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RESEARCH ARTICLE

Genetic testing for amyotrophic lateral sclerosis in Canada –

an assessment of current practices

KRISTIANA SALMON1, NANCY ANOJA1, ARI BREINER2, MARVIN CHUM3,
ANNIE DIONNE4, NICOLAS DUPRÉ4, AMANDA FIANDER5, DANIEL FOK6,
AMER GHAVANINI7, SYLVIE GOSSELIN8, AARON IZENBERG9, WENDY
JOHNSTON10, SANJAY KALRA10, GENEVIÈVE MATTE11, MICHEL MELANSON12,
COLLEEN O’CONNELL13, BENJAMIN RITSMA14, KERRI SCHELLENBERG15 ,
CHRISTEN SHOESMITH16, SANDRA TREMBLAY17, HEATHER WILLIAMS18 &
ANGELA GENGE1

1Montreal Neurological Institute-Hospital, McGill University, Montreal, Canada, 2The Ottawa Hospital, Ottawa,
Canada, 3St. Joseph’s Healthcare Hamilton – McMaster University, Hamilton, Canada, 4Neuroscience Axis,
CHU de Qu�ebec – Universit�e Laval, Quebec City, Canada, 5Maritime Neurology, Halifax, Canada, 6University
of British Columbia - Southern Medical Program, Kelowna, Canada, 7Trillium Health Partners, Mississauga,
Canada, 8Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke, Canada, 9Sunnybrook Health Sciences
Centre, Toronto, Canada, 10University of Alberta, Edmonton, Canada, 11Centre Hospitalier de l’Universit�e de
Montr�eal, Montreal, Canada, 12Kingston Health Sciences Centre, Kingston, Canada, 13Stan Cassidy Centre for
Rehabilitation, Fredericton, Canada, 14Providence Care Hospital - Queen’s University, Kingston, Canada,
15University of Saskatchewan, Saskatoon, Canada, 16London Health Sciences Centre, London, Canada, 17CISSS
Chaudi�eres Appalaches, L�evis, Canada, and 18Queen Elizabeth Hospital, Charlottetown, Canada

Abstract
Objective: To understand current genetic testing practices at Canadian ALS clinics. Methods: An online survey and phone
interviews, with clinicians practicing in 27 ALS clinics in Canada, were employed to collect data. Quantitative and quali-
tative analyses were conducted. Results: Ninety-three percent (25/27) of ALS clinics in Canada are routinely ordering
genetic testing for familial ALS, while 33% (9/27) of clinics are routinely ordering genetic testing for sporadic ALS.
Barriers to genetic testing include a perceived lack of an impact on treatment plan, difficulty in obtaining approvals, pri-
marily from provincial Ministries of Health, and limited access to genetic counseling. Predictive testing practices were
found to be the most variable across the country. The average wait time for a symptomatic patient living with ALS to
see a genetic counselor in Canada is 10 months (range 0–36 months). Conclusions: Access to genetic testing, and testing
practices, vary greatly across Canadian ALS clinics. There may be patients with a monogenetic etiology to their ALS
who are not being identified given that genetic testing for patients diagnosed with ALS is not routinely performed at all
clinics. This study highlights potential inequities for patients with ALS that can arise from variability in health care deliv-
ery across jurisdictions, in a federally-funded, but provincially-regulated, health care system. Clinical trials for both
symptomatic ALS patients and pre-symptomatic ALS gene carriers are ongoing, and ALS clinicians in Canada are moti-
vated to improve access to genetic testing for ALS.

Keywords: Amyotrophic lateral sclerosis, genetic testing, genetic counseling, clinical management, Canada

Introduction

Although most cases of ALS are believed to be
sporadic (90–95%), a subset are familial (5–10%)
(1). There is no clear definition of familial ALS

(fALS), and it is clinically indistinguishable from
sporadic ALS (sALS) (2,3). Despite this, genetic
testing practices for fALS and sALS vary; a global
survey of ALS clinicians revealed that 90.2% order
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genetic testing for fALS, while only 49.4% offer
testing for sALS (4). There are numerous reasons
why a family history of the disease could be missed
(3), and with similar clinical presentations between
fALS and sALS, patients with a genetic mutation
could be misclassified as an isolated, sporadic case
of ALS. Depending on the genetic testing practices
of the clinic, these patients could be excluded
from access to genetic testing.

There is a marked increase in the number of
genetically-targeted therapies entering the drug
development pipeline (5). Incidence of ALS-asso-
ciated genetic mutations in seemingly sporadic
ALS, where no family history is documented or
apparent, is reported and not infrequent (3,6–8).
There is an emerging appreciation for more wide-
spread access to genetic testing in facilitating
access to genetically-targeted therapies (9,10).

Addressing this issue requires a comprehensive
understanding of local genetic testing practices and
clinician perspectives. We hypothesize that genetic
testing practices in Canadian ALS clinics are
inconsistent because the Canadian health care sys-
tem is federally funded, but provincially regulated.
This pan-Canadian landscape assessment was per-
formed as the initial step of a quality improvement
initiative to improve access to genetic testing for
Canadians living with ALS.

Methods

The protocol was reviewed by the McGill
University Health Center Research Ethics Board
(REB) – Neuroscience-Psychiatry Panel, and
received a waiver given the quality improvement
nature of the project. Given the waiver, consent
from the participating clinicians was not required.

Sample

ALS clinics in Canada were primarily identified
through the Canadian ALS Research Network
(CALS), which is composed of 20 ALS clinics
across the country. As per the network’s Terms of
Reference, these are “multidisciplinary ALS clinics
that participate in clinical research and adhere to
the best practice clinical care guidelines.”

In addition, other Canadian ALS clinics that
are not members of CALS, but provide routine
care to patients with ALS, were identified through
the provincial and national ALS societies. Ten
such clinics were identified and will herein be
referred to as non-CALS clinics.

Three community neurologists, from three dif-
ferent provinces, who routinely diagnose patients
with ALS were interviewed, and revealed that gen-
etic testing would not typically be ordered by a
community or general neurologist who is referring
the patient to a specialty clinic for their subsequent
care. Therefore, data collection for this study were

focused on ALS clinics alone, and not extended to
the neurology community at large.

In some instances, multiple clinicians within a
clinic participated in the survey and/or interview.
Data presented are representative of the clinic as
a whole.

Data collection

An online survey was developed covering the fol-
lowing four topics: (i) clinic demographics; (ii)
genetic testing of symptomatic individuals; (iii)
predictive testing for at-risk, asymptomatic family
members; and (iv) pathways and barriers to gen-
etic testing within the institution and/or province
of practice. The survey consisted of 28 questions,
including multiple choice using skip-logic, and free
text responses. Some survey questions were condi-
tional or optional.

Following completion of the survey, semi-struc-
tured phone interviews were conducted. Some
questions were consistent for all clinician inter-
views, while others were developed based on indi-
vidual survey responses, and tailored to the clinic
and province of practice.

Data availability statement

The data that support the findings of this study
are available on request. The raw data are not
publicly available to protect the anonymity of the
clinics that participated.

Data analysis

Quantitative data were analyzed using descriptive
statistics. Qualitative data were analyzed using
summative content analysis. Summative content
analysis was achieved by counting and comparing
keywords from survey free text and interview
responses, followed by interpretation of the under-
lying context in which these keywords were used.

Results

All twenty (20/20) of the CALS clinics responded
to the survey, and 7/10 non-CALS clinics
responded. Of the 27 clinics that responded to the
survey, 25 clinics accepted to participate in the
phone interviews.

Clinic demographics

There are 2500–3000 Canadians living with ALS
at any given time (11). Patient volume from the
responding non-CALS clinics represented less than
5% of total patient volume across all responding
clinics. Therefore, assuming that the three non-
CALS clinics that did not respond to the survey
also follow a small volume of patients, and that all
patients living with ALS in Canada are followed in
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an ALS clinic, it is estimated that the collected
data are representative of care for more than 90%
of Canadian ALS patients.

Two CALS clinics reported having a geneticist
on their multidisciplinary care team, and one
CALS clinic reported a genetic counselor on
their team.

Genetic testing of symptomatic ALS cases

Ninety-three percent (25/27) of clinics routinely
offer genetic testing for suspected cases of fALS
(Figure 1(A)). Of those clinics that routinely offer
genetic testing to fALS, more than half (64%, 16/
25) order a comprehensive panel of ALS-associ-
ated genes. The remaining clinics (36%, 9/25)
order a limited panel of SOD1 sequencing and
C9orf72 repeat expansion analysis only (Figure
1(B)). The clinicians who are not routinely order-
ing genetic testing for fALS cited various reasons
for the primary barrier to testing: “ALS genetics
are poorly understood,” “pathway to request test-
ing and have it approved is unclear,” “lack of
implication for treatment plan,” “lack of access to
genetic testing,” and “patients decline testing.”

Thirty-three percent (9/27) of clinics are rou-
tinely ordering genetic testing for seemingly spor-
adic cases of ALS (Figure 2(A)); the majority of
which (89%, 8/9) request both SOD1 sequencing
and C9orf72 repeat expansion analysis (Figure
2(B)). The most frequently cited barriers were
“inadequate implications for a treatment plan,”
and the “pathway to request testing and have it
approved is unclear” (Figure 2(C)).

Approximately two-thirds of clinics (63%, 17/
27) have access to a genetic counselor, either
within their own clinic or through referral. For
those clinics, the average reported wait time, from

sending the referral, for a symptomatic ALS
patient to see a genetic counselor was 10 months,
with a range from 0 to 36 months.

Predictive genetic testing practices in ALS

Predictive testing practices vary greatly among the
clinics surveyed. Thirty-seven percent (10/27) of
clinics offer predictive testing to at-risk, asymptom-
atic family members of an ALS patient with a con-
firmed genetic mutation. Forty-one percent (11/27)
of clinics indicated that predictive testing is per-
formed “maybe/sometimes,” while the remaining
22% (6/27) selected “no” (Figure 3(A)).

For those clinics that responded “maybe/some-
times,” the following questions were optional. Of
those clinics that do offer predictive testing, the
majority (95%, 18/19) offer predictive testing only
when there is an explicit request from a family
member (Figure 3(B)). Additionally, some of those
clinics (10/18) will only offer testing following the
request under limited circumstances (e.g., access
to a medical genetics department to support coun-
seling). Most clinics (80%, 16/20) refer at-risk,
asymptomatic family members interested in pre-
dictive testing to a medical genetics department, or
specialist, for a consult (Figure 3(C)). The remain-
ing clinics either handle the predictive testing
internally within the clinic (2/20), or work in col-
laboration with their medical genetics department
(2/20). The most frequently cited barrier to offer-
ing predictive testing was that there is a “lack of
pre-symptomatic treatment plan,” followed by the
“lack of access to genetic counseling” (Figure
3(D)). If predictive testing confirms a gene carrier,
only 30% (8/27) of clinics reported that they will
provide prospective follow-up.

Figure 1. Genetic testing practices for suspected familial cases of ALS (fALS). (A) Routine genetic testing for fALS. (B) For clinics
routinely ordering genetic testing for fALS, proportion of clinics ordering SOD1 sequencing and C9orf72 repeat expansion testing only,
versus those ordering a broad panel of ALS genes, including SOD1 and C9orf72 (note that composition of panels vary across the
laboratories used).
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Other analyses

For provinces with more than one ALS clinic, data
obtained from all the clinics within that province
were compared. Genetic testing practices within a
single province were found to be largely consistent.
However, practices were more variable between
the provinces. This data were not shown to main-
tain anonymity, as some provinces had only a sin-
gle clinic.

Clinician perspectives on genetic testing and
implications for treatment

Clinicians were queried as to what they deemed
sufficient to be considered an implication for a
treatment plan, that would warrant clinical genetic
testing: early-phase clinical trial, late-stage clinical
trial, positive Phase 3 trial, or an approved ther-
apy. Responses to this question were solicited with
respect to fALS, sALS, and at-risk, asymptomatic
family members.

Most clinicians (84%, 21/25) consider early
phase clinical trials to be sufficient to warrant clin-
ical genetic testing of fALS. Sixty-four percent
(16/25) support testing of sALS for clinical trial
purposes, for both early-phase (11/16) and late-

stage trials (5/16). Fifty percent (12/24) want
either a positive Phase 3 trial (4/24), or an
approved therapy (8/24), before they would con-
sider routinely offering genetic testing to at-risk,
asymptomatic family members (Figure 4). Of the
remaining clinicians (12/24) who indicated that
they would support routine clinical genetic testing
for at-risk asymptomatic family members for clin-
ical trials, 50% (6/12) stated that they would
require the support of their medical genet-
ics department.

Summative content analysis

Survey free text and interview responses were ana-
lyzed using summative content analysis. The
theme of “genetic counseling” was the most preva-
lent (23/27), with clinicians referencing “access to,”
“lack of access,” its “importance in the process of
ordering genetic testing,” and perceptions of “time
sensitive” or “urgent” when evaluating “wait time.”
“Lack of access” to (9/27) and “wait time” to see a
genetic counselor (11/27) were often referred to
when describing barriers to accessing genetic test-
ing for their patients. When describing their pro-
cess for ordering clinical genetic testing for a

Figure 2. Genetic testing practices for seemingly sporadic cases of ALS (sALS). (A) Routine genetic testing for sALS. (B) For clinics
routinely ordering genetic testing for sALS, proportion testing C9orf72 only, versus those testing for both SOD1 and C9orf72. (C)
Primary barriers cited to accessing genetic testing for sALS cases.
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symptomatic ALS patient, 17/27 clinicians (63%)
stated that they order the testing themselves,
bypassing a genetics specialist entirely, if allowed
by their province and institution, and perform the
consent and pre-test counseling with the patient.

The two primary themes that emerged from
data related to genetic testing of fALS were the
“wait time [for genetic counseling and/or approvals]”
(15/27) and references to “paperwork” (9/27).
Selected quotes include: “Given the wait time for
medical genetics (2þ years), the value is unclear.”;
and “Not straight forward, lots of paperwork.”

Themes related to genetic testing of sALS were
the “process [to have the testing performed]” (9/27)
and “approvals” (14/27). Some selected quotes
include: “Not currently testing, but considering chang-
ing practices. Uncertain if it would be approved”;
“Each request requires Ministry of Health (MoH)

approval. I fear that my testing practices will be
flagged by the MoH if I increase my testing to include
sporadic cases, and have my familial cases then
denied.”; and “I’m not allowed to order testing myself,
yet the wait time for a consult with medical genetics is
6 to 9 months.”

Across multiple aspects of genetic testing for
ALS, the desire to “improve access to genetic testing”
for ALS was raised by multiple clinicians (10/27),
as well as the development of formal “consensus
guidelines” (5/27).

Discussion

This study was designed to comprehensively assess
genetic testing practices in Canadian ALS clinics,
and it is estimated that it captured data and per-
spectives for more than 90% of ALS care in the

Figure 3. Predictive testing practices for at-risk, asymptomatic family members. (A) Proportion of clinics offering predictive testing to
at-risk, asymptomatic family members of a symptomatic ALS patient with a confirmed genetic etiology to their ALS. (B) Circumstances
under which predictive testing is offered. (C) Specialties that handle predictive testing cases. (D) Primary barriers cited to accessing
genetic testing for at-risk, asymptomatic family members.

Genetic testing for amyotrophic lateral sclerosis in Canada 309



country. A focused study of Canadian ALS clinics
in this regard has not been previously conducted,
nor have Canadian clinics been adequately repre-
sented in previously published studies. A 2017 glo-
bal survey of genetic testing practices received 11
responses from Canadian clinicians (4), whereas
our study endeavored to identify all clinics in the
country providing prospective care to patients liv-
ing with ALS. Our findings on the proportion of
clinics testing fALS and sALS are comparable to
the data obtained from similar, global stud-
ies (4,12,13).

In addition, this study evaluates genetic testing
practices in ALS within a universal health care sys-
tem. Canada has a federally-funded, but provin-
cially regulated, health care system, and as such
there are multiple different jurisdictions overseeing
health care delivery. Our study highlights potential
disadvantages that can arise from variability in
health care delivery across jurisdictions (14).
Genetic testing practices among clinics within the
same province were found to be, for the most part,
consistent. However, differences in genetic testing
practices between provinces are notable, as
explained above. These differences can largely be
attributed to provincial regulations surrounding
ordering of genetic testing, leading to inequities in
access for Canadian ALS patients. Access to gen-
etic testing in Canadian provinces will be explored
in a separate publication.

There are ongoing clinical trials with therapies
targeting symptomatic individuals with ALS-asso-
ciated genetic alterations, specifically SOD1
(NCT02623699) and FUS (NCT04768972)
mutations, and C9orf72 (NCT03626012 &
NCT04931862) and ATXN2 (NCT04494256)

repeat expansions. Our data shows that not all
cases of suspected fALS, where there is a reported
family history, are being offered clinical genetic
testing (Figure 1(A)). Given this, there are
Canadian ALS patients, with clinically actionable
mutations, who are not being identified. Of those
clinics that are testing fALS, a substantial subset
(36%) are ordering clinical genetic testing for
SOD1 and C9orf72 only (Figure 1(B)), thereby
overlooking other potentially important genetic
alterations, such as ATXN2 and FUS. This may
be due to test availability within a province,
obtaining testing approval, or individual clin-
ician practice.

Our data shows that more than a third of ALS
clinics in Canada are routinely performing clinical
genetic testing for seemingly sporadic cases of
ALS, which accounts for 90–95% of ALS patients
(Figure 2(A)). However, the most frequently cited
barrier for those clinics not testing sALS—lack of
implication for a treatment plan—is inconsistent
with the current drug development pipeline and
active clinical trials of genetically-targeted
therapies. The fact that 64% of clinicians deemed
early- and late-stage clinical trials to be sufficient
to warrant clinical genetic testing of sALS points
to possible deficiencies in access at some clinics. It
should be noted that family history of ALS is not
an inclusion criteria for any of the aforementioned
clinical trials. For the four ALS-associated muta-
tions with therapies currently in development,
SOD1, C9orf72, FUS and ATXN2, markedly, the
combined incidence in the sALS population ranges
from 10% to 15% (6,15–17).

This study has highlighted the critical need to
alleviate barriers to accessing genetic testing for all

Figure 4. Clinician perspectives on genetic testing and implication for a treatment plan. Clinicians were queried as to what they deem
sufficient to be considered as an implication for a treatment plan to support clinical genetic testing in the familial ALS (fALS), sporadic
(sALS), and at-risk, asymptomatic family member populations. Clinicians selected only one option out of: early phase clinical trial, late-
stage clinical trial, positive Phase 3 trial, and approved therapy.
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patients diagnosed with ALS in Canada. A recent
study demonstrated that although the proportion
of patients with SOD1 and C9orf72 is higher in
fALS, the majority of cases may be found among
sALS (8). Feasibility of implementing more wide-
spread testing in the sALS population needs to be
prioritized.

Predictive testing practices were the most vari-
able. Considerations for predictive testing in ALS
have been previously published (18–21); however,
there is a need for global input and further devel-
opment, given the recent advances in ALS genet-
ics. In addition, there is a lack of research
surrounding the psychological impact of predictive
testing for ALS (21). Seventy percent (19/27) of
clinics indicated that they do not provide prospect-
ive follow-up to at-risk, asymptomatic family mem-
bers who obtain positive predictive testing results.
When these cases are referred to a medical genet-
ics department for a consult (80%, 16/20 Figure
3(C)), it is unclear to ALS clinicians what, if any,
follow-up is provided. As such, it can be extrapo-
lated that there are families with known genetic
etiologies for ALS that could be lost to follow-up.
A first-of-its-kind clinical trial for pre-symptomatic
SOD1 gene mutation carriers is ongoing
(NCT04856982), emphasizing the urgent need for
better predictive testing practices in ALS.

The results of this survey also indicated that
there are Canadians living with ALS who either do
not have access to a genetic counselor, or for
whom the wait time to be seen by a genetics spe-
cialist is too long for the rapid pace with which
this disease progresses. With a prognosis of 2–3
years (22), and an often lengthy time from symp-
tom onset to diagnosis (11), the average reported
wait time of 10 months consumes a critical portion
of early disease. Clinical trial criteria often empha-
size reducing heterogeneity of participants, and
treating early to reduce motor neuron loss, by
selecting for patients who are earlier in their dis-
ease course (23). Therefore, wait time to see a
genetics specialist has the potential for a direct
impact on clinical trial participation. Delays in
access to genetic counseling are likely anticipated
by clinicians, as 63% order genetic testing (where
permitted) and perform pre-test counsel-
ing themselves.

One limitation of this study is recall bias due to
it being survey based. Although comprehensive,
the sample size precludes performing more com-
plex or advanced statistical analyses. Another limi-
tation is that these results represent perspectives of
ALS clinicians only. Obtaining input from the gen-
etic counseling and patient communities in
Canada is an ongoing effort. Pre-natal testing was
not within scope of this study, but represents a
meaningful topic of future research.

Finally, a key point that was raised among
Canadian ALS clinicians was a lack of recommen-
dations for genetic testing in published guidelines
for the clinical management ALS. The most recent
Canadian and U.S. guidelines do not address gen-
etic testing (24,25), and the European guidelines
indicate that clinical genetic testing should be
reserved for those patients with a family history of
ALS (18). Given the current therapeutic land-
scape, addressing genetic testing for ALS in the
form of consensus guidelines is an area of
great need.
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