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Introduction
•	IV onasemnogene abeparvovec has demonstrated efficacy and safety 

across five clinical trials of patients with SMA type11–4 or presymptomatic 
SMA with two5 or three copies of SMN2.6 All trials enrolled only patients 
weighing <8.5 kg at the time of treatment.1–6

•	In the United States, onasemnogene abeparvovec is approved by 
the FDA for patients younger than 2 years of age.7 In Europe, it has 
been authorized for use without age limit, but its label provides dosing 
instructions only for patients weighing up to 21 kg.8 

•	SMART (NCT04851873) was a phase 3b, open-label, single-arm, 
multinational study to evaluate the safety, tolerability, and efficacy of IV 
onasemnogene abeparvovec for patients with SMA weighing 8.5 to  
≤21 kg

•	Findings from SMART will complement emerging real-world data for use 
of onasemnogene abeparvovec across different weight ranges and SMA 
populations and support informed treatment decision-making by health 
care professionals and caregivers 

•	SMART was the first clinical study assessing the safety and efficacy of IV 
onasemnogene abeparvovec in patients with SMA weighing ≥8.5 kg at 
time of treatment. SMART was also unique because it included patients 
who could have been treated with another approved DMT. Previous 
clinical studies have only included treatment-naïve patients.1–6

Objective
•	Here, we describe findings of the SMART study, reporting safety, 

tolerability, and efficacy of IV onasemnogene abeparvovec in patients 
with SMA weighing 8.5 to ≤21 kg. 

Methods
•	SMART enrolled 24 patients distributed across three weight groups 

(Figure 1)  
Figure 1. SMART study design

•	Changes from baseline are summarized descriptively: number, 
percentage, mean, standard deviation, median, minimum, and maximum 
are presented. No hypothesis testing was performed.  

Results
Baseline characteristics
•	24 patients were enrolled in SMART (Table 1)
•	Seven (29.2%) patients were in the lowest-weight group, eight (33.3%) in 

the middle-weight group, and nine (37.5%) in the highest-weight group 
•	Patients ranged in age from 1.5 to 9.1 years
•	Nearly half (11/24 [45.8%]) of the patients had SMA type 2. The majority 

(18/24 [75.0%]) of patients had three SMN2 gene copies.
•	Most patients (21/24 [87.5%]) had received prior SMN-targeting therapies 

(nusinersen or risdiplam). Only three (12.5%) patients were treatment-
naïve at study entry.

	– Nusinersen must have been discontinued at least 4 months prior to 
screening

	– Risdiplam must have been discontinued at least 15 days (washout 
period of at least five half-lives) prior to screening

Table 1. Baseline demographics and clinical characteristics

Conclusions
•	SMART enrolled a heterogeneous population of patients who 
weighed more than patients included in previous clinical trials with 
onasemnogene abeparvovec, and most had been treated with another 
DMT for SMA before receiving onasemnogene abeparvovec

•	The observed safety profile of onasemnogene abeparvovec was 
similar across the different weight groups and no new safety signals 
were observed

•	The pattern of AE types was similar to previous reports, clinical 
evidence, and real-world experience. Aminotransferase elevations 
were observed in the majority of patients, but all cases were 
asymptomatic and managed with prophylactic prednisolone. Most 
patients received higher doses as prescribed in the protocol, with nine 
patients receiving doses >2 mg/kg. Serum transaminase elevations 
(all Grade 1) were ongoing for a majority of patients at Week 52.

•	Across all assessed efficacy measures, most patients demonstrated 
maintenance or improvement of motor function at Week 52, 
suggesting clinical benefit of IV onasemnogene abeparvovec for 
heavier patients with SMA, and for patients switching from nusinersen 
or risdiplam  

Safety and tolerability
•	The frequency and severity of AEs were similar across weight groups  
•	All 24 patients experienced ≥1 TEAE, and more than half (15/24 [62.5%]) 

experienced ≥1 serious TEAE. Seven patients (29.2%) experienced 
serious TEAEs related to onasemnogene abeparvovec (Table 2). 

•	Three (12.5%) patients experienced in total four cardiac AEs 
(bradycardia, ECG T-wave inversion, nocturnal dyspnea, tachycardia).  
All were considered unrelated to onasemnogene abeparvovec.  

•	Hepatotoxicity was observed in 20 (83.3%) patients (Table 2), the 
majority of which were transaminase increases (all were asymptomatic). 
One event was PT prolongation. 

•	Transient asymptomatic thrombocytopenia occurred in 17 (70.8%) 
patients 

•	No events of TMA or dorsal root ganglionopathy were observed 
Table 2. Summary of safety findings

Efficacy
•	Most patients maintained or improved motor milestones from baseline 

at Week 52 (Figure 3). Four patients demonstrated at least one new 
milestone at Week 52.

•	Motor function, measured by RULM (Figure 4) and HFMSE (Figure 5), 
and motor milestone assessments were maintained or improved in  
most patients

•	Mean (SD) change from baseline at Week 52 was 2.0 (4.0) points  
for RULM

•	Mean (SD) change from baseline at Week 52 was 3.7 (4.3) points  
for HFMSE

Figure 3. Motor milestones

•	In total, 21 (87.5%) patients presented ALT increases (two Grade 2; 14 
Grade 3; five Grade 4) that were similar across weight groups (Figure 2)

	– In 21 (87.5%) patients, ALT increased to >3x ULN at any time during 
follow-up, with five (20.8%) patients experiencing increases to  
>20x ULN

	– At Week 52, no patient had ALT elevations of more than 3x ULN; in  
14 of 22 patients (63.6%), ALT was above ULN

	– No bilirubin elevations or Hy’s law cases were observed
	– Prophylactic steroid treatment was used over a median of 175 days.  
In 21 (87.5%) patients, doses >1 mg/kg/day were prescribed, and in  
9 (37.5%) patients, doses >2 mg/kg/day were prescribed. 

•	Twenty (83.3%) patients experienced platelet count decreases. All 
platelet count decreases resolved, and no associated bleeding events 
were reported.  

•	No study withdrawals or deaths occurred 
Figure 2. ALT elevations during SMART study
a)	Multiple of ULN in ALT per patient over time (log scale)

aOnasemnogene abeparvovec infusion (1.1x1014 vg/kg) on Day 1 followed by patient safety monitoring for 48 hours.
bPrednisolone (1 mg/kg/day [or equivalent]) initiated 24 hours before onasemnogene abeparvovec infusion, continued for 30 days or until liver function tests returned 
to baseline, followed by tapering.
AE, adverse event; ECG, electrocardiogram; ECHO, echocardiogram; HFMSE, Hammersmith Functional Motor Scale – Expanded; RULM, Revised Upper Limb 
Module; SAE, serious adverse event; TEAE, treatment-emergent adverse event; WHO MGRS, World Health Organization-Multicentre Growth Reference Study.

ALT, alanine aminotransferase; ULN, upper limit of normal.
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Figure 4. RULM change from baseline

Figure 5. HFMSE change from baseline

RULM, Revised Upper Limb Module.

Ch
an

ge
 in

 R
UL

M 
to

tal
 sc

or
e

Weeks
0 4 8 12 16 20 24 28 32 36 40 44 48 52

–4

–6

–2

0

2

4

6

8

10 8.5–13kg
>13–17kg
>17–21kg

Days –45 to –16 Days –15 to –2 Days 1–3 12 monthsDay  –1

Prophylactic prednisoloneb

Screening 1 Screening 2 Baseline Treatmenta Follow-up

Study end

• Symptomatic SMA 
diagnosis based on 
gene mutation analysis 
with biallelic SMN1 
mutations (deletion or 
point mutations) and 
any number of SMN2 
gene copies

• Naïve to treatment or 
have discontinued 
nusinersen/risdiplam

• Anti-AAV9 antibody titers 
>1:50 

• Signs of hepatotoxicity 
• History of aspiration 
pneumonia or signs of 
aspiration (e.g., coughing 
or sputtering of food) within 
4 weeks prior to screening

• BMI <3rd percentile based 
on WHO MGRS

• History of gene therapy, 
hematopoietic 
transplantation, or solid 
organ transplantation

• Previous onasemnogene 
abeparvovec use or 
previous use of any AAV9 
gene therapy 

Key Inclusion Criteria Key Exclusion Criteria

• Safety 
– TEAEs
– SAEs
– AEs of special interest
– Changes from baseline in 

select laboratory 
assessments, ECG, 
ECHO, vital signs

Primary Endpoints

• Efficacy 
– Developmental motor 

milestones according to 
WHO MGRS and 
Bayley-III

– Change from baseline in 
HFMSE 

– Change from baseline in 
RULM

Secondary Endpoints

8.5–13 kg

>13–17 kg

>17–21 kg

Weight group
8.5–13 kg

n=7
>13–17 kg

n=8
>17–21 kg

n=9
Overall
N=24

Age at dosing (years), mean (SD) 3.03 (1.15) 4.52 (1.18) 6.14 (1.60) 4.69 (1.82)
Sex, n (%)
Male 4 (57.1) 3 (37.5) 5 (55.6) 12 (50.0)
Female 3 (42.9) 5 (62.5) 4 (44.4) 12 (50.0)

SMA type, n (%)
Type 1 3 (42.9) 3 (37.5) 2 (22.2) 8 (33.3)
Type 2 4 (57.1) 4 (50.0) 3 (33.3) 11 (45.8)
Type 3 0 1 (12.5) 4 (44.4) 5 (20.8)

Age at first symptom onset (years),  
mean (SD) 0.34 (0.37) 0.70 (0.68) 1.54 (1.67) 0.91 (1.19)

Age at diagnosis (years), mean (SD) 1.04 (0.93) 1.48 (0.99) 1.54 (1.25) 1.37 (1.06)
Previous DMT, n (%)
Risdiplam 1 (14.3) 0 1 (11.1) 2 (8.3)
Nusinersen 5 (71.4) 7 (87.5) 7 (77.8) 19 (79.2)
None 1 (14.3) 1 (12.5) 1 (11.1) 3 (12.5)

SMN2 copy number, n (%)
Two 3 (42.9) 2 (25.0) 0 5 (20.8)
Three 4 (57.1) 6 (75.0) 8 (88.9) 18 (75.0)
Four or more 0 0 1 (11.1) 1 (4.2)

DMT, disease-modifying treatment; SD, standard deviation; SMN2, survival motor neuron 2 gene.

Weight group

Category

8.5–13 kg
n=7

n (%)

>13–17 kg
n=8

n (%)

>17–21 kg
n=9

n (%)

Overall
N=24
n (%)

Any TEAE 7 (100) 8 (100) 9 (100) 24 (100)
Any TEAE related to onasemnogene 
abeparvovec 7 (100) 8 (100) 9 (100) 24 (100)

Any serious TEAE 3 (42.9) 7 (87.5) 5 (55.6) 15 (62.5)
Any serious TEAE related to onasemnogene 
abeparvovec 1 (14.3) 4 (50.0) 2 (22.2) 7 (29.2)

AESIs 7 (100) 7 (87.5) 9 (100) 23 (95.8)
Cardiac AEs 0 2 (25.0) 1 (11.1) 3 (12.5)
Hepatotoxicity 6 (85.7) 5 (62.5) 9 (100) 20 (83.3)
Transient thrombocytopenia 4 (57.1) 6 (75.0) 7 (77.8) 17 (70.8)
Dorsal root ganglia toxicity 0 0 0 0
TMA 0 0 0 0

AE, adverse event; AESI, adverse event of special interest; TEAE, treatment-emergent adverse event; TMA, thrombotic microangiopathy. 
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b)	Maximum post-baseline multiple of ULN in ALT by body weight at 
screening per patient
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