonatal y
salud publica.

Mombre del solicitante

Equipo de asesoramiento genético [GenMNatal)

Hallazgos genéticos

Posicién Patron de
Variante Eti .. h ia del Genoti| Clasificacion de icidad®
‘ariante genética cramasdmica eregr:“l? po asificacion de patogenici

TPotron de herencio (Fuente: OMIM). AD, Autosomico Domingnte. AR, ALtGSOMmIco RBCEsivg.
“Closificacicn de patogenicidod siguiends oz nommas de o ACMG [American College of Medicol Genetics) (Fusnte: Franklin genamic toai).

Valoracion de los hallazgos

Interpretacion

Validacion
Firmado por equipo GenMatal_

Metodologia

April 9, 2024 webinar #14 ERN ITHACA
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EXAMPLES

Hallazgos genéticos

. . Patron de
) g Posicion . . cpr . .
Variante genética . . herencia del Genotipo Clasificacion de patogenicidad?
Cromosomica 1
gen

GNRHR (MM _000406.2) ) N .
b.GIN106Arg/c. 317A>G 4-68619737-T-C AR Heterozigosis Patogenica

LAMAZ (NM_D000426.3
p.AIal-ﬁIEI{E"JaEc.-EMB?C:-']F 6-129670493-C-T AR Heterozigosis Wariante de Significado Incierto
KLKBE1 (MM_000822. 4

bSe rlglfs,-’_c.:lSldup'l} 4-187158050-G-GT AR Heterozigosis WVariante de Significado Incierto
PDE11A (MM_016953.3

(NM_L ) 2-178879181-G-A AD Heterozigosis Variante de Significado Incierto

p Arg307*c.919C=T
ipatrén de herencia [Fuente: OMIM). AD, Autosdmico Dominante. AR, Autosdmico Recesiva.
Iflasificacion de patogenicidad siguiendo las normas de la ACMG [American College of Medical Genetics) (Fuente: Franklin genomic tool).

Valoracion de los hallazgos

®» |3 variante p.GIn106Arg/c.317A>G en el gen GNRHR redne los criterios para ser considerada patogénica, pero
al tratarse de un gen con patron de herencia autosomico recesivo, la variante por si sola no es suficiente, por lo
gue no se reporta a la familia.

= |avariante p.Alal496Val/c.4487C=T en el gen LAMAZ y la variante p.Ser151fs/c.451dupT en el gen KLKE1 no
reunen los criterios suficientes para ser consideradas patogénicas. Ademas, se trata de genes con patron de
herencia autosomico recesivo, las variantes por si sola no son suficientes, por lo que no se reporta a la familia.

= la variante p.Arg307*%/c.919C=T en el gen PDEI1IA no reune los criterios suficientes para ser considerada
patogenica. No se reporta.

Interpretacion
Los hallazgos se han discutido en el equipo. No se ha encontrado ninguna variante genética que pueda implicar a

dia de h%‘ 11@1’ ij@gﬁﬂ%ﬁifh%n;@ffﬁﬁwwﬂmﬂnejo clinico en el participante del estudio.




EXAMPLES

SJ

Sant Joan de Déu
Barcelona - Hospital

CASE 15

Hallazgos genéticos

‘e Patron de
Variante genética Pusm!an. herencia Genotipo Clasificacion de patogenicidad?
Cromosomica del gEﬂl
;I]I—:;‘ZBEE]":IUTIFS?;{;ZEAE(]S 13-52513198-T-C AR Heterozigosis Patogénica
Fﬂi;l{ g:l;?iiilif} 4-79173606-C-T AR Heterozigosis Patogénica
pL::;‘;:{r; :T;fncﬂf:g;'t;sj.ﬁ. 1-66075712-G-A AR Heterozigosis Probablemente Patogénica
Vpgﬁ;:;:?giiiitiiz} 17-456657-G-4 AR Heterozigosis Probablemente Patogénica
:;;zl;j:;g?f;zgsi_r 17-61557724-C-T AR Heterozigosis Wariante de Significado Incierto
Lﬂtnmli?[fsr:r}gjsﬂl?pzz} 18-57021778-T-C AR Heterozigosis Yariante de Significado Incierto
D?gﬂfﬂ:;ggffs;féiclj 4-3487297-G-C AR Heterozigosis Yariante de Significado Incierto
J:T:T;; fgﬂ;ggggiiﬂ_ 1-115217379-T-A AR Heterozigosis Wariante de Significado Incierto
CE i?;i; sl::;mf_cl:;::f;] 19-11537779-T-C AR Heterozigosis Yariante de Significado Incierto
p’?;:g;;‘gﬂ;i?:g:;iﬁ 3-159995412-C-T AR Heterozigosis Wariante de Significado Incierto
wgf:f;;;:;ﬂg;iiﬁizlj 19-36583649-C-G AR Heterozigosis Wariante de Significado Incierto
Fgrﬁii::ﬂﬂnégféjj] 7-195589-C-A AR Heterozigosis Wariante de Significado Incierto
’:?Ef'ﬁiuép;g}fiuﬁiifé ¥-153008476-T-C RLX Hemizigosis Yariante de Significado Incierto
pleu ‘:;;Eifiﬂ;;ifgg:jeﬁﬂ 4-110791654-CCTT-C AR Heterozigosis Wariante de Significado Incierto
Siizfgiir;:?;fcn::gféiiu 5-131729380-G-A AR Heterozigosis Variante de Significado Incierto
RYR1 (NM_000540.2) 19-39057618-A-G AD, AR Heterozigosis Yariante de Significado Incierto

p.Gluds025ly/c. 1350546

ipatrén de herencia (Fuente: OMIM). AD, Autosdmico Dominante. AR, Autosdmico Recesivo. RLX, Recesivo Ligado o X.
21‘3.‘.::|'s.'f“.:u:.il:.'l:hﬂ de patogenicidad siguiende las normas de lg ACM

éﬂﬂ?&nmn College of Medical Genetics) (Fuente: Franklin genomic tool).
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SJ Sant Joan de Déu
Barcelona - Hospital

EXAMPLES

PACIENTE 15 Valoracion de los hallazgos
®» |3 variante p.lle1230Val/c.3688A>G en el gen ATP7B redne los criterios para ser considerada patogénica, pero
al tratarse de un gen con un patron de herencia autosémico recesivo, la variante por si sola no es suficiente. Se
decide hacer segregacion para consejo genético.

" |las variantes p.Argl24%/c.370C=T en el gen FRASI, p.Argbl2His/c.1835G>A en el gen L[EPR vy
p.-Arg584*/c.1750C>T en el gen VP553 rednen los criterios para ser consideradas patogénicas, pero al tratarse
de genes con un patron de herencia autosomico recesivo, las variantes por si solas no son suficiente. No se
reporta.

»  El resto de variantes de la tabla superior no rednen los criterios suficientes para ser consideradas patogénicas.

Interpretacion
Los hallazgos se han discutido en el equipo. No se ha encontrado ninguna variante genética que pueda implicar a
dia de hoy con la infarmacion disponible un cambio de manejo clinico en el participante del estudio.

Airil 9, 2024 webinar #14 ERN ITHACA



GENNATAL TEAM MEETINGS 2023/2024

SJ Sant Joan de Déu
Barcelona - Hospital

GUARDIAN study

USA

100,000 newborns
WGS, 160 conditions
Observational study

BabySeq

USA

1,000 newborns

WGS, ~1,000 conditions
Randomized trial

BeginNGS

USA, Greece

>2,000 newborns
WGS, ~500 conditions
Observational study

Early Check

USA

10,000 newborns
WGS, ~200 conditions
Observational study

Generation Study

England

100,000 newborns
WGS, ~250 conditions
Observational study

Baby Detect

Belgium

40,000 newborns
Panel, 126 conditions
Observational study

Screen4Care

European Union
18,000 newborns
Panel, conditions TBD
Observational study

PERIGENOMED

France

20,000 newborns
WGS, 150 conditions
Observational study

BabyScreen+

Australia

1,000 newborns
WGS, ~550 conditions
Observational study

I

Review Article | Published: 29 June 2023

Genomic newborn screening for rare diseases

Zormitza Stark ™ & Richard H. Scott

Nature Reviews Genetics 24, 755-766 (2023) | Cite this article

4748 Accesses | 6 Citations | 107 Altmetric | Metrics
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SJ Sant Joan de Déu
Barcelona - Hospital

GENNATAL TEAM MEETINGS 2023/2024

Genes to be analysed — exome capture

History Years No. of genes Source of information
12 Approach 2019-2023 3,245 OMIM + Green PanelApp
22 Approach 2024 **%<1,000  Analysis of other newborn genomic screening

projects (7) [Stark& Scott, Nat Rev Genet 2023]

Curated by HSJD multidisciplinary expert team

Objective: decrease the number of analysed genes




SJ D Sant Joan de Déu
Barcelona - Hospital

GENNATAL TEAM MEETINGS 2023/2024

29 Approach — New selection criteria

1. Genes/diseases included in the current newborn screening
- Biomarkers: metabolic, endocrine, hematologic, immunologic
- Hipoacusia and others non-metabolic

2. Actionability
- Biomarkers: metabolic, endocrine, hematologic, immunologic
- Hipoacusia and others non-metabolic

3. Technologically can be analyzed (WES)
*SMN and DMD genes discarded

Airil 9, 2024 webinar #14 ERN ITHACA



Sant Joan de Déu
CHALLE NG ES SJ Barcelona - Hospital

+ Importance of genetic counseling
+ Which genes?

+ Which variants?

+ Relevance of the definition of actionability

Airil 9, 2024 webinar #14 ERN ITHACA



The Rare Barometer survey on the
opinion of people living with a rare
disease on NBS

Jessie Dubief, Social Research Director, EURORDIS-Rare Diseases Europe
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FIRST RESULTS:
THE OPINION OF PEOPLE LIVING
WITH RARE DISEASES ON NEWBORN SCREENING

A Rare Barometer survey

with the Screen4Care project

ITHACA webinar
oth April 2024
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AGENDA

s Some context

» Relying on the lived experience of people living with a rare disease

-

* 3 x SCREEN 4 W—
EURORDIS 4CARE ;‘T; Rare Barometer

>
X
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4CARE

C@®

Accelerating Diagnosis for Rare Disease
Patients Through Genetic Newborn
Screening and Artificial Intelligence

START DATE DURATION BUDGET 14 COUNTRIES
1 OCTOBER 2021 5 YEARS 25 MIO € 35 PARTNERS (

screengcare.eu

- .

* e SCREEN 4 ,
¥ EURORDIS 4CARE ; MV e sarometer

X
RARE DISEASES EUROPE


http://screen4care.eu/

THE RARE BAROMETER PROGRAMME eurordis.orglrare-barometer

EURORDIS’ survey initiative to support evidence-based advocacy

)’

| -
Surveys Panel Make your voice heard!
Pajcients, families a.nd 20,000+ Collective results shared
patient representatives people living with a rare with participants, patient
1-3 sUrveys per year disease registered organisations, decision makers
and the wider public

23 languages 2,300+ rare diseases
120+ countries Information only accessible to the

Worldwide
Rare Barometer team, saved on a

Up to 13,000 People DO NOT have to register secured server in Europe
to participate in surveys

respondents to our surveys

*ER SCREEN :4 AN—
4CARE G‘c’ Rare Barometer

k EURORDIS

RARE DISEASES EUROPE



SHAPING THE ONLINE QUESTIONNAIRE

e £

Literature Expert Topic Expert EURORDIS' Pilot test with
review consultations o Council of National patients and
Alliances Members family members
Identify main 11 experts .
Contribute to i
issuies and criteria consulted to Clarifying Inpu; on 15 participants
: ida topics and criteria
to define treatable provide inputs . S . _
and actionable into priorities and tOp'_CS and c.r|ter|a to be included in the Translations checked
conditions for et or to mcl:de m.the questionnaire in 15 languages
uestionnaire -
newborn newborn screening : by native speakers
screening Feedback

on the questionnaire

s SCREEN -4 W—
EURUHD'S 4CARE G‘c’ Rare Barometer

= ..***
U
(J
‘ RARE DISEASES EUROPE



OBJECTIVES OF THE QUANTITATIVE SURVEY

CREATING A
SOUNDBASISTO

Advocate for harmonised principles and adequate policies for newborn screening.

Define a list of conditions to be tested in the ScreensCare project.

UNDERSTANDING < The attitudes and perceptions of people living with a rare disease towards newborn
screening.

How the opinion of people living with rare diseases on newborn screening relates to
their characteristics (age, gender, country, family situation...) and those of their rare
disease.

*E SCREEN 4 ,
¥ EURORDIS 4CARE ; MV e sarometer

ARE DISEASES EUROPE



REMINDER:
PLWRD STRONGLY SUPPORT TESTING RARE DISEASES AT BIRTH

L
& 95% & & | have bronchiectasis and was told when it wos diagnosed that
[ probably had it for many years. Earlier dingnosis and Ereatment
bor would have resulted in less domage to my lungs and lower use of
EUFPDr.t nerw ; medications. With early diagnosis it would be possible for future
EETE;".'"E prrare people with rare diseases to be treated appropriately and quickly.
conclithons Person living with a rare disease, United Kingdom

e In your opinion, in order to diagnose rare diseases at an early stage. should tests
for rare diseases be performed at child’s birth (e.g. blood tests, genetic screening)?

Rare Barometer and Rare 2030 survey on the future of rare diseases (n=3,981)

= tiny.cc/futureRD-results

A 7 %5 )
N Rare Barometer

EURORDIS

ARE DISEASES EUROPE




ONLINE QUESTIONNAIRE

24MAY > 23 JULYE

6,179 ehimiema 5,969 Furope | 24 tanguages

TARGET POPULATION 50 countries
All patients living with a rare disease and their family

members

1 ’300+diseases represented

*E SCREEN 4 ,
< EURORDIS 4CARE ; M e arameter
RARE DISEASES EUROPE i
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RELYING ON THE LIVED EXPERIENCE OF PLWRD

PATIENTS

2,567 respondents (46%)

If it is or were possible, | would have liked to be diagnosed at birth

Strongly agree

Agree
CARERS Neither agree nor disagree
3,002 respondents (54%) Disagree

Mostly parents of people living with rare diseases (49% of the sample) Strongly disagree

If it is or were possible, | would have liked the person I care for to
be diagnosed at birth

*E SCREEN -4 ,
¥ EURORDIS 4cme§’ W Sare aramter

X
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CARERS STRONGLY SUPPORT NEWBORN SCREENING

8/10 carers would have liked the person
RARE

they care for to be diagnosed at birth IR

A EURORDIS PODCAST

Rare on Air podcast with luliana Dimitriu:

Her 7-years-long odyssey for her son to have a confirmed
diagnosis of Coffin-Lowry syndrome, and how she thinks that
early diagnosis could have improved his health and everyday life. M EPISODE 10

A WITH IULIANA DUMITRIU

Should more diseases
be screened at birth?

(=] 2 ()
: 2

—p curordis.org/rare-on-air

Q: If it is or were possible, | would have liked the person | care for to be diagnosed at birth (agree + strongly agree). N=3,002

*E SCREEN -4 ,
¥ EURORDIS 4cme§’ W v sarometr

X
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https://www.eurordis.org/rare-on-air/

PATIENTS SUPPORT NEWBORN SCREENING

6/10 Patients would have liked to be diagnosed at birth
L //10 among patients who:

* Have a rare disease with an age of onset before or during infancy (Orphanet)
* Have a rare genetic disease

* Waited for a diagnosis for more than 5 years

* have improving symptoms

* Live with a developmental anomaly during embryogenesis (Orphanet)

Q: If it is or were possible, | would have liked to be diagnosed at birth (agree + strongly agree). N=2,567

_,..‘t‘ .
ol
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PATIENTS SUPPORT NEWBORN SCREENING

6/10 Patients would have liked to be diagnosed at birth.
L. No significant difference depending on:

* If they have access to a treatment and its effectiveness (declarative)

* If they have access to supportive care and its effectiveness (declarative)
* Their health status and satisfaction with health

* The level of pain they experienced

* Their gender

* Their knowledge in genetics

* The prevalence of their rare disease (Orphanet)

Q: If it is or were possible, | would have liked to be diagnosed at birth (agree + strongly agree). N=2,567

'*.*‘ -
PSSl
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OPINION ON NEWBORN SCREENING FOR ANY RARE DISEASE

90% PLWRD think that any rare disease should be screened at birth if no
treatment exists and:

» It allows a quicker diagnosis, to the benefit of the individual person and
their carers.

o The disease can be followed-up on and harm can be avoided through
prevention practices

» Itwould allow the person to have their disabilities better recognised, and to
obtain a more adequate social support and independent living

Q: In your opinion, should ANY rare disease be screened at birth IF NO TREATMENT EXISTS AND...
(agree + strongly agree)

s SCREEN 4 :
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FINAL RESULTS PRESENTED
APRIL 30™ 2PM (CET)

Register to our webinar

to learn more about key European
results and how to use them for action

—p tiny.cc/RB_NBS webinar

e SCREEN - NV—
4CARE G‘c Rare Barometer

¥ & EURORDIS



OVERALL EUROPEAN RESULTS

REPORT

English

Rare disease patients' opinion
on the future of rare diseases

A Rare Barometer survey
for the Rare 2030 Foresight Study

June 2021

ity O

s Rl Rare2030

.ii EURORDIS  wwweurordis.org/voices
il

* .
* -«

‘-; Fan
[J

% EURORDIS

RARE DISEASES EUROPE

FACTSHEET

4 pager - 13 languages
+ on-demand

< PARTAGEZET PROTEGEZ  phr_
g NOS DONNEES DE SANTE! -~

Principaux résultats de la recherche menée par EURORDIS-Rare Diseases Europe
portant sur les préférences des personnes atteintes de maladies rares
quant au partage et & la protection de leurs données de santé.

@ POURQUOI PARTAGER CES DONNEES ?

Les personnes atteintes de maladies rares, quelle que soit la sévérité de leur
maladie et leur profil sociodémographique, souhaitent partager leurs données :

Pour encourager les recherches sur leur ... 0u pour améliorer leurs soins

maladie ... g5 pour recevoir davantage de

Qs seraient prétes 4 partager leurs données consells spécialisés a propos de
pour mieux comprendre les mécanismes leurs soins
et les causes de leur maladie
sont aussi prétes i partager
95% leurs données pour améliorer
la recherche sur des maladies
autres que les leurs

97% pour développer de nouveaux
traitements. pour leur maladie

97% pour mieux diagnostiquer leur maladie

Les |I)ersnnnss atteintes de maladies rares semblent plus enclines gartafm leurs données de santé
que la population générale : selon les études existantes, entre 37% et 80% de la population générale
déclarent tre préts a partager leurs données de santé’.

Si on vous le proposait, seriez-vous prét @ rendre vos informations de santé/
celles de la personne dont vous vous occupez disponibles pour :

DASHBOARD

Each question of the questionnaire
Frequency and percentages
24 languages

tion - orphacede contains the words "774"

How would you like to answer this questionnaire? In your capacity as a ... Several answers possible

N
I Fatent e Parent ofachild or adul it | 1co.
| Parent of 2 child or adult with a rare 32 arare disease
Sibling of a child or adult with 0%
| Sibling of a child or adult with a rare 18 arredssace I
| Patient repressntative 14 Patient reprosentative [l 7%
| Other, please specify... 10 Other, please specify. [ 5%
| Unclefaunt of a person living with ar. 9 Uncle/aunt of a person living 4%
viith a rare diszase
Spouse of 2 persen living with 3 rare... 8 Spouse of 2 person fiving 4o,
viith a rare disease
Grandparent of a person living with 3 Grandparent of aperson ..
ToTAL 7D living viith a rare disease
0% 20% 40% 50% 80%  100%
Percentage
Are you :
N
| Female 139
Female
| male 7
| other, specify... 0
TOTAL 210

e _ o

Cther, specify.. 0%

0% 0% 20% 0% 40%  50%  60% 0%
Percentage

eurordis.org/rare-barometer/english/#surveyResults

‘ u Rare Barometer




COMMUNICATION OF RESULTS FROM ANY RARE BAROMETER SURVEY

Results shared only if we can ensure anonymity

European g
P Results for | Specific results
results for one
European . one country (one group of
disease or ) .
results on all rare diseases in one
group of ,
. diseases country...)
diseases
Everyone X
European
FedeFr)ations X X
EURORDIS
National Alliances X X
members
X

Other EURORDIS

X
members

Rare Barometer only analyses European results, and only communicate on European results. Our reports do
not include distributions per country, diseases or groups of diseases corresponding to ERNs.

EURORDIS members can have access to their own results, use them and communicate on them as they
want (for advocacy, writing papers, taking actions, defining their strategy...), we only ask them to refer to
Rare Barometer when communicating their results.
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Boehringer
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Therapeutics

CSLBehring EVERYLIFE g ! HORIZON JQQEESQ}' llumina

: : ™ FOUNDATION wsenalfohmon
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\ 0 Funded by the European Union. Views
: | : l ** . « and opinions expressed are however
1

those of the author(s) only and do not
necessarily reflect those of the
European Union or HaDEA. Neither the
European Union nor the granting
authority can be held responsible for
them.

to all Rare Barometer participants,
partners and corporate donors in 2023!
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