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Abstract

Introduction: The EMBRACE study (Clinical Trials No. NCT02462759) evaluated

nusinersen in infants/children with infantile- or later-onset spinal muscular atrophy

(SMA) who were ineligible for the ENDEAR and CHERISH studies.

Methods: Participants were randomized to intrathecal nusinersen (12-mg scaled

equivalent dose; n = 14) or sham procedure (n = 7) in part 1 (~14 months) and subse-

quently received open-label nusinersen for ~24 months in part 2 of the study.

Results: Part 1 was stopped early after the demonstration of motor function benefit

with nusinersen in ENDEAR. There were no nusinersen-related adverse events (AEs)

and no study discontinuations due to nusinersen-related AEs. The most common AEs

included pyrexia, cough, pneumonia, and upper respiratory tract infections. Motor

milestone responder rates were higher in those receiving nusinersen at last available

assessment (93%) than in those receiving sham procedure in part 1 (29%) or trans-

itioned from sham to nusinersen in part 2 (83%). This functional improvement was

observed despite the small sample size and shortened part 1 trial duration that

undermined the power of the study to demonstrate such treatment effects at a

significant level.

Discussion: Nusinersen demonstrated a favorable long-term benefit-risk profile in

this broad population of individuals with infantile- or later-onset SMA.
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1 | INTRODUCTION

Spinal muscular atrophy (SMA) is an autosomal recessive neuromuscular

disease characterized by progressive weakness and atrophy of the skele-

tal muscles.1-3 It is caused by bi-allelic mutation, most often deletion, of

the survival motor neuron (SMN) 1 gene, with consequent loss of SMN

Abbreviations: AE, adverse event; CSF, cerebrospinal fluid; CGI-C, Clinical Global Impression

of Change; HINE-2, Hammersmith Infant Neurological Evaluation Section 2; pNF-H,

phosphorylated neurofilament heavy chain; SMA, spinal muscular atrophy; SMN, survival

motor neuron.
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protein.1,2,4,5 The paralogous SMN2 gene in humans provides partial res-

cue; exon 7 is excluded from all but 5% to 10% of the mature SMN2

transcript and thus expresses only a limited amount of functional full-

length protein.2 The resulting insufficient SMN protein is responsible for

the SMA phenotype. The number of SMN2 gene copies varies between

individuals and is an important determinant of disease severity.6

Nusinersen is a synthetic antisense oligonucleotide approved for

treating SMA in Europe,7 the United States,8 and elsewhere.

Nusinersen modifies splicing of SMN2 pre–messenger RNA by binding

to a repressive splicing site within intron 7, resulting in exon 7 inclu-

sion into the pre–messenger RNA transcript and consequent

increased production of functional full-length SMN protein.9-12

Two pivotal phase 3 trials with intrathecal nusinersen in symp-

tomatic individuals13,14 demonstrated significant and clinically

meaningful improvements in motor function and a favorable

benefit-risk profile. ENDEAR enrolled infants predicted to have

SMA type I based on age of symptom onset and two SMN2 gene

copies. CHERISH enrolled children predicted to have SMA type II

or III based on older age at symptom onset. NURTURE is an addi-

tional, ongoing, open-label study; interim data have shown substan-

tial clinical benefits associated with nusinersen initiation before

symptom onset.15

Inclusion into ENDEAR or CHERISH depended on a specific com-

bination of onset age and SMN2 copy number associated with a well-

characterized prognosis, enabling the most efficient trial design possi-

ble. Not all children with SMA fit into these groups, however.4,16

EMBRACE was designed as a phase 2 study of nusinersen treatment

of symptomatic infants and children with SMA who did not meet the

eligibility characteristics of those primary trials. Assessing nusinersen

in individuals with less well-defined prognosis expands experience to

a broader range of infants and children with SMA. The primary aim of

EMBRACE was to determine safety, tolerability, and pharmacokinetics

of nusinersen in this broader group, but EMBRACE also offered an

opportunity to explore additional efficacy endpoints, including attain-

ment of threshold changes on the Hammersmith Infant Neurological

Examination (HINE) motor milestones scale.

2 | METHODS

2.1 | Study design and participants

EMBRACE (Clinical Trials No. NCT02462759) was a randomized,

double-blind, sham procedure–controlled, 14-month study of intra-

thecal nusinersen treatment in children with genetically confirmed 5q

SMA due to recessive disabling mutation of the SMN1 gene. The

ENDEAR trial was halted because of demonstrable efficacy at a

defined interim analysis.13 As a consequence, the blinded portion of

EMBRACE was also halted (data cutoff March 30, 2017), and eligible

participants transferred to an amended open-label protocol (termed

part 2; see Appendix S1) for ~28 months (24 months of nusinersen

and final follow-up ~4 months after last dose; Figure S1). Participants

could enter part 2 if they had completed the final part 1 evaluation

and showed no significant change in clinical status that would make

them unsuitable for trial participation, as determined by the

investigator.

The EMBRACE inclusion criteria targeted three groups of infants

and young children with SMA who were excluded from the pivotal

ENDEAR and CHERISH trials: (1) three SMN2 gene copies with onset

of clinical signs and symptoms consistent with SMA at 6 months of

age or younger; (2) two SMN2 gene copies with onset of clinical signs

and symptoms consistent with SMA at 6 months of age or younger,

but greater than 7 months of age at screening; and (3) two or three

SMN2 gene copies and onset of clinical signs and symptoms consis-

tent with SMA at greater than 6 months of age, but 18 months of age

or younger at screening. Full inclusion/exclusion criteria are given in

the Appendix S1. Genetic testing was performed by Athena Diagnos-

tics (Marlborough, MA), the central laboratory used to confirm the

genetic diagnosis after enrollment.

The study was approved by institutional review boards at partici-

pating centers in accordance with the Declaration of Helsinki and

International Conference on Harmonisation Good Clinical Practice

guidelines. Written informed parental consent was obtained for all

participants. An independent data safety monitoring board monitored

the study (see Appendix S2).

2.2 | Randomization and masking (part 1)

Participants were randomly assigned (2:1) to intrathecally adminis-

tered nusinersen or sham procedure (control group). Randomization

was stratified according to age at onset of clinical signs and symptoms

consistent with SMA: 6 months or younger (infantile-onset) vs older

than 6 months of age (later-onset). Sham procedure comprised con-

ventional preparation for lumbar puncture with a skin-depth single-

needle puncture at the site, without injection or intraspinal needle

advancement, and subsequent bandage application. To maintain

blinding, procedures were performed by a team unblinded to

treatment.

Upon part 1 termination, key personnel were unblinded to facili-

tate evaluation assessment completion so that the sham procedure

group could receive nusinersen as soon as possible in part 2, while the

nusinersen group continued treatment.

2.3 | Procedures

In part 1, participants received sham procedure or 12 mg nusinersen

(scaled by age-equivalent dose based on cerebrospinal fluid [CSF] vol-

ume scaling17) by intrathecal lumbar puncture in four loading doses on

days 1, 15, 29, and 64, followed by maintenance doses on days

183 and 302 (every 4 months).

In part 2, participants treated with nusinersen in part 1 continued

to receive nusinersen every 4 months. For this group, day 1 of part

2 occurred ~4 months after the last nusinersen injection in part

1. Those randomized to sham procedure in part 1 initiated nusinersen
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in part 2 and received four loading doses on days 1, 15, 29, and

64, then maintenance doses every 4 months. For this group, day 1 of

part 2 occurred as soon as possible after the final part 1 evaluation.

Participants enrolled in part 2 had a final follow-up evaluation of

~4 months after the last open-label nusinersen dose.

Further details on administration and collecting samples for

assessing nusinersen concentration and anti-nusinersen antibodies

are given in the Appendix S1.

2.4 | Outcomes

Safety and tolerability of nusinersen vs sham procedure was the

EMBRACE primary outcome. Assessments included the incidence of

adverse events (AEs) and serious AEs, as well as change from baseline in

clinical laboratory parameters (serum chemistry, hematology, and urinal-

ysis), 12-lead electrocardiograms, vital signs (resting systolic and diastolic

blood pressure, pulse rate, respiratory rate, temperature, pulse oximetry,

and transcutaneous carbon dioxide), and neurological examination out-

comes (assessment of mental status, level of consciousness, sensory

motor function, cranial nerve function, and reflexes). AEs were coded

using the Medical Dictionary for Regulatory Activities version 20.0.

Nusinersen concentration in plasma and CSF were secondary

endpoints, determined using an electrochemiluminescence method

(PPD, Richmond, VA). An exploratory safety endpoint was develop-

ment of plasma antibodies to nusinersen. Plasma phosphorylated neu-

rofilament heavy-chain (pNF-H) levels in available samples (post hoc

analyses) were measured as described elsewhere.18 Exploratory effi-

cacy endpoints were change from baseline in ventilator use (including

bilevel positive airway pressure, tracheostomy, and endotracheal

tube), measured as percentage of time on ventilatory support; attain-

ment of motor milestones assessed by HINE Section 2 (HINE-2)

(developmental milestones)19-21; change from baseline in growth

parameters22; and Clinical Global Impression of Change (CGI-C) score.

The HINE-2 documents motor function development with eight

milestone items, and scores achievement on a range from 0 to 26, with

higher scores indicating better motor function for which age norms

are available.13,20,21 The definition of motor milestone responders in

EMBRACE was based on the HINE-2 categories of kicking, head con-

trol, rolling, sitting, crawling, standing, and walking; the eighth item,

Randomized (2:1) and treated
(intention-to-treat and safety population)

N = 21

Completed Part 2
due to early
termination

n = 6

Screened
N = 21

Part 1

Part 2

Open-label
extension

Completed Part 2
due to early
termination

n = 14

Enrolled
N = 21

Control
n = 7

Nusinersen
n = 14

Withdrawn 
n = 1

(brain death following
hypoxic-ischemic event)

Withdrawn
n = 0

Withdrawn
n = 0

Withdrawn
n = 0

Completed Part 1
and enrolled into Part 2

n = 6

Completed Part 1
and enrolled into Part 2

n = 14

Nusinersen
n = 6

Nusinersen
n = 14

F IGURE 1 Participant
disposition. Part 2 was
terminated early to allow
participants to transition to the
SHINE study [Color figure can
be viewed at
wileyonlinelibrary.com]
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voluntary grasp, was excluded because the task is difficult to scale in

the setting of weakness. The prespecified response criteria were con-

sidered met if there was: (1) improvement in at least one category (ie,

an increase in the score for head control, rolling, sitting, crawling,

standing, or walking of ≥1 point; an increase in the score for kicking

of ≥2 points; or achievement of the maximal score for kicking); and

(2) more categories with improvement than categories with worsening

(ie, a decrease in the score for head control, rolling, sitting, crawling,

standing, or walking of ≥1 point or a decrease in the score for kicking

of ≥2 points). Participants who died or withdrew from the study were

counted as nonresponders. Measured growth parameters included

body weight and length.

The CGI-C is scored on a 7-point ordinal scale from 1 (very much

improved) to 7 (very much worse), and was completed independently

by the investigator and caregiver.23 Responders were defined (per

S.A.P.) as much improved (score ≤2), any improvement (score ≤3), or

no worsening (score ≤4).

2.5 | Statistical analysis

EMBRACE aimed to enroll up to 21 participants. All individuals

treated with at least one dose of nusinersen or sham procedure were

included in the intention-to-treat and safety populations. The effi-

cacy population was defined as the subset of participants in the

safety set who had the opportunity to be assessed at each visit; in

part 2, all participants in the safety and efficacy sets were assessed

at the same visit, and hence these sets were identical. All participants

who had at least one evaluable post-nusinersen or post–sham-

procedure sample were included in the pharmacokinetic and

immunogenicity populations.

Summary statistics for continuous and categorical endpoints were

calculated with SAS version 9.4 or higher (SAS Institute, Inc, Cary,

NC). The proportion of individuals who had a HINE-2 motor milestone

response was analyzed using the Wilson score method with continuity

correction.

TABLE 1 Baseline demographics and clinical characteristics

Characteristic

Initially randomized to sham procedure

Randomized to

nusinersen (n = 14)

Randomized to sham procedure in

part 1 (n = 7)

Surviving, received nusinersen in

part 2 (n = 6)

Infantile-onset SMA, n (%) 4 (57) 3 (50) 9 (64)

Later onset SMA, n (%) 3 (43) 3 (50) 5 (36)

Female sex, n (%) 5 (71) 4 (67) 5 (36)

Race, n (%)

White 2 (29) 2 (33) 7 (50)

Asian 3 (43) 2 (33) 2 (14)

Other 1 (14) 1 (17) 1 (7)

Not reported 1 (14) 1 (17) 4 (29)

Median (range) age at symptom

onset, months

5.1 (1.8-11.0) 6.0 (1.8-11.0) 5.5 (2.0-11.0)

Median (range) age at SMA

diagnosis, months

12.0 (5.5-14.0) 12.5 (6.0-14.0) 10.0 (6.9-15.0)

Median (range) age at first dose,

months

18.5 (15.3-53.3) 28.7 (24.5-65.3) 16.7 (7.3-48.6)

SMN2 gene copy number, n (%)

2 4 (57) 3 (50) 3 (21)

3a 3 (43) 3 (50) 11 (79)

Median (range) weight, kg 10.6 (7.6-15.5) 12.8 (10.8-16.5) 9.3 (7.2-11.9)

Median (range) length, cm 80.5 (76.1-103.0) 92.9 (85.0-109.7) 78.2 (71.0-90.7)

Mean (SD) total HINE-2 score 5.9 ± 4.5 6.7 ± 5.0 7.6 ± 5.4

Motor milestones ever achieved, n

(%)b

Ability to sit without support 3 (43) — 8 (57)

Ability to stand without support 0 — 0

aFor one individual in the nusinersen group (age of onset 6 months or younger), central laboratory results were not clearly categorized, and records

indicated that the individual had three SMN2 gene copies. For all analyses, this individual was considered to have three SMN2 gene copies.
bThese data do not reflect the maximal milestone achieved.

Abbreviations: HINE-2, Hammersmith Infant Neurological Examination Section 2; SD, standard deviation; SMA, spinal muscular atrophy; SMN2, survival

motor neuron 2.
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3 | RESULTS

Between August 19, 2015 and December 20, 2016, 21 infants or

children with SMA in seven centers were screened, randomized

(14 to nusinersen, 7 to sham procedure), and underwent the

assigned procedure in part 1 (Figure 1). When part 1 was

unblinded and terminated, six participants (all in the nusinersen

group) had completed the day 422 final follow-up evaluation. Par-

ticipants in the sham procedure group were asked to return as

soon as possible; individual end-of-study visits for part 1 were

completed and open-label nusinersen treatment initiated in part

2. One individual with infantile-onset SMA assigned to the sham

procedure group died on day 289. In total, 20 participants (all

14 randomized to nusinersen, and 6 randomized to sham proce-

dure) were enrolled into part 2.

Baseline demographics and disease-related characteristics are

summarized in Table 1. For the group that initiated nusinersen in

part 2, baseline data are at initiation of nusinersen. Median age at

first dose, sex, ethnicity, and SMN2 copy number varied between

groups (Table 1), likely a consequence of the small sample size.

All participants were unable to stand or walk at baseline.

Median (range) number of nusinersen doses administered overall

was 10 (8-12). Participants originally randomized to nusinersen received

10 to 12 doses in total, and those randomized to sham procedure who

completed both parts of the study received 8 doses (Table S1). For the

group initially randomized to nusinersen, median (interquartile range)

total time (parts 1 and 2 combined) in the study was 995 (range,

890-1010) days. For those randomized to sham procedure, the median

(interquartile range) time in part 1 was 302 (230-366) days, followed by

nusinersen treatment in part 2 for 656 (653-659) days.

3.1 | Safety and tolerability

There were no AEs considered by investigators as related to study

treatment and no study discontinuations due to nusinersen-related

AEs (Table 2). The most common AEs were consistent with conditions

associated with childhood in general and SMA specifically (pyrexia,

cough, pneumonia, upper respiratory tract infection; Table S2). Inci-

dences of moderate or severe, severe, and serious AEs are shown in

Table 2. In addition, the most common AE occurring within 72 hours

after lumbar puncture was vomiting (noted in 4 of 14 [29%] of the

TABLE 2 Summary of adverse events

Randomized participants

Total
nusinersena

(n = 20)

Randomized to sham procedure

Randomized to

nusinersen (n = 14)

Randomized to sham procedure

in part 1 (n = 7)

Surviving, received nusinersen

in part 2 (n = 6)

Any AEb 6 (86) 6 (100) 14 (100) 20 (100)

Moderate or severe AE 5 (71) 5 (83) 14 (100) 19 (95)

Severe AE 3 (43) 2 (33) 8 (57) 10 (50)

AE related to study

treatment

0 0 0 0

AE possibly related to study

treatment

0 0 2 (14)c 2 (10)

Serious AE 3 (43) 4 (67) 9 (64) 13 (65)

AE leading to

discontinuation

1 (14)d 0 0 0

AE leading to withdrawal 1 (14)d 0 0 0

Shift in ECG resultse

Shift to abnormal, not

clinically significantf
3/7 (43) 1/5 (20) 2/12 (17) 3/17 (18)

Shift to abnormal, clinically

significantf
0/7 0/6 0/14 0/20

Note: Data expressed as number of AEs (%).
aNusinersen for the first time in part 2 and continuously in parts 1 and 2.
bNumber of individuals with an event.
cViral upper respiratory tract infection, n = 1; weight increased, n = 1.
dOne participant died due to brain death after a cardiopulmonary arrest.
ePresented as number with a shift/number at risk. Number at risk is the number of individuals whose baseline value was not abnormal and who had ≥1
postbaseline value.
fShift to “abnormal, not clinically significant” included “unknown” or “normal” to “abnormal, not clinically significant.” Shift to “abnormal, clinically

significant” included “unknown” or “normal” to “abnormal, not clinically significant” to “abnormal, clinically significant.” Participants could be counted

twice in these rows.

Abbreviations: AE, adverse event; ECG, electrocardiogram.
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participants treated with nusinersen in parts 1 and 2 vs 1 of 7 [14%]

of participants in part 1 who were treated with sham procedure;

vomiting was not observed in any of the participants initially receiving

sham procedure who received nusinersen in part 2).

There were no clinically significant nusinersen-related changes or

patterns in electrocardiograms, vital signs, clinical laboratory testing

results, neurological examination, or physical examination. No partici-

pants developed hydrocephalus or liver failure, clinically meaningful

thrombocytopenia or urinalysis results, or detectable antibodies

against nusinersen during the study.

3.2 | Nusinersen concentrations in CSF and plasma

In participants treated with nusinersen in both study parts, mean

predose CSF concentration ranged from 3.9 ng/mL at day 15 to

11.32 ng/mL at day 898. In those originally randomized to sham

procedure who received nusinersen during part 2, the mean range

was 4.8 ng/mL at day 29 to 8.4 ng/mL at day 540 (Figure 2A). The

predose CSF concentrations and concentration-time profiles in par-

ticipants with infantile- and later-onset SMA were consistent with

each other.
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Predose mean plasma nusinersen concentrations were low during

multiple dosing (Figure S2). Plasma concentrations in participants with

infantile-onset and later-onset SMA were similar.

3.3 | Efficacy

In the group initially randomized to nusinersen 3 of 14 participants

(21%) were on ventilation at baseline, compared with 4 of the 7 (57%)

randomized to sham procedure. Overall mean percentage time on

study on ventilator support (including bilevel positive airway pressure,

intubation, tracheostomy, and endotracheal tube) was lower in partici-

pants treated with nusinersen in parts 1 and 2 (11.3%) than in those

in the sham procedure group in part 1 (29.8%) or who initiated

nusinersen in part 2 after initial assignment to the sham group

(28.6%). However, overall percentage time on ventilator in the

nusinersen group was also lower at baseline. No participants required

a tracheostomy. The mean percentage of time on ventilator support

was lower for individuals with later-onset SMA (mean 0% for those

treated with nusinersen in parts 1 and 2 [n = 5]; 11.1% for sham pro-

cedure in part 1 [n = 3]; 8.5% for nusinersen initiated in part 2 [n = 3])

compared with infantile-onset SMA (mean 17.6% for those treated

with nusinersen in parts 1 and 2 [n = 9]; 43.8% for sham procedure in

part 1 [n = 4]; 48.6% for nusinersen initiated in part 2 [n = 3]).

Mean HINE-2 total milestone scores over time are shown in

Figure 2B,C, and details of HINE-2 motor milestone responders strati-

fied by age of SMA onset during part 1 are shown in Table 3. Of par-

ticipants originally randomized to sham procedure two of seven (29%)

were classified as HINE-2 milestone responders at last available

assessment in part 1, and five of six (83%) were classified as

responders at last available assessment in part 2 where they received

nusinersen. Of participants receiving nusinersen throughout the

study, 13 of 14 (93%) were classified as responders (last available

assessment). In the subgroup with infantile-onset SMA, zero of four

participants randomized to sham procedure in part 1, two of three

(67%) who started nusinersen in part 2, and eight of nine (89%)

treated with nusinersen in parts 1 and 2 were classified as responders

(last available assessment). Among those with later-onset SMA, two of

three (67%) participants treated with sham procedure in part 1, three

of three (100%) who started nusinersen in part 2, and five of five

treated with nusinersen in parts 1 and 2 were classified as responders

(last available assessment).

Mean weight, body length, head circumference, and chest circumfer-

ence increased over time for participants in all groups. Weight-for-age

TABLE 3 HINE-2 motor milestone responders stratified by age of SMA onseta (part 1 only)

Status

Age of SMA onset

6 months or younger Over 6 months All participants

Sham

procedure
(n = 4)

Nusinersen
(n = 9)

Sham

procedure
(n = 3)

Nusinersen
(n = 5)

Sham

procedure
(n = 7)

Nusinersen
(n = 14)

Achieved the following motor milestone

improvements from baselineb

Ability to kick

≥2-point increase 0 1 (11) 0 1 (20) 0 2 (14)

Toe touchingc 0 1 (11) 0 1 (20) 0 2 (14)

Head control (≥1-point increase) 0 4 (44) 0 1 (20) 0 5 (36)

Rolling (≥1-point increase) 0 6 (67) 0 3 (60) 0 9 (64)

Sitting (≥1-point increase) 0 5 (56) 1 (33) 4 (80) 1 (14) 9 (64)

Crawling (≥1-point increase) 0 0 1 (33) 3 (60) 1 (14) 3 (21)

Standing (≥1-point increase) 0 0 2 (67) 2 (40) 2 (29) 2 (14)

Walking (≥1-point increase) 0 0 0 1 (20) 0 1 (7)

Demonstrated improvement in

more motor milestone

categories than worsening

0 7 (78) 2 (67) 4 (80) 2 (29) 11 (79)

HINE-2 motor milestone

responder

0 7 2 4 2 11

Proportion (95% CI)d 0 (0.00-0.60) 0.78 (0.45-0.94) 0.67 (0.21-0.94) 0.80 (0.38-0.96) 0.29 (0.08-0.64) 0.79 (0.52-0.92)

Note: Data expressed as number (%) unless otherwise noted.

Abbreviations: CI, confidence interval; HINE-2, Hammersmith Infant Neurological Examination Section 2; SMA, spinal muscular atrophy.
aIndividuals with the opportunity for at least a 6-month (day 183) assessment were included.
bIndividuals with a 6-month (day 183), 10-month (day 302), or 14-month (day 422) assessment. The last available assessment was used for this analysis.
cToe touching is the highest milestone in the category “Ability to kick.”
dWilson score CI with continuity correction.
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percentile, length-for-age percentile, and head-to-chest circumference

ratios were similar between treatment groups and appeared to show

decreased growth rates at later timepoints. Mean (standard deviation)

changes from baseline to day 183 in body length and weight were 4.5

(4.9) cm and 0.6 (0.6) kg for the group treated with sham procedure in

part 1 (n = 7), from baseline to day 659 were 10.8 (4.12) cm and 3.1 (1.4)

kg for nusinersen in part 2 (n = 6), and from baseline to day 898 were

17.2 (5.6) cm and 3.9 (2.9) kg for nusinersen in parts 1 and 2 (n = 12).

Results of CGI-C investigator and caregiver assessments at the last

observed visit indicated that a higher proportion of participants initially

treated with nusinersen were rated as having improved, compared with

those initially treated with sham procedure (Figure S3).

3.4 | Biomarker analyses (part 1 data)

In participants treated with nusinersen, plasma pNF-H levels

declined rapidly during the loading dose period, then stabilized. A

general and less rapid decline in pNF-H levels was observed in par-

ticipants treated with sham procedure (Figure 3). This pattern was

followed by the majority of participants, independent of age of

SMA onset (Figure S4A). The decrease in plasma pNF-H levels was

accompanied by an increase in change in HINE-2 total score

(Figure S4B).

4 | DISCUSSION

Nusinersen demonstrated a favorable benefit-risk profile in the

unique population of symptomatic infants and children who were inel-

igible for participation in ENDEAR13 and CHERISH.14 No new

nusinersen-related safety concerns were identified over a mean

2.4 years. Exploratory efficacy outcomes demonstrated functional

improvement, despite the small sample size and shortened part 1 trial

duration that undermined the power of the study to demonstrate

such treatment effects at a significant level. These findings parallel the
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positive findings from ENDEAR and CHERISH13,14 and support exten-

ding the recommended use of nusinersen for all infants/children with

SMA, not just those fulfilling the ENDEAR and CHERISH enrollment

criteria.

The most common AEs during nusinersen treatment included

infections and respiratory events, consistent with events typically

observed in children with SMA.12 The incidence of vomiting, a known

complication of lumbar puncture and sedation,24 was higher in the

total nusinersen group than in the sham procedure group, in which

participants did not undergo lumbar puncture (Table S2), but was not

seen in those initiating unblinded treatment in part 2 after initial ran-

domization to the sham group. The incidence of back pain and head-

ache, two other lumbar puncture complications,24-26 was low (<20%

of the total group), although ascertainment may be concealed by the

young age of the participants. A higher incidence of pyrexia was

observed in nusinersen-treated participants overall, compared with

those treated with sham procedure; this increase was not observed in

the larger ENDEAR study (56% with nusinersen vs 59% for sham

procedure).13

There was also no evidence to warrant concern regarding

changes in platelet counts or renal AEs, both of which have been

suggested in earlier small studies of 20-O-methoxyethyl–modified

antisense oligonucleotides27,28 directed to other targets.

All efficacy analyses in this study were positive for participants

receiving nusinersen, and were consistent with results from previous

nusinersen studies in individuals treated after symptom onset.12-14

Overall, participants treated with nusinersen throughout the study

required less ventilator support than those in the sham procedure

group and those treated with nusinersen in part 2, although it should

be noted that the group randomized to nusinersen required less venti-

lator use at baseline. All participants achieved and maintained HINE-2

motor milestones throughout the study and at last available assess-

ment, all but one participant treated with nusinersen in both parts of

the study met HINE-2 motor milestone response criteria, independent

of age at SMA onset. These results are consistent with previous stud-

ies reporting progressive improvement in motor function over time

with nusinersen treatment, as measured by HINE-2, and a significant

change compared with baseline.12,13

Measurement of predose concentrations in CSF showed a differ-

ent profile of increasing CSF nusinersen concentrations between

groups: the concentration in those initially randomized to nusinersen

increased to day 29 and remained stable thereafter; in those who initi-

ated nusinersen in part 2, concentrations increased to day 540. This

may be because of the small number of participants, especially in

the group initiating nusinersen in part 2 after initial assignment to the

sham group, which makes it difficult to draw definite conclusions.

The 4-monthly dosing regimen used in this study is currently

approved for all patients with SMA in most locations,7,8 and differs

from the less frequent dosing regimen used in CHERISH in children

with later-onset SMA.14 This 4-monthly nusinersen regimen was

found to have an acceptable risk-benefit profile in participants with

both infantile- and later-onset SMA, as shown by meaningful efficacy

without concern for compromised safety or tolerability.

In this broad population of individuals with infantile- and later-

onset SMA, plasma pNF-H levels declined during the loading phase of

nusinersen treatment and then appeared to stabilize. This finding is

consistent with previous studies in participants with infantile-onset

SMA and those who were presymptomatic.18,15

In conclusion, the EMBRACE study findings support the use of

nusinersen administered as maintenance doses every 4 months among

a broad population of infants and children with SMA. Of the 20 partici-

pants who completed EMBRACE, all have enrolled in the comprehen-

sive SHINE protocol (NCT02594124), which combines participants

from earlier nusinersen clinical trials for long-term follow-up.
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