
C L I N I C A L R E S E A R CH S HOR T R E PO R T S

Nusinersen improves walking distance and reduces fatigue
in later-onset spinal muscular atrophy

Jacqueline Montes PT, EdD1,2 | Sally Dunaway Young PT, DPT3 | Elena S. Mazzone PT4 |

Amy Pasternak PT, DPT5 | Allan M. Glanzman PT, DPT6 | Richard S. Finkel MD7 |

Basil T. Darras MD5 | Francesco Muntoni MD8 | Eugenio Mercuri MD, PhD4 |

Darryl C. De Vivo MD2,9 | Kathie M. Bishop PhD10 | Eugene Schneider MD10 |

C. Frank Bennett PhD10 | Richard Foster MSc11 | Wildon Farwell MD, MPH12 on behalf

of the CS2 and CS12 Study Groups

1Department of Rehabilitation and Regenerative Medicine, Columbia University Irving Medical Center, New York, New York

2Department of Neurology, Columbia University Irving Medical Center, New York, New York

3Department of Neurology, Stanford University School of Medicine, Palo Alto, California

4Department of Paediatric Neurology, Catholic University, Rome, Italy

5Department of Neurology, Boston Children's Hospital, Boston, Massachusetts

6Department of Physical Therapy, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania

7Division of Neurology, Department of Pediatrics, Nemours Children's Hospital, Orlando, Florida

8Dubowitz Neuromuscular Centre, UCL Great Ormond Street Institute of Child Health and NIHR Great Ormond Street Hospital Biomedical Research Centre,

London, UK

9Department Pediatrics, Columbia University Irving Medical Center, New York, New York

10Clinical Development and Antisense Research, Ionis Pharmaceuticals, Inc, Carlsbad, California

11Biostatistics, Biogen, Maidenhead, UK

12Clinical Development, Biogen, Cambridge, Massachusetts

Correspondence

Jacqueline Montes, Department of

Rehabilitation and Regenerative Medicine and

Neurology, Columbia University Irving Medical

Center, 617 West 168th Street, New York, NY

10032.

Email: jm598@cumc.columbia.edu

Present address

Kathie M. Bishop, Otonomy, Inc, 4796

Executive Drive, San Diego, California 92121.

Funding information

Biogen

Abstract

Introduction: Ambulatory individuals with spinal muscular atrophy (SMA) experience

muscle weakness, gait impairments, and fatigue that affect their walking ability.

Improvements have been observed in motor function in children treated with

nusinersen, but its impact on fatigue has not been studied.

Methods: Post hoc analyses were used to examine changes in 6-minute walk test

(6MWT) distance and fatigue in children and adolescents with SMA type II and III

who received their first dose of nusinersen in the phase Ib/IIa, open-label CS2 study

and were ambulatory during CS2 or the extension study, CS12.

Abbreviations: 6MWT, 6-minute walk test; NMJ, neuromuscular junction; SMA, spinal muscular atrophy; SMN, survival motor neuron.
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Results: Fourteen children performed the 6MWT. Median (25th, 75th percentile) dis-

tance walked increased over time by 98.0 (62.0, 135.0) meters at day 1050, whereas

median fatigue changed by −3.8% (−19.7%, 1.4%).

Discussion: These results support previous studies demonstrating clinically meaning-

ful effects of nusinersen on motor function in children and adolescents with later-

onset SMA.
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1 | INTRODUCTION

Spinal muscular atrophy (SMA) is a chronic autosomal recessive neuro-

muscular disorder characterized by progressive muscle atrophy and

weakness caused by biallelic disruption of the survival motor neuron

1 (SMN1) gene.1,2 SMA manifests in different phenotypes defined by

age of symptom onset and maximum motor milestone achievement.2,3

SMA type II and III are milder forms than type I, with symptom onset at

age 7–18 months and >18 months, respectively.4 Individuals with SMA

type III attain the ability to walk unaided at some point; however, mus-

cle weakness causes gait impairment and reduced endurance.5 Over

time, patients may lose the ability to walk independently.2

Tools assessing walking ability and fatigue are clinically relevant in

individuals with milder forms of SMA.5 The 6-minute walk test (6MWT)

TABLE 1 Baseline characteristics in the CS2 study

Characteristic Total cohorta (N = 14)

By age group at screening

≤11 years (n = 9) >11 years (n = 5)

Male, n (%) 6 (43) 4 (44) 2 (40)

Age at symptom onset, months

Mean (SD) 23.9 (13.6) 18.2 (7.3) 34.2 (16.9)

Median (range) 18.0 (11–60) 18.0 (11–36) 36.0 (15–60)

Age at SMA diagnosis, months

Mean (SD) 47.4 (34.6) 36.7 (23.9) 66.6 (44.9)

Median (range) 33.5 (15–144) 27.0 (15–96) 56.0 (29–144)

SMN2 copy number, n (%)

3 copies 9 (64) 7 (78) 2 (40)

4 copies 5 (36) 2 (22) 3 (60)

SMA type, n (%)

Type II 1 (7) 1 (11) 0

Type III 13 (93) 8 (89) 5 (100)

Ambulatory, n (%) 13 (93) 8 (89) 5 (100)

Nonambulatory, n (%) 1 (7) 1 (11) 0

Dose level in CS2, n (%)

3 mg 2 (14) 0 2 (40)

6 mg 0 0 0

9 mg 6 (43) 5 (56) 1 (20)

12 mg 6 (43) 4 (44) 2 (40)

Time from end of CS2 to first dose in CS12, days

Mean (SD) 119.3 (79.9) 113.0 (69.8) 129.4 (102.1)

Median (range) 118.0 (19–233) 104.0 (26–196) 168.0 (19–233)

Abbreviations: SMA, spinal muscular atrophy; SMN, survival motor neuron.
aAll children who received their first nusinersen dose in the CS2 study, were ambulatory during CS2 or CS12, and performed the 6MWT were included in

these analyses.
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is a valid and clinically meaningful measure of ambulatory function and

has demonstrated sensitivity to fatigue-related changes in individuals

with SMA.6-9 Fatigue measured during the 6MWT may represent

underlying disease-specific mechanisms,10 and improvements may rep-

resent treatment benefit. Neuromuscular junction (NMJ) development

and maturation abnormalities, including immaturity, denervation, and

neurofilament accumulation, as well as endocytosis and axonal trans-

port abnormalities, have been identified in animal models and in individ-

uals with SMA.11-14 Data suggesting a relationship between NMJ

dysfunction and fatigability have been reported.11,15

Nusinersen is the first drug approved for the treatment of SMA,16,17

and has demonstrated significant and clinically meaningful efficacy by

increasing event-free survival, motor function, and achievement of

motor milestones in infantile-onset SMA,18 and improving/maintaining

motor function in later-onset SMA.19,20 Nusinersen has resulted in clini-

cally meaningful improvements in walking ability (defined as ≥30-meter

increase from baseline in 6MWT distance) in children/adolescents with

later-onset SMA6,20,21; however, the effects of nusinersen treatment on

fatigability are unknown. In this post hoc analysis we further examined

6MWT performance and the relationship between distance walked and

fatigue in the subgroup of nusinersen-treated children and adolescents

with SMA who were ambulatory during the CS2 dose-escalation or

CS12 extension studies and completed the 6MWT. Given that partici-

pants of ambulatory age were followed for ~3 years, these studies pro-

vide the opportunity to evaluate longer-term nusinersen treatment

effects on 6MWT fatigability in individuals with SMA.

2 | METHODS

This analysis included children and adolescents with SMA type II and III,

2–15 years of age, who received their first nusinersen dose in the CS2

study, were ambulatory during the CS2 or CS12 studies, and performed

the 6MWT. Institutional review board approval and par-

ticipant/parent/legal guardian informed consent were obtained. Both

study designs and results of an integrated analysis have been described

in previous work.20 The list of CS2 and CS12 Study Group investigators

and site personnel is provided in Data S1 online. Briefly, the CS2 study

(NCT01703988) was an 85-day (+168-day follow-up), open-label, phase

Ib/IIa, multicenter, multiple-dose, dose-escalation study examining mul-

tiple ascending nusinersen doses in children with SMA type II and III.

Four dose levels were evaluated sequentially in 4 separate cohorts:

cohort 1 received nusinersen 3 mg on days 1, 29, and 85; cohort

2 received nusinersen 6 mg on days 1, 29, and 85; cohort 3 received

nusinersen 9 mg on days 1 and 85; and cohort 4 received nusinersen

12 mg on days 1, 29, and 85. The cohort 2 participants who were ambu-

latory did not receive their first dose of nusinersen in the CS2 study,

and therefore were not included in the analysis. After varying treatment

breaks, participants could continue treatment in the open-label exten-

sion study CS12 (NCT02052791), a 533-day (+182-day follow-up)

single-dose-level study in which participants received 4 doses of

nusinersen 12 mg on days 1, 169, 351, and 533. To allow for an inte-

grated analysis and to account for differing times between CS2 study

end and CS12 study initiation between participants, a windowing

TABLE 2 Baseline motor function in
the CS2 study

Characteristic
Total cohorta

(N = 14)

By age group at screening

≤11 years (n = 9) >11 years (n = 5)

Motor function at screening, n (%)

Sitting without support 14 (100) 9 (100) 5 (100)

Walking with support 14 (100) 9 (100) 5 (100)

Standing without support 12 (86) 8 (89) 4 (80)b

Walking independently 13 (93) 8 (89) 5 (100)

6MWT distance, meters

Mean (SD) 235.2 (188.2) 259.8 (155.5) 191.0 (250.9)

Median (range) 250.5 (0–563) 295.0 (0–563)c 45.0 (0–550)d

6MWT fatigue, %

Mean (SD) 38.2 (47.1) 23.9 (41.7) 64.0 (49.3)

Median (range) 14.8 (−16 to 100) 0.0 (−16 to 100) 100 (8–100)

Abbreviations: 6MWT, 6-minute walk test.
aAll children who received their first nusinersen dose in the CS2 study, were ambulatory during CS2 or

CS12, and performed the 6MWT were included in these analyses.
bThis motor milestone history item was reported as “no” in 1 case, but the participant was able to stand

independently according to the Hammersmith Functional Motor Scale Expanded item “Stand
unsupported.”
cOne participant with SMA type II gained the ability to walk independently during the course of the

study.
dTwo participants were able to walk a short distance or <25 meters, and did not have 6MWT performed

at baseline; the 6MWT total distance was imputed as 0 meters at baseline.
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approach was utilized in which study days were derived from the first

day of CS2 dosing for all CS2 and CS12 study visits.

Changes in 6MWT distance and fatigue over 253 and 1050 days

were evaluated. The 6MWT measures the distance a person can walk

quickly in 6 minutes; details of test administration have been described

elsewhere.7 Briefly, participants were instructed to walk as quickly as

possible along a 25-meter linear course, turn around a cone, return in

the opposite direction, and repeat the loop as many times as possible

for 6 minutes. Tests were administered by trained physical therapists;

distance walked at each minute was recorded. Fatigue was calculated

by subtracting the distance walked in the sixth minute from the dis-

tance walked in the first minute. Measurements are expressed as per-

centages, where a positive value represents fatigue. Correlations

between 6MWT distance and fatigue at baseline and day 1050 were

evaluated using Pearson correlation analysis. Subgroup analyses com-

pared results in participants aged ≤11 years with those aged >11 years;

these age groups are similar to those reported previously.5,22

3 | RESULTS

Fourteen children were included in the analyses. All participants had

SMA type III, except for 1 participant with SMA type II who achieved

the ability to walk independently and performed the 6MWT during the

CS12 study (Table 1). Baseline 6MWT distances and fatigue are listed in

Table 2. At baseline, participants aged ≤11 years walked farther and had

less 6MWT fatigue than those aged >11 years (Table 2). Median (25th,

75th percentile) distance walked increased over time by 17.0 (0.0, 51.0)

meters at day 253 and by 98.0 (62.0, 135.0) meters at day 1050

(Figure 1). Median (25th, 75th percentile) change in fatigue was −0.1%

(−5.0%, 11.3%) at day 253 and − 3.8% (−19.7%, 1.4%) at day 1050

(Figure 1). There was an inverse relationship between 6MWT distance

and fatigue at baseline (n = 14; Pearson r = −0.804; P = .0005) and at

day 1050 (n = 9; Pearson r = −0.773; P = .0147).

4 | DISCUSSION

Ambulatory children and adolescents treated with nusinersen in the

CS2 multiple-dose and CS12 extension studies demonstrated

improvements in ambulatory function (6MWT), with clinically mean-

ingful increases in walking distance and modest decreases or stabiliza-

tion in fatigue. Although there is no precedent for improvements like

these in individuals with SMA, changes of ≥30 meters in 6MWT dis-

tance are considered clinically meaningful and to impact everyday

activities in other pediatric neuromuscular disorders.6,21

Older children and adolescents with SMA are more at risk for

declining ambulatory function.5 A longitudinal natural history study

of ambulatory patients with SMA type III showed that 6MWT trajec-

tories were age-dependent.5 The mean rate of change in 6MWT

distance improved by 9.8 meters/year in patients <6 years of age,

but declined by 20.8 meters/year in adolescents and young adults

11–19 years of age, regardless of age at time of diagnosis.5 In this

study, 5 participants were >11 years old at baseline and 3 additional

participants became ≥11 years old during the study. For individuals

with SMA, preserving, restoring, and improving ambulation, as well as

reducing fatigue and improving endurance, are considered extremely

important factors that can affect quality of life.23 Importantly,
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6MWT (A) distance and (B) fatigue over time. *Study visits up to and
including day 253 occurred during the CS2 study, subsequent study
visits occurred during the CS12 study. The day of the first study visit
attended in the CS12 study depended upon the time between the
end of the CS2 study and first dose in the CS12 study and the
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118.0 (19–233) days. †Study days were derived from the first day of
CS2 dosing for all CS2 and CS12 study visits and were assigned visit
days as follows: study visits that took place >50 and ≤131 days from
the first dose in the CS2 study were labeled day 92, visits >131
and ≤211 days from the first dose in CS2 were labeled day 169, those
>211 and ≤302 days were labeled day 253, those >302
and ≤400 days were labeled day 350, and study visits >X − 50 to
≤X + 50 were labeled day X (starting at day 450 and increasing by
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were similar. 6MWT, 6-minute walk test
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improvement or stabilization in 6MWT distance is unexpected in

these older participants based on SMA natural history.5

NMJ dysfunction has been identified in SMA mouse models and

patients.11,14,15 In individuals with SMA, fatigue on the 6MWT was

associated with a decrement on low-rate repetitive nerve stimulation,

possibly due to developmental NMJ abnormalities or NMJ function

alterations.11,15 Although the mechanism remains unknown, 6MWT

fatigue implicates dysfunction at the NMJ in SMA, and has not been

demonstrated by individuals with other neuromuscular disorders

who exhibit weakness.10,15 The observed decrease or stabilization of

6MWT fatigue may represent a nusinersen treatment effect. Further

understanding of the underlying mechanisms of fatigue may help

explain modest treatment responses. Laboratory evidence suggests

that muscle mitochondria may be vulnerable to SMN deficiency.24,25

Fatigue may also be the clinical consequence of these laboratory

observations in addition to NMJ dysfunction. Results of this analysis

suggest that fatigue may serve as an informative outcome measure in

ambulatory patients and should be considered as an endpoint in future

SMA clinical trials. Moreover, nonambulant individuals with SMA simi-

larly exhibit fatigability on upper extremity endurance tasks, further

demonstrating that fatigue may be a general characteristic of SMA.26

This study has some limitations. CS2 and CS12 were open-label,

uncontrolled studies, and the sample size of the post hoc analyses

was relatively small. Differences in CS2 doses could have led to early

efficacy result variations. These studies were designed before the

approval of nusinersen, and participants received nusinersen mainte-

nance doses at 6-month intervals instead of the approved 4-month

intervals.16,27 The time period between completion of the CS2 study

and the beginning of treatment in the CS12 study was longer for chil-

dren receiving lower nusinersen doses in the CS2 study; therefore,

children in the CS2 9- and 12-mg dosing cohorts may have reached

steady-state levels of nusinersen more quickly than those who

received 3- and 6-mg doses. In addition, the clinically meaningful

effect size for reduction in or stabilization of fatigue remains to be

established. Longitudinal natural history studies that evaluate normal

variability and trajectories in fatigue over time are needed.

This post hoc analysis has reported on levels of fatigue after

nusinersen treatment and further extends and supports previous

results demonstrating the clinically meaningful effects of nusinersen

on motor function in children and adolescents with later-onset SMA

(ie, those with or most likely to develop SMA type II or III).20
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