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Abstract.
BACKGROUND: This is the first large study of onabotulinumtoxinA as treatment for pediatric upper limb spasticity.
OBJECTIVE: Evaluate efficacy and safety of a single treatment with onabotulinumtoxinA plus occupational therapy (OT).
METHODS: In this registrational phase III, multinational study (NCT01603602), participants were randomized 1:1:1 to
onabotulinumtoxinA 3 U/kg/OT, 6 U/kg/OT, or placebo/OT. Primary endpoint was average change from baseline at weeks 4
and 6 in Modified Ashworth Scale-Bohannon (MAS) score. Secondary endpoints included Modified Tardieu Scale (MTS),
Clinical Global Impression of Change (CGI) and functional Goal Attainment Scale (GAS).
RESULTS: 235 participants were randomized. At weeks 4 and 6, onabotulinumtoxinA groups had greater mean reductions
in MAS (both –1.9; p < 0.001) versus placebo (–1.2). OnabotulinumtoxinA doses improved dynamic tone per MTS. Mean
CGI at weeks 4 and 6 was unchanged in the overall population, but improved in a post hoc analysis of patients with a single
affected upper limb (UL) muscle group (elbow or wrist). GAS score for passive goals was significantly higher for 6 U/kg
versus placebo at week 12. Most AEs were mild/moderate in severity; overall incidence was similar between groups.
CONCLUSIONS: OnabotulinumtoxinA (3 and 6 U/kg) was safe and effective in reducing upper limb spasticity in pediatric
participants.
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1. Background

Cerebral palsy (CP) is a childhood neurologic
condition caused by brain injury before cerebral
development is complete (Rosenbaum et al., 2007)
and occurs in 1.4 to three of every 1000 live births
(Australian Cerebral Palsy Register, 2018; Sellier
et al., 2016; Stern, 2018). Approximately 90% of
cases involve muscle spasticity (Beckung et al., 2007;
Reid et al., 2011), a sensorimotor system disor-
der characterized by a velocity-dependent increase
in muscle tone (Gart & Adkinson, 2018), causing
impairment of motor skills (Arnaud et al., 2008),
pain (Arnaud et al., 2008; Parkinson et al., 2010),
and reduced longitudinal muscle growth (Herskind
et al., 2016). Non-pharmacological treatments for
spasticity include physical therapy, occupational ther-
apy (OT), orthotics, casting, and splinting. As poor
grasp and dexterity have a profound impact on daily
living, OT is essential (Novak et al., 2020; Wilton,
2003). Systemic pharmacological treatments are
available (Delgado et al., 2010; Shamsoddini et al.,
2014), but they lack specificity and can have side
effects.

OnabotulinumtoxinA is approved in several coun-
tries for treatment of upper and/or lower limb
spasticity in adults (Allergan, 2017; Allergan Ltd.,
2018). Successful treatment of children with CP using
onabotulinumtoxinA was first reported in the early
1990s (Cosgrove et al., 1994; Koman et al., 1993),
but to date, data showing improvement in upper
limb function were available from small studies only
(Fehlings et al., 2010; Fehlings et al., 2000; Ferrari
et al., 2014; Olesch et al., 2010). Onabotulinumtox-
inA has recently been approved in the United States
for treatment of upper and lower limb spasticity in
children.

Here we report the results of a large registrational
study that led to the approval of onabotulinumtoxinA
for the treatment of upper limb spasticity in chil-
dren. This study was the first to assess the efficacy
and safety of onabotulinumtoxinA as a treatment for
upper limb spasticity in a large pediatric population.
The study evaluated the safety and efficacy of a sin-
gle treatment in either the elbow or the wrist (and
fingers) with onabotulinumtoxinA (3 or 6 U/kg) plus
OT compared with placebo plus OT. The study was
specifically designed to fulfill the rigors required for
registration purposes with the Food and Drug Admin-
istration. It was hypothesized that the efficacy of
spasticity management would be more effective in
children who were treated with onabotulinumtoxinA

and standardized OT than those who received placebo
and standardized OT.

Spasticity was measured using the Modified Ash-
worth Scale-Bohannon (MAS) and the Modified
Tardieu Scale (MTS). Functional assessments were
performed by the Goal Attainment Scale (GAS) and
Clinical Global Impression of Change (CGI) to fully
assess the impact of the objective changes in muscle
tone and spasticity with regard to everyday activities
and overall function.

2. Methods

This phase III, multicenter, randomized, double-
blind, placebo-controlled, parallel-group, 12-week
trial (ClinicalTrials.gov, NCT01603602) was con-
ducted at 40 centers in Canada, Hungary, Philippines,
Poland, Russia, South Korea, Thailand, Turkey, and
the United States between 12 July 2012 and 6 July
2017. The distribution of patients across the study
centers is summarized in Supplementary Table 1.

2.1. Participants

Children (2 to < 17 years old, weight ≥ 10 kg/22 lb)
were monoplegic, hemiplegic, or triplegic, and had
spasticity of the upper limb involving the elbow
and/or wrist flexor muscles (confirmed by the Hyper-
tonia Assessment Tool (Marsico et al., 2017), with
single-arm sparing [only one arm requiring treat-
ment]) secondary to CP. Spasticity characteristics met
at least one of the following at screening and day
1 visits: elbow flexor tone ≥ 2 measured by MAS
and elbow flexor muscle contracture ≤ 30 degrees,
and/or wrist flexor tone of ≥ 2 with finger flexor tone
of ≥ 1 measured by MAS and at least neutral posi-
tion for passive range of the wrist with fingers at
maximum extension. Participants had demonstrable
movement and attempted utilization of the study limb
at screening. Participants receiving anti-spasticity,
muscle relaxant, and anti-epileptic medications, or
intrathecal baclofen must have been on a stable dose
and regimen for ≥ 30 days before the day 1 visit.

Key exclusion criteria were any medical condi-
tion that may have increased risk after exposure
to botulinum toxin type A (e.g., muscular dystro-
phy, myasthenia gravis, Eaton-Lambert syndrome,
amyotrophic lateral sclerosis, mitochondrial disease,
or any other significant disease that might interfere
with neuromuscular function), predominant dystonia
(≥ level 3 on Barry Albright Dystonia scale (Stew-
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art et al., 2017)) of study limb at screening, history
of surgical intervention of study limb (except tendon
lengthening > 12 months before day 1 visit), history
of fracture in study limb within 2 years of day 1 visit,
previous casting within 6 months of day 1 visit or
dynamic splint within 3 months for spasticity of study
limb or affected lower limb(s), planned surgery of
any limb(s), and casting or dynamic splint (stretch-
ing or stabilization devices to help with range of
motion, e.g., Dynasplint® or UltraFlex®) for spas-
ticity of study limb or affected lower limb(s) during
the study.

2.2. Treatment and study design

Participants were randomized (1:1:1 via interactive
voice or web response system) to onabotulinumtox-
inA 3 U/kg (not to exceed 100 U), 6 U/kg (not to
exceed 200 U), or placebo, all with OT. Blinding
was maintained by an Independent Drug Reconstitu-
tor at each site. Participants were stratified according
to age (≤ 6; > 6 years), designated principal muscle
group (elbow, wrist flexors), and baseline MAS score
of principal muscle group (= 2; > 2). Based on which
had the higher MAS score, participants had either
elbow or wrist flexors (including fingers) designated
as the principal muscle group; only the principal
muscle group was treated. If both had an MAS
score ≥ 2, per protocol, the elbow was designated
principal muscle group. As the study progressed, in
participants in whom the MAS scores of elbow and
wrist were equal, the wrist was designated princi-
pal, to ensure at least 40% representation in each
group. OnabotulinumtoxinA or placebo was injected
as per Supplementary Table 2 using muscle localiza-
tion techniques (electrical stimulation, sonography,
and/or electromyography). Use of minimal or moder-
ate sedation/analgesia in addition to local anesthesia
was permitted.

All participants were provided with standardized,
weekly OT, defined as “physical interventions per-
formed by a licensed therapist (or equivalent per local
regulations) to facilitate functional improvement in
the upper extremities,” and help participants achieve
their identified functional goals through provision
of a treatment plan tailored to the goals identi-
fied for each child/adolescent. A therapy manual
created by expert occupational therapists and phys-
iotherapists in the field of cerebral palsy was used
as the basis for training provided to all therapists
who were delivering intervention in the trial. Dur-
ing the initial evaluation, therapists used task analysis

to assess baseline performance and to help identify
constraints/enablers (within the child, the environ-
ment, or the task) to completion of goal(s). The
age of the child/adolescent and their cognitive and
functional levels were considered when developing
the program. OT was administered from about 2
weeks before randomization through study duration.
Sessions lasted approximately 1 hour and included
active assisted elongation and strengthening (pro-
gressive, resistive activities, open chain activities,
closed chain activities, functional strengthening),
which were goal-directed and targeted at muscle
groups to facilitate achievement of the goal developed
on the GAS, and task-oriented functional therapy to
practice specific, identified goals. Home programs
were encouraged, but use of additional therapies and
modalities was not permitted.

The primary endpoint was average change from
baseline in MAS score of the principal muscle group
at weeks 4 and 6. The resistance encountered to pas-
sive stretch was graded from 0 (no increase in tone)
to 4 (affected part[s] rigid in flexion or extension)
(Bohannon & Smith, 1987). MAS scores of 0, 1, 1+,
2, 3, or 4 were coded as a grade of 0, 1, 2, 3, 4,
or 5, respectively. The study did not employ a sec-
ond or independent rater, but those performing the
assessment were given extensive training on how to
conduct the measure.

Secondary endpoints were average CGI by Physi-
cian at weeks 4 and 6, average change from baseline
of MAS of the finger flexor muscle group at weeks 4
and 6, functional GAS at weeks 8 and 12, and MTS of
the principal muscle group (Haugh et al., 2006). GAS
was used to evaluate change in goal achievement as
it has good evidence as a valid, reliable and sensitive
instrument (Palisano, 1993).

CGI (Guy, 1976) was performed before MAS and
MTS to reduce the likelihood of influence by spastic-
ity assessments. For the GAS, two functional goals –
one functional active goal (e.g. ability to use scissors)
and one functional passive goal (e.g. pain/spasm, tol-
erance of orthotic devices, reduction in care needs) –
were established for each participant at week –2 by
participant and family in consultation with physician
and/or therapist, and were agreed to with investiga-
tors and confirmed at the day 1 visit. Detection of
change was assessed at an individual level. Goals
were specific, measurable, achievable and realistic,
resource sensitive, and timed/quantified (SMART).
After all levels of the goals were set, they remained
the same throughout the study. Goal achievement
was assessed by the physician at weeks 8 and 12
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taking into consideration input from the treating ther-
apist, caregiver, and/or participant. GAS was assessed
using a scale of –3 (worse than start) to +2 (improve-
ments clearly exceeded defined therapeutic goal) for
active and passive goals. Goals were scaled by set-
ting the desired outcome (level 0) through discussion
with child/family, following which the study therapist
set the remaining levels, providing sufficient detail
to allow objective assessment of goal attainment
with no gaps/overlap between levels, considering the
child’s history, age, present status, and study treat-
ment period. MTS was assessed as the difference
between slow (R2) and fast (R1) range of motion
and respective change from baseline to each post-
treatment visit. Quality of Upper Extremity Skills
Test (QUEST) outcomes were also reported; scores
varied from below 0 to 100, and the total test score
was the sum of all domain scores divided by the num-
ber of tested domains. Adverse events (AEs) were
recorded.

An AE was defined as any unfavorable and
unintended sign (including an abnormal laboratory
finding), symptom, or disease temporally asso-
ciated with the use of investigational product,
whether or not related to the product. At each visit,
the investigator assessed adverse events by ask-
ing each patient/caregiver a general, non-directed
question such as “How have you been feeling
since the last visit?” Directed questioning and
examination followed as appropriate to determine
seriousness and severity (mild = easily tolerated,
moderate = discomfort, or severe = incapacitating).
Relatedness was also assessed by the physician.

2.3. Statistical analysis

Enrollment of approximately 224 participants was
needed to ensure at least 213 (71 per group) com-
pleted the study with 86% power (significance level
0.05) for an assumed change from baseline of aver-
age week 4 and 6 MAS of –0.5 (standard deviation
[SD]: 0.98). The modified intent-to-treat (mITT) pop-
ulation included all randomized participants with a
valid MAS baseline score and at least one post-
baseline measurement at weeks 2, 4, or 6 for MAS
of the principal muscle group and CGI by Physi-
cian. The safety population included all treated
participants.

The primary endpoint was analyzed using mixed-
effect model repeated measures (MMRM) at a
significance level of 0.05, which included baseline

MAS as a covariate and age, principal muscle group,
treatment group, visit, treatment-by-visit interaction,
study center, and previous botulinum toxin expo-
sure as factors. An unstructured covariance matrix
was used to model the covariance of within-patient
measures. A gate-keeping approach was used to con-
trol the type I error rate for the primary endpoint
of MAS. The comparison of onabotulinumtoxinA
3 U/kg versus placebo was performed only if the
comparison for 6 U/kg was statistically significant.
Sensitivity analyses were performed using an analy-
sis of covariance (ANCOVA) model using observed
data and data with multiple imputations for missing
values. CGI by Physician was rated at weeks 2, 4, 6, 8,
and 12. Descriptive statistics were presented by treat-
ment group at each assessment and for the average of
weeks 4 and 6. Data were summarized and analyzed
by MMRM as well as ANCOVA at each assessment
using observed cases. AEs and medical history were
coded using the Medical Dictionary for Regulatory
Activities (v20.0).

Participants could have spasticity both in the elbow
and in the wrist/fingers, but under the confines of
the study, only one muscle group was treated. A
post hoc analysis was performed in participants
with baseline MAS < 2 for the untreated muscle
group, based on the hypothesis that an untreated,
non-principal muscle group with moderate/severe
spasticity in the same limb as the treated principal
muscle could have hindered the ability to detect CGI
improvements.

2.4. Ethics approval and consent to participate

Study investigators obtained approval of the study
protocol from a properly constituted Institutional
Review Board (IRB) or Independent Ethics Com-
mittee (IEC) prior to study initiation. The study
was conducted in conformance with the International
Council for Harmonisation E6 guideline for Good
Clinical Practices and the principles of the Decla-
ration of Helsinki, or the laws and regulations of
the country in which the research was conducted,
whichever afforded the greater protection to the indi-
vidual.

Written informed consent was obtained at the first
study visit. Written minor assent was obtained in
accordance with local laws and IRB/IEC require-
ments. Written documentation was obtained in
accordance with the relevant country and local pri-
vacy requirements, where applicable.
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3. Results

3.1. Participants

In all, 292 participants were screened, 235 were
randomized, and 234 received study treatment and
were included in the safety and mITT analyses
(onabotulinumtoxinA: 6 U/kg, n = 77; 3 U/kg, n = 78;
placebo, n = 79). Three participants discontinued
the study (Fig. 1), two in the onabotulinumtoxinA
6 U/kg group (one AE, one for personal reasons) and
one in the placebo group (withdrew before receiv-
ing treatment) (Fig. 1). Baseline demographics and
disease characteristics were similar across groups
(Table 1). The average post-treatment duration was
92.0, 91.4, and 89.3 days for onabotulinumtoxinA
6 U/kg, 3 U/kg, and placebo, respectively.

3.2. Spasticity measures

The average of week 4 and 6 MAS least squares
(LS) mean change from baseline in the principal mus-

cle group was improved in both onabotulinumtoxinA
groups as well as the placebo group, and was signifi-
cantly greater for both onabotulinumtoxinA groups
versus placebo (Fig. 2a; Supplementary Table 3).
LS mean differences in MAS score from baseline
were statistically significantly greater for both doses
of onabotulinumtoxinA versus placebo at all study
visits (Fig. 2b; Supplementary Table 3). Sensitiv-
ity analysis results were consistent with the primary
analysis. The proportion of responders achieving ≥ 1-
grade reduction from baseline in MAS score was
statistically greater for onabotulinumtoxinA 3 U/kg
versus placebo groups at all study visits and at weeks
4 to 8 for onabotulinumtoxinA 6 U/kg versus placebo
(Fig. 3a; Supplementary Table 3). A statistically sig-
nificant (reduction) improvement in MAS score from
baseline at weeks 4 and 6 was observed for elbow
and wrist muscle groups (Supplementary Table 4).
While baseline spasticity was less severe in fingers,
and changes from baseline at weeks 4 and 6 were
not statistically significant, numerical improvements

Fig. 1. CONSORT diagram.
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Table 1
Participant baseline and disease characteristics

OnabotulinumtoxinA
6 U/kg n = 77 3 U/kg n = 78 Placebo n = 79

Age, years
Mean (±SD) 7.6 (3.66) 8.3 (4.48) 7.8 (4.06)
≤ 6 years, n (%) 35 (45.5) 33 (42.3) 34 (43.0)

Sex, n (%)
Male 50 (64.9) 42 (53.8) 47 (59.5)

Race, n (%)
White 51 (66.2) 42 (53.8) 51 (64.6)
Black 3 (3.9) 3 (3.8) 3 (3.8)
Asian 19 (24.7) 27 (34.6) 19 (24.1)
Hispanic 2 (2.6) 4 (5.1) 5 (6.3)
Other 2 (2.6) 2 (2.6) 1 (1.3)

GMFCS-E&R, n (%) (n = 77) (n = 78) (n = 80)
Level I 35 (45.5) 23 (29.5) 28 (35.0)
Level II 27 (35.1) 32 (41.0) 42 (52.5)
Level III 8 (10.4) 11 (14.1) 5 (6.3)
Level IV 7 (9.1) 12 (15.4) 5 (6.3)

Principal muscle group, n (%)
Elbow flexors 48 (62.3) 48 (61.5) 48 (60.8)
Wrist flexors 29 (37.7) 30 (38.5) 31 (39.2)

MAS of principal muscle group, n (%)
2 55 (71.4) 57 (73.1) 58 (73.4)
> 2 22 (28.6) 21 (26.9) 21 (26.6)

Baseline MAS score (SD)
Elbow flexors (n = 48) (n = 48) (n = 48)

3.3 (0.48) 3.3 (0.47) 3.3 (0.47)
Wrist flexors (n = 29) (n = 30) (n = 31)

3.2 (0.41) 3.2 (0.41) 3.2 (0.40)
Finger flexors (n = 29) (n = 30) (n = 31)

2.7 (0.77) 2.5 (0.73) 2.7 (0.82)
Disease type, n (%)

Hemiplegia 59 (76.6) 57 (73.1) 68 (86.1)
Monoplegia 0 0 0
Triplegia 18 (23.4) 21 (26.9) 11 (13.9)

Etiology, n (%)
CP 69 (89.6) 69 (88.5) 65 (82.3)
Stroke 8 (10.4) 9 (11.5) 14 (17.7)

Previous botulinum toxin, n (%)
No previous exposure 32 (41.6) 33 (42.3) 34 (43.0)
Previous exposure for spasticity 45 (58.4) 45 (57.7) 45 (57.0)
Mean time since first toxin exposure, days 1443.7 1139.5 981.7
Mean time since last toxin exposure, days 733.0 763.6 696.9

CP: cerebral palsy, GMFCS-E&R: Gross Motor Function Classification System – Expanded and Revised, MAS:
Modified Ashworth Scale-Bohannon, SD: standard deviation.

were observed, with statistical significance at weeks
2 and 12 for 3 U/kg (Supplementary Table 4). Both
onabotulinumtoxinA doses improved dynamic tone
as measured by MTS. Differences were nominally
significant for the 6 U/kg group at weeks 4 to 8
(elbow) and weeks 6 to 12 (wrist), and for the 3 U/kg
group at week 4 (elbow) and weeks 2, 8, and 12
(wrist) (Supplementary Table 4). For finger flexors,
differences in R1 (weeks 6 and 8) and R2 (weeks 2
to 8) were nominally significant at 6 U/kg, although
differences in R2–R1 were not.

3.3. Functional measures

A robust improvement in LS mean CGI score was
observed with OT alone (placebo group). Although
the average of weeks 4 and 6 CGI scores was not
significantly greater in either onabotulinumtoxinA
group (Supplementary Table 3), CGI scores were
numerically improved in both onabotulinumtoxinA
groups versus placebo at all study visits, with a nom-
inal significant improvement for 3 U/kg at week 12
(Fig. 4). The proportion of responders with a CGI
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Table 2
Safety results

OnabotulinumtoxinA, n (%) Placebo, n (%)
6 U/kg (n = 77) 3 U/kg (n = 78) (n = 79)

Overall AEs 36 (46.8) 33 (42.3) 33 (41.8)
Treatment-related AEs 7 (9.1) 7 (9.0) 2 (2.5)
Discontinuations due to AEs 1 (3.1) 0 0
Serious AEs 3 (3.9) 1 (1.3) 1 (1.3)
Treatment-related serious AEs 0 0 0
Deaths 0 0 0

AEs occurring in ≥ 2% of participants in any group (SOC/preferred term)
Infections and infestations

URI 7 (9.1) 4 (5.1) 2 (2.5)
Viral URI 6 (7.8) 4 (5.1) 5 (6.3)
Rhinitis 0 3 (3.8) 1 (1.3)
Gastroenteritis viral 0 0 2 (2.5)

General disorders and administration site conditions
Pyrexia 3 (3.9) 3 (3.8) 5 (6.3)
Injection site pain 3 (3.9) 2 (2.6) 1 (1.3)

Gastrointestinal disorders
Vomiting 3 (3.9) 2 (2.6) 3 (3.8)
Diarrhea 0 3 (3.8) 1 (1.3)
Nausea 3 (3.9) 0 0
Constipation 2 (2.6) 0 1 (1.3)

Musculoskeletal and connective tissue disorders
Muscular weakness 1 (1.3) 3 (3.8) 1 (1.3)
Pain in extremity 2 (2.6) 1 (1.3) 4 (5.1)
Arthralgia 0 1 (1.3) 2 (2.5)

Respiratory, thoracic and mediastinal disorders
Cough 2 (2.6) 1 (1.3) 3 (3.8)
Rhinorrhea 3 (3.9) 0 1 (1.3)
Nasal congestion 2 (2.6) 0 1 (1.3)
Epistaxis 0 2 (2.6) 0

Nervous system disorders
Headache 1 (1.3) 2 (2.6) 4 (5.1)
Seizure 2 (2.6) 1 (1.3) 0
Partial seizures 2 (2.6) 0 0

Injury, poisoning and procedural complications
Ligament sprain 0 2 (2.6) 1 (1.3)

Reproductive system and breast disorders
Dysmenorrheaa 0 1 (2.8) 0

aDenominator for percentage calculation was number of female participants (n = 36). AE: adverse event, SOC:
System Organ Classe, URI: upper respiratory tract infection. Serious AEs occurred in three participants in the
onabotulinumtoxinA 6 U/kg group (vomiting and pyrexia; seizure; infectious mononucleosis and stomatitis) and
one participant each in the onabotulinumtoxinA 3 U/kg (meningitis) and placebo (osteochondrosis) groups. None
was considered treatment-related.

score ≥ 1 was higher in both onabotulinumtoxinA
groups versus placebo at all study visits; differences
were nominally significant for 6 U/kg at week 6 and
for 3 U/kg at weeks 4 to 12 (Fig. 3b; Supplementary
Table 3).

GAS by Physician score for passive goals was
numerically higher in both onabotulinumtoxinA
groups versus placebo at weeks 8 and 12, and sig-
nificantly higher (p = 0.003) for 6 U/kg at week 12.
No improvement in active goals was observed for
onabotulinumtoxinA over placebo (Supplementary
Table 5). QUEST total scores at week 12 were numer-

ically, but not statistically, greater for both doses of
onabotulinumtoxinA versus placebo (Supplementary
Table 6).

An exploratory post hoc analysis was performed in
participants with baseline MAS in the untreated non-
principal muscle group of < 2 (mild/no spasticity).
The mean CGI averaged over weeks 4 and 6 was sig-
nificantly higher for onabotulinumtoxinA 6 U/kg and
3 U/kg versus placebo. The difference was statisti-
cally significant in both onabotulinumtoxinA groups
at all weeks except week 8 (Fig. 3c; Supplementary
Table 3).
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Fig. 2. Change from baseline in MAS score of the principal muscle
group. Change from baseline in MAS score a average at weeks 4
and 6 and b over the duration of the study. ∗p < 0.001, ∗∗p = 0.005,
∗∗∗p = 0.001 versus placebo. LS: least squares, MAS: Modified
Ashworth Scale-Bohannon, SE: standard error.

3.4. Safety measures

Safety results are shown in Table 2. Most AEs were
mild or moderate in severity and the overall incidence
was similar for onabotulinumtoxinA and placebo
groups. The only treatment-related AEs occurring
in ≥ 1 participant who received onabotulinumtoxinA
were injection site pain (n = 2 in each dose group),
muscular weakness (6 U/kg: n = 1; 3 U/kg: n = 3), and
asthenia (n = 1 in each dose group). The only AEs
occurring in > 3 participants in any onabotulinum-

Fig. 3. Secondary efficacy outcomes. a) Proportion of responders
according to MAS score. b) Proportion of responders according
to CGI by Physician score. c) Post hoc analysis: CGI over time
in participants with no or mild spasticity (baseline MAS < 2) in
the untreated non-principal muscle group. ∗p < 0.05, ∗∗p < 0.01,
∗∗∗p < 0.001 versus placebo. CGI: Clinical Global Impression,
LS: least squares, MAS: Modified Ashworth Scale-Bohannon, SE:
standard error.
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Fig. 4. CGI by visit. ∗p < 0.05 vs placebo. CGI: Clinical Global
Impression of Change, LS: least squares, SE: standard error.

toxinA group were upper respiratory tract infection
(URI) and viral URI. The frequency of non-viral
URI trended upward with dose. None was serious or
severe, considered treatment-related, or resulted in
study discontinuation. Three AEs of seizure (6 U/kg:
n = 2; 3 U/kg: n = 1) and two AEs of mild partial
seizure (6 U/kg) were reported in onabotulinumtox-
inA groups. Seizure is a common CP comorbidity;
medical history of seizure was documented in 35%
(82/234) of study participants. None of the reported
seizure events was considered treatment-related; only
one (3 U/kg) was new onset. One participant in the
onabotulinumtoxinA 6 U/kg group discontinued the
study due to an AE (moderate but serious case of
stomatitis 108 days after treatment; unrelated to study
treatment). There were no AEs deemed related to
distant spread of toxin and no deaths.

4. Discussion

The results of this phase 3, multicenter, random-
ized trial show that onabotulinumtoxinA/OT-treated
participants had a robust and significant reduction
from baseline in muscle tone (MAS) for the aver-
age of weeks 4 and 6 (primary endpoint), and
at all study visits up to week 12 compared with
placebo/OT. Similarly, improvements in MAS were
observed for individual elbow, wrist, and finger mus-
cle groups. The lack of clear dose–response suggests
that 3 U/kg per muscle group (elbow or wrist/fingers)
may be an appropriate starting dose in either elbow

or wrist/finger muscle group. The SD of the aver-
age week 4 and 6 MAS change from baseline in the
current study is approximately 1.0, which is compa-
rable with the pooled SD (0.8) of MAS change from
baseline at week 6 in adult upper limb studies (Bras-
hear et al., 2002; Childers et al., 2004; Kaji et al.,
2010) suggesting that data in children have similar
variability as the adult data.

The beneficial effect of onabotulinumtoxinA on
spasticity reduction was noted in both the MAS and
the MTS. The CGI (weeks 4 and 6 average) was
not significantly greater in either onabotulinumtox-
inA group versus placebo. However, this may be
attributed to the study design limitation wherein only
one muscle group was treated. Despite the improve-
ment seen with placebo/OT, mean CGI scores were
further improved in both onabotulinumtoxinA groups
at every study visit. The proportion of responders with
a CGI score ≥ 1 reached statistical significance for
onabotulinumtoxinA versus placebo at several time
points. Also, the MAS and CGI were strongly corre-
lated, suggesting that the reduction in limb tone was
clinically meaningful.

Data normality testing of the site-specific treatment
effect indicated normal distribution of the MAS and
CGI data at the primary time points (average of week
4 and 6). In addition, a box plot analysis identified
one potential site outlier for MAS in the 6 U/kg group
driven by a single patient, no outliers were identified
for CGI. No sensitivity analyses were deemed war-
ranted for the single outlier and we conclude that no
individual sites influenced the overall study results.

The clear evidence of global improvement based
on the CGI responder analysis in this study prompted
a post hoc analysis. As the study allowed only a
single muscle group to be treated, the analysis was
performed on the subset of patients who did not
require treatment in additional muscle groups in the
treated limb. OnabotulinumtoxinA demonstrated sta-
tistically significant global improvements in these
participants, suggesting that because both wrist and
elbow muscle groups are used to perform daily tasks,
untreated upper limb spasticity may hinder improve-
ment and ability to detect global improvements.

OnabotulinumtoxinA/OT was superior to
placebo/OT for passive, but not active, goals. This
may be reflective of relevant passive goals such
as splint tolerance being more readily achievable
than active goals, or because of limiting onabo-
tulinumtoxinA injection to one muscle group.
Treating all affected muscles may improve active
goal outcomes, but this was outside the scope of
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this study. Further, whereas participants with lower
limb spasticity use muscles repetitively during
weight-bearing locomotor tasks, thus providing
naturalistic reinforcement of the effects of focal
treatments, participants with hemiplegic upper limb
spasticity often compensate by performing tasks
with one hand (untreated), making retraining more
challenging (Boyd et al., 2001). The relatively short
duration of this single-treatment study may have
been insufficient to achieve sufficient gains in active
goals over those achieved with OT alone.

OnabotulinumtoxinA was well tolerated with a
safety profile similar to placebo and consistent with
previous studies. The main limitation of this study
is that treatment was not consistent with the real-
world setting in which multiple muscle groups or
limb segments would be independently assessed and,
if clinically indicated, treated.

5. Conclusions

The results of this registrational phase III study
compared a single treatment with onabotulinumtox-
inA 3 U/kg or 6 U/kg versus placebo, all in addition
to OT, for the treatment of upper limb spasticity in
children aged 2 to < 17 years. Both onabotulinum-
toxinA doses were well tolerated in this pediatric
population. The study met its primary endpoint;
both onabotulinumtoxinA doses demonstrated a sta-
tistically significant change from baseline in MAS
(average weeks 4 and 6) versus placebo. Although
the prespecified average of weeks 4 and 6 CGI score
was not significantly greater for onabotulinumtoxinA
versus placebo, significant global improvements were
evident in the CGI responder analysis and in the sub-
group of patients with spasticity in a single muscle
group. Despite a lack of apparent dose–response in
MAS outcomes, passive goals were improved with
the 6 U/kg dose, suggesting a benefit of the higher
dose for goal attainment. The benefits of onabo-
tulinumtoxinA may be enhanced by adopting an
approach that comprehensively treats the whole of
the upper limb, and includes careful consideration
of all affected muscles and targeted intervention to
improve active function.
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