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Abstract
Background  Nusinersen was the first approved disease modifying therapy (DMT) for spinal muscular atrophy 
(SMA). Intrathecal administration of nusinersen enables drug delivery directly to the central nervous system, 
where the motor neurons are located. Per the package insert, individuals with SMA receive 4 loading doses of 
nusinersen followed by maintenance doses every 4 months thereafter. The aim of this analysis was to investigate the 
administration practices of and adherence to nusinersen in Chinese children with SMA.

Methods  Data were analyzed from a longitudinal, multicenter registry enrolling children with 5q-SMA in China. 
Information on nusinersen administration, including administration date, care setting, use of sedation and general 
anesthesia, method of administration, and use of imaging guidance before administration, was collected both 
retrospectively and prospectively. Adherence rate was calculated at dose and participant level. A dose was considered 
adherent if the inter-dose interval (for dose-level) and interval from the first dose (for participant-level) followed the 
standard dosing regimen, with a grace period of ± 7 days for Dose 2 to 4 and ± 28 days thereafter.

Results  A total of 385 participants receiving nusinersen with a total of 2,415 doses were included in the study. The 
median (interquartile range) number of doses administered per participant was 6 (5–7). Over 99% of intrathecal 
injections were given in an inpatient setting. Only a few (n = 3, 0.1%) required general anesthesia, while 9% (n = 217) 
of doses were administered under the use of sedation. Interlaminar lumbar puncture (n = 2,407, 99.7%) was the most 
common method of administration, followed by cervical puncture (n = 5, 0.2%) and transforaminal lumbar puncture 
(n = 3, 0.1%). Over 90% of injections did not utilize any imaging guidance prior to administration, with ultrasound 
(n = 142, 5.9%) being the most commonly used imaging guidance. The adherence rate was 95.7% (1,943/2,030) at 
dose level and 81.0% (312/385) at participant level. The median inter-dose intervals aligned well with the dosing 
schedule, with 14 days for Doses 2 and 3, 35 days for Dose 4, and 114–124 days for maintenance doses thereafter.
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Background
Spinal muscular atrophy (SMA) is a neuromuscular 
hereditary disorder, characterized by muscle atrophy, 
muscle weakness, progressive loss of motor function, sco-
liosis, and often early mortality, with a broad spectrum 
of clinical presentations [1–3]. Subtypes I-IV of SMA are 
classified based on the age of disease onset and the high-
est motor milestone achieved. As the first approved dis-
ease modifying therapy (DMT) for SMA, nusinersen has 
dramatically altered the standard of care for patients with 
the disease. Several clinical trials and observational stud-
ies have shown that nusinersen can improve survival and 
motor function with a favorable safety profile in popula-
tions at all ages [4–8].

Nusinersen is indicated for intrathecal use only, with 
each dose (12 mg/5 mL) administered into the subarach-
noid space. The dosing regimen of nusinersen consists 
of 4 loading doses given over the first 2 months followed 
by maintenance doses every 4 months [9–11]. Sedation 
or general anesthesia may be necessary depending on 
the clinical condition, age and cooperation of the patient. 
Ultrasound or other imaging techniques may be used to 
guide administration, particularly in younger patients 
or in patients with significant spinal deformities or the 
presence of spondylodesis [9]. From previous studies, an 
overall high technical success rate in nusinersen adminis-
tration with conventional lumbar puncture (LP) has been 
observed. In certain circumstances, such as patients with 
scoliosis or prior spinal surgery, the complex anatomy 
may make it more challenging to perform conventional 
LP, and alternative approaches and/or imaging guidance 
may be needed in these settings, as has been reported in 
literature [12–15].

Due to nusinersen’s route of administration and dosing 
regimen, patients and/or their caregivers need to travel 
to hospitals and coordinate with physicians’ schedules 
to receive treatment [16, 17]. Prior studies demonstrated 
varying adherence rates to nusinersen [18–21]. These 
studies were mostly conducted in United States (US) with 
small sample sizes. Real-world studies on administration 
practices of and adherence rate to nusinersen are lacking 
in non-US settings.

A national SMA disease registry specifically targeting 
Chinese individuals aged < 18 years with 5q-SMA was 
established in 2021 [22]. The objective of this analysis was 
to evaluate administration practices of and adherence to 
nusinersen in real-world clinical settings in China among 
children with SMA using data from this registry.

Methods
A multicenter, longitudinal registry was established in 
China in 2021 to gather clinical data on children with 
5q-SMA [22]. Study sites included general and pediatric 
hospitals across China. Recruitment began in November 
2021. The present analysis used data from the registry 
to prospectively and retrospectively collect information 
on baseline characteristics of participants, as well as 
records of nusinersen doses and administration details at 
each dose. Index date was set to the date of nusinersen 
initiation. Baseline data were collected within 30 days 
prior to the index date. The observation and follow-up 
period began on April 28th, 2019, when nusinersen was 
first launched in China, and ended on May 12th, 2023, the 
data transfer date for the present analysis.

Participants
To be eligible for inclusion in this registry, participants 
must meet the following criteria: (1) Ability of the par-
ticipant and/or his/her legally authorized representative 
(such as parent or legal guardian) to understand the pur-
pose and risks of the study, to provide informed consent, 
and to authorize the use of confidential health informa-
tion in accordance with national and local privacy regu-
lations; (2) Genetically confirmed 5q-SMA; (3) Age < 18 
years at registry enrollment.

Participants starting nusinersen treatment during the 
study period regardless of the duration of treatment, dos-
ing frequency, or whether being symptomatic at nusin-
ersen initiation, were included in this analysis.

Study variables and outcomes
Baseline demographic and clinical characteristics were 
collected and evaluated in this analysis, including age, 
sex, SMA type, diagnosis of scoliosis, surgery for sco-
liosis, wheelchair use and motor function (measured by 
World Health Organization (WHO) Motor Milestones 
Assessment [23] among participants aged < 5 years, 
Children’s Hospital of Philadelphia Infant Test of Neu-
romuscular Disorders (CHOP-INTEND) [24] among 
type I participants, Hammersmith Functional Motor 
Scale–Expanded (HFMSE) [25] among type II and III 
participants, Hammersmith Infant Neurological Exam–
Part 2 (HINE-2) [26] among type I participants, and 
Revised Upper Limb Module (RULM) [27] among type 
II and III participants). Nusinersen doses and admin-
istration details at each dose, including date of admin-
istration, care setting of administration (inpatient or 
outpatient), method of administration, use of sedation 

Conclusions  Findings from the analysis demonstrated high real-world adherence to nusinersen in Chinese children 
with SMA.
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and general anesthesia, and imaging guidance used were 
also collected.

Adherence rate was calculated in participants with 
two or more doses, at both dose and participant level. 
Expected dosing regimen was per package insert [11], 
with the administration of loading doses on days 0, 14, 
28, and 63, followed by maintenance doses at intervals 
of 4 months. For dose-level adherence, doses were con-
sidered adherent if the dose interval between the current 
and previous dose followed the standard dosing regimen, 
with a grace period of ± 7 days for loading doses (Dose 
2 to 4) and ± 28 days for maintenance dosing. The dose-
level adherence rate was defined as the number of doses 
on time divided by the total number of doses. For partic-
ipant-level adherence, doses were considered on time if 
the doses were given per package insert relevant to the 
date of nusinersen initiation within the grace period of 
± 7 days for loading doses (Dose 2 to 4) and ± 28 days for 
maintenance doses thereafter. Participant-level adher-
ence rate was defined as the percentage of participants 
who received all doses on time.

Statistical analysis
Descriptive analyses were used to display the demo-
graphic and clinical characteristics of participants and 
records of dosing details. Continuous variables were 
summarized by arithmetic mean and standard deviation 
(SD), or median and interquartile range (IQR). Categori-
cal variables were summarized by the total number of 
participants and corresponding percentages in each cat-
egory. In addition, a box plot was created to demonstrate 
the distribution of dosing intervals at each dose. All anal-
yses were conducted using SAS® software (SAS Institute 
Inc., Cary, NC; v9.4 or later).

Results
Baseline characteristics and nusinersen doses of 
participants
As of March 2nd, 2023, a total of 398 participants were 
enrolled in the registry. Of them, 385 participants from 
18 hospitals received nusinersen, thus were included in 
this analysis (Table  1). Of 382 participants with known 
SMA type, 41 participants (10.7%) had SMA type I, 214 
(56.0%) had type II, and 127 (33.2%) had type III. A total 
of 2,415 nusinersen doses were administered. The median 
(IQR) number of nusinersen doses administered per par-
ticipant was 6 (5–7), 6 (4–7), 6 (6–7), and 6 (5–7) for par-
ticipants with all types, type I, II, and III, respectively.

Administration practices of nusinersen
Of the 2,415 injections during the analysis period 
(Table  2), over 99% were given in an inpatient setting. 
Only 3 injections from 1 single participant required gen-
eral anesthesia. This participant started the first-dose 

nusinersen at 1-month old without general anesthesia 
use, followed by 3 loading doses using general anesthe-
sia. The maintenance doses afterwards were adminis-
tered with sedation use rather than general anesthesia. 
The 3 doses with general anesthesia were all administered 
through interlaminar LP not using any guiding tech-
niques. Overall, fewer than 10% of doses were adminis-
tered with sedation use. The percentage of doses using 
sedation slightly varied among SMA types, from 11.6% in 
type I to 6.2% in type III. Interlaminar LP was the most 
common method of administration, followed by cervical 
puncture and transforaminal LP. Over 90% of injections 
did not utilize any imaging guidance prior to administra-
tion. Among all imaging techniques used, ultrasound was 
most commonly used. Specifically, the 5 doses through 
cervical puncture came from 1 single participant with 
scoliosis whose doses were all administered through cer-
vical puncture. The administrations did not require gen-
eral anesthesia or sedation, and besides the first dose, all 
doses utilized ultrasound guidance during the adminis-
trations. Regarding 2 participants with surgery for sco-
liosis prior to the initiation of nusinersen, all doses were 
administered through interlaminar LP, and most doses 
utilized ultrasound guidance.

Adherence
Distribution of inter-dose intervals at each dose is shown 
in Fig. 1 and supplementary material. At dose level, the 
overall adherence rate was 95.7% (1,943/2,030). The 
median dose intervals aligned well with dosing schedule, 
with 14 days for Dose 2 and 3, 35 days for Dose 4, and 
114–124 days for maintenance doses thereafter. At par-
ticipant level, the number (percentage) of participants 
having all nusinersen doses on time was 312/385 (81.0%).

Discussion
This is the first study to investigate the administra-
tion practices and adherence to nusinersen in children 
with SMA in China, using data from a nationwide reg-
istry both prospectively and retrospectively, with a large 
sample size of participants and recorded nusinersen 
doses. Since the registry data primarily originated from 
electronic health records (EHRs), where information on 
intrathecal procedures was comprehensively captured in 
the hospital setting, the registry can be considered a reli-
able resource for studying the intrathecal procedure and 
drug adherence.

In this study, over 99% of nusinersen doses were 
administered in an inpatient setting. This contrasts with 
other studies conducted outside of China, where most 
nusinersen injections occurred in an outpatient setting 
[14, 15]. This difference is likely due to the higher reim-
bursement rates for inpatient versus outpatient medical 
expenditures in China, leading to a tendency for patients 
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to be hospitalized in many disease settings [28, 29]. 
Although in most cases nusinersen can be administered 
without advanced supporting technologies, such as gen-
eral anesthesia or imaging guidance, the economic con-
sideration may still be essential to drive the selection of 
care settings.

General anesthesia and sedation increase the pro-
cedure time, recovery period, and costs, and impose a 
heavy burden on the intrathecal procedure. However, 
in the current study, very few (n = 3, 0.1%) LPs required 
general anesthesia, and this proportion is much lower 

than reported in other studies [14, 15]. General anesthe-
sia is usually considered for children requiring cervical 
puncture, those with complex spinal anatomy, and those 
unable to cooperate [15]. In the current study, the 3 LPs 
requiring general anesthesia were for 1 participant, most 
likely because of poor cooperation resulting from young 
age. We also found that less than 10% of nusinersen doses 
were administered with sedation use, which is similar to 
the 9.4% reported by a previous study in the US [14]. The 
trend of decreasing sedation use from SMA type I to III 
might be due to the age difference among different SMA 

Table 1  Baseline demographic and clinical characteristics of participants with SMA
Totala SMA Type I SMA Type II SMA Type III

Sex
Number 385 41 214 127
Male, n(%) 196 (50.9%) 25 (61.0%) 112 (52.3%) 58 (45.7%)
Female, n(%) 189 (49.1%) 16 (39.0%) 102 (47.7%) 69 (54.3%)
Age at nusinersen initiation
Number 385 41 214 127
Median (IQR), months 71 (36–118) 42 (7–54) 62.5 (32–93) 112 (61–154)
< 7 months old, n(%) 13 (3.4%) 10 (24.4%) 1 (0.5%) 0 (0.0%)
≥ 7 months and < 2 years old, n(%) 38 (9.9%) 7 (17.1%) 28 (13.1%) 3 (2.4%)
≥ 2 and < 5 years old, n(%) 106 (27.5%) 14 (34.2%) 68 (31.8%) 23 (18.1%)
≥ 5 and < 8 years old, n(%) 97 (25.2%) 4 (9.8%) 66 (30.8%) 27 (21.3%)
≥ 8 and < 13 years old, n(%) 90 (23.4%) 5 (12.2%) 42 (19.6%) 43 (33.9%)
≥ 13 and < 18 years old, n(%) 41 (10.7%) 1 (2.4%) 9 (4.2%) 31 (24.4%)
Wheelchair usage
Number 264 16 139 108
Yes, n(%) 203 (76.9%) 14 (87.5%) 138 (99.3%) 50 (46.3%)
No, able to walk independently, n(%) 58 (22.0%) 0 (0.0%) 0 (0.0%) 58 (53.7%)
Not applicable, the subject could not sit independently, n(%) 3 (1.1%) 2 (12.5%) 1 (0.7%) 0 (0.0%)
Diagnosis of scoliosis
Number 350 36 192 120
Yes, n(%) 171 (48.9%) 18 (50.0%) 93 (48.4%) 60 (50.0%)
No, n(%) 179 (51.1%) 18 (50.0%) 99 (51.6%) 60 (50.0%)
Surgery for scoliosis
Number 171 18 93 60
Yes, n(%) 2 (1.2%) 0 (0.0%) 0 (0.0%) 2 (3.3%)
No, n(%) 169 (98.8%) 18 (100.0%) 93 (100.0%) 58 (96.7%)
CHOP-INTEND score
Number / 17 / /
Mean (SD) / 24.5 (14.09) / /
HFMSE score
Number / / 115 91
Mean (SD) / / 10.2 (8.89) 36.1 (15.68)
HINE-2 score
Number / 17 / /
Mean (SD) / 3.1 (2.11) / /
RULM
Number / / 96 77
Mean (SD) / / 12.4 (7.82) 27.8 (7.18)
SMA: Spinal Muscular Atrophy; IQR: Interquartile Range; CHOP-INTEND: Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders; SD: Standard 
Deviation; HFMSE: Hammersmith Functional Motor Scale Expanded; HINE-2: Hammersmith Infant Neurological Examination; RULM: Revised Upper Limb Module

a. SMA type was unknown for three participants. Thus, the numbers from columns of SMA Type I, II and III do not sum up to the numbers from column of Total
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types, where older children may be more cooperative and 
thus less likely require sedation. The low rate of general 
anesthesia and sedation found in our study suggests low 
burden of nusinersen administration among children 
with SMA in China.

Over 99% of intrathecal nusinersen injections were 
administered via conventional interlaminar LP, and 91% 

of injections did not utilize any imaging guidance. Con-
ventional interlaminar LP has been shown to be well 
tolerated in pediatric SMA populations with a high tech-
nical success rate [14, 15], and it is usually the route of 
choice to administer nusinersen in patients without 
contraindications [30]. In symptomatic patients with 
scoliosis, spondylodesis, or prior spine surgeries, how-
ever, conventional interlaminar LP may be challenging. 
Thus, alternative approaches to intrathecal access, such 
as transforaminal LP, cervical puncture, and lumbar 
laminotomy, are sometimes required [13, 31–33]. Com-
pared with conventional interlaminar LP, these alter-
native approaches have greater technical difficulty and 
increased risk of complications [34, 35]. According to 
a decision-tree algorithm for nusinersen administra-
tion [34], conventional interlaminar LP without imaging 
guidance is considered feasible and safe in non-complex 
patients, who are defined as those with a Cobb angle of 
≤ 50 degrees and without any history of spinal surgery. In 
this analysis, only 2 participants had a history of spinal 
surgeries. Most of our participants might be classified as 
“non-complex” according to the algorithm [34], although 
Cobb angle results were lacking in this analysis. Among 
all imaging techniques, ultrasound (n = 142, 5.88%) was 
most commonly used. In complicating circumstances, 
imaging techniques are often needed to guide the pro-
cedure. Among these techniques, ultrasound is usually 
favored especially in children with SMA, since it does not 
involve radiation exposure, unlike fluoroscopy or com-
puted tomography (CT) [36].

In previous studies, adherence rates varied significantly 
partially due to inconsistent definitions of adherence, dif-
ferent data sources, and variations in medical practice 
across different institutions [18–21]. Prior observational 
studies utilizing claims databases from US demonstrated 
varying adherence rates to nusinersen, ranging from 30.0 
to 80.5% [18–20], but it is important to note that the 
inclusion/exclusion criteria used in these studies were 
likely insufficient to identify the patients with complete 
nusinersen dosing history. In a study using a combina-
tion of US EHRs and claims databases, the adherence 
rates derived from the EHRs database was higher than 
that from the claims database (93.9% versus 80.5%), sug-
gesting that claims may not accurately capture the ini-
tiation or the complete courses of nusinersen doses, 
particularly during the loading phase [21]. The regis-
try used in our analysis was primarily sourced from the 
EHRs from regular clinical practice. Therefore, the reg-
istry ensures relatively comprehensive data capture and 
unbiased evaluation on nusinersen adherence. Overall, 
we found a high adherence rate of 95.7% (1,943 out of 
2,030 doses). The adherence result is particularly notable 
given that the study period was mostly within the period 
of the coronavirus disease (COVID)-19 outbreak and 

Table 2  Administration details of nusinersen injections
Totala SMA 

Type I
SMA 
Type II

SMA 
Type III

Number of injections 2,415 233 1,373 788
Care setting, n(%)
Inpatient 2,406 

(99.6%)
233 
(100.0%)

1,367 
(99.6%)

785 
(99.6%)

Outpatient 9 (0.4%) 0 (0.0%) 6 (0.4%) 3 (0.4%)
Missingb 0 0 0 0
Use of general anesthesia, n(%)
Yes 3 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
No 2,373 

(98.6%)
230 
(98.7%)

1,349 
(98.5%)

776 
(99.1%)

Unknownb 30 (1.2%) 3 (1.3%) 20 (1.5%) 7 (0.9%)
Missingb 9 0 4 5
Use of sedation, n(%)
Yes 217 

(9.0%)
27 
(11.6%)

135 
(9.8%)

49 
(6.2%)

No 2,146 
(88.9%)

198 
(85.0%)

1,208 
(88.0%)

725 
(92.0%)

Unknownb 52 (2.2%) 8 (3.4%) 30 (2.2%) 14 
(1.8%)

Missingb 0 0 0 0
Method of administration, n(%)
Interlaminar LP 2,407 

(99.7%)
231 
(99.1%)

1,367 
(99.6%)

788 
(100.0%)

Transforaminal LP 3 (0.1%) 2 (0.9%) 1 (0.1%) 0 (0.0%)
Lumbar laminotomy 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cervical puncture 5 (0.2%) 0 (0.0%) 5 (0.4%) 0 (0.0%)
Others 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Missingb 0 0 0 0
Imaging techniques used for administration guidance, n(%)
Ultrasound 142 

(5.9%)
4 (1.7%) 69 (5.0%) 69 

(8.8%)
Fluoroscopy or radioscopy 1 (0.0%) 1 (0.4%) 0 (0.0%) 0 (0.0%)
CT-scan 1 (0.0%) 0 (0.0%) 1 (0.1%) 0 (0.0%)
Others 2 (0.1%) 0 (0.0%) 2 (0.1%) 0 (0.0%)
Not using imaging 
techniques

2,204 
(91.3%)

223 
(95.7%)

1,267 
(92.3%)

693 
(87.9%)

Unknownb 65 (2.7%) 5 (2.1%) 34 (2.5%) 26 
(3.3%)

Missingb 0 0 0 0
SMA: Spinal Muscular Atrophy; LP: Lumbar Puncture; CT: Computed Tomography

a. A total of 21 injections came from participants with unknown SMA type. 
Thus, the numbers from columns of SMA Type I, II and III do not sum up to the 
numbers from column of Total

b. “Unknown” is an option in the case report form of the registry. Records whose 
certain questions were not answered in the case report form were treated as 
“Missing” for the corresponding questions and not included in the denominator 
of percentage calculation
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repeated widespread lockdown in China, suggesting that 
patients and their families regarded the nusinersen treat-
ment as a crucial component of SMA disease manage-
ment. Reasons for the high adherence rate might include: 
(1) Nusinersen demonstrates effectiveness in improv-
ing motor function and reducing lung function decline 
in individuals with SMA, while maintaining a favorable 
safety profile with predominantly mild and manageable 
adverse effects, as shown in other literatures [6, 8, 37]; 
(2) Starting from 2022, nusinersen was included in the 
National Reimbursement Drug List in China, resulting 
in a substantial price reduction [38]. The significant price 
reduction has greatly increased the accessibility of nusin-
ersen for Chinese patients, enabling them to adhere to a 
continuous treatment [39].

Of note, low inter-dose intervals (i.e., approximately 
2 weeks) were observed for Dose 5 to 7 which are com-
monly considered as maintenance doses whose inter-dose 
intervals should be around 4 months. These participants 
were likely to re-start nusinersen from loading doses for 
certain reasons, such as gap treatment for a long period. 
Based on the package insert of nusinersen, patients may 
require re-loading if gapped ≥ 8 months from last dose 
[11]. Since the registry could not accurately identify the 
nusinersen reloading participants, the current calculation 
of adherence rate assumes that Dose 5 and beyond were 
all maintenance doses, which would misclassify these re-
loading doses from adherent to non-adherent. Given that 
the dose-level adherence rate in the analysis is particu-
larly as high as 95.7%, the possible misclassification of the 

adherence of these re-loading doses would not alter the 
conclusion.

The present analysis has several significant implications 
for nusinersen treatment of SMA. First, the analysis fills 
a significant gap in the current knowledge by providing 
comprehensive data on nusinersen administration and 
adherence, both locally and globally. With a large sam-
ple size of both participants and nusinersen doses, our 
findings contribute valuable insights into the real-world 
utilization of nusinersen. Second, the findings from our 
analysis can serve as a basis for developing guidelines and 
protocols for the administration of nusinersen across dif-
ferent healthcare settings. For instance, inpatient setting 
and interlaminar LP without general anesthesia could be 
included as a standard practice of nusinersen adminis-
tration by the guidelines and protocols. By establishing 
standardized practices such as guidelines and institu-
tional protocols, healthcare professionals can ensure 
consistent and appropriate administration practices of 
nusinersen, thus ultimately improving patient outcomes. 
Third, our study suggested that some key information 
could be included in the education of children with SMA 
and their parents on the administration of nusinersen to 
facilitate a better understanding and clearer expectation 
of the administration process. For instance, it is most 
likely that they should prepare for a hospitalization at 
each scheduled administration time, and may encoun-
ter irregular method of administration if the patient’s 
situation is more complex. Peri-procedural pain is not 
uncommon but should mostly be well-managed without 
general anesthesia. It is important to strictly follow the 

Fig. 1  Boxplot of nusinersen inter-dose intervals. The median line represents the median for the inter-dose intervals. The box represents the interquartile 
range for the inter-dose intervals. The whiskers represent the smallest and largest values within 1.5 times the IQR from the lower and upper quartiles, 
respectively. For Dose 5, one record with 626 days from previous dose is not displayed in the figure
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instructions from providers before, during and after the 
procedure to reduce relevant complications. Fourth, this 
analysis provides essential background information and 
insights that can inform future studies. By understand-
ing the administration pattern of nusinersen administra-
tion, researchers can evaluate the cost-effectiveness of 
different administration strategies and guide decision-
making regarding the most efficient and beneficial use 
of resources on nusinersen administration. Lastly, the 
analysis has implications for future research, including 
but not limited to association between adherence and 
clinical outcomes, between administration practices and 
administration-related safety events, and between patient 
characteristics and administration practices.

There are certain limitations of our study to consider. 
Firstly, the study design may introduce inherent selection 
bias due to the nature of a disease registry that includes 
retrospective visits. The retrospective inclusion of par-
ticipants on nusinersen and the requirement of informed 
consent upon registry enrollment may lead to a potential 
survivor bias towards those with a more favorable prog-
nosis, thus overestimating the adherence rate. Secondly, 
our data come from an interim analysis of the registry. 
As a result, the sample sizes for maintenance doses in 
the later stages (Dose 8 and beyond) were relatively small 
due to the limited follow-up duration. This limitation 
will be mitigated as the study progresses and extensive 
long-term data accumulates. Thirdly, as discussed above, 
additional loading doses to compensate for delayed main-
tenance doses were not distinguished from actual delayed 
or missed doses and were considered as non-adherent 
doses in the calculation of adherence rates, which would 
underestimate adherence rates at the dose level.

Conclusions
This study is the first to comprehensively examine the 
patterns of nusinersen administration practices and real-
world adherence to nusinersen in Chinese children with 
SMA. The low burden during the administration process 
and high adherence to nusinersen treatment, even under 
the period of the COVID-19 pandemic, may indicate 
nusinersen is generally well-tolerated and patients are 
committed to continuing their therapy. This study con-
tributes to closing the knowledge gap regarding nusin-
ersen treatment among children with SMA in China and 
augments the current evidence on nusinersen use and 
adherence globally. The insights obtained from our study 
are anticipated to assist in future guideline development 
and nusinersen administration standardization, ulti-
mately leading to improved care for children with SMA.

Abbreviations
CHOP-INTEND	� Children’s hospital of philadelphia infant test of 

neuromuscular disorders
COVID	� Coronavirus disease

CT	� Computed tomography
DMT	� Disease modifying therapy
EHRs	� Electronic health records
HFMSE	� Hammersmith functional motor scale–expanded
HINE-2	� Hammersmith infant neurological exam–part 2
IQR	� Interquartile range
LP	� Lumbar puncture
RULM	� Revised upper limb module
SD	� Standard deviation
SMA	� Spinal muscular atrophy
SMN	� Survival motor neuron
US	� United states
WHO	� World health organization

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​7​-​0​2​4​-​0​5​2​9​0​-​0.

Supplementary Material 1

Acknowledgements
The authors would like to sincerely thank all investigators and staffs from the 
study sites, the sponsor and the third-party vendors who have contributed 
to the completion of this manuscript. Statisticians from IQVIA performed the 
data analysis under the supervision of authors. Medical writers from IQVIA 
wrote the first draft of the manuscript based on the input from authors. The 
authors had full editorial control of the manuscript and provided their final 
approval of all content.

Author contributions
L.Z. and Y.W. contributed to the conception of the work. X.Y., J.P., R.L., X.W., L.Z., 
Y.X. and Y.W. contributed to the design of the work. X.Y., J.P., R.L., X.W., L.W., 
R.J., X.L., J.Z., J.L., S.H., L.Y., S.M., X.Z., J.H., Z.T., D.S., H.W. and Y.W. contributed to 
the acquisition of data. K.C. contributed to the analysis of data. X.Y., J.P., R.L., 
X.W., L.Z., Y.X. and Y.W. contributed to the interpretation of data. X.Y., J.P., R.L., 
X.W., L.Z., Y.X., K.C. and Y.W. substantively revised the work. All authors have 
approved the submitted version and have agreed both to be personally 
accountable for the author’s own contributions and to ensure that questions 
related to the accuracy or integrity of any part of the work, even ones in 
which the author was not personally involved, are appropriately investigated, 
resolved, and the resolution documented in the literature.

Funding
This study was sponsored by Biogen. Writing and editorial support for the 
preparation of this manuscript was provided by IQVIA: funding was provided 
by Biogen.

Data availability
Requests from qualified investigators for anonymized data not reported in this 
article should be submitted to https://vivli.org.

Declarations

Ethics approval and consent to participate
The study protocol was approved by all participating sites, and informed 
consent of all participants (or their legally authorized guardians) were 
obtained in accordance with local institutions’ regulations. The ethics 
committees of study sites contributing to this manuscript include: Medical 
Ethics Committee of Xiangya Hospital Central South University; Clinical 
Research and Experimental Animal Ethics Committee of The First Affiliated 
Hospital, Sun Yat-sen University; Clinical Trial Ethics Committee of West 
China Second University Hospital, Sichuan University; Clinical Trial Ethics 
Committee of The Second Hospital of Hebei Medical University; Medical 
Ethics Committee of Hunan Children’s Hospital; Drug and Device Clinical 
Trial Ethics Committee of Jiangxi Provincial Children’s Hospital; Clinical Trial 
Ethics Committee of Children’s Hospital Affiliated to Shandong University; 
Medical Ethics Committee of Shenzhen Children’s Hospital; Ethics Committee 
of The First Hospital of Jilin University; Ethics Committee of Children’s 
Hospital of Chongqing Medical University; Medical Ethics Committee of The 

https://doi.org/10.1186/s12887-024-05290-0
https://doi.org/10.1186/s12887-024-05290-0
https://vivli.org


Page 8 of 9Peng et al. BMC Pediatrics          (2025) 25:239 

Second Affiliated Hospital of Xi’an Jiaotong University; Drug Clinical Trial 
Ethics Committee of The Third Affiliated Hospital of Zhengzhou University; 
Medical Ethics Committee of Children’s Hospital of Zhejiang University 
School of Medicine; Drug Clinical Trial Ethics Review Committee of Dalian 
Women and Children’s Medical Group; Ethics Committee of Fujian Medical 
University Union Hospital; Ethics Committee of Wuhan Children’s Hospital, 
Tongji Medical College Huazhong University of Science & Technology; 
Medical Ethics Committee of Shengjing Hospital of China Medical University; 
Ethics Committee of Children’s Hospital of Fudan University. The registry was 
registered on clinicaltrials.gov (NCT05042921).

Consent for publication
Not applicable.

Competing interests
L.Z. is an employee of and holder of stock/stock options in Biogen. Y.X. was 
previously an employee of Biogen when this manuscript was developed. K.C. 
is an employee of IQVIA. Other authors report no relevant disclosures.

Author details
1Department of Pediatrics, Xiangya Hospital of Central South University, 
Changsha, China
2Department of Neurology, The First Affiliated Hospital, Sun Yat-sen 
University, Guangzhou, China
3Department of Pediatric Neurology, West China Second University 
Hospital, Sichuan University, Chengdu, China
4Department of Pediatrics, The Second Hospital of Hebei Medical 
University, Shijiazhuang, China
5Department of Neurology, Hunan Children’s Hospital, Changsha, China
6Department of Neurology, Jiangxi Provincial Children’s Hospital, 
Nanchang, China
7Department of Neurology, Children’s Hospital Affiliated to Shandong 
University, Jinan, China
8Department of Neurology, Shenzhen Children’s Hospital, Shenzhen, 
China
9Department of Pediatric Neurology, The First Hospital of Jilin University, 
Changchun, China
10Department of Neurology, Children’s Hospital of Chongqing Medical 
University, Chongqing, China
11Department of Pediatric Internal Medicine, The Second Affiliated 
Hospital of Xi’An Jiaotong University, Xi’an, China
12Department of Pediatric Neurology, The Third Affiliated Hospital of 
Zhengzhou University, Zhengzhou, China
13Department of Neurology, Children’s Hospital, Zhejiang University 
School of Medicine, National Clinical Research Center for Child Health, 
Hangzhou, China
14Department of Neurology, Dalian Women and Children’s Medical Group, 
Dalian, China
15Department of Pediatric Internal Medicine, Fujian Medical University 
Union Hospital, Fuzhou, China
16Department of Neurology, Wuhan Children’s Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan, China
17Department of Pediatric Neurology, Shengjing Hospital of China 
Medical University, Shenyang, China
18Biogen Biotechnology (Shanghai) Co., Ltd, Shanghai, China
19Real World Solutions, IQVIA Solutions Enterprise Management 
Consulting (Shanghai) Co., Ltd, Shanghai, China
20Department of Neurology, Children’s Hospital of Fudan University, 
Shanghai, China

Received: 29 March 2024 / Accepted: 26 November 2024

References
1.	 Pearn J. Incidence, prevalence, and gene frequency studies of chronic child-

hood spinal muscular atrophy. J Med Genet. 1978;15(6):409–13.
2.	 Zerres K, Rudnik-Schöneborn S. Natural history in proximal spinal muscular 

atrophy. Clinical analysis of 445 patients and suggestions for a modification 
of existing classifications. Arch Neurol. 1995;52(5):518–23.

3.	 Darras BT, De Vivo DC. Precious SMA natural history data: a benchmark to 
measure future treatment successes. Neurology. 2018;91(8):337–9.

4.	 Finkel RS, Mercuri E, Darras BT, et al. Nusinersen versus sham control in 
infantile-onset spinal muscular atrophy. N Engl J Med. 2017;377(18):1723–32.

5.	 Mercuri E, Darras BT, Chiriboga CA, et al. Nusinersen versus sham control in 
later-onset spinal muscular atrophy. N Engl J Med. 2018;378(7):625–35.

6.	 Hagenacker T, Wurster CD, Günther R, et al. Nusinersen in adults with 5q spi-
nal muscular atrophy: a non-interventional, multicentre, observational cohort 
study. Lancet Neurol. 2020;19(4):317–25.

7.	 Pechmann A, Langer T, Schorling D, et al. Evaluation of children with SMA 
type 1 under treatment with nusinersen within the expanded access pro-
gram in Germany. J Neuromuscul Dis. 2018;5(2):135–43.

8.	 Pechmann A, Behrens M, Dörnbrack K, et al. Improved upper limb function 
in non-ambulant children with SMA type 2 and 3 during nusinersen treat-
ment: a prospective 3-years SMArtCARE registry study. Orphanet J Rare Dis. 
2022;17(1):384.

9.	 SPINRAZA (nusinersen) injection. Package Insert. Biogen Inc. Published 
December 2016. Accessed August 15. 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​c​c​e​​s​s​d​​a​t​a​.​​f​d​​a​.​g​​o​v​/​​
d​r​u​g​​s​a​​t​f​d​​a​_​d​​o​c​s​/​​l​a​​b​e​l​​/​2​0​​1​6​/​2​​0​9​​5​3​1​l​b​l​.​p​d​f

10.	 Spinraza 12 mg solution for injection. Package Insert, Biogen Netherlands BV, 
Published. May 2017. Accessed August 15, 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​m​a​.​​e​u​r​​o​p​a​.​​e​u​​
/​e​n​​/​d​o​​c​u​m​e​​n​t​​s​/​p​​r​o​d​​u​c​t​-​​i​n​​f​o​r​​m​a​t​​i​o​n​/​​s​p​​i​n​r​​a​z​a​​-​e​p​a​​r​-​​p​r​o​​d​u​c​​t​-​i​n​​f​o​​r​m​a​t​i​o​n​_​e​n​
.​p​d​f

11.	 Nusinersen Sodium Injection, Biogen Netherlands BV, Published February. 
2019. Accessed August 15, 2023. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​b​​i​o​g​​e​n​.​​c​n​/​c​​o​n​​t​e​n​​t​/​d​​a​m​/​c​​o​r​​p​
o​r​​a​t​e​​/​a​p​a​​c​/​​c​h​i​​n​a​/​​z​h​-​c​​n​/​​d​i​s​​e​a​s​​e​-​a​r​​e​a​​s​/​s​​m​a​/​​%​E​8​%​​A​F​​%​B​A​​%​E​8​​%​A​5​%​​B​F​​%​E​9​​%​
8​2​​%​A​3​%​​E​7​​%​9​4​​%​9​F​​%​E​9​%​​9​2​​%​A​0​​%​E​6​​%​B​3​%​​A​8​​%​E​5​​%​B​0​​%​8​4​%​​E​6​​%​B​6​​%​B​2​​%​E​8​
%​​A​F​​%​B​4​​%​E​6​​%​9​8​%​​8​E​​%​E​4​%​B​9​%​A​6​_​2​0​2​3​%​E​5​%​B​9​%​B​4​3​%​E​6​%​9​C​%​8​8​.​p​d​f​.

12.	 Haché M, Swoboda KJ, Sethna N, et al. Intrathecal injections in children with 
spinal muscular atrophy: nusinersen clinical trial experience. J Child Neurol. 
2016;31(7):899–906.

13.	 Stolte B, Totzeck A, Kizina K, et al. Feasibility and safety of intrathecal treat-
ment with nusinersen in adult patients with spinal muscular atrophy. Ther 
Adv Neurol Disord. 2018;11:1756286418803246.

14.	 Özütemiz C, Karachunski P, Nascene DR. Nusinersen injections in adults and 
children with spinal muscular atrophy: a single-center experience. Diagn 
Interv Radiol Ank Turk. 2020;26(6):596–602.

15.	 Mousa MA, Aria DJ, Schaefer CM, et al. A comprehensive institutional over-
view of intrathecal nusinersen injections for spinal muscular atrophy. Pediatr 
Radiol. 2018;48(12):1797–805.

16.	 Michelson D, Ciafaloni E, Ashwal S, et al. Evidence in focus: Nusinersen use in 
spinal muscular atrophy: report of the guideline development, dissemina-
tion, and implementation subcommittee of the American academy of 
neurology. Neurology. 2018;91(20):923–33.

17.	 Zingariello CD, Brandsema J, Drum E, et al. A multidisciplinary approach 
to dosing nusinersen for spinal muscular atrophy. Neurol Clin Pract. 
2019;9(5):424–32.

18.	 Fox D, To TM, Seetasith A, Patel AM, Iannaccone ST. Adherence and persis-
tence to nusinersen for spinal muscular atrophy: a US claims-based analysis. 
Adv Ther. 2023;40(3):903–19.

19.	 Gauthier-Loiselle M, Cloutier M, Toro W, et al. Nusinersen for spinal muscular 
atrophy in the United States: findings from a retrospective claims database 
analysis. Adv Ther. 2021;38(12):5809–28.

20.	 Youn B, Proud CM, Wang N, et al. Examining real-world adherence to nusin-
ersen for the treatment of spinal muscular atrophy using two large US data 
sources. Adv Ther. 2023;40(3):1129–40.

21.	 Elman L, Youn B, Proud CM, et al. Real-world adherence to nusinersen in 
adults with spinal muscular atrophy in the US: a multi-site chart review study. 
J Neuromuscul Dis. 2022;9(5):655–60.

22.	 Wang Y, Wu L, Hong S et al. A national registry for pediatric patients with spi-
nal muscular atrophy in China: design, progress and patient characteristics. 
In: 25th National Conference of Neurology; 2022.

23.	 WHO Multicentre Growth Reference Study Group. WHO Motor Development 
Study. Windows of achievement for six gross motor development milestones. 
Acta Paediatr Oslo nor 1992 Suppl. 2006;450:86–95.

24.	 Glanzman AM, Mazzone E, Main M, et al. The children’s hospital of Philadel-
phia Infant Test of Neuromuscular disorders (CHOP INTEND): test develop-
ment and reliability. Neuromuscul Disord. 2010;20(3):155–61.

25.	 Main M, Kairon H, Mercuri E, Muntoni F. The Hammersmith functional motor 
scale for children with spinal muscular atrophy: a scale to test ability and 
monitor progress in children with limited ambulation. Eur J Paediatr Neurol. 
2003;7(4):155–9.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/209531lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/209531lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/spinraza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/spinraza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/spinraza-epar-product-information_en.pdf
https://www.biogen.cn/content/dam/corporate/apac/china/zh-cn/disease-areas/sma/%E8%AF%BA%E8%A5%BF%E9%82%A3%E7%94%9F%E9%92%A0%E6%B3%A8%E5%B0%84%E6%B6%B2%E8%AF%B4%E6%98%8E%E4%B9%A6_2023%E5%B9%B43%E6%9C%88.pdf.
https://www.biogen.cn/content/dam/corporate/apac/china/zh-cn/disease-areas/sma/%E8%AF%BA%E8%A5%BF%E9%82%A3%E7%94%9F%E9%92%A0%E6%B3%A8%E5%B0%84%E6%B6%B2%E8%AF%B4%E6%98%8E%E4%B9%A6_2023%E5%B9%B43%E6%9C%88.pdf.
https://www.biogen.cn/content/dam/corporate/apac/china/zh-cn/disease-areas/sma/%E8%AF%BA%E8%A5%BF%E9%82%A3%E7%94%9F%E9%92%A0%E6%B3%A8%E5%B0%84%E6%B6%B2%E8%AF%B4%E6%98%8E%E4%B9%A6_2023%E5%B9%B43%E6%9C%88.pdf.
https://www.biogen.cn/content/dam/corporate/apac/china/zh-cn/disease-areas/sma/%E8%AF%BA%E8%A5%BF%E9%82%A3%E7%94%9F%E9%92%A0%E6%B3%A8%E5%B0%84%E6%B6%B2%E8%AF%B4%E6%98%8E%E4%B9%A6_2023%E5%B9%B43%E6%9C%88.pdf.


Page 9 of 9Peng et al. BMC Pediatrics          (2025) 25:239 

26.	 De Sanctis R, Coratti G, Pasternak A, et al. Developmental milestones in type I 
spinal muscular atrophy. Neuromuscul Disord. 2016;26(11):754–9.

27.	 Mazzone ES, Mayhew A, Montes J, et al. Revised upper limb module for 
spinal muscular atrophy: development of a new module. Muscle Nerve. 
2017;55(6):869–74.

28.	 Miao Y, Gu J, Zhang L, He R, Sandeep S, Wu J. Improving the performance of 
social health insurance system through increasing outpatient expenditure 
reimbursement ratio: a quasi-experimental evaluation study from rural China. 
Int J Equity Health. 2018;17(1):89.

29.	 Wang H, Zhang D, Hou Z, Yan F, Hou Z. Association between social health 
insurance and choice of hospitals among internal migrants in China: a 
national cross-sectional study. BMJ Open. 2018;8(2):e018440.

30.	 Pechmann A, Langer T, Wider S, Kirschner J. Single-center experience with 
intrathecal administration of Nusinersen in children with spinal muscular 
atrophy type 1. Eur J Paediatr Neurol. 2018;22(1):122–7.

31.	 Wurster CD, Winter B, Wollinsky K, et al. Intrathecal administration of 
nusinersen in adolescent and adult SMA type 2 and 3 patients. J Neurol. 
2019;266(1):183–94.

32.	 Nascene DR, Ozutemiz C, Estby H, McKinney AM, Rykken JB. Transforaminal 
lumbar puncture: an alternative technique in patients with Challenging 
Access. Am J Neuroradiol. 2018;39(5):986–91.

33.	 Ko D, Blatt D, Karam C, Gupta K, Raslan AM. Lumbar laminotomy for the intra-
thecal administration of nusinersen for spinal muscular atrophy: technical 
note and outcomes. J Neurosurg Spine. 2019;31(2):217–21.

34.	 Carrera-García L, Muchart J, Lazaro JJ, et al. Pediatric SMA patients with com-
plex spinal anatomy: implementation and evaluation of a decision-tree algo-
rithm for administration of nusinersen. Eur J Paediatr Neurol. 2021;31:92–101.

35.	 Bortolani S, Stura G, Ventilii G, et al. Intrathecal administration of nusin-
ersen in adult and adolescent patients with spinal muscular atrophy and 
scoliosis: Transforaminal versus conventional approach. Neuromuscul Disord. 
2019;29(10):742–6.

36.	 Pierce DB, Shivaram G, Koo KSH, Shaw DWW, Meyer KF, Monroe EJ. 
Ultrasound-guided lumbar puncture in pediatric patients: technical success 
and safety. Pediatr Radiol. 2018;48(6):875–81.

37.	 Chacko A, Sly PD, Ware RS, et al. Effect of nusinersen on respiratory function 
in paediatric spinal muscular atrophy types 1–3. Thorax. 2022;77(1):40–6.

38.	 Wang G. China Adds 74 Drugs to National Reimbursement Drug List (NRDL). 
ChemLinked. Accessed August 15, 2023. ​h​t​t​p​:​​​/​​/​b​a​i​p​h​a​​r​​m​​.​c​h​e​​m​l​i​​n​k​​e​​d​.​​c​​o​m​​/​n​
e​​​w​s​​/​c​h​​​i​n​a​​-​a​​d​​d​​​s​-​7​​4​-​d​​​r​u​​g​​s​-​​t​o​-​​n​a​t​​​i​o​n​a​​l​-​​r​e​i​m​b​u​r​​s​e​m​e​n​​t​-​d​r​​u​g​-​l​i​s​t​-​n​r​d​l

39.	 Duan C, Ai D, Xu Q, Sui B, Zhao K. Budget impact analysis of nusinersen for 
spinal muscular atrophy in China. Value Health Reg Issues. 2023;34:9–13.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://baipharm.chemlinked.com/news/china-adds-74-drugs-to-national-reimbursement-drug-list-nrdl
http://baipharm.chemlinked.com/news/china-adds-74-drugs-to-national-reimbursement-drug-list-nrdl

	﻿Administration practices of and adherence to nusinersen in children with spinal muscular atrophy: a multicenter disease registry study in China
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Study variables and outcomes
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics and nusinersen doses of participants
	﻿Administration practices of nusinersen
	﻿Adherence

	﻿Discussion
	﻿Conclusions
	﻿References


