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Abstract

The absence of disease modifying treatments for amyotrophic lateral sclerosis (ALS) is in large part a consequence of its
complexity and heterogeneity. Deep clinical and biological phenotyping of people living with ALS would assist in the
development of effective treatments and target specific biomarkers to monitor disease progression and inform on treat-
ment efficacy. The objective of this paper is to present the Comprehensive Analysis Platform To Understand Remedy
and Eliminate ALS (CAPTURE ALS), an open and translational platform for the scientific community currently in
development. CAPTURE ALS is a Canadian-based platform designed to include participants’ voices in its development
and through execution. Standardized methods will be used to longitudinally characterize ALS patients and healthy con-
trols through deep clinical phenotyping, neuroimaging, neurocognitive and speech assessments, genotyping and multi-
source biospecimen collection. This effort plugs into complementary Canadian and international initiatives to share
common resources. Here, we describe in detail the infrastructure, operating procedures, and long-term vision of
CAPTURE ALS to facilitate and accelerate translational ALS research in Canada and beyond.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a highly
heterogenous disease, with clinical presentation
and disease evolution varying significantly between
patients (1). This heterogeneity is ‘suspected to
contribute to variability in treatment response and
may account for the difficulty identifying effective
disease modifying treatments for ALS. Deep clin-
ical, genetic, and biological phenotyping of
patients should favor the understanding of ALS
pathogenesis and the development of -effective
treatments and biomarkers. To date, these studies
have been limited by small sample size, because
existing cohorts are small, scattered across institu-
tions and use disparate methodologies. There is a
need to establish an open, multi-site, multidiscip-
linary platform to increase access to high-quality
biological materials from large cohorts of clinically
well-defined patients. Here, we describe a national
Canadian effort trying to address the clinical het-
erogeneity of ALS with the collection of a compre-
hensive biological picture of individuals living
with ALS.

The foundations of CAPTURE ALS

CAPTURE ALS was developed to operationalize
multidisciplinary research expertise and take into
account patients’ desire to participate in ALS
research. Its three main objectives are: (1) to
unravel the heterogeneity of ALS; (2) to build a
widely available biorepository; and (3) to promote
the participation of ALS patients in research.

The platform was inspired by and leverages the
expertise, infrastructure and clinical investigative
model of the Canadian ALS Neuroimaging
Consortium (CALSNIC) (2). CALSNIC enables
multi-center, prospective, longitudinal imaging-
centric studies in ALS (3-8). Due to successful
scaling, the original CALSNIC-1 project was
expanded through additional funding to increase
sample size and test new hypotheses in
CALSNIC-2 which is now established at seven
Canadian and two American ALS clinics (2).

CAPTURE ALS has partnered with the
Clinical  Biological Imaging and  Genetic
Repository (C-BIG) at the Montreal Neurological
Institute to serve as its biobank. C-BIG provides
the infrastructure and governance to meet
CAPTURE ALS’ open science biobanking needs
and to ensure its sustainability (9,10).
Furthermore, C-BIG currently houses a comple-
mentary collection of over 32,500 biosamples from
more than 80 disease cohorts. Since November
2020, C-BIG data is gradually being made an
Open Science resource to the research community,
with ALS, Parkinson’s Disease and healthy control
cohorts now openly available (https://cbigr-open.
loris.ca/).

CAPTURE ALS protocol

Deep clinical, imaging and biospecimen phenotryping of
ALS patients and healthy controls

Participant recruitment and engagement
strategy. To help understand the clinical hetero-
geneity of ALS, patients will be recruited across
the ALS spectrum including progressive muscular
atrophy (PMA), primary lateral sclerosis (PLS),
ALS-FTD, and asymptomatic individuals with
known pathogenic ALS-related mutations, herein-
after referred to as “patients”. Diagnosis will be re-
confirmed at every visit by a neurologist and if a
participant is misdiagnosed as having ALS, their
data will be re-coded as “disease control” and
excluded from core analyses. Demographically
matched healthy controls, including spouses, fam-
ily members, or friends of the patient, or staff
members or their connections, will also
be recruited.

CAPTURE ALS will initially launch at four
Canadian ALS research centers (University of
Toronto, McGill University, University of Alberta
and Université Laval). These centers were selected
because they have existing research infrastructure
and are the top recruiting sites for CALSNIC,
reaching approximately 45% of the Canadian ALS
patient community. Patients who are not followed
in these clinics may participate if they are able to
travel to the closest study center. At the time of
writing (December 2021), participant enrollment
has not yet begun. Phase 1 of the project includes
recruitment of 100 patients and 25 controls which
is expected to occur from March 2022 to
June 2024.

CAPTURE ALS is a patient-centered research
initiative, which is greatly dependent on longitu-
dinal data collected from each participant. Thus,
active and meaningful participant engagement has
been included in the conception of the project and
the operational stages. Specifically, ALS patients
and caregivers participating in the ALS Talk
Project, a Canadian focus group study, affirmed
data sharing via Open Science, including with
pharmaceutical companies. A Participant Partner
Advisory Council (PPAC) has been created, com-
posed of two people affected by ALS from each
participating center, which will ensure that the per-
spective and priorities of people living with ALS
and their supporting communities are reflected in
CAPTURE ALS. CAPTURE ALS will periodic-
ally host participant engagement activities includ-
ing educational information sessions and study
progress updates.

Visit procedures and deep clinical phenotyp-
ing. There are four study visits, at 0, 4, 8 and 12
months, for patients and asymptomatic mutation
carriers who will undergo the same assessments
and two visits, at 0 and 8 months, for healthy
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Figure 1. CAPTURE ALS visit procedures and biosampling protocols. There are four study visits at 0, 4, 8, and 12 months for ALS
patients and two visits at 0 and 8 months for healthy controls. At each visit a complete neurological exam, ALSFRS-R disability score,
speech analysis and multimodal neuroimaging are performed. The biofluids are collected at every visit, except CSF (which is collected
when patients consent to this optional procedure). A full cognitive panel is included at the 0- and 8-month visits. Data are stored in
CAPTURE databases and biofluids are sent to C-BIG for open science.

controls. The visit schedule is modeled on
CALSNIC, from which its clinical and imaging
protocols were derived (2). Detailed demographic
and medical history and clinical trial involvement
will be documented for all participants. At each
visit, patients will undergo a neurological exam,
complete Edinburgh Cognitive and Behavioral
ALS Screen (ECAS) to measure cognition
(11,12), and have disability assessed with the
revised ALS Functional Rating Scale (ALSFRS-
R)(13). A full cognitive panel with evaluation of
executive functions, attention, language, memory
and social cognition is included at the 0- and 8-
month visits for all participants (Figure 1).
Patients will be followed to monitor disease pro-
gression through medical record review every 6
months, starting at 18months, until death or
study withdrawal.

Biospecimens collection. Blood (serum and
plasma) is collected at each visit for all partici-
pants. Cerebrospinal fluid (CSF) is longitudinally
collected for patients who consent to this optional

procedure. Standard operating procedures (SOPs)
align with those of C-BIG, with attention to har-
monization with other similar international initia-
tives. Fluids are processed locally and shipped for
storage at C-BIG. Researchers will have access to
collected peripheral blood mononuclear cells
(PBMGCs) from patients to derive iPSCs. Whole
genome sequencing (WGS) and DNA methylation
analysis will be conducted on every patient and
RNA will be collected from all participants.

Multimodal neuroimaging. CAPTURE ALS
leverages the expertise of CALSNIC (3,4,14,15)
whose database contains >800 longitudinal MRI
scans from more than 200 ALS patients and 150
controls. The imaging protocol, performed at every
participant visit, includes T1-weighted images, dif-
fusion tensor imaging (DTI), resting-state func-
tional MRI (fMRI), and MR spectroscopy.

Speech analysis. The speech assessment tasks,
performed by all participants within one week of
clinical tests, are recorded using an in-house
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developed online recording platform and analyzed
off-line using well established Praat-Parselmouth
(16). The measures obtained include speaking and
articulatory rates, phonatory (spectral and cepstral)
as well as spectral and temporal segmental and
suprasegmental characteristics, assessing respira-
tory, phonatory, articulatory and resonatory speech
subsystems (17,18). These assessments will detect
early speech difficulty, evaluate the rate of progres-
sion in bulbar ALS, and differentiate speech pat-
terns in ALS-FTD and bulbar ALS (19-21).

Open data and sample repository

Ethics and participants’ anonymity.
Participation is fully voluntary. Recruitment and
data collection respect the Canadian privacy and
health information laws and the Tri-Council
Policy Statement on Ethical Conduct for Research
Involving Humans (22). Participants are assigned
a global unique identifier according to NIH-NDA
standards (23). Participants provide informed con-
sent permitting storage and sharing of de-identified
biosamples and data for future research on ALS,
related disorders, and other human diseases by
academic and industry researchers.

Cyberinfrastructure and accessibility for
researchers, industry and international initia-
tives. The Longitudinal Online Research and
Imaging System (LORIS), used by various national
and international projects (2,9,24-28) including
CAPTURE ALS, is a web-based database for stor-
age, management, quality control, validation and
distribution of multi-center, multimodal data.
LORIS’ LIMS (Laboratory Information
Management Systems) capabilities handle C-BIG’s
biospecimen data (10). LORIS includes numerous
quality control and validation checks for each
modality of data (29). Having a single database
enables the easy integration of data and biosamples
required to conduct the rich multimodal patient
characterization at the core of CAPTURE ALS. In
that regard, we will apply advanced analytical
approaches to the multimodal data to establish
novel longitudinal markers and predictors of ALS
progression and implement a biologically-defined
staging and stratification of ALS patients.

The data and nmaterials collected by
CAPTURE ALS are made as open and accessible
as possible while protecting participant privacy.
Based on the potential risk of re-identification,
each wvariable within LORIS 1is individually
assigned an access level (open, registered, con-
trolled) that will dictate the level of oversight
required prior to sharing (10). Qualified research-
ers from academia or industry, including funders
of CAPTURE ALS, complete an electronic
request for data or samples. Every request is
reviewed by the C-BIG Tissue and Data

Committee (TDC) and CAPTURE ALS
Biosample and Data Sharing Committee (BDSC).
Access will depend on the type of data/material
being requested and will range from openly sharing
data to requiring REB project approval. A stand-
ard material and data transfer agreement will be
signed to streamline sharing. Data and samples
will be re-coded before being shared, and research-
ers will only receive access to data relevant to their
scientific inquiry.

The collaboration of CAPTURE ALS with
worldwide platforms and databases

CAPTURE ALS is actively building partnerships
with multiple complementary international consor-
tia and welcomes new opportunities for early col-
laboration, as well as feedback on how to improve
the platform.

The Northeast Amyotrophic Lateral Sclerosis
consortium (NEALS) provides expertise for clin-
ical trial conduct and manages biobanking for
important American initiatives including Answer
ALS and Target ALS. CAPTURE ALS will work
with NEALS toward harmonization of biosample
collection and processing procedures wherever
possible. Through existing data transfer agree-
ments and data protection protocols, CAPTURE
ALS will help Canada reach the goal of delivering
1000 WGS and associated clinical datasets to
Project MinE, an international collaboration out of
the Netherlands that aims to identify rare ALS var-
iants through the sequencing of 15,000 patients
(30). CAPTURE ALS will also contribute imaging
data to the Neuroimaging Society in Amyotrophic
Lateral Sclerosis (NiSALS), a central repository
containing over 1000 de-identified MRI scans
from ALS patients collected at FEuropean,
American and Australian Centers (31-33).

Within Canada, CAPTURE ALS is aligning its
protocol with the Ontario Neurodegenerative
Disease Research Initiative (ONDRI) to facilitate
co-recruitment of participants. ONDRI collates
multidimensional data from patients with
Alzheimer’s disease, frontotemporal lobar degener-
ation, ALS, Parkinson’s disease and cerebrovascu-
lar disease (34-37).

Development of CAPTURE ALS

The launch of CAPTURE ALS was made possible
by an initial ALS Canada investment which was
leveraged into a funded grant partnership between
ALS Canada, Brain Canada Regeneron
Pharmaceuticals and Alnylam Pharmaceuticals.
Industry partners have a seat on the Scientific
Committee. This funding allows for key aspects of
the first phase of the platform infrastructure to be
established and operationalized at the four centers,
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Figure 2. CAPTURE ALS phase development timeline. CAPTURE ALS is developed in two phases which are interconnected and
overlap. Phase 1 includes the development of SOPs, study protocol documents and consent forms, submission of protocols to local
research ethics boards, contract negotiations, database building, and creation of a patient-facing website. In phase 2, the platform size
and scope are expanded. Additional desirable goals are to incorporate a collection of postmortem brain and spinal cord tissues,
electrodiagnostic and wearable-derived data, Positron Emission Tomography, and to extend participant follow-up beyond one year.
Some items in phases 2 may begin earlier than expected. Both phases are developed through ongoing collaboration with key
stakeholders including patients, the national and international scientific community and industry. These phases are guided toward the
goals of unraveling the heterogeneity of ALS, building a broadly available biorepository, and favoring the participation of every ALS

patient in research.

while planning for subsequent phases. Phase 2
foresees an increase in the platform scope, adding
postmortem tissue collection, electrodiagnostics,
wearables, and Positron Emission Tomography,
and aims to provide a majority of ALS patients in
Canada the opportunity to participate in research
(Figure 2). Ultimately, this will require additional
research sites.

Increasing the scope and size requires new and
long-term funding which will be pursued through
granting agencies, industry and philanthropy.
Because we have adopted a scalable platform
architecture, additional funds enable the immedi-
ate expansion. Additional funding has already been
obtained from the Canadian Institutes of Health
Research (CIHR) and a philanthropic donation to
increase the number of participants and add
RNA sequencing.

Conclusion

CAPTURE ALS is a translational scientific plat-
form, designed for participant engagement through
ongoing collaboration with people affected by

ALS. CAPTURE ALS will establish a bioreposi-
tory containing multimodal clinical, cognitive,
imaging, speech data and biosamples, which col-
lectively provide a comprehensive resource about
people living with ALS. CAPTURE ALS will
increase research capacity across Canada and pro-
vide an invaluable opportunity for Canadians to
participate in global ALS research. Through an
open science approach, supported by legal, ethical,
and technological infrastructures, these resources
will be easily shared worldwide with academics,
clinicians, industry, and other consortia. We antici-
pate that these materials will enhance the develop-
ment of biomarkers for the diagnosis and
prognosis of ALS patients, increase our under-
standing of ALS pathogenesis, and shed light on
the basis of ALS clinical heterogeneity. This work
builds the foundation to realize personalized medi-
cine strategies for ALS.
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