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SUMMARY

Efficacy and safety of onasemnogene abeparvovec, nusinersen and risdiplam for
the treatment of spinal muscular atrophy

Introduction

Spinal muscular atrophy (SMA) 5q is an autosomal recessive neuromuscular disorder
most commonly caused by the absence of exon 7 of the SMN1 gene, which is located on
chromosome 5q and codes for the motor neuron survival protein. Although the exact
molecular mechanisms involved have not been elucidated, low levels of SMN protein
lead to degeneration of the lower motor neurons in the brainstem and spinal cord, which
results in skeletal muscle atrophy and limb paralysis. The natural course of the disease
leads to a progressive and irreversible loss of motor neurons in the spinal cord and
brainstem. Clinically, this loss is characterized by muscle weakness and atrophy, which
will affect the ability to move, control head movements and even the ability to swallow
and breathe. The estimated prevalence appears to vary between 4 and 10 cases per
100,000 live births. In Québec, approximately 7 to 8 children are born with SMA each
year. SMA was one of the leading genetic causes of death in newborns and children in
Canada before the advent of treatments. Neonatal SMA screening has been
implemented in a few countries, including Germany, Australia, Belgium and Taiwan, once
treatments became available. In Canada, a pilot screening project was conducted in
Ontario from January to July 2020, which resulted in the identification of four affected
infants out of the 75,000 who were screened. Since then, SMA has been part of Ontario’s
screening program. Currently in Québec, a prenatal diagnosis can be made during
pregnancy at the request of parents whose siblings have a family history of SMA.

In order to support deliberation when assessing the relevance of implementing or not
implementing neonatal SMA screening for all newborns in Québec, the Institut national
d’excellence en santé et en services sociaux (INESSS) carried out a state of scientific
knowledge review on the efficacy and safety of onasemnogene abeparvovec (OA),
nusinersen and risdiplam, three innovative therapies for the treatment of this rare disease
recently approved by one or more of the Canadian, American or European regulatory
agencies.

Methodology

In accordance with INESSS’s standards, three systematic reviews were conducted to
obtain the most up-to-date portrait possible of the efficacy and safety of the three SMA
therapies to coincide with work on newborn screening. The search strategy and the
retrieval of scientific literature were carried out by a scientific information advisor, using
the MEDLINE, Embase, and EBM Reviews (Cochrane Database of Systematic Reviews)
databases. The retrieval of scientific publications indexed in these databases was
performed four months after the search strategy was put in place. Subsequently, a
systematic watch lasting until April 30, 2021 was set up through the Inoreader platform.



In addition, the ClinicalTrials.gov website was queried for ongoing clinical studies and to
supplement, if necessary, the results of conference abstracts found during the
complementary search via the Google and Google Scholar search engines. The
bibliographies of the retained items were checked for additional publications not indexed
by the searched databases. Publications were selected on the basis of their title and
abstract, retained articles were read in full and methodological quality of the chosen
studies was independently assessed by two professional scientists. The methodological
quality of the conference abstracts was not assessed. The characteristics of the retained
studies and their scientific data were extracted by one professional scientist and
validated by a second. The analysis and assessment of the level of scientific evidence for
the clinical outcomes of interest were based on the review of all the available scientific
data according to four criteria: methodological and scientific limitations,
consistency/reliability, clinical impact and generalizability. This assessment was made
independently by two professional scientists. A level of scientific evidence for each
outcome of interest was assigned according to a scale from insufficient to high. For this
purpose, the nature of the publication, the strength of the study design and its
methodological quality were considered, as well as the presentation of results of interim
or final analyses.

Results

Three treatments for SMA have been approved in Canada, the United States or Europe.
One of these is an intravenous gene therapy, OA, which introduces a complete SMN1
gene into motor neuron cells using a viral vector. The other two treatments, nusinersen,
which is administered intrathecally, and risdiplam, which is administered orally, increase
SMN protein production by increasing the rate of inclusion of exon 7 into the messenger
ribonucleic acid (mRNA) transcripts of the SMN2 gene.

Onasemnogene abeparvovec

The current state of knowledge, based on the results of interim analyses of the SPR1NT
study (an open-label phase 3 clinical trial) published as two conference abstracts,
suggests that OA could potentially provide benefits for the acquisition of new motor skills,
obviate the need for ventilatory or nutritional support, and ensure survival without
permanent ventilatory support in presymptomatic infants 42 days of age or younger at the
time of administration. Given the fragmented and preliminary nature of the results
currently available in the literature for this population, it will be necessary to wait until
results are published in a peer-reviewed journal before the benefits and risks can be fully
assessed. In the meantime, the levels of scientific evidence assigned for all the outcomes
are currently considered to be insufficient.

For symptomatic infants under 6 months of age at the time of treatment administration,
the currently available results are based on two peer-reviewed articles on START (a
phase 1 open-label clinical study) and STR1VE-US (a phase 3 open-label clinical study),
and on a conference abstract presenting results from STR1VE-EU (a phase 3 open-label
clinical study) and a comparative cohort study (START vs. NeuroNEXT). These indicate



that OA may potentially provide benefits for motor function development. However, some
uncertainty remains because of the preliminary nature of the results, the small sample
sizes, and the absence of comparisons with a placebo, although such a comparison
would likely not have been possible for SMA from an ethical standpoint. Thus, additional
data will be needed to confirm a link between the estimated effects and the objectives of
the intervention in the studies. As for acquiring new motor skills, obviating the need for
permanent ventilatory support, and maintaining oropharyngeal function and survival, the
results are encouraging, and the levels of scientific evidence assigned to these outcomes
are considered to be low at this time.

Regarding safety, treatment-related adverse effects (particularly elevated liver
transaminases) can occur but are rarely serious, based on data from the studies retained
for the analysis.

Clinical trials are presently ongoing in the presymptomatic (SPR1NT) and symptomatic
populations who received OA before the age of 6 months (STR1VE-AP and AVXS-101-
LT-001). As of April 30, 2021, final results of these studies did not appear to have been
published in a peer-reviewed journal.

Nusinersen

The current state of knowledge, based on the results of interim analyses of NURTURE,
an open-label phase 2 study published as a peer-reviewed article, suggests that
nusinersen may provide benefits for motor function development, permit the acquisition
of new motor skills in a developmentally appropriate manner for a young child, and
obviate the need for permanent ventilatory or nutritional support in presymptomatic
infants between 3 and 42 days of age at the start of treatment. In addition, it may ensure
survival without permanent ventilatory support. The levels of scientific evidence assigned
to these outcomes are considered to be low at this time, because there remains some
uncertainty regarding the relationship between the estimated effects and the objectives of
the intervention.

Symptomatic individuals who started treatment at the age of 2 years or younger are the
most studied population to date. The current state of knowledge, based on the results of
the ENDEAR RCT and 8 observational studies published as 10 peer-reviewed articles,
suggests that nusinersen may provide benefits for gross motor function development and
may potentially permit the acquisition of new motor skills. Nusinersen may also
potentially prevent deterioration of lung function but does not appear to provide lung
function benefit for those receiving ventilatory support at the start of treatment. It also
does not appear to provide oropharyngeal function benefit for those receiving nutritional
support at the start of treatment but may potentially prevent the deterioration of such
function. Lastly, the currently available data indicate that nusinersen may increase overall
survival with or without permanent ventilatory support. Based on the current state of
knowledge, the benefits of nusinersen on several outcomes appear to be well
established, while for others, benefit remains uncertain and cannot be determined due to
limited or preliminary data. Thus, the levels of scientific evidence assigned to these
outcomes vary from insufficient to moderate.



For symptomatic individuals who started treatment with nusinersen after the age of

2 years, the current data are based on the results of the CHERISH RCT and

11 observational studies published as 12 peer-reviewed articles. These indicate that
nusinersen may provide benefits for gross motor function development, potentially
increase upper extremity motor function, improve the ability to walk more than two
meters, and increase the 6-minute walk distance by at least 30 meters. It does not
appear to provide benefits for new motor skill acquisition nor for lung function or
nutritional support in those receiving ventilatory or nutritional support at the start of
treatment. The lack of data renders it impossible to rule on the impact of nusinersen on
survival. Thus, based on the current state of the literature, the benefits of nusinersen for
some outcomes appear to be certain, while for others, uncertainty remains, and benefits
cannot be determined because of fragmented or preliminary data or methodological
limitations associated with the study designs. Consequently, the levels of scientific
evidence for these outcomes vary from insufficient to moderate.

Regarding safety, the currently available data indicate that adverse effects can occur in
individuals treated with this drug, although the link to the medication is undetermined.
Nevertheless, treatment may potentially cause nusinersen-related adverse effects of no
apparent seriousness. Procedural adverse effects, which can sometimes be serious but
not fatal, have also been reported in the literature reviewed.

Clinical trials (NURTURE, SHINE) are presently ongoing in presymptomatic and
symptomatic populations. As of April 30, 2021, final results of these studies did not
appear to have been published in a peer-reviewed journal.

Risdiplam

Since risdiplam has only been recently approved by regulatory agencies, there is limited
experience with this drug and the published scientific data on risdiplam are likewise
limited. The current state of knowledge is based on the results of interim analyses of
FIREFISH (an open-label phase 2/3 clinical trial) published as a peer-reviewed article, as
a conference abstract, and on the study’s page on the ClinicalTrials.gov website, as well
as on the results of interim analyses of the SUNFISH RCT, published as two conference
posters. These nevertheless indicate that risdiplam may potentially provide benefits for
gross motor function development and permit the acquisition of new motor skills in
symptomatic individuals aged 1 to 7 months (FIREFISH) or 2 to 25 years (SUNFISH) at
the start of treatment. Based on the data from the literature examined at the time of the
present systematic review, risdiplam has little or no effect on lung function in those who
require ventilatory support at the start of treatment but may potentially prevent
deterioration of lung function. It may potentially provide a benefit for oropharyngeal
function for those receiving nutritional support at the start of treatment and may also
potentially prevent deterioration of oropharyngeal function. Lastly, preliminary results
indicate that risdiplam favourably influences overall survival with or without permanent
ventilatory support. The treatment may potentially cause adverse effects, but those
observed have not been clearly characterized as being related to this drug. Given the
fragmented and preliminary nature of the results currently available in the literature



consulted, it will be necessary to wait until results are published in a peer-reviewed
journal before the benefits and risks can be fully assessed. In the meantime, the levels of
scientific evidence assigned to the full set of outcomes are currently considered to be
insufficient. Studies are underway to evaluate the impact of risdiplam on presymptomatic
individuals (RAINBOWFISH study) and individuals over 6 months of age (JEWELFISH).
As of April 30, 2021, results of these studies did not appear to have been published in a
peer-reviewed journal.

Conclusions

The present work involved gathering the scientific data available up to April 2021 on the
efficacy and safety of the innovative therapies that had received a notice of compliance
from Health Canada for the treatment of SMA 5q. Compared to the natural course of the
disease, each of the therapies appears to show benefits for motor, lung and
oropharyngeal function and for survival, although there remains some uncertainty
regarding the persistence of benefits in the long term. These therapies also appear to be
safe, although one cannot rule out the occurrence of adverse effects, which in this case
are rarely serious. Nevertheless, several limitations inherent in the study designs and the
exploratory or preliminary nature of certain results from interim analyses of ongoing
studies temper the significance of the conclusions drawn. Despite all of these factors, the
current state of scientific knowledge tends to show that the earlier the therapies are
administered during the course of the disease, the greater the likelihood of deriving
benefit from them, although the maintenance of benefits over the course of growth and
into adulthood remains uncertain. For this reason, it is important to continue research
efforts and to gather real-world data to document the longer-term benefits and risks of the
treatments, and to strengthen the evidence regarding their efficacy and safety in the short
and medium terms for both presymptomatic and symptomatic SMA 5q patients.
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