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Background: This randomized phase 3 study with double-blind main period (MP) and open-label
extension (OLEX; NCT02002884) assessed incobotulinumtoxinA safety and efficacy for pediatric
upper-limb spasticity treatment in ambulant/nonambulant (Gross Motor Function Classification System
[GMFCS] I-V) patients, with the option of combined upper- and lower-limb treatment.
Methods: Patients were aged two to 17 years with unilateral or bilateral spastic cerebral palsy (CP) and
Ashworth Scale (AS) score �2 in treatment-selected clinical patterns. In the MP, patients were ran-
domized (2:1:1) to incobotulinumtoxinA 8, 6, or 2 U/kg body weight (maximum 200, 150, 50 U/upper
limb), with optional lower-limb injections in one of five topographical distributions (total body dose �16
to 20 U/kg, maximum 400 to 500 U, depending on body weight and GMFCS level). In the OLEX, patients
received three further treatment cycles, at the highest MP doses (8 U/kg/upper limb group). Outcomes
included AS, Global Impression of Change Scale (GICS), and adverse events (AEs).
Results: AS scores improved from baseline to week 4 in all MP dose groups (n ¼ 350); patients in the
incobotulinumtoxinA 8 U/kg group had significantly greater spasticity improvements versus the 2 U/kg
group (least-squares mean [standard error] for upper-limb main clinical target pattern �1.15 [0.06]
versus �0.93 [0.08]; P ¼ 0.017). Investigator's, child/adolescent's, and parent/caregiver's GICS scores
showed improvements in all groups. Treatment benefits were sustained over further treatment cycles. AE
incidence did not increase with dose or repeated treatment across GMFCS levels.
Conclusions: Data provide evidence for sustained efficacy and safety of multipattern incobotuli-
numtoxinA treatment in children and adolescents with upper-limb spasticity.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Spastic cerebral palsy (CP) is the most common pathophysio-
logical motor type, affecting around 80% of patients with CP.1-3

Clinical manifestations are typical on a global level, but heteroge-
neous at the individual level, and can occur in upper and/or lower
extremities depending on the time and locus of the lesion and
reorganizational and developmental capacities.4 Effects are gener-
ally more pronounced in the lower limbs in children with bilateral
involvement and in the upper limbs in children with unilateral
involvement.2,4,5 However, almost 50% of all cases involve both the
upper and lower limbs.6

Botulinum neurotoxin type A (BoNT-A) injections, in coordi-
nated combination with other treatment options, can achieve
functional benefits in children with CP,7 and their efficacy and
safety have been demonstrated.8-13 At present, there are two BoNT-
A formulations approved for the treatment of upper- and lower-
limb spasticity due to CP in pediatric patients aged two years or
older in the United States: abobotulinumtoxinA (Dysport, Ipsen
Biopharm Ltd)14 and onabotulinumtoxinA (Botox, Allergan Inc)15;
in most European countries, only treatment of pes equinus is
approved, with16 or without17 upper-limb treatment. Incobotuli-
numtoxinA (Xeomin, Merz Pharmaceuticals) is a highly purified
BoNT-A free from complexing proteins18 approved in the United
States for the treatment of upper-limb spasticity in pediatric pa-
tients, excluding that caused by CP (due to marketing exclusivity
granted to another manufacturer).19 Guidelines recommend BoNT-
A treatment for focal upper- and lower-limb spasticity, and the
diverse clinical presentation of spastic CP requires a multipattern
treatment approach to simultaneously target several muscle
groups.7,20 Moreover, with the wide-ranging disease severity and
clinical course across Gross Motor Function Classification System
(GMFCS) levels I-V,7 treatment recommendations should be avail-
able for patients with all disability levels allowing fair treatment
access. The objective of the phase 3 study reported here was to
investigate the efficacy and safety of incobotulinumtoxinA for
upper-limb spasticity19 over four treatment cycles, with the option
of combined upper- and lower-limb treatment, in children and
adolescents with spasticity due to CP.

Materials and Methods

Study design and treatment

XARA (IncobotulinumtoxinA in Arm Treatment in Cerebral
Palsy) was a prospective, double-blind, randomized, parallel-group,
phase 3 trial conducted in 28 sites worldwide. The trial comprised a
two-week screening period, a main period (MP) with a single
double-blind treatment cycle of 14 (±2) weeks, followed by three
further 14 (±2)-week treatment cycles as an open-label extension
period (OLEX), giving an overall study duration of 50 to 66 weeks.

During the MP, patients were randomized 2:1:1 to receive fixed
unilateral upper-limb incobotulinumtoxinA doses in three parallel
dose groups: 8 U/kg, 6 U/kg, and 2 U/kg body weight (BW) per
upper limb (maximum 200, 150, and 50 U, respectively). The 2 U/kg
BW group served as a control. Patients could receive unilateral or
bilateral upper-limb injections alone or with optional additional
unilateral or bilateral lower-limb injections in one of five pre-
defined multipattern topographical distributions (Fig 1), as clini-
cally needed and allowed in a single treatment cycle. Lower-limb
treatment was administered in the same dose groups as upper-limb
treatment; maximum total body doses of 8 U/kg up to 20 U/kg
(maximum 500 U) in children with GMFCS I to III, or 16 U/kg
(maximum 400 U) in children with GMFCS IV to V, could be
administered across the possible treatment combinations (Fig 1).
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After completion of the MP, eligible patients continued treat-
ment in the OLEX in the same treatment combination chosen at
baseline, in a single treatment arm with doses equivalent to the
highest MP dose group: 8 U/kg per upper limb (maximum 200 U)
up to a total body dose of 20 U/kg (maximum 500 U, GMFCS I to III)
or 16 U/kg (maximum 400 U, GMFCS IV to V). The main upper-limb
clinical target pattern (or patterns of both sides with bilateral
treatment) chosen at baseline was kept and treated with a fixed
dose throughout the study. In patients receiving optional additional
lower-limb injections, lower-limb patterns chosen at baseline could
be changed in subsequent OLEX treatment cycles within predefined
dose ranges.

At least one method among ultrasound, electrical stimulation,
and/or electromyography was mandatory for localization of the
target muscle and correct placement of the injection needle. Ul-
trasound, as the widely established option,21-24 was the preferred
guidance technique. A data monitoring committee safeguarded
patients by monitoring and assessing adverse events (AEs), AEs of
special interest (AESIs) possibly indicating toxin spread, and serious
AEs (SAEs) occurring after incobotulinumtoxinA treatment.

Stable centrally acting antispastic medication was allowed
during the study as follows: drugs acting as central muscle re-
laxants (e.g., oral baclofen, tizanidine) and/or benzodiazepine
medication (e.g., diazepam) and/or any other medication with
antispastic effects (e.g., gabapentin, dronabinol) if administered at
a stable dose within two weeks before the screening visit, during
the screening period, and for the duration of the MP (doses could
be changed during the OLEX). Peripherally acting muscle re-
laxants (e.g., dantrolene) or phenol or alcohol injections into any
body region within six months before the study, during the
screening period, and/or planned during the MP or OLEX were not
allowed.

Patients

Eligible patients were children and adolescents aged two to
17 years with unilateral or bilateral CP, an Ashworth Scale (AS)
score �2 in the main upper-limb clinical target patterns of flexed
elbow and/or flexed wrist (at least unilaterally), and a clinical need,
according to the investigator, for the treatment of upper-limb
spasticity in one of five treatment combinations for upper- or
combined upper- and lower-limb spasticity (AS score �2 for each
targeted multipattern chosen for injection at baseline, Fig 1). Pa-
tients with the whole range of spasticity severity (GMFCS level I to
V) were included in the study.

Key exclusion criteria included fixed contracture, predominant
forms of muscle hypertonia other than spasticity (e.g., dystonia) in
the target limbs, or pure dyskinetic CP or CP mixed with predom-
inantly dyskinetic movements. Patients with severe neurological
diagnoses and comorbidities outside the spectrum of CP, ongoing
severe or unstable medical conditions (e.g., systemic infection,
bleeding disorder, or pulmonary disease), and those who received
BoNT treatment �14 weeks before screening, for any indication,
were also excluded. Surgical interventions were considered an
exclusion criterion if they affected the treated limbs (upper limbs
only) and if they took place within 12 months before screening/
baseline or were planned for the time of study participation.

Eligibility for reinjectionwas assessed at the final visit of theMP
and at the end-of-cycle visits during the OLEX. Patients meeting
the following criteria were eligible for reinjection in the OLEX: a
clinical need for injection of the main upper-limb clinical target
pattern chosen at baseline with a total incobotulinumtoxinA dose
of 8 U/kg (maximum 200 U) per upper limb, a clinical need for
lower-limb treatment at the dose used in the previous treatment
cycle in patients receiving combined upper- and lower-limb



FIGURE 1. XARA treatment combinations. The highest dose regimen (8 U/kg BW per upper limb, maximum 200 U in patients �25 kg BW) is presented for each of the treatment
distributions. During the MP, doses in the 6 U/kg and 2 U/kg groups were 75% and 25%, respectively, of the doses presented. Treatment of M. biceps brachii was mandatory for the
treatment of flexed elbow. M. brachialis or M. brachioradialis were injected if clinically appropriate at the investigator's discretion. BW, body weight; GMFCS, Gross Motor Function
Classification System; LL, lower limb; M., musculus; MP, main period; U, unit; UL, upper limb.
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treatment, and an AS score �2 in all treated clinical patterns. The
investigator could decide on the need for reinjection in patients
with an AS score of 1.

The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and was registered on clinical
trials.gov (NCT02002884). Study protocols, informed consent
12
forms, and other appropriate study-related documents were
reviewed and approved by the local independent ethics commit-
tees and institutional review boards. Written informed consent was
obtained from all patients and/or their parents in accordance with
regional laws or regulations (further details in Supplemental
Methods).

http://trials.gov
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Efficacy

The primary efficacy variable was change from baseline at MP
week 4 in AS score for the main clinical target pattern chosen from
flexed elbow or flexed wrist, assessed using the original AS25 (five-
point scale from 0, no increase in muscle tone, to 4, limb rigid in
flexion/extension) by the same trained investigator at all study
visits where possible. The coprimary efficacy variable was the in-
vestigator's Global Impression of Change Scale (GICS) score for the
upper limb at MP week 4, assessed on a seven-point Likert scale
from �3 (very much worse) to þ3 (very much improved) based on
the impression of change in spasticity compared with the condition
before the last injection.

Secondary variables included change from baseline in AS score
for treated upper-limb clinical patterns at week 4 and all other MP
postbaseline visits, change from baseline in Questionnaire on Pain
caused by Spasticity (QPS) scores,26,27 and child/adolescent's and
parent/caregiver's upper-limb GICS scores at MP week 4. Other
efficacy variables included change from baseline in Canadian
Occupational Performance Measure (COPM) scores28 (rating per-
formance and satisfaction with performance for five important
problems on 10-point scales); change in AS scores for each treated
lower-limb clinical pattern; investigator's, child/adolescent's, and
parent/caregiver's lower-limb GICS scores; and all OLEX efficacy
variables.

Safety

AEs, AESIs possibly indicating toxin spread, SAEs, and
treatment-related AEs were assessed overall and per treatment
cycle. Clinical and laboratory parameters, investigator's global
assessment of tolerability (four-point ordinal scale from 1, very
good, to 4, poor), and suicidality (Columbia-Suicide Severity Rating
Scale) were assessed.

BoNT antibody testing was conducted in patients �21 kg BW.
Blood samples collected at screening and at the end-of-study visit
were screened for BoNT antibodies using the fluorescence immu-
noassay for antibodies. Positive samples were validated using the
functional mouse ex vivo hemidiaphragm assay (HDA).29,30

Statistical analysis

The planned sample size was �344 patients randomized 2:1:1
to 8 U/kg, 6 U/kg, and 2 U/kg dose groups (n � 172, 86, and 86,
respectively). For the primary and coprimary efficacy variables, this
was estimated to yield 95.7% and 87.3% power to identify a statis-
tically significant difference between the 8 and 2 U/kg and the 6
and 2 U/kg dose groups, respectively.

Efficacy was analyzed in the full analysis set, a subset of all pa-
tients in the safety evaluation set (SES) who had at least a baseline
AS score in the clinical patterns flexed elbow or flexed wrist, or an
investigator's upper-limb GICS score at week 4. Efficacy was
analyzed for the three dose groups separately during the MP (cycle
1) and for pooled data from cycle 1 when analyzing changes during
repeated treatment (cycles 2 to 4), where all patients received the
highest incobotulinumtoxinA dose (8 U/kg). Safety variables were
analyzed descriptively in the SES, which included all patients who
received study medication at least once.

Primary and coprimary efficacy end points were analyzed using
mixed model repeated measures (MMRM) or analysis of covari-
ance, respectively, with a two-sided significance level of a ¼ 0.05.
Comparison of least squares means was used for confirmatory
analysis using a hierarchical testing approach to detect differences
between the 8 and 2 U/kg dose groups for the primary, coprimary,
and key secondary efficacy end points; then, if significant, the 6 and
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2 U/kg dose groups were analyzed. Secondary and other end points
were analyzed descriptively, and treatment differences were
interpreted in an explorative manner. For patients with bilateral
treatment, body sides were analyzed separately by the chosen
primary and nonprimary body side where applicable. A nonpara-
metric Wilcoxon rank sum test was performed as a sensitivity
analysis for the change from baseline within the groups for AS and
GICS.

Results

Patients

Among 372 patients screened, 351 were randomized to the
three incobotulinumtoxinA dose groups (8 U/kg, n ¼ 176; 6 U/kg,
n ¼ 88; 2 U/kg, n ¼ 87). One patient in the 6 U/kg group was ran-
domized but not treated, resulting in 350 patients in the SES.
Discontinuation frequency was similar across all dose groups, and
331 of 351 patients (94.3%) completed theMP and entered the OLEX
(Fig 2). In total, 281 patients (80.1%) completed the OLEX and
received four treatment cycles.

Patients at baseline were predominantly male (62.9%), the mean
(S.D.) age was 7.3 (4.4) years, and AS score was 2.6 (0.5). All GMFCS
Expanded and Revised levels were represented in the total popu-
lation. GMFCS levels II and III weremost common (28.3% and 22.3%,
respectively). Overall, baseline characteristics were generally
similar across all dose groups (Table 1).

Most patients (83.4%) received upper-limb combined with
lower-limb treatment; 16.6% received upper-limb treatment alone.
The most common treatment combination was unilateral upper-
and bilateral lower-limb treatment (combinations C and D), fol-
lowed by unilateral upper- and unilateral lower-limb treatment
(combination B) (Table 1). In total, 272 patients (77.7%) presented
with concomitant diseases, the most common of which were epi-
lepsy (20.6%), strabismus (20.0%), intellectual disability (16.6%), and
developmental speech disorder including dysphagia (14.6%). Oral
baclofen was the most frequently reported muscle relaxant
concomitantly administered during the study to 10 patients during
the MP and 8 during the OLEX. Surgical interventions were
extremely rare during the study, with gastrostomy reported in two
subjects.

Efficacy

Muscle tone and spasticity
Patients in all three incobotulinumtoxinA dose groups showed

significant improvements in the AS score of the upper-limb main
clinical target pattern (flexed elbow or flexed wrist) from baseline
to week 4 (P < 0.0001, MMRM). In the primary analysis, signifi-
cantly greater spasticity improvement in the 8 U/kg versus the 2 U/
kg dose group was demonstrated (P ¼ 0.017, MMRM; Table 2). A
high proportion of patients in all three dose groups were classed as
AS responders with at least 1-point improvement from baseline to
week 4: 85.5%, 75.9%, and 70.6% of patients in the 8 U/kg, 6 U/kg,
and 2 U/kg groups, respectively.

Investigator's upper-limb GICS scores also demonstrated spas-
ticity improvements (between “þ1, minimally improved” and “þ2,
much improved” overall) in all dose groups, with no significant
difference between groups in the coprimary efficacy analysis
(P > 0.05, analysis of covariance; Table 2).

Changes in AS score from study baseline to week 4 of the MP
reflected an improvement in spasticity in all the three dose groups
across all upper-limb clinical patterns treated, and the magnitude
of improvement was generally similar across the three dose groups.
The change in AS score for flexed elbowwas significantly greater for



FIGURE 2. Study flow chart. aMultiple entries possible. “Other” was used as a reason for discontinuation when a patient had no need for re-treatment 16 weeks after the previous
injection. MP, main period; OLEX, open-label extension; U, unit. The color version of this figure is available in the online edition.
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the 8 U dose group versus the 2 U dose group (P < 0.05), as was the
change in AS score for clenched fist (P < 0.01) (Supplemental
Table 1). Pooled data also showed that spasticity improvements
in AS scores were observed from study baseline to all post-
treatment visits across all four treatment cycles in the MP and
OLEX for all upper-limb clinical patterns treated (Fig 3A-E). Im-
provements were generally greatest at weeks 4 and 8 in all treat-
ment cycles and were sustained with repeated treatment.
Continuous improvements from cycle to cycle were observed for
the main clinical target patterns of flexed elbow and flexed wrist.
Statistical testing of change in AS scores from baseline to the end-
of-study visit revealed significant improvements for all upper-
limb clinical target patterns (P < 0.001, one-sample t test).

In patients who received additional unilateral or bilateral lower-
limb incobotulinumtoxinA injections, changes in AS score from
study baseline toweek 4 of the MP again reflected an improvement
in spasticity in all the three dose groups across the three clinical
patterns treated, and the magnitude of improvement was generally
similar for the three dose groups (Supplemental Table 1). Pooled
data showed that AS scores for all treated lower-limb clinical pat-
terns also improved from baseline to all post-treatment visits
across all four treatment cycles (Fig 3F-H). Again, improvements
were greatest at weeks 4 and 8 and were sustained and even
increased with repeated treatment.

Child's/adolescent's and parent/caregiver's GICS scores for the
upper limb and investigator's, child's/adolescent's, and parent/
14
caregiver's GICS scores for the lower limb confirmed improvements
in spasticity in all three incobotulinumtoxinA dose groups at MP
week 4 (Supplemental Figure S1).

Improvements were maintained at week 4 of each OLEX treat-
ment cycle. Mean (S.D.) investigator's, child/adolescent's, and
parent/caregiver's GICS scores at week 4 of OLEX cycle 3 were 2.0
(0.7), 2.1 (0.7), and 1.9 (0.7), respectively, for the upper limb and 1.8
(0.7), 2.0 (0.6), and 1.8 (0.8), respectively, for the lower limb.
Pain and functional performance

QPS scores reported by the child/adolescent and parent/care-
giver for the upper and lower limb showed reductions from study
baseline to the MP final visit, indicating less-severe and less-
frequent experienced and observed spasticity-related pain in all
three incobotulinumtoxinA dose groups. Sustained improvements
were reportedwith repeated treatment of the highest dose (8 U/kg)
during the OLEX. A detailed analysis on spasticity-related pain after
incobotulinumtoxinA treatment will be discussed in a separate
publication.

COPM scores improved from baseline to the final visit of the MP
in all three incobotulinumtoxinA dose groups. In the 8 U/kg, 6 U/kg,
and 2 U/kg groups, respectively, the LSM changes in COPM per-
formance score were 0.84 (0.10), 0.57 (0.14), and 0.71 (0.13) and in
COPM satisfaction scorewere 1.03 (0.10), 0.74 (0.15), and 0.95 (0.13).



TABLE 1.
Patient Demographics and Baseline Characteristics

Characteristic IncobotulinumtoxinA

8 U/kg BW; Maximum
200 U/UL N ¼ 176

6 U/kg BW; Maximum
150 U/UL N ¼ 87

2 U/kg BW; Maximum
50 U/UL N ¼ 87

TOTAL N ¼ 350

Sex, n (%)
Male 114 (64.8) 57 (65.5) 49 (56.3) 220 (62.9)
Female 62 (35.2) 30 (34.5) 38 (43.7) 130 (37.1)

Age, years; mean (S.D.) 7.3 (4.4) 7.5 (4.2) 7.2 (4.7) 7.3 (4.4)
Weight, kg; mean (S.D.) 24.3 (13.7) 26.6 (17.2) 24.8 (15.4) 25.0 (15.0)
Patients pretreated with BoNT,

n (%)
Pretreated with BoNT 75 (42.6) 35 (40.2) 42 (48.3) 152 (43.4)
Treatment naive 101 (57.4) 52 (59.8) 45 (51.7) 198 (56.6)

GMFCS E&R, n (%)*

Level I 23 (13.1) 28 (32.2) 14 (16.1) 65 (18.6)
Level II 54 (30.7) 26 (29.9) 19 (21.8) 99 (28.3)
Level III 44 (25.0) 17 (19.5) 17 (19.5) 78 (22.3)
Level IV 22 (12.5) 9 (10.3) 18 (20.7) 49 (14.0)
Level V 33 (18.8) 7 (8.0) 19 (21.8) 59 (16.9)

AS score; mean (S.D.) [n] 2.7 (0.56) [173] 2.7 (0.48) [87] 2.6 (0.52) [85] 2.6 (0.53) [345]
Treatment combination, n (%)
A: unilateral/bilateral UL only 31 (17.6) 13 (14.9) 14 (16.1) 58 (16.6)
B: unilateral UL and unilateral
LL

57 (32.4) 39 (44.8) 25 (28.7) 121 (34.6)

C: unilateral UL and bilateral
LL (GMFCS E&R I-III)

31 (17.6) 14 (16.1) 15 (17.2) 60 (17.1)

D: unilateral UL and bilateral
LL (GMFCS E&R IV-V)

39 (22.2) 13 (14.9) 28 (32.2) 80 (22.9)

E: bilateral UL and bilateral LL
(GMFCS E&R I-III)

18 (10.2) 8 (9.2) 5 (5.7) 31 (8.9)

Limbs planned to be treated,
n (%)y

LL right 119 (67.6) 56 (64.4) 63 (72.4) 238 (68.0)
LL left 114 (64.8) 52 (59.8) 57 (65.5) 223 (63.7)
UL right 112 (63.6) 54 (62.1) 57 (65.5) 223 (63.7)
UL left 96 (54.5) 42 (48.3) 41 (47.1) 179 (51.1)

Abbreviations:
AS ¼ Ashworth scale
BoNT ¼ Botulinum neurotoxin
BW ¼ Body weight
GMFCS E&R ¼ Gross Motor Function Classification System Expanded and Revised
LL ¼ Lower limb
U ¼ Unit
UL ¼ Upper limb

* GMFCS E&R Level: I, walks without limitations; II, walks with limitations; III, walks using a handheld mobility device; IV, self-mobility with limitations, may use powered
mobile; V, transported in a manual wheelchair.

y Multiple entries possible.
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Improvements in COPM scores were also observed from study
baseline to the end of all OLEX treatment cycles with 8 U/kg. Im-
provements were sustained to the end-of-study visit, with a mean
(S.D.) change in COPM performance and satisfaction scores of 2.02
(1.44) and 2.41 (1.57), respectively.

Safety

IncobotulinumtoxinA was generally well tolerated at all doses
and across all treatment cycles, in patients representing the range
of GMFCS levels. During the MP, AEs occurred in 76 of 350 patients
(21.7%) overall. The incidence of AEs was the highest in the 8 and 2
U/kg dose groups andwas not dose related (Table 3). Most AEs were
of mild or moderate intensity across doses, and the most common
were nasopharyngitis (4.0%) and bronchitis (2.3%). AEs in three
patients in the 8 U/kg group, assessed as treatment-related, were
pruritic rash and contusion, dermatitis, and pain in the extremity,
all of which were mild and resolved.

No new or unexpected safety concerns were identified with any
incobotulinumtoxinA dose. SAEs and AESIs occurred at low fre-
quencies in all dose groups; all were assessed as unrelated to
treatment and resolved by the end of the study. One patient in the 6
15
U/kg group discontinued due to severe brain edema, aspiration, and
respiratory arrest, judged to be unrelated to study treatment by the
investigator.

During the OLEX, AEs occurred in 114 of 331 (34.4%) patients
overall, and the incidence did not increase with increasing treat-
ment cycles (Table 3). Most AEs were mild or moderate in intensity,
and the most common overall were nasopharyngitis (5.4%), upper
respiratory tract infection (4.8%), pharyngitis (3.3%), bronchitis and
pharyngotonsillitis (3.0% each), vomiting and pyrexia (2.4% each),
and pain in extremity (2.1%). AEs assessed as treatment-related in
five patients were AESIs of mild hypotonia and moderate eyelid
ptosis in one patient each in OLEX cycle 1, an AESI of mild dysphagia
and SAE of moderate influenza-like illness in one patient each in
cycle 2, and mild pain in the extremity in one patient in cycle 3.

Overall, in the OLEX, 16 patients (4.8%) experienced SAEs (2.1%,
2.9%, and 1.0% of patients in OLEX cycles 1, 2, and 3, respectively;
Table 3). Four patients discontinued due to SAEs of active epilepsy,
generalized tonic-clonic seizures, and pneumonia (one patient) and
angioedema, influenzalike illness, and spinal cord neoplasm (one
patient each); all except influenzalike illness were assessed as un-
related to treatment. The incidence of AESIs was low during the
OLEX and did not increase with additional treatment cycles



TABLE 2.
Change FromBaseline in the AS Score of the Upper-LimbMain Clinical Pattern and the Investigator's GICS Score for the Upper Limb atWeek 4 in theMP (Primary and Coprimary
End Points)

IncobotulinumtoxinA

8 U/kg, �200 U 6 U/kg, �150 U 2 U/kg, �50 U

LS Mean (SE) P Value* LS Mean (SE) P Value* LS Mean (SE) P Value*

AS score �1.15 (0.06)y 0.017 �1.02 (0.08)y 0.546 �0.93 (0.08)y e

Investigator's GICS score 1.64 (0.06) 0.340 1.44 (0.09) 0.297 1.55 (0.08) e

Abbreviations:
ANCOVA ¼ Analysis of covariance
AS ¼ Ashworth Scale
BW ¼ Body weight
GICS ¼ Global Impression of Change Scale
LSM ¼ Least squares mean
MMRM ¼ Mixed model repeated measures
MP ¼ Main period
SE ¼ Standard error
U ¼ Unit
UL ¼ Upper limb
GICS was assessed on a seven-point Likert scale from �3 (very much worse) to þ3 (very much improved), based on the impression of change in spasticity compared with the
condition before the last injection.

* Versus 2 U/kg BW (maximum 50U/UL) dose group. Significance based on the comparison of LSMs using a four-step hierarchical testing procedure, analyzing the 8 U/kg BW
(maximum 200 U/UL) versus the 2 U/kg BW (maximum 50 U/UL) dose groups, followed by the 6 U/kg BW (maximum 150 U/UL) versus the 2 U/kg BW (maximum 50 U/UL)
dose groups, using MMRM (AS) or ANCOVA (investigator's GICS) models.

y P < 0.0001 for change in AS score versus baseline, MMRM.
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(Table 3). Dysphagia, reported in two patients in OLEX cycle 2, was
the only AESI reported in more than one patient overall. AESIs of
moderate eyelid ptosis and aspiration pneumonia in one patient
each in OLEX cycles 1 and 2, respectively, led to discontinuation. No
fatal AEs occurred over four treatment cycles in this study.

The investigator's global assessment of tolerability was rated as
“good” or “very good” for most patients at the final visit of the MP,
and at the end of OLEX cycles 1 to 3 (91.1%, 91.5%, 92.5%, and 87.3%,
respectively). There were no relevant changes in vital signs, labo-
ratory parameters, height, BW, or body mass index throughout the
study. Columbia-Suicide Severity Rating Scale (C-SSRS) results were
negative throughout the study for all patients assessed (106, MP;
103, OLEX), with the exception of one patient with suicidal ideation
or behavior (wish to be dead, end of OLEX cycle 2) who completed
the study as planned.

Five pretreated patients (�21 kg) tested positive for BoNT an-
tibodies using the HDA assay: one patient at both screening and the
end-of-study visit and two each at screening or at the end-of-study
visit only (HDA results were missing at the other visits). All five
patients had positive fluorescence immunoassay for antibodies
(FIA-AB) results. There were no cases of secondary nonresponse
due to neutralizing antibody formation based on the investigator's
GICS rating of minimally, much, or very much improved function.

Discussion

The phase 3 XARA study investigated the efficacy and safety of
incobotulinumtoxinA doses of 8, 6, or 2 U/kg for pediatric upper-
limb spasticity. The study enrolled all GMFCS levels I to V and
allowed for combined multipattern treatment of upper- and lower-
limb spasticity in children and adolescents with CP, with a total
body dose of up to 16 to 20 U/kg (maximum of 400 to 500U). Sig-
nificant improvements in upper-limb spasticity for the primary
clinical pattern, as measured by change from baseline in AS scores
at week 4, were observed during the MP in all dose groups, with
significantly greater reductions in muscle tone in the 8 U/kg group
compared with the 2 U/kg group. Clinical meaningfulness of AS
changes in the investigated dose groups was supported through AS
responder analysis, showing an AS score change of �1 point in
70.6% to 85.5% of patients in the MP at week 4.
16
Demonstrated efficacy in muscle tone improvements for upper-
limb spasticity with incobotulinumtoxinA19 are in alignment with
results from other recent double-blind, randomized studies of
abobotulinumtoxinA31 or onabotulinumtoxinA.32 Improvements in
upper-limb spasticity, as measured by physician's global parame-
ters, were noted with all abobotulinumtoxinA and onabotuli-
numtoxinA doses in these studies, with no significant difference
versus low-dose (2 U/kg) abobotulinumtoxinA31 or placebo,15,32

respectively. Similarly, in the XARA study, statistically significant
improvements in investigator's GICS scores from baseline were
observed across all incobotulinumtoxinA dose groups, and both
child/adolescent's and parent/caregiver's GICS scores at week 4
confirmedmeaningful improvements in upper-limb spasticity after
incobotulinumtoxinA treatment. Observed benefits in the treat-
ment of upper-limb as well as lower-limb spasticity are further
supported by AS, global, pain-related, and functional efficacy out-
comes. Moreover, sustained and consistent spasticity improve-
ments were observed in all outcomes over time with three further
treatment cycles with the highest incobotulinumtoxinA dose in the
OLEX.

Results of the XARA study contribute specifically to the evidence
base for multipattern incobotulinumtoxinA treatment of upper-
and combined upper- and lower-limb spasticity in pediatric pa-
tients for all GMFCS levels (I to V) across a broad age range (2 to
17 years old). The study design that included additional lower-limb
treatment together with upper-limb treatment provides a complete
multipattern view. Most patients in the study received combined
multipattern treatment for unilateral or bilateral upper- and lower-
limb spasticity, reflecting clinical treatment needs in pediatric pa-
tients.2,3,6 The observed distribution of ambulatory disabilities/in-
dependence in this study also resembles real-world clinical
practice.6,7,20 Prior clinical research has frequently focused on BoNT
treatment in patients with lower GMFCS levels, with most studies
having investigated the safety and efficacy of BoNT largely in
ambulant participants,8,9,33-35 or in children with GMFCS levels of I
to IV.31 However, patients with GMFCS IV to V accounted for ~30%
of the XARA study population, and the results showed notable ef-
ficacy and safety, with a reduced maximum total body dose for
GMFCS IV to V, in line with best practice guidelines.7,36,37 The in-
clusion of all GMFCS levels and the most severe children in the CP



FIGURE 3. Change in AS scores from study baseline for all upper- and lower-limb clinical patterns treated in the primary body side across four treatment cycles in the MPa and
OLEX. (A) Flexed elbow, (B) flexed wrist, (C) clenched fist, (D) thumb-in-palm, (E) pronated forearm, (F) pes equinus, (G) flexed knee, and (H) adducted thigh. aData pooled from all
three MP dose groups. AS, Ashworth Scale; MP, main period; OLEX, open label extension; SE, standard error. The color version of this figure is available in the online edition.
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TABLE 3.
Summary of AEs During the MP and OLEX

Number of patients, n (%) Main Period Open-Label Extension

IncobotulinumtoxinA IncobotulinumtoxinA 8 U/kg BW (Max 200 U/UL)

8 U/kg BW
(Max 200 U/UL)
N ¼ 176

6 U/kg BW
(Max 150 U/UL)
N ¼ 87

2 U/kg BW
(Max 50 U/UL)
N ¼ 87

Overall
N ¼ 350

Cycle 1
N ¼ 331

Cycle 2
N ¼ 307

Cycle 3
N ¼ 290

Overall
N ¼ 331

Any AE* 42 (23.9) 13 (14.9) 21 (24.1) 76 (21.7) 64 (19.3) 42 (13.7) 48 (16.6) 114 (34.4)
Mild 33 (18.8) 10 (11.5) 15 (17.2) 58 (16.6) 43 (13.0) 23 (7.5) 28 (9.7) 62 (18.7)
Moderate 7 (4.0) 2 (2.3) 6 (6.9) 15 (4.3) 18 (5.4) 15 (4.9) 19 (6.6) 44 (13.3)
Severe 2 (1.1) 1 (1.1) 0 (0.0) 3 (0.9) 3 (0.9) 4 (1.3) 1 (0.3) 8 (2.4)
Treatment-relatedy 3 (1.7) 0 (0.0) 0 (0.0) 3 (0.9) 2 (0.6) 2 (0.7) 1 (0.3) 5 (1.5)

AEs of special interest 1 (0.6) 1 (1.1) 1 (1.1) 3 (0.9) 2 (0.6) 3 (1.0) 1 (0.3) 5 (1.5)
Treatment-relatedy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.6) 1 (0.3) 0 (0.0) 3 (0.9)

Serious AEs 2 (1.1) 1 (1.1) 2 (2.3) 5 (1.4) 7 (2.1) 9 (2.9) 3 (1.0) 16 (4.8)
Treatment-relatedy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 0 (0.0) 1 (0.3)

AEs leading to discontinuationz 1 (0.6) 1 (1.1) 0 (0.0) 2 (0.6) 3 (0.9) 2 (0.7) 0 (0.0) 5 (1.5)
Treatment-relatedy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 1 (0.3) 0 (0.0) 2 (0.6)

Fatal AEs 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviations:
AE ¼ Adverse event
BW ¼ Body weight
Max ¼ Maximum
MP ¼ Main period
OLEX ¼ Open-label extension
U ¼ Unit
UL ¼ Upper limb

* Patients with more than one AE within a preferred term were counted once at the patient's highest intensity category.
y Designation of “treatment-related” was made by the investigator.
z AEs leading to discontinuation in theMPwere bronchitis (n¼ 1 patient, 8 U/kg group) and brain edema, aspiration, and respiratory arrest (n¼ 1, 6 U/kg group). AEs leading

to discontinuation in the OLEX were eyelid ptosis, spinal cord neoplasm, and angioedema (n ¼ 1 patient each in cycle 1), epilepsy, generalized tonic-clonic seizure, and
pneumonia aspiration (n ¼ 1 patient in cycle 2), and influenza-like illness (n ¼ 1 patient in cycle 2).
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spectrum, only excluding those with other unstable medical con-
ditions or recent surgery, demonstrates that incobotulinumtoxinA
treatment can be beneficial to these patients and may provide
treatment options for severely affected children with rehabilitation
needs.

Combined with the high retention rate over four treatment cy-
cles, enabling robust data for assessment, results provide evidence
for sustained efficacy and safety of incobotulinumtoxinA for mul-
tipattern spasticity treatment in this patient population. Injections
were administered via the mandatory use of guidance techniques
for treatment accuracy, even in small muscles. Results show spas-
ticity improvements with incobotulinumtoxinA, with evidence of
additional improvements with higher doses and sustained or even
increasing treatment effects resulting in cumulative improvements
with repeated injections.

IncobotulinumtoxinA treatment also resulted in improvements
in spasticity-related pain, asmeasured by the QPS, and in functional
performance. Pain is often associated with spasticity in CP,27,38,39

and this symptomatic benefit of incobotulinumtoxinA treatment
will be explored further. Functional improvements, as measured by
COPM performance and satisfaction scores, were observed
throughout the current study and were maintained until the end-
of-study visit. Of note, coordinated rehabilitation therapy,
including occupational and physiotherapy, was kept constant for
every patient to isolate the treatment effect on goal-directed
physical function. The varied physical manifestations of CP can
impact physical function and activities of daily living, including
self-care.40 In a rehabilitation setting, it is important to identify
functional goals established by caregivers and rehabilitation ther-
apists that are consistent with the abilities of each patient.41 If
patients attain treatment goals and sustain these achievements
over time, the improvements will be reinforced. The COPM pro-
vides a dynamic and interactive tool to assist in setting,
18
implementing, and measuring performance goals based on indi-
vidual patient need.28

A favorable safety and tolerability profile was observed with
incobotulinumtoxinA up to 8 U/kg per upper limb (total body dose
�16 to 20 U/kg BW, maximum 400 to 500 U) in the MP and over
three additional treatment cycles in the OLEX, with a total study
duration of over one year (up to 66 weeks). Low discontinuation
rates and low overall SAE and AESI incidence support the favorable
tolerability profile. All three formulations of BoNT-A are well
tolerated in pediatric patients. Local AEs at the injection site are
common but mild, and systemic events are rare, although there is a
greater risk of serious AEs in nonambulant children.42 As expected
for a pediatric population,43,44 and as reported with other BoNT-A
formulations,31,32 nasopharyngitis and other upper respiratory
tract illnesses were among the most common AEs reported during
this study and no new safety signals were observed. During the MP,
most AEs occurred in the 8 U/kg and 2 U/kg groups with no
increased frequency with additional treatment cycles in the OLEX,
indicating that AE incidence may not be related to dose or repeated
treatment. This is consistent with the results of previous analyses
over up to six treatment cycles in a similar patient population.12,13

Of note, there were no cases of secondary nonresponse due to
neutralizing antibody formation, and all patients who tested posi-
tive for neutralizing antibodies had been pretreated with BoNT-A.
This lack of neutralizing antibodies, along with the good long-
term safety profile, could be important for the treatment of
chronic conditions such as spastic CP in a pediatric patient popu-
lation. IncobotulinumtoxinA may be associated with lower immu-
nogenicity than other BoNT-A formulations due to the lack of
nontoxic accessory proteins in its formulation.45

The lack of a placebo group in the XARA study is a limitation that
could have influenced postinjection assessments, as investigators
and participants/parents were aware that all participants received
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incobotulinumtoxinA. However, it could be considered unethical to
give placebo to a child with clinical need for upper limb spasticity
treatment. Furthermore, the randomized, multiple-arm study
design is a recognized study design that, like a placebo-controlled
trial, provides class I evidence. The recent double-blind, random-
ized study of abobotulinumtoxinA also used a low dose of abobo-
tulinumtoxinA as an active control group.31 In addition, results of
the pivotal placebo-controlled onabotulinumtoxinA study showed
that low doses of onabotulinumtoxinA (3 U/kg) provided a signif-
icantly greater reduction inmuscle tone than placebo.32 Assuming a
1:1 dose conversion between onabotulinumtoxinA and incobotu-
linumtoxinA,46 results of the XARA study suggest that the observed
improvements in muscle tone from baseline in the low-dose
incobotulinumtoxinA arm (2 U/kg) do represent a true drug effect.

Findings from the XARA study established the efficacy and
safety of incobotulinumtoxinA for the multipattern treatment of
upper-limb spasticity in children and adolescents with CP and
provide further evidence for its sustained efficacy and safety in
multipattern treatment, reflecting the real-world clinical needs of
children with CP.
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