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Autosomal Recessive Cerebellar
Ataxias in Europe: Frequency,
Onset, and Severity in
677 Patients

Progress in next-generation sequencing has led to an explo-
sion of novel genes and phenotypes of autosomal recessive
cerebellar ataxias (ARCAs) in the last decade, with >170
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recessive conditions manifesting with ataxia identified.! With
large-scale natural history and mechanistic treatment trials on
the horizon for many ARCAs, up-to-date knowledge is
required not only on relative frequencies but also on real-world
age and disease severity distributions as key information for
trial design planning and recruitment. In this multicenter study,
we provide data on the relative frequency of ARCAs in Europe,
delineate the spectrum of age at disease onset, and present real-
world data on disease severity distributions of patients with
ARCA that help to inform future trial planning.

Prospective cross-sectional and longitudinal data from con-
secutive patients enrolled between 2013 and June 2022 from
23 European sites (Fig. 1A) were included, all collected through
the international ARCA Registry.> Patients had been eligible
for inclusion into the ARCA Registry if they had (1) a geneti-
cally confirmed ARCA; and/or (2) onset before age 40 years
without evidence of an autosomal dominant family history,
repeat expansion in spinocerebellar ataxia genes, or acquired
cause, thus representing a stratum of patients with ataxia
known to be enriched for recessive ataxia disease.”* Patients
with Friedreich’s ataxia (FA; n=112) were not included
because (1) FA is already covered in parallel by other European
natural history registries (eg, EFACTS),” which would lead to a
distorted, nonrepresentative frequency estimate in the current
study; (2) this study focused on the rare and less well-studied
ARCAs; and (3) disease data as investigated in this study are
thus already available elsewhere.’

A total of 677 patients were included in this study, rendering
it the largest European ARCA frequency study to date. Fifty-
nine percent had a genetic diagnosis (Fig. 1B), with autosomal
recessive spastic ataxia Charlevoix-Saguenay (ARSACS; 13%)
and spastic paraplegia type 7 (SPG7; 10%) being the most fre-
quent, followed by RFC1, ataxia with oculomotor apraxia type
2 (AOA2), ataxia telangiectasia (AT), and SYNE1 (all 7%),
and then in decreasing frequency, COQS8A (5%), POLG (4%),
ANO10 (3%), and AOA1 (3%), and a large number of
62 ultra-rare ARCAs (each <2%, often only n = 1-3 patients/
ARCA) (Fig. 1C). Age of onset of ARSACS, AT, and COQ8A
was typically in the first decade of life (Fig. 1D), whereas
SPG7, POLG, and ANOI10 started on average in the fourth
decade. Patients with RFC1 mutations had a later onset, on
average at age 53 (interquartile range: 49—61) years (Fig. 1D).
Cross-sectional disease progression estimates (Scale for the
Assessment and Rating of Ataxia score [SARA]/disease dura-
tion) suggest a relatively faster disease progression for AT
(median: 1.4 SARA points/years), but a slower disease progres-
sion for ARSACS (0.6 SARA point/years), RFC1 (0.9 SARA
point/years), and SPG7 (0.6 SARA point/years) (Fig. 1F,G).
Most patients with ARCA currently attending ataxia clinics

Additional study group contributors of the ARCA Registry/PREPARE
consortium are listed in the Appendix.
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FIG. 1. Frequency distribution, age at onset ranges, disease durations, cross-sectional progression trajectories, and severity status of ARCAs in Europe. (A)
This multicenter study recruited patients with ARCA from 23 centers in Europe. (B) Frequency of genetically determined versus still genetically undetermined
patients with ARCA. (C) Frequencies of the different ARCA genotypes among the genetically defined ARCA patients. Median and interquartile range of (D) onset
age, (E) disease duration, and (F) cross-sectional disease progression (SARA score/disease duration in years) of the main ARCA types. (G) Average trajectories
of cross-sectional disease progression of the main ARCA types based on median onset and SARA score at last visit. (H) Ambulation status (stratified by the
SARA gait item) of the main ARCA types. AOA2, ataxia with oculomotor apraxia type 2; ARCA, autosomal recessive cerebellar ataxia; ARSACS, autosomal
recessive spastic ataxia of Charlevoix-Saguenay; AT, ataxia telangiectasia; RFC1/ANO10/COQ8A/POLG/SYNET1, ataxia related to respective gene;
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SARA, Scale for the Assessment and Rating of Ataxia; SPG7, spastic paraplegia type 7. [Color figure can be viewed at wileyonlinelibrary.com]
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already have on average >10 years’ disease duration, with
patients with ARSACS even being on average 26 years into
their disease (Fig. 1E). Most SPG7, COQ8, and ANO10
patients currently attending ataxia clinics are still ambulatory,
whereas >40% of patients with ARSACS, SYNE1, AOA2, or
POLG cannot walk independently anymore (Fig. 1H).

This large multicenter study provides a comprehensive
overview on the frequency of non-FA ARCAs in Europe. It
confirms the relatively high frequency of ARSACS, RFCl1,
and AT in ARCAs, as recently observed in a large South
American ARCA cohort.? The high frequency of SPG7 might
have been missed in the South American ARCA cohort
because SPG7 has for long not been sequenced as part of the
ataxia genetic workup. The larger number and more compre-
hensive spread of rare ARCAs in this European cohort proba-
bly reflect broader availability of large-scale next-generation
sequencing as a diagnostic tool in Europe.

This study takes the next step toward trial readiness for
ARCAs in Europe. The large number of ultra-rare ARCAs
highlights the need for novel treatment programs focusing on
nano-rare ARCAs, developing, eg, even mutation-specific treat-
ments for these n-of-few ARCAs.® Molecular treatment trials
will need to consider that most ARCA patients available for
recruitment in real-world settings will already be >10 years into
their disease, with a substantial share of patients no longer
walking independently (in particular from ARSACS, SYNE1,
AOA2, or POLG). Also, some ARCAs show a fairly slow dis-
ease progression (ARSACS, RFC1, SPG7; for detailed analyses,
see Traschiitz et al”), indicating the need for either large sample
sizes, longer trial duration, and/or more sensitive nonclinical
outcome measures in upcoming trials.

This study is limited by its incomplete coverage of all ataxia
centers in Europe and its focus on non-FA ARCAs. However,
it might provide a representative perspective on the real-world
trial availability of these rare, so far grossly understudied
ARCAs in Europe.

Ethics Statement

This study was approved by the Ethics Committee of the
Medical Faculty Tiibingen (598/2011BO1).

Financial Disclosures

Andreas Traschiitz, Jonathan Baets, Bjérn H. Falkenburger,
Janina Gburek-Augustat, Sarah Doss, Christoph Kamm, Peter
Klivenyi, Marcus Grobe-Einsler, Thomas Klopstock, Martina
Minnerop, Alexander Miinchau, Chiara Pane, Mathilde Renaud,
Filippo M. Santorelli, Stefan Vielhaber, Tobias B. Haack, Bart
P. van de Warrenburg, and Ginevra Zanni have nothing to
disclose.

Astrid D. Adarmes-Gomez has received honorarium for lec-
turing from AbbVie, Bial, Italfarmaco, Merz, UCB, and
Zambon, all unrelated to the present manuscript.

Mathieu Anheim received consultancy honoraria from
Merz, Orkyn, AbbVie, Ipsen, Reata, and Ever Pharma, all
unrelated to the present manuscript.

Ludger Schols received consultancy honoraria from Vico
Therapeutics, unrelated to the present manuscript.

8

Dagmar Timmann received funding from the DFG, EU,
and Bernd Fink Foundation, unrelated to the present
manuscript.

Matthis Synofzik received consultancy honoraria from
Janssen, Orphazyme, Servier, Reata, AviadoBio, GenOrph,
and Ionis Pharmaceuticals, all unrelated to the present
manuscript. @

Acknowledgments: This work was supported by the European Union’s
Horizon 2020 research and innovation program as part of the innovation
project EVIDENCE-RND under the EJP RD COFUND-EJP (825575 to
M.S.), as part of Solve-RD (779257 to J.B., M..S., and B.P.v.d.W.), by the
DFG under the frame of EJP-RD network PROSPAX (441409627 to M.
S. and B.P.v.d.W.), and by the Clinician Scientist program “PRECISE.net”
funded by the Else Kroner-Fresenius-Stiftung (to A.T.). The study was fur-
ther funded by the Federal Ministry of Education and Research, Germany,
and through the TreatHSP network (01GM1905 to L.S.). B.P.v.d.W.
receives additional research support from ZonMW, NWO, Her-
senstichting, Brugling fonds, Gossweiler Foundation, and Radboud uni-
versity medical center. L.S., T.K., G.Z., B.P.v.d.W., and M.S. are members
of the European Reference Network for Rare Neurological Diseases—Pro-
ject ID 739510. A.T. receives funding from the University of Tiibingen,
medical faculty, for the Clinician Scientist Program Grant 439-0-0. P.
K. receives funding from University of Szeged (Hetényi Géza: 55330
A202) and Ministry of Innovation and Technology of Hungary, National
Research, Development and Innovation Fund (TKP2021-EGA). ]J.B. was
supported by a Senior Clinical Researcher mandate of the Research
Fund—Flanders (FWO) under grant agreement number 1805021N and is
a member of the pPINEURO Research Centre of Excellence of the Univer-
sity of Antwerp. F.M.S. was supported by the Italian Ministry of Health
(the EJP-RD network PROSPAX; Ricerca Finalizzata RF-2016-02361610;
RF-2019-12370417; Ricerca Corrente, RC 5x1000). Several authors of
this publication are members of the European Reference Network for Rare
Neuromuscular Diseases (ERN EURO-NMD) and of the European Refer-
ence Network for Rare Neurological Diseases (ERN-RND). Open Access
funding enabled and organized by Projekt DEAL.

Data Availability Statement

Data available on request from the authors.

Andreas Traschutz, MD, PhD, "2
Astrid D. Adarmes-Gomez, MD,%*
Mathieu Anheim, MD, PhD,>®’
Jonathan Baets, MD, PhD,?1°
Bjorn H. Falkenburger, MD, ™"
Janina Gburek-Augustat, MD, ' Sarah Doss, MD, '
Christoph Kamm, MD,'® @ Peter Klivenyi, MD,®
Marcus Grobe-Einsler, MD,""8
Thomas Klopstock, MD, 92021
Martina Minnerop, MD,?%2324 Alexander Miinchau, MD,?®
Chiara Pane, MD,?® Mathilde Renaud, MD,?"#®
Filippo M. Santorelli, MD,?° Ludger Schols, MD, "2
Dagmar Timmann, MD,° Stefan Vielhaber, MD,3':3233
Tobias B. Haack, MD,?*
Bart P. van de Warrenburg, MD, PhD,%

Ginevra Zanni, MD, PhD,*¢ and Matthis Synofzik, MD "2
'Department of Neurodegenerative Diseases, Hertie-Institute for
Clinical Brain Research and Center of Neurology, University of
Tubingen, Tubingen, Germany, German Center for
Neurodegenerative Diseases (DZNE), Tibingen, Germany, 2Unidad
de Trastornos del Movimiento, Servicio de Neurologia y
Neurofisiologia Clinica, Instituto de Biomedicina de Sevilla, Hospital
Universitario Virgen del Rocio/CSIC/Universidad de Sevilla, Seville,
Spain, “Centro de Investigacién Biomédica en Red Sobre
Enfermedades Neurodegenerativas, Madrid, Spain, ®Service de
Neurologie, Hopitaux Universitaires de Strasbourg, Hopital de
Hautepierre, Strasbourg, France, ®Fédération de Médecine

Movement Disorders, Vol. 38, No. 6, 2023 1111

85UB0 17 SUOWLWOD 8/ 8|cedjdde ay) Aq pausenob aJe Ssjollfe YO 8Sn JO Se|n Jo} Aiq 1 8UIIUO 481\ UO (SUONIPUOD-PpUE-SULIB)W0Y A3 | Im A leig 1 Ul |uoy/:Sdnly) SUONIPUOD pue sue | 8y} 89S *[£202/80/52] Uo Ariq1auljuo 481 BlueD YyoLesssy HAWD Ya1ine wniuezsbunyosiod Ag Z6£62'SPW/Z00T OT/I0p/L00 A8 1M Aelq 1|Bul U0 SBpIos IPIUBLLBAOW//:SdNY WoJj papeolumod ‘9 ‘€202 ‘/SZ8TEST


http://precise.net
https://orcid.org/0000-0002-8165-5898
https://orcid.org/0000-0002-7618-2336
https://orcid.org/0000-0002-1808-2134
https://orcid.org/0000-0002-3219-2284
https://orcid.org/0000-0002-2280-7273

TRASCHUTZ ET AL W

J

Translationnelle de Strasbourg, Université de Strasbourg,
Strasbourg, France, " Institut de Génétique et de Biologie
Moléculaire et Cellulaire, INSERM-U964/CNRS-UMR7104/Université
de Strasbourg, llikirch, France, ®Translational Neurosciences,
Faculty of Medicine and Health Sciences, UAntwerpen, Antwerp,
Belgium, °Laboratory of Neuromuscular Pathology, Institute Born-
Bunge, University of Antwerp, Antwerp, Belgium, '°Neuromuscular
Reference Centre, Department of Neurology, Antwerp University
Hospital, Antwerp, Belgium, " Department of Neurology,
Technische Universitat Dresden, Dresden, Germany, Division of
Neuropaediatrics, Hospital for Children and Adolescents, University
of Leipzig, Leipzig, Germany, '*Department of Neurology, Charité—
Universitédtsmedizin Berlin, Corporate Member of Freie Universitét
Berlin, Humboldt-Universitét zu Berlin, Berlin, Germany,
"“Department of Neurological Sciences, University of Nebraska
Medical Center, Omaha, Nebraska, USA, '®Department of
Neurology, University of Rostock, Rostock, Germany,

'8 nterdisciplinary Excellence Centre, Department of Neurology,
Faculty of Medicine, Albert Szent-Gyérgyi Clinical Center, University
of Szeged, Szeged, Hungary, '" Department of Neurology,
University Hospital Bonn, Bonn, Germany, '®German Center for
Neurodegenerative Diseases, Bonn, Germany, '°Department of
Neurology, Friedrich-Baur-Institute, Ludwig-Maximilians-University
of Munich, Munich, Germany, 2°German Center for
Neurodegenerative Diseases, Munich, Germany, ' Munich Cluster
for Systems Neurology (SyNergy), Munich, Germany, %?Institute of
Neuroscience and Medicine (INM-1), Research Centre Juelich,
Juelich, Germany, >®Department of Neurology, Center for
Movement Disorders and Neuromodulation, Medical Faculty &
University Hospital Disseldorf, Heinrich Heine University,
Duisseldorf, Germany, ®* Institute of Clinical Neuroscience and
Medical Psychology, Medical Faculty & University Hospital
Ddsseldorf, Heinrich-Heine University, Disseldorf, Germany,

25 Institute of Systems Motor Science, University of Liibeck, Liibeck,
Germany, 6 Department of Neurosciences, Reproductive and
Odontostomatological Sciences, University Federico I, Naples,
Italy, " Service de Génétique Clinique, CHRU de Nancy, Nancy,
France, 26INSERM-U1256 NGERE, Université de Lorraine, Nancy,
France, °IRCCS Fondazione Stella Maris, Pisa, Italy, *°Department
of Neurology and Center for Translational Neuro- and Behavioral
Sciences, Essen University Hospital, University of Duisburg-Essen,
Essen, Germany, ' Department of Neurology, Otto-von-Guericke
University, Magdeburg, Germany, *2German Center for
Neurodegenerative Diseases within the Helmholtz Association,
Magdeburg, Germany, *3Center for Behavioral Brain Sciences,
Magdeburg, Germany, 3*Institute of Medical Genetics and Applied
Genomics, University of Tdbingen, Tubingen, Germany,
38Department of Neurology, Donders Institute for Brain, Cognition
and Behaviour, Radboud University Medical Centre, Nijmegen, The
Netherlands, and ®Unit of Neuromuscular and Neurodegenerative
Disorders, Department of Neurosciences, Bambino Gesu Childrens’
Hospital, IRCCS, Rome, ltaly

References

1. Synofzik M, Puccio H, Mochel F, Schols L. Autosomal recessive cere-
bellar ataxias: paving the way toward targeted molecular therapies.
Neuron 2019;101(4):560-583.

2. Traschiitz A, Reich S, Adarmes AD, et al. The ARCA registry: a col-
laborative global platform for advancing trial readiness in autosomal
recessive cerebellar ataxias. Front Neurol 2021;12:677551.

3. Gama MTD, Braga-Neto P, Rangel DM, et al. Autosomal recessive
cerebellar ataxias in South America: a multicenter study of 1338
patients. Mov Disord 2022;37(8):1773-1774.

4. Coutelier M, Hammer MB, Stevanin G, et al. Efficacy of exome-
targeted capture sequencing to detect mutations in known cerebellar
ataxia genes. JAMA Neurol 2018;75(5):591-599.

5. Reetz K, Dogan 1, Hilgers RD, et al. Progression characteristics of the
European Friedreich’s ataxia consortium for translational studies
(EFACTS): a 4-year cohort study. Lancet Neurol 2021;20(5):
362-372.

6. Synofzik M, van Roon-Mom WMC, Marckmann G, et al. Preparing
n-of-1 antisense oligonucleotide treatments for rare neurological dis-
eases in Europe: genetic, regulatory, and ethical perspectives. Nucleic

Acid Ther 2022;32(2):83-94.

7. Traschutz A, Adarmes-Gomez AD, Anheim M, et al. Capturing clini-
cal progression in multisystemic genetic ataxias: lessons from a pro-
spective study of 884 patients with autosomal recessive or early-onset
ataxia. medRxiv 2022. https://doi.org/10.1101/2022.10.05.22280687

APPENDIX

Additional study group contributors of the ARCA Registry/
PREPARE consortium: Roderick Maas, MD, Department of
Neurology, Donders Institute for Brain, Cognition and Behav-
iour, Radboud University Medical Centre, Nijmegen, the
Netherlands; Enrico Bertini, MD, Unit of Neuromuscular and
Neurodegenerative Diseases, Department of Neurosciences, Bam-
bino Gesu Children’s Hospital, IRCCS, Rome, Italy; Peter de
Jonghe, MD, PhD, Translational Neurosciences, Faculty of Med-
icine and Health Sciences, UAntwerpen, Antwerp, Belgium; Lab-
oratory of Neuromuscular Pathology, Institute Born-Bunge,
University of Antwerp, Antwerp, Belgium; and Neuromuscular
Reference Centre, Department of Neurology, Antwerp University
Hospital, Antwerp, Belgium; Ivana Ricca, MD, IRCCS
Fondazione Stella Maris, Pisa, Italy; Andreas Thieme, MD,
Department of Neurology and Center for Translational Neuro-
and Behavioral Sciences, Essen University Hospital, University of
Duisburg-Essen, Essen, Germany; Jennifer Faber, MD, Depart-
ment of Neurology, University Hospital Bonn, and German Cen-
ter for Neurodegenerative Diseases, Bonn, Germany.

1112 Movement Disorders, Vol. 38, No. 6, 2023

35UBD| 7 SUOWILLIOD 9IRS 3 |eal [dde ay) Aq peusenob ale sajolle YO ‘3N JO sanJ 10} Areiqiaul|uQ 8|1\ UO (SUORIPUOD-PUR-SWLLBYW0D AS [IM°Aed1BU L {UO//:SdNY) SUORIPUOD pue SWid | Ul 89S *[£202/80/G2] U0 AiqiT aulluO AS|IM “BISD UYoJeasay HAWS U1t winiuezsBunyosio Aq Z6€62'SPUW/Z00T OT/I0p/W00 A8 | 1M AReid 1|BU 1{UO'SBP.I0S IDIUBLIBAOLL//SANY WOy papeojumoq ‘9 ‘€202 ZSZ8TEST


https://doi.org/10.1101/2022.10.05.22280687

