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About SMA®>

Spinal muscular atrophy (SMA) is rare condition, occurring in approximately 1 out of every 6,000 live births. About 1 out
of 40 people are genetic carriers of the disease, meaning that they carry the mutated gene but do not have SMA.

SMA is characterized by loss of motor neurons in the spinal cord and lower brain stem, resulting in severe and
progressive muscular atrophy and weakness. Ultimately, individuals with the most severe type of SMA can become
paralyzed and have difficulty performing the basic functions of life, like breathing and swallowing.

Due to a loss of, or defect in, the SMIN1 gene, people with SMA do not produce enough survival motor neuron (SMN)
protein, which is critical for the maintenance of motor neurons. The severity of SMA correlates with the amount of SMN
protein. People with infantile-onset SMA, the form that requires the most intensive and supportive care, produce very
little SMN protein and do not achieve the ability to sit without support or live beyond two years without respiratory
support. These infants can become paralyzed and have difficulty performing basic life functions, like breathing and
swallowing.

Individuals with later-onset SMA produce greater amounts of SMN protein and have less severe, but still life-altering
forms of SMA. They can experience significant muscle weakness and disability, such as inability to stand or walk
independently.

About SPINRAZA™ (nusinersen)

SPINRAZA has been approved for use in Canada for the treatment of 5q SMA®, which refers to the most common form
of the disease and represents approximately 95% of all SMA cases?, caused by an autosomal recessive condition that
results from mutations or homozygous deletions in the SMN1 gene, located on chromosome 5q13.*°

SPINRAZA was approved in the United States for the treatment of SMA in pediatric and adult patients and in the EU for
the treatment of 59 SMA.

SPINRAZA is under regulatory review in Japan, Australia, Switzerland, and Brazil and Biogen plans to initiate additional
filings in other countries in 2017.

SPINRAZA is an antisense oligonucleotide (ASO) that is designed to treat SMA caused by mutations or deletions in the
SMN1 gene located in chromosome 5q that leads to SMN protein deficiency. SPINRAZA alters the splicing of SMN2 pre-
mRNA in order to increase production of full-length SMIN protein.” ASOs are short synthetic strings of nucleotides
designed to selectively bind to target RNA and regulate gene expression. Through use of this technology, SPINRAZA has
the potential to increase the amount of full-length SMN protein in individuals with SMA.

SPINRAZA is administered via intrathecal injection, which delivers therapies directly to the cerebrospinal fluid (CSF)
around the spinal cord,® where motor neurons degenerate in patients with SMA due to insufficient levels of SMN
protein.’

There is a risk of adverse reactions occurring as part of the lumbar puncture procedure (e.g. headache, backpain,
vomiting). Coagulation abnormalities and thrombocytopenia, including acute severe thrombocytopenia, have been
observed after administration of some antisense oligonucleotides. Renal toxicity has been observed after administration
of some antisense oligonucleotides.



SPINRAZA Clinical Trial Program

SPINRAZA has been studied in both pre-symptomatic and symptomatic individuals with SMA including those with
infantile-onset and later-onset SMA. The SPINRAZA Phase 3 program is comprised of two sham-controlled studies,
ENDEAR and CHERISH. The Health Canada approval of SPINRAZA was based on positive results from multiple clinical
studies in more than 170 patients. The data package included the interim analysis of ENDEAR, a Phase 3 controlled study
evaluating SPINRAZA in infantile-onset, as well as open-label data in pre-symptomatic and symptomatic patients with, or
likely to develop, infantile and later-onset SMA®.

ENDEAR was a thirteen-month, double blind, placebo controlled study investigating SPINRAZA in 121 infants with
infantile-onset SMA (most likely to develop Type 1), including infants with the onset of signs and symptoms of SMA at up
to six months of age. In this study, infants treated with SPINRAZA achieved and sustained clinically meaningful
improvement in motor function compared to untreated study participants. In addition, a greater percentage of patients
on SPINRAZA survived compared to untreated patients.

In open-label studies, some patients achieved milestones such as ability to sit unassisted, stand or walk when they
would otherwise be unexpected to do so and maintained milestones at ages when they would be expected to be lost.
The overall findings of these studies support the effectiveness of SPINRAZA across the range of SMA patients, and
appear to support the early initiation of treatment.

CHERISH was a fifteen-month, randomized, double-blind, sham-controlled study investigating SPINRAZA in 126 non-
ambulatory children with later-onset SMA (most likely to develop Type 2 or Type 3), including individuals with the onset
of signs and symptoms at greater than 6 months and an age of 2 to 12 years at screening.

Following the positive interim analyses of ENDEAR and CHERISH, the studies were stopped and participants were
transitioned into the SHINE open-label extension study to receive SPINRAZA.

Two additional Phase 2 studies, EMBRACE and NURTURE, were designed to collect additional data on SPINRAZA:

EMBRACE is an ongoing open-label study in a small subset of individuals with infantile or later-onset SMA who do not
meet the age and other criteria of ENDEAR or CHERISH.

NURTURE is an ongoing open-label study in infants up to six weeks of age at the time of first dose, who were genetically
diagnosed with SMA but have not yet experienced any symptoms. The goal of the study is to determine if treatment
before symptoms begin would prevent or delay the onset of SMA symptoms.

e Aninterim analysis of NURTURE showed treated infants generally achieved motor milestones in timelines
consistent with normal development than what is observed in the natural history of individuals with infantile-
onset SMA.

o Three infants experienced adverse events considered possibly related to SPINRAZA, all of which resolved. In
addition, no infants have discontinued or withdrawn from the study and no new safety concerns have been
identified.

Biogen intends to continue the EMBRACE, NURTURE and the SHINE studies to follow individuals in a clinical study setting
and continue to collect important data to better understand the long-term safety and efficacy of SPINRAZA.
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