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n October 2018, the government of British Columbia announced
that it will fund a life-saving pharmacotherapy called nusinersen
(Spinraza), providing the first effective treatment to be approved for
spinal muscular atrophy (SMA), a chronic neuromuscular degenerative
condition.1 SMA is categorized into three main subtypes: type 1 (severe),
type 2 (intermediate), and type 3 (mild).2 The age of onset for type 1,
type 2, and type 3 SMA are 0-6 months, 7-18 months, and greater than
18 months, respectively. Moreover, the estimated age of mortality is
approximately less than two years for type 1 patients, greater than two
years for type 2 patients, and greater than eighteen years for type 3
patients. The incidence of the condition approaches one in 10,000 live
births with type 1 accounting for 60% of cases.3 SMA symptomatology
includes muscle weakness, decreased muscle tone, limited mobility,
delayed gross motor skills, spontaneous tongue movements, scoliosis,
and problems with breathing, eating, and swallowing.2,4
SMA is caused by a homozygous deletion on the survival of
motor neuron 1 (SMN1) gene, leading to a loss of SMN proteins
and the eventual degradation of spinal motor neurons followed by
paralysis.5 Diagnosis is achieved through genetic testing, which is
conducted to detect the absence of SMN1. However, the precise role
of the loss of SMN proteins in driving SMA pathogenesis has not
been characterized.
Adrian Krainer, professor and chair of the cancer and molecular
biology program at Cold Spring Harbor Laboratory, spearheaded
advancements in SMA treatment by shifting attention towards the
role of SMN2 as a possible therapeutic target.6 The SMN2 gene
differs from the SMN1 gene by a single base pair in one exon of the
transcript product, leading to the production of mostly unstable, nonfunctional SMN protein. However, the SMN2 gene also produces a
small proportion of functional SMN protein, and a short antisense
oligonucleotide developed by Krainer—nusinersen—augments this
production and rescues the loss of SMN1 function associated with
SMA. Specifically, nusinersen attaches to a region of the SMN2
transcript product, effectively blocking the splicing of exon 7 and
preventing the frameshift mutation that would otherwise render the
SMN protein from SMN2 non-functional.
In the past, clinical trials that focused on developing
pharmacotherapies for SMA included an investigation into the
therapeutic potential of riluzole (Rilutek), a medication used to
treat amyotrophic lateral sclerosis, and salbutamol (Ventolin), a β2
adrenergic agonist used to treat asthma and chronic obstructive
pulmonary disease.7 Although these drugs, among others, failed to
demonstrate clinical efficacy in the treatment of SMA, researchers
have continued to investigate other avenues for treatment, one of them
being nusinersen. Namely, Phase 3 of the clinical trial “ENDEAR”
demonstrated that SMA type 1 infants treated with nusinersen
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displayed significant improvements in motor-milestones compared to
infants that had not received nusinersen.8 In particular, 51% of infants
treated with nusinersen achieved the desired motor-milestone response
compared to 0% of infants in the control group. Among the infants
that received nusinersen treatment, 22% exhibited full head control,
10% demonstrated the ability to roll over, and 8% demonstrated
the ability to sit independently. Relative to the control group, infants
treated with nusinersen experienced fewer severe adverse events (56%
vs. 80%), serious adverse events (76% vs. 95%), and mortality (16%
vs. 39%). However, this trend was reversed for constipation (35% vs.
22%) and some respiratory events, including upper respiratory tract
infection (24% vs. 9%) and pneumonia (23% vs. 7%).
With clinical trials producing encouraging results, nusinersen was
approved as a treatment option for SMA by Health Canada in June
2017. While many are celebrating the drug’s availability, the prohibitive
cost of nusinersen presents a significant limitation to patient access.
In Canada, the cost of the first year of treatment is listed at $708,000
followed by $354,000 annually.9 This cost perpetuates existing health
disparities because public funding for nusinersen is generally limited
to type 1 patients who are less than six months old (seven months in
British Columbia), leaving type 2 and 3 patients of all ages without
adequate access to treatment.10 With many people questioning the
government’s decision to restrict access to nusinersen, a recent report
by the Canadian Agency for Drugs and Technologies in Health may
provide some answers. This report made cost-effectiveness predictions
using the data from three previous studies: the ENDEAR, CHERISH,
and CS2+CS12 trials for SMA types 1, 2, and 3, respectively. Using this
information, nusinersen was predicted to increase life expectancy of
patients with SMA types 1 and 2, but not for type 3.9 Additionally, the
cost per quality-adjusted life years (an indicator of cost–effectiveness)
for the treatment of SMA type 2 was significantly greater than that of
type 1 ($24.4 million vs. $9.2 million), with type 3 lacking sufficient
clinical data for an accurate estimate. Furthermore, research supporting
the therapeutic value of nusinersen treatment for adult populations is
currently lacking and requires further investigation.
Despite the aforementioned reasons, Canada should still strive
towards increasing patient accessibility to nusinersen by adapting
strategies from countries such as Germany, Portugal, and Romania
among others that currently provide broader funding.11,12 Additionally,
Canada should endeavor to fund and support research initiatives that are
centered around other therapeutic options. For example, vector-based
gene replacement therapy is one initiative that has shown promise as a
viable alternative to nusinersen that would expand the scope of SMA
treatment, both in terms of patient population and clinical efficacy.13 In
conclusion, though the funding of nusinersen by the government of
British Columbia (and Canada more broadly) presents promise for the
treatment of SMA, its potential as a therapeutic agent is eclipsed by its
limited accessibility for patients.
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