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RESPOND study rationale

• There have been reports of individuals with SMA receiving the AAV vector-based gene therapy OA 

followed by nusinersen in both clinical trials and postmarketing settings1-3 

• However, there has been no systematic evaluation of clinical outcomes or safety of treatment with 

nusinersen following administration of OA

• Preclinical animal models and limited human postmortem studies suggest that the AAV9 vector 

transduces only a subpopulation of motor neurons4-6 

• This raises the question of whether administration of nusinersen after OA may increase survival motor 

neuron protein in untransduced motor neurons, which may lead to additional clinical benefit for 

individuals with SMA

AAV9 = adeno-associated virus serotype 9; OA = onasemnogene abeparvovec; SMA = spinal muscular atrophy

1. Harada Y, et al. Muscle Nerve. 2020;62(4):550-554. 2. Lee BH, et al. Neurology. 2019;93(14):640-641. 3. Mendell JR, et al. JAMA Neurol. 2021;78(7):834-841. 4. Foust KD, et al. Nat Biotechnol. 2009;27(1):59-65. 

5. Thomsen G, et al. Nat Med. 2021;27(10):1701-1711. 6. Meyer K, et al. Mol Ther. 2015;23(3):477-487.
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Participants must have suboptimal clinical status in ≥ 1 of 4 domains as determined by 

Investigator at Screening and Day 1

Suboptimal motor function 

Abnormal swallowing/feeding ability for age 

Need for respiratory support 

Other

• RESPOND (NCT04488133) is a Phase 4, multicenter, single-arm, open-label study evaluating nusinersen in participants 

with SMA who have previously received OA and have suboptimal clinical status as determined by the Investigator

• Analysis objective: Provide baseline characteristics and interim clinical outcomes, neurofilament outcomes, 

and safety findings for participants enrolled in RESPOND

IT nusinersen 12 mg

Study Visit, 

days
1 15 29 64

SMA

diagnosis
IV OA Screening 

(Days –21 to –1)

≥ 2 months before

Study Day 1

Follow-up

4 monthsMaintenance doses 

every 4 months

183 302 421 540 659 778a

Loading

doses

RESPOND study design

IT = intrathecal; IV = intravenous; OA = onasemnogene abeparvovec; SMA = spinal muscular atrophy 
aOr 4 months from last dose.
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Interim analyses

Safety Set (N = 38)

• All children who received ≥ 1 dose of nusinersen as of the

data cut

Outcomes

• Safety and tolerability

Interim Set (n = 29)

• Children who received ≥ 1 dose of nusinersen who had the 

opportunity to complete the Day 183 assessment as of the 

data cuta

Outcomes

• Total HINE-2 score (primary outcome)

• Plasma NfL

Analyses

• Analyses stratified by age at first nusinersen dose 

(≤ 9 mo, > 9 mo) and SMN2 copy number

HINE-2 = Hammersmith Infant Neurological Examination – Section 2; NfL = neurofilament light chain; SMN2 = survival motor neuron 2
aCutoff date for clinical and safety data was 15 November 2022; cutoff date for NfL data was 26 June 2023, but analyses included only those in the Day 183 Interim Set as of the 15 November 2022 data cut. 

One participant with risdiplam use was excluded since there were no available post-baseline data on clinical endpoints when the participant was only treated with nusinersen.
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Baseline demographics and SMA history (Interim Set)

Age at First Nusinersen Dose Group

Demographics and SMA History

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 14

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Male/female, n (%) 9 (64.3) / 5 (35.7) 7 (58.3) / 5 (41.7) 3 (100) / 0

Age at SMA symptom onset, mo, median (range) 0.8 (0.0–3.0) 1.0 (0.0–5.0)a,b 6.0 (5.0–9.0)

Age at SMA diagnosis, mo, median (range) 0.9 (0.0–6.0)c,d 2.1 (0.9–6.0)b 15.0 (6.0–23.0)

Age at OA dosing, mo, median (range) 1.7 (0.7–5.1) 2.7 (0.8–6.9) 17.5 (13.6–24.3)

Age at first nusinersen dose, mo,

median (range)
7.7 (3.4–9.8) 16.3 (11.0–33.3) 30.8 (29.2–35.7)

Time from OA dose to first nusinersen dose, 

mo, median (range)
4.8 (2.6–7.7) 14.4 (6.3–31.3) 13.3 (4.9–22.2)

• All participants were symptomatic at the time of OA dosing

OA = onasemnogene abeparvovec; SMA = spinal muscular atrophy; SMN2 = survival motor neuron 2
aOne participant exhibited SMA symptoms on day of birth. The minimum age at SMA symptom onset was 0 days. bn = 11; age information was missing for 1 participant. cThe minimum age at SMA diagnosis 

was 0 days. dn = 13; 1 participant with anomaly for diagnosis age was excluded. 
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Age at First Nusinersen Dose Group

Disease Characteristics

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 14

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Suboptimal clinical status at Baseline per 

Investigator, n (%)

Motor function

Swallowing or feeding ability for age

Respiratory function 

Other

13 (93)

9 (64)

10 (71)

2 (14)

11 (92)

5 (42)

9 (75)

1 (8)

3 (100)

1 (33)

0

0

Sitting without support at Screening, n (%) 0 7 (58) 1 (33)

HINE-2 total score, median (range) 3.0 (0–11) 8.0 (1–18)a 12 (6–19)

CMAP ulnar amplitude (mV),b median (range)

≤ 1 mV, n (%)

0.75 (0.19–2.10)

11 (79)

0.66 (0.20–2.70)

9 (75)

0.90 (0.70–5.60)

2 (67)

Baseline disease characteristics (Interim Set)

CMAP = compound muscle action potential; HINE-2 = Hammersmith Infant Neurological Examination – Section 2; SMN2 = survival motor neuron 2 
an = 11. bUlnar nerve innervation of abductor digiti minimi.
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Age at First 

Nusinersen 

Dose Group

Actual Mean (SD) 

HINE-2 Scores 

n

Mean (SD) 

Change 

from 

Baseline 

to Day 183n Baseline n Day 183

≤ 9 mo, 2 

SMN2 copies
14 3.1 (2.60) 14 8.6 (3.46) 14 5.4 (2.62)

> 9 mo, 2 

SMN2 copies
11 8.8 (4.79) 11 13.5 (5.77) 10 5.2 (2.74)

Mean changes not shown for participants with 3 SMN2 copies due to small sample size.

Total HINE-2 Scores by Age at Visit

Mean total HINE-2 scores increased from Baseline to Day 183

HINE-2 = Hammersmith Infant Neurological Examination – Section 2; SMN2 = survival motor neuron 2

All data from Baseline to Day 183 are shown in the figure for participants with post-Baseline scores. 
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Neurofilaments

• Neurofilaments are structural proteins that 

are released into interstitial fluid (CSF and 

blood) following axonal damage or 

neuronal degeneration1,2

• In infants and younger children with SMA, 

neurofilament levels, including NfL, have 

been shown to be: 

– Elevated, reflecting neuroaxonal 

damage that is central to the disease

– Prognostic for disease severity and 

responsive to treatment3-6

CSF = cerebrospinal fluid; NfL= neurofilament light chain; SMA = spinal muscular atrophy

1. Xu Z, et al. PLoS One. 2016;11(10):e0164625. 2. Petzold A. J Neurol Sci. 2005;233(1-2):183-198. 3. Darras BT, et al. Ann Clin Transl Neurol. 2019;6(5):932-944. 4. De Vivo DC, et al. Neuromuscul Disord. 

2019;29(11):842-856. 5. Pino MG, et al. Biomark Insights. 2021;16:11772719211035643. 6. Nitz E, et al. Ann Clin Transl Neurol. 2021;8(10):2013-2024.

Figure concept from Yuan A, et al. Cold Spring Harb Perspect Biol. 2017;9(4):a018309.
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Baseline Plasma NfL Concentrations by Age 

Baseline NfL levels were elevated compared with healthy children 

of similar ages1

Shading indicates 5th through 95th percentile serum NfL concentrations for healthy children1

NfL = neurofilament light chain; SMN2 = survival motor neuron 2

Plasma samples may have approximately 10% lower NfL levels than serum samples.

1. Bayoumy S, et al. Clin Chem Lab Med. 2024. published online January 15, 2024, doi:10.1515/cclm-2023-1311, is licensed under CC BY 4.0. 

Age at First Nusinersen Dose Group

Baseline Plasma 

NfL, pg/mL

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 11

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Mean (SD) 148.3 (120.34) 121.8 (71.22) 60.6 (55.63)

Median (range) 112.9 (62–483) 122.9 (27–279) 47.5 (13–122)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

0

50

100

150

200

250

300

350

400

450

500

Age at Baseline, months

P
la

s
m

a
 N

fL
 C

o
n

c
e

n
tr

a
ti

o
n

, 
p

g
/m

L

≤ 9 mo, 2 SMN2 copies (n = 11) > 9 mo, 2 SMN2 copies (n = 12) > 9 mo, 3 SMN2 copies (n = 3)

550



11

Baseline NfL levels were elevated compared with healthy children 

of similar ages1

Age at First Nusinersen Dose Group

Baseline Plasma 

NfL, pg/mL

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 11

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Mean (SD) 148.3 (120.34) 121.8 (71.22) 60.6 (55.63)

Median (range) 112.9 (62–483) 122.9 (27–279) 47.5 (13–122)

NfL = neurofilament light chain; SMN2 = survival motor neuron 2

Plasma samples may have approximately 10% lower NfL levels than serum samples.

1. Bayoumy S, et al. Clin Chem Lab Med. 2024. published online January 15, 2024, doi:10.1515/cclm-2023-1311, is licensed under CC BY 4.0. 

Baseline Plasma NfL Concentrations by Age

Shading indicates 5th through 95th percentile serum NfL concentrations for healthy children1
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Mean NfL levels were reduced from Baseline to Day 183

12

Plasma NfL Concentrations by Study Visit

Mean changes not shown for participants with 3 SMN2 copies due to small sample size.

Age at First 

Nusinersen 

Dose Group

Actual Mean (SD) 

Plasma NfL Concentrations, pg/mL 

n

Mean (SD) 

Change 

from 

Baseline 

to Day 183n Baseline n Day 183

≤ 9 mo, 2 

SMN2 copies
11

148.3 

(120.34)
14

33.9 

(24.15)
11

–112.5 

(108.53)

> 9 mo, 2 

SMN2 copies
12

121.8 

(71.22)
11

21.6 

(8.50)
11

–99.0 

(69.21)

NfL= neurofilament light chain; SMN2 = survival motor neuron 2

All data from Baseline to Day 183 are shown in the figure for participants with post-Baseline scores. Individual participant trajectories may overlap.
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Continued reductions in NfL levels were observed among 

participants with 2 SMN2 copies

13

Mean % Decrease in Plasma NfL by Study Visit

Mean % change not shown for participants with 3 SMN2 copies 

due to small sample size.

Age at First Nusinersen 

Dose Group n

Mean (SD)  

% Change 

from 

Baseline to 

Day 183

≤ 9 mo, 2 SMN2 copies 11 −70.0% (26.72)

> 9 mo, 2 SMN2 copies 11 −77.8% (10.38)

NfL = neurofilament light chain; SMN2 = survival motor neuron 2

All data from Baseline to Day 183 are shown in the figure for participants with post-Baseline scores. 
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Plasma NfL Concentrations by Age at Visit

Age at First Nusinersen Dose Group

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 14

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Age at first nusinersen 

dose, mo, median (range)
7.7 (3.4–9.8) 16.3 (11.0–33.3) 30.8 (29.2–35.7)

Consistent pattern of decline in NfL levels was observed by age

NfL = neurofilament light chain; SMN2 = survival motor neuron 2

All data from Baseline to Day 183 are shown in the figure for participants with post-Baseline scores. Individual participant trajectories may overlap.
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Plasma NfL Concentrations by Time from OA Dose

Age at First Nusinersen Dose Group

≤ 9 mo > 9 mo

2 SMN2 Copies

n = 14

2 SMN2 Copies

n = 12

3 SMN2 Copies

n = 3 

Time from OA dose to first 

nusinersen dose, mo, 

median (range)

4.8 (2.6–7.7) 14.4 (6.3–31.3) 13.3 (4.9–22.2)

Consistent pattern of decline in NfL levels was observed by 

time from OA dose

NfL = neurofilament light chain; OA = onasemnogene abeparvovec; SMN2 = survival motor neuron 2

All data from Baseline to Day 183 are shown in the figure for participants with post-Baseline scores. Individual participant trajectories may overlap.
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Safety Parameters, n (%)

Overall Population 

N = 38

Participants dosed 38 (100)

Time on study, days, median (range) 230.5 (28.0–677.0)

Participants with any AE 31 (81.6)

AE considered related to study drug by investigator

Mild

Moderate

Severe

2 (5.3)a

0

0

Serious AE 13 (34.2)b

AE leading to study or drug withdrawal 0c

Death 0

Most Common AEs by System Organ Class, n (%)

Overall Population 

N = 38

Infections and infestations 24 (63.2)

Respiratory, thoracic, and mediastinal disorders 10 (26.3)

Gastrointestinal disorders 5 (13.2)

General disorders and administration site conditions 5 (13.2)

Skin and subcutaneous tissue disorders 5 (13.2)

• No serious AEs were considered related to nusinersen by the 

investigator

• No clinically significant trends related to nusinersen in hematology, 

blood chemistry, urinalysis, coagulation, vital signs, ECGs, or liver 

function tests were observed 

Proportion of Participants With Any AEs 

and Severity, n (%)

Overall Population 

N = 38

No AEs 7 (18.4)

Mild AEs 16 (42.1)

Moderate AEs 8 (21.1)

Severe AEsd 7 (18.4)

AEs reported after a median of ~230 days on study (Safety Set)

AE = adverse event; ECG = electrocardiogram
aMild AEs of proteinuria in 2 participants were considered related to the study drug by the Investigator. A nephrology consultation was not required. The events resolved and the participants continued to receive 

nusinersen treatment. bNone of the serious AEs were considered related to study drug, and all events were resolved. All participants continued treatment with nusinersen. cOne participant (2.6%) discontinued 

after first dose of nusinersen due to parent/guardian decision. dSevere AEs: acute respiratory failure, chronic respiratory failure, COVID-19, enterovirus infection, feeding intolerance, metapneumovirus 

pneumonia, Moraxella infection, pneumonia viral, pyrexia, respiratory failure, respiratory syncytial virus infection, and viral upper respiratory infections.
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Summary and Conclusions

Scan QR code for 

a copy of this 

presentation

HINE-2 = Hammersmith Infant Neurological Examination – Section 2; NfL = neurofilament light chain; OA = onasemnogene abeparvovec

Available data support the potential benefit and safety of nusinersen treatment in infants and 

children with suboptimal clinical response to OA

• At Day 183, mean total HINE-2 scores increased across age groups 

• At Baseline, plasma NfL levels were elevated compared with healthy children

• Reductions in NfL levels occurred after nusinersen initiation, suggestive of a slowing of 

axonal injury and neurodegeneration

• Mean reductions in NfL levels were not dependent on age or time from OA dose 

• No emerging safety concerns have been identified at the time of the data cut in enrolled 

participants who received nusinersen after OA
+
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