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Abstract

Objectives

The primary objective of this paper was to present the establishment of the Spastic
Paraplegia—Centers of Excellence Research Network (SP-CERN) aimed at promoting clinical
trial readiness for hereditary spastic paraplegia (HSP). SP-CERN is unique in its approach to
addressing the diagnostic and therapeutic challenges associated with HSP through a large-scale,
collaborative effort.

Methods

Participants with HSP are identified through multicenter collaborations across 11 institutions in
the United States. SP-CERN systematically collects longitudinal clinical data, biospecimens,
and wearable device data from patients. Data are stored in a centralized REDCap database,
facilitating shared access for analysis. Patients are evaluated using standardized assessment tools
for motor function, biomarkers, and digital outcome measures.

Results

SP-CERN has established a biorepository, centralized data collection methods, and stan-
dardized clinical assessments. It is conducting natural history studies for all HSP subtypes,
enabling the validation of biomarkers and development of gene-based therapies.

Discussion

SP-CERN’s collaborative approach bridges gaps in clinical care and research for HSP by
improving diagnostic capabilities and promoting clinical trial readiness. This initiative repre-
sents a framework for rare disease research, accelerating the development of novel therapies and
improving patient outcomes through standardized, multi-institutional collaboration.

Spastic Paraplegia—Centers of Excellence
Research Network

Neurodegenerative disorders are largely untreatable' and cause significant personal health and
societal burden.! Recent advances in molecular understanding of conditions with strong genetic
causality are yielding remarkable progress in therapy development.2 For example, improved
gene vector delivery methods and the emergence of platform technologies for DNA and RNA
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manipulation have enabled the introduction of gene-specific
and variant-specific treatments for several monogenic dis-
eases, including spinal muscular atrophy, giant axonal neu-
ropathy, amino acid decarboxylase deficiency, and forms of
amyotrophic lateral sclerosis.”® A logical extension of this
spectrum of neurogenetic disorders is hereditary spastic
paraplegia (HSP).”®

HSP encompasses more than 80 rare monogenic disorders
and collectively constitutes the most common cause of
inherited spasticity worldwide, with an estimated combined
prevalence of 5-10 cases per 100,000 individuals.”® Dys-
function particularly affecting the distal ends of corticospinal
tract axons underlies functional motor disabilities, not only for
the most common type of HSP, hereditary spastic paraplegia
type 4 (SPG4), but also for several other subtypes.”'® Nearly
all our specific understanding of HSP pathophysiology has
arisen from identifying causative genes and reliably classifying
pathogenic variants."" Despite remarkable advances in next-
generation sequencing, however, approximately 30%-40% of
patients with HSP still do not receive a genetic diagnosis."”
This underscores the need for additional diagnostic methods,
including in-depth sequencing and other
approaches.'”'® Recent improvements in long-read genome
sequencing are likely to uncover new HSP loci that remain
inaccessible to short-read analyses. There are an increasing
number of prominent examples of noncoding or highly ho-
mologous genomic loci that explain diseases leading to a
length-dependent distal axonal degeneration.'”*®

innovative

Another area of considerable interest is the identification of
genetic modifying factors. Recent studies on SPG4 have un-
covered the first such loci, with more anticipated due to the
remarkable phenotypic variability observed in many HSP
genes.'”?* Drawing from the successes of the past decade,
genetic studies must adopt multicenter approaches, embrace
data sharing, and standardize analysis pipelines to bridge the
diagnostic gap and deepen our understanding of the un-
derlying genetic mechanisms of these diseases.

In the United States, investigators working independently or
in small scale collaborations have made seminal contributions
to our knowledge of HSPs, including the description of cross-
sectional clinical data, discovery of novel genetic causes, de-
velopment of animal models, and elucidation of the molecular
biology of HSP-associated proteins.”"**?® This scientific
foundation paves the way for the development of clinical trials
for HSP, necessitating a new level of interinstitutional col-
laboration for subject recruitment, natural history studies, and
standardized assessment methods.

To address this need, we recently established the Spastic
Paraplegia—Centers of Excellence Research Network (SP-
CERN). The goals of SP-CERN are to support the systematic
and rational development of disease-modifying treatments.
SP-CERN aims to (1) conduct natural history studies of HSP
subtypes, (2) establish and validate biomarkers as well as
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patient-reported and clinician-reported and digital outcome
measures, (3) elucidate the molecular pathophysiology of
HSP and develop rational therapeutic targets, and (4) con-
duct adequately powered clinical trials. These objectives are
achievable with existing technology, but only through a large-
scale consortium of investigators working collaboratively.

Systematically conducting natural history studies for major
subtypes of HSP in accordance with regulatory agency guid-
ance are invaluable for establishing therapeutic trial readiness.
This is a challenging endeavor, considering there are more
than 80 genetic etiologies of HSP identified to date, some of
which are extremely rare, and each requires longitudinal
evaluation. Currently, no approved therapies exist for HSP
that halt or slow disease progression. Given that the delivery
of therapeutic cargo to motor neurons has been successful in
other motor neuron diseases, gene-based therapies for HSP
are not only feasible but are already in development for
SPGSO0, a rare childhood-onset form of HSP.”**%-3!

SP-CERN uses standardized assessment methods, a central-
ized database, shared biobanking, and the capacity to recruit
adult and pediatric participants at centers throughout the
United States (Figure). Standardized retrieval and storage of
longitudinal clinical data from patients and caregivers is fa-
cilitated by a shared central REDCap database.>*** This
model draws on the experiences of the International Registry
and Natural History Study for Early-Onset HSP (Clin-
icalTrials.gov Identifier: NCT04712812), the TREAT-HSP
network (ClinicalTrials.gov Identifier: NCT03981276), and
the RDCRN-Inherited Neuropathy Consortium (Clin-
icalTrials.gov Identifier: NCT01193075). A biorepository is
being developed to bank materials, including blood, serum,
RNA, DNA, and other biospecimens. To characterize and
validate digital surrogates of gait and balance, SP-CERN will
leverage wearable devices to monitor activity and movements.
Two specific subgoals have been defined: (1) to characterize
habitual inactivity in patients with HSP using a wearable
sensor device at home and (2) to validate wearable inertial
sensors that measure gait and balance in young children with
HSP, assessing their sensitivity and responsiveness during
established timed motor function tests. This initiative aims to
understand the real-world physical activity of individuals with
different HSP subtypes and the effect of disease progression
on habitual inactivity, with the intention of implementing
these outcome measures as digital biomarkers in clinical trials.

HSP is a group of genetically heterogeneous conditions,
making genomic data aggregation and the development of
analytical tools, including in silico prediction models and
high-throughput functional assays, crucial for improving the
classification of Variants of Uncertain Significance. To achieve
this, we will use the GENESIS database, which already con-
tains sharable genome-level data from more than 2,000 pa-
tients with HSP.** Standardized data and sample collections
will greatly accelerate progress and serve as a reliable resource
for future sponsored clinical trials.
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Figure Overview of the Spastic Paraplegia-Centers of Excellence Research Network
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Multidisciplinary teams at 11 institutions across the United States support the initial phase of the Spastic Paraplegia-Centers of Excellence Research Network
(SP-CERN). The institution and site investigators are indicated. Centers for children and young adults with HSP are indicated in magenta. Centers for adults
with HSP are indicated in blue. For more information, visit spcern.childrenshospital.org.

Collaborative research into HSP is essential for establishing
comprehensive programs that advance diagnostic progress
and clinical trial readiness, ultimately supporting the de-
velopment of novel therapeutic approaches. Challenges in
HSP research, as in many rare disease investigations, include a
geographically dispersed and small patient population, lack of
diversity limiting generalizability, limited availability of disease
experts, a lack of harmonization among existing research
protocols, and diverging requirements from individual In-
stitutional Review Board (IRB) protocols. These challenges
highlight the urgent need for a consortium and international
collaboration within the scientific community. Supported by
seed funding, SP-CERN has assembled a team of experts who
have significantly contributed to the clinical and molecular
understanding of HSp.>162224-28,35-46 During the initial
2-year period, SP-CERN has created a shared IRB protocol,
finalized reliance agreements with collaborative sites, built a
REDCap database, and established clinician-reported and
patient-reported outcome measures. Over a 2-year pilot
phase, SP-CERN aims to enroll 100 patients with childhood-
onset and adult-onset HSP. Following this period, the con-
sortium will be prepared for additional collaborators to join as
we work to enhance clinical trial readiness. Efforts are also
underway to harmonize HSP research methods in the United
States with those in Europe, Asia, South America, and Oce-
ania, thereby accelerating global HSP research. An In-
ternational Liaison Committee will coordinate international
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collaborative initiatives. Data collection will be standardized
through a shared study protocol, established CROMs and
PROMs, and the uniform structure of the REDCap database.
Recognizing the essential role of patient perspectives in
guiding research, SP-CERN will continue to collaborate
closely with patient advocacy groups (PAGs) to assist in
identifying participants for enrollment in SP-CERN, partic-
ularly for rare forms of HSP, and to maintain focus on issues
important to the patient community. Patient participation will
be ensured through the involvement of PAGs in administra-
tive committees and their attendance at monthly SP-CERN
meetings. This will facilitate the inclusion of patients’ per-
spectives and raise awareness of the needs within the patient
communities. The backbone of SP-CERN is an administrative
unit, which consists of S groups: (1) a central administrative
core; (2) an internal advisory board; (3) an external advisory
committee; (4) the international liaison, diversity liaison, and
clinical trials committee; and (S) a working group for gene-
based therapies. These groups will collaborate to maximize

the quality and productivity of SP-CERN.

In summary, SP-CERN aims to establish critical research in-
frastructure for collaborative, high-quality research on HSP in
the United States and internationally, with the goal of de-
veloping frameworks for the advancement of novel therapies

for HSP and the progression of rare disease research more
broadly.**’
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