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Abstract.
PURPOSE: This pooled analysis of data from three Phase 3 studies investigated the effects of incobotulinumtoxinA on
spasticity-related pain (SRP) in children/adolescents with uni-/bilateral cerebral palsy (CP).
METHODS: Children/adolescents (ambulant and non-ambulant) were evaluated for SRP on increasingly difficult activi-
ties/tasks 4 weeks after each of four incobotulinumtoxinA injection cycles (ICs) using the Questionnaire on Pain caused by
Spasticity (QPS; six modules specific to lower limb [LL] or upper limb [UL] spasticity and respondent type [child/adolescent,
interviewer, or parent/caregiver]). IncobotulinumtoxinA doses were personalized, with all doses pooled for analysis.
RESULTS: QPS key item responses were available from 331 and 155 children/adolescents with LL- and UL-spasticity,
respectively, and 841/444 (LL/UL) of their parents/caregivers. IncobotulinumtoxinA efficacy was evident with the first IC.
Efficacy was sustained and became more robust with further subsequent ICs. By Week 4 of the last (i.e. fourth) IC, 33.8–53.3%
of children/adolescents reported complete SRP relief from their baseline pain for respective QPS items. Children/adolescents
reported reductions in mean LL SRP intensity at levels that surpassed clinically meaningful thresholds. Similarly, par-
ents/caregivers observed complete SRP relief and less frequent SRP with incobotulinumtoxinA. Similar results were found
for UL SRP.
CONCLUSION: These findings indicate that incobotulinumtoxinA could bring considerable benefit to children/adolescents
with spasticity by reducing SRP, even during strenuous activities.
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1. Introduction

Pain, including spasticity-related pain (SRP), is
common in children/adolescents with cerebral palsy
(CP) [1–4], negatively affecting health-related qual-
ity of life [5] and interfering with physical function,
attendance and performance in school, daily care
activities, participation in physical leisure activities,
sleep, and mental health [4–10].

Botulinum neurotoxinA (BoNT-A) is recom-
mended and its use established to relieve CP-related
spasticity in children [11–14], and it has demon-
strated efficacy for improving muscle tone and
helping patients achieve individualized goals of
motor function [11, 15, 16].

There is less evidence available regarding the use
of BoNT-A formulations for the control of SRP, espe-
cially in children/adolescents. A recent review of the
analgesic effect of BoNT-A formulations found one
high-quality study (level II evidence) and two obser-
vational studies that support botulinum neurotoxin
therapy for muscle hypertonia-related pain in non-
ambulant children and contradictory evidence for the
analgesic effects of this treatment for ambulant chil-
dren with CP [17]. Michelsen and colleagues [5]
have suggested that BoNT-A may have direct pain-
relieving activity, while Roscigno [18] discussed
the question of whether medication-induced pain
relief stems indirectly from reduced spasticity or
directly via an intrinsic analgesic mechanism of
action.

IncobotulinumtoxinA is a highly purified formu-
lation of BoNT-A (150 kD) that does not contain
complexing proteins [19]. A large, international
Phase 3 study program was initiated in 2013 to
investigate the efficacy and safety of incobotulinum-
toxinA for the treatment of pediatric CP-related
lower limb (LL) and/or upper-limb (UL) spasticity.
The study program included TIM (Treatment with
IncobotulinumtoxinA in Movement, NCT01893411)
[20], TIMO (Treatment with IncobotulinumtoxinA
in Movement Open-label, NCT01905683) [21], and
XARA (incobotulinumtoXinA in aRm treatment
in cerebral pAlsy, NCT02002884) [22]. Results
showed incobotulinumtoxinA to be effective at
reducing CP-related spasticity over multiple injec-
tion cycles spanning 24–98 weeks [20, 22–24]. The
data indicated that repeated injections of incobo-
tulinumtoxinA are safe in children/adolescents with
CP [21, 22, 25] and reduce spasticity when adminis-
tered according to multiple clinical patterns and levels
as needed.

To assess SRP and evaluate the effects of incobo-
tulinumtoxinA on SRP, the Questionnaire on Pain
caused by Spasticity (QPS) [26, 27]—a compre-
hensive and validated tool designed for children
2 years of age and older with CP—was incor-
porated into all patient visits before and during
treatment in TIM, TIMO, and XARA. The QPS
allows the collection of data directly reported by chil-
dren themselves or through trained interviewers, as
well as observed behavior from parents and care-
givers. The QPS consists of separate modules (three
each for LL and UL, respectively, for a total of six
modules) that ask about SRP during different activ-
ities: the self-report module for children/adolescents
(12 items), the interviewer-administered mod-
ule for children/adolescents (12 items), and the
observer-report module for parents/caregivers on
SRP behaviors (13 items). Information gained from
parents’/caregivers’ observations was designed to
complement the SRP intensity information gathered
from the child/adolescent or to provide SRP infor-
mation when the patient was too young or unable to
report.

The TIM, TIMO, and XARA studies shared many
common features in study design and participants,
which made the collected data suitable for a com-
bined analysis. In this two-part report, pooled QPS
data from the TIM, TIMO, and XARA studies were
analyzed to learn more about the prevalence of SRP
and its treatment with incobotulinumtoxinA in chil-
dren and adolescents with CP. In the first publication,
it was demonstrated that at baseline—prior to treat-
ment with incobotulinumtoxinA—more than 80% of
children/adolescents with LL spasticity and almost
70% with UL spasticity reported SRP. The parents
and caregivers of these children observed even higher
SRP prevalence [28]. SRP was reported in multiple
body sites and had widespread and detrimental effects
on activities and behavior, highlighting the need for
better SRP control for most children with CP.

In this second publication, the pooled QPS data
is now presented from the TIM, TIMO, and XARA
studies describing and analyzing the effects of
incobotulinumtoxinA on SRP over multiple treat-
ment cycles in children/adolescents with CP.

2. Methods

Full details of all three studies included in this
analysis have been published [20–22]. The following
provides a brief overview only.
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2.1. Study designs

The objectives of TIM, TIMO, and XARA were to
investigate the efficacy and safety of incobotulinum-

toxinA in children/adolescents with spasticity due to
CP. The designs for the three studies are illustrated in
Fig. 1A, and the clinical patterns treated are presented
in Fig. 1B. The study design allowed physicians to

Fig. 1. A: Study designs of TIM, TIMO, and XARAa. B: Summary of clinical treatment patterns for 1) LL (TIM, TIMO, and XARA) and
2) UL (XARA and TIMO). aFor full details of the TIM, TIMO, and XARA studies, see the primary publications of each study [20–22].
bPatients previously enrolled in TIM who then entered TIMO only provided data for the current pain analyses during TIM. cInjections
were administered bilaterally for pes equinus or unilaterally for pes equinus with the addition of another LL site (either flexed knee or
adducted thigh) in TIM [20], bilaterally for pes equinus with potential to add an UL site or unilaterally for pes equinus and another ipsilateral
LL site with or without UL sites (with doses for some combinations of clinical pattern dependent on GMFCS-E&R level) in TIMO [21],
or unilaterally/bilaterally to a main UL clinical target pattern (flexed elbow or wrist) and additional UL clinical patterns, with further
optional bilateral and uni/bilateral LL injections in one of five topographical distributions (with doses for some combinations of clinical
pattern dependent on GMFCS-E&R level) in XARA [22]. BW = body weight; GMFCS-E&R = Gross Motor Function Classification System
Expanded and Revised; LL = lower limb; QPS = Questionnaire on Pain caused by Spasticity; TIM = Treatment with IncobotulinumtoxinA
in Movement; TIMO = Treatment with IncobotulinumtoxinA in Movement Open-label; UL = upper limb; XARA = incobotulinumtoXinA
in aRm treatment in cerebral pAlsy.
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treat each child/adolescent for spasticity according to
clinical patterns and dosage requirements that could
be adjusted to meet each individual’s needs (LL, UL,
or combined).

Briefly, the TIM study was a randomized,
double-blind, parallel-group, multicenter study of
children/adolescents with LL spasticity, all of whom
had pes equinus, conducted across 45 sites in 14
countries (two injection cycles [ICs], N = 311) [20].
Injections were administered bilaterally for pes equi-
nus or unilaterally for pes equinus with the addition
of another LL site (either flexed knee or adducted
thigh) [20]. Patients were randomized to three differ-
ent incobotulinumtoxinA dose groups: 2 U/kg body
weight (BW), maximum 50 U; 6 U/kg BW, maxi-
mum 150 U; or 8 U/kg BW, maximum 200 U per LL
clinical pattern (Fig. 1).

The TIMO study was an open label, non-
controlled, long-term, multi-center study in LL or
combined LL and UL spasticity conducted across
30 sites in 12 countries (four ICs) [21]. The study
population (N = 370) included selected TIM com-
pleters and newly recruited children/adolescents. All
children/adolescents received treatment for bilat-
eral pes equinus with potential to add an UL site
or unilateral pes equinus and another ipsilateral
LL site with or without UL sites (8 U/kg per
LL pattern, total dose per cycle of 16–20 U/kg
BW, maximum 400–500 U incobotulinumtoxinA,
depending on Gross Motor Function Classifica-
tion System Expanded and Revised [GMFCS-E&R]
level) (Fig. 1).

XARA was a randomized, double-blind, parallel-
group, multicenter study (one IC) with open-label
long-term follow-up (three ICs in UL or combined
UL/LL spasticity [N = 351]) [22]. In the double-blind
main period, UL injections of incobotulinumtox-
inA were administered at least unilaterally to one
main clinical target pattern (flexed elbow or wrist)
and additional clinical patterns, with further optional
bilateral and uni-/bilateral LL injections in one
of five topographical distributions. Patients were
randomized to three different incobotulinumtoxinA
dose groups for UL treatment: 2 U/kg BW, max-
imum 50 U; 6 U/kg BW, maximum 150 U; or 8
U/kg BW, maximum 200 U per UL clinical pattern
(Fig. 1). Bilateral UL treatment followed the same
dosing approach, and, for additional LL treatment,
the same dose group relationship was maintained.
Based on selected uni-/bilateral limbs and clinical
patterns in the XARA main period, patients con-
tinued in the open-label extension period to receive

further injections with the highest dose regimen
of incobotulinumtoxinA 8–20 U/kg BW, maximum
200–500 U (depending on GMFCS-E&R level)
(Fig. 1).

Common design features of the three studies
were: the option to provide multilevel treatment for
children/adolescents with LL and/or UL spasticity;
treatment of multiple clinical patterns simultane-
ously; and personalized flexibility in muscular dosing
to meet the clinical needs of each child/adolescent
within the standardized trial guidelines. Eligible
children/adolescents in all three studies were repre-
sentative of those seen in clinical practice, that is,
aged 2 to 17 years and ambulant or non-ambulant
(GMFCS-E&R levels I to V), with uni- or bilateral
spasticity associated with CP, an Ashworth Scale
score ≥ 2 in prespecified clinical patterns for treat-
ment, and a clinical need for treatment. All three
studies enrolled children/adolescents with LL CP-
related spasticity but only TIMO and XARA also
included children/adolescents with UL CP-related
spasticity. Since SRP was not an eligibility criterion,
each trial included children/adolescents whether they
experienced SRP or not. For 2 weeks prior to the
screening visit, at the baseline injection visit, and
during the entire study duration, intrathecal baclofen,
oral anticoagulants, drugs acting as peripheral mus-
cle relaxants, casting, serial casting, and functional
electrical stimulation of the target joints for injec-
tion were not allowed. No BoNT treatment was
allowed within 2 weeks prior to the screening visit
or at the baseline injection visit, and the only BoNT
allowed during the study period was incobotulinum-
toxinA in the target patterns. Treatments such as
physiotherapy, occupational therapy, or any other
rehabilitation measures to treat spasticity were pro-
hibited prior to study assessments on the day of
any visit.

2.2. Assessments

SRP was assessed using the QPS [26, 27] in chil-
dren/adolescents with LL (TIM, TIMO, and XARA)
and UL spasticity (TIMO and XARA). The QPS
comprises six modules specific to the level of spas-
ticity (LL and UL) and respondent (self-reports
by children/adolescents, interviewer-reported chil-
dren/adolescents, and parents/caregivers). In each
module, SRP was assessed for different levels of
task difficulty, ranging from rest to self-described
hard tasks (see Table 1 of Part 1 of the accompany-
ing publication [Heinen et al. 2021] [28] for further
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details of QPS items). For children/adolescents,
SRP intensity was assessed with the following
QPS key items: General SRP (Item 2); SRP at
rest (Item 4); SRP with usual activities (Item
6); SRP with exercises (Item 8); and SRP with
a self-defined hard task (Item 11). Intensity was
rated by children/adolescents from 0 (no hurt)
to 10 (worst hurt) on the Wong-Baker FACES
scale. Answers were limited to a 7-day recall
period.

The child/adolescent self-completed module was
completed by those with sufficient cognitive, com-
municative, and motor abilities (usually those who
were older or had fewer disabilities); otherwise, the
interviewer-completed module was used. Thus, no
QPS information was collected from children who
were too young or were unable to report. While the
QPS was investigated at every visit, only the Week
4 data of each IC were analyzed to assess treatment
effects.

Parents/caregivers reported on the observed fre-
quency of behaviors associated with SRP in their
child during different activities, beginning with
whether such behaviors were present with the activ-
ity (Yes/No) and then how often they were observed
based on a 5-point scale from 0 (never) to 4 (always).
The QPS key items for the parent/caregiver analysis
were: General SRP (Item 8); SRP at rest (Item 9b);
SRP with usual activities (Item 10b); SRP with exer-
cises (Item 11b); and SRP with a self-defined hard
task (Item 13b) (adapted from [27]). Further details

regarding the QPS can be found in Table 1 of Part 1
[28].

2.3. Analysis populations

QPS data in TIM was collected for LL SRP only,
whereas in TIMO and XARA the respective LL
and/or UL QPS module data was collected when the
patient presented with, and received treatment for, LL
or UL spasticity. Patients with both LL and UL spas-
ticity could therefore be included in the LL and UL
analyses. QPS self-reported and interviewer-reported
data from children/adolescents were pooled accord-
ingly. Generally, all of the collected TIM, TIMO, and
XARA study data from children/adolescents and par-
ent/caregiver QPS LL and UL modules were utilized
for analysis. Data were pooled across these studies
according to QPS LL and UL children/adolescent and
parent/caregiver modules and analyzed by visit order
and ICs. To gain greater insight into SRP in the over-
all study population, the three incobotulinumtoxinA
dose groups of the TIM and XARA studies were also
combined.

A child/adolescent was considered to have SRP if
any QPS key item score was reported > 0 at baseline in
the child/adolescent modules or the parent/caregiver
modules. These different baseline pain (i.e., SRP)
populations were then utilized to analyze SRP relief
and changes in SRP after incobotulinumtoxinA treat-
ment.

Table 1
Demographics and baseline characteristics for children/adolescents enrolled in and providing any QPS data from the pooled TIM, TIMO,

and XARA studiesa

Characteristic Enrolled patientsa QPS respondentsb

LL treated UL treated LL QPS UL QPS
N = 849 N = 454 N = 340 N = 160

Male sex, n (%) 507 (59.7) 287 (63.2) 208 (61.2) 99 (61.9)
Age, years; mean (SD) 6.5 (4.2) 7.1 (4.4) 9.3 (3.8) 10.3 (3.7)
Weight, kg; mean (SD) 22.9 (13.4) 24.4 (14.7) 32.6 (14.8) 36.8 (16.5)
GMFCS-E&R IV-V, n (%) 226 (26.6) 122 (26.9) 33 (9.7) 16 (10.0)
Body side affected by cerebral palsy, n (%)

LL unilateral 304 (35.8) 193 (42.5) 157 (46.2) 97 (70.3)
LL bilateral 545 (64.2) 203 (44.7) 183 (53.8) 41 (29.7)
UL unilateral 365 (43.0) 402 (88.5) 128 (92.8) 144 (90)
UL bilateral 31 (3.7) 52 (11.5) 10 (7.2) 16 (10.0)
Duration since first diagnosis of spasticity, months; mean (SD) (N = 848) (N = 453) (N = 292) (N = 147)

69.1 (49.9) 76.9 (52.3) 95.4 (47.8) 109.7 (46.3)
aChildren/adolescents enrolled in one of the three studies (new recruits only for TIMO) and then treated for at least LL or UL spasticity.
bChildren/adolescents treated for at least LL or UL spasticity in the first injection cycle and who provided QPS data at any time during the
study. Includes children/adolescents who completed the QPS via an interviewer as well as by self-report.
GMFCS-E&R = Gross Motor Function Classification System–expanded & revised; LL = lower limb; QPS = Questionnaire on Pain
caused by Spasticity; SD = standard deviation; TIM = Treatment with IncobotulinumtoxinA in Movement; TIMO = Treatment with
IncobotulinumtoxinA in Movement Open-label; XARA = incobotulinumtoXinA in aRm treatment in cerebral pAlsy; UL = upper limb.



88 M. Bonfert et al. / Effect of incobotulinumtoxinA on spasticity-related pain in pediatric cerebral palsy

2.4. Statistical analyses

The QPS LL and UL modules of the chil-
dren/adolescent and parent/caregiver were analyzed
separately using frequency tables and descriptive
summary statistics at all visits and for changes from
baseline to all post-baseline visits.

QPS child/adolescent scores and the QPS par-
ent/caregiver scores were evaluated by mixed model
repeated measures (MMRMs). The dependent vari-
able was the change from baseline in the QPS key
item score. The independent variables were treat-
ment group (high dose and, in the second step,
mid-dose versus low dose), pooled sites, BoNT-A
pre-treatment status (pre-treated, treatment-naı̈ve) as
fixed factors and visit as repeated factor, and covari-
ates were QPS score at baseline (Day 1 of the
main period [XARA]) and GMFCS-E&R level at the
screening visit. Observed case (OC) analyses were
performed.

It was assumed that not all children/adolescents
would be able to complete the self-administered or
interviewer-administered QPS at all visits, which
could lead to a high number of missing values for
QPS child/adolescent scores and the child/adolescent
general SRP intensity item (Yes/No). For this rea-
son, OC analysis of QPS key items was used, and the
child/adolescent general SRP intensity item (Yes/No)
was of main interest.

To evaluate changes in child/adolescent self-
reported and interviewer-obtained child/adolescent
QPS key item data, the change in each QPS key item
score from baseline to Week 4 of each IC was ana-
lyzed using MMRM analyses in children/adolescents
who reported SRP with an item score of > 0 at
baseline. To evaluate changes in SRP frequency as
observed by parents/caregivers, the mean change in
each QPS key item score from baseline to Week 4 of
each IC was analyzed using MMRM analyses in chil-
dren/adolescents for whom SRP was reported with an
item score of > 0 at baseline. The proportion of chil-
dren/adolescents achieving complete SRP relief was
determined in children/adolescents with a QPS key
item score > 0 at baseline and was defined as the pro-
portion of children/adolescents achieving complete
relief (score of “0 = no hurt”) of the item at Week 4
of each IC, as analyzed using an exact one-sample
binomial test (one-sided) on the hypothesis that the
response rate would lie above 10%, with a signif-
icance level of � = 0.025 in the Full Analysis Set
(FAS).

3. Results

The total population with LL spasticity at base-
line (alone or with UL spasticity) consisted of 849
children/adolescents who were treated in the first IC
of TIM, TIMO or XARA, of whom 177 were in the
incobotulinumtoxinA 2 U/kg group, 275 were in the
6 U/kg group, and 397 were in the 8 U/kg group. Of
454 children in the full population with UL spasticity
(alone or with LL spasticity) who were treated in the
double-blind injection periods of TIMO or XARA,
72 were in the incobotulinumtoxinA 2 U/kg group,
190 were in the 6 U/kg group, and 192 were in the 8
U/kg group.

At least one item of the QPS was completed at
any time of the study by 340 children/adolescents
with LL spasticity and 160 with UL spasticity; of
these 331 and 155, respectively, completed at least
one QPS key item at baseline. For those treated
for LL spasticity, 75 were in the incobotulinumtox-
inA 2 U/kg group, 107 were in the 6 U/kg group
and 149 were in the 8 U/kg group; for those with
UL spasticity, 39, 75, and 41 were treated with
incobotulinumtoxinA 2 U/kg, 6 U/kg, and 8 U/kg,
respectively.

Overall, 841 and 444 parents/caregivers of
children/adolescents with LL and UL spasticity,
respectively, completed at least one QPS key item
at baseline. Of the 841 children/adolescents with LL
spasticity, 175 were in the incobotulinumtoxinA 2
U/kg group, 269 were in the 6 U/kg group, and
397 were in the 8 U/kg group. Of the 444 chil-
dren/adolescents with UL spasticity, 112, 214, and
118 were treated with incobotulinumtoxinA 2 U/kg,
6 U/kg, and 8 U/kg, respectively.

3.1. Demographics

Demographics of the pooled LL and pooled UL
full populations were generally similar and in line
with the distribution in the pooled QPS completers
populations, although QPS completers tended to
be older and less likely to have a higher level of
disability (GMFCS-E&R IV–V) than the full popu-
lations (Table 1). Approximately 60% of each group
was male. About 10% of the QPS completers were
severely disabled with poor ambulation (GMFCS-
E&R levels IV and V) versus almost 27% of the full
populations.
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3.2. SRP changes in LL spasticity

3.2.1. QPS child/adolescent self-reported and
interviewer-reported modules

The overall proportion of children/adolescents
reporting LL SRP on any QPS key item decreased
from 81.9% at baseline to 68.3% after the first incobo-
tulinumtoxinA IC (all measurements were conducted
4 weeks after each IC). The proportion then gradu-
ally decreased with each further IC to 54.9% at IC4
(Fig. 2).

Table 2A shows the percentages of chil-
dren/adolescents with LL SRP at baseline who
reported complete SRP relief on QPS key items.
Between 28.4% and 45.3% of children/adolescents
with LL spasticity reported complete SRP relief for
each key item, depending on the strenuousness of
the activities, with the first IC. A pattern suggest-
ing an increase in percentages of children/adolescents
experiencing complete SRP relief was seen with
each subsequent IC, so that by IC4, 33.8% to
53.3% of children/adolescents experienced complete
SRP relief in individual QPS key items. For all
ICs and QPS key items, significant proportions of
children/adolescents reported complete SRP relief
(p < 0.001).

IncobotulinumtoxinA treatment provided com-
plete SRP relief for some children/adolescents for
even the most strenuous tasks. For instance, after
IC4, 41.6% of children/adolescents with LL spastic-
ity reported complete SRP relief with exercise and

33.8% reported being free of SRP when performing
a hard task.

Children/adolescents also reported significant
reductions from baseline in least squares (LS)
mean LL SRP intensity scores for all QPS key
items (p < 0.001) (Table 2A) over each of the four
ICs. At the first IC, LS mean changes ranged
from –1.8 to –2.1 across QPS key items; these
improvements were equivalent to one grade on the
6-point Wong-Baker FACES response scale and
represent relative reductions in scores from base-
line of 41.3% to 52.0%. At IC4, LS mean score
reductions ranged from –2.6 to –2.8, representing
relative reductions from baseline across QPS key
items of 56.9% to 69.7%. Scores improved with
each subsequent IC, and the magnitude of improve-
ment generally increased with the difficulty of the
task.

The proportion of children/adolescents experienc-
ing the most severe LL SRP (i.e., a score of 8: “Hurt
a whole lot” to 10: “Hurt worst” in at least one of
the five items) decreased progressively from 19.3%
at baseline to 8.3% (IC1), 5.5% (IC2), 1.3% (IC3),
and 2.1% (IC4).

3.2.2. QPS parent/caregiver modules
The proportion of parents/caregivers observing any

signs of LL SRP in their children was highly con-
sistent with the children’s/adolescents’ assessments.
Parents/caregivers reported observing any LL SRP in
85.9% of children/adolescents at baseline in QPS key

Fig. 2. The overall proportion of children with lower limb and upper limb cerebral palsy-related spasticity reporting any SRP on any
QPS key item at baseline and at Week 4 of each of four incobotulinumtoxinA injections cycles according to children/adolescents and
parents/caregiversa. aThe decrease in the number of patients with LL spasticity after IC2 reflects the design and contribution to the pooled
data of the TIM study, which included only two injection cycles. BL = baseline; IC = injection cycle; n/N = number of subjects reporting
any SRP (on one or more of items 8, 9b, 10b, 11b, and 13b) per assessment visit/number of parent/caregiver QPS subjects evaluated
for SRP per assessment visit; QPS = Questionnaire on Pain caused by Spasticity; SRP = spasticity-related pain; TIM = Treatment with
IncobotulinumtoxinA in Movement.
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items, which decreased to 72.7% by IC1 and then to
61.9% by IC4 (Fig. 2).

Parent/caregivers observed complete SRP relief for
increasing percentages of children/adolescents with
each subsequent IC for all QPS key items (Table 2B).
At IC1, parents/caregivers observed that 20.5% to
36.8% of children/adolescents with LL SRP had
complete SRP relief on one QPS key item, which
increased to 32.5% to 44.8% at IC4. For the most
difficult activities, such as exercise, 32.9% of the par-
ent/caregivers reported complete LL SRP relief by
IC4 and 32.5% reported children/adolescents experi-
enced complete LL SRP relief with a hard task. For
all ICs and QPS key items, significant proportions of

parents/caregivers observed complete SRP relief in
their children (p < 0.001).

Parent/caregiver-observed QPS LS mean fre-
quency scores also significantly decreased from
baseline in all observed LL SRP behaviors in a sim-
ilar pattern to those reported by children/adolescents
(p < 0.001) (Table 2B). Scores generally showed
increasing improvement with each subsequent IC,
and the magnitude of improvement generally
increased with the difficulty of the task. At baseline,
54.3% of parents/caregivers observed that their chil-
dren/adolescents experienced SRP often or always.
This percentage dropped to 31.2% at IC1, 23.8% at
IC2, 20.5% at IC3, and 19.8% at IC4.

Table 2A
Complete relief of LL SRP and change in QPS key item scores at Week 4 of each incobotulinumtoxinA injection cycle as reported by (A)

children/adolescents and (B) parents/caregivers in the pooled analysis population A. Child/adolescents LL QPS (self- and
interviewer-reported)

Child/adolescent Overall Baseline SRP Complete SRP relief after LS mean change in item score in
LL SRP intensity population populationb incobotulinumtoxinA treatmentc the baseline SRP populationf

[0–10]a at baseline (% of children/adolescents)d,e

FAS N N (%) Mean Injection Injection Injection Injection Injection Injection Injection Injection
score cycle 1 cycle 2 cycle 3 cycle 4 cycle 1 cycle 2 cycle 3 cycle 4

General SRP
Hurt when tight
(Item 3)

330 178 (53.9) 4.3 35.3 48.1 45.7 49.4 –2.1 –2.5 –2.7 –2.8†

SRP at rest
Sitting,
watching TV or
trying to sleep
(Item 5)

324 86 (26.5) 3.7 43.4 46.2 39.5 51.4 –1.8 –1.9 –2.2 –2.6

SRP with usual
activities
Moving,
walking or
playing (Item 7)

328 178 (54.3) 4.0 45.3 45.2 44.2 53.3 –2.1 –2.3 –2.4 –2.7

SRP with exercises
Physical therapy
or stretching
exercises (Item 9)

330 234 (70.9) 4.5 32.3 33.0 39.4 41.6 –1.9 –2.2 –2.4 –2.6

SRP with hard task
Self-defined hard
thing (Item 12)

330 202 (61.2) 4.6 28.4 33.3 30.7 33.8 –1.9 –2.4 –2.5 –2.7†

aSRP was rated in the QPS by the child/adolescent themself or via an interviewer using the graphic Wong-Baker FACES scale: 0 = No hurt,
2 = Hurt a little bit, 4 = Hurt a little more, 6 = Hurt even more, 8 = Hurt a whole lot, 10 = Hurt worst.
bChildren/adolescents from the total population irrespective of dose group who reported SRP with an item score > 0 at baseline.
cChildren/adolescents from the baseline SRP population who reported no SRP at the Week 4 visit with an item score of “0 = No hurt.”
dFor children/adolescents with LL spasticity, size of population per QPS item per cycle (injection cycle 1–4): Item 3: 173, 162, 81, 77; Item
5: 83, 78, 38, 37; Item 7: 172, 157, 77, 75; Item 9: 229, 215, 109, 101; Item 12: 194, 183, 88, 80. The decrease in the number of patients
with LL spasticity after injection cycle 2 reflects the design and contribution to the pooled data of the TIM study, which included only two
injection cycles.
eValues in bold indicate p < 0.001 for the Week 4 responder rate being significantly above 10% (exact one-sample binomial test, one-sided,
significance level alpha = 0.025).
f Values in bold indicate p < 0.001 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
†p < 0.01 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
FAS = full analysis set; LL = lower limb; MMRM = mixed model repeated measures; N = number of non-missing observations;
QPS = Questionnaire on Pain caused by Spasticity; SRP = spasticity-related pain; TIM = Treatment with IncobotulinumtoxinA in Movement.
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Table 2B
Parent/caregiver LL QPS

Parent/caregiver Overall Baseline SRP Complete SRP relief after LS Mean change in item score in
observed LL population populationb incobotulinumtoxinA treatmentc the baseline SRP populationf

SRP behavior at baseline (% of children/adolescents)d,e

frequency [0–5]a

FAS N N (%) Mean Injection Injection Injection Injection Injection Injection Injection Injection
score cycle 1 cycle 2 cycle 3 cycle 4 cycle 1 cycle 2 cycle 3 cycle 4

General SRP
Hurt when tight
(Item 8)

839 568 (67.7) 2.3 25.2 31.9 32.5 34.1 –0.9 –1.1 –1.2 –1.2

SRP at rest
Sitting,
watching TV or
trying to sleep
(Item 9b)

818 321 (39.2) 1.9 36.8 44.8 37.4 44.8 –0.9 –1.0 –1.0 –1.1

SRP with usual
activities
Moving, walking or
playing (Item 10b)

816 485 (59.4) 2.2 27.6 33.9 33.3 37.5 –0.9 –1.1 –1.1 –1.2

SRP with exercises
Physical therapy or
stretching exercises
(Item 11b)

829 674 (81.3) 2.6 22.2 27.9 29.1 32.9 –0.9 –1.1 –1.2 –1.4

SRP with hard task
Self-defined hard
thing (Item 13b)

831 594 (71.5) 2.7 20.5 27.5 30.2 32.5 –0.9 –1.1 –1.3 –1.3

aObserved SRP frequency was rated in the QPS by the parent/caregiver using the 5-point response scale: 0 = Never, 1 = Rarely, 2 = Sometimes,
3 = Often, 4 = Always.
bParents/caregivers from the total population irrespective of dose group who reported SRP behavior with an item score at baseline >0.
cParents/caregivers from the baseline SRP population who reported no SRP behavior at the Week 4 visit with an item score of “0 = Never.”
dValues in bold indicate p < 0.001 for the week 4 responder rate being significantly above 10% (exact one-sample binomial test, one-sided,
significance level alpha = 0.025).
eFor parents/caregivers observations of children/adolescents with LL spasticity, size of population per QPS item per cycle (injection cycle
1–4): Item 8: 563, 526, 326, 317; Item 9b: 310, 290, 179, 172; Item 10b: 478, 446, 276, 267; Item 11b: 658, 620, 378, 362; Item 13b: 577,
535, 318, 295. The decrease in the number of patients with LL spasticity after injection cycle 2 reflects the design and contribution to the
pooled data of the TIM study, which included only two injection cycles.
f Values in bold indicate p<0.001 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
FAS = full analysis set; LL = lower limb; MMRM=mixed model repeated measures; N = number of non-missing observations;
QPS = Questionnaire on Pain caused by Spasticity; SRP = spasticity-related pain; TIM = Treatment with IncobotulinumtoxinA in Movement.

3.3. SRP changes in UL spasticity

3.3.1. QPS child/adolescent self-reported and
interviewer-reported modules

Children/adolescents reported similar changes in
UL SRP as reported for LL SRP, but UL SRP was
slightly less frequently reported. The overall propor-
tion of children/adolescents reporting UL SRP on any
of the QPS key item decreased from 69.7% at baseline
to 56.9% at the first incobotulinumtoxinA IC (Fig. 2).
This proportion then gradually decreased with each
further IC down to 51.5% by IC4.

Table 3A shows the percentages of chil-
dren/adolescents with UL SRP at baseline who
reported complete SRP relief on individual QPS
key items over the four ICs. Depending on the

level of activity, between 26.6% and 39.7% of chil-
dren/adolescents reported complete SRP relief at
IC1. With additional injections, the percentage of
children/adolescents experiencing complete UL SRP
relief increased for all QPS key items at IC4, reaching
54.8% for SRP with usual activities, 44.3% for SRP
with exercise, and 48.4% for SRP with hard task. For
all ICs and QPS key items, significant proportions
of children/adolescents reported complete SRP relief
(p < 0.025).

Children/adolescents reported significant reduc-
tions in LS mean UL SRP intensity scores for all
individual QPS key items from baseline of 3.5 (at
rest) to 4.0 (with exercise) over each of the four
ICs (p < 0.01) (Table 3A). At the first IC, the LS
mean improvement was –1.1 to –1.7 across QPS key
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items (Table 3A), representing relative mean reduc-
tions from baseline scores of 32.0% to 46.7%. At
IC4, the LS mean changes ranged from –1.9 to –2.7,
representing relative mean reductions from baseline
scores across QPS key items of 54.6% to 71.4%.
Scores showed increasing improvement with each
subsequent IC, and the magnitude of improvement
generally increased with the difficulty of the task.

The proportion of children/adolescents experienc-
ing the most severe UL SRP (i.e., a score of 8:
“Hurt a whole lot” to 10: “Hurt worst” in at least
one of the five items) decreased progressively from
7.1% at baseline to 5.2% (IC1), 0.7% (IC2), 2.2%
(IC3), and 1.5% (IC4) after each respective treatment
cycle.

3.3.2. QPS parent/caregiver modules
The proportion of parents/caregivers observing

any SRP in their children was highly consistent
with the children’s/adolescents’ assessments. Par-
ents/caregivers observed any UL SRP in 77.7% of
children/adolescents at baseline, which decreased to
57.6% by IC4 (Fig. 2).

Parent/caregiver observations showed patterns
suggesting an increase in percentages of chil-
dren/adolescents with complete SRP relief on each
QPS key item with each subsequent IC (Table 3B).
At the first incobotulinumtoxinA IC, 24.5% to 30.3%
of parents/caregivers observed complete SRP relief
in their children, which rose to 32.8% to 44.1%
by IC4. For the most difficult activities, such as

Table 3A
Complete relief of UL SRP and change in QPS key item scores at Week 4 of each incobotulinumtoxinA injection cycle as reported by (A)

children/adolescents and (B) parents/caregivers in the pooled analysis population. A. Child/adolescent UL QPS (self- and
interviewer-reported)

Child/adolescent Overall Baseline SRP Complete SRP relief after LS Mean change in item score in
UL SRP population populationb incobotulinumtoxinA treatmentc the baseline SRP populationf

intensity [0–10]a at baseline (% of children/adolescents)d,e

FAS N N (%) Mean Injection Injection Injection Injection Injection Injection Injection Injection
score cycle 1 cycle 2 cycle 3 cycle 4 cycle 1 cycle 2 cycle 3 cycle 4

General SRP
Hurt when tight
(Item 3)

152 69 (45.4) 3.6 39.7 40.0 43.1 41.8 –1.7 –2.0 –2.1 –2.2

SRP at rest
Sitting,
watching TV or
trying to sleep
(Item 5)

148 34 (23.0) 3.5 35.3 25.0* 32.3 36.7 –1.1† –1.6† –1.8 –1.9

SRP with usual
activities
Moving,
walking or
playing (Item 7)

150 52 (34.7) 3.6 34.0 33.3 45.2 54.8 –1.2† –1.9 –2.2 –2.6

SRP with exercises
Physical therapy
or stretching
exercises (Item 9)

153 99 (64.7) 4.0 35.7 41.4 42.4 44.3 –1.7 –2.1 –2.2 –2.5

SRP with hard task
Self-defined hard
thing (Item 12)

155 83 (53.5) 3.9 26.6 43.7 43.1 48.4 –1.3 –2.2 –2.2 –2.7

aSRP was rated in the QPS by the child/adolescent themself or via an interviewer using the graphic Wong-Baker FACES scale: 0 = No hurt,
2 = Hurt a little bit, 4 = Hurt a little more, 6 = Hurt even more, 8 = Hurt a whole lot, 10 = Hurt worst.
bChildren/adolescents from the total population irrespective of dose group who reported SRP with an item score > 0 at baseline.
cChildren/adolescents from the baseline SRP population who reported no SRP at the Week 4 visit with an item score of “0 = No hurt.”
dFor children/adolescents with UL spasticity, size of population per QPS item per cycle (injection cycle 1–4): Item 3: 68, 60, 58, 55; Item
5: 34, 32, 31, 30; Item 7: 50, 45, 42, 42; Item 9: 98, 87, 85, 79; Item 12: 79, 71, 65, 64.
eValues in bold indicate p < 0.001 for the Week 4 responder rate being significantly above 10% (exact one-sample binomial test, one-sided,
significance level alpha = 0.025).
f Values in bold indicate p < 0.001 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
*p < 0.025 for the Week 4 responder rate being significantly above 10% (exact one-sample binomial test, one-sided, significance level
alpha = 0.025).
†p < 0.01 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
FAS = full analysis set; MMRM = mixed model repeated measures; N = number of non-missing observations; QPS = Questionnaire on Pain
caused by Spasticity; SRP = spasticity-related pain; UL = upper limb.
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Table 3B
Parent/caregiver UL QPS

Parent/Caregiver Overall Baseline SRP Complete SRP relief after LS Mean change in item score in
Observed UL population Populationb incobotulinumtoxinA treatmentc the baseline SRP populationf

SRP behavior at baseline (% of children/adolescents)d,e

frequency [0–5]a

FAS N N (%) Mean Injection Injection Injection Injection Injection Injection Injection Injection
score cycle 1 cycle 2 cycle 3 cycle 4 cycle 1 cycle 2 cycle 3 cycle 4

General Pain
Hurt when tight
(Item 8)

442 294 (66.5) 2.3 28.3 34.9 34.0 38.2 –1.0 –1.1 –1.2 –1.4

Pain at rest
Sitting,
watching TV or
trying to sleep
(Item 9b)

424 160 (37.7) 1.9 29.1 40.7 32.6 44.1 –0.7 –1.0 –0.9 –1.1

Pain with usual
activities
Moving,
walking or
playing (Item10b)

425 248 (58.4) 2.2 30.3 36.5 35.8 40.5 –0.9 –1.1 –1.1 –1.2

Pain with exercises
Physical therapy
or stretching
exercises
(Item 11b)

435 317 (72.9) 2.6 24.5 31.4 29.6 32.8 –0.9 –1.2 –1.1 –1.3

Pain with hard task
Self-defined hard
thing (Item 13b)

436 294 (67.4) 2.5 27.4 35.3 32.9 37.6 –0.9 –1.2 –1.2 –1.4

aObserved SRP frequency was rated in the QPS by the parent/caregiver using the 5-point response scale: 0 = Never, 1 = Rarely, 2 = Sometimes,
3 = Often, 4=Always.
bParent/caregivers from the total population irrespective of dose group who reported SRP behavior with an item score at baseline >0.
cParent/caregivers from the baseline SRP population who reported no SRP behavior at the Week 4 visit with an item score of “0 = Never.”
dValues in bold indicate p < 0.001 for the Week 4 responder rate being significantly above 10% (exact one-sample binomial test, one-sided,
significance level alpha = 0.025).
eFor parents/caregiver observations of children/adolescents with UL spasticity, size of population per QPS item per cycle (injection cycle
1–4): Item 8: 290, 278, 262, 251; Item 9b: 151, 140, 132, 127; Item 10b: 238, 230, 215, 210; Item 11b: 306, 293, 277, 268; Item 13b: 277,
258, 240, 226.
f Values in bold indicate p < 0.001 for the Week 4 change being differentiated significantly against the mean item baseline (MMRM).
FAS = full analysis set; MMRM = mixed model repeated measures; N = number of non-missing observations; QPS = Questionnaire on Pain
caused by Spasticity; SRP = spasticity-related pain; UL = upper limb.

exercise, 32.8% of the parent/caregivers reported
children/adolescents experienced complete UL SRP
relief by IC4, and 37.6% experienced complete UL
SRP relief when performing a hard task. For all injec-
tion cycles and QPS key items, significant proportions
of parents/caregivers observed complete SRP relief in
their children (p < 0.001).

Parent/caregiver-observed QPS frequency scores
also showed significant reductions from baseline in
all observed activities in a similar pattern to those self-
reported by children/adolescents (p < 0.001). With
the fourth injection, parents/caregivers observed LS
mean reductions in UL QPS SRP frequency scores
ranged from –1.1 for SRP with rest to –1.4 for SRP
with a hard task, representing relative mean reduc-
tions from baseline scores across QPS key items of

50.0% to 59.1% (Table 3B). Scores generally showed
increasing improvement with each subsequent IC,
while the magnitude of improvement increased with
the difficulty of the task.

At baseline, 46.6% of parents/caregivers observed
that their children/adolescents experienced SRP often
or always. This percentage dropped to 25.6% at IC1,
14.9% at IC2, 17.0 % at IC3, and 12.3% at IC4.

4. Discussion

The current results provide evidence of substan-
tial, clinically meaningful reductions in the frequency
and intensity of SRP after incobotulinumtoxinA
treatment in a large pediatric population with CP-
related spasticity. As reported and discussed in Part
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1 of this two-part report, pain, i.e., SRP as mea-
sured by the QPS, was highly prevalent in this
CP population [28]. A significant reduction in the
intensity of SRP for children/adolescents report-
ing SRP at baseline was demonstrated after one
cycle of incobotulinumtoxinA treatment. The pro-
portion of children/adolescents reporting complete
SRP relief on at least one QPS key item increased
with successive incobotulinumtoxinA injections. The
trend for complete SRP relief, reported by chil-
dren/adolescents and parents/caregivers, was evident
for all reported activities of the QPS. Indeed, the
most striking finding was that complete relief from
SRP during a hard task and exercise was reported
by 34% and 42% of children/adolescents with LL
spasticity, respectively, and 48% and 44% of those
with UL spasticity, respectively, after four ICs of
incobotulinumtoxinA. Parent/caregiver observations
indicate that even patients most severely affected by
SRP and those not able to actively report SRP bene-
fitted from incobotulinumtoxinA treatment.

The SRP-relieving effects of incobotulinumtoxinA
injections reported in this study exceed the rec-
ommended thresholds for clinical meaningfulness.
For chronic pain such as SRP in adults, improve-
ments of 2 points on a 0- to 10-point pain intensity
scale or reductions in pain intensity in the range of
10% (minimally important) up to 50% (substantially
important) are commonly used as thresholds for clin-
ically meaningful changes [29, 30]. Recommended
thresholds for children are lower (1-point improve-
ments and ∼10% reductions in pain intensity) [31].
At the first IC, children/adolescents reported maxi-
mum relative LS mean reductions in SRP intensity of
52.0%/46.7% for those with LL/UL spasticity, which
reached 69.7%/71.4% by IC4.

With regard to the management of pain and
SRP, a systematic review by Ostojic and colleagues
[32] highlighted the paucity of high-quality research
investigating the efficacy of pain-relieving interven-
tions for children/adolescents with CP, concluding
that such children have few good treatment options.
In a follow-up report, Ostojic and colleagues [4]
found that both acute and chronic pain in chil-
dren/adolescents with CP were still most often
managed with acetaminophen and ibuprofen as well
as massage, rest, thermotherapy, and hydrotherapy.
Other investigators have called for a strategy for
implementing effective chronic pain management for
children/adolescents with CP [33].

The use of BoNT-A to relieve SRP in children with
CP may represent one option for these patients. A

few, small observational studies reported that BoNT-
A treatment reduces CP-related pain intensity and/or
frequency (n = 3–63) [34–37]. Misra and colleagues
[37] treated 63 children with CP-related spasticity
with onabotulinumtoxinA and followed them for 6
months to 2 years. Sixty percent had > 50% reduc-
tion in pain as measured on a 10-point Visual Analog
Scale by patients and proxies. In a prospective, obser-
vational study of 282 children with CP, BoNT-A
(formulation not specified) significantly reduced pain
at rest and during mobilization, lasting up to 12
months post-injection, in a subset of 46 children
(16%) with pain at baseline [38]. Jabbari [39] pro-
vided anecdotal evidence from clinical experience
with more than 200 children with CP (some of whom
were followed for up to 8 years), noting that pain was
reduced in children with CP after BoNT-A injections
(further details not provided). In a small, prospective,
double-blind study of 41 non-ambulatory children
with SRP, onabotulinumtoxinA reduced pain com-
pared to baseline at 4 and 16 weeks in 18 children
who reported pain on the Pediatric Pain Profile at
baseline. Pain was significantly reduced from base-
line with BoNT-A but not for those undergoing a sham
procedure, suggesting that BoNT-A had an effect on
pain; however, no differences in pain control were
found between those injected with onabotulinumtox-
inA compared to those undergoing a sham procedure.
There are several explanations for this result, such
as using a pain scale not designed to assess SRP or
the small sample size [40]. In a single-blind, ran-
domized, controlled trial of 43 children with CP,
21 received onabotulinumtoxinA plus occupational
therapy and 22 received occupational therapy alone;
on a Visual Analog Scale, pain improved over time
for both groups, although no statistical analysis was
reported, with the authors suggesting that further
study was required [41]. Larger registry studies of
pain in young people with CP tend to focus on qual-
ity of life and participation rather than the results of
any specific treatment [3, 9, 42]. It is in this context
that a large pool of data that details the prevalence of
SRP in children with CP and the promising results of
incobotulinumtoxinA treatment is presented.

The effects of SRP on children with CP should
be considered as a cornerstone for participation,
which is often underestimated. SRP can prevent a
child with CP from performing usual daily activ-
ities and, importantly, from the physiotherapy and
strenuous exercise that are vital parts of CP ther-
apy [43–45]. The overall consequences can feed a
vicious cycle of less movement, changes in muscle
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structure, tightness/stiffness, contractures, and sub-
sequently more pain. Increased sedentary behavior
and reduced physical activity in children with CP
have their own negative health consequences, includ-
ing weight gain and elevated blood pressure [46].
In addition to improving quality of life [42, 47–49],
the data suggest that incobotulinumtoxinA treatment
has the potential to add broader therapeutic options
through attenuation of SRP combined with reduced
spasticity.

It has been proposed that the pain-relieving effects
of BoNT-A in SRP may be related to muscle
relaxation (via inhibition of acetylcholine release),
inhibition of the release of pain mediators from
nerves, and modulation of the excitability of spinal
cord nociceptive pathways [5, 7, 39, 50]. Further
investigation is needed to clarify whether the SRP
relief provided by incobotulinumtoxinA results from
lessening spasticity or direct antinociceptive action,
or both.

As a general rule, BoNT-A injections have the
advantage of a long duration of action with a low
risk of adverse effects even after repeated injections
[51]. A pooled analysis of TIM, TIMO, and XARA
(N = 907) showed that incobotulinumtoxinA was safe
and well tolerated for LL, UL, or combined multipat-
tern treatment over (up to) six ICs in a population of
ambulant and non-ambulant pediatric patients with
spasticity (GMFCS-E&R levels I–V) within dose
ranges of up to 20 U/kg BW (maximum 500 U). The
most common adverse events were nasopharyngi-
tis/pharyngitis, bronchitis, and upper respiratory tract
infection. Treatment-related adverse events (N = 10)
and serious adverse events (N = 2) were low. Discon-
tinuation rates due to adverse events were very low
(N = 3, 0.3%) [25]. IncobotulinumtoxinA was found
to have no risk of neutralizing antibody formation in
BoNT-A-naı̈ve children [52].

4.1. Strengths and limitations

When compared with other published studies
evaluating the effects of BoNT-A formulations on
SRP in children with CP, the current analysis gen-
erally included larger numbers of self-reporting
children/adolescents (340 with LL spasticity and 160
with UL spasticity), evaluated a longer treatment
period (64–72 weeks), followed a more standard-
ized treatment protocol, and utilized a validated
SRP outcome assessment specific for the popula-

tion (the QPS). Notably, the modular design approach
of the QPS provided insights into SRP behaviors as
observed by more than 800 parent/caregivers, allow-
ing the SRP improvements to be measured in the
overall population including the very young and chil-
dren with higher levels of impairment, as well in
children able to provide information directly. The
study designs allowed multipattern injections across
multiple ICs, which could be tailored to meet indi-
vidual patient needs. This fits very well with the QPS
evaluative approach to SRP, considering that the QPS
asks more globally about LL or UL SRP and not,
for example, about SRP in a single clinical pattern.
Analyses were performed on a background of stable
antispastic medications and physical/occupational
therapy, and a high number of participants were
retained until completion. Therefore, the resulting
large data population represents the most detailed
view into the topic of SRP treatment with BoNT-A to
date.

A limitation to be discussed is that this report con-
solidates SRP data from three studies with similar but
not identical study designs and pools data from differ-
ent incobotulinumtoxinA doses. TIM enrolled only
children/adolescents with LL spasticity while TIMO
and XARA included children/adolescents with both
LL and UL spasticity. The studies also differed in
further details such as duration, number of allowed
injections, and incobotulinumtoxinA dose require-
ments, although all studies utilized the QPS [20–22].
However, this heterogeneity of the data presents a
more comprehensive evaluation of the topic as is sim-
ilarly achieved in registry studies, which usually have
more flexible inclusion criteria than clinical trials and
aim more strongly towards the general, real-world
patient population.

The decision to pool dose groups and data from
three studies was made for two reasons. First, the
sample size for each IC was able to be maximized
by pooling the data, which was possible because
the studies shared many enrollment criteria. Second,
although improvements in spasticity can differ for
the investigated dose groups [22], useful levels of
improvement in spasticity can be achieved with the
investigated lower dose regimens [22, 23]. By pooling
data from each dose group, more cohesive sets of QPS
data have been obtained for patients with LL or UL
CP-related spasticity. Post-hoc QPS analyses (data
not shown) revealed no dose differences between
QPS responses, supporting the study assumptions and
that the data are suitable for pooling.
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Furthermore, the lack of a control group, such as
a placebo group, is a limitation. The decision not to
include a placebo group in the studies was based on
fundamental ethical concerns for this pediatric patient
population. Nevertheless, the placebo response (set-
ting response) in pain studies is an issue that must be
taken into account to fully understand any pain model
and should be considered carefully when interpret-
ing the clinical meaningfulness of treatment. Another
limitation of the present study is that, although spas-
ticity is frequently associated with pain in people with
CP, there can be other sources of pain in this popula-
tion [45]. To minimize this, pain was assessed using
the QPS, which recorded information on pain caused
by spasticity only [26, 27].

Based on the consistent treatment effects and
substantial improvements found across QPS mod-
ules and activities, this study suggests that the
data provided are comprehensive and provide evi-
dence to support incobotulinumtoxinA as a promising
treatment for SRP; however, further research is
warranted.

5. Conclusion

In the first publication of this two-part report,
it was demonstrated that children/adolescents with
CP have a high prevalence of SRP and that they
experience SRP in multiple body locations and dur-
ing typical daily activities that may have broad,
long-lasting negative consequences. In this second
publication, evidence has been presented that incobo-
tulinumtoxinA provides clinically meaningful relief
of SRP for young people with CP while they are
engaged in typical daily tasks as well as strenuous
activities such as exercise and physiotherapy. The
SRP-relieving effects of incobotulinumtoxinA are
evident to both children/adolescents and their par-
ents/caregivers after the first injection, and the clinical
benefit is sustained with further improvements after
subsequent treatments and as the activities become
more challenging. Promoting activity should be the
undisputed mantra for treating children with CP and,
in this context, it is suggested that BoNT-A treatment
should be considered as an innovative yet established
procedure for effective pain management to promote
physical activity. In this regard, incobotulinumtoxinA
could bring considerable clinical benefit to the lives
of children/adolescents with LL and/or UL spastic-
ity through the reduction of SRP, in addition to the
well-known muscle tone regulation.
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[21] Kaňovský P, Heinen F, Schroeder AS, Chambers HG,
Dabrowski E, Geister TL, et al. Safety and efficacy of repeat
long-term incobotulinumtoxinA treatment for lower limb or
combined upper/lower limb spasticity in children with cere-
bral palsy. J Pediatr Rehabil Med. 2022;15(1):113-27. doi:
10.3233/PRM-210041

[22] Dabrowski E, Chambers HG, Gaebler-Spira D, Banach
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