Amyotrophic Lateral Sclerosis and Frontotemporal
Degeneration

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/iafd20

Taylor & Francis

Taylor & Francis Group

Clinical trials in pediatric ALS: a TRICALS feasibility
study

Tessa Kliest, Ruben P.A. Van Eijk, Ammar Al-Chalabi, Alberto Albanese,
Peter M. Andersen, Maria Del Mar Amador, Geir BrAthen, Veronique
Brunaud-Danel, Lev Brylev, William Camu, Mamede De Carvalho, Cristina
Cereda, Hakan Cetin, Delia Chaverri, Adriano Chio, Philippe Corcia, Philippe
Couratier, Fabiola De Marchi, Claude Desnuelle, Michael A. Van Es, JesUs
Esteban, Massimiliano Filosto, Alberto Garcia Redondo, Julian Grosskreutz,
Clemens O. Hanemann, Trygve Holm@y, Helle H@yer, Caroline Ingre, Blaz
Koritnik, Magdalena Kuzma-Kozakiewicz, Thomas Lambert, Peter N. Leigh,
Christian Lunetta, Jessica Mandrioli, Christopher J. Mcdermott, Thomas
Meyer, Jesus S. Mora, Susanne Petri, MOnica Povedano, Evy Reviers, Nilo
Riva, Kit C.B. Roes, Miguel A. Rubio, FranCois Salachas, Stayko Sarafov,
Gianni SorarU, Zorica Stevic, Kirsten Svenstrup, Anette Torvin M@ller, Martin
R. Turner, Philip Van Damme, Lucie A.G. Van Leeuwen, Luis Varona, Juan F.
VAzquez Costa, Markus Weber, Orla Hardiman & Leonard H. Van Den Berg

To cite this article: Tessa Kliest, Ruben P.A. Van Eijk, Ammar Al-Chalabi, Alberto Albanese,
Peter M. Andersen, Maria Del Mar Amador, Geir BrAthen, Veronique Brunaud-Danel, Lev Brylev,
William Camu, Mamede De Carvalho, Cristina Cereda, Hakan Cetin, Delia Chaverri, Adriano
Chio, Philippe Corcia, Philippe Couratier, Fabiola De Marchi, Claude Desnuelle, Michael A.

Van Es, JesUs Esteban, Massimiliano Filosto, Alberto Garcia Redondo, Julian Grosskreutz,
Clemens O. Hanemann, Trygve Holm@y, Helle HQyer, Caroline Ingre, Blaz Koritnik, Magdalena
Kuzma-Kozakiewicz, Thomas Lambert, Peter N. Leigh, Christian Lunetta, Jessica Mandrioli,
Christopher J. Mcdermott, Thomas Meyer, Jesus S. Mora, Susanne Petri, MOnica Povedano,

Evy Reviers, Nilo Riva, Kit C.B. Roes, Miguel A. Rubio, FranCois Salachas, Stayko Sarafov,
Gianni SorarU, Zorica Stevic, Kirsten Svenstrup, Anette Torvin M@ller, Martin R. Turner, Philip
Van Damme, Lucie A.G. Van Leeuwen, Luis Varona, Juan F. VAzquez Costa, Markus Weber, Orla
Hardiman & Leonard H. Van Den Berg (2022) Clinical trials in pediatric ALS: a TRICALS feasibility
study, Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 23:7-8, 481-488, DOI:
10.1080/21678421.2021.2024856

To link to this article: https://doi.org/10.1080/21678421.2021.2024856

8 © 2022 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 16 Feb 2022.



https://www.tandfonline.com/loi/iafd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21678421.2021.2024856
https://doi.org/10.1080/21678421.2021.2024856

N
[:J/ Submit your article to this journal &

||I| Article views: 1686

A
& View related articles &'

o
@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=iafd20


https://www.tandfonline.com/action/journalInformation?journalCode=iafd20
https://www.tandfonline.com/action/authorSubmission?journalCode=iafd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iafd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/21678421.2021.2024856
https://www.tandfonline.com/doi/mlt/10.1080/21678421.2021.2024856
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2021.2024856&domain=pdf&date_stamp=2022-02-16
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2021.2024856&domain=pdf&date_stamp=2022-02-16

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 2022; 23: 481-488 Taylor & Francis

Taylor & Francis Group

8 OPEN ACCESS ‘ W) Check for updates

RESEARCH ARTICLE
Clinical trials in pediatric ALS: a TRICALS feasibility study

TESSA KLIEST!, RUBEN P.A. VAN EIJK':?2, AMMAR AL-CHALABI>** (®,

ALBERTO ALBANESE’, PETER M. ANDERSEN®, MARIA DEL. MAR AMADOR"®,
GEIR BRATHEN®!°, VERONIQUE BRUNAUD-DANEL!!, LEV BRYLEV'>!? @,
WILLIAM CAMU, MAMEDE DE CARVALHO''!'® @, CRISTINA CEREDA!",
HAKAN CETIN!®, DELIA CHAVERRI'?, ADRIANO CHIO?*%?! @,

PHILIPPE CORCIA?? », PHILIPPE COURATIER??, FABIOLA DE MARCHI?*,
CLAUDE DESNUELLE?, MICHAEL A. VAN ES!, JESUS ESTEBAN?°,
MASSIMILIANO FILOSTO?” », ALBERTO GARCIA REDONDO?°,

JULIAN GROSSKREUTZ?®, CLEMENS O. HANEMANN?’ », TRYGVE HOLM@Y>°>!,
HELLE HOYER??, CAROLINE INGRE?**>**, BLAZ KORITNIK>’ », MAGDALENA
KUZMA-KOZAKIEWICZ?°, THOMAS LAMBERT?’, PETER N. LEIGH?®,

CHRISTIAN LUNETTA?%%°, JESSICA MANDRIOLI*!>*>, CHRISTOPHER ]J.
MCDERMOTT?* @, THOMAS MEYER*, JESUS S. MORA*, SUSANNE PETRI*°,
MONICA POVEDANO?*’, EVY REVIERS*®, NILO RIVA*, KIT C.B. ROES’°, MIGUEL
A. RUBIO’!”2, FRANCOIS SALACHAS"-8, STAYKO SARAFOV>>,

GIANNI SORARU?%, ZORICA STEVIC’®, KIRSTEN SVENSTRUP>®, ANETTE TORVIN
MOLLER®’, MARTIN R. TURNER®® (), PHILIP VAN DAMME’*°° @),

LUCIE A.G. VAN LEEUWEN!, LUIS VARONA®!, JUAN F. VAZQUEZ COSTA®? (»,
MARKUS WEBER®?’, ORLA HARDIMAN®* & LEONARD H. VAN DEN BERG!

!Department of Neurology, UMC Utrecht Brain Centre, University Medical Centre Utrecht, Utrecht, the
Netherlands, °Biostatistics & Research Support, Fulius Centre for Health Sciences and Primary Care, University
Medical Centre Utrecht, Utrecht, the Netherlands, >Department of Basic and Clinical Neuroscience, King's College
London, Maurice Wohl Clinical Neuroscience Institute, London, UK, *Department of Neurology, King’s College
Hospital, London, UK, JIRCCS Humanitas Research Hospital Rozzano, Milan, Italy, *Department of Clinical
Sciences, Neurosciences, Umed University, Umed, Sweden, "Département de Neurologie, Centre de référence SLA
Ile de France, SHopital de la Pitié Salpetriere, AP-HP, Paris, France, °Department of Neurology, University
Hospital of Trondheim, Trondheim, Norway, '°Department of Neuromedicine and Movement Science, Norwegian
University of Science and Technology, Trondheim, Norway, "ALS centre, CHU, University of Lille Nord de
France, Lille, France, ">Bujanov Moscow Ciry Clinical Hospital, Moscow, Russian Federation, '>Moscow
Research and Clinical Center for Neuropsychiarry of the Healthcare Department, Moscow, Russian Federation,
MALS Centre CHU Gui de Chauliac, University of Montpellier, Monzpellier, France, '°Institute of Physiology-
Instituto de Medicina Molecular, Faculty of Medicine, University of Lisbon, Lisbon, Portugal, '®Department of
Neurosciences and Mental Health, H Santa Maria-CHLN, Lisbon, Portugal, '’ Regional Newborn Screening
Laboratory, Vittore Buzzi Children's Hospital-University of Milan, Italy, *®Department of Neurology, Medical
University of Vienna, Vienna, Austria, '’ Neurology Service, Hospital Universitario La Paz, Madrid, Spain,
20'Rita Levi Montalcini' Department of Neuroscience, ALS Centre, University of Torino, Turin, Italy, ' Azienda
Ospedaliera Citta della Salute e della Scienza, Turin, Italy, *>Centre Constitutif SLA, CHRU de Tours -
Féderation des centres SLA Tours-Limoges, LitORALS, Tours, France, BCentre Consututif de reference SLA-
Fédération Tours-Limoges, CHU de Limoges, Limoges, France, **"Maggiore della Carita" University Hospital,
Novara, Italy, *>Hopital Pasteur 2 — CHU de Nice, Nice, France, ALS Research Lab - ALS Unit, Instituto de
Investigacién Sanitaria Hospital 12 de Octubre "i+ 12", CIBERER, Madrid, Spain, *’ Department of Clinical

Correspondence: Leonard H. Van den Berg, Department of Neurology, UMC Utrecht Brain Centre, University Medical Centre Utrecht, Heidelberglaan
100, 3584 CX, Utrecht, the Netherlands. Tel: +31 (0) 88 75 554 94. Fax: +31 (0) 88 75 554 94. Email: lberg@umcutrecht.nl

(Received 10 August 2021, revised 21 December 2021; accepted 23 December 2021)
ISSN 2167-8421 print/ISSN 2167-9223 online © 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
DOI: 10.1080/21678421.2021.2024856


http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2021.2024856&domain=pdf&date_stamp=2022-11-09
http://orcid.org/0000-0002-4924-7712
http://orcid.org/0000-0003-2314-6523
http://orcid.org/0000-0001-7556-0158
http://orcid.org/0000-0001-9579-5341
http://orcid.org/0000-0002-1625-8845
http://orcid.org/0000-0002-2852-7512
http://orcid.org/0000-0002-1951-1025
http://orcid.org/0000-0002-5083-8261
http://orcid.org/0000-0002-1269-9053
http://orcid.org/0000-0003-0267-3180
http://orcid.org/0000-0002-4010-2357
http://orcid.org/0000-0002-3043-7938
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/21678421.2021.2024856
http://www.tandfonline.com

482 T. Kliest et al.

and Experimental Sciences, University of Brescia; NeMO-Brescia Clinical Center for Neuromuscular Diseases,
Brescia, Iraly, *®Precision Neurology, Dept. of Neurology, Liibeck University Hospital, Litbeck, Germany,
22University of Plymouth, Peninsula Schools of Medicine and Dentistry, Plymouth, UK, *°Department of
Neurology, Akershus University Hospital, Lorenskog, Norway, 3! Institute of Clinical Medicine, University of Oslo,
Oslo, Norway, *°Department of Medical Genetics, Telemark Hospital, Skien, Norway, *>Department of Neurology,
Karolinska University Hospital, Stockholm, Sweden, >*Department of Clinical Neuroscience, Karolinska Institutet,
Stockholm, Sweden, >*Institute of Clinical Neurophysiology, University Medical Centre Ljubliana, Ljubljana,
Slovenia, 3°Department of Neurology, Medical University of Warsaw, Warsaw, Poland, >’ Department of
Neurology, Royal Stoke University Hospital, Stoke, United Kingdom, >3Department of Neuroscience, Brighton and
Sussex Medical School, Trafford Centre for Biomedical Research, University of Sussex, Brighton, UK, 3’ NEMO
Chnical Center, Serena Onlus Foundation, Milan, Iraly, “NEMO LAB, Milan, Iraly, 41Depanment of
Biomedical, Metabolic and Neural Sciences, Center for Neuroscience and Neurotechnology, University of Modena
and Reggio Emilia, Modena, Italy, ** Department of Neuroscience, St. Agostino Estense Hospital, Azienda
Ospedaliero Universitaria di Modena, Modena, Italy, ** Department of Neuroscience, University of Sheffield,
Sheffield Institute for Translational Neuroscience, Sheffield, United Kingdom, **ALS Outpatient Department,
Charité — Universitatsmedizin Berlin, Berlin, Germany, *>ALS Unit/Neurology, Hospital San Rafael, Madrid,
Spain, **Department of Neurology, Hannover Medical School, Hannover, Germany, *’ Functional Unit of
Amyotrophic Lateral Sclerosis (UFELA), Service of Neurology, Bellvitge University Hospital, Hospitalet de
Llobregat, Spain, *®European Organization for Professionals and Patients with ALS (EUpALS) & ALS Liga
Belgium, Leuven, Belgium, *° Department of Neurology, Experimental Neuropathology Unit, Institute of
Experimental Neurology, Division of Neuroscience, San Raffaele Scientific Institute, Milan, Italy, *°Department of
Health Evidence, Section Biostatistics, Radboud University Medical Centre Niymegen, Nimegen, the Netherlands,
3 Neuromuscular Unit, Department of Neurology, Hospital del Mar, Barcelona, Spain, >*Instituto Hospital del
Mar de Investivaciones Médicas (IMIM), Barcelona, Spain, >>Clinic of General Neurology, Medical University
Sofia, University Hospital Alexandrovska, Sofia, Bulgaria, >*Department of Neurosciences, University of Padova,
Padova, Italy, >>Clinic of Neurology, Clinical Center of Serbia, School of Medicine, University of Belgrade,
Belgrade, Serbia, *°Department of Neurology, Bispebjerg-Frederiksberg Hospital and Rigshospitalet, University
Hospital of Copenhagen, Denmark, >’ Department of Neurology, Aarhus University Hospital, Aarhus, Denmark,
S8Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK, >°Department of
Neurosciences, Laboratory for Neurobiology, KU Leuven and Centre for Brain & Disease Research, VIB, Leuven
Brain Institute, Leuven, Belgium, °Department of Neurology, University Hospitals Leuven, Leuven, Belgium,

¢! Department of Neurology, Basurto University Hospital, Vizcaya, Spain, *>ALS Unit and Neuromuscular
Disease Unit, Department of Neurology, Hospital La Fe, Valencia, Spain, ®*Neuromoscular Disease Unit/ALS
Clinic, Cantonal Hospital St. Gallen, St. Gallen, Switzerland, °* Academic Unit of Neurology Trinity College
Dublin Ireland, Dublin, Ireland

Abstract

Background: Pediatric investigation plans (PIPs) describe how adult drugs can be studied in children. In 2015, PIPs for
Amyotrophic Lateral Sclerosis (ALS) became mandatory for European marketing-authorization of adult treatments,
unless a waiver is granted by the European Medicines Agency (EMA).

Objective: To assess the feasibility of clinical studies on the effect of therapy in children (<18 years) with ALS in Europe.
Methods: The EMA database was searched for submitted PIPs in ALS. A questionnaire was sent to 58 European ALS
centers to collect the prevalence of pediatric ALS during the past ten years, the recruitment potential for future pediatric
trials, and opinions of ALS experts concerning a waiver for ALS.

Results: Four PIPs were identified; two were waived and two are planned for the future. In total, 49 (84.5%) centers
responded to the questionnaire. The diagnosis of 44,858 patients with ALS was reported by 46 sites; 39 of the patients
had an onset < 18 years (prevalence of 0.008 cases per 100,000 or 0.087% of all diagnosed patients). The estimated
recruitment potential (47 sites) was 26 pediatric patients within five years. A majority of ALS experts (75.5%) recom-
mend a waiver should apply for ALS due to the low prevalence of pediatric ALS.

Conclusions: ALS with an onset before 18 years is extremely rare and may be a distinct entity from adult ALS.
Conducting studies on the effect of disease-modifying therapy in pediatric ALS may involve lengthy recruitment periods,
high costs, ethical/legal implications, challenges in trial design and limited information.

Keywords: Pediatric amyotrophic lateral sclerosis, clinical trial, pediatric investigarion plan, chinical trials, ethics, therapy

Introduction for patients below the age of 18 years in the
In 2007, the clinical drug development pathway European Union (1). To encourage the develop-
for adult populations changed when the Pediatric ment of new drugs for children, marketing-author-
Regulation came into force. The aim of the ization applications of drugs for adults must

Pediatric Regulation is to provide better medicines contain an approved Pediatric Investigation Plan
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(PIP), or clinical trial data of the pediatric popula-
tion. This mandatory and additional clinical inves-
tigation plan describes how safety and/or efficacy
of an adult treatment can be studied in the pediat-
ric population. The Pediatric Committee (PDCO),
a committee of the European Medicines Agency
(EMA), is responsible for the evaluation and
approval of PIPs. When a PIP is approved,
pharmaceutical- or biotech companies are required
to conduct a study in compliance with this PIP to
obtain necessary data for the authorization of a
medicine for the pediatric population. A company
can be exempted from conducting studies in chil-
dren if the PDCO grants a waiver. Waivers are
granted when the disease only occurs in adults. If
a disease does occur in children, a company may
request a waiver when the medicine is likely to be
unsafe, ineffective or less beneficial than existing
treatments (1).

In amyotrophic lateral sclerosis (ALS), disease
onset manifests differently between young and
adult patients (2-5). The mean age of adult-onset
ALS varies between 40 and 63 years (6). An onset
before the age of 25 (juvenile ALS) is rare (2,7)
and before the age of 18 (pediatric ALS) is consid-
ered extremely unusual (3,4). The PDCO origin-
ally imposed a waiver substantiating the view that
ALS is an adult-onset disease (8,9). However, in
2015 the waiver for ALS was revoked. The PDCO
based their decision on new insights into the gen-
etic origin of juvenile ALS, and the phenotypical
similarities between adult-onset and juvenile-onset
patients (10). As a consequence, pharmaceutical
companies must now comply with a PIP to obtain
marketing approval, or receive a waiver for their
ALS drug developed for adults.

Whereas currently 14 trials in various clinical
development phases are enrolling adult patients
across Europe (11), no pediatric ALS trial has
been conducted or planned. Given the absence of
pediatric ALS trials to date, we aimed to (1) sum-
marize potential future pediatric trials by exploring
the status of submitted PIPs for ALS since 2015
and (2) investigate the feasibility for performing
clinical studies in pediatric ALS patients in Europe
by means of a questionnaire to clinical ALS cen-
ters. We sought to estimate the prevalence of pedi-
atric ALS, potential recruitment rates at European
ALS centers and gather opinions of European ALS
experts on the revoked waiver for ALS.

Methods
Literature search PIPs

To determine the number and waiver status of
PIPs since 2015, a literature search in the public
database of the EMA (https://www.ema.europa.eu/
en/medicines) was conducted. Documents were fil-
tered by the following categories: “Humans,”

“Pediatric Investigation Plans” and “decision date”
from: “1 January 2015” to: “29 August 2020”.
The keywords “Amyotrophic Lateral Sclerosis”
and “Motor Neuron Disease” or “Motor Neurone
Disease” were entered. The search criteria yielded
a final selection of PIPs from which the following
characteristics were gathered: PIP number, year of
decision, drug, waived or waiver refused, reason
for decision.

Participants and questionnaire

Between August and December 2020, 58 experts
with clinical ALS expertise were approached with
a questionnaire by e-mail. All experts had an affili-
ation with a specialized clinical ALS center and
with the FEuropean Network to Cure ALS
(ENCALS: an active network consisting of ALS
centers throughout Europe, www.encals.eu). To
ensure a comprehensive online-questionnaire, all
questions were reviewed and approved by the
Executive Board of Treatment Research Initiative
to Cure ALS (TRICALS, www.tricals.org) com-
prising neurologists from eight European coun-
tries (12).

The final questionnaire was divided into four
sections. Written instructions were added per sec-
tion for additional clarification. In the first section,
the consent and the name of the center were col-
lected. The second section included open quantita-
tive questions per age subset on the total number
of patients with ALS diagnosed at the center in
the past 10 years. The age subsets were based on
the denomination of the EMA: Adolescents
(12-17 years); Children (2-11 years); Infants
(1-23 months) and Neonates (0—27 days) (13).
No identifiable patient data were collected. The
third section entailed open questions to assemble
quantitative data of the European ALS centers on
recruitment capacity (per age subset) over a 5-year
period. In addition, a multiple-choice question on
potential recruitment hindrances was provided
(multiple answers). The final section contained a
statement on whether a waiver for ALS in specific
age subsets should apply. The answers were fol-
lowed by an open-ended question to collect the
rationale behind the provided answer or a follow-
up question consisting of multiple-choice answers.
The questionnaire was implemented in Castor
Electronic Data Capture (EDC) software.

Data analysis

Unanswered or incomplete questions were
excluded from the analysis. All quantitative data
were compiled into descriptive statistics using fre-
quencies (percentage) for categorical variables, and
mean for continuous variables. Qualitative
responses to open questions were merged and sub-
sequently divided into themes.
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Table 1. Overview of submitted Pediatric Investigation Plans (PIPs) for ALS since 2015.

Waived vs.

waiver refused Reason for the decision

Waived The disease does not occur in

the pediatric population. (14)

The disease occurs in the
pediatric population;

The pediatric population has
unmet need for treatment and
may benefit from the
medicinal product;

The drug is not likely to be
harmful;

It may be feasible to conduct a
clinical trial and resolve
therapeutic needs. (15)

The disease occurs in the
pediatric population;

The pediatric population has
unmet need for treatment and
may benefit from the
medicinal product;

The drug is not likely to be
harmful;

It may be feasible to conduct a
clinical trial and resolve
therapeutic needs. (16)

Waiver refused

Waiver refused

Year
PIP number of decision Drug
EMEA-002403-PIP01-18 2018 Synthetic ribonucleic acid
oligonucleotide directed
against superoxide
dismutase 1 (SOD1)
messenger ribonucleic acid
EMEA-001748-PIP02-18* 2018 Arimoclomol citrate
EMEA-002469-PIP01-18 2019 Pyrimidinyl-aminopyridine
dual leucine zipper
kinase inhibitor
EMEA-001266-PIP04-19 2020 Mastinib

Waived No therapeutic benefit to be
expected for the pediatric

population. (17)

*During the preparation of this manuscript, the pivotal trial with Arimoclomol citrate (NCT03491462) did not meet its primary and

secondary endpoints.

Results
Literature search PIPs

Since the revocation of the waiver for ALS in
2015, four PIPs have been submitted by pharma-
ceutical companies to the EMA (Table 1). Two of
the four PIPs received a waiver. One waiver was
based on the disease not occurring in children as
the drug, synthetic ribonucleic acid oligonucleotide
(EMEA-002403-PIP01-18), aims to target a sub-
set of patients with a superoxide dismutase 1
(SODI) mutation (14). The second granted waiver
for PIP EMEA-001266-PIP04-19 was based on no
expected therapeutic effect of the compound, mas-
tinib, in children (17). The other two PIPs
(EMEA-001748-PIP02-18 and EMEA-002469-
PIP01-18) for the compounds, arimoclomol citrate
(15) and pyrimidinyl-aminopyridine dual leucine
zipper kinase inhibitor (16), were not granted a
waiver due to a potential therapeutic benefit in the
pediatric population.

Questionnaire — response rate

We invited 58 ALS centers from 22 European
countries to answer the questionnaire. We received
a response from 49 centers (response rate 84.5%)

located in 19 different countries. Of these 49 res-
ponders, three sites did not answer all questions.

Questionnaire — prevalence and recruitment potentials

To estimate the prevalence of pediatric ALS in
Europe, all participating ALS centers were asked
to provide the number of patients diagnosed at
their center during the past ten years. In total,
44,858 ALS patients had been diagnosed in the
past ten years in 46 centers, of whom 0.087%
(n=139) were under the age of 18 (Table 2). The
ALS centers (n=47) estimated that a total of 26
pediatric patients could be recruited over a time-
frame of five years (Table 3). Factors that poten-
tially hinder recruitment were divided into eight
different categories. Almost half of the ALS centers
(45.7%) reported that pediatric ALS is rare and
that this would hinder patient recruitment
(Table 4).

Questionnaire — waiver statement

Figure 1 summarizes the responses of ALS experts
(n=49) to whether a general waiver should be
applied for patients with ALS under 18; while 37
centers (75.5%) agreed that a waiver should be
applied for all ages <18 years, 12 centers (24.5%)
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Table 2. Patients with ALS diagnosed in the past 10 years by
46 European ALS centers.

No. of patients diagnosed
in past 10 years

Age subsets N Prevalence %
All ages 44,858 -
Adolescents (12-17 years) 32 0.07%
Children (2-11 years) 7 0.02%
Infants (1-23 months) 0 0.00%
Neonates (0—27 days) 0 0.00%

Table 3. Expected recruitment by 47 European ALS centers.

Expected recruitment within 5 years

Age subsets N Mean per 10 sites
Adolescents (12-17 years) 18 3.83
Children (2-11 years) 8 1.70
Infants (1-23 months) 0 0.00
Neonates (0—27 days) 0 0.00

Table 4. Factors that might hinder recruitment of pediatric
patients with ALS (multiple answers possible).

Responders (n = 46)
answering yes

Characteristic n (%)

Disease is too rare and low occurrence 21 (45.7)
Diagnostic delay 13 (28.3)
Patients are seen by pediatricians 9 (19.6)
Parental involvement 9 (19.6)
Lack of expertise at the center 9 (19.6)
Excessive demand on few patients 8 (17.4)

due to multiple recruiting trials

Ethical reasons 5 (10.9)
Study burden 5 (10.9)

did not. Those not agreeing specified that clinical
trials should be carried out due to the need of a
treatment (n=4, 36.4%). The main reason given
by ALS experts (=35, 94.1%) that a waiver
should be applied was based on pediatric patients
being too rare to enroll in clinical trials (Table 5).

Discussion

In this study, we aimed to (1) summarize potential
future pediatric studies and (2) assess the feasibil-
ity of pediatric trials in Europe. Two PIPs received
the decision of the PDCO that the drug interven-
tions were expected to be beneficial for pediatric
patients and that a pediatric study is, therefore,
required. With an estimated prevalence of pediatric
ALS being less than 0.1% of all patients diagnosed
with ALS, enrolling sufficient numbers in these
studies is an undoubted challenge. Centers esti-
mated a recruitment rate of 26 patients within 5
years. Conducting a pediatric clinical trial would

A waiver should apply to all ages < 18 years

Yes

I T T T 1
0 20 40 60 80

percentage
Figure 1. ALS experts’ opinions (yes or no) on whether a

waiver should apply to patients with ALS below the age of
18, n=49.

Table 5. Reasons for applying a waiver to all ages below 18
years (multiple answers possible).

Yes (n=35) n (%)
Too rare to enroll sufficient patients 35 (94.1)
Phenotypically different from 16 (43.2)
adult-onset ALS
Rarely sporadic but primarily familial 13 (35.1)
No* (n=11) n (%)
Clinical trials are needed for 4 (36.4)
the treatment of pediatric ALS
Waiver should apply for < 11 years 3 (27.3)
as there are no patients
under 11 years of age
Waiver should apply for < 11 years 2 (18.2)
due to age-related difference
in safety and efficacy
Pediatric ALS is a different 2 (18.2)

disease than adult-onset ALS

*One reason was excluded as ‘not applicable’ was answered.

require extensive recruitment periods, design chal-
lenges and high operational costs, while ultimately
providing little information on the drug’s safety
and/or efficacy.

Presuming a positive outcome of a late-phase
clinical trial in the adult ALS population in
Europe, the first clinical studies may commence in
the coming year(s) for pediatric ALS patients.
However, we find a placebo-controlled clinical trial
to be untenable. Less than 0.1% of all patients
with ALS diagnosed in the past 10 years by the 46
European centers were under 18. When we apply
this percentage to the prevalence of ALS (8 per
100,000 persons) (18), around 0.008 cases per
100,000 persons might be affected by pediatric
ALS in Europe. These numbers would suggest
that pediatric ALS classifies as an ultra-rare dis-
order (< 1 per 50,000) (19).

To determine the resources for any trial based
on our estimated recruitment rate (3.83 adolescent
patients/10 sites/5 years), we assumed a sample
size of ten adolescent patients. The trial would
require 30 sites to enroll ten patients within a 5-
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year period. This estimation does not take into
account potential screening failures, concomitant
other diseases prohibiting participation, with-
drawals or other competing trials (11). Also, in
rare disease trials, each clinical phase is often twice
as long due to lack of information on disease
prevalence and incidence, eligible patients and dif-
ficulties in timely patient recruitment (20) and
adds additional operational costs (21). In addition,
pediatric trials in general are accompanied by vari-
ous ethical concerns z.e., determining the scientific
necessity, welfare of the children, risk vs. benefits,
and legal implications (i.e., extensive ethical
approval processes and refusal of parents to give
consent) (22).

There are important implications regarding trial
design for a small population and sample sizes as
often seen in rare disease trials (23). As required
by the EMA, a PIP should describe how efficacy
and (long-term) safety can be measured in the
pediatric population. To determine efficacy (e.g.
slowing of disease progression or improvement in
survival time) in a patient population, it is not
uncommon to require sample sizes of at least 50
patients to detect large effect sizes (11). These
numbers are virtually impossible for a rare disease
such as pediatric ALS, and quantifying efficacy
would be difficult unless the treatment benefit is
considerable (e.g. complete stop of disease pro-
gression or reversal of symptoms). While a trial
based on safety endpoints may require fewer par-
ticipants, it is not clear whether safety data origi-
nating from a few patients will provide sufficient
information to allow definite conclusions to be
drawn (e.g. uncommon adverse events can be eas-
ily missed by chance). To measure survival time or
disease progression in patients with pediatric ALS,
the duration of the follow-up period will require a
longer period than in adults to detect changes over
time. Furthermore, it is questionable if ALS end-
points and trial methodologies can be adopted to
pediatric ALS studies due to the differences in
phenotype and clinical characteristics between chil-
dren and adult patients.

There are differences between regulatory land-
scapes across continents compared to FEurope.
Regulatory authorities, for example in Canada and
Japan, do not legally require pharmaceutical com-
panies to include pediatric study plans for adult
drug development (24,25). The U.S. Food and
Drug Administration (FDA) does have a similar
legislation as Europe; however, a waiver is granted
for pediatric ALS studies based on the rarity of the
disease, limited occurrence in children and studies
being highly unfeasible or even impossible (26). It
is recognized that the PDCO’s scientific rational to
revoke the waiver for ALS was based on novel gen-
etic insights with regard to juvenile ALS and the
apparent similarity in phenotypical and clinical

representations between juvenile and adult onset
ALS (10). However, this in turn raises the ques-
tion whether the revocation of the waiver by the
PDCO was based on valid scientific arguments. A
clear definition of pediatric ALS is lacking and
there is no consensus among ALS experts on the
disease entity. Indeed, there is considerable evi-
dence that pediatric and juvenile ALS are separate
entities that are distinct from adult-onset ALS
(2-5). Patients diagnosed with ALS below the age
of 18 are characterized by a slower disease progres-
sion, longer survival time and are more likely to
exhibit underlying genetic variants of major effect
(2-4). By contrast, adults with ALS exhibit 5-6
(27) steps in disease development, which reduce to
2-4 in those with major disease-causing var-
iants (28).

There are resemblances between pediatric- and
adult-onset ALS. For example, P5251L mutation in
FUS can cause disease pathology in both pediatric,
juvenile (4) and adultpatients (29).
Notwithstanding, it is likely that a pathology will
be different between infants with a developing neu-
roaxis, young adults with a maturing neuroaxis
and mid-life individuals with established pathways
and networks.

An alternative approach would be to recognize
that pediatric ALS is an ultra rare disease, and
that there may be alternate approaches to provide
access to new therapeutics. As we have identified a
cohort of patients with pediatric ALS, there are
multiple options to gather information on potential
(new) drugs, e.g. by extrapolating data or by
focusing on pharmacokinetics and/or pharmaco-
dynamics parameters in a small subset.
Additionally, considering the genetic cause of pedi-
atric ALS, a genotype-targeted approach may yield
more positive outcomes for pediatric ALS, as cur-
rently being investigated in familial adult-onset
ALS (30-32). Genotype targeted therapies have
been proven successful in the treatment of spinal
muscular atrophy (SMA) (33). Best practices of
genotype targeted treatments, as seen in SMA tri-
als, could potentially be applied to future pediatric
ALS trial. Trial success may be achieved by involv-
ing family members at an early stage and during
the trial, using websites with updated information
on the trial, setting up of large-scale databases to
(pre-) identify patients, offering asymmetric ran-
domization and an open label extension (34).

In this study we did not gather detailed clinical
and genetic patient data to ensure that patients
remain unidentifiable. Gathering clinical and gen-
etic patient data in a secure manner for future clin-
ical trials will be essential for personalized
treatment approaches. A strength of this study is
that we were able to identify patients with pediatric
ALS based on data provided by ALS experts
across Europe. Our finding of 39 patients in the
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past 10 years was higher than the number in a
recent publication by Pincher-Martel et al. (4).
The authors reported 29 pediatric cases. Based on
their collected data, we observed that 30% of iden-
tified cases by the authors were European patients,
i.e., nine European patients over a timeframe of
~15 years. The discrepancy between our reported
prevalence compared to the number of patients
identified by Pincher-Martel et al. (2020) could be
explained by patients not being captured in
case reports.

We unreservedly support the PDCO and their
endeavors to improve access to medicines for chil-
dren. However, we respectfully question whether a
PIP is the best approach to achieve this. Pediatric
ALS studies will require lengthy recruitment peri-
ods, increased operational costs, ethical and legal
implications and implications in trial design (e.g.,
limited statistical power and efficacy/safety evi-
dence). Given the absence of consensus on pediat-
ric ALS as a disease entity, the extremely low
prevalence of ALS in the pediatric population and
the potential difficulties in recruiting sufficient
patients, appropriately powered clinical trials are
simply not feasible.

For these reasons, and based on the responses
of ALS experts, we suggest the decision whether
or not to grant a waiver should be reconsidered for
patients with ALS under the age of 18. Rather
than exhausting financial resources for mandated
studies in a scarce population, companies and
investigators could contribute by investing resour-
ces in the understanding of pediatric ALS and to
advance targeted treatment approaches.
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