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Abstract. We report the recruitment activities and outcomes of a multi-disease neuromuscular patient registry in Canada.
The Canadian Neuromuscular Disease Registry (CNDR) registers individuals across Canada with a confirmed diagnosis of
a neuromuscular disease. Diagnosis and contact information are collected across all diseases and detailed prospective data is
collected for 5 specific diseases: Amyotrophic Lateral Sclerosis (ALS), Duchenne Muscular Dystrophy (DMD), Myotonic
Dystrophy (DM), Limb Girdle Muscular Dystrophy (LGMD), and Spinal Muscular Atrophy (SMA). Since 2010, the CNDR
has registered 4306 patients (1154 pediatric and 3148 adult) with 91 different neuromuscular diagnoses and has facilitated
125 projects (73 academic, 3 not-for-profit, 3 government, and 46 commercial) using registry data. In conclusion, the CNDR
is an effective and productive pan-neuromuscular registry that has successfully facilitated a substantial number of studies
over the past 10 years.

Keywords: Registry, real-world evidence, natural history

INTRODUCTION At 9.984 million square kilometres, Canada is the

second largest country in the world by total area

Neuromuscular diseases are a heterogenous group
of conditions that are individually rare, but together
they comprise a relatively common group of condi-
tions with an overall combined prevalence of 160
per 100,000 [1]. As with all rare diseases, research
in neuromuscular disease is limited by patient num-
bers in any given clinic necessitating collaboration
between centres, regions, and countries. Canada is
a diverse country with broad geographic spread.

after Russia, and has a population of just over 37
million people, equating to a population density
of 4 people per square kilometre (or 223rd in the
world) [2, 3]. Canada has two national languages,
English and French. Healthcare in Canada is univer-
sal, publicly funded, and regulated by provincial and
territorial systems. The national landscape, both geo-
graphic and political creates barriers to studying rare
disease.
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Rare disease registry platforms enable research
to generate real-world evidence (RWE) to evaluate
outcome measures, natural history of disease, and
standards of care, as well as facilitating clinical trial
feasibility evaluations [4, 5].

The Canadian Neuromuscular Disease Registry
(CNDR) recruits individuals from across Canada
with a diagnosed neuromuscular disease [6]. Ini-
tially, the primary goal of the registry was to increase
efficient patient access to cutting edge research and
clinical trials. In addition, secondary objectives were
to increase the understanding of the natural history
and epidemiology of neuromuscular disease across
Canada and facilitate a more collaborative research
community. Over the past decade the registry has
evolved with additional goals of improving health
outcomes, pharmacoeconomic analyses, and most
recently collection of post-approval real world evi-
dence (RWE) for novel therapies.

METHODS

The CNDR began enrollment in September 2010.
Patients are consented to participate in the registry
in CNDR- affiliated clinics across Canada or, in
limited cases, self-registered through the National
Office. In order to register, patients are required to
have a confirmed diagnosis (clinical and/or genetic)
according to the World Federation of Neurology clas-
sification [7] and must provide informed consent.
For indexed diseases (ALS, DMD, DM, LGMD, and
SMA), a full disease-specific clinical dataset and
patient demographics are collected and updated annu-
ally by trained site coordinators and/or physicians.
For all other neuromuscular diseases (non-indexed
diseases), only a confirmed diagnosis and patient
demographics (name, contact information, date of
birth, and gender) are collected. Ethnicity is cur-
rently collected in some disease-specific datasets, but
not routinely across all patient populations. The dis-
tinction between indexed and non-indexed diseases
results from the availability of funding to support the
development and collection of a full dataset. Study
data are collected and managed using the REDCap
(Research Electronic Data Capture) system hosted
by the University of Calgary [8]. The data collection
system is built using a ‘quality by design’ approach,
and includes data validation measures such as appro-
priate ranges, auto-calculations, and missing value
flags to ensure quality control. Additional quality
control measures include concise case report forms,

centralized training of data entry personnel across
clinical sites, and systematic remote auditing by the
national office to flag missing values and data out-
liers. From inception the CNDR has been designed
to enable approved data sharing; however, the reg-
istry is currently undergoing a process to ensure
FAIR (findable, accessible, interoperable, reusable)
principles are being adhered to. As of December
2019, the CNDR Network consists of 36 clinical
sites in 15 academic centres across Canada (Sup-
plemental Table 1). The CNDR network includes
coordination and operations of the registry through
a national office based at the University of Calgary.
Each CNDR-affiliated site is responsible for con-
senting patients and data entry, while the national
site coordinates local site onboarding, data quality
control, funding, and data utilization. Historically,
participating sites received a general pot of funding to
support data entry. More recently, funding is provided
to sites on a per patient per visit basis to help sup-
port consenting and data entry. Patients are recruited
in accordance with local ethics approval processes,
following ethics approval at each participating site.
Patients are consented to the registry at their local
clinic by physicians, members of their care team, or
research staff. Nationally, patients may be consented
by the national office staff. All neuromuscular diag-
noses are recruited in affiliated adult and pediatric
clinics, while ALS patients are recruited from multi-
disciplinary ALS clinics (Supplemental Table 1). The
CNDR is supported by an advisory committee com-
prised of adult and pediatric clinician experts and
is under the responsibility of the national principal
investigator.

Requests for research projects using CNDR data
are reviewed by the advisory committee and are
required to demonstrate local ethics approval as part
of the review process. Typical projects include clin-
ical trial feasibility and planning; trial notifications
and targeted recruitment letters to eligible registrants;
survey and questionnaire-based studies; data analy-
ses; and other informational mail-outs. Data is always
provided in a de-identified manner and typically
as aggregate data. Inquiries from academic-based
individuals are completed on a cost recovery basis
(e.g., postage) while fees charged on industry-based
inquiries are used to offset operating costs of the
registry.

The CNDR is a member of the TREAT-NMD
global registry network and contributes de-identified
data to international studies upon request from vetted
and approved projects (https://treat-nmd.org).
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Table 1
Demographics of registry participants

%
Pediatric

%
Deceased

Median age*

%

Male

N by type

N (% of

(range)
67.5 (27.5-95.3)

(% of total)

total)
1555 (36.1)
574 (13.3)

55.7

59.6

N/A

ALS

17.4 (2.4-72.0) 3.0 52.6

96.3

FC

11 (2.0)

IMD
3(0.5)
Congenital

BMD

93 (16.8)

DMD

446 (80.7)

DMD

18.3

5.1

447 (0.4-82.4)

48.6

I
60 (14.5)

451 (10.5)

DM
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62 (15.0)

291 (70.5)

1(A-Q)

33.5(0.3-81.9) 0.0 27.0

54.0

Pompe

Undefined Congenital Congenital

2 (A-Z)

257 (5.9)

LGMD

Myopathies

9@3.5)

115 (44.7) 91 (35.4) 72.7)
v
1(0.5)

34 (13.2)

1(0.4)

16.1 (0.3-75.8) 3.8 54.7

51.3

Distal
3(1.5)

il
59 (29.1)

I
91 (44.8)

229 (5.3)

SMA

46 (22.7)

21.1

2.0

51.5(1.3-97.3)

54.6

See Supplemental

1244 (28.9)

Non-indexed

Table 2

243

17.8

Limb Girdle Muscular Dystrophy; SMA

45.8 (0.3-97.3)
Muscular Dystrophy.

61.1

Myotonic Dystrophy; LGMD

N/A
Duchenne Muscular Dystrophy; DM

4310
*Active patients only. ALS

Muscular Atrophy; BMD

Total

Spinal

Amyotrophic Lateral Sclerosis; DMD
Becker Muscular Dystrophy; IMD

Female Carrier; MD =

Intermediate Muscular Dystrophy; FC =

[|> 500,000
71> 1,000,000
> 2,500,000
> 5,000,000
> 10,000,000

108/25

Fig. 1. CNDR recruitment by province. Total number of
registered individuals is shown in bold, followed by adult
cases (left) and pediatric cases (right). Relative provin-
cial and territorial populations are shown through color-
coding for reference (Statistics Canada, 2018). BC =British
Columbia; AB = Alberta; SK =Saskatchewan; MB =Manitoba;
ON = Ontario; QC=Quebec; NB=New Brunswick; NS =Nova
Scotia.

RESULTS

As of December 1, 2019, the CNDR has recruited
4310 patients from all 13 provinces and 3 terri-
tories across Canada. Of the enrolled individuals,
3066 (71%) have indexed diseases (ALS, DMD, DM,
LGMD, and SMA), while the other 1244 (29%) are
non-indexed representing 78 additional neuromus-
cular diseases (Supplemental Table 2). The most
common non-indexed diseases in the registry are
Charcot-Marie-Tooth (CMT) (170, 4%), Myasthe-
nia Gravis (MG), (169, 4%), Facioscapulohumeral
dystrophy (FSHD) (141, 3%), Inclusion Body Myosi-
tis IBM) (74, 2%), and Oculopharyngeal Muscular
Dystrophy (OPMD) (59, 1%). Detailed registry com-
position and patient demographics are reported in
Table 1. Provincial recruitment statistics of adult and
pediatric patients are outlined in Fig. 1, alongside
overall provincial population [9].

The CNDR has collected genetic test results rang-
ing from 16.9% (sporadic ALS) to 86.4% (DM) of
the indexed patient population (Table 2). Additional
patients have a confirmed genetic diagnosis; however,
not all testing results are currently available to the
registry. Between 8.3% (LGMD) to 28.4% (DMD)
of CNDR registrants are participating or have partic-
ipated in clinical trials (Table 2).

Using calculations of expected cases based on
published prevalence estimates [1, 5, 10, 11], the
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CNDR currently has an estimated ascertainment of
affected individuals with indexed neuromuscular dis-
eases ranging from 9.0% for DM to 83.5% of DMD
cases (Table 3).

Since 2011, the CNDR has facilitated 125 research
projects: 37 clinical trial inquiries and recruitment

Table 2
Genetic testing and clinical trial participation
N % genetic % clinical
results trial
participation
ALS
Negative family Hx 1096 16.9 245
Positive family Hx 124 57.3
DMD 520 84.8 28.4
DM 398 86.4 Not collected
LGMD 56 64.3 8.3
SMA 178 74.7 19.6

Hx =history. ALS =Amyotrophic Lateral Sclerosis; DMD=
Duchenne Muscular Dystrophy; DM =Myotonic Dystrophy;
LGMD =Limb Girdle Muscular Dystrophy; SMA = Spinal Mus-
cular Atrophy.

Table 3

57

notifications, 67 data releases, 18 questionnaire-
based studies, and 3 informational mail-outs
(Fig. 2). Questionnaire-based studies included: multi-
ple quality-of-life studies for DMD patients and SMA
patients (including 1 longitudinal study) [12, 13],
access to computer technology for DM patients [14],
disease burden in myotonic dystrophy [15], barri-
ers and motivators for research participation for ALS
patients; a global study of risk factors for ALS [16], a
shared decision making respiratory needs assessment
for DMD and SMA patients, respiratory practices for
neuromuscular health care practitioners, and outcome
measure assessments for adult SMA neuromuscu-
lar health care practitioners. Other studies included
provincial comparisons of time to diagnosis and use
of riluzole in ALS [17], feeding tube use in ALS
[18], exon-skipping in DMD [19], and global stud-
ies of DMD and SMA [10, 20-23]. The CNDR is
currently undertaking a natural history study in SMA
and is investigating natural history/post-marketing
surveillance studies in other diseases. Twenty-four

Recruitment ascertainment

Active # in CNDR Prevalence Projected # in Canada % Ascertainment
ALS 624 10/100,000 3630 17.2
DMD 497 13/100,000 (5-24 y.o. males)[11] 595 83.5
DM 410 12.5/100,000 4537 9.0
LGMD 240 1-9/100,000 363-3267 7.3-66.1
SMA 207 1-2/100,000[10] 544 38.1

Based on Canadian population of 36.3 million, and 4.315 million boys 5-24 years old [9]. ALS=Amyotrophic Lateral Sclerosis;
DMD = Duchenne Muscular Dystrophy; DM = Myotonic Dystrophy; LGMD =Limb Girdle Muscular Dystrophy; SMA = Spinal Muscular

Atrophy.

40
35
30
25
20

15

# of Projects per Year

2011 2012 2013 2014

m Clinical Trial Inquiries m Data requests

*2019- January-December 1%

5 l I I
0 | 0

2015

Informational mailout

140

120

100

80

Total Cumulative Projects

2016 2017 2018 2019*

Survey studies =====Total Studies

Fig. 2. CNDR Projects. Total projects completed by the CNDR is shown by the line graph (right axis). Type of projects completed per year

are shown by bar graph (left axis).
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clinical trial inquiries were coordinated in Canada
and another 11 through data sharing with the global
TREAT-NMD network of registries.

DISCUSSION

The CNDR is a pan-neuromuscular disease reg-
istry with clinic-based data entry. This multi-disease
methodology is an efficient and comprehensive
model that has also been implemented by other NM
registries such as Australia and New Zealand [24],
Belgium [25], and the Netherlands [26], but differs
from the disease-specific registries across Europe and
the United States (e.g., United Kingdom SMA, DM
[27], and DMD registries, or Duchenne Connect in
the United States) and worldwide registries for ultra-
rare NMD such as Pompe [28] and GNE myopathy.
Clinic-based recruitment and data entry, along with
close working relationships with patient organiza-
tions, has allowed the CNDR to recruit individuals
from many regions across Canada. However, there
are some neuromuscular clinics not participating in
the CNDR. For instance, recruitment in Quebec is
lower than expected given its population (Fig. 1). This
is in part due to the phased expansion of the CNDR,
whereby institutions in Alberta and Ontario joined the
registry prior to those in Quebec. The addition of affil-
iated clinics in these regions and expansion of French
language materials used by the CNDR is expected to
improve recruitment. Adult neuromuscular patients
are slightly underrepresented (Fig. 1) in the CNDR.
This may be in part due to increased participation
of affiliated pediatric hospitals versus adult clinics.
Expansion of the registry to additional adult clinics
will improve ascertainment of this patient popula-
tion. Additionally, as adult neuromuscular disorders
are often less severe than pediatric cases the num-
ber of individuals routinely followed by neurologists
and physiatrists in our network is fewer, resulting in
lower recruitment. Expansion of recruitment through
direct-to-patient avenues should help to mitigate this.

A rapid series of developments in the Cana-
dian therapeutic landscape have recently led to
improved case ascertainment in the registry. The
recent approval of a new therapy for SMA, for
example, has resulted in enrollment numbers almost
doubling over a 6-month period. Patients likely see
value in registering to receive information from the
network of clinicians, while clinics are more likely
to encourage registration to track outcome measures
on treatment. Similarly, case ascertainment is quite

high in DMD likely due to the large number of ongo-
ing clinical trials. In contrast, case ascertainment is
much lower for individuals with DM, likely in part
due to the fewer evolving clinical options for treat-
ment, along with psychosocial factors. Additionally,
disease-specific registries exist both globally (e.g.
The Duchenne Registry) and within Canada (Que-
bec DM registry), that may be competing for and/or
duplicating registrations. As the current therapeutic
landscape for neuromuscular disease is evolving, so
too are the aims and use of the registry. Currently, the
CNDR is expanding activities to capture more rig-
orous longitudinal RWE clinical outcomes for novel
therapies to evaluate effectiveness in the Canadian
population.

Clinical trials of novel therapies (e.g., those for
familial ALS) will drive increased accessibility to
genetic testing in certain diseases, and the CNDR
has been instrumental in encouraging clinics to assist
registered patients in obtaining proper genetic test-
ing for both the index and non-index diseases. As
there has been an increase in the number of disorders
with available diagnostic genetic testing and available
genetic-based therapies, awareness of and access to
formal genetic counseling is an essential part of clin-
ician patient discussions. The limited availability of
genetic testing for some patient populations in the
registry impacts both patient care and also the util-
ity of registry data. Access to the results of genetic
testing can also be limiting as these results are often
not recorded at some of our affiliated-rehabilitation
clinics. The CNDR is developing a direct-to-patient
portal, to allow patient reporting of genetic results,
when applicable, to foster improved patient care and
data utility.

In this new era of therapeutic discovery for rare
NM diseases, national disease registries and the asso-
ciated network of affiliated clinics are essential tools
to facilitate research and improve care. Ultimately,
the availability of comprehensive real-world data in
Canada has been an asset to all stakeholders in the
NM community, and will likely become more so, as
we strive to provide the best evidence-based manage-
ment for individuals affected by NM disorders in the
era of novel and emerging therapies.
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